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The 5th International Confierence on
Langmuir-Blodgett Films

Sunday, August 25 - Friday, August 30, 1991
Panis (France)

Prelimiitary Program

lundy ,Augs 25

Registration (16.00-20.00) Get-together party (18.00-20.00)

Oral Presentations

-Monday ,Au st 26

OA (8.45)j BI (15.15) Invited
Opening adress Supramolecular engineering based on self-

A-B assembling monolayers and bilayers
LNIwiWk

A! (9.00) InvitedB0 (1.0Molecular information processing and mnolecular BI l60~
electronic devices Photoelectric Progenties of domain arrays in
J.DeRM porphyrin LB films

ML. Ym~am A. Fujui. S. Maeda, T. Murayama
A01 (9.45) B02 (16.20)
The LB deposition as a ,;,lloid stability problem Multilayer phase transition of a liquid-crystal filmi

J.G. etrovon an air/water interface

1.1 CoeerWEI.7 nMW i

A02 (10.45) 16.40 Coffee Break J
Surface potentials of LB alternatinp layer B03 (17. 10"
structures%
R.H Treg~ld, P. Hodge, Z. Ali-Adib, D. Duanne, S.D. Investigation of fatty acid inonolayers; at the
Evans air/water interface using a reflectance-measuring

technique and a phase-contrast microscope
A03 (11.05) Lakjhrna. A. MasuO- K. Muhnsa
.710w and orientation of rod-like macromolecules B04 (17.40)
in thig LBp nkmprY.Xues w Fusion of phospholipid ves.*cles with Langmuir

S . S h wi gk , , V hlen w m .Y .X , 0 W eg erip id m o n o lay er
A04 (11.25) S&.F i S.P. Wang
Structural changes in lipid-monolayerr during the 505 (18.0c')
LB transfer due to substrate-layer inuactions Charge-transfer complex formation in
K. Srane iLls-W mmonelnecn at the air/wiater intcfae

AOS (11.45) LCAbujiS M. Mauiolo, D. MWbus
Aspects of LB trough design: computerizatin B06 (18.20)

sufc r-,r m easrmnt, unevenness otffcoerunr the Brewstez angle as a tool
motin, gr. ied vbratonsto dtermnt flm tick ess h'group influenceQlLlma, K.G. Kostaffinov. A.G. Pwlov and macroscopic inhomogeneities of monolayers

12735 Lunch at the ai/water interface

140 oster Session



B07 (18.40)
Water permeation through two-component Di (15.30) Invited
monolayers of polymerized surfactants and New trends and prospects in conducting LB
octadecanol films
C£L-rmmmdn, P. Elliott, D.N. Furlong, G.T. Barnes M andem

DOI (16.15)
7uesday, Au2s 2 7 New developments in the LB manipulation of

electr-oactive polymers

CI (8.30) Invited J.H. Cheung, E. Punkka, M, Rikukawa, R.B. Rosner,
Spectral hole-burning in LB films A.T. Royappa, M.F.Biibne~
M. Orii J. Bernard, H. Talon, A. Moulisen 16 Cofe-ra

COl (9.15) 0 (1.5
Efficient rectified phozocurrent from purple [he (17.05)statgytwadsL
mebaeL fri tteelectrolyte eou conducting films: mixture of amphiphilic
electrolyteK.nKeyaa a occadecyl TCNQ with various semi-arnphiphilic

I~ldi~uka K. KyamaTCNQ salts
C02 (9.35) JLL.Bougin, A. Ruaudel-Teixier, M. Vandevyver, M.
Energy and electron transfer in LB films of Roullbay, A. Barraud, M. Lequan, R.M. Lequan
cofacial porphyrins-phthalocyanins hetero dimers D03 (17.25)
:a time-resolved study Eeto rnpr cosogncqatmwls

IL~ipskier T.H. Tran Thi, S. Palacin, S. Gaspard, D.Eeto rnpr cosogncqatmwls
17-Ade, C. Pei new results on amphiphilic phthalocyanines

K.J. Donovan, K. Scott, R.V. Sudiwala. E.G.. Wilson,
C03 (9.55) R. Bonncut, R.F. Wilkins, D.A. Batzel, M.E. Kenney, IL
Guided-wave frequency-doubling in LB film EMS
waveguides
£,.BS~Shad~ M. Kfipfer, MN. FI~rshimner, P. Gflnzer [04 (17.45)

Electrical properties of LB films of a Ni(dmit)2
10 .15M cBra charge-transfer complex

.Prmw. A.S. Dhindsa, M.R. Bryce, M.C. Petty
C04 (10.45)DO (1.5
The photoinduced transformation of nonlinear Cd cin (18.05) bnay itueso
optical properties in organic monolayers Conordctig r LB ofllsbnrmitesf
Q.AAktsi~ja&, AN., Maximychev, E.D. Mishina, donoAr adaetors T moeuleaS.A hkn _,
T.V. Munzina, ANV. Petukhovr S.Trapoaz, .. BrinSA hiiYj

Cos (1L.15)
Optical bistability in the optical waveguides I 3-D mvie performance
coated widi nonlinear LB fi19.0 at La G~ode
LLLi. i.Q. Fan, Y. Fan, A.D. Lu, X.M. Pang, D.P.
Jiang, G.H. Gin, L. Zhang, H. Wang, Y.L. Song

C06 (11.35) Wdedy uut2

Photochemical modulation of second order F1 (8.30) Invited
nonlinear optical propeties of alternair LB filmS possible appliai for LB film
containing liu(l)-bipyridine complexes . b
L~agaJ H. Salaguci, T. Matsuo

C .07 (11.55) FOI (9.15)
Second-order nonlinear optical L.B Eilms of LB films based chemical sensors using second-

py7r7zflC derivatives harmonic generation
M.Em H. Kawafuj, T. Tsutsui, S. Raito, Ka. Takehara, S. Drizle , M.E. Lappitsch

Ke. T*Akeaa, K. lsomwa, K Tuijxhi F02 (9.35)
12.15Lunch - .~ Pyruclectric organo-nitheniuin LB films
12. 5 LnchM.WLEW i~. G.G. Roberts. 3. Costello, S.G, Davies



F03 (9.55) E02 (17.35)
Non-linear optics: the strongest second harmonic Homo-epitaxy of diacetylene vapor deposition
intensity so tar from a mulfilayered LB3 film film on an oriented Langmuir monolayer
structure Y, S. Imazeki

__03 (17.55)
[-"-- 10.15 Coffee Break..... ] Polymerization of 2-alkyl anilines on the LB

trough: real time investigation of the
F04 (10.459) polymerization of a conducting poly.,ner confined
Conducting polymer LB filma;. Applications to to two dimensions
bioelectroics LLDowm H.C. Thou
L Skothim, L. Bogu!. ,sky, P.D. Hale, H.S. Lee,
X.Q. Yang, Y. OCanto E04 (18.15)

Deep-UV photochemistry of chemisorbed
FOS (11.05) monolayers: fabrication of patterned co-planar
LB conducting films of TCNQ and BEDT-TTF molecular assemblies
deri-,atives applied to gas sensing. detection LM,.Calx. J.M. Schnur, P.E. Schoen, M.C. Peckerar,
ranges and gas diffusion M.S Chen, WJ. Dressick, C.S. Duxcey, J.H. Georger Jr
&Cka&WM, J.P. Bourgoin, G. Derost, M. Vandevyver,
A. Ruaudel-Teixie, A. Barraud

FO6 (11.5) II Thursda ,, August 2
F06 (11.35)
Metal ]on sensor based on GI (8.30) Invited
dioctadecyldithiocarbamat-metal complex Recent developments in surface analysis of
induced energy transfer
W_ ludach, R.C. Ahuja, D. MObius synthesize molecular overlayers

F07 (11.55) GOI (9.15)
The effect of the external DC electric field on Spectroscopic properties of trichromophoric
pyroclectric response of azocompound-based LB molecules icpcrporated in LB films
films D. Measchouta .YAm er inw. W Kofls lmC. De
V.V. Lazarev, N.N. Davydova, V.A. Hkavrichev, S. SoMler
Palto, Svudin

12.15 Lunch G02 (9.35)
_"_ ____2.1_____ unch"____ LB mono and multilayers of poly(isocyanide)s

4.0Posr___ with different sidechains

! '14 4.0 Poster U nss ,j n- EJ. Voremkamp, A.J. Schouten,
RJ.M. Nolte

FOB (15.30)
Separation of toxic and acid gases from methane G03 (9.55)
in LB films Langmuir-Blodgett-Kuhn multilyer assemblies
L, PJ. Bruinsma, C. Sturesson, R. Korsn, of liquid-crystalline-azo-dye-sidechain polymers
G.R. Spooner. LB. Co' iaa Mi[_ 52wdn A. Schmi&, R. Reiter, C. Urban, H.

El (15.50) Invited godorf, W. Knl

Electrochemical studi of self-assembled I 10.15 Coffee Break
monolayers
Mg bton. I. Fritsch-Faules, E. Wollman, D. GO,* (10.45)
Fbie OCration wad stitzural comparison of ultrathin

16.35 Coffee B. fih4 assemblies: transferred freely-suspended
- -off __a :films and LB films of liquid crystals

EOI (17.05)
Electrochc nistry at the air/water interface. LatWr-l GOS (11.15)
diffusion and phase transitions in Lang:mnir Inelastic electron tunneling spectroscopy
monolayers of octadecyl ferrocene amphiphiles investigation of monolayers and films of fatty
D.H. Cirych, M_ MAda acids and chlorophyll a

S. Gauvin, R.M.alanc



G06 (11.35) H08 (17.55)
Electron spin resonance in LB films of a The structure of phospholipid monolayers at
merocyanine dye and its isotope-substituted water surfaces at molecular resolution: a neutron
analogs reflectivity study
S. Kuroda, K. Ikegami, Y. Tabe, K. Saito, Mi. Saito, M. D. Vaknin, K. Kjaer, J. Als-Nielsen, LLshe
Sugi, S. Yasui

G07 (11.55) . nference anquet
Defect annealing rate in monolayers displaying a
smectic-L phase ,Friday,,August 30
AM ibo I.R. xtwrson

I ... .12.15 Lunch J 11 (8.30) Invited
Tiling the plane with proteins

HI (14.00) Invited K.Ulme
Atomic scale probes and their applications toorganic molecules 101 (9.15)
Gani Ion channel transduction in LB lipid membranes

TL. Faro, D.A. Stenger, D.H. Cribbs, K.M. Rusin, P.P.
HOI (14.45) Bey Jr, C G. Silvestre , C.A. Palmer
Nonlinear optical techniques to probe molecular 102(9.35)
ordering at liquid interfaces O02 (9.35)

V yyge, R. Superfine, C.S. Mullin, X.D. Xiao, Y.R. Oriented IgG layer onto LB films of protein A
Shen, M.W. Kim LL..Iuko l.5. Yurevich, V. Chashcbin

H02 (15.15) 103 (9.55)
Characterization of LB -monolayers using Lateral proton conduction along lipid monolayers
polarization modulated FTIR spectroscopy spread at the air/water interface
D. Blazd'z, T. Bffeteau, B. Desbat, M. Orrit, J.M. JITzak, M. Prats, B. Gabriel

Turlet i04 (10.15)

H03 (15.35) Co-planar patterns of self-assembled monolayers
Structural investigations of donor-acceptor- for selective cell adhesion and outgrowth
substituted polyenes J.H. Qc gJE, C.S. Dulcey, D.A. Stenger, T.. Fare
T..WagL, S. Hagen, S. Roth, S. Akari, K. Dransfeld 10.35 Coffee BRak

H04 (15.55)
Parallel arrangment of fatty acid molecules in the J01 (11.05)
film deposited at a lower surface pressure Molecular engineering at the air/water interface:
H.Matuda. E. Kishi. R. Kurod., 0,. Albrecht, K. building up designed super molecular assemblies
Eguchi, K. Hatanaka, T. Nakagiri with amphiphilic porphyrins

16.15 Cafm , S. Palacin, A. Ruaudel-Teixier, A. Barraud

J02 (11.35)
HO (16.45) Self-assembly of avidin-biotin monoiayers and
Molecular rearrangments associated with the multilaycis
interactions of monolayes and bilayers IL.Mr D.M. Taylor, C.D'Silva
C.A. HIm, Y.L. Chen, J lmkhzili

J03 (11.55)
H06 (17.15) Selective substrate binding to guanidinium and
Direct observation of molecular structure and urea fW)Ctionaiz&d monolayers
dynamics in self-asswembled organic monolayers &.mkL T. Kawahar Y. Ikeura, K. Kurihara, T.
LL ,S R jcao z Kv'cbitakl

H07 (17.35) 12.15 Lunch
Scanned probe microscopy of thin organic films
H_ Fuhs L. Eng, W. Schrepp 14.M Poster Session



JI (15.15) Invited JOS (16.20)
Supramolecular chemistry: from molecular Photochromism of spiropyran on supermolecular
recognition towards molecular devices and self- assemblies
organization S, Xiao, Z. Lu, R. Zhu, Y,. Wei
J.M. Lhn

CA (16.40)
J04 (16.00) Closing address
Molecular recognition in mono and rnultilayers: H.LKuhn
biotin-streptavidin systems and analogs
M. Hoffmnann, NM~lkr. H. Ringsdorf, E. Rump

Poster presentations

ISession A 7 1
LB film fabrication : instruments and

monolayer transfer AP9

API Monolayer stability and inultilayer formation of
An approach to improving the homogeneity of insoluble monolayers of ionizing materials
polymer monolayers R. Aveyard, B.P. Binks, PD-L. Hecli.,
L.BfrPng, G.T. Barnes, A. Schusyer, H. Ringsdorf APIO

AP2 Mono and niultilayers made from discotic liquid
nove alemaing-aye trughcrystals

.. nvellerna tn-ertog L. Haf~ing, 0.JKwhanls, C. Mertesdorf, T. Plesnivy, H.,
LL..illr. P. SoneRingsdorf, C. Lk-ban

AP3 . .. AP11
Molecular orientations of substituted Optimizing LB-multilayer films of 2-
phthalocyanato-polysiloxanes in LB film docosylamino-5-nitropyridine for potential
K, Yas, S. Schwiegc, G. Lieser, G. Wegner aplctosi o-linear and integrated optics

AN4 0. Decer .E inre
Synthesis of polysiloxane films with v'osA1
microstructures in matrices of synthetic bilayer Interactions between monolayers and metal ions
membranes at the air/water interface. Conditionsfoth
K. Sakaa, T. Kunitake transferability as LB multilayersfoth

AP5 S. Bctmarini, F. Bonosi, G- Gabriedli, G. Martini, M.
Orientation of polyimide LB films in plane 12uggei
direction AP13
M.iKskitnotn, Y. Nishikata K. Komatsu, Y. Iiiiai Interaction between Langmuir monolayers and

AP6 hydrophilic solid substrates
Theory of flow orientation effects in LB films M. Eagel LHiul"
M. Sgi~ Y, Tabe. K. Ikegami. S. Kin&d, K. Saito- M. AP14
Saito Preparation and molecular conformation in LB

AP7 films from fluoznscently amine labeled diacyl
A new, non-destructive, simple and fast method hsatdeowmis
to visualize submicron defects in Lb films .,Iao
Q.AlkrM1u. H. Matsuda, K. Eguchi, T. Nakagini API5

APS The equipment for preparations of polar and
Quasi two-dimensional order in LB fim heterogeneous LB films
QAb~hL H. Maisuda. K. Eguchi, T. Nakagir L..Xmlia" S.P. Paiwo, V.A. Khavrichev, S.V.

Mironenko, MIl Barnik



AP16
Transfer ratio in LB films: role of surface charge BP10

regulation o ~ lneCapillary 7111s: a new monolayer
KLMigam. K. Tamnada

SessionBP11
Monoayer at iqui-gasinteface Effect of thermal ireatment on crystal growth of

surface olae
BP1 M. Shinimura, _FjiT Shimamnura, K. Kasuga, L
X-Ry dffrctin o dicetlen moolaerson hOMdir Y. Naaa M. Matsubara, K. Koshiishi

LLM. Roinson, J.Ai anJ Detetion of the dynamnic behavior of monolayers

BP2 at the air/water interface by the developed
Modelling the surface potential-area dependence displacemnent current measurement
of a stearic acid monolayer Mlmoo Y. Mainia, A. Watanabe
Q N Oi Jr. DMTalrH.Morgan BP13

BP3 Bidimensional mixtures of biolog-ical lipids at the
The "time of observation" of ,r-A isotherms III. ai-ae interface
Studies on the morphology of arachidic acid F. Bonosi, G. (3abrielli, E. Mari
monolayers observed by transmission electron BP14
microscopy of replica samples of one-layer LB Theoretical contribution to isotherm of spread
filmsmooye
Ljaia, Ta. Tanaka, K. hiyatna T. Araki Mono .ye

-BP4 
BISurface modes on polymer solution by surface BP1lyes o rnhdcanpopolpd

light scattering techniques M.nolaes .of bRed-hinptihglpd

BPS BP16
Detection of the optical molecular switching in LB films of archeabacterial lipid models: 1,1'-
monolayers by the displacement current polymethylenebis (2-alkyl-sn-glycero-3-phospho
measurement choline)
Y. Majiia H. Naruse. M. Iwamoto XYun~abi. A. Moriya, M. Kinoshita

BP6 BP17
Quantitative evaluation of the dynamic A LB monolayer with a controllable degree of
characteristics of phospholipid monolayer polarity
M.LMakiim. K. Yoshikawa, T. libi LJLfl &a, K.G. Nordli Borve, P.M. Cisesson

BP7 BIiS
A living monolayer of lipid showing well- Polymeric gegenions induced variability and
rgulated displacement cim esrmn mobility of amphiphilic supramolecular
M. 1arnow Y. Majima, A. Watanabe, T. Azaki, K. structures at the air/water interface and on solid

substratesWPML Chi. C. Wrelen, L1gbn=l. L Jullien, H. Ringsdorf
BPS
Investigation of molecular layers on a liqiad BP1
surface with light scattering Bulk and monolayer behavior of a fefroelectric
AY~. Mazoicheako, A&X a". B.A. NeW ro , y.M. liquid orystafine mWomer and Polymer
Shirthov, A.V. Maksmychev, N.G. Rwmbidi WRlti~g. 3. Naciri, R. Shashidha, R.S. Duran

flP9 BP20
Monolayers of some pyramnidic liquid crystals on A new possible approach for interpreting surface
water subphase pressure-area isotherin
A..EUAWd A. Hochapfel, H. Hasnionay, J. Biltard, H, G.F. LWa Ferrem ON.QliygciakJ
Zimmnenuann P. Perezi



BP21
Edge energy at the interface liquid expanded- BP31
liquid condensed phase of insoluble monolayers Ordered domains in a Langnuir monolayer:
and the sloping of the plateau of the x-A structure, growth and nucleation
isotherms in the area of the transition betwen P. Muer. F. Gallet
these phases
L B a I. P a n a y o o v . A . B o is S e s si o nC

BP22 Optcaspoerie
Bending elastic modulus of monolayers at oil- CPic pror
water interfaces BLB films of NLO-dyes with chiral centres inH. Kellay, J B.P. Binks matrices of amylose-esters

1 P23 M.&-khmdbM AJ. Schouten, J.B.E. Huishof, E.P.
Observation of first-order phase transition in Schudde, B.L Finga
Langmuir monolayers without fluorescent probes CP2
S. Henon, J. Meunie LB films of fluorinated polymers for nonlinear

BP24 optics
Investigation of the phase transitions and H_ 'imis, J. Rodriguez-Panda, R. Beckertsber, M.
anisotropy of behenic acid at the air-water Kaku, W. Tam
interface by ellipsometry CP3
M. Paudler, J. Ruths, H. Riegle Theoretical study on the effect of heterocycles

BP2$ reinforcing the layered strcureBP2S ,JOMm Ke. Takeawa, H. TanguaW
UV study on the interaction of amphiphiles
having heterocyclic chromophore CP4

01 I*Ala K. lwn mua, H. Tuiguchi Excitation energy uansfer between J-aggregates

BP26 of cyanine dyes in LB films and liposones
L.3SW. Y. Yonezawa, H. Kurokawa, M. Kuraashi, H.Thermodynamic study on phase transition in Hxa

mixed monolayers of cholesterol, lecithin and
lithocholic acid CPS
MJ.LGalvrzRnL MA. Cabrerizo-Viklhz Aggregates of some spiropyrans with a

BP27 hydrophobic chain

2D molecular engineering of amphiphilic &Miu& D. Heard, Y. Ununa Y. Hisgak

dithioTIF derivatives CP6
A. Ruaudel-Teixier, M. Vandevyver, A. Barraud, P. Second harmonic generation in LB mutilayes of
Delhacs, E. Dupa. J.P. Morand, I. Favier, T. Albruid stilbazium salt polystyrene

B P2 8 LLi, J. Zheng. W. Wang, Z. Zhang. Y. Fang. F. Tao,

The influence of chemical modification of lecithin
molecules on the dipole and surface components CP7
of boundary potential in monolayers Electric field poling of composition modulated

oS_ 0.s. u nebek LL Reeamyak polymeric films
BP29 T. Mamia, Lgrjjh A. KaevW S.T. Kowel

Langmuir monolayers formed by mesogenic CPS
molecules and translationally ordered Quantum efficiencies of photo-electric
mesophases with amphiphilic dopants: a coversion ofriad molecular phoodiodes
comiparatve study MJd. 1. Fojihh
LN.. aIsetiki, LA. Bazaheu*o, .Kaimx
BP30 CI

Photo-amplified stroget n y with
Incorporation of non-amphiphilic compounds polyion complexed p reeeL films
into host-monolayers M 1". Kmei
WCanh. D. Mabus



CP1O CP20
Second harmonic generation from mixed LB Syntheses and LB films formation of donor-
films of N-acyl-p-nitroaniline and its acceptor organic compounds
homologous amphiphile D. Zhu, C. Yang, Yu. Liu, Y. Xu
Y..Mixamo, K, Kauiu, T. Koyano, M. Saito, M. Kato,
K. Kawamnura CP21

Studies on nonlinear optical properties of LB
CPI films formed from azobenzocrown ether
The role of the central metal in phthalocyanine derivatives
LB films studied by hole burning Z.. P. Liu
EAdAM=, M. Ainbroz, P. Balog, E. Brynda, J. Dian,
M. Vacha, J. Hala CP22

Synthesis and LB films deposition of
CP12 syndioregic stilbazolium polymers
Excited energy transfer in LB films studied by I.My. oe, R.A. Henry, G.A. Lindsay, M.P. Nadler
hole burning spectroscopy
J. ala, F. Adarnec, M, Ambroz, E. Brynda, J. Dian, V. CP23
Kapsa, M. Vacha Dye fluorescence kinetics of LB films

CP13A.G. Vitukhnovskv, MI Sluch, 3.0. Warren, M.C.

LB multilayers from polymers for low loss Petty
planar-waveguides CP24
W, 0.klG Appel, D. Lupo, W. PraB, U. Nonlinear optical polyamide films derived from
Scheunemann L-amino acids

G.A. Lnday, R.A. Henry, J.M. Hoover, M.P. Nadler,
CP14 R.A. Nissan, M.D. Seltzer, J.D. Stenger-Smith
Structure and nonlinear optical properties of LB
films formed from p-nitroaniline derivatives CP25

-M. Bishop, J.H.R. Clarke, L.E. Davis, T.A. King, F.R. Electrochromism in mixed LB films containing
Mayers, A. Mohebati, R.W.. Munn, M.M. Shabat, D. rare-earth bisphthalocyanines
West, J.0Wlliams~ B. Lukas, DJ1= J. Silver

CPI5 CP26
Second harmonic generation in LB films Of The photoexcited states of rhodamine and
preformed polymers anthracene in mixed LB films
T, Verbiest. C. Samijn, A. PerQonS E. Vuorimaa, M. Hkonen, H.Lmmetinen

CP16 CP27
Polyme..c m'iltilayers for NWO-applications Waveguiding in polymer/LB film sandwich
A.Lshwh W. Paulus, H. Ringsdorf, A. Schuster strcturs

CP17 L&fr~s.w"ll, G.H. Cross, M.C. Petty, D, Bloor, WJ,
Polymerizable non-linear optical LB films based Feast
on 2-(21-docosenyl) amino-5-nitropyridine CP28
0. ang, S.A. Zahir, C. Bosshard, P. Oanter Studies on electrolumninescence of LB films

CP18 ili,Ib J. Peng, D). Cw, L. Li, Z. Xu, X. Xu, Z.Q.
Oxientational investigation of 2-docosyl amino-5- X.Ce
nitropyridine and derivatives by nonlinear optical CP29
techniques Photochromic effect of spiropyrans and
C. Bosshard, M. Kiipfer, M Flsim. P. Gunter, Q, spirothopyrans
Tang, S.A. Zahir X. Ma., Y. Huang, W. Zhao, W. Zhang, Z. Du, M. Fan,

CP19 k

The characterizakcn of LB films of polymers CP30
containing NLO molecules in the side chain Second harmonic generation in mixed
T. aahi, Y.M. Chen, P. Miller, L. Samnuelson, D. carotenoid-fatty acid and carotenoid-cyclodextrmn
Galottl, B.K. Mandal, J. Kumar, S.K. Tripathy LB films

S. Palacin, V. .Qentan, M. Blanchard-Desce, I. Ledoux, A.
Barraud, J.M. Lehn, J. Zyss



CP31 DPS
Novel organic luminophores for LB Fabrication of electrically conductive LB films
multistructures comprised of poly (3-hexyl thiophene) and nickel
M.A. Afanasyeva, N.Y. Voronkina, L zigS.F. tetra-tert-butyl phithalocyanine
Kramarenko, V.V. Lyakh, N.A. Popova, A.V. ?hi..Rikukawa, M.F. Rubner
Tolmachev

CP32 DP6CP32 Electrical transport properties of Josephson
Oxygen induced fluorescence quenching Of junctions with a Nb/Au/PL/(PbBi) structure
pyrene labeled phosphatidylcholine in matrix T. Kubota, M. Wada, M. Iwamto, H. Noshiro, M.
monolayer at the gas/water interface SekiMe
R.C.Ahnia, D. Mobius

DP7
CP33 Electrooxidation of dioctadecylthioethylene
Surface coverage by wetting with amphiphilic dithotemathiofulvalene LB films
dyes by adsorption or by LB technique: a L IQ~hnd, L. Brzeinski, M.C. Lopez
comparative study using second harmonic
generation DP8
M inngH, G, Marowsky, F. Sieverdes, D. Mbius, C. Electronic and optical studies with LB transistors
Kr~jhnke, D. Neuschafer J, Paloheimo, H.Sub P. Yli-Lahti, P. Dyreklev, 0.

C P34 Inganis
IR analysis of LB filmns for non-linear optics DP9
HkL. Haeui. Q. Tang, S.A. Zahir, B. Tieke Monolayer characterization and multilayer

deposition of conducting LB films
CP3 D M.....axlh, S.K. Gupta, A.E. Underhill, C.E.
LB film formation and characterization of a new wainwright

- tris-chromophore non-linear optical oligomer
Lh....Swart, E.S. Froggatt, A.N. Burgess, A. DP1O
Eaglesham, B. Cook, D. Louden, D.P. Devonald, M.G, Photo-induced electron transfer in molecular
Hutchings, S. Allen, T.G. Ryan heterojunction using flavin-porphyrin LB

multilayers
_____________________________ &ga S. Ucyama, Y. Hanazato, P, Kawakubo, M.

Session D IMwda
Electrical and dielectrical'properties DP11

DPI Control of photochemic&I switching phenomena
Measurements of rate constants of photoinduced by chemical modification
electron transfer from various ferrocene H. ahibana. Y. Nishio, T. Na'amura, M. Matsumoto,
derivatives to an excited Ru(bpy)324- derivative in E. Manda, H. Niino, A. Yabe, Y. Kawabata
heterogeneous LB films DP12
M. Fujihira, M. YaXnagisw, T. Kondo, K. Suga Preparation of polyimide LB films possessing

DP2 triphenylamine unit and application to
Device structures for the electrical PhotodhedesM.KkmwY Ia,.
characterization of LB films of conducting S uY Nish ihta, M. Fujihira. mai K
polymers NsianM uhr

E. unkka, M.Y, Rubner DP13

DP3 The synthesis and characterization of novel
Photogeneratted charge storage in hetero LB flms pLysiloane LBG f mS.HleDLay
including steroidalTVCNQ, Cu phthalocyanine L k .00 oeu .HleD ae
and steroidal p-phenylenediamine DP14
K. Nito, A. MiUZS, M. Azu Molecular orientation in conductive LB films of a

DP4 charge-transfer complex
Fast in-plane photoconduction in LB multilayers LkWDL. S. Kuroda, Y. Tabe, K. Saito, Mi. Saito, M.

of plydicetyenesSugi, T. Nakamura, H. Tachibana, M. Matsunoto, Y.
KJ. Donovan, L .5UagiWLa E.G. Wilson



DPIS DP26
Electronic transport in LB films of metal-(dmit)2 Photoinduced variations of internal electric field
Y.F. igra, M. Takanaga, A. Kasai, T. Nakamnura, M. in LB films with azodye monolayer
Matsumoto, Y, Kawabata S.. alto, M.1, Barnik, V.A. Khavrichev, N.N.

DP16 Davydova, S.G. Yudin

"Superlattices" prepared from dielectric and two- DP27
component conducting LB layers Photoinduced electron transfer in monolayers at
T.S. Berzina, L.A. Feigin, R., Micheletto, F. Rusuichelli, the air/water interface
Y.I rigka, S.L. Vorobyova, L.G. Yanusova Q -miai R.C. Ahuja, M. Matsumoto, D. Mobius

DP17 DP28
Identification of the process producing observed Piezoelectricity in LB films
rectifying characteristics of M/I.B/M structures E. Dann, M. Poulter, G.G. Roberts
Al Marin, J.R. Sainbies, GJ. Ashwell

DP18Seso E
Conducting LB films of new tetrathiafulvalene ISsinEI
derivatives Chemistry in mono and multilayers
T.S. rzina V.Yu. Khodorkovsky, Q.Ya. Neflands, V.I EPI
Troitsky

Isomerization of (a-naphtyl) (n-chlorphenyl)
DP19 ethylene solution by the ruthenium complex LB
Molecular orien tati on -pyroelectricity film
relationships in alternate LB films D.A. StW , I.K. Lednev, M.V. Alfimov
T. akna. T. Kamsta, J, Umemura. N. Koizumi

EP2
-DP20 Penetration kinetics of cis-diammine

Pyroelectric behaviour of synthetic biomembrane dichloroplatinumn 11 loaded nanoparticles in lipid
structures monolayers as membrane model of
M.Ply M.C, Petty, J, Tsibouklis, WJ. Feast, Y. reticuloenidothelial system
Song, 3,Yarwood M..Eo M.L. Garcia, M, Espina, 0, Valls, M.A,

Alsina
DP21
The QTS studies on metal/B film/GaAs EP3
structures An in situ investigation of the
D. Barancok, L Cirak, M, Haluska, P. Tomcik photopolymerization of diacetylene LB films

S.M. einkx, V.N Kruchinin, LiL. Sveshnilcova, I.N.
DP22 Domnin
Structural properties of conducting LB films
based on (NDTA)2(dmit)2 EP4
K. Tian, 1JL1i, A. Ruaudcl-Teixier, A. Barraud LB films of hexadecylvintyl dimethyl aimnonium

chloride and their ozone sensitivity
DP23 L. iddmlm
Time-resolved photovoltage spectroscopy of
lipid-free CuTsPc multilayers on p-Si(1 11) EPS
Le. ag W, Liu, D. Wang, Y. Bai, TW. Li, L. Han , H. The polymerization of monolayers and LB
Fei inultilayers of some unsaturated fatty acids

J. Pltonen, H. Pingsheng, M. Linde'n, J. Rosenholm
DP24
LB films based on 1,2-dithiolium-TCNQ radical EP6
anion Elctzrochemistry of viologen-containing LB film

EiZjlbcL V. Giorns, J. Ainiell, B. Agricole, P. Delhaes, prepared by polyion complex technique
D. Ducharme, A. Perrer, R.M. Leblanc M- Shimmun K. Kasuga, T. Tsukada

DP2S EP7
Photoelectric properties of LB films containing Photoinduced proton transfer in LB films
amphipatic porphyrin and carbazole M. Fujihira, Y.Ni~dme
T. agamura, K. Toyozawa, S. Kamata



EP8 EP19
Control of photochromism of diacetylene LB Electrical properties of copper sulfide
films by polyion cornplexation semiconductors inserted in LB films
K. ihyAma, M. Kurihara, M. Fujihira J, Wgnp, A. Ruaudel-Teixier, A. Barraud

EP9 EP20
Electrocatalytic reduction of C02 on modified Scanning tunneling microscopic, optical and
electrode with LB films of long alkyl substituted scanning tunneling spectroscopic characterization
nickel cyclam complexes of size-quantized cadmium selenide particulate
U. Akiba, .Nakatmua, K. Suga, M. Fujihira films in situ generated at monolayer interfaces

X.K Zhwo, L.D. McCormick, J.HLendler
EP1O
Photochemical switching of electrochemical EP21
processes on modified electrode with ionic Two-dimensional structures in polymerized
spiropyran LB films monomolecular films
K. Nishiyama, KL..M~UMa M. Fujihira R. Rlani S. Dante, A- Gussoi, L. Maga. M. Robello

EP11 I Session F I
Photopolymerization of o.)-tricosenoyl derivative Short and long term applications
of B-cyclodextrin in LB films
K, Fukuda, Y.. .bibasaki, H. Nakahara, W. Tagaki, H. FP1
Takahashi, Y. Kawabata Qualitative characterization of enzyme adsorbed

to L-film and its application to an urea sensor
EP12 LdER.Ymmt
Preparation and properties of polyamine LB & ~ .Ymmt
films FP2
T. uwa, Y. Nishikata, M. Kakimnoto, Y. Irnai Relationship between structure and function of a

built-up film of amphiphilic Ni phthalocyanine
EP13 responsible for N02
Oriented polypeptide monolayers by rapid K.IriXama, T. Araki, N. Shimada, S. Yokoi, Y, Ozaki,
spontaneous condensation of amphiphilic amino T. Iwsai
acid esters at the air/water interface
Ts. iXAaakL N. Nishikawa, M. Ono FF3

I Pattern formation and photophysical applications
EP14 of LB multilayers based on polyglutamnates
Diffusion process in LB multilayers of hairy rod( K.Mthur A. Mathy, M. Schaub, C. Bubeck, G.
molecules Wegncr
M.Scaub, K. Mazhauer, S. Schwiegk, P.A. Albouy, G.
Wegnw FF4

Polydiacetylene mono and multilayer LB films as
ENiS E-beamn resists: SEM and Raman images
X-Ray photoelectron spectroscopy study Of KV. Sudiwala, C. Cheng, D..Bthle
Monomolecular films of Q-state non-
stoichiometiic lead sulfide in LB films FP5
X.EuG. P Q. Wei, Y.S. Jiang, X.D. Chai, T.J. Li, J.C. The biomimetic property of gas-sensitive films
Shen for odorants constructed by the LB technique

EP16 M. Ohis. C. Idhirnoto, J. Seto
A study of properties of lO,12-tricosadiynoic FF6
acid LB film Properties of liquid-crystal cells of pyrolized
X.ii. Li. ij, Y. Wang, J. Yang, D. Tang, M. Gong polyuiclde LB films

EF17L-Akeui, IL Tanaka, J. Toyamai, T. Nakamura, M.
The preparation and properties of CdS colloid Mtuoo .Kwbt
LB films FF7
ZJ. Zhang, Z. Du, X. Ma, C. Zhao, Z. An, Z.Zbu Fabrication of fine patterns by positive-working

resists using a polyixnide LB film system
EP18 M. Iwamoto, S. a-ahara. K. Iriyama, Y. Nishikata, M.
Inorganic monolayers inserted in an LB matrix Kakimoto, Y. Imai
H.Prez, A. Ruaudel-Teixier, M. Roulliay



FP8 FP19
Transduction of chemical signals to optical .LB films as radiation sensitive layers for the use
signals by using multilayer-deposited optical of microlithography
fiber DV ioa
N. Higasbi, T. Yamamoto, M. Niwa

FP9 SessionG
Organic electroluminescent device with cyanine Characterization
dye LB film as an emitter srcua n te
M.LEra, C. Adachi, T. Tsutsui, S. Saitrcurlantthr

GP1FP1O Cellular automata formalism as a method in
Hybrid gas detector of squarylium dye LB film mebaology
deposited on a quartz oscillator &1W J. Kuczera
M.EUAL zL. Sun Pu

FP1I GP2
Gas detection in the ppb-range with a new high Differential X-Ray reflectometry of imperfect LB
frequency, high sensitivity SAW devicefim
M. Rapp, D. Binz, 1. Kabbe, M, von Schickfus, L. AL.iiXjQ k. V.N. Bliznyuk, V.V. Shilov
Hu~nk~iD=~, H. Fuchs, W. Schrepp, B. Fleischmann GP3

FP12 Electronic structure of nitrogen square planar
Preparation of cyanoacrylate LB films and their complexes in LB films
UV and electron resist applications S~rr i= . Roulet, G. DuounneracA
N..Matxyea, Yu.S. Bokov aruPMilt1.Nne

FP13 GP4
AnFptia isno ricpebsdo Optical properties of LB films:, a multiple-angle

- ~~fluorescence energy transfer rej. terLL.i invigarRSti D Sine
H.U.LSiegmund, A. Becker, H. Obst, K. Sommer PTaes .. MleRS ehD kne

FP14 GP5
FP14ticlboenosbse nL flso Secondary ion mass spectrometry studies of
Gvim etrialobuion sosbsdo Bflso mixed arachidic acid and barium arachidate LB
imm. ubolobu V.lin in .L K~sh films

T.B.~ ~ ~ ~ ~ ~ ~ ~~~Q DurBkVVo~hfl ~~~X~i l.lhadi. M. Plissonnier, R. Cisiera, J.C. Blais, G,

FPIS Dufour, H. Roulet
LB resists of diazonaphthoquinone novolac resin G P6
made by a new horizontal deposit method LB films assembly of Cu phthalocyanine
LJda, S, Xiao, Y, Wei derivatives substituted by methacrylate oligomer

FP16 chains

A gas sensor fabricated with FET and LB film of K. Naiza, A. Miura, M. Azuma
porphyrin GP7
CfaL. Sun Infrared and inelastic electron tunneling

FP17 spectroscopy of adsorption LB films
Prototype of gas sensor based on LB conducting S. UzyDhL, C. Okazaki, K Kudo, Ku. Tanaka
films GP8
S.CCedt L. Henrion, G. Derost, H. Perez, A. Influence of substituents on in-plane dichroism
Barraud, A. Rutudel Timi in LB films of phthalocyanine derivatives

FP18 KL, gm, H. Yonelar, E. Maekawa
Elaboration of a glucose biosensor based on LB GP9
technology 2D ordered LB films of stearic acid on
C. Fiol, .M. Vetn N. Delpire, G. Barbey, A. semiconductor substrates
Barraud, A. Ruaudcl-Teixicr B..Nstrno V. Milenin; O.Yu. Gorkun, A.A.

Stadnik, Z.1. Kazantseva, ANV. Nabok



GP10
TEM studies on LB films of copolymer of GP21
phenyl p-nitroazo acrylate Orientation of porphyrins without long alkyl
E. Zhou, M. Li, X. Zhao, D. Yan, C.C. Yang, X. Tang chains in mixed LB films with cadmium

icosanoate
GP11 R Azumi, M. Matsumoto, Y. Kawabata, S. Kuroda, M.
Structural evaluation of LB films of some Sigi, L.G. King, MJ. Crossley
amphiphilic phthalocyanines using infrared
spectroscopy GP22
M.A. Chesters, MJ. Cook, S.L. Gallivan, D.A. Miles, Analytical surface spectroscopy of phospholipid
J.M. Simmons, 1A. Slair LB films

R. Linton, V.iaari, J.J, Lee, B. Hagenhoff, A.
GP12 Bennovn
Soliton mechanism of optical anisotropy
photoinduction in LB films GP23
X.B. iaidid A novel range of potentially electroluminescent

materials for LB deposition
GP13 AJ. Hudson, J Richardson, G.G. Roberts, R.A.W.
The properties and structural characteristics of Johnstone
LB films formed from metalloporphyrin
complexes with differential alkyl chains GP24
Yu. Liu, J. Lin, X. Feng, J., Mu, K._Yang Fourier transform infrared ... atroscopy studies

on model biological membranes deposited by the
GP14 LB technique
Absorption properties and structure changes MLYa.ghaa, J. Yarwood, E.S. Froggatt, R.M. Swart
caused by the pre-annealing in polydiacetylene
LB films GP25
F. Kaneko, M. Shibata, S. Kobayashi Studies of alternating LB films prepared from

preformed polymers
GP1S P. Davis, P.iogg Z. Ali-Adib
Structural studies of LB poly-3-BCMU films
G. Gabrielli, D. Grando, M. Nocentini, G. Sbrana, S. GP26
Sottini Thermally induced phase transitions in

multilayers of Cd arachidate
GP16 P. Tippmann-Krayer, R. Kenn, H. MChwald, K. Kjaer, J.
LB films of polyheterocyclic compounds with Als-Nielsen
long alkyl chains
HLNAkabam K. Fukuda, M. Ikeda, K. Kitahara, H. Nishi GP27

IM metal overlayer ATR spectra of LB films
GP17 of 12-hydroxystearic acid and its cadmium salt
Grazing incidence X-Ray diffraction study of T. Hasegawa, Ljmnmi T. Takenaka
Langmuir and LB monolayers of arachidic acid
T._.Malaahita A. lida, K. Takeshita, K. Saito, S. GP28
Kuroda, K. Oyanagi, M. Sugi, Y. Furukawa In-plane orientation of a dodecyloxy substituted

triaryl pyrylium salt Uy the LB method
GP18 C. Ecoffet, D a L M. Vandevyver, A. Barraud,
Structural characterization of polyion complex M. Veber, C. Jallabert, H. Strzelecka
LB films of perfluoroundecanoic acid-
polyethyleneimine GP29
K..K.obayashi, K. Takaoka, S. Ochiai, Y. Taru, M. FTIR studies of conducting LB films of o-
Takiago hexadecylthiocarboxy tetrathiafulvalene

(HDTrF)
GP19 X.&.So& A.S. Dhindsa, M.R. Bryce, M.C. Petty, J.
Aggregation control of photochromic Yuwod
spiropyrans in LB films
I.liiin , K. Moriyama, M. Suzuki, Y. Kishimoto GP30

The structure and stability of metal surfaces
GP20 modified by silane LB films
LB films of polymers with chromophoric side M. W.glp, M. Strumann, H. Viefhaus, H. Streckel
chains
TLL MI



GP31 GP41
Resonance Raman and infrared studies on LB LB fil-ms of crown ether containing biphenyl
filmns of some cyanine dyes mesogenic groups
Y...Qzaki, N. Katayama, Y,. Fujimoto, T. Araki, K. X.Zb-ang, Z. Lin, JIC. Shen, X. Tang
Iriyama

G P42
GP32 The formation and character.zation of aggregates
Characterization of LB overlayers by time-of- of LB cyanine films
flight s'-condary ion mass spectrometry (TOF- L Svehnik"V , V.V. Shelkovnikov, .U. Seijunina
SIMS)
B. aghoff, A. Benninghoven, H.U. Siegmund, D. GP43
HoJikazp Polar multilayer LB films of p -

octadecyloxyazobenzenep-sulphamnide
GP33 V..Nvk INV. Myagkov, Yu.M Lvov, L.A. Feigin
The characterization of two copper
phthalocyanine LB films and their gas-sensitive GP44
properties Phonon conduction process in LB films
&.Jlj, T.J. Li, D.P. Jiang, Z. Zhu, Y.J, Li, X.M. Pang, )Lkljk, S. Ozawa
Y. Fan

GP45
GP34 Characterization of polyalkylthiophene based LB
Stereoregularity effects of PMMA on the films
monolayer characteristics at the air-water A, Iolgnei. S. Destri, W. Porzio, G. Bajo. R. Paradiso
interface and on the LB films
LL.Kim, S.D. Jung, W.Y. Hwang, D.L. Bae, K.J. Lee, GP46
J.D. Kim On the structure of mixed LB films of two

GP35 different fatty acid salts
Studies on synthesis of PMACMB-AN-1 and S. Dante V. Erokhin, F. Rustichelli
character of LB films
Y. Zha , M., Gao, A. Dong, H. Wang, T.J. Li, X Tang II ession H I
G P36 Modern investigation methods
Spectral characterization of the LB films of
copper phthalocyanine derivatives H P1
Y. Zhou, Yan. Wang, X. Wang, G. Lin, j Visco-elastic properties of thin films probed with

a quartz crystal resonator
GP37 D. Jghaananan, F. Embs, K. Mathauer, C.G. Wilson,
Stabilization of layered structure of poly(vinyl G. Wegner, W. Knoll
octal) LB films studied by interlayer energy P
transfer method P
&.1m, T, Ueno, M.. Yamamioto Interfacial recognition reactions as seen by

fluorescence-, surface plasmon- and atomic force
GP38 microscopy
Molecular orientation of photogenerated radicals LLSchmiL A. Weisenhorn, P. Hansma, W. Knoll
in novel photoeectuchromic LB filmrsH
T Nwganm, Y. Isoda, K. SakaiP

Electro-optical spectroscopy on aggregated
GP39 chromophore systems in LB films
Structure of the Langmnuir films from amphiphilic QQwZ M. LOS~he
polyimides
YzuWWA, N. Mischenko, L. Scheludko, I.P. Krain'w, HP4
A. Tolmachev L.Angmnuir monolayers of perfluoroalkyl-

terminated amphiphiles studied by optical se.:nd
GP40 harmonic generation
A new kind of amphiphilic polymers: H. Hiung, R. Beckerbauer
"duckweed" and "rever,;ed duckweed" types of
LB films HP5
LC.Shcn, X. Zhang, R. Zhang, X. Cha, R. Yin Imaging of the lateral structure of LB films by

metal decoration and polarization microscopy



HP6 Session
Angle-resolved photoemission from LB films of Ses an io i I
copper tetrakis (n-butoxycarbonyl) Biological and biomimetic aspects, BLM
phthalocyanine IPI
N. Ueno, K. Kamiya, Ki. Ogawa, H. Yonehara, M. Pulmonary surfactant protein SP-C and

Takahashi, H. Nakahara, K. Seki, K. Sugita, K. Fukuda, phosphatidylcholines in bilayers and monolayersH. Inokuchi H. Inokuhi 1CM.W. h, G. Simatos, , Perez-Gil, K. Nag,
HP7 M.R. Morrow
Direct measurements of surface forces between
monolayers of poly(methacrylic acid) iP2
amphiphiles Simultaneous electrical and optical
K.Kihara. N., Higashi, M. Niwa, T. Kunitake interferometric measurements of pressure and

applied potential induced bilayer lipid membrane
HP8 deformation
Perfectness and blocking property of LB films G. Picard, N. Denicourt, ULEH., ndle
on platinum electrode investigated by cyclicvoltarnmetry and scanning tunnieling mirscp P3
votam ad u sanng theng microscopy Design and properties of Langmuir films of
Z. Ma C. Zhu, S. Pang, Q. Chen, photosensitive proteins

HP9 5, s, N.A. Kalabina, E.P, Lukashev, A.A.
Monolayer and multilayer film characterization ioncnenko, N.G. Abdulaev, V.P. Zubov
using surface plasmon resonance IP4
SJ Cooke, G.G. Roberts Interfacial thermodynamics and activity of IgG

HP10 monolayers
Scanning ontical microscopy of LB films A. Schirone, C. Riswri, DD,.j , A. Ahluwalia
Aj HUdso, G.G. Roberts, T. Wilson

HPI1 Surfactin: interfacial properties and interactions
Optical characterization of highly absorbing LB with membrane lipids in mixed monolayers
films using ATR techniques R. Magkgla, M. Ptak
C.Lawrence, J.R. Sambles 1P6
HP12 Interfacial films of the membrane protein:
Two-dimensional organic crystalline films photoreaction unit
studied by tunneling microscopy Mija Y. Yasuda, J. Miyake

M.MHeckl, D.P.E. Smith, H. Klagges IP7

HP13 Preparation of '.4 films of the photosynthetic
Direct measurement of the forces betwe All proteins
ganglioside bilayers deposited on mica substrates . H. Sugino, M. Kumci, Y. Hira, 3. Miyake,
E.jLkham, JE.C. Wood, R.M. Swart M. Fujihira
HP14 P
Sym r aAdsorption of protein at the air/buffer interface:Symmetry and orientational structure in vidence for lateral interfacial diffusionhemicyanine monolayer by surface SHG and 1 TCsiE,
absorption spectrum
K- aika. K. Shirota, H. Takazoe, A. Fulda IP9

HP15 Incorporation of membrane proteins into lipid
Molecular graphics in the study of the structure surface monolayers: characterization by

of La films measurements of isotherms and by electron
,.,Y. Wei microscopy

M. SIAdhQL, M. Lasche
HP16 IPI0
Evaluation of horizontal lifting method of LB Photoelectric response of black lipid membranesfilms by using a quartz crystal microbalanrefilmsa, b e. Tan K. Aria incorporating amphiphilic azobenzene derivative

X. XmawA, H. Fujiwara, T. Sato



IPi 1 IP2 1
Characterization of knonolayers and LB film of Immobilisation of enzyme on electrode modified
dry and wet chlorophyll a by an hydrophobic self-organized structure:
jMm gZ R.M. Leblanc, B. Zelent, A.G. Volkov, M.I. mediation of the catalytic activity of an
Gugeshashvili, J. Gallan!, H.A. Tajmir-Riahi, J. Aghion hydrogenase via lateral diffusion of an

electroactive azuphiphile
IP 12 T. Parpaeix, M. Majda, C. Bordfllo
Interaction of cytochrome c and ribonuclease
with phospholipid monolayers IP22
M. Saint-Pierre-Chazalet, C. Fressign6, F. Billoudet, Iinprovewem of enzymatic activity and lifetime
M.P. Pillni of LB films by using subniicron SiO2 particles

IP13 F.Q. Tang J.iR. Li, L&. Jiang
A Fourier transform infrared spectroscopic IP23
investigation of hydrophobic peptides in lipid Photoresponse of LB filim containing
environment: a monolayer study bacteriorhodopsin
A. DhathathLeva, R. Jayakumnar, A.B. Mandal, T. j.R. Li, J.P., Wang, T.F. Chen, L~jiAUg, K.S. Hu, AJ,
Ramasami Wang, M.Q. Tar,

IP 14 1 P24
Drugs in biomimeic m. kels- a monolayer study Fusion -f phospholipid v.esicles on supported
of the interaction bet wveev, a phosphiolipid and mono], Iers: a new technique to prepare
two antibiotics, lasalocid and monensine support, ' planar bilayers

AQhjfg1. H. Hasmonay. M. Jaffrain, P. Peretti E. Kalb, 3 Engel, S. Frey, L..Iwn.'

IP15 IP25
Application of two-dimervcional crystallization Of Deposit-on and X-Ray scattering of DNA
preteins on planar lipid films to structure contain'ing LB films
determination by electron crystallography V. Erkin, B. Popov, B. Samnori, A. Yakovlev
A.&isn, G. Mosser

IP26
IP16 Structure and photoelectric properties of LB
Physicochemical properties of hepatitis B peptide films based on bacteriorhodopsin
fragments at an air/water and lipid/water interface A.V. Maximychey, S.K. Chamorovsky, V.I. Panov,
M.A. Alsina, F. Rabanal, M.A. Busquets. F, Reig, 1, E.A. Fedorov, N.G. Ramnbidi
Hamo

IP27
IP17 Conductivity in spread lipid monolayers
Two-dimensional crystallization of muscle C. Mirgotaud, A-F. Mingotaud, L.K. atlers
protein. a%:tin by adsorption to charged lipid______________________
monolayer ISession J I
A. Tmika, H.O. Ribi, T. Furuno, H. Sasabe, K.. Molecular rerognitio ,

Miyano, T. Wakabaya-shi self-assembling systems
1P18
The protein concentration of IgG mixed films JP
deposited on waveguides Surface modification and functionalization of

LaW.B. Shi, Y. Wei gold by sulfur-containing polymerizable and
polymenic monolayers

IP19 X Nuia. N. Higashi
Factors determining stability o f JP2
bacteriochlorophyll monolayers
L.N. Riser, LiL. Thomas, JRK Kim, T.M. Conon, RA& Control of reactivity of adsorbed monomolecular
WIRMIi films from polydiacetylene derivatives to energy

beams
IP20 N.Ming, Ka.Ogwa, M. Hatada
Chemically driven phase separation in black lipid P
membranes and its coupling to membrane Sei n lcrsai set fatbd
functions Sei n lcrsai set fatbd
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MOLECULAR INFORMATION PROCESSING AND MOLECULAR
ELECTRONIC DEVICES

Joel de Rosnay
Directeur du Dveloppement et des Relations Internationaes
Citd des Sciences et de l[ndustrie, La Villette, Paris (France)

One of the most promising areas of molecular information processing results from
the convergence of microelectronics, solid state physics, and molecular biology. This hybrid
technology is leading to the development of molecular electron devices (MED). Technological
breakthroughs in this area are opening the way to the development of "chemical computers". Such
long term applications were dis-,-ssed during several meeting and workshops in the past years.
Molecular electron devices could represent a significant breakthrough for computers in the next 30
years. From the tube era (40s to 60s), to the transistor era (60s to 80s), we are now entering into
the molecular electron devices era (80s to 2000 and beyond). The challenge is enormous. We need
to start frr - scratch and reinvent all the components of present day micro-electronics.

First, engineers have to work on a switch, able to shift information in one stage or
another. By interrogating this component, one should be able to find out in which stage the switch
is. The development of a molecular switch will be equivalent to the discovery of the transistor.

The second major achievement will be the building of a true memory with different
switches, that is, an array of molecules which could undergo reversible alterations, and therefore
can be reused.

The third major step is to construct molecular wires, able to transport information
through distances , like conjugated chains of carbon atoms on which solitons move rapidly in
order to connect switches and memories.

The fourth step will be represented by the assembly of switches, memories and
wires in three-dimensional structures or arrays, organized in assemblies of modules at several
levels of communication and interconnections, able to perform coordinated functions.

This is where one of the major breakthroughs of the new molecular engineering
techniques will come into play : from the properties of atoms and molecules, the system will self-
assemble in highly organized structures, putting atoms, molecules, and macromolecules into place,
in order to perform dedicated functions. At this step, immunology techniques could be used to fit
molecules at predetermined spots, or to deposit heavy metals which could be used as conductors at
other levels of communications.

Finally, the system should be reparable. Modules which do not perform correctly
will have to be detected, corrections made, and sometimes a device replaced. These types of self-
repairing automata already exist in biological systems. We begin to understand how they function
at the molecular level, and how they self-assemble. Other supramolecular assemblies, like the
quantosome, the photosome, the oxysome are small self-contained factories which perform
important functions for the cell. These minute devices are packed with an enormous amount of
molecules and information. We are slowly starting to understand their structures, and able for the
first time to copy them. But we still have to learn more from nature's design, understand how
nature operates, and then translate what we have learnt into the new micromachines.

t



In order to make ultranicrocircuits, several laboratories are trying to synthesize
proteins which do not exist in nature. Such syntheses are feasible using present day genetic
engineering techniques, automatic gene and protein synthesis, and computer reproductions of the
bi and tridimensional structures of amino acid sequences. It is likely that from this research a large
variety of molecular electronic devices and ultramicrocircuits could be conceived and
manufactured. They could be rendered biocompatible, thus allowing the production of implantable
logic circuits, offering the prospect of direct interface between the central nervous system of
animals or human beings and computers; Such biocompatible ciruits are now being implanted and
tested in the brains of rats. Other applications of these ultrWm i riits could be the production of
prostheses for the blind, different transducers, or solar energy converters on soft plastic sheets.

The production and assembly of these molecular circuits can be considered from two
different approaches : a "passive" one (successive depositions, etching, grafting, doping) using
technologies close to those presently used in the manufacuring of microcircuits ; or an "active" one
resulting from the spontaneous "growth" of the molecular circuit. In fact, automatic machines used
today for synthesizing and analyzing genes and proteins, offer new models which may inspire the
automation of the successive operations of molecular circuit production : growth of polymers,
successive washing, reactions with other active groups, blocking, and reactivation of chemical
groups.

However, at the level where the presence or absence of a single chemical link can
affect the performance of an entire circuit, it is virtually impossible to construct and assemble
circuits with traditional macroscopic control techniques. It becomes necessary to use auto-
assembly properties of biological macromolecules, observed for instance in Langmuir-Blodgett
films or during the auto-organization of viruses or predissociated cellular organelles. In other
words, instead of introducing the information from the outside, as we do today with most of our
machinery (drill press, lathe, or even car construction robots), we will use information from the
biopolymers themselves. Such information stored in the primary sequences of amino acids, allows
the three dimensional information stored in the primary sequences of amino acids, allows the three
dimensional folding of a protein. It is thus possible to ',enefit from the properties of biological
macromolecules to assemble three dimensional molecular ul crocircuts.

Many questions still remain unanswered : will these ulrmicrocircuits be repairable?
Will we able to selectively break chemical linkages or rearrange them ? Is it still necessary to utilise
boolean logic, presently used in all comiers ? Will we be inspired by the neuronal networks of
the brain ? These circuits presently work, in all probability, in a non-boolean fashion, using
parallel processing. To build the logic of the future, the convergence between molecular
neurobiology and micro-electronics is in the forefront and it holds great promise.
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THE LANGMUIR-BLODGETT DEPOSITION AS A COLLOID STABILITY
PROBLEM

Jordan G. Petrov

Bulgaian Academy of Sciece

Cearal Lab=Mws of Miezal Processing

1126 Sofia, P.O. Box 32, BUpg&

The Langmuir-Blodgett monolayer deposition is considered as a result of the
interaction between the solid/liquid and gas/liquid interface, in he threephase contact zone. Our

- and literature data on static contact angles 00 are interpreted on the basis of the Frurnkin-
Deijaguin theory (1,2) relating 00 to the type of the disjoining pressur isotherm 17 (h). "Dry"
deposition (without liquid film entrainment) occurs when the disjoining pressure barrier !i1max
between the hydrophilic grups of the adjacent mnlymr has been overcomne. The correlation
between the irreversibility of the monolayer deposition and the large contact angle values, first
observed by Langmuir (3), can also been explained in thee framework - they both are related
to the deepness of the minimum of the specific n (h) isotherm of the system.

References:
1. AN. Frunikin, J. Phys. Chemra (Moscow)12 (1938) 337.
2. B.V. Derjaguin, 3. Phys. Chem. (Moscow) 14 (1940) 137.
3. I. Langmnuir, Science, 87 (1938) 493.
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SURFACE POTENTIALS OF LB ALTERNATING LAYER STRUCTURES

R.H. Tredgold, P.Hodge, Z. Ali-Adib and D. Dunne
Department of Chemistry
University of Manchester

Oxford Road, Manchester, M13 9PL

and
S.D. Evans

Department of Physics
University of Leeds

LB Multilayers formed from alternating layers of two distinct
materials have been extensively studied recently. These systems
are all likely to have a net electric dipole associated with each
bilayer and these dipoles will reinforce as multilayers are built
up producing, as is shown below, a change in apparent surface
potential which increases linearly with the number of layers
deposited. Studies previously made by us on materials which form
Y-layers showed that many LB films exhibit a change of surface
potential with thickness which can best be explained in terms of a
surface double layer analogous to a Schottky barrier. In a
material formed from alternating layers one might expect both
these effects to be present. This paper describes the results
obtained from an investigation of these phenomena. The materials
studied were dipped on bottom electrodes of aluminium deposited
in vacuo on microscope slides. Surface potential measurements were
made by the Kelvin technique. In this method a reading is taken
when the electric potentials of the top of the specimen and the
bottom of the Kelvin vibrating electrode are equal and thus the
field is zero between two surfaces. If the total polarisation of
the specimen normal to the upper surface is P then the bound
charge associated with this polarisation is given by 0=P and

P = Po + Go X E5
where Po is the polarisation arising from the fixed dipoles, Es is
the electric field at the surface and X is the susceptibility.
The field in the specimen resulting from cyis thus given by

E = - Po/eoe

wheree =x+ 1 and is the relative permittivity.
Thus the potential of the upper surface relative to the bottom
electrode will be linearly proportional to the number of bilayers
and will differ in sign depending on whether the layers are
ABAB... or BABA... . In addition there will be a potential
resulting from the Schottky barrier effect which will be quadratic
in the thickness and will be independent of the sequence of
deposition.

We have carried out experiments using alternating layers of
stearic acid and stearylamine which confirm the validity of the
analysis given above and allow one to calculate the density of
acceptor states in the LB film. We are now extending these
studies to other alternating LB systems, in particular those
formed from polymers.
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FLOW AND ORIENTATION OF ROD-LIKE MACROMOLECULES IN THE
LB-PROCESS

S. Schwiegk, T. Vahlenkamp, Y. Xu* and G. Wegner

Max-Planck-Institute for Polymer Research, Postfach 3148,
D-6500 Mainz, Germany

* Chinese Academy of Science, Institute of Chemistry,
P.O.Box 2709, 100080 Beijing, China

Rod-like polymers with flexible side chains like Tetra-
(methoxy-)tetra-(octoxy-)phthalocyaninato-polysiloxane (PcPS)
and Poly- [ (y-methyl-L-glutamate) -co- (y-n-octadecyl-L-gluta-
mate) I (PG) form stable monolayers on the water surface. These
monolayers can be transfered to hydrophobisized glass plates
with a transfer ratio near 100%.

Due to the form anisotropy of the molecules supramolecular
structures showing a macroscopic anisotropy in the layer plane
can be obtained. The orientation of the main axis of the
transfered molecules can be correlated to the geometric
conditions of the transfer experiment.

The molecules are aligned parallel to the dipping
direction, if the transfer gives rise to a convergent flow of
the monolayer on the water surface. The molecules show a random
orientation on the substrate, if convergent flow conditions are
carefully avoided.

The time dependent orientation development during the
deposition of the first monolayer may be analyzed theoretically
in terms of a two-dimensional liquid-crystal suffering shear
deformation.

Orientation effects which may arise from mechanical
deformation of the monolayer at the meniscus during transfer to
the substrate are negligible as has been shown by direct
measurement of the interfacial forces.
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STRUCTURAL CHANGES IN LIPID-MONOLAYERS DURING THE LANGMUIR-BLODGETT

TRANSFER DUE TO SUBSTRATE-LAYER INTERACTIONS

Karl Spratte and Hans Riegler

Institut fur Physikalische Chemie, Universitfit Mainz, Welder-Weg 1, D-6500 Mainz

The structural changes of Langmuir With stationary substrates we observe
monolayers have been studied by fluores- the substrate-mediated pressure deposition
cence microscopy during their hydrophilic of LC-phase and/or the diffusion limited
transfer onto a solid substrate. The mono- fingering domain growth nucleating at the

layers have been doped with minor amounts three-phase line. The substrate-mediated
of fluorescent dye and are imaged in their pressure deposition permits the transfer of
liquid- condensed/liquid-expanded (LC/LE) large areas of LC-phase with unique homo-

coexistence phase. Thus probe-depleted geneity.

dark LC- domains are visualized in a bright The experimental results show that the

fluorescent LE-matrix. The size and shape interaction of the monolayer with its support
of the domains provides information on the affects its free energy and thus its equi-

local condition of the monolayer. librium molecular ordering (e.g. the pressure

The observation of dipalmitoylphosphati- of the coexistence phase). Hence a mole-
dylcholine (DPPC) and dimyristoylphosphati- cular rearrangement is observed for slow

dylethanolamine (DMPE) monolayers reveals LB-transfers, where the monolayer inter-
the substrate-mediated fractional conden- face changes from the aqueous meniscus

sation and locai phase separation at the subphase to the solid support.

three-phase line. It is shown, that the

monolayers are preferentially transferred

as higher ordered, probe depleted LC-phase

during slow (2irm/s) LB-transfers onto

Si0 2 -substrates. This fractional conden-

sation and/or selective transfer induces an

increasing concentration of impurities (i.e.
fluorescent dye) in the floating monolayer
zone adjacent to the three-phase line. This
local impurity-concentration causes the

increase of the coexistence pressure, which

is detected in the local melting of the
domains, The local probe concentration

profile depends on the overall probe con-

centration, the transfer speed, temperature, Substrate-mediated deposited stripes ob-
pressure, etc., and is measured and quanti- tained by slow compression/expansion cycles

fied by image analysis techniques. of Increasing maximum goressure (DPPC)
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ASPECTS OF LANGMUIR-BLODGETT TROUGH DESIGN: COMPUTERIZATION,

SURFACE PRESSURE MEASUREMENT, UNEVENNESS OF MOTION, GENERATED VIBRATIONS
*t

George R. Ivanov, Kostadin G. Kostadinov and Alexander G. Petrov

Laboratory of Liquid Crystals and Molecular Electronics, Institute of Solid
State Physics, Bulgarian Acad. Sci., Lenin Blvd. 72, 1784 Sofia, Bulgaria
* Laboratory Mechatronic Systems, Institute of Mechanics and Biomechanics,
Bulgarian Acad. Sci., G. Bonchev Str., Block No 4, 1113 Sofia, Bulgaria

The old problem of the influence of motion unevenness of barrier and
substrate holder of Langmuir-Blodgett (LB) troughs and the generated within
the trough vibrations on the film at the air-water interface and deposited
structures was completely forgotten in recent years. The disadvantages of
computerization were misregarded and its full potential was not used.

Here our experience in designing a new generation of research LB
troughs is presented. The trough is entirely computer controlled with
digital and analogue (master and slave) velocity control feed back loop and
on-line monitoring of the unevenness of motion. The software productivity
is 18 readings per second from all four transducers with IBM PC/AT
computer. Four principally different translational drive units are
constructed. One of them is realized by redundancy of drives impedance
control i.e. stiffness and damping of the barrier are changed. A new
methodology for their evaluation is applied. It comprises independent and
simultaneous monitoring of three different parameters i.e. drive motor
velocity, output link velocity and output link vibrations (see Fig. 1). Our
trough features incremental line positional sensors with absolute accuracy
below 0.005 mm attached directly to the output link; speed range in excess
of 1 : 10000; microprocessor Pt 100 thermometer. Wilhelmy type surface
pressure transducer connected to Lock-in amplifier is compared with zero
position one. The interbalance between digital and analogue is discussed in
relation to velocity control and surface pressure control feed back loops.

We thank the 22 scientists from 8 institutions who participated in
final design and evaluation. This project was partly supported by the
Bulgarian Ministry of Science and Higher Education under contract No 587.I ._ a.mLm . . t
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Supramolecular Engineering Based on Self-Assembling

Monolayers and Bilayers

Toyoki Kunitake

Department of Organic Synthesis, Faculty of Engineering,

Kyushu University, Higashiku, Fukuoka 812, Japan

Novel molecular functions are conveniently designed by

taking advantage of self assembling properties of monolayers and

bilavers. Some of our recent progresses in this field are summa-

rized. A common theme is to design macroscopic organization on

the basis of microscopic (molecular) organization.

1. Molecular Recognition by Surface Monolavers.

-Molecular recognition via specific hydrogen bonding has been

extensively studied as host guest interactions in organic media.

We found that hydrogen bonding interactions play important roles

even at the air-water interface which is exposed to the subsphase

water.') Fig. 1 illustrates examples of functionalized monolay-

ers which we have-prepared. They bind specifically respective

aqueous substrates at low concentrations. For instance, a Kemp's

triacid derivative aligns in a dimeric form (2) and is capable of

specific binding of nitrogen aromatics and amino acids. The

monolayer of a guanidinium derivative (5) can bind ATP selective-

ly. The mode of molecular recognition can be confirmed by FT-IR

and XPS spectroscopies of transferred films. Enhanced binding

must arise from the unique property of the interface.
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4o 
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2. Preparation of Highly Stabilized BLM's.

Black lipid membranes (BLM) have been used as biomembrane

mimics: however, their uses are limited due to short lifetimes.

We found that stable BLM's were formed from various synthetic

amphiphiles which spontaneously produced aqueous bilayer disper-

sions. 2 ) The lifetime exceeds one day in several cases. Conven-

tional permeation experiments can be conducted because of this

improved stability.

3. Controlled Orientation of Bioactive Molecules in Synthetic

Bilayer Membranes.

Component amphiphiles in the bilayer assembly assume well-

defined orientations. Certain guest molecules are incorporated

into bilayers in ways that reflect the assembly of the matrix

bilayer. The orientation of negatively-charged porphyrins in

matrices of ammonium bilayers is determined by optimized electro-

static interactions. 3 )  Molecular orientation of myoglobins and

other heme proteins in bilayers can be controlled similarly.4 )

4. Cast Films of Synthetic Bilayers as Molecular Templates.

Aqueous synthetic bilayers are cast into free-standing

multilaver films. Alkoxysilanes incorporated into the regular

interbilayer space of the cast film can be hydrolyzed and con-

densed to form silicate layers. 5 ) Multilayered, ultrathin (20 A)

silicate films are obtainable upon extraction of organic ma-

trices. This approach is extended to formation of aluminosili-

cates. An ion exchange technique has been used to attain even

finer control.

References
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PHOTOELECTRIC PROPERTIES OF DOMAIN ARRAYS IN PORPHYRIN LB FILMS

M. Yoneyama, A. Fujii, S. Maeda, and T. Murayama

Mitsubishi Kasei Corporation, Research Center

1000 Kamoshida-cho, Midori-ku, Yokohama 227, Japan

Practical applications of LB films, especially to microelectronic

devices, require a careful control of the two-dimensional textures of

spread monolayers. This task involves the study of experimentally

correlating the functional properties of the monolayers with their

microstructures, which is quite important but seems to have been rather

neglected so far. Here we discuss the formation of porphyrin domain arrays

at the air-water interface together with the domain-level characterization

of the photoelectric properties of LB films containing these arrays.

The system studied is a mixed monolayer containing 5-(4-N-decyl-

pyridinium)-10,15,20-tri-p-tolyl porphyrin (CI0PyTTP) as a highly

photovoltaic compound and arachidic acid(C 20) as an insulating matrix

component. Fluorescence microscopic observations reveal that C20 forms

small crystalline domains (<10um) in an as-spread monolayer on pure water

while C1 oPyTTP forms nearly circular domains of finite size after repeated

compression and expansion of the monolayer. The porphyrin domains are of

rather uniform size with their mean diameter strongly depending on the

molar mixing ratio of C10PyTTP and C2c. For example, a mean diameter of

50 gm is obtained for 1:10 mixtures. The domains are separated from each

other by C20 crystallites, making an array-like pattern at the air-water

interface.

These microstructures are Successfully transferred onto solid

substrates, and Schottky type photovoltaic cells (Al/porphyrin layer/

covering layer/Ag) are fabricated. Their photoelectric properties are

investigated on the domain level by measuring short-circuit photocurrent

(Isc) under illumination of a focused light (-20#m). Lateral

distributions of Isc are monitored by scanning the light across the cell

surface. The obtained Isc shows a large fluctuation depending on the

position of illumination, indicating that the porphyrin domains function as

photodiode arrays.

This work was supported by NEDO under management of FED.
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MULTILAYER PHASE TRANSITION OF A LIQUID CRYSTAL FILM ON AN
AIR/WATER INTERFACE
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Abstract

Thin liquid crystal(LC) films show very interesting physical phenomena and
oo have been studied by many researchers. We study the phase behavior of thin film of

Octylcyanobiphenyl(8CB) at the air/water interface by simultaneously measuring the

molecular alignment and the static pressure as a function of density. The density of
the liquid crystal molecules on the interface is changed either by adding in more liquid
crystals and /or by compressing the sample surface. We find that when the density is
very low, the LC is in "gas" phase, molecules either lie parallel to the interface or form

patches with their director roughly perpendicular to the interface. Increasing in the
density results in quantized growth of liquid crystal layers which are parallel to the
interface. This layer growth apparently strongly depends on the interface interactions
between the LC molecules and water. We also study this surface induced ordering
when the temperature is changed in the range where the bulk LC will go from isotropic

phase to crystal phase. Ellipsometry and the surface balance techniques are used in
the studies.
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Investigation of Fatty Acid Monolayen at the Air-water Interface
Using a Reflectance-measuring Technique

and a Phase Contrast Microscope
TUkehis Takoshima, Atuko Masudt smd Koichi Mukas"

ADVANTEST Laboratories Ltd. Hokkaido University*
250-1 Hoshino-cho. Otaru 047-02. Japan N13 W8 Kita-ku Sapporo 060, Japan

We newly developed two techniques to acid (C14-C24) monolayers directly and in
investigate the aggregation structure of real-time without using fluorescent probes.
monolayers at the air-water interface. Fig.2 shows a typical example of visu-
Reflectance-measuring technique alized domains at very low surface pressure

Using this technique, we investigated in arachidic acid. In our experimental set
the aggregation structure of fatty acid up. dark regions in the picture are domains.
(C12-C22) monolayers at the air-water in- In the upper part of the picture one can see
terface without using fluorescent probes. It the passing time from the spreading of the
is found that the aggregates (domains) grow sample solution. From the direct observa-
even below O. IrN/m, and the size of the tion of domains in fatty acid monolayers, it
domains increases with the alkyl-chain is confimed that
length up to arachidic acid. but it decreases (1) domains grow in several seconds after
in behenic acid ., the spreading

Fig. 1 shows a typical example of the (2) Isolated domains fuse together to form
time dependence of the reflectance in larger domains in several minutes after
arachidic acid on a water subphase. The re- the spreading
flection spectra from a clean water surface (3) the size of domains increases with the
was monitored for 5 min. then the sample alkyl-chain length up to arachidic acid.
solution was spread (a). We waited for 10 but it decreases in behenic acid and
min (b-c) to evaporate the solvent lIgnoceric acid.
(chloroform). and the compression was
started (c). Below 25A2/molecule (d-e) which a£3 p r U (4m0c.)
means in condensed monolayer, the re- a ____0__ tO

flectance increases continuously with in-
creasing surface pressure. An occasional ; Cincrease in reflectance is observed even be- -e[>m

low O.ImN/m (b-d). Since the reflectance 1 .
increases continuously in condensed ITO
monolayer, the occasional increase sug- It ft t
gests the growth of condensed domains at b 9 , d
very low surface pressure. The intensity o 1o N 30 40

and the period of the variation in re- OW (min)

flectance at very low surface pressure in- FI. I Tlme dependence of the reflectance
crease with the alkyl-chain length up to in aachidJc acid
arachidic acid. But in behenic acid little
variation in reflectance is observed at very
low surface pressure. It is considered that
the period of the variation reflects the size
of domains, because the compression speed NN
Is constant. Therefore. it is concluded that
the size of domains at very low surface
pressure increases with increasing the
alkyl-chain length from myristic acid to
arachidic acid, but it decreases in behenic
acid.
Phase Contrast Mlerescope

We found that the aggregation structure
of monolayers at the air-water interface ," -. t. .

can be visualized using a phase contrast . .'-S9 " I
microscope. Using this technique. we first • , .... .
observed the domain morphology in fatty Fig.2 Visualized dommans in arachidic acid
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FUSION OF PHOSPHOLIPID VESICLES WITH
LANGMUIR LIPID MONOLAYER

Set--arg Sui & Sbao-oerg Wang , Department of biological Scierce &
3io:ech'r'ology, Tsrgl-ua Universiw. Beijing 100084. China

The interactions between biological membranes involve some major matters of

membrane biophysics, such as membrane adhesion and fusion, exocytosis and
endocytosis. lipid exchange and so on. As a model, lipid vesicles or liposomes have

been widely used in the study of inter-membrane interactions. The present review.

however, is devoted to investigate the interactions of phospholipid vesicles with
Langmuir lipid monolayer. which may furnish another model system to study
inter-membrane interactions. In fact. the radius of curvature of secretion vesicles

created by celluar biochemical processes (very small vesicles) is much smaller than
that of the inner monolayer of cell membrane. The problem of interactions of these

small vesicles with the cytoplasmic-side monolayer of plasma membrane. therefore,
may be approximately treated as an interaction of very small vesicles with a planar

lipid monoiaver

Pure and mixed phospholipid monolayers were prepared at air., water
interface., The a-A isotherms coming from same lipid monolayer but different
subphase (with and without lipid vesicles) were compared. After special calibration

to correct the molecular average area. a quantitive information of lipid molecular
transfer from vesicle into Langmuir film was obtained. In case the change of molec-

ular average area is not sensitive to molecular composition, a molecular transfer rate
C. maybe approximately described as:

C - a x 100%A 0 (R)

where A Or) and AO(K? are the film area after and before vesicle fusion respectively.,
The effects of vesicle dimension, vesicle phase and surface charge on the fusion

of phospholipid vesicles with Langmuir lipid monolayer were analyzed. which

showed that these factors strongly affected the fusion process.

This work is supported by National Science Foundation of China.
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Charge-Transfer Complex Formation in Monolayers at the Air/Water Interface
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* National Chemical Laboratory for Industry, Tsukub, Ibaraki 305, Japan

Many of the organic conducting materials are based on the charge-transfer (CT)

complexation of the two components involved. We have investigated the formation

of such complexes in monolayers at the air/water interface using the amphiphilic

cyanine dye N,N'-dioctadecyl-oxacyanine perchlorate (Sg) as donor and octadecyl

tetracyanoquinodimethne(C18TCNQ) as acceptor components. UV-VIS surface reflec-

tion and fluorescence techniques were employed to investigate the complexation

process.

The absorption spectrum of the chloroform solution of S9 and C1STNQ(1:1) does

not show any extra bands.. However, when the solution is spread at the air/water

interface the surface reflection spectrum shows a new broad band with a maximum

at 480nm which we have ascribed to the CT transition between S9 and C18TCNQ.

The CT band shows bothochromic shifts with increasing surface pressure., Progressive

dilution of the 1.1 monolayer with matrix molecule (DMPC) leads to c decrease in

the CT band intensity until at 1:1:5 molar ratio of the components no CT )and is seen.

The CT complex formation is also reflected in the surface potentia!-ar, a isotherms.

Upon direct excitation of the CT band at 480nm or via excitation of the d, nor (365nm)

a broad band fluorescence emission with maximum at 560nm was vL served. The

excitation spectrum of the CT band closely resembles the reflection s,ctrum. The

fluorescence quantum yield increases with decreasing temperature. The fluorescence

intensity normalized (at constant surface density)-area isotherm show that the

CT band intesity increases continuously with increasing surface pressure, whereas

the donor fluorescence intensity decreases sharply above 25mN/m. The ree,'ults are

analyzed in terms of Mulliken CT model.
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Reflectometry under the Brewster angle as a tool to determine film thickness,

headgroup influence and macroscopic inhomogeneities of monolayers at the
air/water interface.

Dirk Hdnig and Dietmar M6bius
Max-Planck-lnstitut fir biophysikalische Chemie

3400 Gttingen / Germany

For the characterization of monolayers at the air/water interface one commonly
uses either normal incident light reflection, ellipsometrical or fluorescence
methods. We developed a simple, easy-to-handle method without probe molecules:
a p-polarized light beam of 1mm diameter from a diode laser (670nm) is incident
under the Brewster angle of the pure water surface. The reflected light intensity
is measured by a small photomultiplier. The Brewster angle offers the advantage
of very low (theoretically zero) background signal from the pure water. The
reflectivity is enhanced some hundred percents by compressing a monolayer of a
common matrix substance (i.e.. arachidic acid). Fig.1-3 illustrate some of the abilities
of this simple method concerning film thickness and monolayer deposition control.
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WATER PERMEATION THROUGH TWO-COMPONENT MONOLAYERS OF POLYMERISED

SURFACTANTS AND OCTADECANOL

Calum J. Drummond,* Peter Elliott, D. Neil Furlong
and Geoffrey T. Barnest

CSIRO, Division of Chemicals and Polymers, Private Bag 10,
Clayton, Victoria, 3168, Australia

and tDepartment of Chemistry, University of Queensland,
St. Lucia, Queensland, " 67, Australia.

*Present Address: Department of Applied Mathematics, Research

School of Physical Sciences, The Australian National University,
GPO Box 4, Canberra, ACT, 2601, Australia.

Surface pressure-area (N-A) isotherms and resistances to water
evaporation (r) have been measured for monolayers of
poly(octadecyl methacrylate), poly(octadecyl acrylate) and
poly(vinyl stearate). For each polymer, there were several
samples of different molar mass and polydispersity. All samples
were polymerised before spreading at the air/water interface. The
Langmuir-Schaefer method was employed to measure evaporation
resistances.

-The i-A and r data for the polymerised surfactants suggest
that, at least in the weight average molar mass range of 60 to
900 kg mol- ' and polydispersity range of 2 to 9, monolayer
properties do not depend on molar mass or polydispersity. The
evaporation resistances of the polymerised surfactants (r < 0.5
s.cm-1 at 20 mN/m and 20°C) are significantly lower than that of
octadecanol (r = 2.87 s.cm -1 at 20 mN/m and 200C).

X-A isotherms and r have also been measured for mixed
octadecanol/poly(octadecyl methacrylate), octadecanol/
poly(octadecyl acrylate) and poly(vinyl stearate)/poly(octadecyl
acrylate) monolayers. For these two-component systems, excess
areas and excess free energies of mixing, calculated by the
Goodrich method, were determined from the X-A isotherms.
Significant deviations from ideal mixing occur with both the
octadecanol/poly(octadecyl methacrylate) and the octadecanol/
poly(octadecyl acrylate) systems. With evaporation resistance,
ideal mixing is thought to correspond to a linear relationship
between ln(r) and composition (x). The data for the octadecanol/
poly(octadecyl methacrylate) show negative deviations from this
relationship whereas the results for octadecanol/poly(octadecyl
acrylate) show positive deviations, and for mole fraftions of
octadecanol > 0.3 the values of r are close to that of pure
octadecanol.

These results have been used to compare two theories of
monolayer permeation, viz. the energy barrier theory of Langmuir
and Schaefer and the accessible area theory of Barnes, Quickendon
and Saylor.
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SPECTRAL HOLE-BURNING IN LANGMUIR-BLODGETT FILMS

M. ORRIT, J. BERNARD, H. TALON and A. MOUHSEN,
Centre de Physique Mol~culaire Optique et Hertzienne
C.N.R.S. et Universit6 de Bordeaux I,
351, Cours de la Liberation, F-33405 Talence Cedex

Conventional spectroscopy was applied long ago to LB films

by Kuhn and his group : these experiments provided such
information as molecular parameters, position of dye molecules
from energy or electron transfer measurements, orientation of
transition dipole moments, etc. Our aim here is to show the

interest of high-resolution studies of LB films.
At low temperatures, the spectra of solid solutions are

inhomogeneously broadened : the narrow (from 0.001 to
0.1 cm-1 ) homogeneous zero-phonon lines of individual

-molecules are spread over the much broader (from 10 to 1000
cm-') absorption band of the solution. Among various time-
resolved and spectral methods used to measure the homogeneous
width in solid solutions, the spectral hole-burning is most

widely used because it applies to many solute-matrix couples
(1]. As the homogeneous broadening arises from population and
coherence loss, the hole width is a probe for fast energy

transfer (e.g. in photosynthetic centers) and for the low-
temperature dynamics around the absorbing molecules. Also, a

narrow spectral hole is much more sensitive to external
perturbations (electric or magnetic fields, pressure and

strain, etc.) than the broad band in which it is burnt.
Recording spectral holes burnt in monolayers is difficult

because of the weak number of active dye molecules. Moreover,
whenever the matrix dynamics is to be measured, energy

transfer should be avoided by keeping the dye concentration
very low. In our setup, we applied the very sensitive

fluorescence excitation method to a stack of thin plates
covered with the LB film [2]. Hereafter, we describe several

hole-burning experiments in LB films.

i) dielectric image effect
Dye molecules imbedded in a surface monolayer are affected

by a medium change across the surface. A convenient way to
achieve this at helium temperatures is to immerse the sample
in superfluid helium. Due to the liquid's polarization, the



molecular transition frequencies are red-shifted by a few

hundredths of a cm-1. We detected this red shift using a

narrow spectral hole [2]. Similar experiments could be devised

using holes as surface probes.

ii) Stark effect
The change in hole shape after application of a static

electric field (Stark effect) may be related through the

molecular structure to the orientation of the chromophore axes
of the absorbing molecules in the film (including their

direction, which is not given by absorption spectra). Using a
fatty acid multilayer doped with an amphiphilic cyanine dye,
we have shown that the short chromophore axis lies nearly
parallel to the surface [3]. In the case of centrosymmetric
molecules, a linear Stark effect indicates that microscopic

internal fields break the molecular symmetry. Stark

measurements could thus be related to the internal field in LB
films.

iii) Surface dynamics
We studied the temperature dependence of the hole width in

LB assemblies where the dye occupied different positions with

respect to the surface and substrate. When the dye is close to
the surface (i.e. in the two last monolayers) the hole width

remains large at the lowest temperature studied (1.7 K). We
attribute this unexpected result to a specific low-temperature

motion taking place in thEc surface monolayer. As is known from
other techniques, especially infra-red absorption, the last
(surface) layer is less ordered than the bulk ones. The low-T

motion could perhaps be related to the structure of the

surface layer. We hope further work will 5live us insight into
this problem.

References :

[11 W. E. Moerner, editor, Persistent Spectral Hole-Burning

Science and Applications, Springer (1988).

(21 M. Orrit, J. Bernard and D. M6bius, Chem. Phys. Lett. 156
233 (1989).

(3) M. Orrit, J. Bernard, A. Mouhsen, H. Talon, D. M6bius and
R. I. Personov, submitted to Chem. Phys. Lett. (1991).



C01
EFFICIENT RECTIFIED PHOTOCURRENT FROM PURPLE MEMBRANE

LB FILMS AT THE ELECTRODE-AQUEOUS ELECTROLYTE INTERFACE

Tsutomu MIYASAKA and Koichi KOYAMA

Ashigara Research Laboratories, Fuji Photo film Co. Ltd.
Minamiashigara, Kanagawa 250-01, Japan

Bacteriorhodopsin (bR)-containing purple membrane (PM) was purified from Halo-

bacterium halobium and its LB films were prepared on an SnO2 electrode. A photochemical
cell was constructed by dipping the PM-coated electrode in an aqueous KCI electrolyte

together with a counter electrode and a reference electrode, where the thin PM layer placed
between the electrode and electrolyte was to function as a photosensitive interface.

Visible light irradiation to the PM film caused a photocurrent in an external circuit
with a time response profile as shown in Fig. 1. The action spectrum of the photocurrent

coincided with the absorption spectrum of bR (Fig. 2). The magnitude of photocurrent
depended significantly upon the electrode potential applied to the SnO2 electrode but was
always rectified in cathodic direction showing marked enhancement under cathodic polariza-

tion of the electrode. The pH of the electrolyte highly affected this potential dependence
profile and the maximal photocurrent response was obtained in a neutral pH region which
agrees with the pH dependence of the proton pump activity of bR. The pH dependence as
well as a fact that the photocurrent was strongly quenched by any kind of buffering agent

added in electrolyte, support that the photoresponse arises from the light-driven proton
transfer in bR.

Of important performance in this type of
solid-liquid junction photocell is that a highly
efficient and stable photocurrent can be obtained 5000s

with only a few number of PM monolayers. A Fig. 1 Time response by flash excitation.

sandwich type bR photocell was also constructedPM 2 monolayers.
using a thin layer polymer electrolyte containing 2

agar, gelatin, CM-chitin, etc., which enabled to 0 0

fabricate a lateral array of small photocells (pixels)
on a substrate. Based on this technique, we were io /

0/
successful to develop an image sensing device 7 10

with 64 bR photo-pixels, which proved to have a -

unique sensing function similar to those found in 00 500 600 700

visual perception. FirWAVELENGT t nmvisul pecepton.Fig. 2 Photocurrent spectrum
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ENERGY AND ELECTRON TRANSFER IN LANGNUIR-BLODGETT

FILMS OF COFACIAL PORPHYRINS-PSTNALOCYANINES
RETERODIMERS: A TIME-RESOLVED STUDY.

J-F LIPSKIERac; T.H. TRAN-THIa,c; S. PALACINa; S. GASPARDb;
D. HOUDEC and C.PEPINC.

a- Service de Chimie Mol~culaire, Commissariat A l'Energie
Atomique, Centre d'Etudes de Saclay, F91191
GIF-SUR-YVETTE cedex (FRANCE).

b- Institut de Chimie des Substances Naturelles,
C.N.R.S., F91190 GIF-SUR-YVETTE cedex (FRANCE).

c- Laboratoire de Spectroscopie Femtoseconde, Dept. de
M6decine Nucl~aire et Radiobiologie, Universit6 de
Sherbrooke, C.H.U.S., SHERBROOKE (Quebec) JlH5N4,
CANADA.

L.B. films of semi-amphiphilic porphyrin-phthalocyanine
heterodimers have been prepared and characterized. ESR
anisotropy and linear U.V.-vis. dichroism show that the
macrocycles are superimposed face to face, with their mean
plane parallel to the substrate plane (fig.1) .The
photochemistry of such films has been investigated in
details by time-resolved absorption spectroscopy from the
sub-picosecond to the microsecond time domain in comparison
with similar dimers in dilute solutions. It is shown that
selective excitation of the porphyrin moiety with visible
laser light results either in the migration of the
excitation energy towards the phthalocyanine, or in the
transfer of one electron between the two chromophores. By an
adequate choice of the metal center(s) of the two
components, one is able to direct efficiently the dominant
deactivation pathway towards either of these photophysical
processes.
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GUIDED-WAVE FREQUENCY-DOUBLING IN LANGMUIR-BLODGETT FILM

WAVEGUIDES

Ch. Bosshard, M. Kilpfer, M. F15rsheimer and P. Gtnter

Institute of Quantum Electronics, ETH Hnggerberg, CH-8093

ZUrich, Switzerland

2-docosylamino-5-nitropyridine (DCANP) is a molecule

displaying strong nonlinear optical effects in Langmuir-

Blodgett (LB) films. Its linear and nonlinear optical

properties have been described in [ii and (2]. Due to its

ability to form multilayers of high optical quality

waveguiding in these films was observed [2].

We now report for the first time guided-wave second-

harmonic generation in nonlinear optically active LB films.

Phase-matched frequency-doubling was observed in LB films of

DCANP by using the Cerenkov-type configuration. This method is

- simpler than phase-matching of guided modes where very strict

conditions on the waveguide thickness are required and where

both fundamental and second-harmonic waves have to be guided.

In Cerenkov-type phase-matching, however, only the fundamental

beam is guided in the layer whereas the second-harmonic beam

is radiated into the substrate. The charge-transfer axis of

the DCANP molecules lies in a plane parallel to the dipping

direction. Therefore the largest nonlinear optical coefficient

d33 could be used with TE modes. Experiments at different

wavelengths and waveguide dimensions and efficiency studies of

the frequency-doubling process were performed. In addition the

dipping process was adjusted for optimized waveguiding.

[1] G. Decher, B. Tieke, C. Bosshard and P. Gfnter,

Ferroelectrics 91, 193-207 (1989)

[2] Ch. Bosshard, M. K~pfer, P. Gnter, C. Pasquier, S. Zahir

and M. Seifert, Appl. Phys. Lett. 56 (13), 1204-1206

(1990)
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THE PHIOTOINDUCED TRANSFORMATION OF NINEAR OPTICAL PROPERTIES

IN ORGANIC MONOLAYER.

O.A.Aktspetrov, A.V.Xaxtmychav, E.D.M1sfhna, T.V.Murztna,
A.V.Petuov

Physics Department, Moscow State University,
Moscow, 119899, USSR

The generation of optical second harmonic (SH) was investigated
in Langmuir-Blodgett films of 4-nitro-4'-oktodeoilasobenzole
(NAB) and baoteriorhodopsine (BR). The research was carried out
while reflecting the pulse radiation of YAG:NPd+-laser at 1064
nm from the film or passing through it. It was discovered that
LB NAB monolayered films demonstrated a significant anisotropy
in nonlinear-optical properties; the dependence of the second
harmonic intensity IL, on rotational asimutal angle 0 I2W(T)
ha two maxima spaced at the distance of '. These properties
changed dramatically while illuminating the film by Ar+-laser

- polarized radiation at 514 nm. The new dependence 12,() had
also two maxima, but their positions could be shifted so that
the angle between the new maxima position and the direction of
the additional radiation polarization become equal to 7[/2.

The SH generation was also studied in LB mono- and

mulilayered films of BR. The square dependence of the SH
intensity on the number of monolayers was observed.
Photocl-romic character of SH in these LB films has not been
detected, while electrodeposited films of BR demonstrated
strong photochromism - 12. decreased twice under the additional

illumination of the excited area.
So we have discovered the photoinduced anisotropy -f

noniinear properties of LB films and showed that these
pr,:ertLes could be changed gradually by additional polarized
illumination. The SH generation was also first observed for
mono- and multilayered LB films of bacteriorhodopsine.
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OPTICAL BLSTABILITY IN THE OPTICAL WAVEGUIDES

COATED WITH NONLINEAR LB FILMS

Y.J.Li, J.Q.Fan. Y.Fan, A.D Lu, X.M.Pang and D.P.Jiang
Changchun Institute of Physisc, Academia Sinica, Changchun 130021. P.R.China

G.H.Jin, L.Zhang, Hl.ang, and Y.L.Song
Dept. Of physics, Harbin. Institute of Technology Harbin 150006, P.R.China

Recently, the third order optical nonlinearity and optical
bistability of derivatives of phthalocyanine have been found and
investigated'"'.

In this paper, we report, for the first time. that the optical
bistability in the optical waveguide coated with nonlinear LB
films of copper tera-4-(2,4-ditert-ampylphenoxy) phthalocyanine
(tapCuPc) have been observed by 53Dnm line of YAG Laser at room
temperature.

In our experiment. 30 layers of tapCuPc were deposited by the
LB technique onto the optical glass waveguide of W ion-exchange
and the four layer dielectric waveguide coated with LB films was
formed.

53nm line of YAG laser is used as a light source. The input
light with 30-40OjJ/pulse, pulse width of 50ns and frequency of
2Hz. is coupled into the optical waveguide coated with the LP
films by glass prisms.

The input and output beams are conversed into electrical
signals and recoreded by storage oscilloscope.

The optical nonlinearity and bistablility are observed in the
waveguide with LB films. The threshold of power is about 4 VJ and
the swithching off time is Ins. when we remove the LB films
coated, no optical nonlinearity is observed in the waveguide.

The machanism of optical bistability in the waveguide coated
with LB films is studying.

References
1 Wn.J.W., Heflin. J.R.. Norwood. R.A.. Wong, K.Y.,

Zamani-khamiri, 0., Garito, A.F., Kalyanaraman,P., and
sounik, J.. J.Opt. Soc, Am.B6.707(1989).

2. Garito, A.F., and Wu,J.W., conference of 1990. International
Topical Meeting on Optical Computing. 9A1. 1(1990).
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PHOTOCEMICAL MODULATION OF SECOND ORDER NONLINEAR OPTICAL PROPERTIES

OF ALTERNATE LB FILMS CONTAINING Ru(II)-BIPYRIDINE COMPLEXES

Toshihiko Nagamura, Hiroshi Sakaguchi,and Taku Natsuo*
Electronic Materials Laboratories, Research Institute of Electronics,
Shizuoka University, 3-5-1 Johoku, Hamamatsu 432, Japan and *Department of
Organic Synthesis, Faculty of Engineering, Kyushu University, 6-10-1
Hakozaki, Higashi-ku, Fukuoka 812, Japan

We recently reported that a metal to igand charge-transfer (MWLT)

transition in ruthenium(II)-bipyridine derivatives has the capability of
second harmonic generation (SHG) in alternate LB films.' Now we report that
we can modulate photochemically the SHG of such LB films by a UV laser.2

A mixture of (N,N'-dioctadecyl-4,4'-dicarboxamide-2-2'-bipyridine)-
bis(2,2'-bipyridine)ruthenium(II) perchlorate (abbreviated to RuC18B) and
dioctadecyldimethylammonium bromide (2C18NB) with a molar ratio of 1:4 was
deposited alternately with 2C18NB alone at 25 *C and 20 raN. m-1 in the
presence of dextranesulfate polyanion. Thirty dye layers were deposited on
each side of a glass slide treated with a silane coupling agent. The second
hamonic signal from LB films irradiated with an Nd:YAG laser at 1064 nm (100
mJ/cm 2) was detected with a photomultiplier through aqueous CuS04 solution
and IRA-25S(IR-cut) filters and a monochro.mtor. In some cases LB films
containing Ru(II) complexes were excited by the third harsonic(355 nm, 0.1-
10 mJ/cm2 ) of an Nd:YAG laser 10 ns before irradiat.on of a 1064 nrm pulse.

The intensity of second harmonic light observed from alternate LB
films containing Ru(II) complexes was decreased by exciting at 355 nm. The
SHG could be modulated reversibly for many times as shown in Fig. 1 (9
without and 0 with 355 nm laser). The extent of the decrease in SHG

increased with the intensity of the UV
laser, about 50% decrease at 10 mJ/cm2. ID
The transient absorption of RuC18B upon
excitation at 355 nm was resolved into ~
absorption bands of bipyridine anion -

radical and Ru31 and the depletion of the =
ground-state MLIT band together with the QS
luminescence above 600 n. These results 2
clearly indicated the formation of chrage- _j
separated excited state. The decrease of Z"

SHG upon UV excitation may be caused by
the changes in the orientation of chromo- 0 3 56 78910
phores, the phase matching, and the 2 3 4 5 6 7 8 9 10

refractive indices, and by the possible Times of excitatm
absorption of 532 or 1064 nm light at the
excited state. From detailed experiments, we have excluded these
possibilities. The observed molulation of SHG can be ascribed to the change
in molecular hyper-polarizalibity for the ground and the excited state.
1) H. Sakaguchi, T. Nagamura et al, Chem. Lett., 1715 (1989). 2) idem,
submitted to Jpn. J. Appl. Phys. PL. 2, Lett.
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SECOND-ORDER NONLINEAR OPTICAL LANGMUIR-BLODGETT FILMS OF PYRAZINE DERIVATIVES

Masanao Era, Hisashi Kawafuji, Tetsuo Tsutsui, Shogo Saito,

Katsumi Takehara+ , Kenji Takehara+ , Kazuaki Isomura+, and Hiroshi Taniguchi+ .

Department of Materials Science and Technology, Graduate School of

Engineering Sciences, Kyushu University, Kasuga-shi, Fukuoka 816, Japan

+Department of Applied Chemistry, Faculty of Engineering,

Kyushu University, Hakozaki, Fukuoka 812, Japan

The Langmuir-Blodgett (LB) technique is a promising method for the fabri-

cation of thin films with noncentrosymmetric molecular orientation; one can

obtained a noncentrosymmetric LB film, so-called hetero-Y type film, by alter-

nating deposition of two different monolayers.

Pyrazine derivatives (1,2 and 3) have large molecular hyperpolarizability

a comparable to that of p-nitroaniline. Moreover, the degree of molecular

orientation in the pyrazine derivative LB films is very high. Thus, we expect

that high-performance noncentrosyntmetric LB films for nonlinear optics will be

obtained by use of an alternating deposition of pyrazine derivatives and

arachidic acid.

Noncetrosymmetric LB films were fabri- Ci2 H2 50- ,/COOH

cated using two-compartment Langmuir through. 1

Monolayers of a pyrazire derivative and

arachidic acid were spread on each compart- C12H2 5 O- CH:CHICOOH

mentalized subphase of a BaCl2 aqueous solu-

ticn, and then were deposited on fused quartz

substrates in up stroke and down stroke, C 2H25SSC CH-CH-_COOH

respectively. 3

Spectroscopic and X-ray diffraction

studies on the alternating LB film of 1 proved that molecules were

predominantly oriented normal to the film plane in the LB film.

Second-order optical nonlinearity in the LB films was examined by a

second-harmonic generation (SHG) measurement using a Q-switched Nd,YAG laser.

The SH intensity from the noncentrosymmetric LB films of 1 quadratically

increased with the film thickness up to 200 bilayers ( ltvm). The quadratical

dependence demonstrates that the noncentrosymmetric molecular orientation

preserved in the LB film with thickness enough for the application to the

nonlinear waveguide. From the SH intensity, the second-order susceptibility of

the LB film was estimated to be 1 x 10-7 esu.

Second-order optical nonlinearity in noncentrosymmetric LB films of other

pyrazine derivatives (2 and 3) will be also discussed in this presentation.
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NEW TRENDS AND PROSPECTS IN CONDUCTING LB FILMS

by Michel VANDEVYVER
CEASaclay, SCM

BAt. 125, 91191 GIF SUR YVETTE CEDEX (France

Since the discovery in 1984 of a method leading to conducting LB
films, many kind of conducting films have been fabricated. We present a
survey of the state of art in this field. So far, derivatives cf well known
electroactive nuclei (as TCNQ, TTF or dmit) have been used as brick stone
components for that purpose. Methods used to obtain the necessary
conditions (in plane crystallization together with mixed valence state) ore
briefly listed together with the main results obtained to date. Despite the
fact that characterization methods for both structural and textural
investigations of films are generally available, very often the following
questions are still unanswered : are we dealing with true LB films ? To
what extent the macroscopically 2D crystallization of films can be
checked ? and, more precisely "what is the intrinsic (i.e. local) character

- of the crystallization (1D or 2D).,
In the course of the lecture, we report recent works developped

in Saclay in order to obtain one at least of the following properties 1)
Highly conducting indeed metal like films, 2) Intrinsically (or local) two
dimensional material. 3) Getting a true conducting bilayer.

In a first 9tep, BEDT derivatives possessing two aliphatic chains
both grafted at the same end of the electroactif nucleus have been used.
Hence in the resulting films, the conjugated systems stand on edge with
their long axis perpendicular to the support. After a controlled oxidation
by iodine vapour, films are obtained as conducting sheets 'Lhe dc

conductivity of which is close to 0.2 Siemens.cm- 1 at room temperature.
The point is that such a structure is especially designed to

mimic the sheet like molecular array of classical (BEDT)213 highly
conducting or even supraconducting bulk crystal. In addition an
encouraging result comes from a careful spectroscopical investigation of
films : the stoichiometries are basically the same. In contrast, the
intrinsic (i.e. local) nature of the conductivity (1 or 2D) is still completely
unknown. Moreover the dc conductivity abruptly decreases as the number

of superimposed monolayer decreases and a bilayer thick film is found to

be an insulator. Such a behaviour is understood in terms of superimposed
conducting domains separated by more or Ioss insulating boundaries.
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Basically different properties are currently obtained by the use

of homodoped TCNQ containing films. The homodoping strategy consists in

mixing in the same monolayer neutral amphiphilic octadecyl TCNQ

for example octadecylsulfonium+ TCNQ T (ODS-TCNQ). Hybrid stacks are

obtained in that way, The average electronic charge of TCNQ (and hence the

conductivity) 'can be accurately adjusted by properly choosing the

molecular ratio of the individual components. The corresponding

compression isotherm curves exhibit a basically different behaviour from

the one of pure anion radical semi amphiphilic salts : no plateau regime

attributed to a 2D -4 3D crystallisation is observed. This Is understood in

terms of a strong interaction between neutral TCNQO and radical anion

TCNQ " In that way electron conducting bilayer thick films can be built

very easily. The highest corresponding values* of the room temperature

conductivity is found to be ca 0,01 Siemens.cm"1 .
In this lecture we emphasis the crucial role of IR spectroscopy

in investigating conducting films. This is basically related to the extreme

sensitivity of IR absorption on interaction between conduction electrons

and molecular . vibrations of electroactive nuclei. In addition we suggest

new prospect arising from in plane oriented films together with the

1 possible diffusion into built up LB films of relatively large electroactive

nuclei.
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NEW 1)EVELOPMENTS IN THE LANGMUIR-BLODGETT MANIPULATION

OF ELECTROACTIVE POLYMERS

J. H. Cheung, E. Punkka, M. Rikukaa, R. B. Rosner, A. T.
Royappa, M. F. Rubner. Department of Materials Science and

Engineering, Massachusetts Institute of Technology,
Cambridge, MA 02139

New monolayer forming systems based on a number of
different electrically conductive polymers have been utilized
to fabricate Langmuir-Blodgett (LB) thin films with well
defined multilayer organizations. For example, multilayer
thin films based on acid functionalized polythiophene and
polyaniline molecules have been fabricated from polyion
complexes formed between the acid groups of the conjugated
polymer and stearylamine. Monolayers of these complexes have
been found to form highly anisotropic, well ordered Y-type LB
films in which the conducting polymer chains are ionically
bound to the head groups of the surface active stearylamine
molecules. LB monolayers of unsubstituted polyanilines have
also been formed into Z-type multilayer films through the
direct manipulation of the emeraldine base form of
polyaniline and a small fraction of a processing aid such as
acetic acid. In this case, it is possible to form
electrically isotropic multilayer films that essentially only
contain polyaniline chains. New techniques for the synthesis
of electrically conductive chains of polypyrrole in the
hydrophilic planes of preformed multilayer LB films have also
been developed. All of these new generation conducting
polymer based LB films are highly ordered and exhibit
electrical conductivities in some cases as high as 10 S/cm.
The availability of a wide range of conducting polymer based
monolayer systems means that it is now possible to fabricate
new thin film heterostructures of conducting polymers with
layer sequences that are controlled at the molecular level.
The structures and electrical and optical properties of these
new LB films and a number of new heterostructures based on
them will be discussed.
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THE HOMODOPING , RATEGY TOWARDS LB CONDUCTING FILMS:
MIXTURE OF AMPHIPHILIC OCTADECYL TCNQ WITH VARIOUS

SEMI-AMPHIPHIC TCNQ SALTS

1LB Q I, A RUAUDEL-TEIXJER0 , M VANDEVYVER0, M ROULLIAYO,
A BARRAUDO, M LEQUAN* and R-M LEQUAN*
I C.E.A., S-rvice de Chimie Mol6culaire, C.E.SACLAY 91191 Gif sur Yvette Cedex (France)
*E.S.P.C.I. 10, rue Vauquelin, PARIS 5 - (France)

An homodoping strategy leading to conducting LB hybrid films without any further
doping treatment is investigated. The method consists of mixing, within the same layer, semi-
amphiphilic and amphiphilic derivatives of the same electroactive nucleus (here
tetracyanoquinodimethane (TCNQ), which appears as radical anion in the semi-amphiphilic
compound and as neutral species in the amphiphilic one).
In r cent experiments, the polar head of the aliphatic cation was varied in the semi-amphiphilic
compound . The preliminary results, which will be briefly presented, are very close to those
previously reported on the mixture octadecyl-dimethyl-sulphonium TCNQ (ODS TCNQ) -
octadecyl TCNQ(1). Hence, we believe that this method may be a general one. However, the
properties of the hybrid films slightly depend on the nature of the cation. In the present work we
compare hybrid films of ODS TCNQ - octadecyl TCNQ on one hand and N-docosyl-
pyridinium(NDP) TCNQ-octadecyl TCNQ on the other hand. Both type of films exhibit a similar
behaviour at the air-water interface, a high optical quality and a 9milar variation of the conductivity
with the molecular ratio of the amphiphilic and semi-amphiphilic TCNQ derivatives, which
monitors the average electronic charge per TCNQ nucleus: the curve of the conductivity of both
type of films bears a maximum for a molecular ratio of approximately two amphiphilic neutral
TCNQ to one semi-amphiphilic radical anion TCNQ. However, the shape of the curve appears to
differ. In addition, for this given 2-1 molecular ratio, the variation of the conductivity per layer
with the number of superimposed layers is quite different in the two case: whereas for hybrid films
based on NDP TCNQ the conductivity per layer decreases drastically below 6-8 layers, in contrast
for the films based on ODS TCNQ the conductivity per layer is almost constant down to one
bilayer and remains non zero for a single monolayer. Iese results will be presented and discussed
together with some questions which remain unanswered to date such as: - why does the dc
conductivity decrease when the samples are stored in the air at room temperature? - why does it
exist a discrepancy between the order of magnitude of the conductivity deduced from the infrared
behaviour and the rather low value of the dc conductivity (10-2 S/cm in the best case) ?
(1) A.Ruaudel-Teixier, M. Vandevyver, M. Roulliay, J. P. Bourgoin,

A Barraud, M. Lequan, R. M. Lequan, L My. D. Anxil. Elu. (23), 987 (1990)

m i l li n mu m llunu n n uanim • mul m um l l l~n1
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ELECTRON TRANSPORT ACROSS ORGANIC QUANTUM WELLS-

NEW RESULTS ON AMPHIPHILIC PHTHALOCYANINES

K J Donovan, K Scott, R V Sudiwala and E G Wilson
Physics Department,

Queen Mary and Westfield College,
Mile End Rd.,

London El 4NS. U.K.

R Bonnett and R F Wilkins
Chemistry Department,

Queen Mary and Westfield College,
Mile End Rd.,

London El 4NS. U.K.

D.A.Batzel and M.E.Kenney
Department of Macromolecular Science,

Case Western Reserve University,
Cleveland.

Ohio 44106, U.S.A.

R Paradiso

Department of Biophysics and Electronic Engineering,
University of Genoa

via All'Opera Pla 11 A
16100 Genoa, Italy

Two new phthalocyanine molecules, Tetra-tertiary-butyl
phthalocyanine-monosulphonic acid (1) and a two ring phthalocyanine,
(HO)SiPcO-SiPc(OSi(n-C6 13) 3), have been synthesised and demonstrated to be

well behaved conjugated ring compounds for forming Langmuir-Blodgett films.
These molecules have been deposited as multilayers and characterised

optically and electronically.
Charge transport perpendicular to the plane of the layers has been

measured. The results demonstrate that photocreated carriers in the
films move across up to 32 layers. The layers can be considered as
quantum wells of high electron affinity (the conjugated ring)
seperated by regions of low affinity. Initial results suggest that the
tunnelling between neighbouring wells is of the order of ins for both
molecules..

Using a 25 picosecond laser pulse to generate charge on the
conjugated region of the molecular layers, subsequent interlayer
motion is observed with fast electronics as a build up of charge on
electrodes sandwiching the quantum wells. This build up of charge is
seen to occur over longer times as the number of layers is increased
thus indicating that the charge which is created uniformly in the
wells travels across all the layers.

We may define a sensitivity S as the number of electrons circulated in the
external circuit per absorbed photon. S varies linearly with (N-i), where N is
the layer number. The total charge collected,Q, depends on the product of the
quantum efficiency for carrier pair creation, n, the probability that the
carrier pair seperate in an applied field, #, and the distance that the
charges seperate, s. The value of nos is reported and a value for n obtained
by putting s = (N-1)a where a is the layer seperation.

At high light intensities Q varies as the square root of light
intensity, iadicating that bimolecular recombination of electrons and
holes is occuring during the Interwell transport once a critical
carrier density is exceeded. Q varies linearly with applied field at
low field reflecting the field dependence of the escape probability,
O(E), At high field this dependence becomes superlinear.

(1) British Patent Application 21/12/90
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ELECTRICAL PROPERTIES OF LB FILMS OF A Ni(dmit)2

CHARGE-TRAASFER COMPLEX

C. Pearson a , A. S. Dhindsaa.b, M. R. Bryceb
and M. C. Pettya

$Molecular Electronics Group, School of Engineering and Applied Science,
bDepartment of Chemistry,

University of Durham, Durham, DHI 3LE, U.K.

There is currently growing interest in the production of electrically
conducting multilayer Langmuir-Blodgett films. Much of the work has been
concerned with charge-transfer complexes of amphiphilic derivatives of
electron donors such as tetrathiafulvalene (TTF) and acceptors like
tetracyanoquinodimethane (TCNQ). Recently, Nakamura et all have described the
formation of thin films of tridecylmethylammonium-Au(dmit) 2 complex (H2dmit
- 4,5-dimercapto-l,3-dithiol-2-thione). After doping, these layers exhibited
a metallic temperature dependence of conductivity above 200K. We now report
a preliminary investigation into the electrical properties of a new Ni(dmit)z
charge transfer complex, namely (N-octadecylpyridinium)2-Ni(dmit)2.

The synthesis and LB film formation of the Ni(dmit)2 complex has been
reported previously2. Direct current, lateral conductivity was measured,
using a two probe technique, over the temperature range 100-300K, both before
and after doping with iodine vapour. In both cases the conductivity was found
to be thermally activated. Before doping, the current versus voltage
characteristic was Iinear with a room temperature conductivity of 6xlO- 6 Sc -1 .
The log(current) versus reciprocal temperature behaviour was found to be quite
complex showing a number of discrete activation energy regions. After doping,
the conductivity was observed to increase with time over a few hours, reaching
a maximum in the range 0.2 - 0.8 Scm-1 . The current versus voltage
characteristics for doped samples generally exhibited a power law behaviour,
suggesting the injection of space-charge into the films. The electrical data
have been interpreted in terms of ideas put forward by Roberts and
Schmidlin, 4 .

References

1., T., Nakamura and Y., Kawabata, Techno Japan, 22, 8 (1989).
2., A. S. Dhindsa, J. P. Badyal, C. Pearson, M. R. Bryce and M. C. Petty,

J.Chem., Soc. Chem. Comm., in press.
3., G. G. Roberts and F. W. Schmidlin, Phys. Rev. I80 785 (1969).
4., F. W. Schmidlin and G. G. Roberts, Phys. Rev. B 9 1578 (1974).
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CONDUCTING LB FILMS OF BINARY MIXTURES OF

DONOR AND ACCEPTOR MOLECULES

S.V. Ayrapetiants, T.S. Berzina, S.A. Shikin and V.I. Troitsky
Research Institute of Physical Problems, 103460 Moscow, USSR

Conducting films of high quality can be deposited from
the surface of pure water when using the mixtures of neutral
surfactant donor and acceptor molecules. Conductance arises
without doping, and the values of conductivity do not change
usually for a long time. Results on the investigation of the
multilayers prepared from six different combinations of donor
and acceptor molecules are presented here. The donor molecules
of heptadecyldimethyltetrathiafulvalene ( Ctr-DMTTF ), hexa-
decylbis(ethylenedithio)tetrathiafulvalene ( Cis-BEDT-TTF ) , i
and hexadecylethylenedithiopropylenedithiotetrathiafulvalene
(Cis-EDT-PDT-TTF) in the mixtures with acceptor molecules
hexadecyltetracyanoquinodimethane (Cie-TCNQ) and 2-heptadeca-
oxycarbonyltetracyanoanthraquinodimethane (CiT-OC-TCNAQ) were
used.The relationships between composition of the mixture,con-
ditions of the film preparation, .structure of the multilayers
obtained on the one hand and electrical properties of the
films on the other hand were ascertained.Temperature dependen-
ces of conductivity were measured.The changes of structure and
morphology under temperature variations were recorded by means
of electron diffraction and electron microscopy. Field effect,
i.e. variation of conducting film resistance under the elect-
ric field influence was studied as well.

Irreversible changes of conductance under annealing at
temperatures in the interval between 305 and 320 K for the
films of mixtures of donor compounds with Cie-TCNQ take place.
When annealing of the sample is produced at 305-307 K small
decrease of conductance happens. Electron diffracion patterns
show that the films-become amorphous. Strong increase of con-
ductance occurs if the temperature is maintained at 307-
315 K.This is caused by recrystallization of the film and imp-
rovement of the crystalline order without deterioration of the
multilayer morphology. Decrease of conductance after heating
above 315 K occurs due to formation of large crystals, so that
finally the film can become discontinuous. Activation energy
changes after annealing. This change seems to be caused
by modification of boundaries between the crystallites.

Stabilization of conductivity value and its increase for
the mixed films of Cie-BEDT-TTF and Cis-TCNQ occure after a
short treatment of the sample in hexane. It appears that two
crystalline phases arise in the multilayer. One phase is dis-
solved in hexane, and the second forms a continuous uniform
film without the change of its crystalline structure.

Measuring of field effect permitted us to draw a conclu-
sion about the nature of carriers as well as about their sur-
face concentration and mobility in the films of Cio-BEDT-TTF
and Cie-TCNQ mixture . Output and transfer characteristics of
the devices prepared were measured. The carriers are holes.
Using a simplified theory the value of mobility was found to
be equal to I cm 2/(V's). The surface concentration of carriers
equals approximately 10-12 cm-2 . Temperature dependence of
field effect was measured also.
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ELECTROCHEMICAL STUDIES OF SELF-ASSEMBLED MONOLAYERS

Mark S. Wrighton, Ingrid Fritsch-Faules, Eric Wollman, Daniel Frisbie

Department of Chemistry, Massachusettts Institute of Technology,
Cambridge, Massachusetts 02139 USA

Thiols, disulfides, isonitriles, and dithiocarbamates interact strongly
with Au and Pt electrodes. The coordination of redox active molecules to
electrode surfaces via such ligating groups leads to the ability to tailor the
electrodes for purposes ranging from electrocatalysis to sensor
applications. The electrochemical behavior of self-assembled monolayers
containing redox active molecules will be reported for assemblies confined
to microfabricated Pt or Au microelectrodes. Similar coordination to
macroscopic Pt or Au occurs, but the emphasis on the microelectrodes
follows from interests in controlling chemistry in very small dimensions.

Two aspects of the characterization of microelectrode-confined molecular
assemblies will be covered: (1) surface science characterization (SIMS,
Auger, and XPS) to establish the selective binding of the molecules to the
Au or Pt and not the insulating substrate and (2) electrochemical studies to
establish durability, coverage, and aspects of interfacial phenomena such
as electron tranfer rates involving the surface-confined redox center. Many
of the surface-confined molecular systems to be considered involve
ferrocene derivatives having highly reversible oxidation processes which
can be used to assay coverage. When two ferrocene derivatives have
different redox potnetials it is possible to use electrochemical techniques to
quantitatively assay competitive uptake of the two molecules and to study
exchange processes of the surface-confined molecules.
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ELECTROCHEMISTRY AT THE AlR/WATER INTERFACE. LATERAL DIFFUSION

AND PHASE TRANSITIONS IN LANGMUIR MONOLAYERS OF OCTADECYL
FERROCENE AMPHIPHILES.

Deborah H. Charych and Magn.Ma d

Department of Chemistry
University of California in Berkeley

Berkeley, CA 94720
U.S.A.

A two-dimensional electrochemical experiment has been developed to
probe the dynamics of lateral diffusion and charge transport in Langmuir
monolayers.

Experiments reported here rely on purposefully designed
microelectrodes which can be positioned in the plane of the air/water
interface, and which act as line electrodes probing a 2-D system of redox
species. Physically, a microelectrode consists of a 500 A wide, 0.1 cm
long band of gold produced by fracturing a section of a glass slide with a
0.1 cm wide strip of gold vapor-deposited on its surface. Before
fracturing, the gold and glass surfaces are coated with a self-assembled
monolayer of octadecylthiol and octadecyltrichlorosilane, respectively.
When positioned at the water surface, the high gradient of wettability
between the clean, hydrophilic gold of the micro-band and the hydrophobic,
monolayer-coated gold surface defines, along a single line, the coexistance
front of three phases. It is this line that plays the role of a one-
dimensional electrode addressing a monolayer at the air/water interface.
The reduction of dimensionality in these 2-D electrochemical experiments
does not effect the shape of 2-D cyclic voltammograms.

Investigations of N-octadecyl-(ferrocene carboxamide), (C18Fc) and
its dioctadecyl analogue on perchloric acid subphase involved determination
of the lateral diffusion coefficients as a function of surface
concentration by chronoamperometry. We observed a decrease of D from ca.
6 x 10-6 cm 2/s to 2 x 10" cm2/s when the surface concentration of C18Fc was-1 -10 2increased from 5 x 10-  to 3.6 x 10-  mol/cm . This result reflects an
expected decrease of monolayer fluidity when it is compr ed. The same
behavior was observed when a C18Fc monolayer was iluted with
octadecylhydroxide (C180H). Further analysis of these data involved the
Cohen-Turnbull theory of diffusion in hard-sphere fluids (J. Chem. Phys.
1970, 52, 3038). According to this theory, molecules move with a gas
phase velocity, u, whenever fluctuation of density creates a void in a cage
of their residence:

D - g u C (A* + Af/Y) exp(-y A*/Af) (1)

Here, g is a geometric factor; Af and A* are the free area per molecule and
the critical free area per molecule above which the system behaves purely
randomly (gas-like behavior); and y is a numerical parameter with a value
between 0.5 and 1. When A* << Af/y, equation 1 reduces to a direct
proportionality of D and Af:

D - g u a A./y (2)

In physical terms the latter limit assumes that no minimum free area is
needed for lateral diffusion to take place and the system is fluid at all
levels of void area greater than zero.
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Homo-epitaxy of diacetylene vapor deposition
film on an oriented Langmuir monolayer

Yasushi TOMIOKA and Shuji IMAZEKI

Advanced Research Laboratory, Hitachi Ltd.
Hatoyama, Saitama 950-03, Japan

Polydiacetylenes are well-known as 7-conjugated one-dimensional crystalline poly-
mers having attractive properties, e.g., large third-order optical susceptibility and high
electron mobility. We have previously reported that a highly inplane-oriented Langmuir
monolayer can be easily fabricated using soluble urethane-substituted polydiacetylenes
at the air-water interface. t The -conjugated backbone of the polydiacetylene in this
monolayer is oriented perpendicularly to the direction of uniaxial compression through
its coil-to-rod phase transition at the air-water interface. Further, this highly-oriented
monolayer has been confirmed to exhibit relatively good crystallinity. Thus, we expect
that this highly-oriented polydiacetylene monolayer is well-suited for substrates of or-
ganic epitaxy, especially for fabricating topochemically polymerizable polydiacetylene
thin films.

We report here the preparation and characterization of well-oriented thin films of
poly-3I3CMU grown by epitaxy of its monomer on the highly-oriented poly-3BCMU
monolayer as shown in fig.1. Structures and morphology of poly-3BCMU vapor deposi-
tion films on the substrate of the highly-oriented monolayer were investigated using po-
larized absorption spectroscopy, X-ray diffraction, and optical and electron microscopy.

As a result, there was evidence of uniaxial oriented overgrowth "epitaxy", i.e., the
ir-conjugated backbone of the overgrown poly-3BCMU thin film is aligned in the same
direction as that of the underlying oriented poly-3BCMU Langmuir monolayer. Tile
dichroic ratio calculated directly from the ratio of the excitonic peak heights was about
14, as shown in fig.2. The two-dimensional lattice matchings between the interfacing
lattice periodicities of the overgrown poly-3BCMU thin film and the underlying poly-
3BCMU monolayer were well within the accepted limits for epitaxy. Epitaxial growth
in these cases can be thought to result from two-dimensional lattice matchings.

O~"O."'0 0 300 /.O lC 0 7 00 600

WAVELENGTH /m

Fig. 1 Structure of poly-3JJCMU. Fig. 2 Polarized absorption spectra.
ty. 'bmioka, S. 'nazeki and N. ranaka, Chem. Phys. LeLt, 174 (1990)433.
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POLYMERIZATION OF 2-ALKYL ANILINES ON THE LB TROUGH: REAL TIME
INVESTIGATION OF THE POLYMERIZATION OF A CONDUCTING POLYMER

CONFINED TO TWO DIMENSIONS

R.&S&r aun, H. C. Zhou

2epartment of Chemistry, Univ. of Florida, Gainesville, FL 32611, USA

Polyaniline is a material that has attracted considerable interest
recently due, in part, to the fact that it is an air stable electrically
conducting polymer. Unfortunately, in the conducting form polyaniline is
generally insoluble and infusible making it difficult to characterize.
Functionalization of polyaniline with long alkyl side chains makes this
polymer soluble in common organic solvents and surface active at
air/aqueous interfaces.

We have been studying the behaviour of some 2-alkyl anilines and
their polymers at the air/aqueous interface on a LB trough. These
monomers can be chemically polymerized on the trough. Furthermore, we
have been able to use the trough as a "two dimensional dilatometer" to
measure the mean molecular area change and its rate as the
polymerization progresses. From this, we have developed methodology to
use the LB trough as an analytical tool to study environmental effects on
this polymerization reaction.

This paper will discuss the polymerization process of the 2-alkyl
functionalized anilines and the effects of such variables as applied
surface pressure, temperature, chemical nature of the subphase, etc. on
this reaction. The length of the alkyl chain and dipping behavior will also
be discussed.
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DEEP UV PHOTOCHEMISTRY OF CHEMISORBED MONOLAYERS:
FABRICATION OF PATTERNED CO-PLANAR MOLECULAR ASSEMBLIES

LM. Ca lve, J.M. Schnur and P.E. Schoen, Center for Bio/Molecular Science and Engineering,
Code 6090, Naval Research Laboratory, Washington, DC 20375-5000.

M.C. Peckerar, Nanoelectronics Process Facility, Code 6804, Naval Research Laboratory,
Washington, DC 20375-5000.

M.S. Chen, W.J. Dressick, C.S. Dulcey and J.H. Georger, Jr., Geo-Centers, Inc., Ft.
Washington, MD 20744.

ABSTRAC

Deep UV irradiation is shown to modify organosilane self-assembled monolayer (SAM)

films, rendering the surface amenable to further SAM modification. Optical and surface

spectroscopies demonstrate a photocleavage mechanism. Patterned UV exposure of the SAM

film is used to create alternating regions of intact film and hydrophilic, reactive sites. The

exposed regions can undergo a second chemisorption reaction to produce an assembly of SAMs

in the same molecular plane with identical substrate attachment chemistry. The UV patterned

silane films can also act as a template for selective build-up of molecular units in the z direction.

The organosilane monolayer films were also used as imaging layers for optical litho-

graphy. The films were irradiated with patterned deep UV light and then selectively metallized

using electroless deposition such that a thin metal layer (200-400 A) is deposited only in the

unexposed areas. The film/metal assembly is a plasma-impervious barrier to reactive ion etching

which can subsequently be stripped from the substrate after feature definition. Features to 0.25,u

line width in polysilicon, and working transistor test structures have been produced using this

process. The additively deposited metal can also be employed as an opaque region for mask

fabrication or as a conductive path for interconnects.
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POSSIBLE APPLICATIONS FOR LANGMUIR-BLODGETT FILMS

M C Petty

Molecular Electronics Research Group
School of Engineering and Applied Science

University of Durham
Durham DHl 3LE, UK

Almost one quarter of the papers presented at the First
International LB Film Conference (held in Durham in 1982) were
devoted to applications; this figure has remained at
approximately ten per cent for the subsequent meetings. Despite
this attention, no large-scale commercial use for either
monolayer or multilayer films has emerged. However, the LB is
technique is one of the few thin film technologies that actually
permits the manipulation of materials at the molecular level. It
should therefore be eminently suited to exploitation by workers
wishing to engineer interesting materials or build up novel
device structures.

A comprehensive review of potential applications for LB films
has been given by Roberts In this paper we shall review some
of the most recent developments. Of particular note is the
increasing interest in the exploitation of biological bilayer and

0 multilayer structures; a number of applications in the area of
sensors are currently envisaged. Work continues in many of the
application areas identified at previous conferences. For
example, relatively thick (> 100 layers) asymmetric films
possessing second-order nonlinear optical coefficients may now
be routinely produced; and waveguiding has now been demonstrated
in active LB structures. The ability of some films of preformed
polymers to bridge holes in porous substrates has led to a
renewed interest in the area of filtration membranes. 'Real'
molecular electronic devices based on LB films remain elusive.
Although there have been a number of reports of diode behaviour
in monolayer and multilayer films, it has not yet been
established unequivocally that this rectification is molecular
in origin. (However, the means to address such structures, either
optically or electrically, certainly exists.)

Despite the proliferation and diversity of ideas, a number
of problems currently frustrate any immediate application for
monolayer and multilayer films. These include the poor molecular
alignment in many films, intermixing of molecules in some two-
component (alternate-layer) systems and, of course, the (lack of)
thermal stability of most LB structures. This review will also
pay some attention to these important aspects.

Reference

1. G G Roberts, in 'Langmuir-Blodgett Films' (ed G G
Roberts), Plenum Press (1990) 317-411
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LANGMUIR-BLODGETT FILM BASED CHEMICAL SENSORS
USING SECOND-HARMONIC GENERATION

SJ-raxIer and M. E. Lippitsch
Institut far Experimentalphysik, Karl-Franzens-Universit~it Graz, A-8010 Graz, Austria

This contribution is concerned with the use of second-harmonic generation in

Langmuir-Blodgett-films for chemical sensing. As is well known, certain organic mole-
cules have a high second-order optical polarizability, a quantity depending sensitively
on the chemical structure of the respective molecule. Modification of those molecules
by reversible interactions with chemical species alters the nonlinear-optical response

and hence the second-harmonic intensity. This fact may be applied as a new principle
for chemical sensing. For this purpose Langmuir-Blodgett films are superior to bulk
nonlinear materials with respect to response time as well as ease of manufacturing.

The suitability of this principle is demonstrated by the construction of a
nonlinear-optic pH sensor, The sensor element consisted of a fused silica substrate coa-
ted with a monolaver of an amphiphilic merocyanine. A simultaneously mode-locked /
Q-switched Nd-YAG laser was used as an excitation source. Secondharmonic radiation
was detected by a photomultiplier and boxcar integrator. The intensity was measured in

comparison with a quartz reference. To study dye orientation, s- and p-polarization was
used for excitation as well as in measuring second harmonic radiation. The chromo-
phores turned out to lie rather flat on the surface and to exhibit a spontaneous ordering
in domains large compared to the wavelengths involved.

The sensor element was immersed in a buffer solution and brought to pH values

between I and 11 while measuring second-harmonic generation., A pronounced change
in second-harmonic intensity was observed near the pKa value of the dye, correspon-

ding to a change in fP of about one order of magnitude, but no major changes in mole-

cular order. The change was reversible and the film remained stable for many protona-
tion, dissociation cycles.. Within -t 1 pH around the pKa value. pH of the buffer could
be determined to 0.1 from the second-harmonic intensity.
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PYROELECTRIC ORGANO-RUTHENIUM LANGMUIR-BLODGETT FILMS

H. W Poulter and G.G. Roberts

Department of Engineering Science, University of Oxford, Parks
Road, Oxford, OX1 3PJ, U.K.

J. Costello and S.G.Davies

Dyson Perrins Laboratory, University of Oxford, South Parks Road, OX1 3QY,

U.K.

The pyroelectric effect in non-centrosymmetric Langmuir-Blodgett (LB)

films has been widely reported and much of this research has been generated

with the anticipation that LB films may one day form the active pyroelectric

layer in a commercial, uncooled thermal imaging device. The realisation of

this goal will be the result of the systematic characterisation of LB film

molecules which have been iteratively engineered to have optimum physical and

electrical properties.

The required flexibility in molecular design is exhibited by a class of

organo-ruthenium materials formed by complexation between an organo-ruthenium

headgroup and cyano terminat liquid crystal molecules. These complexes are

inherently thermally stable and form good floating Langmuir monolayers. In

addition they possess a ground-state dipole moment so that, when deposited in

an alternate, non-centrosymmetric, ABAB.. film structure, resulting multilayer

films have a spontaneous polarisation which may give rise to the pyroelectric

effect.

The pyroelectric and dielectric properties of a number of organo-

ruthenium LB filoas will be presented and compared with previously pLblished

results for other materials in this same class. The results obtained will be

used in attempting to understand the physical mechanism responsible for

pyroelectricity.

When LB films are incorporated into a device structure other passive

dielectric materials may also be used. The properties of the LB films will

therefore be studied for a range of substrate configurations which will

include polyimide as the passive dielectric. The dynamic pyroelectric effect

will also be used to compare the response of films on different substrates and

an attempt made to provide agreement between experimental data and a simple

thermal model.
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NONLINEAR OPTICS: THE STRONGEST SECOND HARMONIC INTENSITY SO FAR
FROM A MULTILAYERED LANGMUIR-BLODCETT FILM STRUCTURE

G.J.Ashwell
Centre for Molecular Electronics, Cranfield Institute of Technology,

Cranfield MK43 OAL, UK.

Noncentrosymmetric Langmuir-Blodgett film structures of the hemicyanine
dye, (CH3)2N-C6H4-CH=CH-CsH4N*-CIsH37 I-, interleaved with the two-legged
spacer molecule, 4,4'-dioctadecyl-3,5,3',5'-tetramethyldipyrrylmethene
hydrobromide, show strong second harmonic generation with an intensity which
increases quadratically with the number of layers. The two-legged molecule
was specifically designed to alternate with the optically active layers of
the one-legged hemicyanine dye, the principle being that the single leg of
the dye might penetrate the open hydrophobic legs of the spacer and fasten
the interleaving layers (a 'Molecular Zip"). Ordered noncentrosymmetric
ntructures have been obtained by this method and quadratic enhancement of
the second harmonic intensity has been obtained for 200 layer films, the
the signal being by far the largest obtained from any Langmuir-Blodgett
film structure and 18,300 times the monolayer signal reported by Girling at
al. (Thin Solid Films 1U, 101, 1985) for a related hemicyanine dye.
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the nonlinear optical properties of two zwitterionic materials of general
formula D -CH=C(CN)-CH 4-C(CN)2 , where D is either N-hexadecylquinolinium
or N-hexadecylpyridinium, will be reported and compared with those of the
interleaved dyes. The zwitterions have negative charges in the terminal
position and interlayer Coulomb repulsions suppress the more usual Y-type
film structures. These materials also show quadratically enhanced second
harmonic generation.
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CONDUCTING POLYMER LANGMUIR-BLODGETT FILMS.
APPUCATIONS TO BIOELECTRONICS.

TAISkoth.im. L Boguslavsky, PD. Hale, H.S. Lee, XQ. Yang' and Y. Okamoto', Moltech
Corporation, Stony Brook, NY 11794-3400; *Brookhaven National Laboratory, Upton, NY 11973;
+Polytechnic University, Brooklyn, NY 11201.

The design and fabrication of electroactive Langmuir-Blodgett (LB) films opens the
possibility of rational molecular design of organized structures for highly specific applications. We
have developed a new class of derivatized conducting polypyrrole Langmuir-Blodgett films with
electroactive groups covalently attached to alkyl-pyrroles. Specifically, we have studied copolymers
formed by polymerizing mixed 3-alkyl pyrrole and ferrocene-3-alkyl pyrrole (Fc-Py) at the air-
water interface, with the subphase containing Fe(;. When the Fc-Py containing film is deposited
on an electrode surface, the resulting derivatized electrode can be used for reoxidizing reduced
flavin enzymes such as glucose oxidase. The ferrocene moieties are oriented away from the film
surface and are able to act as redox mediators to effect charge transfer from the catalytic center
of flavin enzymes. The successful demonstration of electronic comamunication between
electroactive LB films and redox enzymes represent an example of molecular design of a
bioelectronic system.
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LB CONDUCTING FILMS OF TCNQ AND BEDT-TTF DERIVATIVES APPLIED TO GAS

SENSING: GAS DIFFUSION AND DETECTION RANGES.

,LEMENQII JP.BOURGOIN, G.DEROST, M.VANDEVYVER, A.RUAUDEL-TEIXIER, A.BARRAUD

C.E.A / Service de Chimie Molculalre / Bat.125 / C.E SACLAY

91191 GIF SUR YVETTE CEDEX (FRANCE).

LB conducting film of semi-amphiphilic TCNQ derivatives has been proved to be a promising

material to develop gas sensors(1 ). When these films are exposed to phosphine (PH 3) In dry air, their

conductivity decreases significantly after one minute( 2). We investigate gas diffusion in the conducting

layers which appears to be an important limiting factor In the detection mechanism.

We have deposited layers of silver docosanoate which is chemically reactive towards

phosphine, under the conducting film. The gas-layers interaction is easy to be observed by strong

modifications of the infrared absorption peak assigned to the carboxylate group surrounded by Ag+ ions

which decreases after an exposure (10 minutes) to high quantities of gas (> 265ppm in dry air). This

observation is interpreted as a reduction reaction leading to reduced silver in the docosanoic acid

matrix( 3).

The deposition of 20 layers of semi-amphiphilic N-octadecyl-pyridinium,TCNQ onto the

test underlayers is easy to be performed. When the films are exposed during 10 minutes to high

quantities of phosphine, it is obse"ved that the test underlayer does not react towards the gas (no

change in the infrared spectrum) even though the conductivity of the upper conducting layers strongly

decreases. This is a direct evidence that only the superficial conducting layers react towards the gas.

In addition, we investigate new conducting LB films of amphiphilic BEDT-TTF derivatives(4)

regarding the detection of phosphine, Preliminaries results are presented and compared to those

obtained with the LB films based on semi-amphiphilic TCNQ derivatives. The main differences concern

the ppm range sensitivity which is achieved without the need of cycling at high quantities of gas. The

diffusion test reveals that the underlayers react towards the gas. This a direct evidence that gas diffusion

does not limit the response time of this sensor which is as short as a few seconds,

References:

(1): L. Henrion, G. Derost, A. Ruaudel-Teixier, A.Barraud Sensors and actuators, 14 (1988) 251-257,

(2): L.Henrion, G.Dersost, A.Barraud, A.Ruaudel-Teixier Sensors and actuators,17 (1989) 493-498.

(3)?, J.Leloup, P.Maire, A.RuaudeI-Teixier, A .Barraud J. de ChimiePhysique, 82 (1985), n06, 695-700.

(4): M. Vandevyver, M.Roulliay, JP.Bourgoin, A.Barraud, JP.Morand, O.Noel J.of colloid and interface

science, Vol. 141 (February 1991), 456-466.
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Metal Ion Sensor based on Dioctadecyldithiocarbamat-Metal Complex Induced Energy
Transfer

W. Budach, R. C. Ahuja, and D. Mobius
Max-Planck-lnstitut fOr biophysikailsche Chemie, Postfach 2841, 3400 Gdttlngen, FRG

The characterization of dioctadecyldithiocarbamate (DOTe) monolayers at the air/water

interface and its complexation with metal ions in the aqueous subphase are reported.,

Surface pressure-, surface potential-area isotherms and reflection spectroscopy

at the air/water interface were used for the detection and characterization of the

DOTC- ion complexation. Metal ion complexation leads to metal specific changes in

the surface potential, area/molecule and also to either a shift of the DOTC reflection

band or the appearance of a new band in the UV-VIS reflection spectrum.

Based on these results we describe a novel and selective technique for the detect-

ion of metal ions at the LB-film/aqueous phase interface. The LB-film is made up

of a fluorescent oxacyanine monolayer and an adjacent DOTC monolayer, with the

metal binding headgroup facing the aqueous phase., Any metal ions present in the

aqueous phase lead to the DOTC-metal complex. In case, the complex absorption

band overlaps with the fluorescence band of the dye layer, it results in Frster type

energy transfer from the dye to the DOTC-metal complex leading to the quenching

of the dye fluorescence. The degree of fluorescence quenching and hence the signal

depends among other factors on the distance between the donor and acceptor and

their respective densities. The specificity of the sensor system may be achieved

through the appropriate matching of the fluorescence dye and the corresponding

metal-complex. For the specific case of DOTC-copper complex and the used oxa-

cyanine fluorescent dye in the present configuration, Cu2* concentrations down to

the nanomolar range could be detected. The response time of the system was ca.

10 seconds.
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THE EFFECT OF THE EXTERNAL DC ELECTRIC FIELD ON PYROELECTRIC
RESPONSE OF AZOCOMPOUND-BASED LB FILMS

V.V. Lazarev, N.N, Davydova, V.A. Khavrichev, S.P. Palto and S.G. Yudin

Organic Intermediates and Dyes Institute, Moscow 103787, USSR

LB films based on azobenzene compounds have been already reported [1]
to possess a spontaneous polarization P and exhibit piezo- and pyroelect-
ric effects.,In this paper we report theSeffect of the external d.c. elect-
ric field applied along a unique polar axis on the pyroelectric response of
multilayer films formed by Langmuir-Shaefer method from azobenzene compo-
unds with different hydrocarbon chain lengths:

H3C(H2C) ( \-N=N-/O)-SO2 NH2  n=17,10,9,8,3.3 2n_\/ \-/2_
LB film transfer conditions and pyroelectric response measurements have

been discribed in detail elsewhere [2]. Fig. 1 demonstrates the effect of
applying the external d.c.- electric field on the pyroelectric response of
100-layer films.

Response 1 /-
,uW ,Fig. 1, The pyroelectric response VS.

d.c. voltage for 100-layer X-type
e,3 ,,films:,
/, X-33 1 - H 37C 18-

, , - H C - -

- d.c.votag, 4- H9C4-

, and for 50-bilayer Y-type film
5 - H3C1-0- / \N-N-1O/-SO NH

5-37C 18 OO) -\ 2- 2

The pyroelectric response verses d.c. electric field characteristics
are liniar for all LB films almost up to breakdown fields., For some films
(C11 . C9 carbon chain compounds) polarization induced by the external field

Pind can be greater than spontaneous polarization P sthat results in icreas-

ing pyroelectric response (Pind in the direction of P s) or even changing

the response sign (the opposite direction of P ind). From the experimental

results the spontaneous polarization value can be determined from the
relationship: P s= "-" (-I)V , where V is the external electric field whichS 0 0 0

cancels pvroelectric response.E is the relative permittivity.For the inve
tigated LB films the magnitude of P lies in the rang of

10 2 , 10 C/cm ..

References

I L.M. Blinov. N.N. Davydova. V.V Lazarev and S.G, Yudin Sov Phy:,,
Solid State, 24 (9) (1982) 1523.

2 N,N. Davydova. V.V. Lazarc.v,, V.A. Khavrichev and S.G, Yudin.,
Sov Binlogicoil Membranes, 7 (11) (1990) 1183-1187 (in Russian).
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SEPARATION OF TOXIC AND ACID GASES FROM METHANE

IN LANGMUIR-BLODGETT FILMS

P._Stl'ye13, P.J. Bruinsma1 ,3, C. Sturesson 1,3, R. Koren1 ,2,
G.J.R. Spooner2,3, and L.B. Coleman2,

3

1Department of Chemical Engineering
2Department of Physics
3Organized Research Program on Polymeric Ultrathin Films
University of California, Davis, CA 95616 USA

ABSTRACT

Composite membranes for gas separation were fabricated by
depositing polymeric Langmuir-Blodgett (LB) films on porous
support membranes. Two copolymers, both containing tertiary
amines, were utilized as LB materials. The polymers had main-
chain and side-group spacers. By bridging over the pores of the
porous support, the polymeric LB multilayer acted as a selective
barrier to gas diffusion. The gas selectivity of the LB films was
demonstrated by measuring the gas permeability of hydrogen
sulfide, a toxic and acid gas, carbon dioxide, an acid gas, and
methane as a function of temperature. The hydrogen sulfide had
the highest permeability of the gases studied. The permeability
of carbon dioxide was less than hydrogen sulfide but one order of
magnitude higher than that of methane. Fourier Transform Infrared
Spectroscopy (FTIR) measurements indicated that when the films
were heated the hydrocarbon side-groups of the polymer were
irreversibly disordered. The disordering increased the
permeabilities of hydrogen sulfide and carbon dioxide relative to
methane and the selectivities of the former gases improved.
Disordered layers appear to provide better transport properties
for the hydrogen sulfide and carbon dioxide than sordered layers.



Session GO ]

Characterization
(structural and other)



GI

Recent Developments in Surface Analysis of Synthesized Molecular
Overlayers

A. Benninghoven

Physikalisches Institut der UniversitAt Miinster

Wilhelm - Klemm - Str. 10, 4400 Miinster, Germany

There exists a number of well established techniques providing information on the chemical
composition of the uppermost monolayers of a solid. These techniques are based upon the

energy analysis of electrons emitted from such surfaces during primary electron (Auger
Electron Spec.roscpoy : AES) or photon (Photo Electron Spectroscopy : XPS)

bombardment or upon the mass analysis of atomic and molecular species emitted from the
surface during its interaction with an ion or laser beam.

AES or XPS supplies mainly information on the elements present in the uppermost atomic
layers and additionally some information on the chemical environment of these elements.

Lateral resolutions down to the sub-pm - range are capable.

On the other hand surface mass spectroscopy supplies information on the elemental and
molecular surface composition by mass analysis of the emitted secondary ions and neutrals.
Until recently the mass analysis of the ejected surface species has been carried out by mostly
magnetic sector field or quadrupole instruments. More recently high performance time - of -
flight mass spectrometers have been applied. These instruments combine an unlimited mass

range with high mass resolution and a transmission near 1.

The performance of Time - of - Flight secondary ion mass spectrometry will be treated in
detail. The analytical power of this technique concerning sensitiy, quantification, mass range.

and lateral resolution will be discussed by typical examples. Recent and expected
developments will be assessed.
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SPECTROSCOPIC PROPERTIES OF TRICHROMOPHORIC MOLECULES INCORPORATED IN

LANGMUIR BLODGETT FILMS

D. Meerschaut, M. Van der Auweraer, W. Kools and F.C. De Schryver

Chemistry Department K.U. Leuven

Celestijnenlaan 200F 3001 Leuven Belgium

In order to achieve efficient charge transfer in Langmuir-Blodgett
films a trichromophoric molecule containing an oxacarbocyanine and two
pyrene moieties has been synthesized (compound I). Pressure area
diagrams indicate that on a water surface monolayers can be obtained
from the pure compound I and from mixtures of compound I and fatty
acids. The monolayers can be deposited on quartz substrata.

Between 400 and 550 nm the absorption spectra of the mixed Langmuir
Blodgett films of compound I and fatty acids acid resemble those of
mixed Langmuir Blodgett films of dioctadecyloxacarbocyanine (compound
II) and arachidic acid. Compound I is however characterized by a smaller
tendency to form dimers than compound II and the hypsochromic shift of
dimers of compound I is smaller than that of dimers of compound II.

Between 280 and 400 nm the absorption spectra of mixed monolayers
of compound I and fatty acids resemble those of mixed monolayers of
pyrene-octanoic or pyrenehexadecanoic acid and fatty acids.

Upon excitation of mixed Langmuir Blodgett films of compound I and
fatty acids the fluorescence of monomers and aggregates of the cyanine
moiety is observed. Excitation at 360 and 480 nm yields identical
emission spectra indicating that efficient energy transfer from the
pyrene chromophore to the cyanine chromophore occurs

When compound I is diluted with dioleylphosphatidyl-
choline the absorption and fluorescence spectra indicate a
smaller tendency to form dimers or aggregates.

om

compound I compound II
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LANGMUIR-BLODGETT MONO- AND MULTILAYERS OF POLY(ISOCYANIDE)S

WITH DIFFERENT SIDECHAINS.

M.N. Teerenstra, E.J. Vorenkamp, A.J. Schouten,

Laboratory of Polymer Science, University of Groningen,

Nijenborgh 16, 9747 AG Groningen, The Netherlands.

R.J.M. Nolte,

Department of Organic Chemistry, University of Nijmegen,

Toernoolveld 1, 6525 ED NiJmegen, The Netherlands.

Summary.

In this study poly(isocyanide)s, [R-N=C<] , with differentn
sidechains, R, are used as spreading material to form L-B monolayers

at the water-air interface. Poly(isocyanide)s are rigid-rod

polymers, which have a stable, helical conformation.

R

2. ,R

RN-*=C C=

R Helical structure of a poly(LsocyanLde)

C3
II (repeat unit C5 is behind unit C1, etc.)N\ R

One of the aims of this study was to investigate whether this rigid

conformation is sufficient to get a stable monolayer on the water

surface.

We find, that different poly(isocyanide)s with non-polar aliphatic

substituents are unable to form such stable monolayers. On the other

hand, poly((S)-l-acetoxymethylethylisocyanide), a polymer which has

polar substituents, does form a stable monolayer. So, rigidity of

polymer molecules is not a sufficient factor for obtaining stable

films and polar moieties which can interact with the water surface

are required as well. The monolayer can be transferred onto solid

substrates with Z-type transfer. With use of molecular models,

ellipsometry and FT-IR spectroscopy the orientation of the polymer

rods was studied.
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LANGMUIR-BLODGETT-KURN MULTILAYER ASSEMBLIES

OF LIQUID-CRYSTALLINE-AZO-DYE-SIDECHAIN POLYMERS

X.Sawodny a) , A.Schmidt a), R.Reitera

C.Urban b), R.Ringsdorf b), W.Knoll a)

a)Max-Planck-Institut fur Polymerforschung

Postfach 3148, D-6500 Mainz, FRG
b) Johannes-Guteaberg-Universitit

Institut fUr Organische Chemie

J.Becher-Weg 18-20, D-6500 Mainz, FRG

Liquid-crystalline-side-chain-polymers have recently been used for

optical data storage by inducing local trans-cis-isomerisations of

its azo-benzene side-groups (1]. Only little work was done on azo-

dye-LC-systems that can be deposited by the Langmuir-Blodgett-Kuhn

(LBK) technique [2,3].

Therefore we investigated a set of LC-polyacrylates with azo-

benzene-dye comonomers of different concentration for the

possibility of LB-deposition. The homopolymer system transfered

onto solid substrates which is known to store optical data

peristently (4) is characterized by X-Ray, surface-plasmon and IR-

experiments. The i-a diagrams of the copolymer systems show

spontanous smectic ordering at the water-air interface described

by Gruler et al. [5]. This behaviour was studied with ellipso-

metry-measurements directly at the water-air interface. The

writing and relaxation-process of the investigated systems due to

their trans-cis isomerisation of the azo-benzene sidegroup was

determined by various experimental techniques. From all our

results we can derive a model connecting the microscopic behavoiur

of our substances under illumination with the macroscopic

structure of the LBK systems.

(1] M.Eich, J.H.Wendorff, B.Reck, H.Ringsdorf, Macromol. Chem.

Rap. Comm. 8 59 (1987)

(2] T.Seki, K.Ichimura, Thin Solid films 179 77 (1989)

[31 M.I.Bernik, V.M.Kozenkov, N.M.Shtykov, S.P.Palto, S.G. Yudin,

J.of Mol.Elec. 5 53 (1989)

[43 M.Sawodny,A.Schmidt,C.Urban,H.Ringsdorf,W.Knoll,

Macromol.Chem.Symp., submitted

[5, B.Rapp,H.Gruler, Phys.Rev.A, 42 2215 (1990)
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CREATION AND STRUCTURAL COMPARISON OF ULTRATHIN FILM ASSEMBLIES:
TRANSFERRED FREELY-SUSPENDED FILMS AND LB-FILMS OF LIQUID CRYSTALS

G. Decher J. Maclennan, J. Reibel and U. Sobling

Institut for Physikalische Chemie, Johannes Gutenberg-Univefstat Mainz
Welder Weg 11, D-6500 Mainz, Federal Republic of Gemiany

INTRODUCTION a to trunser the free films (Fig. 1) onto solid sup-
Amphiphilic liquid crystalline (LC) compounds ports, thareby mintaining both the smetic layering

offer the possibility of obtaining similarly layered ultra- and the in-ane stua t. The FSFs can be trans-
thin fifm assemblies such as LB mono- and multi- fried onto the same submates as LB-films which
layers and freely-suspended films (FSFs). The later completes the series of layered assemblies and offers
ones are prepared by drawing a small amount of mate- the posnlt of comparing all systems, combining
rial across an apertum in a metal or glass substrate and the exerience from both the LB- and the LC-fields.
can be obtained with an area of several square cm.
The thickness of these films is comparable to that of RESULTS AND DISCUSSION
LB-films and ranges from two to several hundred We have used differmetamphiphilic lquid crystal-
layers. In contrast to LB-films they are symmetrical line bihenyl deivatives for the investigation of the
(two film/air interfaces) and they can be obtained as various multilayer mm e (RI = -C71, -CHs,,
monodomains. Taking advantage of the excellent de- R= -H, -CEI, - ). In all cases the free acid and
gree of ordering in FSFs, we have developed a tech- the methyl esters famned bilayer LB-films and the

0
Fm*4Suowg LC-FlmII

__ ___ 0 o C\OR2

: , ethyl esters formed monolayer LB-films. The con-
pudwith R, = -CH. and R2= -Cl3 shows extre-

mely good deposition behaviour and the LB-films are
very weHl ordered as sm by X-ray scattering (Fig. 2).

_Comparison of LB-films and tranferred freely-
suspended films of compound with R1 = -C*HA and
R2= -CA shows very interesting results as judged

Tmatfr, Nom first experiments. Although the same layer spa-
T / .IGcing (24 A) is found in both systems, the melting of

the l oa e o== a 110 "C (same as bulk), whereas
X the LB-film is less stable and stam t melt at 80 C.

Figure 1: This side-view drawing schematically
depicts the transfer process. Distances are not drawn
to scale and the layered structure of the film is not
indicated. At the top, a freely-suspended I--film is aa
spanned across a circular aperture with sharp edges. j
In the middle, an atmospheric pressure differential is
applied, causing the initially flat film to bulge bubble-
like towards the lower part of the sample holder.
After contact of the free film with the substrate, the 1 .1 .2" .

coated area quickly spreads until a stable geometry S LIs s POW
is reached, as shown at the bottom. If the pressure
differential is raised even further, the contact line is Figure 2. Small angle region of an X-ray diffracto-
driven outward again, until the film ruptures. This gram of a 10 bilayer LB-film of the methyl ester show-
usually occurs when the area of the transferred film ing Kiesszg fringes and the first two of a total of 21
exceeds the area of the original free film. observed Bragg peaks.



G05

INELASTIC ELECTRON TUNNELING SPECTROSCOPY INVESTIGATION OF
MONOLAYERS AND FILMS OF FATTY ACIDS AND CHLOROPHYLL a
S. GAUVIN AND R.M. LEBLANC, Centre de recherche en photobiophysique,
Universit6 du Qubec A Trois-Rivibres, Trois-Rivibres, Quebec, G9A 5H7,
Canada

There are many well established techniques to study the vibrational modes of
organic molecules. Among others, we can select IR, FIIR, R, RR, etc., each one
having its own set of advantages and drawbacks. Our interest is the behavior of
one monomolecular film (Langmuir-Blodgett or autoadsorption) and the
above methods are not the best for this purpose. We beleive that Inelastic
Electron Tunneling Spectroscopy (IETS) with its high sensitivity can be used
with substantial benefits for our investigation. Briefly, the sample is deposited
upon the oxide of an Al/Al203/sample/Pb tunnel junction. An electric
potential difference (V) between Al and Pb causes an electronic current (I) by
the tunneling mechanism. The second derivative of this I-V curve gives the
spectrum. The spectra of autoadzorbed fatty adds with 6 to 11 carbon atoms
were initially studied. We also obtained preliminary results concerning
chlorophyll a in films: (1) Langmuir-Blodgett, (U) autoadsorbed, (1II) solid and
(IV) rinsed. These spectra are surprisingly simple except in the case of films
rinsed with ethanol. We interpret these results in terms of the formation of
aggregates.
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ELECTRON SPIN RESONANCE IN LANGMUIR-BLODGETT FILMS OF A

MEROCYANINE DYE AND ITS ISOTOPE-SUBSTITUTED ANALOGS

Z, K. Ikegami, Y. Tabe, K. Saito, M. Saito, M. Sugi and t5. Yasui
Electrotechnical Laboratory, Tsukuba, Ibaraki 305, Japan

tThe Japanese Research Institute for Photosensitizing Dyes, Co.,
Okayama, Okayama 701-02, Japan

Two kinds of stable radicals exist in LB films of a merocyanine dye hav-
ing benzothiazole for the donor nucleus (DS in Fig. 1). One of the species ex-
hibits clear nitrogen hyperfine structure in the ESR spectra, the analysis of
which revealed a characteristic in-plane orientation of the radical molecules.
The results suggested a flow orientation of the J-aggregate from which radi-
cals may originate (1]. Later developed theory of flow orientation during LB
dipping process (2) successfully describes the flow orientation effect both in
the optical dichroism of J-band [2) and the ESR spectral line shape (3,4].
This coincidence between ESR and optical anisotropies provides new evidence
that the radicals originate from J-aggregate.

Based on these observations as well as photo-induced enhancement of ESR
intensities, we have previously proposed an intermolecular charge transfer in
J-aggregates, producing cation and anion of the dye molecule, as the origin of
the observed two radical species. In this paper we examine the model by study-
ing the hyperfine couplings of the dark and photo-induced species using

-isotope-substituted dye analogues. Since the nitrogen coupling of species A
has been already detected, we focused on 15N-substitution of either of th: two
nitrogens in the molecule as the first step. The results of the substitution
for the one in benzothiazole (left-hand side of DS) has been already reported
[3,4] The triplet splitting due to 14N was replaced by the do..blet splitting
due to iSN, showing that the observed coupling of species A arises from this
n.trogen which belongs to the dye chromophore; N-C=C-C=C-C-0. The results of
the substitution of the other nitrogen in rhodanine acetic acid in this work
further confirmed this result; no change of the nitrogen splitting of species
A was observed. On the other hand, the spectra of species B showed no distinct
cnance for the former substitution but a small but significant change for the
latter substitution, showing that a certain spin density of species B also ex-
ists on the dye molecule, as expected.

The anisotropy of the photo-induced signal was compared for the films of
unsubstituted and substituted cases. The photo-induced signals showed a simi-
lar change as the dark signals upon 15N-substitution, providing new evidence
that the dark and photo-induced signals arise from the common species.

ESR spectra of substituted system can be simulated according to the pre-
viously reported procedure 11,4]. The anisotropic hyperfine coupling of 15N at
the same time provides new intrinsic probe for the study of the molecular ori-
entation (4] . These examples demonstrate that unique microscopic informations
of molecular aggregates in LB films can be obtained by ESR spectroscopy when
appropriate isotope-substitution is employed.

F.4- ' yL >CH-CH S'
I N C!D-N

I CKICOOH D
C18H37

S. Kuroda et al., J. Phys. Soc. Jpn. 5&, 3319 (1987).
2. N. Minari et al., ibid U, 222 (1989).
.. S. Kuroda et al, Solid State Commun., 1., 333 (1989).
4. S. Kuroda et al, Phys. Rev., 4 , in press.
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DEFECT ANNEALING RATE IN MONOLAYERS DISPLAYING A SMECTIC-L PHASE

.flibo and I.R.Peterson
Institut fUr phys. Chendie, Johannes Gutenberg University
Jakob Welder-Weg 11, D6500 Mainz FRG

Abst;-act:
In a previous report quantifying the annealing of orientat.onal defects in

monolayers of 22-tricosenoic acid on the water surface, a significant rate was only
observed when the surface pressure was cycled between two values, and not when
the monolayer was quiescent. The cycling somehow makes the defects more
mobile, but for practical purposes, even this enhanced mobility is an order of
magnitude too small. In later work2, the enhancement was traced to the fact that
during the cycling, the monolayer waf, uidergoing a phase transition. Subsequent
X-ray diffraction and miscibility investigation. .,ave determined that this particular
transition is between two hexatic phases, smectic-I (low surface pressure) and

,- smectic-F ( high surface pressure),
respectlvely 3 ". In a theoretical study of hexatic
phases 6 , Selinger and Nelson have shown that

30 the stresses caused by an orientational defect inSEJ BH one of these phases can locally inducetransition to the other, or to the smectic-L
H F phase which under certain conditions can occur

-20
between the regions of stability of I and F.

L
We report a study of the monolayer defect

10 annealing rate in a mixture of 90% docosanoic
I acid and 10% ethyl eisosanoate, at a number of

surface conditions including I, L and F phases.
20 30 T

Fig, 1. 7r-T phase diagram of a docosanoic monolayer with 10% admixture
of ethyl eicosanoate, showing smectic categories of mesophases.

1. A.M.Bibo and I.R.Peterson, Thin Solid Films 178 (1989) 81

2. A.M.Bibo, Degree Thesis, Joh. Gutenberg University Mainz, 1989
3. A.M.Bibo and I.R.Peterson, Advan. Mater. 2 (1990) 309
4. R.M.Kenn, C.B6hm, A.M.Bibo, l.R.Peterson, H.Mdhwald, J. Als-Nielsen and

K.Klwr, J. Phys. Chem, 95 (1991) 2092
S. A.M.Biho, C.M.Knobler and I.R.Peterson, J. Phys. Chem., in press
6., J.,V.Selinger and D.R.Nelson, Phys. Rev. A39 (1989) 3135
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ATOMIC SCALE PROBES AND THEIR APPLICATION TO
ORGANIC MOLECULES

Pr. Gerd BINNIG
IBM Research Division , Physics Group M~nich

An overview on scanning tunneling microscopy and force microscopy is

given . The application of these techniques to biological samples has not yet
resulted in many scientific results. Problems of sample preparation and of possible
artefacts in the measurements are discussed. Preliminary results on single living
cells and on DNA strands are presented . Clearcut experimental results are
obtained when small organic molecules of various kinds form ordered surface
layers on a crystalline substrate.
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NONLINEAR OPTICAL TECHNIQUES TO PROBE MOLECULAR
ORDERING AT LIQUID INTERFACES

Viola Vogel,
Center for Bioengineering, University of Washington, Seattle WA 98195

R. Superfine, C. S. Mullin, X.-D. Xiao, Y. R. Shen and
Department of Physics, University of California, Berkeley, CA 94720

M.W. Kim
Exxon Research and Engineering Company, Annandale, NJ 08801.

Recently, nonlinear optical techniques have been shown to provide
structural information from liquid interfaces with high surface specificity. In this
presentation, second harmonic generation (SHG) and IR-visible sum frequency
generation (SFG) will be discussed as challenging new tools to study molecular
ordering at liquid interfaces.

Surface adsorption, for example, is a fundamental problem in surface
science. Techniques to directly measure the number of surface molecules are
rare and their applicability is often limited by difficulties in differentiating signals
from the surface and the bulk. Second-order optical processes provide the
intrinsic advantage that they are forbidden in systems with inversion symmetry, in
the electric dipole approximation, and are necessarily allowed at interfaces. Here,
optical second harmonic generation (SHG) is used to probe the surface density
and polar ordering of an adsorbate layer of soluble surfactants.

Electron delocalization normal to interfaces can be probed, as induced for
example in thin films by the presence of the interface, a chemical reaction etc.
We will discuss the effect of the proton and salt concentration in solution on the
strength of charge-transfer complexes embedded as molecular probes in insoluble
monolayers,

Infrared-visible sum frequency generation (SFG) provides vibrational
spectra from single monolayers at liquid interfaces. The focus of this presentation
is on the condensed phases of fatty acids, i. e. from 25 - 19 A2/molecule, where
translational ordering and a continuous tilt tranisition have been observed by x-ray
scattering.

Supported by the Alexander von Humboldt Stiftung, the Whitaker
Foundation and DOE - Contract No. DE-ACO3-76SF00098.
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CHARACTERIZATION OF LANGMUIR-BLODGETT MONOLAYERS USING

POLARIZATION MODULATED FTIR SPECTROSCOPY

D. BLAUDEZ**, T. BUFFETEAU*, B. DESBAT*, M. ORRIT** and J.M.TURLEE**

* Laboratoire de Spectroscopie Mol6culaire et Cristalline (URA124 CNRS)
** Centre de Physique Mol6culaire Optique et Hertzienne (URA 283 CNRS)

Universit6 de Bordeaux I, F-33405 TALENCE Cedex, France

Polarization Modulated InfraRed Reflexion Absorption
Spectroscopy (PM-IRRAS) is a very powerful and non destructive method
to analyse, in situ and within a few minutes, ultrathin molecular films
as for instance a single LB layer. It consists in rapidly modulating (62
KHz) between the linear p and s states, the polarization of the
electromagnetic field incident at grazing angle onto the surface and in
detecting the normalized differential reflectivity (Rp-Rs)/(Rp+Rs). With
metallic substrates, due to the enhancement and the high polarization
anisotropy of the effective electric field nearby the surface, this
method gives IR surface spectra with much better signal to noise ratio
than conventionnal IRRAS spectroscopy. Moreover, applying the so-called
surface selection rule on such well defined surface spectra, one can get

-accurate conformational and orientational informations on LB systems.
In this communication, after some experimental details on the

method, we present the bases of the quantitative analysis of the PM-
IRRAS signal with particular emphasis on its linear behaviour versus the
thickness and the extinction coefficient of the LB films; this linearity
is very important to connect PM-IRRAS spectra with absorbance spectra.
Next, we describe the different steps of the molecular orientation
evaluation, comparing the relative band intensities of the PM-IRRAS
spectra (subject to surface selection rule) with their bulk sample
counterparts. Using an all trans conformational model for the
hydrocarbon chain of the LB molecules, the tilt of this chain relative to
the surface normal and the rotation around the chain axis may be
accurately determined.

Finally, we apply this method to LB monolayers of cadmium
arachidate deposited on gold substrate : stacks of several (2 to 8) CdAr
layers exhibit well ordered structures and fit the all trans
conformational model. The effect of molecular packing (increasing the
thickness) on the tilt angle is pointed out. Conversely, single CdAr layer
spectra present clear evidence of desorder, that may be interpreted in
terms of inhomogeneous structure including domains where the alkyl
chains have gauche conformations. More informations on this desorder
can be drawn from the study of a deuterated CdAr nionolayer inserted
into a stack of normal LB layers. Results from such a work, actually in
progress, will be also presented.
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STRUCTURAL INVESTIGATIONS OF DONOR-ACCEPTOR-SUBSTITUTED

Th. Wagner, S. Hagen, S. Roth

Max-Planck-Institut fur Festk~rperforschung, Heisenbergstr. 1,

D-7000 Stuttgart 80, FRG

S. Akari, K. Dransfeld

UniversitAt Konstanz, FakultAt f. Physik, D-7750 Konstanz, FRG

In this study we report on investigations on Langmuir-

Blodgett-films of donor-acceptor substituted polyenes with

long aliphatic chains. Monolayer film formation of 7-N,N-di-

octylaminophenyl-7,8'-diapocarotene-8'-al (DAPC) has been ob-

served and was characterized on the water surface by pressure-

area isothermes. The films were transferred to several sub-

strates like glass, tungsten diselenide (WSe2), silver coated

silicon and glass slides. To determine thickness and dielec-

tric constant surface plasmon resonance (SPR) measurements

were applied. The theoretical fit of thq SPR results yielded a

thickness of 10 A per monolayer. Molecular resolution of DAPC-

molecules has been obtained by scanning tunneling microscope

(STM) investigations for the first time. The images revealed

structures with two different periodicities: i) periodic

structures with spacing of 4-5 A, indicating the standing ali-

phatic chains and ii) longly oriented and strongly parallel

structures of 22 A length and 2-3 A width indicating the con-

jugated part of the polyenes. These results coupled with UV-

Vis and IR spectra show that the conjugated chains are depos-

ited parallel while the aliphatic chains are placed perpendi-

cular to the surface.
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PARALLEL ARRANGEMENT OF FATTY ACID MOLECULES

IN THE FILM DEPOSITED AT A LOWER SURFACE PRESSURE

H. Matsuda, E. Kishi, R. Kuroda, 0. Albrecht,
K. Eguchi, K. Hatanaka, and T. Nakagiri

Canon Research Center, Canon Inc., Morinosato Atsugi
Kanagawa 243-01, Japan

It is widely believed that the LB film deposited at a lower surface pressure, i.e. in a rather expanded
phase, has a disordered structure. With a scanning tunneling microscope (STM), however, we have found
unexpectedly ordered structures in fatty acid films, deposited at a lower surface pressures onto single-
crystal substrates such as highly oriented pyrolytic graphite (HOPG) and MoS 2, where the molecules
adhere with their long axes parallel to the substrate surface.

This parallel arrangement can be obtained with high reproducibility by the following two procedures:
fi] immersing the substrate through the monolayer at the air-water interface and subsequently withdrawing
it after removing the monolayer; [ii] immersing and then withdrawing the substrate through the monolayer
kept in the L2 phase.

The typical STM images of behenic acid deposited on HOPG by using above method are shown in
Fig. 1, We observed two types of molecular arrangements. One type (Fig. la) has two periodicities,
6nm (with sub-periodicity of 3nm) and 0.4m. The other one (Fig. ib) has periodicities 3nm and 0.4nm.
The wider periodicities of 6nm and 3nm correspond to double and single spacing of the molecular axis,
whereas the narrower periodicity of 0.4nm corresponds to the diameter of the molecule. There was no
marked difference between the filhr.s fabricated either by the method [i] or by the method [ii] while we
could not obtain any significant image of films deposited with the conventional method (-=26mN/m,
20°C, L2' phase), probably because of its thickness. The double spacing structure tended to occur at
an early stage during scannings with the STM-tip and it often changed to the single spacing structure
with time. The feature on MoS 2 was almost the same as that on HOPG except that the double spacing
structlire was more stable.

wo possible explanations for the parallel arrangement are presented. First, a porous structure,
where the molecules are oriented almost perpendicular, is produced by poor deposition and overturning.
Then the scanning of the STM-tip mechanically peels off some molecules and induces a molecular reori-
entation from perpendicular to parallel. Second, some molecules detach from the substrate during the
withdrawal period followed by immediate reorientation of the remaining molecules from a perpendicular
arrangement to a parallel one. Extended scanning of a film deposited by the conventional method did
not result in a parallel arrangement, which was observed in many cases immediately upon start up of
the scanning in films fabricated with the above presented methods. The contact angle of water on films
fabricated by method [i] was uniform on the whole film area (75*) but was different from that of the
bilayer film fabricated by the conventional method (10r). This indicates that these films intrinsically
have a uniform ific structure. The former mechanism therefore seems less likel.

(a) (b)
Figure I STM images of behenic acid on HOPG. 1loamI
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MOLECULAR REARRANGEMENTS ASSOCIATED WITH THE
INTERACTIONS OF MONOLAYERS AND BILAYERS

C. A. Heim,* Y. L. Chen and J. N. lsraelachvili. Department of Chemical and
Nuclear Engineering, and Materials Department, University of California, Santa Barbara, CA
93106, USA, and *Institut fir Physikalische Chemie, Johannes Gutenberg Universitat,
Jakob-Welder-Weg 11, D-6500 Mainz, Germany (FRG)

Experiments were carried out on a variety of LB and self-assembled monolayer and

bilayer sirfaces on mica using the Surface Forces Apparatus technique. The experiments
were designed Lu study the molecular reorientations and mechanisms associated with such
dynamic phenomena as, (1) adhesion-decohesion hysteresis and contact angle hysteresis, (2)
the hydrophobic interaction, and (3) the fusion of two bilayers in water.

We found that hysteresis effects are not simply due to surface imperfections, such as

roughness or chemical heterogeneity. Even monolayer-coated surfaces that are initially
perfectly smooth and chemically homogeneous can exhibit hysteresis effects. These arise
from slow molecular rearrangements and interdigitadions occurring at the contacting interfaces

- as soon as contact occurs between the two surfaces (whether solid-solid or solid-liquid). We
have studied three factors that enhance hysteresis: (i) increasing the freedom of the surface
molecules to reorder, (ii) increasing the time surfaces remain in contact, and (ii) increasing
the speed of separation (or receding). These findings highlight the inherent non-equilibrium
nature of most adhesion-decohesion and wetting-dewetting processes, and preliminary
results also indicate a correlation between adhesion hysteresis and friction/stiction.

Measurements of the deformations and short-range forces between various bilayers

specifically deposited or stressed to expose additional hydrophobic area to the aqueous phase
indicate (i) that the hydrophobic attraction is mainly responsible for the direct fusion of
bilayers, which may be viewed as a first-order phase transition, (ii) that the hydrophobic
attraction can be enhanced by up to two orders of magnitude by stressing bilayers, (ii) that it
is associated with fairly slow (-milliseconds) rearrangements of amphiphile/water molecules
or the H-bond network in the water gap between two surfaces, and (iv) that the repulsive
short-range "hydration" forces between bilayers are not due to solvent structuring effects, as
previously thought, but to thermal fluctuation forces (steric-entropic repulsions between
mobile surface groups). These findings imply that the hydrophobic interaction between
bilayers, vesicles and biological membranes may depend on the osmotic, electrical and other
stressed conditions or the membranes as well as on the rates at which the surfaces interact.
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DIRECT OBSERVATION OF MOLECULAR STRUCTURE AND DYNAMICS IN
SELFASSEMBLED ORGANIC MONOLAYERS

J-argen P. Rabe and Stefan Buchholz

Max-Planck-Institut ffir Polymerforschung
Postfach 3148, D-6500 Mainz, Germany

Scanning tunneling microscopy has been employed to investigate structure and

dynamics of selfassembled organic monolayers on the length scale of 0.1 nm and the
time scale of 100 ms. Long chain alkanes (C1 through C50), various alkyl-derivatives,
including fatty acids, alcohols, and esters, as well as dialkyl--substituted moieties
(e.g. didodecylbenzene and dihexadecyloxynaphtalene) are shown to adsorb from
organic solutions onto highly oriented pyrolytic graphite with the first monolayer
exhibiting lamellar phases in which the molecules are extended and oriented parallel to

the basal plane of graphite. Bias dependent imaging allowed to image either
preferentially the underlying substrate or the molecular adsorbate, without disrupting
the adsorbate layer. Detailed information was obtained on the packing within the
monolayer as well as about orientation and commensurability of adsorbate and

substrate. Moreover, various defects, involving individual molecules as well as
molecularly sharp domain boundaries could be observed and explained on the molecular
scale. Finally, fast image recording allowed to directly observe appearance, diffusion
and annealing of the defects on the time scale of 100 ms and longer.
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SCANNED PROBE MICROSCOPY

OF
THIN ORGANIC FILMS

H. Fuch5, L. Eng and W. Schrepp

BASF AG, Polymer Research Laboratory,
ZKL - J 543,

D-6700 Ludwigshafen, Germany

The local surface structure and the electrical properties of thin organic films
can be investigated with the novel scanned probe microscopes such as the

Scanning Tunneling Microscope (STM) and the Scanning Force Microscope
(SFM).

We applied these atomic scale probes to investigate LB films, vacuum

deposited organic films as well as polymeric thin films drawn from the melt. With
the STM, uncoated monolayers of 22-tricosenoic acid deposited on
semiconducting substrates and polyimid films prepared via gas-phase deposition
from precursors (ODA, PMDA) were investigated. The experiments indicate the
possiblity of the direct imaging of uncoated organic monolayer films deposited
onto appropriate substrate materials on the molecular scale. In addition, novel
electronic interfacial effects have been observed on discontinuous monomeric and
polymeric thin organic films.

With the SFM, drawn polymeric films and LB films have been investigated..
This method clearly shows the fibrillar structure of the drawn films. It also allows
to study the forces between individual fibrils. The resolution limit for these soft
systems is in the range of I nm, while on inorganic substrates such as mica, atomic
resolution is obtained. On LB films, the SFM allows to measure the surface

roughness of multilayer films and to detect defects in the film structure. The
scanned probe techniques thus excellently complement conventional averaging
surface inspection techniques and provide useful information on the (sub-)
molecular scale of uncoated organic surfaces.



H08

THE STRUCTURE OF PHOSPHOLIPID MONOLAYERS AT WATER SURFACES
AT MOLECULAR RESOLUTION: A NEUTRON REFLECTIVITY STUDY

David Vaknin,* Kristian Kjaer,* Jens Als-Nielsen,* and Mathias L6sche#

*Physics Department, Riso National Laboratory, DK-4000 Roskilde, Denmark and

#Institute of Physical Chemistry, Johannes-Gutenberg-Universitit, D-6500 Mainz,

Germany

The interaction of proteins with solid interfaces is a key issue in devising

functionalized structured surfaces for the application in biophysical research and
in materials science. A new approach toward the understanding of the under-
lying complicated interactions involved in cell-cell recognition processes and

toward the construction of sophisticated functional interfaces involves 1inding

studies of proteins to monomolecular surface layers comprising functionalized
lipidic species. The molecular structure of such layer systems is of immediate

interest as its knowledge is a prerequisite for a controlled composition of model

systems and of functionalized devices.
Only recently, synchrotron X-ray reflection and diffraction experiments on

surface monolayers from (phospho-) lipids have provided detailed insight into

the molecular structure of such model systems, in particular into chain orien-
tation and packing characteristics. Structural features of the head groups exposed
to the aqueous phase have been assessed to a lesser degree. For investiations of

the lipid head group structure and of proteins associated to lipids from the
aqueous phase, neutrons are expected to provide a definite advantage over X-rays
in that the contrast of different parts of the system under investigation can be

varied in wide ranges.
We have constructed a dedicated liquid-surface neutron reflectometer and

have measured the reflectivity from monolayers of chain-perdeuterated
DPPC-d 62 on H20 and on D20 subphases. In a new approach to refining a model

of the interface structure based on our measurements in combination with older

X-ray data on the same monolayer under similar conditions we show that both

techniques mutually complement each other. The conclusions drawn from this
analysis lead to a definite conception of the interface structure. For the liquid-

condensed (LC) phase of DPPC (which is analogous to the Lp. phase in vesicle

dispersions) it is found that the head group is interpenetrated with subphase

water (4 ± 2.5 molecules per lipid) and that the average tilt angle of the hydro-

phobic chains from the surface normal is 33 ± 3 degrees.
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TILING THE PLANE WITH PROTEINS
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ION CHANNEL TRANSDUCTION IN LANGMUIR-BLODGETT LIPID MEMBRANES

T.L. Fare', D.A. Stenger*, D.H. Cribbs#, K.M. Rusins, P.P. Bey, Jr. | , C.G.
Silvestre', and C.A. Palmer'

* Code 6090, Naval Research Laboratory, Washington, DC 20375
# St. Mary's College of Maryland, St. Mary's City, MD 20686
@ Geo-Centers Inc, 10903 Indian Head Hwy, Ft. Washington, MD 20744
FAX (202) 767-1295

ABSTRACT

Multilayers of phospholipid films with VDAC (voltage dependent anion
channels) or acetylcholine receptors (AChR) have been deposited onto platinum
electrodes using the Langmuir-Blodgett technique. The electrical properties of
both suspended and platinum electrode-supported phospholipid bilayers containing
VDAC were studied.

For the VDAC-coated electrodes, the VDAC conductance decreased under
appropriate biasing conditions due to the voltage sensitive response of the
protein. The response was asymmetric with respect to the polarity of the offset
voltage, possibly the result of steric hindrance of the protein conformational
changes by the electrode surface.

Physical properties of AChR-lipid films were investigated at the air-water
interface as a function of surface pressure. The AChR-lipid film were
transferred onto electrodes and the conductance on the electrodes was found to
decrease upon injection of carbomyl choline. Alternative methods for protein
transfer onto the electrode have been considered. The stability and sensitivity
of these films will be discussed with respect to biosensor development.
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ORMM W LAYER OTD TW LROUIR-MaT FILM OF PIOTEIN A

I.V. irko, I.S. Yurkevich and V.L. (Cashchin

Institute of Bioorganic Chemistry, Zhodinskeya, 5/2, Minsk 220045 USSR

Inmmosensors permit to detect trace amounts of chemicals with high

sensitivity and specificity. There is a number of problems for further

development of this type of biosensors. One of them is the method of IaG

immobilization on the surface of suitable detector because the traditional

covalent attachment or pbysical sorptiz don't allow to immobilize an-

tibodies with high yield and in functional orientation.

Since protein A is known to interact with Fc fragmnt of IgG molecule,

L[ngnuir-Blodgett films of protein A were used for futher functional

orientation of IgG layer.

A surface pressure-area and surface pressre-time curves of protein A

at the air-sbpahse interface show that protein A "drowns" moll. We have

synthesized N-krdroxysuccinimide esters of stearic and 14C-stearic acids

and obtained a number of htdrophobizated proteins A, modified with 1 to 10

bvdrophobic tails per protein A molecule. These modified proteins A have

beem immunolcgically characterized. The owditions (Ili and composition of

subpbse, surface presaore, the deree of protein A modificaticn, the nun-

ber of transferred mnolayers) of the modified protein A Eangmuir-Blodgett

films deposition were optimized. It permited to obtain Tamlr-Blodgett

films of protein A, which bind 126I-IG 3-5 times more effective than

protein A immobilized on the same substrate chemically with amino silane

and glutaric aldelwde.
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LATERAL PROTON CONDUCTION ALONG LIPID MONOLAYERS SPREAD

AT THE AIR/WATER INTERVACE

Teissi6 J., Prats M. and Gabriel B.

Centre de Recherches de Biochimie et de Gdn~ique Cellulaires du CNRS - 118, route de Narbonne F-31062
TOULOUSE C6dex France.

Membrane solution interfaces are playing a decisive role in the function of biological
cells. The movement of protons is very important being involved in the transduction of energy
by membranes. One open question is to know if this movement is only perpendicular to the
plane of the membrane or if a lateral flow may occur.

Lateral proton facilitated movement along lipid monolayers can be observed by
fluorescence spectroscopy. This approach allowed us to demonstrate in 1985 that the movement
was much faster along the lipid/water interface than in the bulk phase. These results were
confirmed in our further studies using either interfacial fluorescence spectroscopy, surface
pressure or surface potential. This conclusion was supported by the observation in other groups
of an enhanced electrical conductance along the interface when a monolayer was present. This
was in agreement with a much older observation on multilayered system. A fast spectroscopy
indirect approach showed a modulation of the surface conduction by the nature of the lipids. All
the direct evidences of a facilitated conduction along lipid monolayers were giving an
experimental support to the hypothesis of a "microlocalized" pathway for the "chemiosmotic
coupling" in energy transducing membranes we mentioned above.

A systematic investigation of this conduction was performed by use of interfacial
fluorescence. Continuity of the lipid matrix was a key property of the film. The process was
observed whatever the nature of the polar headgroup but was only detected when the state was
liquid expanded.

The molecular mechanism responsible for this facilitated interfacial proton
movement was proposed to be due to the occurence of an hydrogen bond network between the
polar headgroups of the phospholipids and the interfacial water molecules as suggested by D.
Chapman more than 20 years ago. This was experimentally supported by the detection of a very
steep pH gradient along the interface when the conduction was present, the effect of magnetic
field, of Ca on phosphatidylethanolamine monolayers and more directly by the behaviour of
deoxy derivatives of ether linked phosphatidylglycerol. The observations that this conductive
network is no more cffective when the film is in the condensed state can be explained by a
dehydration of the interface when the lipids are brought to the liquid Condensed state or by a
conformational change of the polar headgroup region. But this inhibition is specific of the gel
state and as biological membranes are always fluid, we may conclude that lipid domains at their
surface are putative conduits for proton movement as supposed in the coupling mosaic model.
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CO-PLANAR PATTERNS OF SELF-ASSEMBLED MONOLAYERS

FOR SELECTIVE CELL ADHESION AND OUTGROWTH

J.H. Georger Jr., and C.S. Dulcey, Geo-Centers, Inc., Ft. Washington, MD

20744.

D.A. Stenger, and T.L. Fare, Center for Bio/Molecular Science and Engineering,

Code 6090. Naval Research Laboratory, Washington, DC 20375-5000.

ABSTRACT

A recently-developed deep ultraviolet (DUV) photolithographic method has

been used to produce high resolution (1-200 pm feature size) patterns of co-

planar self-assembled monolayers (SAMs) on solid substrates. In one example,

substrates modified with SAMs of a sil-ne-coupled ethylenediamine (EDA) are

directly modified by DUV exposure through metallized masks to create exposed

areas which are amenable to remodification using a hydrophobic perfluorinated

molecule, such as tridecafluorosilane (13F). Contact angle goniometry and UV

spectrocopy of these patterned SAM9 show that adjacent regions of intact

organic functionalities of EDA and '3F residing in the same molecular plane

are produced by this technique. Hum~an SK-N-SH neuroblastoma cells plated from

growth media on substrates with these SAM patterns show 98% selective cell

adhesivity. Explanted neurons, from fetal mouse hippoc=pus, selectively

adhered and restricted their outgrowth of dendrites and axons to 1-20 pm-wide

cell-adhesive EDA lines on EDA/13F patterns. The selective adhesion and

outgrowth on these SAM patternr of a variety of other cell types will be

presentel. This presentation will demonstrate that this technique is a

simple, yet powerful method for producing co-planar SAMs for cell adhesion and

outgrowth. Patterned co-planar SAMs produced using this technique may provide

novel devices where the non-random positioning and development of cells is

necessary, and will provide more detailed experimental information for the

increasad understanding of substrate-mediated neuronal development and

function.
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SUPRAMOLECULAR CHEMISTRY: FROM MOLECULAR RECOGNITION

TOWARDS MOLECULAR DEVICES AND SELF-ORGANIZATION

Jean-Marie LEHN

Universitg Louis Pasteur, Strasbourg and College de France, Paris, France

Molecular recognition rests on the molecular information stored in the interacting

species. Together with catalysis and transport, and in combination with polymolecular

organization, it opens ways towards molecular and supramolecular devices, defined as

structurally organized and functionally integrated chemical systems built on supramolecular

architectures. The development of such devikes requires the design of molecular components

performing a given function (e.g. photoactive, electroactive, ionoactive, thermoactive or

chemoactive) and suitable for assembly into an organized army.

Light-conversion devices as well as approaches towards molecular electronic and

ionic devices have been investigated.

Of special interest is the possibility to design devices that may form by molecular self-

assembling.

Supramolecular chemistry has relied on more or less pre-organized molecular receptors for

effecting molecular recognition, catalysis and transport processes. A step beyond consists in the

design of systems undergoing self-organization, i.e. systems capable of spontaneously

generating a well-defined supra-molecular architecture by self-assembling from their

components in a given set of conditions. The information necessary for the process to take

place must be stored in t.- components and performs via selective molecular interactions. Thus,

these programmed molecuiar systems operate via molecular recognition.

Several approach: i to self-assembling systems have been pursued

1) the formation of helical metal complexes, the double-stranded helicates, that result from

the spontaneous organization of two lin,.-ar polybipyridine ligands into a double helix by
binding of specific metal ions;

2) the generation of mesophases and liquid crystalline polymers of supramolecular nature
from complementary components, amounting to macroscopic expression of molecular
recognition;

3) the molecular recognition directed formation of ordered solid state structures.

Such systems may be able to perform highly selective operations of recognition, reaction,

transfer and structure generation for signal and information processing at the molecular and

supramolecular levels.
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MOLECULAR ENGINEERING AT THE AIR-WATER INTERFACE:

BUILDING UP DESIGNED SUPERMOLECULAR ASSEMBLIES
WITH AMPHIPHILIC PORPHYRINS.

M L UF.PORTEU, .ENG EIN, A.RUAUDEL-TEIXER, A.BARRAUD.

CEA/Service chimie moldculaire,CE Saclay, Bt.125
911C,1 G!F SUR YVETTE Cedex (FRANCE).

The increased interest showed in the last ten years in the Langmuir-Blodgett (LB)
technique results mostly from the unique ability of this technique for the building of well-
defined materials . Of particular interest is the opportunity of building up supermolecular
assemblies from designed organic molecules under a fully controlled process. Considering the
intimate relationship between molecular structure and supramolecular reactivity in the solid state,
the collective order provided by the LB technique strongly governs the specific properties of
these ultrathin films and their potential applications . Within this field, porphyrins and their
deivatives exhibit interesting properties which can be modulated by the structural environment
'.xi a geometrical control of the molecular interactions.

So, it seems attractive to study the ability of amphiphilic porphyrins ic, build new
supermolecular assemblies by the LP technique . Our strategy is based on the geometrical
control of the intermolecular interactions occurring at the air/water interface between two
different amphiphilic molccu!es . Two macrocycles have been synthesized in this goal : the teura-
4-oxy-(2 docosanoic acid) pheniyl porphyrin (Pj) and the tetra-3-docosyl pyridinium porphyrin
(P2) .The aim of the present work is the controlled building of oriented supermolecular
assemblies through molecular recognition at the air/water interface between oppositely charged
monomc.rs (P2 bears four positive charges while PI bears four ionizable carboxylic functions).
Hence, spreading the equimolar mixture [PI + P2] at the air/water interface undergoes the
formation and the orientation of self-assembled heterodimers, the structure of which are checked
out by convergent spectroscopic techniques such as linear dichroism or anisotropic ESR on
copper II derivatives . In that case, the spontaneous heterodimerization aises from a
geometrically coiurolled recognition between the two planar macrocycles which lie togldLer flat
on the water surface . However, a slight modification of the amphiphilic macrocycles may
prevent the spontaneous formation of face to face dimers at the air/water interface and promote
the building of lateral ionic interacf;ons betwee- adjacent macrocycles organized as a planar
paving by the Langmuir terhnique. Hence, when P2 is replaced by its -oxo dimer (FeP2)20,
no heterodimenatinn is observed. In this case, the extra macrocycle P2 plays the role of a bu.'-y
axial ligand for the former one and precludes the formation of a face to face heterodimer with
P1. Moreover. infrared spectroscopy indicates that the ionic links between the two oppositely
charged porphvrins dre st-ll present witi 'n the LB structure which becomes totally insoluble in
their spreadir.g soivent . These results are in favor of the spontane/,t:s formation of an ionic
network occuring at the air/water interface between the opoositely charged porphyrins (FeP2)20
and PI .

Th.., derigned supermolecular assemblies can be tuit through the geometrical control of
intermolecular interactioi's at the air/water interface . Tais general strategy provides an elegant
and efficient access towards molecular machines.
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SELF-ASSEMBLY OF AVIDIN/BIOTIN MONOLAYERS AND MULTILAYERS

H.MorLan, D.M.Taylor and C.D'Silva

Institute of Molecular and Biomolecular Electronics

University of Wales

Dean Street, Bangor, Gwynedd LL57 1UT, UK

The assembly of molecular networks is an important goal in the

realisation of functional Molecular Electronic systems. As a first step in

the fabrication of such networks we have utilised the strong affinity of

the protein, avidin, for the biotin ligand, Stoichiometric mixtures of the

protein with the bifunctional ligand bisbiotin readily polymerise and the

resulting polymer can be spread at the air/water interface and deposited

onto substrates using the LB technique, The behaviour of the preformed

polymers at the air/water interface will be described and TEM micrographs

of the deposited monolayers presented.

In related experiments we have successfully chemisorbed the biotin

ligand to an evaporated gold surface. Subsequently, further monolayers of

avidin and bisbiotin have been chemisorbed to the biotin layer suggesting

that it may be feasible to assemble polymer chains one subunit at a time on

a solid surface. The deposition process is monitored by surface potential

and surface plasmon resonance techniques. The protein layer makes a

poLitive contribution to the surface potential, consistent with the known

excess of positively charged residues on the protein. From surface plasmon

resonance studies, the thicknesses of the first biotin and avidin

monolayers were found to be consistent with known molecular structure.
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SELECTIVE SUBSTRATE BINDING TO GUANIDINIUM AND UREA

FUNCTIONALIZED MONOLAYERS

Darryl Sasaki, Takaharu Kawahara, Yasuhiro Ikeura,

Kazue Kurihara, Toyoki Kunitake

Molecular Architecture Project, JRDC, Kurume Research Park
2432 Aikawa-cho, Kurume, Fukoka 830 Japan

Molecular recognition at the cell surface i4 an essential
phenomenon for the initiation of intercellular and transmembrane
processes infl.iencing the cell's direction of growth, defenses,
and death. We are currently investigating the aspect of
molecular recognition on a membrane surface utilizing synthetic
amphiphiles to isolate and study the basic interactions between
substrate and membrane receptor. We report here the selective
substrate binding on a guanidinium (ionic-type) functionalized
monolayer 1 and on a urea (H-bonding) monolpeyer 2.

Qualitative as well as quantitative substrate binding for
monolayers of 1 and 2 were assessed through several analytical
techniques. With monolayers of 2 pressure-area fn-A) isotherms
exhibit expansion wiien proton acceptor substrates are present in
the subphase, indicating substrate binding. Interestingly, the
monolayer of 1, studied via UV reflectance spectroscopy as well
as I-A isotaerms, exhibits amphiphile disorder (expansion) or
order (condensatio. ) dependent on the number of interaction
points between the stibstrate and monolayer. Data provided by
FTIR spectroscopy of LB films of monolayers of 1 and 2 deposited
from substrate laden subphases confirmed substrate binding.
Quantitative results were obta.ied through ESCA of the LB films.
Concentration studies (e.g. Fig. 1) of sutstrates binding to
monolayers of 1 and 2 gave binding con.'tants for various
s'ibstrates. With the ionic proptrties of 1, ATP and AMP
substrates gave strong Langmuir binding constants of 1.0 x 107

and 3.0 x 10" M-1 , respectively. Monolayer of 2 with strong H-
bonding ability gave binding constants with thymine at 3.0 x 103

M-'. These binding constants ace essential in providing a handle
for the design of multifunctional receptor sites at membrane
surfaces.

, C , 2 - N - _- - 100 A M P

air 2

w1water 0

R2 a .3 A P n 0 ATP
suP o 40d

0 o 0

2water 0 1L H~ 10 0 0

Y Substrate concentration in
ovjN 0Subphase (miote

Fig. 1, AMP and ATP substates bound to monolayer I at varying9
subphase concfntirations determined by ESCA inalysis.
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MOJECULAR RECOGNITION IN MONO- AND MULTILAYERS:

BIOTIN-STREPTAVIDIN SYSTEMS AND ANALOGS

M. Hoffmann, 11-, Mllex, H. Ringsdorf, E. Rump
Inst. f.Org. Che3m., Universitdt Mainz, Becherweg 18-20,

D-6500 Mainz, Germany

Speci f4C interactions between proteins and membrane in-
cor-porated receptors are the basis of signal transduction
processes in biological systems. Thus proteins can be valuable
components in biosensor applications of LB mono- and multi-
lavers. Incorporation of proteins and their ligand molecules
in synthetic LB mono- and multilayers allows the combination
of the high specificity of biological recognition processes
and the stabili"ty respectively functionalizability of
synthetic mono- and multilayer systems.

Specific interaction between biotin (vitamin H) and the
protein streptavidin in monolayers of synthetic lipids with
biotin headgzoups results in the formation of highly ordered 2D
streptavidin crystals in the plane of the monolayer [1]. Two
bindin~g sites c.4 the protein which are still free offer the
nossibility to further functionalize the streptavidin layer (2].
To proof the applicability of this system for building up prote-
inaceous multilayer structures a specific stabilization or comn-
nezitive replacement of the streptavidin layer is investigated.

Use of newly .ynthesized lipids containing desthiobiotir-
-_biotin analog - (fig 1) also leads to formation of 2D-

strepzaviofin crystals. The binding constant of desthiobioti. is
twc rders of magnitude lower compared to biotin. Thus protein
lavers can. selectiv,:-.y be separated from the lipid monolayer by
ccr.pe-etive replace!ilnt with biotin.

H H
__ __ __ __ __ __ __I I

Fig. 1 ___________N N N )=N
H C N~

H

Stabil-ization of functional streptavidin layers can be
achieved by use of biotin containing amphiphilic polymers, or
biotin ., -taining polymerizable amphiphiles. Thus various ULW-
pc'ymeriz:ble, biotin-containing diacetylene lipids have been.
synthesized (fig 2) .They have been shown to form. well ordered
mcnomeric and polymeric monolayers which can Specifically bin'd
streptavidin. The spectroscopic properties of.L poly-diacetylenes
furthermore offer the possibility to detect very small
conformational changes in the polymer backbone such as can be
irduced by streptavidin binding to the biotin headgroups.

0
O-C-CH 2  0 ofH

Fig.2 0C-C -S-CH, *-NH
06a

H

[I! R. Blankenburg, P. Mel er, H. Rilgsdorf, C. Sales se; Biocheistry, 28 (1989) 8214
[21 M. Ahlers, R. Blankenburg, D. W.Grainger, P.Meller,H.Ringdorf,C.Salesse, hinl

Solid Films,180 (1989) 93. M.Ahlers, W.Mulier, A. Reichert, H. Ringsdorf ,
J.venzmer, Angew. Chem.Ijnt.d.Elgl. 29 (1990) 1269
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Photochromism of Spiropyran on Supermolecular Assemblies

Shoujun Xiao, Zuhong Lu, Rong Zhu, Yu Wei
Laboratory of molecular and biomolecular electronics

Southeast University, Nanjing,210018,P.R.China

Photochromic systems offer some interesting industrial
applications including high density optical memories. Recently
there has been an increasing interest in the complex formation
of spiropyran which provided a novel approach for improving
the light-fastness for imaging and data recording systems.This
paper describes firstly the photochromism of supermolecular
assemblies(Fig.l) of spiropyran with phenylalanine by using
langmuir-Blodgett technique.

R _

Fig.l Formation o; supermolecular assemblies

The n-A isotherms for spiropyran spreaded on phenylalanine
solutions are similar to those on pure water surface under UV
irradiation. The area per SPl6(Fig.l) molecule occupied( 20A)
at high temperature(>34°C) is much smaller than that given by
molecular models, suggesting that the hydrophilic photochrome
head group comes to lie directly beneath the chain attached to
its extremity. A new absorption of merocyanine(SPl6) appeared
in accumulated LB films on quarts slides and this assigned to
assemblies. Furthermore, there is a considerable retardation
of the photofading and thermal decoloration rates.

This method can be expected to improve the image stability of
recording system.

la)Sunamoto,J; Iwamoto,K; Mohri,Y and Kominato, T. J.A.C.S.
104, 5502-5504(1982),

b)L.S.Atabekyan and A.K.Chibisov, J. Photochemistry, 34,
323, (1986).
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AN APPROACH TO IMPROVING THE HOMOGENEITY

OF POLYMER MONOLAYERS

J. B. Peng and G. T. Barnes
Department of Chemistry, The University of Queensland

Brisbane, Queensland, Australia 4072
A. Schuster and H. lingsdorf

Institut fur Organische Chamie, Johannes Gutenberg Universitit
D-6500 Mainz, Germany

Unlike monolayers of small surfactant molecules, monolayers of polymers
usually develop a marked gradient in surface pressure during compression1 '2

because of high viscosity or low diffusion rate. For many purposes it is
necessary to improve the homogeneity of polymer monolayers. Our recent
results 3 show that the introduction of a simple monomeric surfactant into
polymer monolayers may greatly reduce the gradient. However appropriate
changes to the chain structure of the polymer might be another approach, and
our first attempts are reported here. The molecular design is based on
increasing the length and hence the flexibility of the main chain in the
repeating unit of the polymer, making it hydrophilic, while keeping the side
chain hydrophobic. This would improve the mobility of the side chains on the
surface of the water. Typical of the polymers employed is I--z, with the unit
structure shown:

K

- 2) r-O-(CO)

L2

I-z L4-J
where z = 0 or 3.

Measurements of surface pressure along the center line of the trough
demonstrate that a steep gradient in surface pressure is gradually built up
during compression of I-0 monolayers and that once the gradient has formed it
does not vanish in 90 minutes although it is reduced by about half. However
in the films of 1-3 there is a much smaller surface pressure gradient formed
during compression. The isotherms of these two polymer monolayer are quite
different: for I-0 the isotherm is very steep and the areas indicate close
packing of the side chains; in contrast, the isotherm of 1-3 has a r-ualler slope
and the areas are substantially larger, approaching the area of 1-0 only at high
surface pressures. The much greater compressibility of 1-3 indicates that itsmain chain is easy to rearrange, facilitating movement of the side chains. Thus
the viscosity of I-3 is much lower than that of I-0 and this leads to much
smaller surface pressure gradients on compression.

1. Peng, J. B. and Barnes, G. T., Langmuir, 1990, 6, 578.
2. Peng, J. B. and Barnes, G. T., to be published.
3. Peng, J. B. and Barnes, G. T., to be published.
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A NOVEL ALTERNATING-LAYER TROUGH

and P J Stone

Department of Applied Physical Sciences

Coventry Polytechnic, Priory Street, Coventry CV1 5FB, UK

There are two principal designs of Langmuir-Blodgett trough: the

constant-perimeter and the sliding-barrier. Conventional constant

perimeter troughs often suffer from problems of contamination or

difficulty in cleaning the barrier. The design of trough discussed here

is based on the 'diamond-barrier' design discussed earlier (Miller et al

1988), but developed for use in an alternating-layer mode as most often

utilised for depositing non-centrosymmetric systems for second harmonic

generation.

In the present trough, two diamond-barriers are used, so building on

the technology developed for the single diamond version. It maintains,

therefore: exceptionally high standards of cleanliness facilitated by

using no relatively-moving parts within the active area; excellent flow

patterns; accurate determination of transfer ratio. The key new feature

is a sample transport system which enables the sample to travel the

comparatively large distances involved below and above the water. The

dipping mechanism provides a true vertical movement, with constant

insertion and withdrawal rates; only the sample (and not ancillary

mechanisms) is passed through the water surface. Moreover, it could

readily be adapted to more than two compartments (diamonds).

We would like to thank the SERC for support.

Reference

L S Miller, D E Hookes, P J Travers and A P Murphy (1988): A new type
of Langmuir-Blodgett Trough. J Phys E: Sci. Inst.21, 163-167.
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MOLECULAR ORIENTATIONS OF

SUBSTITUTED PHTHALOCYANATO-POLYSILOXANES IN LB FILM

KIYOSHI YASE, STEFAN SCHWIEGK*, GUNTER LIESER*

AND GERHARD WEGNER*

F.-.ulty of Applied Biological Science, Hiroshima University,

1-4-4 Kagamiyama, Higashi-Hiroshima 724, Japan

* Max-Planck Institute for Polymer Research, Postfach 3148,

D-6500 Mainz, Germany

Substituted phthalocyanato-polysiloxane (PcPS) is spread on

an aqueous subphase, transferred onto the Langmuir-Blodgett

0(LB) film of Cd or Ba arachidate, annealed at 150 C for 2 h

and then characterized by a transmission electron microsco-

py. Electron diffraction pattern of PcPS LB films exhibits

two kinds of reflection arcs, which correspond to the intra-

molecular distance of 0.33 nm and the second-order intermo-

lecular spacing of 1.2 nm, respectively. These arcs extend

over an angle of ± 350 with respect to the direction of film

transfer. Dark-field images represent domains and high

resolution electron micrographs can identify not only single

molecules of PcPS but also real structure in polymer LB

films.
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SYNTHESIS OF POLYSILOXANE FILMS WITH VARIED MICROSTRUCTURES

IN MATRICES OF SYNTHETIC BILAYER MEMBRANES

Kanji Sakata and Toyoki Kunitake

Molecular Architecture Project, JRDC,
Kurume Research Park, Kurume 830, Japan

Synthetic bilayer membranes can form highly stable molecular
aggregates in water and provide a rich variety of well-defined
morphologies. Owing to their remarkable self-assembling
properties, synthetic bilayer membranes can be thought to be
useful as molecular templates for synthesis of polysiloxane
network with microstructures controlled on molecular-sized
scale. In the present study, polysiloxane films were prepared
from alkoxysilanes by the sol-gel method in matrices of
synthetic bilayer membranes.

A mixture of synthetic bilayer membrane and CH 3Si(OCH3)3 was
dispersed in water by sonication and spread on a fluorocarbon
polymer sheet for casting. The cast film containing synthetic
bilayer membrane and CH 3Si(OCH 3 )3 was exposed to NH3 vapor in
order to polymerize the alkoxysilyl group to siloxane bridges.
By extracting synthetic bilayer membrane from the cast film with
solvent, a polysiloxane film was obtained. The microstructure
of polysiloxane film was observed with high-resolution SEM.

Polysiloxane films with much different types of
microstructures such as multi-layered, fiber-like, small
particle-aggregated, spherically-pored, plate-like pored, etc.,
which were composed of nanometer-order units, were obtained in
this method. These molecular-sized microstructures resulted as
replicas of a rich morphological variety of synthetic bilayer
membranes such as vesicle, lamella, helix, etc. The
microstructure of the polysiloxane film also changed with moiar
ratio of the two components and with the preparative conditions.
These microstructures mainly reflected the stability and
morphology of the agueous mixed dispersions.

The present methodology is highly valuable for controlling
microstructures of the polysiloxane network on molecular 3cale.
It should be generally applicable to preparation of organic and
inorganic materials with molecularly defined microstructures.
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ORIENTATION OF POLYIMIDE LB FILMS IN PLANE DIRECTION

Masa-aki Kakimoto, Yasunari Nishikata, Ken Komatsu, and Yoshio Imai

Department of Organic and Polymeric Materials
Tokyo Institute of Technology, Meguro-ku, Tokyo 152, Japan

We have developed the precursor method for the preparation of
polyimide LB films. As shown in eq. 1, polyamic acids which are the
general precursor of polyimides were converted to polyamic acid salts 4
by mixing with long alkylamines. The precursor 4 offered the stable
monolayers at air/water interface, and were transferred on to ap-
propriate substrates by the usual LB technique. Polyimide LB films
were obtained by treatment of LB films of 4 by the solution of acetic
anhydride and pyridine.

Polyamic acids possessing azobenzene unit in the polymer backbone
were synthesized to examine the orientation of the polymer chain. It
was reported that the polymer chain oriented to the parallel direction of
the pressing bar of the LB instrument as the results of measurement of
the polarized absorption spectra of the L film, and as far as the
monolayer at air/water interface was transferred using the ordinary
trough in which the width of the plate was much smaller than that of
the monolayer, the orientation direction of the polymer chain was
changed by transfer process.[l] This fact can be explained by drawing
effect of the polymer chain. On the other hand, the orientation at
air/water interface was retained using the moving wall type LB equip-
ment. Factors such as chemical structure of the polyamic acid, surface
pressure at the deposition, dipping speed of the plate were examined in
detail. It was found that the polyamic acid possessing terphenyl struc-
ture tended to highly orient compared with other polyamic acids. Thus,
if one can make the polymer chain orient with high degree, highly
oriented polyimide LB films should be obtained. These are applied to
not only aligning layers of the liquid crystalline cells but also the fu-
ture molecular devices.
[1] S. Seki, S. Baker, J. Seto, Y. Nishikata, M. Kakimoto, Y. Imai, Ex-

tended Abstracts (The 37th Spring Meeting, 1990); The Japan Society
of Applied Physics and Related Societies, 1049.

* 1NA2-* - N8 A r rN-A CH3 )2NrCH 2 kCH 3
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THEORY OF FLOW ORIENTATION EFFECTS IN LANGMUIR-BLODGETT FILMS

Michio Sugi, Yuka Tabe, Keiichi Ikegami, Shin-ichi Kuroda,

Kazuhiro Saito and Mitsuyoshi Saito

Electrotechnical Laboratory, 1-1-4 Umezono, Tsukuba, Ibaraki 305, JAPAN

The Langmuir-Blodgett (LB) technique is based on the manipulation of a

monolayer condensed at the air-water interface and the transfer of it by dipping

and raising a substrate through the interface (vertical dipping method). Thus,

one can hardly miss the dynamic aspects of the technique. We have aimed at a
quantitative approach to describe the in-plane anisotropy often seen in LB

system in terms of a set of variables characterizing the deposition process.
In previous papers 1-6 , we have presented an analytical model of in-plane

anisotropy in LB films prepared using the vertical dipping method. The model is

an effective medium theory referring to the flow of monolayer during the deposi-
tion process. The ideal-fluid approximation is employed for evaluating the
velocity potential governing the motion of the monolayer, and the local thermal

equilibrium approximation is introduced for examining the rotatory motion of a
particle of elongated shape in this field. By these two approximations, the

angular distribution is analytically derived 1.
The theoretical predictions for the case of one single substrate in a large

trough agree well with the experimentally observed in-plane anisotropy of the
mixed LB films of a merocyanine and a fatty acid, indicating the possibility of

controlling the in-plane anisotropy 24 . The model is extended to the more

complicated cases such as various types of batch production of LB films ' . It
has been found, however, that the predictions for the batch production are not

always adequate for explaining the experimental results, showing that there are

certain limitations of the present analytical approach' .
In this report, we will discuss the prospect of applying the present

analytical approach to the more complicated cases together with the theoretical

grounds of the ideal fluid and the local equilibrium approximations.

I. N. Minari, K. Ikegami, S. Kuroda, K. Saito, M. Saito and M. Sugi, Solid State

Commun. 65 (1988) 1259.
2. N. Minari, K. Ikegami, S. Kuroda, K. Saito, M. Saito and M. Sugi, J. Phys.

Soc. Jpn. 58 (1989) 222.
3. S. Kuroda, K. Ikegami, K. Saito, M. Saito, M. Sugi, S. Suga and S. Yasui,

Solid State Commun. 71 (1989) 333.
4. S. Kuroda, K. Ikegami, K. Saito, M. Saito and M. Sugi, Thin Solid Films 170

(1989) 555.

5. M. Sugi, N. Minari, K. Ikegami, S. Kuroda, K. Saito and M. Saito, Thin So'

Films 178 (1989) 157.

6. Y. Tabe, K. Ikegami, S. Kuroda, K. Saito, M. Saito and M. Sugi, Appl. Phys.

Lett. 57 (1990) 1191.
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A NEW, NONDESTRUC1IVE, SIMPLE AND FAST METHOD TO VISUALIZE

SUBMICRON DEFECTS IN LANGMUIR-BLODGETT FILMS

0. Albrecit, H. Matsuda, K., Eguchi, and T. Nakagiri
Can,), Research Center, Canon Inc., Morinosato, Atsugi

Kanagawa 243-01, Japan

One of the problems with investigating defects in LB-films is, how to make them visible and convert

the data into numbers within reasonable time and without introducing artefacts. Many methods give

only indifect, a'caged results. like cyclic voltammetry, conductivity measurements 'in metal-LB-metal

structures or IR measurements. Some others, like electron microscopy, electroplating or selective etching

requiie the control of many parameters to give meaningful results and are time consuming.
We want to add a new, very simple method to the light microscopy techniques. As is commonly

known throughoult the selmiconductor industry, many defects on wafers can be monitored by looking at
then under very bright (ideally short wavelength) illumination., This also is very efficient for LB-films,

but gives %,ery qualitative results only. What is surprising at th, first glance is that many LB-samples,

that look good and almost free of defects, when checked under a Le nt microscope (with different methods),
do show varying degrees of 'haze' when inspected by the above method.

N\e combined this bright illumination method and light microscopy by adding a fiber bundle illumi-

natior to the light sources of our microscope. The light from the fiber bundle hits the sample at a low
anglt, uidei the iios npe objective. Yilus scattered light only, from this source, enters the microscope.

When this iilulniuition is switched on,, many more defects (if a defect is defined as a light scattering

- centel) become visible. This woiks even %0hile the normal illumination is still on or slightly reduced. lit
this way the relttion of the scatteiing defects and other structures (e.g. the birefrigent pattern in fatty

acid films) ai easil- be found

Comparing the results quahtatively to electroplating we find that the defects, that are visible li

normal illumination seem to be the large defects and the defects, that are added under bright side

illuii ,iihtion coi iespond to the small defects there.

L=~p 2I _ _

(AA

Photographs of the same area of a sample of a fatty acid film in conventional and in

our new illumination technique.
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QUASI TWO-DIMIENSIONAL ORDER IN LB-FILMS

0. Albrecht, H. Matsuda, K. Eguchi, and T. Nakagiri

Canon Res. Ctr., Canon Inc., Morinosato Atsugi

Kanagawa 243-01, Japan

LB-films show, a priory, only a defined long range order in one dimension. For many applications,

however, it would be desirable to have long range order in more dimensions. One way to get this is to

grow 'single crystals' on the water surface and then trying to deposit these structures without distortion

onto substrates, thus obtaining order in 3 dimensions. This last step, to deposit the ordered monolayers

without further distortion, however, seems to be quite difficult, if not impossible.

We tried the opposite approach by using the dynamic flow characteristics of the films to order one

more dimension. There are several publications about how film flow changes the properties of LB-films

during deposition, but to our knowledge so far nobody tried first to orient the films by flow in a defined

way and then deposit them.

We used the well known technique of visualizing the birefringent domain structures in fatty acid

films to see changes when the deposited film was subjected to flow before deposition.

The most simple way to do this is to use a long slide as a substrate, deposit some film on the lower

portion of it, thus subjecting the film around the slide to flow and presumably flow orientation, and then

depositing the preoriented film on the upper part of the same slide. To our surprise, the domain structure

of the higher part looks very much different from the structure of the first part, where the film is not yet

affected by flow. A typical structure is shown in the following picture.

Domain structure

in a flow oriented(left)

and regular fatty acid -"

LB-film.

The long dimension of the stretched domains is parallel to the dipping direction. This change in

structure is also reflected in other properties of the film, e.g. the light scattering is very unisotropic, as

can be seen by naked eye when such a sample is rotated in a microscope while the illumination is on. We

will report conditions for depositing such films and compare the properties to non oriented films. One

immediate application of the high order in thee films allows to visualize intentionally induced, single

defects which can be found easily by the change in the otherwhise regular flow pattern. The following

picture shows the structure that has been produced by touching the surface a very short time with a thin

aspirator tip.

Structure around a defect

that has been produced

intentionally and allows

to identify it under the

microscope..

!500urn



AP9
MONOLAYER EFTABILITY AND MULTILAYER FORMATION OF INSOLUBLE

MONOLAYERS OF IONISING MATERIALS

R. Aveyard, B.P. Binks and P.D.I. Fletchci
School of Chemistry, University of Hull, Hull HU6 7RX,

U.K.

Despite much interest in Langmuir-Blodgett (LB)
films because of their potential applications in devices,
relatively little is understood about the factors
controlling the stability of the floating monolayer and
their successive transfer to solid substrates. Such
factors may include the molecular structure of the film
forming material, the .nature of the solid substrate,
deposition speed e'c. Additionally, for ionisable
materials such as alkyl carboxylic acids or alkyl amines,
the pH and electrolyte content of the subphase solution
are important variables. We have investigated the
effects of these latter variables on monolayer stability
and deposition for a range of ionisable materials. In
particular, this talk will cover :

1. 'he effect of subphase pH on the stability of
floating monolayers for a range of novel mono- and
di-carboxylic acids, octadecylamine and copolymers
of hexaaec-l-ene/maleic anhydride containing either
a di-aciJ. or an acid-methyl ester in the repeat
unit.

2. The composition with respect to ionisation of
depoized multilayers of these materials has been
determined using infra-red spectroscopy.

3. For one polymer system, the pH dependence of the
ionisation in the multilayer will be compared wich
the pH dependence of the extent of divalent mP-.al
Ion binding to the floating monolayer as dete.:ined
using X ray reflectivity.

4. We have used a direct weighing method to determine
the dynamic contact angle and the position dependent
transfer ratio for the deposition of a range of
these materials onto mica substrates. We will
discuss these findings in relation to the degree of
dissociation in the film and the resulting
electrostatic and dispersion forces operating in the
zone of contact between the transferring monolayer
and the solid substrate.

Reference

R. Aveyard, B.P. Binks, N, Carr and A.W. Cross, Thin
Solid Films, 188, 361 (1990).
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MONO- AND MULTILAYERS MADE FROM DISCOTIC LIQUID CRYSTALS

L.~ auf~i 0. ~Kathaus, C., Mertesdorf, T. Plesnivy,
H. Kinqsdorf, C. Urban

Tnstit-,t fiir Organische Chemie, Univer-si-c~t Mainz,
6500 Mainz, FRG

Some di3cotic liquid Cr-.stais (LCs) are known to form stable
monolayers at the air wa-e- interfacel1 5 ) .Depending on their
chemical stru::.tre two diff.;re.nt arrangements of the discs are
Possible, edae-on and side-on, %-,hich should crucially influence
the mono- and-_ rultilayer behaviour 5 ). Hence three different
classes ot disootic lic;sid cryvstals (2-3.) bearing rigid cores of-'
different po-arity were st*udied, to examine their influence on
mono- .omuL---'Ilaver p'-czerties.,

OROR RIIH
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1a: R=R =R"-- H PIRCO~llr . = H23C,-2O 7\_cC-
1b: R=R'=CH,,R =-(CH 2XOH 2 R, 2CIC 2
ic: R=C5H1 ,R =R' = (CH2)6OH

t isfo":~d :ht oe r_=:ner urcirtr-iphenvleres I :Dre_ er
7~ono _=vers c !th-e ecioe-:n type 'With rather s ..al1 .ooDIaps 'nres-
sures-. rCgreat~in of the ciSros seems to result in floating

cnun faro7 i:aC StarCK:. !Mon, .Vlayer stability is irmiroved !D,-
Various r.ethcas, tne it-orto of hr~ i.i grusit
the side groip regicn of the molecial.s (It~, Ic.j, or alternati-
vely polymer fixaticn c-: triphenylene dlscotic LCs, interes-
tingly, electron rich tripherylenes such as i1 can be cormplexed:
with electron noor como,,unds such as trinitrofluorencne, to for7t
mono- and mulz~iayers of- discoti-c electron donor-acceptor comn-
'lexes. Such lavers -nay ~euseful for photoconauctive devices.

in contr-ast, the more z~lar classes of disc-like mole\culesz suc-
as azo discs Z. and acy~azec' mracrocyclic oligoamines .~aipprent_'c.

1:or-r, clas.-ical .monoaye-s of side-on type. Due to the miltiple,
rxdpolar CroUp s, sum:. monclavers are suitd o slct-

complexation off variou:c :ons (e--g.ATP) from --he subonase.

(1) O.Albrecnt et al. C:1Ilo 4.c&Polymer Sci. 2-JA, 659 (!9-16;
(21. M.Varidevyver et a!., J.cnim.phys. B1, 385 (1988)
(3) C.Mertesdorf, H.R~n:7sdo-f , Liquid Crystals 5., 1757 (9S89)
(4) J.Ma1Lt.nete el a!. JChern.Soc.Chem.Commun. 106! (1989)
(5) A. Las chews k, Anqew.Che-..Adv.Mater, I.Q-1., 1606 (1989)
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OPTIMIZING LB-MULTILAYER FILMS OF 2-DOCOSYLAMINO-5-NITROPYRIDINE

FOR POTENTIAL APPLICATiONS IN NON-LINEAR AND INTEGRATED OPTICS

G. Decher# and F. Ilinkhammer

Institut for Physikalische Chemie, Johannes Gutenberg-UniversitAt Mainz
Welder Weg 11, D-6500 Mainz, Federal Republic of Germany

INTRODUCTION in layer structure as well as the molecular mechanism

There has been growing interest in materials and thin of monolayer transfer leading to them are not yet
film devices with second order non-linear optical understood, the present experiments further support
properties for purposes such as high speed optical that the orientation of the monolayer is induced at the
Zomputing or optical communication [1,21. three phase line, where the monolayer contacts the

2-Alkylamino-5-nitropyridines hal e recently been substrate. Currently we try to further optimize the

introduced for khe preparation of a novel type of non- structure of the LB-films by varying the dipping

centrosymmetric Langmuir-Blodge:, (LB ) multilayer geometry.
[3,4]. All present data indicate that LB-films of 2- AA

alkylamino-5-nitropyridines are head-to-head and tai- 8 070

to-tail (Y-type) multi-layers with a rather strong tilt- i o
angle of the alkyl chains. The most effective substance 050

for second order non-linear optical experiments is 040
2-docosylamino-5-nitropyricine (DCANP), where the C

square root of SH-intensity increases linearly with the 0 3

layer thickness up to the micron range [3,4]. 020

We have already demonstrated that the anisotropy with 00
000respect to the dipping direction, which is seen in second 2-0 3W 350 40 450 5W 550

harmonic generation (SHG) [4] and in UrV/Vis- WWhMat mnim
spectroscopy [3,5], can be explained by a structure of Figure 1. UVIVis-spectra of DCANP-multilayers on
the LB-film which consists of relatively small domains, quartz substrates, deposited with the NIMA trough
that become preferentially aligned during the dipping (A) parallel polarization; (B) perpendicular polar"
process [5]. Recent results on optical waveguiding zation;(C) parallel =perpendicular polarization;
show that LB-films of DCANP [6,7] are interesting (A) & (B) at high deposition speed; (C) at low
candidates for integrated optics. deposition speed. Layer numbers are not the same,

please note the differences in anisotropy
RESULTS AND DISCUSSION

In order to understand the deposition process in more REFERENCES
detail, we have recently studied the formation of a [1] D. J. Williams
three-dimensional head-to-head phase of DCANP Angew. Chem., Int. Edn. Eng). 32 (1984), 690
monolayers at the air/water-interface at surface [2] D. S. Chemla and J. Zyss (eds.)
pressures above 22 mN/m by UV/Vis-specltros- "Nonlinear Optical Properties of Organic Molecules

and Crystals"
copy [8]. Upon comparison of these spectra with Vols. 1 and 2, Academic Press, New York 1987
spectra of multilayer films, it was noticed that the [31 G. Decher, B. Tieke. C. Bosshard and P. Ginter
multilayer spectra themselves were dependent on the J. Chem. Soc. Chem. Conmun. (1988), 93? (134

type of film balance used for deposition. Some of the [4) G. Decher. B. Tieke, C. Bosshard and P. Gii
effects are that the spectra were influenced by the Ferrelectrics 91 (1989), 193-207
angle between the surface of the substrate and the [5) G. Decha et al.
front of the moving barrier. On the other hand spectra Thin Solid Films 178 (1989), 445-4'

are independent of dipping speed only when the [6] G. Decher, B. Tieke, C. Bosshard anu' uijnter

samples were deposited with a LAUDA FW1 film Eur. Pat. No.: 89810108.4- (1989)
balance andnowhenaNMA trough was used. Fig. 1 [71 C. Bosshard et al.

Appl. Phys. Let. 56 (1990), 1204-1206
shows preliminary spectra of LB-multilayers of [81 G. Decher and F. Klinkhammer
DCANP on quartz substrates, obtained with the NIMA Proceedings of the ECOF '90 Conference
film balance at diffrent deposition speeds. Although Makromolekulare Chemie, in press
the differenzes in the spectra and therefore the changes # to whom correspondence should be addressed
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INTERACTIONS BETWEEN MONOLAYERS AND METAL IONS

AT THE WATER/AR INTERFACE

CONDITIONS FOR THE TRANSFERABILITY AS LB MULTILAYERS

S. Bettarini, F. Bonosi, G. Gabrielui, G. Martini and M. Pugelli

Department of Chemistry, University of Florence, 50121 Firenze, Italy

This work reports the results obtained in the study of the interactions of mono- and

multicharged metal ions, introduced in the aqueous subphase, with monolayers of anphiphilic

compounds spread at the liquid/air interface. This allows us to define the best conditions for the

association or salt formation between monolayers and metal ions at the surface to be transferred
and overlapped in order to prepare stable LB films containing metal ions. The following metal

ions and amphiphilics are used : K+ , Cu 2+, Mn2+, Cr3+ ; dihexadecylphosphate (DHP),

single-chain fatty acids and their bidimensional mixtures with valinomicin. The last compound

is a well known carrier of K+ ions. The Cu-, Mn- and Cr- containing films are also

characterized by ESR for their magnetic properties and the K- containing films for their

properties as mimetic membrane selective to ions.

When copper alcanoate films are analyzed, both the spreading isotherms and the

ESCA and ESR results ensure on the formation of a monolayer with Cu in dimeric form.

However, homogeneous and regularly overlapped LB films can only be prepared when other

dipositive ions (e.g. Ba 2+) are present in the aqueous subphase. The dimer formation results

for the very difficult transferability of the film of the pure copper compound. The dominating

factor in determining the LB film formation with Mn alcanoates is the pH of the aqueous

subphase.

With DHP, a thorough analysis of the physical phases occuring in the monolayers

was carried out by the spreading isotherms as a function of temperature pH and metal ion

concentration.

ESCA spectra on mono- and multilayers of pure valinomicin or of its mixtures

with stearic acid or with stearic acid methyl ester containing K+ ions, indicate that a binding

exists between K+ and valinomicin itself when in a bidimensional mixture. This is further
proved by FT-IR spectra of the same systems.
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INTERACTION BETWEEN LANGMUIR MONOLAYERS AND HYDROPHILIC

SOLID SUBSTRATES

Maria Engel and Hans Riegler

Institut fur Physikalische Chemie, Universitat Mainz, Welder-Weg 11, D-6500 Mainz

In a series of measurements the (pH6-12). The results can qualitatively be
dependence of the adhesion energy from understood in terms of an electrostatic
the properties of the lipid monolayer and double layer interaction between equally
the solid substrate surface has been in- charged surfaces. The experimental
vestigated, In a typical Langmuir-Blodgett differences between DMPE and DMPA are
transfer configuration for the hydrophilic readily predicted when taking into account
transfer of the first monolayer the adhesion the different charge densities for DMPE
energy was derived from the contact angle, and DMPA.. The validity of this interaction
which is related to the height of the menis- model is further tested by studying the
cus. This height is measured by transfer adhesion between solid substrates and
fluorescence microscopy through the various lipid mixtures and uncharged mono-
position of the three phase line, i.e. the layers. The adhesion is also affected by
line where the monolayer contacts the solid the surface roughness and hydration forces.
substrate. Their influence is investigated by selective

The adhesion energy has been deter- variations of the ion type and valence, and

mined for a variety of different ions, ionic different solid surfaces.

strengths, pHs in the subphase, and with

different substrates. Thus for monolayers
of dimyristoylphosphatidylethanolamine 08

(DMPE) and dimyristoylphosphatidic acid
< 06(DMPA). the importance of the surface f

charge density has been evaluated. The 04

negative headgroup charge of both, DMPE

and DMPA monolayers increases with in- 02

creasing subphase pH. This reduces the !
adhesion energy between DMPE and solid 6 7 8 10 11 12

SiO2 -substrates, whereas the interaction pH

between DMPA and the Si0 2 -surface is og V'VD as function of pH for DMPE-/iO 2

constant in the pH-range investigated
-I
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PREPARATION AND MOLECULAR CONFORMATION IN LANGMUIR-BLODGETT FILMS FROM

FLUORESCENTLY AMINE LABELED DIACYL PHOSPHATIDYLETHANOLAMINES

George R. Ivanov

Laboratory of Liquid Crystals and Molecular Electronics, Institute of Solid
State Physics, Bulgarian Acad. Sci., Lenin Blvd. 72, 1784 Sofia, Bulgaria

For the first time LB films from dipalmitoyl-nitrobenzoxadiazol-
phosphatidylethanolamine (DP-NBD-PE) and dimyristoyl-nitrobenzoxadiazol-
phosphatidylethanolamine (DM-NBD-PE) were prepared. These substances were
frequently used as staining dyes in fluorescence microscopy investigations
of phospholipid films. This work supplies additional information for the
interpretation of these data. LB films from these substances could be used
for probing d.c. internal fields of similarly oriented molecular dipoles by
Stark spectroscopy measurements e.g. in phospholipids.

The surface pressure (P) vs. mean molecular area (A) isotherm at a
temperature (T) of 230C for DM-NBD-PE is shown on Fig. 1 (left).
Fluorescence microscopy studies show an ordered structure when deposition
is carried out at P = 25 mN/m and T = 6°C. LB films from these
compounds have a strong broad absorption band at 464 nm and a weaker ones
at 332 nm and about 850 nm.

Small-angle X-ray diffraction at wavelength of 0.154 nm was performed
on films from DP-NBD-PE deposited on silicone wafers substrates (Fig. 1,
right). Samples were prepared at room temperature and parameters were
calculated as follows: sample and curve A - vertical lift, P 50 mN/m, 21
monolayers, hydrophilic substrate, bilayer distance (D) = 5.45 nm,
correlation length in the normal direction (R) = 42 nm; B - horizontal lift
without decompression, P = 43 mN/m, 12 touchings of the monolayer,
hydrophobic substrate, D = 5.25 nm, R = 12 nm; C - vertical lift, P = 35
mN/rn, 21 monolayers, hydrophilic substrate, D = 5.07 nm, R = 9 nm. Stark
spectroscopy measurements support the conclusion for great disorder in case
C. 'olecular conformations with the additional information from molecular
space filling models are discussed.

Thanks are die to Prof. A. G. Petrov for many helpful discussions and
to Prof. E. Sackmann (TU Munich), Prof. Blinov, Prof. Feigin, Dr. Lvov
(Inst. of Crystallography, Moscow), Dr. Savranskii (Inst. of General
Physics, 'Moscol,) for the possibility to work in their Laboratories. This
Drojeert_ was supported under contract 587 with Bulg. Ministry of Science.

P I
[mN/n] A h DM-NBD-PE A

40 V c T 230C
C d B

20- C

C
0 # 1

0.75 1.5 A [nml] 0 1 2 280

Fig. 1. P-A isotherm of a monolayer from DM-NBD-PE (left) and small-angle
X-rav diffraction data of LB films from DP-NBD-PE (right). See the text.
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THE EQUIPMENT FOR PREPARATIONS OF POLAR AND
GETEROGENEOUS LB FILMS

S.G. Yudin, S.P. Palto, V.A. Khavrichev, S.V. Mironenko,
and M.I. Barnik.

Organic Intermediates & Dyes Institute, Moscow 103787, USSR

The equipment consists of two troughs and allows to
prepare geterogeneous LB structures.

The system hardware offers experimental flexibility. Realy
one can get noncentrosymmetric films both X- and Z-type in
each of the trough. The two troughs are independent and the
subphase in the troughs may be different.

A special mechanism is used to transfer the substrate from
one trough to another.This mechanism also devide each of the
trough on two sections with a single subphase. One of the sec-
tion has a pure water surface. It is used to prepare the non-
centresymmetric LB films.

The equipment is controlled by a microprocessor system. All
proceses of the structure preparation can be monitored by IBM

- XT/AT computer using RS-232 C interface. The IBM PC-compatible
software allows to make traditional invastigations (p-A iso-
therms) too.

_. '

1 - mainframe; 2 - microprocessor system; 3 - keyboard
4 - transfer mechanism; 5 - moving bariers; 6 - substrate;
7 - presure measuring sensors; 8 - box
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TRANSFER RATIO IN LANGMUIR-BLODGETT FILMS: ROLE OF SURFACE

CHARGE REGULATION

AA. Servici, H.T. Davis, and L.E. Scriven

Department of Chemical Engineering and Materials Science

University of Minnesota

151 Amundson Hall

421 Washington Avenue S.E.

MINNEAPOLIS, MN 55455

U.S.A.

A spread fatty acid monolayer at a water-air interface is charged

owing to ionization of the carboxylic headgroups. At equilibrium, the

dissociation and adsorption can be described by mass action formulas and

the Poisson-Boltzrrann equation for the electrical field in the adjoining

ionic solution. These combine into Grahame's equation for the surface

potential as a function of bulk concentrations of the soluble species. From

the solution of Grahame's equation we calculate the surface potential,

surface charge distribution, and concentrations of the adsorbed species at

the monolayer-liquid and liquid-solid interfaces.

we picture monolayer deposition on the upstroke as the approach of

two identical surfaces. The energy of interaction at each stage of the

deposition process can then be calculated from the double-layer repulsion

and estimates of the specific interactions, i.e., H-bonding, between the

two surfaces.

The transfer ratio can be calculated -n the hypothesis that it

depends solely on the composition of the two surfaces, viz. the monolayer-

liquid and liquid-solid interfaces, and on the interaction energy, as might

be the case in slow depositions. The predictions agree to within 20% of the

transfer ratio measured by Honig et al. (J. Colloid Interface Sci.,45, 92,

1973).

Present address: Dipartimento di Ingegneria Chimica e Materiali,

universitS degli Studi di Cagliari, Piazza D'Armi, 09123 CAGLIARI, ITALY.
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X-RAY DIFFRACTION OF DIACETYLENE XONOLAYERS

ON LIOH/WATER SUBSTRATES.

Karl M. Robinson* and J. Adin Mann Jr., Dept. of Chemical
Engineering, Case Western Reserve University, Cleveland, OH 44106

The in-situ surface crystalline parameters of two diacetylene,

12-8 and 16-8 monolayers on a LiOH/H20 substrate, were measured by

glancing incidence synchrotron x-ray diffraction. The monolayers
were formed in an ultra-clean quartz trongh by the addition method

and further compressed by a pivot burrier. Diffraction scans were

measured on non-polymerized and pre-polymerized monolayers. Surface

pressure was monitored by Whilhelmy plate, which was then removed
before polymerization and exposure to the x-ray beam. The

monolayers were illuminated by low-angle (0.098* off of the surface
plane) incident x-rays (7600eV, 1.63A) from the NRL Materials

Research Line, X-23B, at NSLS, Brookhaven National Laboratory.
The 12-8 diacetylene monolayer has a single peak corresponding

to a d-spacing of 4.10A for both the monomer and pre-polymerized

sample. This is not in agreement with ex-situ electron diffraction

results on supported films. The intensity for the pre-polymerized
sample was greater than the monomer sample which hints at larger
surface crystallites for the pre-polymerized sample. The lack of

higher oreder peaks suggest a close packed hexagonal structure,
however this is not expected for this sample.

The 16-8 diacetylene monolayer has several peaks for the pre-

polymerized sample which correspond to a lattice 4.8A by 10.3A which
compare favorably, in the direction of polymerization, with electron

diffraction results. The cross-polymerization direction represents

a stretch from the electron diffraction result of 8.11A. Two
possible explanations for this descrepancy are 1) the in-situ versus

ex-situ nature of the two experiments. 2) a molecular tilt of the

polymerized sample of 320 from the surface normal. The present

resolution of the experiment can not distinguish between the two
possible structures.

* present address: Code 6170, Chemistry Division, Naval Research

Laboratory, Washington, DC, USA 20375.



MODU~LING THE SURFAC13 rarENTIAI1-ARlEA DEPENDENCE
OF A STEARIC _/A(CID MONOLAYER

Osvaldo NOliveiraJr* ,DMa-tin Taylor and ilywel Morgan
Institute of Molectiuar anG Biotmolecular Electronicts

Uiv~rFio of WVales
Dean Street, Bar go-, Gwynedd LL57 lUT, U.K.

Abstract

Models have been proposed receritly [1 I for relating quantitatively W~e
experimentally measured surface po 'ential (A Vof monolayert; at the air-water

iterace to the group dipole inomnt ote nlyr-rrirgmluk.Trl.,
the miodels have been applied aitil to condeied inonolayers because in the
expanded phrase of the monolayer, data have tended to be non-reproducible and
little information is available on tho orientation of molecules durin4 the various
stages of comtpression. Two recent, experimental findings now make it possible to
attempt a quantitative analysis of the AV-A curve:
(i) Thle fluctuations in AV in the expanded phase arise from island formation caused
by trace impufrities in tile Water surfac e [2fThese can be eliminated by adeq'uate
writer purification.
(ii) The identification of a proton transport mechanism at the monolayer-water
interface in monolayers compressed below a critical area per molecule probably
indicates the formation of a hydrogen-bonded network between the monolayer
heiezglrois atid ndjincetit; witter wiol er id et. Theii rorniniaon of i',twei twf..wrork woo dd
lead to a drainatic decrease in thle local dielectric constant at the motiolayer/ water
interface. 'By considering tile monolayer as a three-layer capacitor following the
Dernchak and Fort [3) approach and making reasonable assumptions concerning the
locrl periiiittivities and allowing for changes in double-layer potential durinig Film
compression, it is shown that the main contribution to AV for stearic acid is from
the hieadgroup dipoles, all other contributions tending to cancel. The steep rise in

the -iirface potential which is observed experimentally at ca 0.39 nm 2 reflectFs tiv!
rapidl derreause in the dielectric rolntart of the watcr-headgroup interface from 78 in
A fully expanded mionolayer to 6.4 in a fully condensed mr-molayer.

Retferenceui

1 ) Ntl'avlor, O.N1.Ohiveira Jr. wuidl II or,,sLn, J. Coil, and Interffzce Sci. in prres"
2D.M.Taylor, O.N.Oliveira Jr. and II.Morgan, Thin Solid Films, 173 (1989) L141

3 R._J Denwhak and T.J. Fort Jr., J. Coll. and Interface Sci., 46 (1974) 191

l'r~eit ,,lht~p' nI~I~iIr'de Fis~ica e Q~iinica tic S~o C~ar oe
U.' .369, 135G0 Stho Carlos, S.P. - Brasil
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The "Time of Observation" of 7'-A Isotherms Ill. Studies on the

Morphology of Arachidic Acid Monolayers, Observed by Transmission
Electron Microscopy of Replica Samples of One-Layer LB Films.

Teiji KATO, Takuya TANAKA, Keiji IRIYAMA*, and Toshinari ARAKI**

Department of Applied Chemistry, Faculty of Engineering, Utsunomiya
University, Ishiimachi, Utsunomiya, Tochigi, Japan 321.

*The Jikei University School of Medicine.
**Frontier Technology Research Institute, Tokyo Gas Co. Ltd.

Insoluble monolayers at the air/water interface are the viscoelastic bodies
and it is necessary to consider a characteristic time to measure mechanical pro-
perties of them. w-A isotherms of monolayers are not the thermodynamical quan-
tities but the dynamic or time-dependent mechanical properties. In this context,
w-A isotherms also require definition of the characteristic time of measurement.
This is the "time of observation". The "time of observation" of 7T-A isotherms
is defined by the reciprocal of the strain rate of compression of monolayers.''
Therefore, a monolayer should be compressed under a constant strain rate to
measure a if-A isotherm under a constant time of observation. The shape of a
w-A isotherm is governed by the balance of the relaxation times of molecular

motions in a monolayer which occur during compression and the time of observa-
tion. The surface pressure detected under compression is given by the superposi-
tion of a series of partially relaxed pressures up to that instance. We have

shown that the shape of 7r-A isotherms of arachidic acid monolayers changed
drastically by changing the time of observation widely and systematically even
at a constant temperature as if we change the film material."'

Tanaka and his coworkers have reported a novel replica technique for pre-

paring samples of TEM observation using plasma polymerization of a hydrocarbon
vapor, such as naphthalene as a monomer under specialized conditions of glow
discharge."' Iriyama et al. have reported application of this technique to the
observation of LB fiims by TEM and found some new features of LB films of mero-
cyanine dye, micro-pores, local collapse at the pressure under ESP, thermally
induced phase separation in mixed monolayers of dye-surfactant and fatty acid.',

The object of this paper is to correlate molecular states of film molecules
and phase changes estimated from the 7r-A isotherms of arachidic acid monolayers
measured by changing the time of observation widely and systematically with

those estimated from the TEN observation of one-layer LB films of arachidic acid
deposited at every stage of 7f-A isotherms using the novel replica technique

described above,
!)T.Kato, Languuir, 6(4),870(1990), T.Kato, et al., Langmuir,(submitted,'90.12).
2)A.Tanaka, et al.,Ches.Lett.,1989,1219.

3)KIriyama, et al.,Chem.Lett.,1990, 855, 859, 1189, 1365, 1892.
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Surface Modes on Polymer Solution

by
Surface Light Scattering Techniques

B.H.Cao,*t M.W.Kim*

* Exxon Research and Engineering Company, Annandale, New Jersey 08801

t Department of Physics, City College of CUNY
138 Street and Convent Avenue, New York, New York 10031

ABSTRACT

low Liquid 'interfaces are constantly being deformed by thermal motion in the form

of waves. For the simple liquids, these waves are typically of small amplitude (- 10

A) with wavelength (- 100m) and propagate as capillary waves called ripplons. The

propagation of waves is controlled by the surface tension and its temporal damping by
the liquid viscosity.

The surface modes on simple pure liquids have been studied by many reseachers
and are well understood. The viscosity in this case is a constant and the surface waves
are simply the capillary waves. The resonant frequency of the surface waves wk is

proportional to k3/ 2.
In a polymer solution, in addition to a frequency dependent viscosity, the solu-

tion has a nonzero, frequency dependent shear modulus. In such a viscoelastic polymer
solution, it has been shown theoretically that several types of surface modes can exist.'

These surface modes include Reyleigh elastic waves (resonant frequency of the surface
waves Wk oc k ), capillary waves (resunant frequency wk oc k3 / 2 ), and overdamped

modes depending on the concentrations of polymer solutions and wavenumbers.
In this paper, we present the first direct experimental measurements on the

surface modes on the polymer solutions of poly iso-butylene/decane, using the surface
heterodyne light scattering techniques. The experimental results is compared with the

existing theory.1

1. J.L. Harden, H. Pleiner, and P.A. Pincus, Langmuir 5(6), 1436 (1989)
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DETECTION OF THE OPTICAL MOLECULAR SWITCHING IN MONOLAYERS

BY THE DISPLACEMENT CURRENT MEASUREMENT

Yutaka MAJIMA, Haruhiko NARUSE and Mitsumasa IWAMOTO

Department of Electrical and Electronic Engineering,

Tokyo Institute of Technology,

2-12-1, O-okayama, Meguro-ku, Tokyo 152, JAPAN

The reversible cis-trans photoisomerization of azobenzene offers

potential applications such as data storage media. In this work, we

firstly succeeded in the detection of the optical molecular switching in

monolayers at the air-water interface by using a new experimental system

developed on the basis of the displacement current measurement' - ". In

the measuring system, displacement current was found to flow through the

external short circuit only when UV or visible light was applied to the

lo monolayer at the air-water interface; that is, the displacement current

was generated due to the trans-to-cis photoisomerization of the

azobenzene derivative by irradiation with UV light, whereas the

displacement current was generated in the opposite direction due to the

cis-to-trans photoisomerization by irradiation with visible light. The

reversible current generation was found to be sustained by the repeated

applic~Itions of UV light and of visible light, whereas the current was

never generated by the successive irradiation with visible light.

Finally, we concluded that the cis-trans photoisomerization in

monolayers is able to be detected by the displacement current

measurement and that the measuring system developed here will be useful

as a prototype of detection systems of molecular switching in the field

of molecular electronics

References
1. M.Iwamoto and Y.Majima, Jpn. J. Appl. Phys., 27(1988)721.
2. M.Iwamoto and Y.Majima, Jpn. J. Appl. Phys., 28(1989)1922.
3. M.Iwamoto and Y.Majima, Thin Solid Films, 178(1989)67.
4. Y.Majima and M.Iwamoto, Jpn. J. Appl. Phys., 29(1990)564.
5. Y.Majima, A.Watanabe and M.Iwamoto, accepted for publication in

Jpn. J. Appl. Phys.
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Quantitative Evaluation of the Dynamic Characteristics of Phospholipid Monolayer

NIASAKAZU MAKINO, KENICHi YOSHIKAWA. AND TOSHIO ISHII+

Department of Chemistry, College of General Education, Nagoya University Nagoya 464-01., Japan
+School of Dental Medicine, Tsurumi University, Tsurumi Yokohama 230, Japan

Though there have been many reports on the surface pressure-area isotherms for amphiphile
morwiayers supported at a liquid-vaper phase, little attention has been paid for the d.namic
property of the monolayers. It is well-known that almost all of the monolayers exhibit different
pressure-area curves between the processes of compression and expansion.

In the presents paper, we will describe a new strategy to evaluate the dynamic behavior of the
monolayer in a quantitative manner. We have constructed a new experimental system to measure
the dynamic pressure-area characteristics, which is composed with a trough with couple of moving
barriers and with a Wilhelmy plate attached to an electrical balance. The time trace of the
movement of the barriers could be controlled to a desired function with a micro-computer. The
surface pressure has been continuously stored in the computer. The observed dynamic surface
pressure-area curve has been separated into the elastic and viscositic components, These ternis
have been evaluated using expansion to polynomials. The nonlinear properties of the monolayer
was. thus. analyzed ;n a quantitative manner.,

We have performed the measurements and analysis for various phospholipid molecules. such as,
dioleoyllecitin(DOPC) and phosphatidylethanolammine(DPPE). It has been found that inorganic salts
change the nonlinear viscoelasticity of the monolayer markedly. This results is quite interesting.,
because it is known that quasistatic pressure-area curve of the monolayer of phospholipids exhibits
negligible effects by the inorganic salts in the subphase. These results will be discussed in relation
to tho -scillatoy phenomena of lipid monolayer.

!REFERENCESI ')J.Ain Chem Soc.. 106.4423(1984). (2)Langmuir.4.759(1988).
(3)Chem.Phys Lett.,160.623(1989)., (4)Biochem.Biophys.Res.Comm..I 60.699 1989).
,5)Nippon Kaaku i aishi. 10.1143(1990) (Japanese).
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A LiING NONOLAYER OF IEPID SHOVING VZa-REGUWTED

DISPLACEKENT CURRENT GtRATION

Mitsumasa IWAMOTO, Yutaka MAJIMA, Akitoshi WATANABE,
Toshinari ARAKI* and Keiji IRIYAMA**

Department of Electrical and Electronic Engineering,
Tokyo Institute of Technology,
2-12-1, O-okayama, Meguro-ku, Tokyo 152, Japan.

*Frontier Technology Research Institute, Tokyo Gas Co. Ltd.,
1-16-25, Shibaura, Minato-ku, Tokyo 152, Japan
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The structure and function of the mono- and multilayer have been
the subject of continuous studies since the discoveries by Langmuir and
Blodgett. Excitability is one of the most important properties of cell
membranes. To our knowledge, however, there was no appropriate technique
used to study the dynamic behavior of amphiphilic molecules in a
purposely controlled artificial membrane system. Recently, Iwamoto and
Majima developed a new displacement current-measuring technique coupled
with a technique originally developed by Langmuir. It was found
theoretically and experimentally that displacement current is generated

only when the electric flux falling on an electrode suspended in air is
changed with respect to time. A monolayer of L-a-dioleoyllecithin (DOL)
showed reversible current generation in the so-called gas phase just
before the initial rise of its surface pressure by the application of
the reversible change of the monolayer-covering area on the surface of

distilled water (pH 5.8), although a rigid monolayer of L-a -
distearoyllecithin did not show any reversible current generation. These
experimental results see', , to support our discovery, where the behavior
of surface pressure-area isotherm of a DOL monolayer was reversible
along with the increase and decrease of the monolayer covering-area.

Finally, the surface micro-structure of a DOL monolayer system at
various two-dimensional molecular densities was also visualized by using

a new replica technique coupled with transmission electron microscopy,
which was originally developed by Tanaka et al. From the electron
microscopic observation, we concluded that the current generation is
ascribed to a gas/liquid phase transition.

As described above, we found for the first time the reversible
current generation in the planned artificially prepared molecular film
and then concluded that the periodic electric oscillation of a lipid

monolayer is able to be controlled under the well-controlled

conditions. The reversible displacement current generation was also

theoretically analyzed in relation with the dynamic behavior of DOL

molecules.
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An experimental installation was constructed for studying

monolayer morphology of amphyphilic molecules on the water

surface. Integral intensity of light scattered by monolayer

inhomogeneities was measured during scanning of the sample

sur'ace by a laser beam. One can obtain surface distribution

of various de+ects (dust and aggregated particles, collapse

regions) in the molecular layers and also the dynamics of

defects creation under surface pressure. Monolayers of stearic

acid (HSt) , four-substitutional phtalocyanine (4R-Pc) and

bacteriorhodopsin (BR) were investigated.

At low surface pressure for HSt and 4R-Pc monolayers

unstable positioned scattering intensity peaks were usually

observed; scattered light background was practically absent.

The peals observed were due to light scattering by Brownian

moving microparticles (dust, big aggregates etc ). Surface

pressure increase resulted in fixation of peak positions and

in rise of background in their vicinity. It evidences for

microparticles being nuclei of monolayer collapse regions.

These regions were distributed inhomogeneously over the mono-

layer surface: in particular there were more of them near the

movable barrier.

For BR monolayers consisting of purple membrane (PM)
C

fragments (thickness -50 A, linear dimensions 0.1 - 0.5Jim) the

picture observed was quite different. Presence of scattering

centres each less then the wavelength resulted in a background.

It should be noted that scattering by BR monolayers of very low

surface concentration ( 1 to 2 orders of magnitude less than

that for close packing case) was registered. Study of back-

ground intensity vs BR concentration enables one to find out

the PM fragments aggregation process. Moreover, when BR con-

centratiQn increased the regions with low scattering intensity

were observed. They emerged when PM fragments were approaching

eacr. othe- forming a continuous BR monolayer.
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Numerous molecules forming thermotropic liquid crystalline phases
compose a less known class of amphiphilic molecules compared to the
classical ones. There have been few attempts to spread such molecules at the
air-water interface. The first report was made by Dorfler et al . [11, in which
calamitic molecules, forming nematic mesophase in bulk, have been spread
at the air-water interface. Rondelez et al . [2] and Albrecht et al . [3] studied
discotic-like-molecules on water subphase.

We have used a recent class of compounds [4,5] showing
mesoinorphic phases, synthetized in 1984 and called pyramidic by
Zimmermann et al. [4]. The studies, in bulk, on some of these compounds

WI have led to the discovery of five columnar mesophases. Our study deals
with two pyramidic liquid crystals ;, Hexa-nonanoyl-oxytribenzo-
cyclononene (I-n9) and Hexa-nonyl-oxytribenzo-cyclononene (II-n9), These
compounds, present a rigid pyramidical central core and six equal flexible
side chains symmetrically bound at the pyramidic base. They were spread at
the air-water interface, and their ability to form monomolecular layers has
been prooved.

The surface pressure-molecular area isotherms obtained at 210 C and
pH = 5.7, show a large plateau then a sharp increase of surface pressure
above 66 A2 and 61A2, for I-n9 and II-n9 respectively, in agreement with the
calculated value of the pyramidic base (61 A2)., Hysterisis diagrams confirm
that these compounds form monolayers at the air-water interface. At pH =
13, isotherm shows important changes except for the values at the
condensed state areas.

The results indicate that the pyramid base lies at the interface with its
top towards the subphase and the aliphatic chains perpendicular to the air-
water interface at the condensed state area.

1- H.D. Dorfler, W. Kercher and H. Sackmann, J. Phys., Chem. 251, 314 (1972).
2- F. Rondelez, D. Koppel, J. Physique, 43, 1371 (1982).
3- 0, Albrecht, W. Cumming, W. Kreuder, A. Laschewewsky and H.
Ringsdorf, Colloid and polymer Science, 264, 659 (1986).
4- H., Zimmermann, R. Poupko, Z. Luz and J. Billard, Z. Naturforsch. 40a,
149 (1985).
5- J. Malth~te, A. Collet, Nouv, J. Chimie, 9, 151 (1985)
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CAPILLARY WAVES:
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Capillary waves have been used to study the properties of monolayers

on water. In all the studies that appeared so far however, none has

dealt with the non-uniformity of the monolayer. We have therefore ini-

tiated a series of studies aiming at the development of a capillary wave

probe as a viable monolayer characterization technique.

We have built and used a capillary wave probe to characterize local

as well as anisotropic mechanical properties of monolayers on water. The

probe is based on the non-intrusive techniqie in which capillary waves

1)
- are generated electrostatically and detecled by d laser light

We first demonstrated its utility by showing extreme stress in-

homogeneity and anisotropy in stiff monolayers u-der a uniaxial com-
2)

pression. An example is shown in

Fig.l. It clearly demonstrates

hew the applied pressure at the com-

pression barrier fails to be trans- lI= re,,on 1F 6 11.6 7
1,3 4 :2.3 T 15--

mitted to other parts in the mono- ,4' '

layer. ,o1" e

As a first attempt to establish

the consequence of the morphological Fi, .l: Inhomogeneous and

inhormogeneity of the monolayer on the ani;otropic surface pres-

wave propagation, measurements were s .

done simultaneously with a fluorescence

microscope observation. In films in the liquid-aE coexistence phase, we

foun-' that the effect of the liquid phase on the ca. illary wave propaga-

tion was nearly zero up to the point where the film coverage was 95%, a

result not trivial at all. We are currently study ng the gas-solid co-

existing monolayers.

)C.d. Sonl, K. Miyano, and J.B. Ketterson; Rev. Sci. Instrum. 49,

1464 (1979).

21 K. Miyano; Langmuir 6, 1254 (1990).
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Direct observation of the monomolecular film at the air-water interface is

essential to the manipulation of the monolayer and should provide well

designed Langmuir-Blodgett films. An in-situ observation of the surface
monolayer by fluorescence microscopy is a powerful technique as well as

reflection spectroscopy of the inte-face. In this paper, we report
construction of a novel fluorescence microscope equipped with a large
scale Langmuir trough having a flat panel heater for thermal treatment of
the surface monolayer.
In order to survey over a wide area of the water surface, a fluorescence
microscope is attached to a microprocessor controlled X-Y-Z stage.
Position and moving speeds of the microscope are manipulated by a
joy-stick. Focus of the microscope is adjusted by the stepping motor with
a resolution of 0.2 .m. Excitation light from various light sources at the
outside is introduced into an all quartz optics through a quartz fiber. A

flat panel heater(l5cm x 30cm) for the thermal treatment is placed above
water surface. Distance between the heater and the water surface is

changeable. Morphological change during thermal treatment is recorded
through a small hole in the center of the heater.
Dark crystalline patches in the bright field of the fiuid monolayer of

double-chain ammonium amphiphile 1 containing 2 mol% of octadecylrhodamine

2 as a fluorescence probe were formed when the monolayer was compressed".

C2H-N +,C2H-CH- C,, CH.% N 0N\ CI-

CH.,/(CH N\" Br- C2H H C2H-

CH.,(CH2)1  CH.1 (CO0(GH 2),;CH.i

2

Temperature of the water surface rose up to 45t within three minutes when

the gap between the heater and the water surface was 5mm. During the

thermal treatment at an iso-pressure condition, the crystalline patches

disappeared. After cooling down to 20t, the crystal size grew several

times larger than the untreated crystals.
1)M. Shimomura, et al.,Jap. J.Appl.Phys.,27, L1761(1988).
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The structure and function of mono- and multilayer have been the
subject of continuous studies since the discoveries by Langmuir and
Blodgett. Recently, there has been much interest in the manuiacture of
the so-called molecular electronic device, where motion of electrons and
orientational change of polar molecules in artificial mono- and
multilayer systems are assumed to be purposely controlled"'. Therefore
it is required to develop a technique used to detect electron transfer
and orientational change of polar molecules in the planned artificially
monolayers for a better understanding of the relationship between the
structure and function of the monolayers as well as for the manufacture
of the molecular electronic device. The technique based on the
displacement current measurement seems to satisfy the requirement 2 3 ,
because the dynamic motion of constituent polar molecules in monolayers
is able to be detected without destroying the monolayers. In previous
reports 4- , we developed a displacement current-measuring system used
for the investigation of monolayers at tne air-water interface.
Recently, we have improved the system. At the present stage, we can
obtain current-area isotherms with high precision. In this work, we
investigated monolayers of fatty acids and of precursor films of
polyimide formed on the water subphase, e.g., on the surfaces of pure
water and of salt solutions containing Cd 2 - or A13 ' ions, by the

displacement current-measuring technique, where displacement current was
generated only when the monolayer-covering area was changed.
Subsequently, we determined the vertical component of dipole moment of
the constituent molecules of monolayers. It was concluded that the
dynamic behavior of monolayers formed on the water surface was able to
be detected in the entire range from the so-called gaseous phase to the
solid phase with high precision. Finally, the mechanism on the current
generation observed in the present current measurement was theoretically
analyzed.

References
1. E.G.Wilson, Electron. Letter, 19(1983)237.
2. M.Iwamoto and Y.Majima, Jpn. J. Appl. ?hys., 28 (1988) 721.
3. M.Twamoto and T.Sasaki, Jpn. J. Appl. Phys., 29(1990) 536.
4. M.Iwamoto and Y.Majima, Thin Sclid Films, 178(1989)67.
5. Y.Majima and M.Iwamoto, Jpn. J. Appl. Phys., 29(1990) 564.

6. Y.Ma.ima, A.Watanabe and M.Iwamoto, Jpn. J. Appl. Phys.,
in the press.
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As it is known, the monolayer at the air-water

interface is the simplest model of biological membranes

and its study is very useful because it provides

information about the orientation of the molecules and

the compatibility of different amphiphilics at the

interface.

Spreading monolayers of Ceramide (CER) and

Dioleoylphosohatidylcholine (DOPC), as pure compounds

and in mixtures, were studied at the air-water interface

using two different subphases, containing NaCI 0.1 M (pH

5.6, and a phosphate buffer (pH 7) respectively, in the

15-30 OC range.

These lipiV: were chosen for their biological

interest as components of natural membranes.

We studied the mutual miscibility of these lipids

by applying the bidimensional phase rule at the collapse

pressure, Furthermore, we determined both the excess

free energy of mixing %G..,., and the enthalpic and

entropic contributions (AHmI and ASm,.) to the

interphasal miscibility.

We verified the surface compatibility of DOPC and

CER at all the temperatures, either using the Na

containing subphase or the buffered subphase,
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The study of monolayer on water surface is of significance with
regard to assembling technology at molecular level, natural
multi-component system researches, etc. The monolayer considered
as surface phase in which the water and a monolayer-forming
component (solute) form a two-dimensional ideal solution was
described by Fowkes. Following this study, the present work is
devoted to apply Gibbs-Duhem equation to 2D ideal solutions, give
strictly deduced isotherms and calculate the change in free
energy for compression process of such system.

Fnr one solute and at constant temperature, the Gibbs-Duhem
equation for the surface phase2 becomes

Ad' + n, d, + njdUa1. = 0 -------- (1)
(I denoting the water and 2 denoting the solute). We may write
d - d7" , dU, = 0, dn - A2 dV - RTdA / (A - n2 A1 + nAt

'here A is the total surface area and A, and Aa are the molar
areas of water and solute respectively. Substituting these
results to Eq. (1) gives
dK itr nzRTdA / (A - nz A, )(A - naA, + n.A,)

(RT / At )ln((A - nAA: + n2A, ) / (A - nA )) -------- (2)
The change in free energy during the compression process is given
by fl4'A , 1-;1 .. n,

_G - W(non-pv) = - t dA - RTln(-n --
V.,A,4i . n, + n,1 n, + n. n;

-(3)
Wher- n' is the molar number of tht. t.ater remaining in the
sN".' ~phase during the compression. If the water is squeezed

P :~e"- I v ( n, - 0 4-'AG = - RT(n. InX, + ni lnXz)
Th- met hod described above can be extended to a 2D ideal solu-

tjr;n -,nrtaining more than one solutes. If there exist the water
and (n-i) kinds of solutes in the system, the surface pressure
can e.'0 Pvaluated from ,

RT A - n;A,+ A, n,
t:- in ,- (4)

A - A;
The change in free energy associated with compression process is
given by 'n

;!- n n , 1 i n4_+ 7 ni . n + n; (5)
_.G : -RTIn1 -- n-----

, n; n i
When n'-.O, we stave n

G - RT(n lnX1 + X ni In X X).

Reference:
1. F.M.Fowkes, J. Phys. Chem., 66, (1962), 385
2. E.A.Guggenheim, "thermodynamics" 3rd., North Holland

Publishing. Co., Amsterdam, (1957)
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MONOLAYERS OF BRANCHED CHAIN PHOSPHOLIPIDS
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Phosphatidyicholines containing a branched chain fatty acid

at the sn-1 position or at the sn-2 position or at both sn-1

and sn-2 positions of the glycerol backbone were characterized

by calorimetric and X-ray diffraction studies with bilayers

as well as by thermodynamic studies with monolayers.

The monobranched PCs investigated are mixed-linkage species

containing both ester- and ether-linked chains. The replace-

ment of the ester linkage with an ether linkage has only a

little effect on the phase transition properties. Branching

leads to altered thermal properties which are connected with

a modified structural polymorphism. Gel phases with interdig-

itated chains could be found. Such an arrangement cannot be

realized in the monolayer. The question arises of wether how

will be the structure of the monolayer in such cases.

All of the branched chain lipids investigated form stable

monolayers at the air/water interface with isotherms of quali-

tatively similai shapes as those of non-branched lipids. The

area required by a hydrocarbon chain in the condensed phase

was estimated and compared with the area per chain in the

corresponding bilayer systems. The pressure-area isotherms

were measured over a wide range of temperature. The critical

temperatures Tc of the transition between the liquid- expand-

ed and the condensed films were estimated and compared with

the main-transition ( gel-to-liquid-crystalline ) tempera-

tures Tm of the bulk phase. Tc was found to be either lower

or higher or equal to Tm . The correlations between Tc and

Tm are discussed in terms of chain packing in the two- and

three-dimensional systems.
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LB FILMS OF ARCHAEBACTERIAL LIPID MODELS:

1,1 '-POLYMfETJIYLENEBIS (2-ALKY-sn-CLYCERO-3-PHOSPHOCHOLINE)

Kiyoshi Yamauchi, Atsushi Horiya and Hasayoshi Kinioshita
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Osaka 558, Japan

Plasma membrane lipids of archaebacteria are often characterized by

their structure, having long isoprenoid chains bound through ether linkages

to two polar heads. The bipolar lipids have attracted biotechnological

interest as potential materials for thermostable membranes. This paper deals

with LB-membranes of archaebacterial lipid models, 1,1'-polymethylenebis(2-

alkyl-.sn-glyceroi3-phosphocholile) (L-32-16, L-32-Phy, etc.).

C~ H2

2 ~L-32-16cH-P

1 1 7 Iwater
P-o-cH2

L-32-Phy

The bipolar lipids exhibited peculiar surface pressure(nj)-surface area

isotherms in comparison with that unipolar 1,2-dihexadecyl-sn-glycero-3-

phosphocholine (0MPG). Namely, DHPC formed a stable LB membrane which

collapsed only at a lateral pressure as high as 57-63 0mi. The limiting

area occupied by the molecule was about 50 A 2 . By contrast, L-32-16 and

L-32-Phy did not show a highly cooperative compression. In addition, it

appeared that their L.B membranes were compressed, without collapse,

mantainng constant pressure as seen 7

from a point * in he ;r-A curves., 70 H

The limiting areas and the maximum -E60 O~

collapsing pressure were-. L-32-16, .r

90-1W0 A, and 31-33 mN/in; L-32-Phy, _,0 -3-P

160-180 A2 and 39-42 nN/in. It~
The results will be discussed in 0 10

conjunction with a bending structure "' '

(U-form) of the bipolar lipids and the %.,2 j~-2Ch...z

bending force for the polymethylene 0 0.50 1.00 1 50 2.00

chains., Area. nm2 /moiecute
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A LANGMUIR-BLODGETT MONOLAYER

WITH A CONTROLLABLE DEGREE OF POLARITY,
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The main object of this study has been to obtain a molecularly
smooth monolayer with a controllable density of carboxylic acid
groups, deposited onto muscovite mica. These surfaces could then be
used as model surfaces, for example in the Surface Force Apparatus of
Israelachvili,

Using three different molecules, docosanedioic acid
(DDA; HOOC-C 2 0H4 0-COOH), arachidic acid (AA; C1 9H3 9-COOH),and

eicosylamine (EA C20H 41-NH 2), two different series of mixed mono-

layers have been studied (see figure).
Series #1 consists of monolayers of DDA and EA in different

proportions, while in series #2 the monolayers are made up from
mixtures of all the three molecules DDA, AA, and EA. In series #2, the
ratio (DDAiAA)/(EA) is always unity, and the DDA:AA ratio is varied.
In both of these series it is possible to control the carboxylic acid
group density on the surface,

The advantage of using mixed monolayers is that the amine and
acid molecules fix each other to the water surface by their mutual
attraction, thereby stabilizing the spread monolayer. This is evident
from relaxation studies of monolayers held at a constant pressure.

The pressure-area isotherms of series #2 are of the condensed
type with a limiting area/molecule of about 20 A2. This indicates that

the structure on the water surface indeed is the one depicted in the
figure, The isotherms of series #1 show a more complex behavior, where
the shape depends on the DDA ratio. However, at DDA ratios between
about 40 and 70 % the isotherms are of the condensed type. In all
cases the transfer ratio is near unity, so the molecular orientation
in the deposited layer can be assumed to be the same as in the spread
film.

As can be expected, the advancing contact angle decreases with
increasing DDA ratio.

An interesting observation is that Z layers can be obtained with
the series #' monolayers, at DDA ratios of about 60-70 %. This is
presumably due to the water adsorption onto the polar carboxylic
groups, minimizing the deposition on immersion.

H3 H3H3 COOH H3 COOH H3  H3 COOH H3

NH2 COOH NH2 COOH NH2  NH2 COOH NH2  COOH

Example of a "rle #1 surface, Example of a seree #2 surface,
with a OA ratio of 016 wth aDOA ratio 25%.
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POLYMERIC GEGENIONS INDUCED VARIABILITY AND MOBILITY OF
AMPHIPHILIC SUPRAMOLECULAR STRUCTURES AT THE AIR/WATER-

INTERFACE AND ON SOLID SUBSTRATES

L. Chi, C. Erdelen, R. Johnston, L. Jullien, H. Ringsdorf
Institut Organische Chemie/ Universit~t Mainz

Becherweg 18-20, D-6500 Mainz (Germany)

The influence of watersoluble polymers on the micromorpholo-
cies of amphiphatic supramolecular structures was examined
by fluorescence microscopy at the air/water-interface1 and
cn solid substrates. Due to the interaction of polymeric
e=aenions, the isothermal behaviour of fatty acids at the
a.r,'water-interface was altered drastically: The polymer-

CH2--

CH3-(Ch2)n-COO- HN+1H n = 12, 14, 16, 18, 20

CH2--x

fa ztv acid interaction induces the fluid/solid phase transi-
-'cn of different long chain fatty acids at room temperature
aS was studied by surface pressure/area diagrams. The con-
aensation process of the complexed monolayers at the
a=r,'water-interface and the domain formation within the
Swo-phase" region, was investigated ty fluorescence micro-
scopy2 ,3. The dependence of these surface textures on tempe-
:a:ure, surface pressure, chain length of the fatty acid and
:cncentrat-.on of the polymeric gegenions in the subphase
....- e examrnned by this method. Due to the stabilisation by
•.e polymeric gegenions, fatty acid monolayers can be trans-
--red by LB-technique to solid supports even from very ex-
cznded states without damaging the observed surface texture.
Moreover the morphology of these polymer stabilized mono-
"=vers on solid supports can be altered,e.g. by annealing
nis unique variability or mobility of the monolayers at the
;:r/substrate-interface is attributed to the adjacent poly-
-'er ratr:x and was examined by fluorescence microscopy.

") H. Mohwald, Thin Solid Films 159, 1 (1988)
'2) C, M. Knobler, Science 249, 870 (1990)

L Chi, R. Johnston, H. Ringsdorf, Langmuir submitted
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BULK AND MONOLAYER BEHAVIOR OF A FERROELECTRIC LIQUID CRYSTALLINE

MONOMER AND POLYMER

W. R...h, J. Naciri*, R. Shashidhar*, R. S. Duran
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4555 Overlook Ave., SW, Washington, DC 20375, USA

With a view towards studying Ferroelectric liquid crystal behavior
on going from the bulk to 2 dimensions, the following chiral monomer was
synthesized:

iH3

CH2=CH -2)"O-(J.( -O .. OCHCOOC 2 1-1
8

This was reacted with poly(methyl hydroxysiloxane) to form the
corresponding side chain polymer. Both compounds showed thermotropic
liquid crystalline behavior. On heating in the bulk, both compounds showed
the same polymorphism: crystalline-ordered smectic-smectic C*-
smectic A- isotropic melt. The transition temperatures were slightly
higher for the polymer. The polarizability and switching times were also
measured.

Both substances were also studied at the air/water interface on a
KSV 5000 LB trough, From dilute chloroform solutions, isotherm
measurements showed that both substances could be spread to form stable
monolayers showing little hysteresis upon subsequent barrier expansion.
The polymer formed only a condensed phase with a collapse pressure of
about 50 mN/m and an area of about 23 A2. The isotherms of the polymer
showed little temperature dependence between 15 to 35 0C. However, the
isotherms of the monomer showed typical polymorphic behavior.
Condensed films were only observed at lower temperatures and higher
pressures. The collapse pressures of the monomer (about 35 mN/m) were
lower than those of the polymer while the collapse areas (about 26 A2)
were somewhat higher than the polymer. Stability measurements at
constant applied pressure have indicated that both compounds are suitable
to form LB layers on substrates.
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SURFACE PRESSURE-AREA ISOTHERMS
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Abstract

Attempts to interpret surface pressure-area characteristics of Langinuir monolayers
quantitatively have concentrated either on obtaining phenomenological equations of state
using analogies with three-dimensional systems [1] or on thermodynamical analyses which
make use of statistical mechanical models and include effects arising from molecular
configurations [2]. In this paper we show, based on a purely mechanical model derived from
Laplace's theory [3], that surface tension can be defined in terms of a force parallel to the
surface, which results from the deficit of attraction in the direction normal to the liquid
surface due to the missing liquid above it.

The decrease in surface tension resulting from the presence of a Langmuir monolayer
on a liquid surface, termed surface pressure, can be considered as the macroscopic
manifestation of the greater attraction between monolayer and water molecules as
compared with the attraction between monolayer-monolayer and water-water molecules
In principle then, the surface pressure could be treated according to the approach presented
here, and this is something we are working on at the moment..

References
l] B Stoeckly, Phys. Rer. A, 15 (1977) 2558
2] F A M Leermakers and J.M H.M.Scheutjens, J.Chem.Phys., 89 (1988) 3264
3' Laplace, Traf6 de Mecantque Cleste; Suppkment as divi me livre, Sur l'Acton
C'aptlla~re, (Courcier, Paris. 1806), and Supplment 'a la Th6rte del'Action Capillawre (18071,
reprinted in Oeuvres completes de Laplace, (Gauthiers-Villars, Paris, 1880), Vol 4, p 349,
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EDGE ENERGY AT THE INTERFACE LIQUID EXPANDED - LIQUID CONDENSED PHASE OF

INSOLUBLE MONOLAYERS AND THE SLOPING OF THE PLATEAU OF THE f-A ISOTHERMS IN

THE AREA OF THE TRANSITION BETWEEN THESE PHASES

I. Bivas I , I. Panayotov
2 and A. Bois 3

Ilnstitute of Solid State Physics. Bulgarian Academy of Sciences,
Laboratory of Liquid Crystals aj:d Molecular Electronics, 72 Lenin blvd.,
Sofia 1784, BULGARIA

ZSofia University, Department uf Chemistry, Chair of Phy3ical Chemistry,
1 A.Ivanov blvd., Sofia 1126, BULGARIA

3Universite de Provence, Physique des Liquides, 3,Place Victor-Hugo,
1331 Marseille Cedex 3, Code 270, FRANCE

At the phase transition from liquid expanded to liquid condensed

state of an insoluble monolayer on liquid substratum, the lateral pressure

n may be not constant in the f-A isotherm of the process (A - mean area per

molecule). In the present work one theoretical explanation of this

phenomenon is proposed. The reason for the inclined plateau of the

dependence f(A) at the area of the phase transition could be the fact that

the two phases do not exist as monodomains, separated by the shortest

possible interface, but one of them is dispersed in form of little

aggregates in the other. The domain of the transition near the liquid

expanded phase is considered. The liquid condensed phase is assumed to be

the dispersed one. A small number of single molecules with small enough

area, that could be treated as nuclei of the condensed phase, can be found

in the expanded phase even far from the transition. When decreasing the

mean area per molecule this number increases. According to our theory, a

threshold Ao exists with the property that for areas less than Ao not only

the number of nuclei of the condensed phase increases, but the number of

molecules per nucleus increases too (i.e. becomes greater than one). Ao is

the "beginning" of the phase transition. The dimensions of the aggregates

the slope of the plateau of the phase transition are determined by the edge

energy I of the (one-dimensional) interface between the two phases. The

results of the calculations show that the plateau is not horizontal, and

the phase transition is strictly speaking of second order, if 7<10 6dyn,

otherwise the phase transition is of first order.

Some experimental data for monolayers of hexadecoxipropanol on water

were analyzed. The edge energy obtained for this system is 1.10 8+10" dyn.

The number of molecules per aggregate of the condensed phase near the

midpoint of the phase transition is of the order of 30.
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Bending elastic modulus of monolayers at oil water interfaces

H. Kellay*, J. Meunier*, B. Binks**
*Laboratoire de Physique Statistique de I'ENS,

24 rue Lhomond, 75231 Paris CEDEX 05 FRANCE
**School of Chemistry, Hull University,
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The thermal fluctuations at a mesoscopic scale of a monolayer at a liquid interface are

studied by multiple surface light scattering techniques. The bending elastic modulus K of the
monolayer is measured. K is an important parameter in theories of phase diagrammes of oil-
water surfactant mixtures. We have measured K as a function of the length of the surfactant

molecule and the length of the oil molecule.
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Observation of first -,rder phase transitions in Langmuir monolayers

without fluorescent probes

S, Henon, J. Meunier
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24 rue Lhomond, 75231 Paris CEDEX 05 FRANCE

For the last decade, some first order phase transitions in Langmuir monolayers have
been the subject of much experimental work, as a result of the introduction of a new
experimental technique, fluorescence microscopy. The drawback of the method is the
introduction of fluorescent impurities in monolayers. First, these impurities can change the
growth and the shape of coexitence phase domains. Secondly, some first order phase
transitions are difficult to study by this method, the fluorescent impurities having a low
solubility in the two phases.

We have built a microscope based on the properties of the Brewster angle to visualize
the first order phase transitions in Langmuir monolayers without adding any impurities., We
present preliminary results obtained with this microscope.
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INVESTIGATION OF THE PHASE TRANSITIONS AND ANISOTROPY OF BEHENIC ACID

AT THE AIR-WATER INTERFACE BY ELLiPOMETRY

Michaela Paudler, Jens Ruths, and Hans Riegler

Institut fur Physikalische Chemie, UniversitAt Mainz, Welder Weg 11, D-6500 Mainz

Langmuir monolayers of behenic acid at the air-water interface have been studied by
null ellipsometry. In a series of isothermic and isobaric measurements the anisotropy and

the phase behaviour of the monolayer have been investigated. The ellipsometric data have

been analyzed by using structural data from x-ray measurements to minimize model
assumptions. It is shown that behenic acid monolayers are optically an;sotropic in the

S- and CS-phase and that this anisotropy can be quantified by analyzing data from

different phases..

It is also shown that ellipsometry is a formidable instrument to detect and study

phase transitions., The intensity minima for the determination of the ellipsometric angles
are significantly wider at phase transitions than in adjacent homogeneous phases due to

thickness and density variations. Thus temporal and local inhomogeneities can be evaluated.
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UV study on the Interaction of Amphiphiles Having

Heterocyclic Chromophore

eni Takehara, Kazuaki Isomura, and Hiroshi Taniguchi

Department of Applied Chemistry, Faculty of Engineering,

Kyushu University, Hakozaki, Higashiku, Fukuoka 812, Japan

We have synthesized many amphiphilic compounds having various hetero-

aromatic nuclei, as shown below, which exhibited different aggregation

structures in monolayer on water and LB film. The heterocycles are con-

sidered to play an important role in determining the structure of aggregat-

ion, depending on the attractive and repulsive force of each heterocycle

acting as multipole. According to our theoretical study on the electrostat-

ic multipole-multipole interaction using 2-dimensional crystalline model,

the most stable structure changes largely depending on the heterocycle in-

corporated into amphiphile.

C 12H250 OLIZ CO 2H

C= ) 0 - N
1 2 1 4 5- 2

Here, we report our results aimed to confirm our theoretical study by

obtaining informations on the structures of aggregation of monolayers by

UV spectroscopy.

Among the amphiphiles studied in this investigation, most intriguing

results are UV spectra of the monolayers of pyrimidine derivatives 5, 6,

and their 1:1 mixture. The amphiphile 5 formed a expanded monolayer on pure

water, whereas the other pyrimidine derivative 6, having reversely directed

pyrimidine ring, formed closely packed but very unstable monolayer.

However, more closely packed and stable monolayer was formed, when these

two amphiphiles were mixed in equimolar ratio. The spectrum of the mixed

monolayer did not coincide with the sum of that of each component, and Amax

of the mixture was observed at shorter wavelength than those of 5 and 6.

These results support our calculation showing stabilization by mixing by

more than 30 kJ/mol.

The UV absorption spectra of monolayer of the other compounds and mix-

ing systems will be also discussed in this presentation.
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THERMODYNAMIC STUDY ON PHASE TRANSITION IN MIXED MONOLAYERS OF
CHOLESTEROL, LECITAIN AND LITHOCHOLIC ACID

G&lvez-Ruiz M.J. and Cabrerizo-Vilchez M.A.

Biocolloids and Fluid Physics Group, Department of Applied Physics

University of Granada

For mixed monolayers of cholesterol, lecithin and lithocholic

acid the surface-pressure has been measured as a function of

molecular area at various compositions and temperatures. The

liquid-expanded (LE)/liquid-condensed (LC) phase transition takes

place over a wide range of monolayer compositions. The cholesterol

monolayers are of the condensed type, but they become gradually

expanded as the composition of lecithin or lithocholic acid

increases. As expected the transition surface-pressure increases

as temperature increases. From the temperature dependence of the

transition surface-pressure tha apparent molar entropy, enthalpy

and internal energy associated with the phase transition have been

calculated. The contribution of lecithin and lithocholic acid

molecules to the phase transition are not equivalent. The

condensing effect of cholesterol on lithocholic acid is more

pronounced than that the lecithin on this bile acid.
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2D MOLECULAR ENGINEERING OF AMPHIPHILIC DITHIO TTF

DERIVATIVES.

A. RUAUDEL-TEIXIERa, M. VANDEVYVERa, A. BARRAUDa, P. DELHAESb, E. DUPARTb,

J.P. MORAND c, I. FAVIERc. T. ALBRANDc

a CEA/Service de Chimie Moldculaire, BAt 125, CE Saclay 91191 Gif sur Yvette Cedex (France)

b CNRS/CRPP, Avenue Schweitzer, 33600 Pessac (France)

c ENSCP Bordeaux, 351 Cours de la Liberation 33405 Talence Cedex (France).

Two dithioTTF derivatives (labelled I and II) have been designed and synthesized in

order to organize the macrocycles parallel to the air-water interface and subsequently to the

substrate. The ultimate goal is to perform molecular recognition and to create intermolecular

chemical bonds through the surrounding functional groups (as for example H bonds and S...S
interactions).

Compound I is intended to be ordered as a 2D pavement in the polar planes.

Compound II is intended to make the same 2D arrangement in the hydrophobic plane

between two sequential m~olayers.

COOH COOH
"t -OOCH-Sr ) SsSS.co

KC-MH )HC-S5-C- (cN.n-CM,
HC-'WCHJ-HC-Sr ' Sa $-Ot- (CHnM-CK, HOCfXH- S $S SPCn-.-CO0H

COOH CO4OH

I (n = 19) II (n = 21)

The synthesis of molecules I and II have been achieved by the condensations of

respectively a bromo docosanoic acid, and w bromo tricosanoic acid on a precursor of bis thio TTF

i.e. the zinc romplex of 4.5 dimercapto 1.3 dithiol 2 thione (dmit). The amphiphilic thione is then

worked up with slight modifications of the solvents as already described for the thione coupling

processes.

The two molecules have been studied at the air water interface and transferred onto

substrates. The area per molecule is in favour of a macrocycle lying flat on the water.

Visible and infrared spectroscopies are in progress to characterize the molecular

organization in the obtained LB films,
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THE IYP1LU,.CE OF CHBLICAL MODIFICATION OF LE0IaHIN

:.OL,.CULS ON -TH DIPOLE AND SURFACE COOPONNTS OF
BOUNDAi.Y POTETIAL Ili OiOLAYRS

Gevod V.S., Ksenzhek O.S., Reshetnyak I.L.

Institute of Chemical Technology, Dniepropetrovsk, U6SR.

Lecithin was chemically modified by substitution of CO-

;,roup for CH2-.roup in one or another or in both hydrocarbon

chains. This way 1-palritoyl-2-hexadecylphosphatidylcholine

(PHPC), 1hexadecyl-2-palmitoylphosphatidylcholine (HPIC) and

dihexadecylphosphatidylcholine (DHPC) were prepared. Lionolay-

ers of all these substances on subphases of various ionic com-

position were studied.

The anal.jsis of isochoric curves of boundary potential of

HliC and HiPC monolayers upon the - of the subphase showed

that sub '- izuti.on of one carbonyl oxygen deminishes the bounCta-

ry potentuial of the close-packed Ionolayers at pH 6 y 1-13,,
-V a-- compared .ith that of native lecithin.

,rhn tn.o oxyen atoms are substituted the decrease of the
potential is mo.e sufficient and reaches approximna;ely iSC'-

-20 mV.

C- aJ".aiie subpioases the monolayers formed from native
l0c4thin anU its derivatives with one substituted oxygen -;ere

found to she. aoalous dependence of upon pH. In these

cases on the ' -;H cur-,es an extreme at pH 10 exists. The

effec-t :as not obser ved in the case of lipid films in v I o'

1 _ Ues -:e bol.., carborlyl :roups were substituted.

The effect of variability of che boundary potential of na-

tive and .-o &i_ lecithin moliolayers depends upon the pacla.e

censity of lipid molecules and the ionic composition of sub-h-

ase. Th s^ct my b3 explained by the chan.e of conf-or,!a on

off the hea -olar roups of lipid molecules.
The riental data were analyzed on the base of 5enie-

ra'yzed Guy-Stern model. The isoelectric points of the .onola-

yeis and the values of pK of ionization of phosphate and choli-

ne fra -ments as ,0 as pK values of adsorption of cations

,iere obtained.
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LANGMUIR MONOLAYERS FORMED BY MESOGENIC MOLECULES AND

TRANSLATIONALLY ORDERED MESOPHASES WITH AMPHIPHILIC DOPANTS:
A COMPARATIVE STUDY.

L.N.Lisetski, L.A.Batrachenko and I.P.Krainov
Institute for Single Crystals,60 Lenin Ave.,310001,Kharkov, USSR

A number of similarities are often noted between Langmuir
monolayers and liquid crystals, with molecular ordering in both
cases governed by subtle equilibria between anisotropic forces
of intermolecular cohesion and steric repulsions determined by
geometrical factors. In this report we present two closely
related data sets on (a) typical amphiphilic substances in
mesophases with layered structures, and (b) typical mesogenic
substances forming Langmuir monolayers.

The most interesting result of the first set was a rather
unexpected fact that non-mesogenic aliphatic acids (e.g, stearic
or undecanoic) did increase the thermal stability of the
smectic-A phase of 4-alkoxy-4'-cyanobiphenyls, which could be
understood in terms of steric factors.

Using the pressure-area diagrams of the same series of
aliphatic acids measured in a parallel set, values of the
relative smectic-A to nematic transition temperature increase

Tc and of the collapse pressure cr0011 were plotted
versus the fatty acid alkyl chain lenghth n In both cases the
curves had strikingly similar behaviour, passing through a
maximum at n = 16 - 18. With shorter chains, increase in n
led to enhancement of both smectic and Langmuir layer-forming
properties; with longer chains, effects of high
conformational mobility begins to prevail, mesophase stability
decreases, and collapse precedes LC monolayer transition.

Our next focus of attention were Ti" - A diagrams of mixed
monolayers comprising 4-alkyl-4'cyanobiphenyls and aliphatic
acids. Relative monolayer stabilization regions could be seen
on the isotherms, suggesting molecular packing patterns
similar to those assumed for the induced smectics formed by
the same components.
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Incorporation of Non-amphiphilic Compounds into Host-monolayers

Wolfgang Cordroch and Dietmar Mobius

Max-Planck-Institut fUr biophysikalische Chemie

Postfach 2841, Am Fal3berg, D-3400 G6ttingen, FRG

Monomolecular and Langmuir-Blodgett films normally are built up

using compounds that consist of hydrophilic and hydrophobic parts. The

lack of a polar headgroup hinders the formation of stable monolayers at

the gas-water interface., Substances without a hydrophilic part, like alkanes,

alkenes and aromatic compounds, form drops or microcrystallites upon

spreading. Such with only little polar parts, like halogenated alkanes or

heteroaromatic molecules, upon compression form multilayers of indefined

thickness. We have prepared stable and transferrable monolayers with a high

fraction of noA-amphiphilic compounds.

The molecular arrangement of the mixed monolaye'rs of non-amphiphilic

compounds and octadecylmalonic acid as host molecule at the gas-water

interface has been studied by measuring surface pressure/area and surfa-

ce potential/area isotherms, including hysteresis and relaxation measure-

ments at different constant surface pressures in order to examine the

stabilt% of the mixed monolayers., Halogen alkanes are incorpoated com-

pletely into the host matrix. In contrast to terminally substituted fattN

acids (I, 2> the halogen atoms are oriented in the direction of the polar

headgroups of the host molecules, as deduced from surface potential

measurements. From the hysteresis measurements we conclude that the

non-amphiphiles are incorporated into the monolayer without an) squee-

zing-out, a behaviour which unsubstituted alkanes for example do not

show. The mixed monolayers can easily be transferred to a solid substrate

like platinum, which we used to prove complete transfer by surface po-

tential measurements.

t M.K.Bernett, W.A.Zisman. J.Ph)s.Chern. 67 (1963) 1534

2., M.K.Bernett. N.Jarvis, W.A.Zisman., J.Phis.Chem.. 68 (1964) 3520
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ORDERED DOMAINS IN A LANGMUIR MONOLAYER:
STRUCTURE, GROWTH AND NUCLEATION

P., Muller, F. Gallet. - Laboratoire de Physique Statistique de l'Ecole Normale Supdrieure -
24, rue Lhomond - 75005 Paris - France - Tel (1) 43 29 12 25 p. 35 01

We investigate the phase transitions and the structure of ordered phases in a Langmuir
film made of fluorescent amphiphilic molecules, deposited at the free surface of water. Our

Langmuir trough allows simultaneous observation of the film and dynamical measurements
of the surface pressure. The optical properties of the ordered domains and their behaviour
during growth or at equilibrium give information about the structure of the phase and its
anisotropy. In the case of pure NBD-stearic acid, we observe a frst order transition between
a liquid phase and a solid anisotropic one, organised in bright elongated needles. Their shape
is related to the existence of a long-range orientational order of the molecular dipoles, as

shown by light absorption experiments. A calculation of the ordered/disordered line energy,
based on interactions between electrostatic dipoles, leads to such an elongated shape and
agrees with our measurements., In a growth experiment, we simultaneously record the
growth of the needles and the relaxation of the surface pressure towards equilibrium. The
longitudinal growth velocity of the needles is proportional to the overpressure, like for a
rough unidimensional interface. The growth mechanism seems different in the transverse
direction., We also measure the nucleation rate of solid domains under a given overpressure,

and show that the nucleation is homogeneous. This experiment gives a direct measurement of
the average interface energy between the two phases at the transition <X> = 5 10-7 erg/cm.

This is in agreement with the value estimated from the dipolar interactions model. We also
measure and discuss the influence of the temperature and of controlled impurities on this

surface energy.

1 - H. Bercegol, F., Gallet, D. Langevin, J. Meunier, J. de Physique 50, 2277 (1989),
2 - P. Muller, F. Gallet, to appear in J. Phys. Chem., 15th april 91.
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LB-FILMS OF NLO-DYES WITH CHIRAL CENTRES

IN MATRICES OF AMYLOSE-ESTERS.

11 2
Monique A.Schoondorp , Arend Jan.Schouten , Jos B.E. Hulshof

Ebe2 2
Ebe P.Schudde and Ben L.Feringa

1) Department of Polymer Chemistry, University of Groningen,

Nijenborgh 16 9717 AG Groningen, The Netherlands.

2) Department of Organic Chemistry, University of Groningen,

Nijenborgh 16 9717 AG Groningen, The Netherlands.

Langmuir Blodgett films of amylose-esters are used as a matrix for non

linear optical active molecules. The structure of the matrix has

investigated before (1) and the structure of the mixtures of NLO-active

dyes in LB films is Investigated now.

A new class of NLO dyes with chiral C-atoms is used to create an

interesting NLO-system with molecular asymmetry incorporated in LB layers.

Mixtures of the dyes with the polymers with different ratios were spread

onto the water surface., The mixtures between the dye and the polymers show

stable monolayers whereas the pure dye li - did not.

From FT-IR- and UV spectroscopy as well as irom optical microscopy it was

clear that there was no two dimensional mixing on a molecular level. From

the known theory of two dimensional mixing this could not be expected (2).

By increasing the dye content to a certain ratio crystallites are formed

and these can be observed by the afore mentioned techniques. From SHG

experiments it turned out that in certain systems the effect of the chiral

C-atom can be detected when the system is irradiated with high laser power

inputs. The effect of the asymmetric c-atom is estimated to be ± 10% of

the effect of the fzzz of the molecule.

References

(1) M.A.Schoondorp, E.J.Vorenkamp, A.J.Schouten Thin Solid Film vol.196

(1990) p?

(2) G.Gabriblli et al, J.Colloid Int Sci. vol.267 (1989) p 237.
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LANGMUIR-BLODGETT FILMS OF FLUORINATED POLYMERS
FOR NONLINEAR OPTICS

H. siun_., J. Rodriguez-Parada, R. Beckerbauer, M. Kaku, and W,
Tam, Central Research and Development, Du Pont Company,
Experimental Station, Wilmington, DE 19880-0356, U.S.A.

Noncentrosymmetric Langmuir-Blodgett (LB) films are
potential media for second-order nonlinear optical (NLO)
processes such as second-harmonic generation and linear electro-
optic effects. In addition to being amphiphilic, molecules
designed for such applications must possess large nonlinear
polarizability - usually by including a donor-acceptor-
substituted conjugated group. The overall NLO response of a LB
film depends on the degree of the polar alignment of the NLO
group in the multilayer structure, It is a common problem that
the polar orientational ordering tends to deteriorate both with
increasing number of deposited monolayers and with time.

From practical viewpoints, polymeric LB films may hold man,

advantages. However, with few exceptions, previous research
activities aimed at the above applications were focused
primarily on monomeric materials. Here we report nonlinear
optical LB films of a series of polyacrylates and polyoxazolines
that contain side groups terminated by hydrophobic
perfluorocarbons, either linear [e.g. CF3(CF2)n-; n = 5 to 9) or
branched [e,.,g, [(CF 3)2CF] 2C=C(CF3)-]. The polymers are divided
into two categories: polymer A containing NLO side groups [e.g,
CF,(F 2)SO-Ph-NR- and polymer B exhibiting only a weak
optical nonlinearity. Alternate Y-type deposition of a polymer A
and a polymer B yields noncentrosymmetric LB films that exhibit
second-order optical nonlinearities. Optical second-harmonic
generation (SHG) is used to characterize the optical quality ani
the temporal stability of the LB films. For films comprising up-
to 50 AB-bilayers, the SHG intensity displays an expected
quadratic increase with the number of bilayers. Excellent in-
plane optical uniformity is also seen in all of the LB films i:
the series, Furthermore, the polar alignment in the films, as
revealed by SHG, has remained stable for months.

In the present study, we have demonstrat.ed two possible
ccutes for improving optical quality and stability of nonlinear
optical LB films: the exclusive use of polymers, and the
incorporation of fluorocarbon groups for hydrophobicity.
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Theoretical Study on the Effect of Heterocycles

Reinforcing the Layered Structure

Kazuaki :scmura,, Kenji Takehara, and Hiroshi Taniguchi

Department of Applied Chemistry, Faculty of Engineering,

Kyushu University, H-akozaki, Higashiku, Fukuoka 812, Japan

Recently, we found replacement of one benzene ring in 41-dodecyloxy-

biphenyl-4-carboxylic acid -1 with pyrazine ring caused remarkable improve-

ment of the stability of monolayer: The monolayer of pyrazine derivative a.

could be alternately deposited with that of arachidic acid to form hetero Y-

type LB3-film showing strong second harmonic generation.

Comparison of- the 9t-A

isotherms of amphiphiles, Table. Stabilization Energies of mono-

havig pyazin (~, pyriin .Layers at an Area of 0.25 nm /molecule.

~ ..pyrimid ine (5, L) and Compound kJ/mol

ovricazine (7), suggested the ___________________

electrostatic multipole-multi- CH250 - \ C02H 1 0.0
pole interaction between: posi- 1 25*2

ci've and negative charges onN\
C12 H25 O C 2 H 2 -14.8

C- and !I-atoms, respectively,N
would play an important role C220C02H-.

in stab-'lizing of monolayer. DA2 H 2 5 O C O 2 - 1.

jr order to estimate the sta-

C 2 H 2 5A C 2 H 4 -7.4
bilities of the monolayers,A
the electrosta:tc interactions N6.
by each molecule surrounding 6.50- - #C2

one molecule in all the pos- N

sible 2-dimensional' crystal- C 2H 25  % C 2H 6 -.

'line models were calculated

uig the electron density C12 25O(C 2  7 -3.

obtained by PPP-SCF method, .

Summation of the energy contributions from the nearest ca. 500 molecules

gave good convergence (0.005 kJ/mol), and the results are shown in the Table.

The energies calculated well explained 2 and 7 formed closely packed stable

monolayers and j and k did not,~

These results demonstrate el'ectlrostati-c Thcneract-ion using 2-dimensional

model would serve as a auideline for the mol'e:-;lar design of amphiphiles.
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Excitation Energy Transfer between J-aggregates

of Cyanine Dyes in LB Films and Lipoanes

Tomo Sato, Yoshiro Yonezawa, Hiroyuki Kurokawa,
Mitsunori Kurahashi, oshio Wada and hoshio Tanaka

Depar~tent of Industrial Chemistry, Faculty of Engineering, Kyoto University,
Kyoto 606 (Japan); # Department of Chemistry and Materials Technology,
Kyoto Institute of Technology, Kyoto 606 (Japan)

Although membrane systems containing J-aggregates of plural kinds of
cyanine dyes are interesting for the study of migration of excitation
energy among moleculai crystals and aggregates, there have been few works
on this subject. In this study, we have prepared LB films and liposanes
incorporating two J-aggregates at the membrane surface and examined their
luminescence properties, i.e., quenching and sensitization of resonance
fluorescence (RF).

Four cyanine dyes; 1 , 1'-diethyl-2,2'-cyanine chloride or iodide (dyeI),
5,6,5',6'-dibenzo-1 ,1 '-diethyl-2,2'-cyanine chloride (dyeII), 5,5'-dichloro-
3,3' -dietbyl-9-phenylthiacarbocyanine chloride (dyeIII), 3,3' -dimethyl-9-
phenyl-4,5,4', 5' -naphthothiacarbocyanine chloride (dyeIV) and matrix
compounds; arachidic acid (C20), L-a-dimyristoylphosphatidylcholine (DMPC),
jicetyl phosphate (DCP) were employed. A chloroform-methanol solution
containing C20 and two kinds of dyes were spread at the air-water interface
and the monolayer was compressed to 7r=40 mN/m and then transferred to the
quartz plate by vertical deposition method 1 ). IPC:DCP liposanes were
prepared in a conventional manner and added to the dilute solution of these
dyes to adsorb them at the surface2 ).

Fig.! showed absorption and fluorescence spectra of (dyeIl+dyeIII)/C20
layer at the air-water interface and on the quartz plate. Two sharp
J-bands due to aggregates of dyeII (X=602nm) and dyeIII (X=667nm) were
observed, together with RF at \=606nm (dyeII) and X=670nm (dyeIII). RF
intensity of dyeII aggregate was weak and that of dyeIII aggregate was
strong, due to excitation energy transfer from dyeII to dyeIII. Although
quenching and sensitization of RF were observed when two J-aggregates were
adsorbed at the same liposamal surface, the quenching efficiency of the RF
of dyeii aggregate was higher than that in the LB film (Fig.2). Increase
in the dyeiII concentration at the liposaral surface as well as in LB films
brought about enhancement of the efficiencies of both quenching and
sens:-ization at the beginning. However, the efficiencies seem to attain
some saturation values at too large dyeIII concentration. These
observations indicate the importance of the excluded volume effect of dye
aggregates in the excitation energy transfer.

C

Fig. ikbs.(a,b) & FJu.(c) spectra of
" -" (dye17i-dye1I)/C20 layers. AJ

interface

,5 dyeIl:dyeIII:C202 1 :1:10 a. 1.

bc:LB fi m deposited on
I quatz plate (2x2)

.x40rn

-1qx.2-.," ~'Abs.la) & Flu.(b) spectra of
-. _ I I . dyelI:dyel11:aMPC:DCP ', -

, liposame solution.
.. / " / ', i [a V C ,- [D C P ) 4 . 1 x1 0 - 5 M

(dye . dye 8.6x0- 6 M --- -- ---5- --

"-av, e -nm cel) length "C e x=450nm Nave~e ' "

) Y.Yonezawa, T.Havashi, T.Sato and H.Hada,Thin Solid Films,180,167( 1 98 9 ).
2) T.Sato,Y.Yonezawa and H.iHada, J. Phys. Chem., 93,14 (1989).
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SHARP Corporation, Tokyo Research Laboratories
273-1 Kashiwa, Kashiwa-shi, Chiba 277 (Japan)

Spiropyran derivatives shown in Fig. 1 were studied on
their spectroscopic properties in the states of a monomolecular
layer at the air-water interface and of a multilayer as the
Langmuir-Blodgett (LB) film. The optical spectra in the LB
films of SP18OH and SP147 changed on exposure to UV light or on
heat treatment. The UV-Visible and IR spectra suggested the
formation of intermolecular hydrogen bond in the J-aggregate

(Xmax=638nm) for SP18OH and the H-aggregate (Xmax=560nm) for
SP147, respectively. The half-decay time (560min) of the J-
aggregate to the spiropyran (SP) form was found to be longer
than that (135min) of the colored monomeric photomerocyane
(PMC) form to the SP one. Above results revealed that the
intermolecular hydrogen bond between neighoring PMC molecules
was formed through thier hydroxyl groups and phenoxide groups
in the open-ring form.

SP8Cl with no capability of hydrogen bonding showed the

J-aggregate (Xmax=652nm) at the monomolecular layers compressed
higher than 20mNm -1 . On the other hand, the molecule was found

Cto be deposited under UV Jight
irradiation as a H-aggregate
(max=495nm) in the LB films,

Thus, a head-to-tail structure
N 3 'P -N02 seems to change a side by side

X structure during deposition. The

× H-aggregate was disintegrated with
life time of 40min, being longer

SP147 OH than the half-decay time of 15min

sP18cI CH2CI from the PMC to the SP form at
25'C in the dark.

Figure 1

This work was performed under the management of the FED
(the R&D Association for Future Electron Devices) as a part of
the R&D of Basic Technology for Future Industries supported by
NEDO (New Energy and Industrial Technology Development
Organization).
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SECOND HARMONIC GENERATION IN LANGMIUR-BLODGETT MULTILAYERS

OF STILBAZIUM SALT POLYSTYRENE

Liying Liu, Jiabiao Zheng, Wencheng Wang, Zhiming Zhang

Lab of Laser Physics and Optics

Yi Fang, Fenggang Tao, Linxiao Xu

Department of Chemistry

Fudan University, Shanghai 200433, P.R.China

Abstract

The fabrication of nonlinear optical devices of organic

materials using Langmiur-Blodgett(LB) techniques has attracted more

and more interest these years. We have studied a stilbazium salt

derivative with second order molecular polarizability to the order

of magnitude of 10 2 e.s.u, which was first reported by D.Lupo et

al in 1988. Recently polymers have been widely studied as LB film

materials for improving the film stability. We synthesized a

stilbazium salt polystyrene as a pre-polymerized material for LB

film study.

Surface pressure-molecular area isotherm of the stilbazium

salt polystyrene and the stability on water surface were studied,

which showed that this material could form stable monolayer on

air-water interfaces. The intensity of second-harmonic signal of

monolayer on glass substrate was measured in transmission. It was

found that this material had relatively high second order molecular

polarizability.

Multilayers of the stilbazium salt polystyrene of Z-type and

Y-type alternated with arachidic acid were fabricated and the

enhancements of the second-harmonic signal with the number of

monolayers were studied, which showed that this kind of material

might be promising for applications in nonlinear optical devices.
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ELECTRIC FIELD POLING OF COMPOSITION

MODULATED POLYMERIC FILMS

T. Morita*, B. G. Higcinst, A. Knoesen, and S.T. Kowel

Department of Chemical Engineering

and

Organized Research Program on Polymeric Ultrathin Films

University of California, Davis 95616

The microstructure of a film can be controlled by depositing
alternating monomolecular layers of material of known thickness
and composition to form a composition modulated film. In this
paper, a NLO polymer layer was alternated with an optically inert
glassy polymer. The thickness and composition of the film were
then varied systematically to study the effect of film
microstructure on the magnitude and stability of the second order

-NLO properties.
A coumarin dye substituted polymer, poly(methylmethacrylate-

co-coumaromethacrylate) [P(MMA-CMA)] was used as a NLO material.
The optically inactive spacer material was poly (isobutyl-
methacrylate) [PIBMA]. Composition modulated films were prepared by
the Langmuir-Blodgett technique. Second order nonlinear properties
were induced in the films by corona-onset poling at an elevated
temperature. Optical properties were measured by UV-VIS
spectroscopy and second harmonic generation (SHG).

Composition modulated films were prepared by spacing the NLO
monolayers with PIBMA. Each sample had a specific number of
spacer layers between each NLO layer. The number of NLO monolayers
were held fixed at 5. For comparison, homogeneous films were
prepared by depositing LB monolayers of PIBMA/P(MMA-CMA) mixture
maintaining constant number of NLO molecules.

Results show that under constant poling conditions, (I)
chromophore orientation increases with increasing PIBMA
concentration to an upper limit; and (2) at high chromophore
concentration the chromophore orientation in modulated films is
enhanced over homogeneous films. Stability measurements show that
SHG intensity for both composition modulated and homogeneous films
stabilize after 10 days at values of 60-80% of the initial values.

* On leave from Sony Corporation.

t To whom correspondence should be addressed: Department of
Chemical Engineering, University of California, Davis, CA 95616.
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QUANTUM EFFICIENCIES OF PHOTO-ELECTRIC CONVERSION OF

TRIAD MOLECULAR PHOTODIODES

M. SAKOMURA and M. FUJIHIRA
Department of Biomolecular Engineering, Tokyo Institute of Technology,

4259 Nagatsuta, Midori-ku, Yokohama 227, Japan

In previous reports, it was confirmed that a gold optically transpar-

ent electrode (Au OTE) modified with an LB monolayer containing the "lin-

ear" type A-S-D triad molecule acted as a molecular photodiode and the

observed photocurrent efficiency was much higher than that of the "folded"

type S-A-D triad molecule.1'2 ) On the Au OTE, however,the photoexcited

state of the pyrene moiety might be partially quenched by energy transfer

to the metal substrate3 ) and the photocurrent efficiency was lowered. It

is, therefore, strongly desired to observe the photocurrent of the triads

deposited on transparent and nonquenching electrode material for determina-

tion of the intrinsic quantum efficiencies.

In this report, we will describe the photocurrent quantum efficien-

cies, which were calculated from the photocurrents of the monolayer modi-

fied SnO2 OTE and the absorption spectra of LB monolayers on quartz, for

triads and the reference compounds shown in Fig. 1. These results indicate

that the more preferable spatial arrangement of A, S, and D moieties were

attained in "linear" triad than in "folded" triad.

The q ntum efficiencies for the systems containing hydroquinone in

solution wi. be also described.

SAD C11 SAD C16 A-S-D A-S-D-

0 0

ecylA-S-D- PeryASD A-S C5

A-S C16 A-S- -s-

Fig. 1. The structures of the folded and linear triads and their reference

compounds.

References

1) M. Fujihira and H. Yamada, Thin Solid Films, 160 (1988) 125.

2) M. Fujihira and M. Sakomura, Thin Solid Films, 179 (1989) 471.

3) Hi. Kuhn, D. NMbius. and H. BUcher, in A. Weissberger and B. W. Rossiter

eds., Techniques of Chemistry, Vol. 1, Part 3B. Wiley, New York, 1973.
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PHOTO-AMPLIFIED STORAGE OPTICAL MEMORY WITH POLYION

COMPLEXED PYRENE LB FILMS

M. FUJIHIRA and T. KAMEI
Department of Biomolecular Engineering, Tokyo Institute of Technology,

4259 Nagatsuta, Midori-ku, Yokohama, 227 Japan

The LB films of photochromic material have been studied recently as

possible high density information storage media. In this laboratory,

however, the more sensitive information storage LB films have been de-

veloped by utilizing rapid quenching of the fluorescent LB films of pyrene

derivatives by the photo-oxidative products. Previously1 ), we reported the

monolayer properties of newly synthesized pyrene amphiphilic derivatives,

i.e. DPHA and HPDA, in which the pyrene moiety is located not at the end

but in the middle of the alkyl chain of fatty acid. The structures of

these compounds are shown in Fig. 1. But the homogeneity of the surface

concentration of the pyrene moieties in the LB films, i.e. that of the

luminescence intensity observed by a fluorescence microscope was not enough

for high density information storage.

In this study, we will report the improved properties of the pyrene

LB films by polyion complexation with a water soluble cationic polymer,

i.e. an ammonium form of polyallylamine (PAA).
The amphiphilic pyrene derivatives were synthesized by the previous

method') and PAA was obtained from Nitto Boseki Co. 2 )

Fig. 2 shows clearly the improved n - A isotherm on PAA compared with

that on Ca2+. Fig. 3 shows a fluorescence micrograph of the HPDA-PAA LB

film irradiated by N2 laser through a standard photomask. High homogeneity

in the film and high resolution of the photo-oxidatively quenched fluores-

cent pattern were clearly seen.

Fig. 1 -c.2 - ,_/

HPDA (n= 6,i10)
DPHA (n= 10,m=6O 1

WDA (jHI4WS

Fig. 2 j,
t .C

0 U 0.2 0.3 0.4 U. Oi

References
1) M. Fujihira, T. Kamei, M. Sakomura, Y. Tatsu, and Y, Kato, Thin Solid

Ftims, 179, (1989) 485.
2) K.Nishiyama, M.Kurihara, and M.Fujihira, ibid., 179, (1989) 477.
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SECOND-HARMONIC GENERATION FROM MIXED LANGMUIR-BLODGETT
FILMS OF N-ACYL-p-NITROANILINE AND ITS HOMOLOGOUS AMPHIPHILE

Y. Miyamoto, K. Kaifu, T. Koyano, M. Saito, M. Kato and K. Kawamura
Research Laboratory, Oki Electric Industry Co., Ltd.

550-5, Higashiasakawa Hachioji, Tokyo 193, Japan

Second-harmonic generation (SHG) has been observed from mixed
Langmuir-Blodgett multilayers of N-acyl-p-nitroaniline (CnANA) and p-
alkylaminophenylacetic acid (CmAPA). The molecule CnANA is expected to
have efficient second-order nonlinearity because of the large molecular polariza-
biity of p-nitroaniline, and the homologous amphiphile CmAPA contributes to
homogeneous mixing with CnANA due to interlayer hydrogen bonding between
them. Typical mixtures of C18ANA and C18APA (the molar ratio of 1 ':' 1)
formed stable monolayers on water and were easily transferred onto
hydrophobically-treated substrates with a high dipping speed of 10 cm min 1

The dep,sited films up to 300 layers were transparent in the visible-spectrum
region without any disturbance.

The SHG has been observed from Y-type films with large anisotropy of the
SH intensity to the dipping direction, Further, the SH intensities were strongly
affected by the alkyl chain lengths of the mixing components. In order to investi-
gate the mechanism of the SHG from Y-type films, we prepared hetero-structural
films of which SHG-active layer(s) are sandwiched between inactive layers such
as fatty acids and measured the dependcnice of the SH intensity on an incident
angle of laser light. As a result, a hetero film with one active layer showed a
inipirnum intensity at normal incidence. In contrast, a hetero film with two
active !ayers showed a maximum intensity at normal incidence. This result sup-
pori s the "herringbone"-like structural model1 of inclined molecules for a non-
,-entrosymmetric, structure in the Y-type film.

cH3(c.2..aC N NO2  CnANA

0 -

CH3(CH2)m.IN CH2COOH CmAPA

,) . Decher, 1., Til., C. Bosshard aHd P., Gater, 1. Chem. Soc., Chem. Commun., (1988)933.
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STUDIED BY HOLE BURNING

F. Adamec, M. Ambroz, iP. Balog, 2E. Brynda, J. Dian, M. Vacha and

J. Hala

Department of Chemical Physics, Faculty of Mathematics and Physics,

Charles University, Ke Karlovu 3, 121 16 Prague 2

'Institute of Physics, Charles University, Ke Karlovu 5, 121 16 Prague 2

2Institute of Macromolecular Chemistry, Czechoslovak Academy of Sciences,

Heyrovskeho nam. 2, 160 00 Prague 6, Czechoslovakia

Persistent spectral hole burning spectroscopy was applied on free base

and central metal phthalocyanine Langmuir-Blodgett films (LB Pc) to study

the frequencies of normal vibrations (FNV), homogeneous width of optical

transitions (F ho) and hole burning mechanisms. F om was determined from

the hole widths (6 ) of zero phonon hole (ZPH) measured within the short
HB

burn time limit in fluorescence spectra. The observed ZPH was accompanied

with a blue shifted antihole and red shifted phonon wing. This phenomenon

indicates nonphotochemical hole burning mechanism. Moreover, a set of red

shifted off-resonance holes appearing on particular FNV was observed.

These FNV were compared with data observed on isolated pigments in solid

solutions and polymere foils by means of low temperature fluorescence

spectroscopy and Raman scattering. The parameters of ZPH reflect

relaxation dynamics of the first excited singlet state in both LB films

and isolated molecules. All these effects were studied with respect to

the role of the central metal in tetrapyrole ring. Furthermore, the

influence of the burning wavelength tuning on ZPH parameters as well as

hole burning kinetics provide complete picture of hole burning

mechanisms.
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Charles University, Ke Karlovu 3, 121 16 Prague 2, Czechoslovakia
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Heyrovskeho nam. 2, 160 00 Prague 2, Czechoslovakia

The close contact of neighbouring highly organised dye molecules in

Langmuir-Blodgett films (LB) results in strong aggregation effects and

fast excited energy transfer (EET) between them. The molecular

organisation in LB films can be a model for photosynthetic antenna, where

the tight fixation of particular chlorophyll molecules is established in

large pigment protein complexes. The fast EET provides significant

quenching of the fluorescence together with a deacreasing of the effective

dephasing time T of the first excited singlet state. This T value can be2 2

directly determined from fluorescence lifetimes T and also from
F

hcmogeneotis width F of the particular optical transitions. F ho can be
rmror

determined experimentally from the width 6 of zero phonon hole (ZPH)
KB

burned into Low temperature fluorescence spectrum. To avoid the broadening

of 6 due to thermal heating and spectral diffussion during burningHE

rocedure a set of different fluence experiments was performed. The 6KB

observed in isolated phthalocyanines was approx. two orders narrower than

that in LB films. This broadening was explained due to fast EET between

neighbouring molecules in LB film. Different geometrical arrangements of

mole,,ules in LB iilms, molecular layers (prepared by other techniques) and

Stz)o photosynthetic antennae versus that of isolated molecules in solid

solutions (reflected e.g. in various 6 temperature dependences) provide
mB

excelent models for both theoretical and experimental studies of ET,
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LANGMUIR-BLODGETT-MULTILAYERS FROM POLYMERS FOR LOW LOSS PLANAR-
WAVEGUIDES

W. Rickel, G. Appel, D. Lupo, W. PraB, U. Scheunemann
Hoechst AG, Frankfurt/Main, FRG

In the field of integrated optics LB materials are of
growing interest because of their variable layer architecture,
the exact control of thickness and the high nonlinear optical
coefficients especially for second order processes (1). For many
applications in integrated optics it is necessary to build up
multilayers of waveguiding thickness. This means that several
hundred monolayers must be transferred to a solid substrate.

Although the optical properties of thick LB-layers are so
important for applications very little work has been done on
this subject. The main problem for waveguides from LB-films is
the high optical loss, typically a 10 dB/cm for I = 633 nm
(2). The aim of our work was to fabricate thick LB multilayers
from preformed polymers under reproducible conditions with high
optical quality, i. e. low optical loss.

As discussed elsewhere (3), preformed polymers for LB
multilayers have interesting properties e. g. high mechanical
and thermal stability, low defect density. Therefore it should
be possible to prepare thick LB films with high optical quality.
For our experiments we used different vinyl polymers with the
following monomer unit:

CH.-( CH2 7 0 0 0 CH2\ f JII II I
N-C- CH-CH-c -  -CH 2 - CH2-O- C-C-CH/

CH3 - CH2

By varying x the conformat-onally order of the alkyl side chains
in the LB film can be influenced (3). Only LB films from
polymers with a short alkyl side chain which means low
conformationally order are stable and homogenous and therefore
the multilayers are interesting candidates for waveguiding.

LB multilayers (500 layers) from the polymers desribed
above were prepared on quarz substrates for waveguiding. The
anisotropic refractive index was measured using waveguide
spectroscopy at I = 785 nm, 633 nm and 442 nm. For optical loss
measurement a fiber method was used to detect the scattered
light which is proportional to the guided intensity in the film.
For 0,8 Am thick films the attenuation is quite low: 2 dB/cm
(I = 633 nm). In addition to the waveguide measurements the
samples were characterized by light microscopy to identify the
attenuation mechanisms.

(1) D. Lupo et al., J. Opt. Soc. Am. B., Vol. 5, 300 (1988).
(2) R. H. Tredgold et al., Thin Solid Films 151 (1987) 441-449.
(3) F. Embs et al., Adv. Mater. 3 (1991) 1, 25-31
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FROM p-NITROANILINE DERIVATIVES
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a Chemistry Department, UMIST, PO Box 88, Manchester, M60 1QD, UK
b Electrical Engineering and Electronics Department, UMIST, PO Box 88, Manchester, M60

1QD, UK
c Physics Department, University of Manchester, Manchester, M13 9PL, UK

Abstract

Theoretical and experimental contributions are described to a coordinated programme to design,
prepare and characterise LB films with high nonlinear optical activity.

The para-nitroaniline derivatives [DAN [1], CAP [2] and NPP [3,4] in single crystalline form
have been reported to exhibit encouraging conversion efficiencies for the frequency doubling of
laser radiation. Derivatives of these three compounds have been synthesized for the purpose
of preparing ordered, homogeneous, non-centrosymmetric thin films using the Langmuir-
Blodgett (LB) technique. The resulting materials incorporating the stearyl moiety SDAN,
SMAP and SNPP are all crystalline both as the powder and in the LB film form. Moreover,
frequency doubling of 1064 nm Nd:YAG radiation to 532 nm has been demonstrated for both
powders and LB films of these materials. These results are in marked contrast to those of
Tieke et al [5] for other para-nitroaniline compounds since in their case limited LB film-forming
capability was demonstrated with no frequency doubling. There are two aspects to the
modelling of these films, molecular dynamics simulations and molecular graphics
visualizations have been used to investigate their structure, and planewise lattice sums have
been used to investigate the collective non-linear optical response of different structures.

Examination of the three dimensional molecular structures reveals that they can be well
represented by the combination of a large single interaction site (the aromatic head group) and a
set of connected beads (the CH 2 groups on the hydrocarbon tail). We shall report the results
of molecular dynamics simulations which are being applied to examine monolayer and bilayer
films for these models of the p-nitroaniline derivatives. In preliminary work [1] we have
shown that 64 molecules per layer is a large enough sample to obtain accurate tilt angles for a
simple hydrocarbon monolayer. Of particular interest is the dependence of tilt angle on the
molecular structure and the area per molecule as well as layer separation and extent of
interdigitation of hydrocarbon chains in a Y-type bilayer. Such information is of fundamental
importance to accurate calculations of nonlinear optical properties and to the interpretation of
experimental data.. In addition, the nonlinear optical response of ordered films can be
calculated from the molecular hyperpolarizabilities, the molecular orientations and the local
electric fields in the layers. In turn the local fields depend on the sums of dipole interactions
between a molecule in one layer and all the molecules in that or another layer, sums which
decrease rapidly with the separation between layers. Calculations of these planewise dipole
sums have been performed for a series of close-packed model structures and detailed
calculations for tilted model structures will be presented.

Reftrenges

II . D.S. Bloor et Mi, J. Opt. Soc. Am. B., 6 (1987) 1013.
2. J.L. Oudar and R. Hierle, J. Appl. Phys., 48 (1977) 2699.
3. J. Zyss et al, J. Opt. Soc. Am. B., 4(6) (1987) 977.
4, J. Zyss et al, J. Chem. Phys., 74 (1981) 4800.
5 B. Tieke et al, Private Communication.
6 M. Hurst and R.W. Munn, J. Mol Electron., 2 (1986) 35.
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OF PREFORMED POLYMERS

T. Verbiest, C. Samijn and A. Persoons
Department of Chemistry, University of Leuven,
Celestijnenlaan 200 D, 3001 LEUVEN, Belgium

Copolymers of 4-[4-(2-hydroxyethyl)methylamino]phenylazobenzo-
nitrile-methacrylate (HEMAPAN) and dodecyimethacrylate (DMA) were prepared
and their monolayers at the air-water interface characterised by n-A
isotherms. The polymeric monolayers were transferred to a glass-substrate
by the LB-technique ; Z-deposition was observed.

Deposited mono- and multilayers of the HEMAPAN (16 mol%)-DMA
copolymer were characterised by dichroic UV-Vis spectroscopy and second
harmonic generation (SHG). From results obtained by both techniques the
average tilt angle of the NLO-active side groups (NLOphores) was obtained.
The SHG-measurements allowed the calculation of the hyperpolarisability of
the NLOphores in the copolymer. Compared to solution values of the
hyperpolarisability of 4-(4-(N,N-dimethylamino)phenylazojbenzonitrile the
hyperpolarisability in the copolymer is strongly decreased presumably due
to interactions between the highly polar NLOphores in the polymer. How-
ever, favorable orientation effects result in efficient SHG in the polymer
films. The SHG-efficiency can be improved by optimalisation of copolymeri-
sation ratios and/or distribution of the NLOphores in the chain. In
multilayer films a superquadratic dependence of the SHG-efficiency upon the
number of layers was observed.
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POLYMERIC MULTILAYERS FOR NLO-APPLICATIONS
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Universitdt Mainz, D-6500 Mainz, Germany

In Langmuir-Blodgett (LB) monolayers and multilayers, ampho-
tropic copolymers1 ,2 ) are powerful host systems for functional
low molecular weight guest molecules. Such copolymers even
enable the transfer of guest compounds not capable to self-
organize at the air-water interface by themself. This property
is particularly useful for the fabrication of LB-films of highly
polarizable NLO dyes like hemicyanins and nitrophenylhydrazones.,
The later dyes are of special interest since they exhibit high
second-order nonlinear optical susceptibility Xf2) and high
molecular hyperpolarizability P values without significantly
absorbing light at the second-harmonic wavelength 3). To achieve
high SHG signals strong donor and acceptor groups have to be
incorporated into the dyes. However, such a substitution pattern
often results in poor spreading and deposition properties.

I

-. \ . /I /-~ =x CH

CH2  4 OCH2 ---- ---- (''----CH 2-CH 1

HI, CH 3

10
HC- , /(CH 2)lSCH3

CH, \ 4CH2+0H 02N NH-=/ N 2

1 3,4 (CH 2)15 CH 3

1 X = H, N0 2

U; contrast 2:1 molar mixtures of the biphenylcopolymer 1 with
the nitrophenylhydrazones 2 form stable monolayers at room tem-
perature although the pure dyes do not. The mixtures can be
deposited as multilayers on various substrates, as demonstrated
by UV/Vis spectroscopy and by SAXS experiments. The nonlinear
optical properties of transfered monolayers of the polymer/dye
mixtures were determined by SHG measurements, showing hyper-
polarizability values exceeding those measured previously for
amphiphilic nitrophenyl.hydrazones with a less favourable substi-
tution pattern 3).

1) c. Erdelen, A. Laschewsky, H, Ringsdorf, J., Schneider, A, Schuster,
Thizi Solid Films 180, 153 (1989)

,,, T.L. Penner, JS., Schildkraut, H. Ringsdorf, A. Schuster,
Macromolecules, in press (1991)
D. Lupo, W, Prass, U, Scheuneann, A. Laschewsky, H. Ringsdorf,
I. Ledoix, J. Opt. Soc. Am. BS, 300 (1988)
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Films based on 2-(21-Docosenyl)amino-5-nitropyridine
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Institute of Quantum Electronics,

ETH H6ngerberg,

CH 8093, Z6rich, Switzerland.

Using the Langmuir-Blodgett (LB) technique, multilayer

films of 2-(21'-docosenyl)amino-5-nitropyridine have been made by

transferring stable monomolecular films from an air-water

interface onto quartz substrates. Such multilayer films can

be polymerized by X-ray irradiation. The films exhibit the same

enhanced second harmonic generation efficiency before and after

polymerization. This is due to the highly ordered Y-type

arrangement in the film. No change in the morphology of the films

have been observed after polymerization, probably because the

vinyl group is at the terminal portion of the hydrocarbon chain.
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AND DERIVATIVES BY NONLINEAR OPTICAL TECHNIQUES

Ch. Bosshard, M. Kipfer, M. Fl~rsheimer and P. Giinter, Insti-

tute of Quantum Electronics, ETH H~nggerberg, CH-8093 Zrich,

Switzerland

Q. Tang and S. Zahir, Ciba-Geigy AG, Research Center Plastics

and Additives, CH-1701 Fribourg, Switzerland

2-docosylamino-5-nitropyridine (DCANP) is a strongly

nonlinear optical molecule which forms high optical quality

Langmuir-Blodgett (LB) films. Its linear and nonlinear optical

properties have been described in [11 and [2]. The DCANP

molecules form stable Y-type LB films with its charge-transfer

axis in a plane parallel to the dipping direction.

As reported earlier DCANP showed the highest nonlinearity

when compared to its derivatives [1). In order to explain this

effect we looked at the orientation of the chromophore of the

different derivatives. Using nonlinear optical techniques we

observed differences in the orientation when varying the

aliphatic chain from C18H37 to C26H53 . We obtained two angles

describing the orientation of the charge-transfer axis with

respect to the substrate as well as the molecular

hyperpolarizability P. The results agree with infrared

spectroscopical measurements performed at Ciba-Geigy. The

correspondence of 0 with values obtained from electric field-

induced second-harmonic generation (EFISH) measurements is

discussed.

1 G. Decher, B. Tieke, C. Bosshard and P. Gnter,

Ferroelectrics 91, 193-207 (1989)

21 Ch. Bosshard, M. KUpfer, P. GUnter, C. Pasquier, S. Zahir

and M, Seifert, Appl. Phys. Lett. 56 (13), 1204-1206

(1990)
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The characterization of Langmuir-blodgett films of polymers
containing NLO molecules in the side chain

T. Takahashi**, Y. M. Chen, P. Miller, L. Samuelson***, D.Galotti,
B.K. Mandal*, J. Kumar and S. K. Tripathy*

Departments of Chemistry* and Physic, University of Lowell, Lowell,
MA, 01854 USA
**Visiting research scientist, Sekisui Chemical Co. Ltd., Tsukuba, Japan
***Biotechnology Branch, U.S. Army Labs, Natick, MA, 01760, USA

Abstract

Monolayer film formation has been observed for polymers in
which the nonlinear optical ( NLO ) chromophores are attached in the
side chain of polymethacrylate (PMA) backbone. Polymer monolayer
were successfully transferred onto a hydrophilic glass substrate using a
moving wall type LB trough. Mono- and multilayer were characterized
by pressure-area isotherm, polarized UV-visible spectrometer,
ellipsometer and SHG technique. The tilt angle calculation from
pola:ized UV-visible spectra indicates NLO chromophores are inclined to
the plane of the substrate at a shallow angle. The SH signal from
monolayer was observed.
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SYNTHESES AND LANGMUIR-BLODGETT FILMS FORMATION

OF DONER-ACCEPTOR ORGANIC COMPOUNDS

Daoben Zhu Chun Yang Yunqi Liu Yu XU

Institute of Chemistryr, Academia Sinica. Beijing 100080, China

Organic materials have recently been recognized as

promising candidates for nonlinear optics (NLO) applications in

view of their fast response time and large non-resonant

nonlinear effects. Another advantage of organic materials is

their relative ease of processing, for example, by using the

Langmuir-Blodgett (LB) technique to fabricate into ultra thin

films if the organic NLO materials are suitably designed.

4, 5-Dihc2xadecylthio-4 '-nitrostyryl-1 ,3-dithiccyclopentene,

4-hexadecoxy-2-methyl-4'-nitro azobenzene, 2-chloro-5 ,6-

dicyano-3- (N-octadecyl) amino pyrazine and 2-methyl--4-(6-

heptadecanioic-2,4-diynoxy)-4'-nitro azobenzene, shown in Figure

1, w~ere designed and synthesized. Their structures were

con f irmed by elemental a n aly s is, IR, MS and 'H-NMR

spect ros copy.

C:-CH-f \-NO 2  I

(H:., C~ 2 1 S yl'
CHI'

ClN -

H, CH,<l 7NH)1 r

CH

17 7H 3 5 OCH 2C C~C 2O- 9 -N-j-No 2 4

Figure 1. Molecular structurLes of doner-acceptor compounds

Tilt- LB filmns were _ari-ied out on a KSV instrument

F and ) Although a typical isotherm was obtained for

compound 3, during the compression the Wilhelmi plate became

itall, to the water surface. indi'.-at~ing high viscosity of the

L-animlr rilm.

~r he -,onolayer rof compound 1, the molecular

Fh-porpolarizability i valu-e was measured as ca.10-2 9 esu.
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Studies on Nonlinear Optical Properties of LB Film Formed from

Azobenzocrown Ether Derivatives

Zhong-qi Yao Peng Liu

(Lanzhru Institute of Chem. Phys., Academia Sinica P.R. China)

ABSTRACT

A kind of new-type materials of optical film- azobenzocrown ether der-

ivatives have been prepared

IR = C12H 25-

R - O H ro o" IbR-- C16H 3i-

N = N-K2',o9 ICR = C1 6H 330-

H2N R C,16 H3 3-
R- 6j)-N - NII 3 R C 11 H 37-

The structure and preparing condition of theirs langmuir film have been

studied with ,r-A isotherms. These compounds can well form monolayer on

the subphase and transfered to glass base to form multilayer over 100 layer.

The film preparation are influenced by the pH, concentration and the kind of

ions which subphase contains. The desired structure of LB film can be ob-

tained by varing the method of preparing film. We have also studied the

constructure of the LB multilayer with X-ray diffraction and proved that the

designed molecule is consistent with CPK molecular model. The X-ray

diffraction measurement of same samples after one month showed that the

film are quite stable. The second harmonic generation of these compounds

were examined, which found to be the order of 10- n- 10- 29esu.
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SYNTHESIS AND LB FILM DEPOSITION OF SYNDIOREGIC
STILBAZOLIUM POLYMERS

J.M. Hoover, R.A. Henry, G.A. Lindsay and M.P. Nadler
Research Department, Naval Weapons Center

China Lake, California, USA 93555

Our laboratory continues to pursue the design, synthesis,
characterization and LB film deposition of new polymeric
materials specifically engineered for nonlinear optical (NLO)
waveguide applications. Our research has focused on NLO

polymers as especially attractive candidate materials for
applications in optical computing and communications
technologies. We are presently investigating a series of main-
chain stilbazolium, syndioregic (accordion-like) polymers. These
polymers exhibit very interesting LB film formation and

deposition characteristics and second-order NLO properties.
The polymers were synthesized by step-growth polymerization

of bis-alkylpyridinum and bis-benzaldehyde monomers. The
polymers were purified by preparative-scale gel permeation
chromatography and characterized by thermal and spectroscopic
analysis. Low molecular weight (5,000 to 20,000 g/mol) and

intensely colored (absorptivity - 100,000 L/cm mol) polymers
were obtained. The polymers had glass transition temperatures

ranging from 145 to 185*C.
Monolayer films were prepared by spreading chloroform

solutions on 18 Mohm water (Waters Milli-Q system) in a dual-
compartment NIMA LB trough. Isotherms were generated at room
temperature and depositions were performed on fuzed quartz,
glass, ZnSe attenuated total reflectance (ATR) crystals and on
[1001 silicon wafers. Monolayer and multilayer films were
characterized spectroscopically for thickness, refractive index

and degree of molecular orientation. Second harmonic generation
(at 532 nm) was also used to indicate the relative amount of
optical nonlinearity present in the films.

Isotherm analysis indicated that collapse pressures for

monolayers of these polymers ranged from 40 to 50 mN/m, and that
repeat units (each containing 2 stilbazolium chromophores)

occupied 0.5 to 0.6 nm2 at collapse or 0.8 to 0.9 nm2 when the
isotherws slope were extrapolated to zero surface pressure.
These areas per chromophore agreed well with those for

stilbazolium side-chain polymers reported previously by our
laboratory (LB4) . Additionally, SHG and other spectrocopic
analysis indicated that a high degree of noncentrosymmetric

orde-r exists in LB films of these folded main-chain polymers

having a syndioregic configuration of chromophores. Multilayer

LB film stability and structure will be discussed along with the

synthesis of these novel syndioregic chromophoric polymers.
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Dye Fluorescence Kinetics of LB Films.

A.G.Vitukhnovsky,M.I.Sluch

P.N.Lebedte7 Physical Institite,

Academy of Sciences of the USSR,

Leninsky Pr.53,117924 Moscow,USSR.

J.G.Warren,M.C.Petty,

Molecular Electronics Research Group,

School of Engineering and Applied Science,

University -f Durham,DHl :LE,U.K.

Fluorescence decay analysis is one of the most widely used

techniques for studying the distribution and mobility of

molecules in ordered media [1]. In this paper fluorescence decay

is applied to investigations of perylene aggregate formation in

w-tricosonoic acid LB films. The role of temperature in excimer

formation is discussed for different concentrations of probe

molecules in LB films.

The decay analysis of thiacyanine dye LB films is important

for their practikal application as a covering for photon an'"

corpuscular detectors to obtain a large Stokes shift. The

extremly short lifetime (-500 ps) of the thiacyanine dye LB films

is investigated.

The investigation of energy transfer in low-dimensional

ordered media by fluorescence decay analysis is also

discussed.Detailed analysis of energy migration of LB films with

1.5% concentration of donor molecules (1-pyrenebutanoic acid) and

1.5%;7%,9%concentration of acceptor molecules

(16(9-antroyloxy)palmitic acid) is made.

The kinetic fluorescence characteristics were measured by a

time-correlated single photon technique. The FWHM of the

detection system response function was about 200 ps.

[1]. Vitukhnovsky A.G.,Sluch M.I.,Warren J.,Petty M.,C.,

Che ..hys.Letters,1990,1l3,5-6,425.
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NONLINEAR OPTICAL POLYAMIDE FILMS
DERIVED FROM L-AMINO ACIDS

.. , R. A. Henry, J. M. Hoover, M. P. Nadler,
R. A. Nissan, M. D., Seltzer and J. D. Stenger-Smith

Chemistry Division, Research Department
Naval Weapons Center, China Lake, CA 93555 USA

Thin organic films which contain a permanent alignment of molecular dipoles

exhibit nonlinear optical properties that are of great interest in optoelectronic devices.

These same films may also exhibit useful piezoelectric and pyroelectric properties.,

Polymeric films are especially desirable because they are nonvolatile, and can be designed

to have high glass transition temperatures. Furthermore, polymeric films car, be

crosslinked in two or three dimensions to further restrict mobility.

We report here on new polyamides and their nonlinear opti-al thin film properties.

Films were fabricated by the Langmuir-Blodgett (LB) deposition technique. LB deposition

was chosen for fabricating multilayer films due to the exquisite control of molecular

alignment (pressure-assisted ;elf assembly of polymer chains floating at the air-water

interface), and the outstanding control of film thickness. Films were deposited onto

transparent solid substrates for further ciaracterization.

Biologically derived amino acids are useful in preparing polyamides because of

their singular stereo-configurations. This enables the polypeptides to self assemble into

ordered conformations. We have been designing synthetic polypeptides which can easily

form ordered monolayers at the air-water interface. We have synthesized novel,

chromophore-substituted polypeptides designed for beta-sheet organization at the air-water

interface. These polymtiy are prepared by derivatization of preformed polypeptides, and

by polymerization of derivatized amino acids. Molecular ordering by infrared techniques,

and the second-order nonlinear optical properties of multilayer films prepared by LB

deposition are described.
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ELECTROCHROMISM IN MIXED LB FILMS CONTAINING RARE-

EARTH BISPHTHALOCYANINES

B. Lukas*+, D.R. Lovett* and J. Silver
+

*Department of Physics, University of Essex, Colchester

+Department of Chemistry and Biological Chemirtry,

University of Essex, Colchester

Although good deposition ratios have been

obtained for the deposition of rare-earth

bisphthalocyanine, notably [Yb(pc) (pc)], provided suitable

Z-type deposition is used, the phthalocyanines have not

proved ideal materials for LB deposition as they do not

contain a polar head-group, In order to decrea3e collapse

rate and to improve film quality, the bisphthalocyanines

have been mixed with stearic acid or cadmium stearate.

Presently, rare-earth phthlocyanines are in preparation

with alkyl linked side chains to improve the ordering of

the LB films. The paper will discuss the structure and

electrochromic behaviour of the mixed films, of alternate

layer films using different fatty acids plus

bisphthalocyanines, the behaviour of the phthalocyanines

containing the side chains, and the electrochromic

behaviour of films which consist of a mixture of

bisphthalocyanines. By these techniques a range of novel

voltage-dependent absorption bands are accessible in the

visible and near infrared regions of the electromagnetic

spectrum.
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THE PHOTOEXCITED STATES OF RHODAI4INE AND ANTHRACENE IN

MIXED LB-FILMS

Elina Vuorimaa, Marjo Ikonen and Helge Lemmetyinen

University of Helsinki, Department of Physicil Chemi-

stry, Meritullinkatu 1 C, 00170 Helsinki, Finland.

We have studied the photoexited states of octadecyl
rhodamine B (Rh) and 2-(9-anthroyloxy)stearic acid
(AS) in mixed LB-films by flashphotolysis and picose-
cond fluorescense decay measurements. The concentra-

tion of Rh is kept constant, 20 mol-%, and AS varies
from 0 to 10 mol-%. In the samples studied so far AS
and Rh compounds are in the same layer in a stearic
acid matrice.

In the Rh groundstate spectrum there is a monomer
peak in 572 nm and a dimer peak in 535 nm. The Rh mo-
nomer absorption maximum at 572 shifts to longer wave-
length and the dimer intensity decreases with increa-
sing AS concentration. This indicates that there is a
ground state complex between AS and Rh.

Transient absorption spectra were observed at a wa-
velengtn range from 405 to 640 nm. The absorption
maxima were ob-erved at 425 nm, 450 nm, and 565 nm. It
is evident that at least two components are present, a
Rh triplet and a Rh anion radical. The Rh cation radi-
cal, probably at 495 nm, is observed only when AS con-
centration is 0. The absorptions at 450 nm and 565 nm
increase with increasing AS concentration due to an
electron transfer from AS to excited Rh and a Rh anion
radical is formed.

In the absence of AS a double exponential decay of
the Rh fluorescense is observed with fluorescence li-
fetimes of 0.2 ns and 1.6 ns. When the concentration
of AS was 10 mol-% the lifetimes were 0.4 ns and 2.3
ns. It is well known' 2  that the fluorescence in-
tensity of Rh decreases with an increase of dye con-
centration. At higher Rh concentrations energy trans-
fer to a nonfluorescent dimer has been suggested as a
main quenching mechanism. The increasing lifetime
with increasing AS concentration might be due to de-
creasing self quenching and decreasing dimer propor-
tion.

Naoto £amai, TomAo Yamazaki and Iwao Yamazaki
Chem. Phys. Lett. 147 '1988) 25

. Nobuaki Nakashima and Keitaro Yoshihara J. Chem
Phys 73 (1980) 3553

. Klaus Kemnitz. Naoto Tamai, Iwao Yamazaki, Nobuaki
Nakashima and Keitaro Yoshihara J. Phys. Chem. 90
(1986) 5094
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WAVEGUIDING IN POLYMER/LB FILM SANDWICH STRUCTURES

J. P. Cresswell', G., H. Crossb, M, C. Pettya , D. Bloorb and W. J,, Feastc

'Molecular Electronics Group, School of Engineering and Applied Science,
aOptoelectronics Group, School of Engineering and Applied Science,

CDepartment of Chemistry

University of Durham, Durham, DHl 3LE, U.K.

The increasing use of optical communications offers many potential
applications for switching and modulation devices based on nonlinear optical
materials. These devices invariably use waveguides to confine light within
a micron scale region, allowing control of the light with small voltages and
permitting easy integration with optical fibres and microelectronic circuits.

Langmuir-Blodgett films of certain dye molecules can exhibit significant
nonlinear optical properties, particularly for small numbers ( 20) of layers'.
Unfortunately layers of sufficient thickness for waveguiding often exhibit
nonlinear effects that are smaller than expected; such structures are also
relatively lossy, Thinner LB films have been used as overlays on linear
waveguides, but in this geometry the film only transmits the evanescent tail
of the waveguide mode, greatly reducing the nonlinear effect, In this work
we shall describe a structure in which LB layers are placed close to the field
maximum of a polymer waveguide; this combines ease of fabrication with the
potential for significant nonlinear properties.

The structure consists of a substrate coated with a passsive polymer
layer dipped from solution., LB layers are then applied, followed by a second
solution dipped polymer layer., The criteria for choice of the two polymers
will be discussed in terms of refractive index and type of solvent.
Theoretically calculated guided mode field profiles will be presented showing
that the LB film guides a much larger proportion of the energy compared to the
overlay device.,

The construction of a waveguide of poly(methyl methacrylate) electro-
optic LB layers and poly-4-vinyl pyridene is described, The guide was
produced on a silicon substrate, allowing cleaving and endfire coupling of
light at 632.8 nm,

The electro-optic response of the waveguide is currently under
investigation.

Reference

1, S. Allen, Inst. Phys. Conf. Ser. No. 103 (1989) 163.
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STUDIES ON ELECTROLUMINESCENCE OF MULTILAYER

LANGMUIR-BLODGETT FILMS*

Yulln Hua, Junblao Peng, Dellang Cul, Lan LI, Zheng Xu, Xurong Xu

(Institute of Material Physics, Tan An Institute of Technology, P. R. China )

Zhongql Yao, Xiaoming Chen

(Lanzhou Institute of Chem. Physics, Academia Sinica, P. R. China )

Organic DC electroluminescence ( EL ) devices are first created by fully using

multilay LB films technology, which is different from the method of traditional vacuum

evaporation. The film -moleculars possessing regular space arrange and

orientation.

This device's basic structure consists of a hole-transport and a electron-transport

layer. The hole-transport layer Is 15 monolayers of 1,10 - bistearyl-4, 6, 13, 15 -

tetraene - 18 - N ltrogencrown -6 ( Nc ), without fluorescence. The electron - transport

laver is 15 monolayers of 8 -hydroxyquinolne aluminum (8 -Alq), possessing fluorescmce. Total

Is two cycles and 60 layers.

-The device's properties of electricity and spectra are analysed. The blue-green

emission has been achieved from the cell. Fig. 1 shows the current-voltage characteristics

curve for the cell, lower excitation voltage ( about 4 .Ov ), and better property of

voltage- resistant. Fig.2 shows the fluorescence spectrum of 8-Alq and EL emission

spectrum, in which the peak position shifts a little to red. The emission zone Is affirmed

In 8 -Alq layer through comparing them. So it Is proved that the EL mechanism

is the recombination of electron and hole coming from the Nc layers In the 8-Alq

lavers,

42 _2

, \C

-TO Nc /Ala /Al ! rwt; : U1 1 N '

* This subject Is suported by the Opening Laboratory of Exciting State Physics,

Changchun Institute of Physics, Academia Sinica. China
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PHOTOCHROMISM IN SPIROPYRANS AND SPIROTHIOPYRANS*

Xiaodong Ma, Yabin Huang, Weili Zhao, Weifeng Zhang, Zuliang Du, Meigong Fan# and

(Dept; of Physics, Henan Univ., Kaifeng, # Inst. of Photographic Chem. Academy of Sciences, Beijing, PRC.)

The photochromic properties of spiropyran-containing LB films have been widely

studied. In the present paper, we synthesize 5 different spiropyrans and 4 spirothiopyrans. All
the compounds form good quality LB films and most of them can form J-aggregates. The J-
aggregates formation is very sensitive to the purity of the water subphase since impurities in
water can substantially influence the self-assembly process.

The excitation and emission spectra are quite similar for all the compounds, but the
time of photoisomerisation is strongly dependent on the molecule. With the Spex F212
Fluorolog Spectrometer, we are only able to detect the photochromism process of two of our
compounds, SPI and SP2. When irradiated with 390nm light, they need ca 30 min at 350 lux
to turm from the spiro form to the merocyanine form; the back reactions are even slower.

The photochromism times for the sparothiopyran are much faster while the back

isomerisations are very slow.
Once the J-aggregates are formed, they can maintain more then eight months

without any protection. It is suggested that the stability of the J-aggregates arise from an
energy gain of about 0.2eV during the formation of the J-aggregates. It is estimated from the
energy diagram of the spiropyran and its merocyanine form.

After illuminating the LB film with the proper light, J-aggregates are formed.
Thus, the orientation of the molecules are changed and then frozen down during the

photoisomerisation.

Hence, such LB films may be of potential use in optical memory devices.

* The Project is supported by National Natural Science Foundation of China (NSFC)

I
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f SECOND HARMONIC GENERATION IN MIXED CAROTENOID-FATTY ACID AND

CAROTENOID-CYCLODEXTRIN LANGMUIR-BLODGETT FILMS

S. Palacin a, V, Dentanb, M. Blanchard-Descec, I. Ledouxb, A. Barrauda, J.M. Lehnc and j. ZySSb

a CEAIService de Chimie Moliculaire, Sit 125, CE Saclay, 91191 Gio sur Yvette Cedex (France)
b Centre National dEtudes des T6communications, 196 Avenue Henri Ravera, 92220 Bagneux (France)

c Chimie des Interactions Moliculaires, Collige de France, I11 place Marcellin Beithelot, 75005 Paris (Franco)

Push-pull carotenolds have recently been found to display efficient optical second harmonic
generation (SHO) both in the solid state and in solution [1,21. Similar results have now been obtained when
proper push-pull carotenoids are Involved In non-centrosymmetrical structures built by the LB method .

As shown recently [3,4], dissymmnetrical carotenoids can be organized in the solid state by the
LB method . For instance, the push-pull carotenoid benzodithia-9-polyene-pyridine (BPP9), when diluted

with co-tricosenoic acid (oC 23,'. gives rise to well-oriented aggregates where the molecular long axis are

found perpendicular to the substrate [4]. A similar structure Is obtained when the cationic carotenoid
benzodithia-9-polyene-methylpyrldinl'jm (BPP9+) is diluted with an amphiphilic cyclodextrin (CID), but part of

-' the carotenold molecules appear in that case as vertically oriented monomers
These two different mixtures (BPP9 + &)C23 , BPP9+ + CD) have been investigated by optical

methods as monolayers and non-centrosymmetrical alternated multilayers .SHG experiments performed at

X= 1.064 p±m [5) allowed us to measure the effective second order susceptibility of the non-linear

molecules. By comparison with the second harmonic signal emitted by a single monolayer of BPP9+ + CD , it
has been shown that the orientational order of the film increases when monolayers of BPP9+ + CD are built
up into afternated active-passive structures with pure CD (P - 396 10-30 esu, tilt angle - 27.50 ), On the
contrary, the non-linear efficiency of an alternate BPP9 + (C023 /0)023 active-passive film is reduced with
respect to the efficiency observed on a single monolayer of BPP9 + wOC23, revealing that non-

centrosymmetry is partly broken as the number of layers Increases .
Finally, the results suggest that cyclodextrin3 can be used to help set up a non-

centrosymmetrical assembly of dissymmetrically modified carotenolds; for use in quadratic non-linear optics.
As a next step, we propose to further increase the non-linear optical efficiency by adequate engineering of
active-passive mixed carotenod-cyclodextrin layers.,

[ I M. Blanchard-Desce, 1. Ledoux, J.M. Lehn, J. Mafthite and J. Zyss, JCS Chem. Commun., 1988, 737.

[2) M. Barzoukas, M. Blanchard-Desce, D. Josse, J.M. Lehn and J. Zyss, Chem. Phys. , 1989, 133, 323.
(3) A. Wegmann, B. Tieke, J. Pfeiffer and B. HIM, JCS Chem. Commun., 1989,586.

[4) S. Palacin, M. Blanchard-Desce, J.M. Lehn and A. Barraud, Thin Solid Films, 1989, 178, 387.

1511. Ledouxetul. Thin Solid Films, 19S8,1,0, 217.



CP31

NOVEL ORGANIC LUMINOPHORES FOR LB-MULTISTRUCTURES

M.A.Afanasyeva, NIVoronkina, IPKrainov, S.F, Kramarenko,
V. V. Lyakh, N. A. Popova, and A, V, Tolmachev

Institute for Single Crystals,60 Lenin Ave. ,310001,Kharkov,USSR

Synthesis of new amphiphilic luminophores in the oxazole,
oxadiazole, and pyrazoline series is reported, Langmuir mono-
and heterostructures have been obtained, formed by pure
luminophores, their compositions and solutions of the
luminophores in stearic acid in a broad concentration range, On
the basis of P-S diagrams of the systems studied conclusions
were made concerning packing of the luminophore molecules in the
monolayer,

Spectral-luminescent characteristics of the luminophores
were studied in chlorophorm solutions and LB multistructures of
up to 100 monolayers. Dependence of luminescence intensity on
luminophore concentration in the stearic acid has a maximum in
the range of 5-25 mol.% for different luminophores, Highly
diluted (10-3 -10"w mol.Y.) luminophore solutions in the low-
molecular solvents showed luminescence typical for the isolated
molecules. At the same time in LB structures it was observed up
to concentrations of 5 mol.%, while higher luminophore content
led to luminescence of the associates.

We have obtained luminophore-comprising LB structures where
up to 40 mol.% luminescence of both isolated molecules and
associates could be observed, which considerably broadens the
luminescence range.
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Oxygen Induced fluorescence quenching of pyrene labeled phosphatidylcholine in

matrix monolayer at the gas/water interface

R. C. Ahuja and D. Mobius
Max-Planck-lnstitut fur biophysikalische Chemie, Postfach 2841, 3400 Gdttingen, FRG

We report here on the photophysical properties of pyrene labeled phosphatidylcholine
(2,3-bis(1-pyrenedecanoyl) -L-a -phosphatidylcholine ; 2PPPC) embedded in unlabeled
phosphatidylcholine matrix monolayer at the gas/water interface. The pyrene chromo-
phore is located at the end of both acyl chains of the phospholipid. Phospholipids
with varying acyl chain length such as DLPC, DMPC, DPPC, DSPC and DAPC were used
as the matrix molecules, Surface pressure-, reflection-, and fluorescence- area
isotherms were used for characterization of the photoph'-;ical properties of the
pyrene chromophore. The reflection spectrum of the 2PPPC at the air/water interface
shows four bands at 278nm, 317nm, 333nm, and 348nm respectively, which are
slightly shifted towards longer wavelength as compared to that for monomer and
shift further with increasing surface pressure indicating pyrene dimer formation,
The reflection-area isotherms at 275nm and 348nm show that the long axis of
the pyrene chromophore is not prependicular to the air/water interface, Increasing
the acyl chain length of the matrix molecule leads to changes in the shape of the
reflection-area isotherms indicating that the pyrene molecular axis becomes more

and more parallel to the hydrophobic chains. The fluorescence spectrum of the mixed
monolayer (2PPPC:DPPC 1:50) at surface pressure < 0.5mN/m shows both the mono-
mer (378nm 395nm, and 428nm) and excimer (485nm) emission. The fluorescence
intensity and the ratio of monomer and excimer bands depends strongly on the sur-
face pressure and the acyl chain length. In accordance with the literature reports,
we found that the pyrene fluorescence (both monomer and excimer) is strongly

quenched by the prescence of oxygen, However, the degree of quenching is much
more pronounced in the the case of monolayer. The effect of oxygen on the fluores-
cence intensity was found to be reversible The degree and kinetics of quenching
of pyrene emission are strongly dependent on the surface pressure and the length
of acyl chain of matrix molecule For example in the case of DAPC as matrix molecule
hardly any quenching of the pyrene fluorescence was observed. The results are

analyzed and discussed in terms of molecuar model.
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SURFACE COVERAGE BY WETTING WITH AMPHIPHILIC DYES

BY ADSORPTION OR BY LANGMUIR-BLODGETT TECHNIQUE:

A COMPARATIVE STUDY USING SECOND-HARMONIC GENERATION

M. Pinnow, G. Marowsky, F. Sieverdes, D. Mobius, C. Kr6hnke*, D. Neuschafer*

Max-Planck-Institut fur biophysikalische Chemie, D-3400 Gttingen

* CIBA-GEIGY AG, CH-4002 Basel

Abstract

Symmetry requirements restrict second-harmonic (SH) generation from

centrosymmetric media to the interfacial range. Monomolecular adsorbates

and near-surface quadrupolar SH-contributions can be the origin of the 2w-
response upon excitation of a surface with a single, monochromatic wave of

fundamental frequency w.

We have covered glass surfaces with both, LB-type monolayers prepared from

hemicyanines and alternatively with layers of various coverage densities

prepared by simple wetting with chloroform and alcohol solutions of the

same chromophores. The wetting technique permits the application of a wide
concentration range of the hemicyanines: 108 - 10z molar for chloroform

solutions.

The adsorbates were analyzed with respect to polarization-dependent SH-

signals in terms of s- and p-polarized SH-response and .4ith respect to the

average tilt angle 0 with high angular resolution. This method allowed us

to identify two different adsorption characteristics: site-specific

adsorption with rather small 0-values for low concentrations of the wetting

solution and therefore low coverage density of adsorbed molecules. With

increasing concertration the molecules are adsorbed at extremely high tilt

angles onto the substrate. In comparison at LB-monolayers prepared from

hemicyanines at the same (linear-optically monitored) coverage density the

SH-signals were approximately two orders of magnitude higher in intensity

under favorable conditions, indicating the high degree of organization - in

particular their polar ordering - of such films.
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IR-ANALYSIS OF LANGMUIR-BLODGETT FILMS FOR NON-LINEAR OPTICS.

H.-P. -Haerri, Ciba-Geigy Materials Research Marly,
WY-185.003, CH-1701 Fribourg, Switzerland; Q. Tang, Ciba-

Geigy Plastics Research, Marly, WY-190.058, CH-1701 Fribourg,
switzerland; S. Zahir, Ciba-Geigy Plastics Research,

R-1059.102, CH-4002 Basel, Switzerland and B. Tieke, Akzo
Research Laboratories, Corporate Research, D-8753 Obernburg,
West Germany.

The state of order of Langmuir-Blodgett (LB) films of 2-
docosanyl amino-5-nitropyridine (DCANP) and its N-alkyl
homologues with alkyl chain length of 18, 20, 24 and ?6
carbons were investigated by polarized IR-spectroscopy. It
has been shown that films made from these molecules have high
second order optical susceptibilities, provided the structure
of the film is non-centrosymmetric. Films of these molecules
are therefore promising for applications like second harmonic

generation (SHG) of IR-lasers.
In order to quantify the orientation of molecules in films

the dichroic ratio is determined with e.g. respect to the
dipping direction and the orthogonal direction both lying in
the plane of the substrate. Although this ratio accounts only
for two spatial directions it allows with some restrictions a

comparison of the degree of order among DCANP and its
homologues and their alignment on various substrates.

Spectra of films on silanized quartz plates are compared
with films on ZnSe and Germanium. From the dichroic ratio one
concludes that the alignment of the CH2-groups in the

hydrocarbon chain and of the NH-groups increases with chain
length. The absorption intensities show that the number of
adsorbed molecules increase- in the order: Ge < silanized
quartz < ZnSe. The highest SHG efficiency is achieved for
DCANP where both the dichroic ratio and the number density

are nigh. For the IR-transparent prism substrates the
combination of transmission and attenuated total reflection

(ATR) spectroscopy allows to determine the absorption
perpendicular to the substrate surface.

The technique to measure the IR-spectra, the analysis and
the interpretation are discussed. Geometrical consideration
for the mutual arrangement of the molecules to account for a
high SHG-efficiency based on the above results will be

presented.
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LANGMUIR-BLODGETT FILM FORMATION AND CHARACTERISATION
OF A NEW TRIS-CHROMOPHORE NON-LINEAR OPTICAL OLIGOMER

R M Swart and E S Froggatt
ICI Corporate Colloid Science Group, The Heath, Runcorn,
Cheshire WA7 4QE

A N Burgess, A Eaglesham, B Cook and D Louden
ICI C&P Ltd, The Heath, Runcorn, Cheshire WA7 4QE

D P Devonald and M G Hutchings
ICI Specialties Research Centre, Hexagon House,
Blackley, Manchester M9 3DA

S Allen and T G Ryan
ICI Wilton Materials Research Centre, PO Box 90, Wilton,
Middlesbrough, Cleveland TS6 8JL

Some of the problems encountered with LB films zre associated with
their poor thermal and mechanical stability, though there are reports of
polymeric LB films with improved stability and optical properties. (' . 2)

However, polymers are rather less tractable than their monomeric
counterparts and we report here the properties of an oligomeric structure
which appears to possess the good Langmuir film forming properties of
monomeric materials.

The structure consists of three chromophores attached to a diamide
backbone which forms the hydrophilic end of the molecule. Each chromophore
is derivatised with a hydrocarbon chain to provide hydrophobic character.
The molecule forms stable Langmuir films over a pure water subphase with a
surface pressure/area per molecule isotherm which rises to 50 mNm-  before
collapse. The area per molecule obtained by extrapolating to zero pressure
can only be modelled by a structure adopting an S configuration of the
backbone at the water surface. This appears to be achieved by the amide
linkages adopting the cis rather than trans configuration at the air/water
interface and in the LB film. LB films are readily deposited onto glass.
The efficient transfer seems to result from hydrogen bonding between the
headgroups.

FTIR characterisation of the LB film at grazing angle and a neutron
scattering study of both the monolayer cn the water surface and the LB
multilayer gave a detailed description of the behaviour of the molecule and
the structure adopted in the LB film.

1. P Hodge et al, Philos. Trans. R. Soc. London. A, 1990, 330, 153-66
2. W Prass, Hoechst High Chem Magazine, 1989, 7, 15.
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MEASUREMENTS OF RATE CONSTANTS OF PHOTOINDUCED
ELECTRON TRANSFER FROM VARIOUS FERROCENE DERIVATIVES

TO AN EXCITED Ru(bpy)3 '+ DERIVATIVE
IN HETEROGENEOUS LB FILMS

M. FUJIHIRA, M. YANAGISAWA, T. KONDO, and K. SUGA
Department of Biomolecular Engineering, Tokyo Institute of Technology,

4259 Nagatsuta, Midori-ku, Yokohama, 227 Japan

For the purpose of constructing artificial photosynthetic molecular

systems for solar energy conversion, we have studied photoinduced electron
transfer kinetics of Langmuir-Blodgett (LB) film molecular assemblies in-
volving organic molecules with spatial regularity1 ,2 ). In the process of

studying these kinetics in solid states, we found that the luminescence
decay curves for Ru(bpy) in LB films could be fitted well as a sum of

two exponential functions although those in organic solutions as a single

exponential. Previously, we reported the effect of photooxidation of Ru

complex, but the other factors giving a fast component have not been clari-
fied yet3).

On the other hand, in connection with photoelectric conversion in LB

films, we have studied the photoinduced electron transfer kinetics in
heterogeneous LB films containing the sensitizer (S) and the electron

donors (D) with different standard redox potentials, E*'s'). Electron

transfer quenching was observed even in the S/D LB system in which the

electron transfer seemed to be an up-hill reaction based on the energy
levels determined by the half-wave potentials, E1/2 , in acetonitrile. We

interpreted this result as the effect of the electrical double layers

formed in the LB films. The standard free energy of the electron transfer
quenching, A Go, based on E1/2 should be modified by taking account of the

electric potential difference, AO, generated between the sensitizer and

the donor.
In the present work, in order to find out the other origins for the

fast component in the decay curves of Ru(bpy) + LB films without D layers,

we studied the effects of i) laser power, ii) irradiation time in vacuum,

air, H20, or N2 atmosphere, iii) counterions added in the subphase, iv)
diluting reagents with various dilution ratios, and v) interaction between

Ru(bpy)I+ and substrate plates. We also reexamined the effect of electri-

cal double layers4 ) on photoinduced electron transfer quenching rates from

amphiphilic ferrocene derivatives with different charges ( +1, 0, -1 ) at

the hydrophilic head groups to an excited Ru(bpy)2 amphiphiles in hetero-

geneous LB S/D systems.

1) T. Kondo, H. Yamada, K. Nishiyama, K. Suga, and M. Fujihira, Thin Solid
Films, 1 (1989) 463.

2) M. Fujihira and H. Yamada, Thin Solid Films, 160 (1988) 125.
M. Fujihira, K. Nishiyama, and K. Aoki, 160, (1988) 317.

3) T. Kondo and M. Fujihira, Kobunshi Ronbunyu, 1, (1990) 921.
4) T. Kondo and M. Fujihira, Chem. Lett., 1991, 191.
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DEVICE STRUCTURES FOR THE ELECTRICAL CHARACTERIZATION OF

LANGMUIR-BLODGETT FILMS OF CONDUCTING POLYMERS

E. Punkka* and M. F. Rubner

Massachusetts Institute of Technology, Department of Materials

Science and Engineering, Cambridge MA 02139, USA

* Permanent mailing address: Technical Research Centre of

Finland, Semiconductor Laboratory, Otakaari 7B, 02150 Espoo,

Finland

Various device structures have been fabricated using Langmuir-

Blodgett films of conducting polymers as electrically active

elements. Schottky junctions formed to LB films of poly(3-

hexylthiophene) exhibit only partially blocking behavior due

to a dopant accumulation at the electrode-polymer interface.

However, these devices can be utilized in probing the

electrical material parameters close to the rectifying contact.

With metal-insulator-polymer structures, on the other hand, the

depletion layer can be swept through the LB multilayers, and

the dopant profile can be examined. Charge carrier mobility

was determined by using field-effect-transistor structures.

The field-effect was observed even in a monolayer of a

conducting polymer. We have also fabricated heterostructures

by sandwiching mono- or multilayers of doped polypyrrole

between multilayers of undoped poly(3-hexylthiophene).

Capacitance measurements with MIS structures and Schottky

barrier configurations indicate a modulated dopant profile.
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Photogenerated-Charge-Storage in Hetero Langmuir-Blodgett Films including

Stero'dal TCNQ. Cu-Phthalocyanine and Steroidal p-Phenylenedlamine

Katsuvuki Nalito. Akira Miura, and Makoto Azuma (Advanced Research Labora-
tory, Toshiba Research and Development Center. Toshiba Corp.., 1 Komukal-
Toshiba-cho, Saiwai-ku, Kawasaki. 210, Japan)

For realizing molecular electronic devices using hetero LB films, elec-
tric charge or carrier behaviors in the organic super lattices can be
controlled by outer energies such as an electric field. For this purpose,
uniform and defect-free dye LB films are indispensable. We have investi-
gated molecular structures producing uniform dye LB films and have synthe-
sized a wide range of dye amphiphiles, substituted by a steroid skeleton.1

In the present study, we have assembled uniform hetero LB films including
donor and acceptor molecules, and have tried to conduct the photogenerated
charges with an electric field.

We constructed an KIM-type device by the usual vertical dipping method
as shown in Fi. 2: ITO// I. 180 1l A. 2 Layers, 36 1/ S. 2L, 44 1/ D, 2L.
60 A / I. 330 Al/ Hg ( = 1-2 mm). Electrical measurements were carried out
in an ambient atmosphere at rt.

Transient current in accordance with the electron flow from D to A was
observed by illumination of red light absorbed by S, as reported by Fuji-
hira et al. In the absence of both A and D, the photocurrent was reduced
to 1 . In the absence of D, it was not reduced very much (92 %). Photo-
voltage was also observed and was in accordance with the value calculated
from the current and the capacitance. The action spectrum indicated that
the photoresponses of the hetero film were due to photoexitation of S. The
peak height of the transient current was proportional to the 0.75 powers
of the light intensity (620 nm)., The peak height increased as the applied
voltage increased (Hg negative). The open circuit voltage wa 5about 2 V.
In the dark, the film was a good insulator (resistivity > 10 05cm at 1 V)
and no rectifiable property was observed.

In the film structure including the strong donor and acceptor molecules
separated from the electrodes by the insulator layers, the photoinduced
electrons and holes can be expected to be stored in separated positions in
the dark. The life time of the separated charges was measured by the
photovoltage decay and by the photocurrent recovery, Based on the condi-
tion of applied voltage of 0 V and 1/8 sec illumination of 610 nm light of
6 mW/cm2 . the time taken for complete photocurrent recovery (Tr) was about
10 min. Tr was controllable by changing the applied voltage: it was
extended to 30 min under -0.5 V (Hg electrode), and further extended over
lh under -1 V, on the contrary, shortened to 1 min under 0.5 V. In the
absence of D, Tr was extremely shortened to 5 sec under 0 V.

I (PIM) S (PO m z 620 = Electron flow

@4,cN.

000

A(TCNXm.401 m D (PO) Xm"260 ITO 5 A

Fig.1 Molecular structures used here. Fig. 2 Schematic energy diagram.
1) K. Naito, A. Miura, M. Azuma, Langmuir in press.
2) M. Fujihra et al, Thin Solid Films, =3, 77, M60. 125. .10, 43.



DP4

FAST IN-PLANE PHOTOCONDUCTON IN LANGMUIR-BLODGETT

MULTILAYERS OF POLYDIACETYLENES

K.J.Donovan, R.V.Sudiwala, E.G.Wilson

Dept. of Physics, Queen Mary and Westfield College,

Mile End Road, London El 4S, England.

The motion of charge carriers in Langmuir-Blodgett multilayers of

polymerized 10,12 pentacosadiynoic acid has been observed. The carriers,

created between surface electrodes by light pulses of 25ps duration from

a frequency doubled Nd YAG laser, move along I-D 'molecular wires',

formed by the PDA chains, under the influence of an externally applied

electric field. An anisotropy is observed in the magnitude of the

photocurrent in the two directions parallel and perpendicular to the

dipping direction and inJicate a preference of PDA chains to orient

parallel to the dipping direction.

The electric field dependence of the measured charge, Q, is found to

range from linear to slightly superlinear, and is consistent with I-D

Onsager theory. The dependence of Q on light intensity, I, is sublinear.

varying as Q = Im with m a 2/3, and Is believed to be the result of using

surface electrodes. Th' distance charge carriers move before trapping is

found to be between 20gm and 60gm.
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FABRICATION OF ELECTRICALLY CONDUCTIVE LANGMUIR-

BLODGETT FILMS COMPRISED OF POLY(3-HEXYL THIOPHENE)
AND NICKEL TETRA-TERT-BUTYL PHTHALOCYANINE

M. Rikukawa and M. F. Rubner
Department of Materials Science and Engineering

Massachusetts Institute of Technology, Cambridge, MA 02139
USA

Mixed Langmuir-Blodgett films containing two electroactive
components, poly(3-hexyl thiophene) and nickel tetra-tert-
butyl phthalocyanine, have been prepared and characterized.
In this system, the phthalocyanine molecules act as both a
surface active material and as an electroactive material.
Mixing the phthalocyanine molecules with a non-surface active
conducting polymer results in thin films with novel optical
and electrical properties and enhanced thermal and chemical
stabilities. Surface pressure-area isotherms suggest that
the phthalocyanine molecules are stacked parallel to the air-
water interface and are dispersed as a separate phase in a
matrix of polythiophene molecules. The structures of the
multilayer LB films fabricated from the monolayers of this
system were investigated by x-ray diffraction,
reflection/transmission FTIR, and optical absorption
techniques. Results from these studies indicate that the
phthalocyanine rings retain a parallel orientation after
monolayer transfer. The conductivities of the LB films doped
with oxidizing agents such as NOPF 6,SbCl 5, and 12 reached
values as high as 0.5 S/cm.
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M"KTRICAL TRANSORT ROPRTIES OF JO NISON JUNCTIONS WITH A

Nb/Au/PI/(Pb-Bi) STRUCTURE

Tohru KUBOTA, Masami WADA and Mitsumasa IWAMOTO

Hideyuki NOSHIRO# and Matsuo SEKINE+

Department of Flectrical and Electronic Engineering,
Tokyo Institute of Technology,

2-12-J, O-okayama, Meguro-ku, Tokyo 152, Japan

'Department. of Applied Electronics,
Tokyo Institute of Technology,

Nagatsuta, idori-ku, Yokohama 227, Japan

The LB technique is an important method ised to prepare ultrathin

films. On,. ox the potential applications of LB films is electrically
insulating sptcers In the manufacture of Josephson junctions, where it
is essential to prepare pinhole-free spacers. Since the preparation of

polyimide (PI) LB films", having the monolayer thickness of about 0.4
rim, with a small nmrber of conducting defects, much attention has been

paid to the PI LB films. Tr. a previous report, we fabricated tunnel

junctions having the structure of Au/PI/(Pb-Bi) and observed the
tunneling currepc predicted by the BCS theory2 .3 . However, we were able

to fabricate neither Josephson junctions with a Nb/PI/(Pb-Bi)
structure4' nor junctions with a (Pb-Bi)/Pi/(Pb-Bi) structureS). Because

an inherent oxide layer was formed on the base-Nb electrode or the base-

(Pb-BD electrode was dissolved during the imidization. In this work, we
formed base-Nb/Au electrodes and then constructed the Nb/Au/PI/(Pb-Bi)

Josephson junctions with neither the presence of native oxide layers

formed on the Nb layer nrr the dissolution of the base-Nb/Au electrode
durng the imidization. A typical I-V characteristic of a weakly-coupled
superconductor was obtained for junctions having the number of depo'ited

layers of 29, 41 and 51 in the presence or absence of microwave powers
with a frequency of 70 GHz, whereas a typical I-V characteristic of an

ideal tunnel-type Josephson june" n was never obtained. It was

concluded that although we were not able to obtain tunnel-type

junction:, the junctions were able to detect microwaves with a high

frequency, e.g., 0.35 THz. Finally, we fabricated Au/PI/(Pb-Bi)
junctions and then measured the JETS spectra of the junctions in order

to clarify the electrical con,.%tion mechanism through PI LB films.

References

1. M.Kakimoto et al., Chem.Lett, 823 (1986".

2 M.Iwamroto et al., Thin Solid Films, 180 Q.4) 185.

3. M.Iwamoto et al., J.Phys.D, Appl.Phys. 23 (1990) 575.
4. M.Iwamoto et al., Jpn.J.Appl.Phys. 29 (1990) Dt6.

5. M.Iwamoto et al., Jpn.J.Appl.Phys. 27 (1988) 3224.
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ELECTROOXIDATION OF DIOCTADECYLTHIOETHYLENEDITHIO-

TETRATHIOFULVALENE LANGMUIR-BODGETT FILMS

j *, L. BRZEZINSKI*, M.C. LOPEZ # .

* Ecole Nationale Sup~rieure de Chimie et de Physique de Bordeaux

33405 TALENCE CEDEX (FRANCE)

# Universitad de Zaragoza. Facultad de Ciencas 50009 ZARAGOZA (SPAII)

Organic conductors in Langmuir-Blodgett films (LB) can be prepared

in two steps i) deposition of the amphiphilic or semiamphiphilic compound

onto substrates. ii) chemical oxydation by halogen vapors (ma;.nly iodine

gaz) to obtain a mixed ;alence state responsible for the conductive

properties. In some cases as for dialkylthioethylenedithiotetrathio-

fulvalene derivatives a third thermal step is necessary to achieve the

conductive phase. We explore on the diaoctadecylthioethylenedithio-

tetrathiofulvalene compound (1) an electrochemical way to obtain directly

the conducting phase.

Experiments have been carried at different constant potentials

during the phase deposition onto indium tin oxide glass electrodes with KI

and KBr as electrolytes. Chloroform spreading solutions with various molar

fractions of 2, and behenic acid mixtures have been used. Amperometry

measurements and UV,visible,IR caracterizations have been made.

Two different electrooxidation processes have been found.i) a slow

electron transfer from j.to the electrode at potentiaL higher than

350mV/SC" ii) a complete chemical oxidation of I by the oxidized anion

produced during the electrolyse at potential.values for which the

electrolyte can be oxidized (c.a. 450mV/SCE for KI) Conductive material has

been obtained only with potassium iodide electrolyte at higher potential

than 450 mV/SCE. In this case there are some similitudes with chemical

oxidation:i.e. the completely ionized brown phase is obtained directly

during the electrolyse and then a thermal treatment leads to the conducting

purple mixed valence state associated with the formation of 13 chains.

n- 17
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ELECTR.ONIC AND OPTICAL STUDIES WITH LB TRANSISTORS

J. Paloheimo, H. Stubb ind P. Yli-Lahti
semiconduvror Laboratory, Technical Research Centre of Finland,
otakaari 7B, SF-02150 2spoo, Finland

P. Dyreklev and 0. Inganls
Department of Physics and Measurement Technology, IFM, Linkdping
niversity, S-58183 Linkdping, Sweden

A thin film transisto structure provides an accurate way to measure the
charge carrier mobility, their type (p or n type material) and
concentration in mono- or multilayer LB films . The transistors used
here have channel lengths of 1, 5 and 10 pm. -we have characterized LB
monolayers of undoped quinquethiophene (QT) ar.d poly(3-alkylthiophenes)
(PAT) mixed with arachidic (AA) or stearic acid (SA). QT-PAT
beterostructure FETs are also being studied. The mobilities in LB
monolayers, p - 10- 9 ...10-6 cm2/Vs, are typically several orders of
magnitude lower than in thicker films, where values up to p - 10-4

cm /Vs can be achieved. The reason for this are tha increasing hopping
distances in the percolation path as the thickness decreases under a
certain limit1 . Another feature which may affect the charge transport :s
the high ratio of extra holes per monomer unit in monolayers (up to one

.1percent) for large accumul,)tion voltages. - The mobilities are very low
compared to the mobilities ir crystalline silicon or gallium arsenide

(PSi,GaAS " 
10 3 cm2/Vs).

In addition to increasing the condudtan * of the transistor channel, the
extra accumulated holes stored in the polaronic states my act as

* 2
recombination centers for excitons . The transistor strt.cture here acts
as a luminescence quenching device. The films studied were undoped spin-
coated poly(3-hexylthiophene) (PHT) films (thickness about 70 nm) and
PHT/AA LB films having 3 or 7 layers. Excitons were photoexcited by an
argon laser. The luminescence quenching by the gate voltage was clearly
seen in LB and spin-coated films. The quenchi ig was a few teno of
percents for LB films, considerably less for spin-coated films.

1. 3. Palohejio et al.., Appl. Phys. Lett. 56 (1990) 1157.
'. P. Dyreklev et al., to appear in Proc. International winterschool

on Electronic Properties of Polymers (IWEPP 91), 9.-1C.3.1991,
Kirchberg, Austria.
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MONOLAYER CHARACTERISATION AND MULTILAYER DEPOSITION OF CONDUCTING

LB FILMS

D.M.Tavlor, S.K.Gupta, A.E.Underhill and C.E.Wainwright

Institute of Molecular and Biomolecular Electronics

University of Wales

Dean Street, Bangor, Gwynedd LL57 IUT, UK

Background and Methods

Conductive LB films of high dimensionality should overcome the problem of
stacking defects and the Pelerls instability. In a recent report, Nakamura
et al (11 have reported that the LB technique may be used to deposit films
of the mixed-valence complex of (C H 2n+) 2Me 2N-Ni(dmit)2 (Scheme 1) where n

10, 12, 14, 16, 18 and 22.

CnH2n.1\ .M* s NN s;X'NI'XS*CnH2n,' 'Mc S..t,.S S

Scheme 1

The conductivity of these fihins is governed by the strong two-dimensional
interaction of the sulphur orbitals and on exposure to bromine gas films
with conductivity as high as 0.1 S/cm have been prepared.

In related work we have been characterising divalent
didodecyldimethylammonium salts of M(dmit)2 and M(mnt) 2 where M = Ni, Pd or

Pt. Spreading solutions of these salts were prepared in chloroform and
monolayers formed on the surface of pure water in a PTFE Langmuir trough
located on ar antivibration table in a Class 2 semiconductor clean room.
Pure water was obtained from a Millipore RO 60 reverse osmosis cartridge
feeding a SuperQ system consisting of activated carbon, deioniser and 0.2pm
filter cartridges. Surface pressure and surface potential isotherms were
obtained for the monolayers at various subphase temperatures,

Figure I shows typical -A isotherms for Ni and Pt dmit at 150C, It is
2

seen that the isotherms obtained for the Ni salt depend on the time which
elapses between the spreading of the monolayer and the first compression,
After allowing an hour for complete spreading of the layer, the isotherm is
similar to those obtained for the Pt and Pd salts. When the subphase
temperature is raised to 250C even the Ni isotherm reaches a steady state
within, a few minutes of spre3ding. Similar results were obtained with the
mnt salts.

2

Figure 2 shows the surface potential of a deposited monclayer of Nimnt2 '

The step change in potential as the probe passes over the monolayer is
clearly visible, (Each curve represents different scan lines over the
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PHOTO-INDUCED ELECTRON TRANSFER IN MOLECULAR HETEROJUNCTION

USING FLAVIN-PORPHYRIN LB MULTILAYERS

SATORU ISODA, SATOSHI UEYAMA, YOSHIO HANAZATO, HIROAKI KAWAKUBO

AND MITSUO MAEDA

CENTRAL RESEARCH LABORATORY, MITSUBISHI ELECTRIC CORPORATION

8-1-1 TSUKAGUCHI-HONMACHI, AMAGASAKI, HYOGO 661, JAPAN

Photo-induced electron transfer in hetero-type Langmuir-

Blodgett (LB) multilayers using flavin and porphyrin, which are

typical of redox groups for the biological electron transfer

system, was investigated in terms of photoconductivity, photovol-

taic effect, and transient photocurrent properties.

The photocurrent for aluminium//flavin monolayers/porphyrin

monolayers//aluminium structures showed clear rectifying behavior

and the quantum efficiency of the photoconduction was found to be

extremely high in the range from 5 to 30 % for the transmitted

monochromatic light at 450 nm. The rectifying I-V properties and

Voc around -0.6 V, which are the characteristics for the single-

heterojunction structures, were not observed for the multiple-

heterojunction structures (aluminium//(flavin monolayers/porphy-

rin monolayers)n//aluminium, n > 2),. This result means that

internal potential gradient in the MIM (Metal-Insulator-Metal)

device is apparently diminished by the formation of the multiple

heterojunction. Furthermore, the measurement of the transient

photocurrent of the single-heterojunction MIM device showed that

three photo-processes are involved in the photo-induced electron

transfer. These photo-processes were found to be basically

elucidated by a kinetic model of relaxation of the photo-excited

flavin.

It is concluded from these results that the photocurrent of

the single-heterojunction MIM device originates from the molecu-

lar heterojunction between flavin and porphyrin.
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Hiroaki Tchiban. Yoshitaka Nishio* , Takayoshi Nla .,
Mtsuyou Matsunto, Eiichiro Manda, Hroyuki Niino,

Akira Yabe, and Yasujiro Kawabata

National Chemical laboratory fc- Industry,
Tsukuba, Ibaraki 305, XUAN.

Lagnluir-Blodgett (LB) technique is excellent in preparing organic
thin films. Various functions of LB film have been developed; nonlinear
optical effects, hot oxchmism, electrical cmduction etc. A switching
device is fabricated by the inCorporation of tUe functional parts into a
molecule, ocnsisting of a switching unit, a transmission unit, and a
working unit. Men the switching unit receives an external stimulus, the
signal is cnved thrg the transmission unit to the working unit which
responds to the signal. For ot switching devices, pIhotochrcmic
cmpounds can be used as the switching unit, taking advantage of the
photoresponsiveness.

witching un tra working unitns~ misionl
unit

APT ( m-n)

We have used azobenzene as the switching unit, alkyl chain as the
transmission unit, and charge transfer ccmplex as the working unit,
demonstrating that the cvductjv:ty of LB film of APT(8-12) changes
reversibly on photoirradiatin. 1, T he conductivity increases with the
trans-to-cis photoisomerization of azobenzene and reverts to the initial
state with che cis-to-trans tisaerization.

In this work, we investigate the effect of chemical nodification on
the potochemical switching phacmena. 7he length of alkyl chain of the
transmission unit is changed in the first step. The photochemical
switching phenczi~a are very sensitive to this chemical uodification, that
is, the conversion of the trans-to-cis photoisaerization of azobenzene
and the si tanes change in canductivity of the LB film depend largely
on the length of the truwn=ission unit. For all the cmpounds studied, the
azobenzene shows reversible photoisomerization with the conversion
depwent on the length of the alkyl chain. hen the alkyl chain is long
enough, the cmxhctivity of the LB film doesn't change reversibly on

otoi dtion although the cis-trans photoiscrization of azobenzene
is observed.
*On leave of absence frce SANYO Electric Co., Hizakata, Osaka 573, JAPAN

l. H.Tachibana, T.Nakaza, .Matsumorto, H.Kmiizu, E.Manda, H.Niino,
A.Yabe, and Y.Kabmbata, 3.ku.Chem.Soc., 111, 3080(1989).

2. H.Tachibana, A.Goto, T.Nakuira, M.Matsumoto, E.Manda, H.Niino, A.Yabe,
and Y.Kawmbata, Thin Solid Films, 179, 207(1989).
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PREPARATION OF POLYIM-DE LB FILMS POSSESSING

TRIPHENYLAMINE UNIT AND APPLICATION TO PHOTODIODES

S. Fukui, Y. Nishikata, M. Kakimoto, Y. Imai,
K. Nishiyama,* and M. Fujihira

Department of Organic and Polymeric Materials
*Department of Biomolecular Engineering

Tokyo institute of Technology. Meguro-ku, Tokyo 152, Japan

We have reported that preparation and applications of polyimide LB
films. The most characteristic point of the polyimide LB films is that
they do not have long alkyl chains. Photoconductive devices
(photodiodes) were successfully constructed by depositing polyimide LB
films which possessed different chemical structure, i.e., electron acceptor
(A), sensitizer (s), and electron donor (D) moieties.[1! In this study, a
novel photoconductive devices were fabricated by using triphenylamine
units as D (la-d), tetraphenylporphyrin moiety as S (2), and aromatic
polyimide (3) as A.

0 0 AuAAAAAAISSIDDMD3D

la-d X n I 0

X: a= b= -CH3 . c: -OCH 3 , d -N(CH 3 )2 =20 [2 0

- ' 0,,I-
0Co0

S= 8 o0.1___ 0
,- 0 

0 ...
p.2 __ _ _ _

2n -0.6-0,4-0.2 0 0,2 0.4 0.6
E/V vs SCEF1

Fig.1. Potential dependence of peak
A = -0photocuaents in A/S/D system (D: c)

in constant with 100m M K l aqueous
solutio under stepped illumination of

3 n visible light of 430nm

Two Lype of the photoconductive devices having D/S/A and A/S/D
strIcLure were prepared on the gold semitransparent electrode. A ex-
ample of the photocurrents in A/S/D system observed by stepped il-
lumination with the visible light of 430 nm are plotted as the function of
the applied electrode potential in Fig. I. Extremely high photocurrents
depending on the chemical structure of D were observed. This
phenomena is probably explained because of the absence of the long
alkylchain.
[I. Y. Nishikata, A. Morikawa, M. Kakimoto, Y. Imai, Y. Hirata, K.

Nishiyama, M. Fujihira, J. Chem. Soc., Chem. Commun., 1989, 1772
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LANGMUIR-BLODGETT FILMS.
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A great deal of effort in previous years has been directed at the study

of a wide range of monmeric materials for Langmuir-Blodgett (LB) film

deposition. More recently, however, many researchers have directed their

attention towards polymeric materials since such compounds offer potentially

improved thermal and mechanical stability, and are therefore more attractive

to the device engineer. In this work, several polymers, based on a

polysiloxane backbone, have been synthesised and characterised.

This work describes the synthesis and characterisation of a poly

(hydrogenmethylsiloxane) homopolymer and a poly (hydrogenmethyl-

dimethylsiloxane ) copclymer both substituted with an aliphatic acid group.

Their surface pressure - area isotherms and deposition characteristics have

been examined, Excellent agreement has been found between the measured area

per polymer unit on the water surface and the modelled value. In addition, a

range of optical and electrical characterisation techniques have been used to

elucidate some of their thin film properties. For example, dielectric loss

tangents and relative permittivies have been measured as well as a study of

their pyroelectrical properties. Some structural characterisation has also

begun.

CH3  CH3  CH 3

Si.-O . Si--00 mmusmuO}I I -n-I M
R R CH3

Homopolymer Copolymer

R = CH=CH 2 (CH 2 ) 8 C0 2 H

town~ 2 8 2mu w u m |mmummml m mem n~w ~ummm mmm~m m
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MOLECULAR ORIENTATION IN CONDUCTIVE LANGMUIR-
BLODGETT FILMS OF A CHARGE-TRANSFER COMPLEX

Keiichi Ikeari, Shin-ichi Kuroda, Yuka Tabe, Kazuhiro Saito, Mitsuyoshi

Saito, Michio Sugi, Takayoshi Nakamura,* Hiroaki Tachibana,*

Mutsuyoshi Matsumoto,* and Yasujiro Kawabata*
Efectrotechnical Laboratory, Tsukjsba, Tbaragj 305, yAPAN

*National Chemical Laboratory for Industry, Tsukjiba, Ibaraki 305, JAPAN

In recent years Langmuir-Blodgett (LB) films of charge-transfer (CT)

complexes have attracted increasing attention. 1-4 We have been investigating

conductive LB films of a 3:2 CT complex of TMTTF and tetradecylTCNQ by using

the electron spin resonance (ESR) technique.5 Both in-plane and out-of-plane

anisotropies in the ESR signal were detected for the films. Anomaly of g value,
linewidth, and spin susceptibility around 150 K was detected, which suggest the
Peierls fluctuations characteristic of 1 D metallic domain.

The minimum g value at the room temperature (RT) was observed for the

external magnetic field parallel to the dipping direction of the substrates.5 We have
found that this in-plane anisotropy of g value gradually increased for about 10 days
while they were kept in He atmosphere at RT after the deposition. In this period of

time the increase in the conductivity of the films was also detected. Moreover, the
maximum of the temperature-dependent g value around 150 K was more
prominent for those aged films than for the as-deposited films. These suggest the
lower degree of the misorientation of molecules in the aged films caused by the
possible molecular rearrangements.

An inversion of the g-value anisotropy was detected at lower temperatures
for as-deposited films. A similar phenomenon was reported for EDTrTF(S-C,8)2-
TCNQF 4 films.6 This inversion can be caused by the domination of signals of the
spins trapped at defect sites, where molecules may be misoriented and provide

different g value from the major part of the system. This interpretation is supported
by the fact that the inversion was not observed for the aged films, in which the
reduction of the degree of the misorientation is suggested.

1. A. Ruaudel-Texier et aL, Mol. Cryst. Liq. Cryst., 120 (1985) 319.

2. A. Barraud etaL, Thin Solid Films, 134 (1985) 195.
3. T. Nakamura et al., Chem. Lett., (1986) 709.

4. M. Matsumoto etal., Thin Solid Films, 160 (1988) 61.
5. K. Ikegami et aL, Synth. Met., 27 (1988) B587; Thin Solid Films, 179 (1989) 182.

6. J.P. Morand et aL, Synth. Met., 27 (1988) B569.
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Electronic transport in Langmuir-Blodgett
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Science University of Tokyo, 1-3 Kagurazaka, Shinjuku,
Tkyo 162, Japan
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The metal-(dmit)2 (H2it :4, 5diarCaptol,3-dithiol-2-thicne)
mlecules for 'nrore-Um- h conductors through their close intermolecular
S... S contacts, exhibiting metallic states down to low tameratures and
superconductivities. By introducing alkylammim group as a counter cation,
the molecules become anphiphilic and suitable for the fabrication of LB
film. We have reported conductive LB films based on various kinds of metal-
(dmit) 2 complexes. Oe of these system, tridecy1ethyl uniUm-Au(dmit) 2
(Fig.1, 3C10-Au), shows high conductivity of 30-50 S/cm at roan temperature.

To investigate the electronic transport properties of the 3C10-Au LB
films more precisely, we examine the thermelectric power together with dc
conductivity. 7he teaperature d of the conductivity have a broad
maximum around 200 K; the conductivity increases with decreasing temperature
from roam ta1prture to 200 K, showing a quasi-metallic behavior, and
decreases below that tverature down to around 4 K. The thenmelectric
power is positive and in the range 10-25 pV/K at room tuIerature. The
temperatune dependence of the thenmcelectric power exhibits metal-like
behavior over the tmperature range from 300 to 4 K; the value decreases
with decreasing temperature. The small mgnitude of the thermoelectric powr
and the temperature dependence suggest that the LB film is metal-like.

We consider that the broad nmximnu of the conductivity is not by the
transition of Peierls type, but rather due to carrier localization, possibly
due to randam potentials set up by disorders such as grain boundaries or
defects. In fact, the peak of the conductivity is not acccmpanied by the
corresponding transition in thermoelectric power that would be expected if
the transition were due to the opening of a gap at the Fenmi energy.

ClOH21 /S- C-- IS\ /S- C  S

C10H2 1-N-CH 3 S=C I Au II C S

CloH 2 1/ S "S /

Fig.1 Molecular structure of tridecymthylanuvnium-.i(dmit) 2
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'SUPERLATTICES' PREPARED FROM DIELECTRIC
AND TWO-COMPONENT CONDUCTING LB LAYERS

T.S. Berzina, L.A. Feigin', R. Micheletto2 , F. Rustichelli 2 ,
V.I. Troitsky, S.L. Vorobyova and L.G. Yanusoval

Research Institute of Physical Problems, 103460 Moscow, USSR
'lnstitute of Crystallography, Academy of Sciences of the
USSR, Leninsky pr., 59, 117333 Moscow, USSR
2 University of Ancona, Via Ranieri, 60131 Ancona, Italy

Discovery of conductance in LB films gives alluring pros-
pects for creation of new molecular assemblies. The deposition
of the films with desired distribution of thin conducting and
dielectric layers along the perpendicular to the substrate
plane seems to be a substantial step on a way to 'nanoelectro-
nics'.However, experimental evidence of existence of a precise
lamellar order in the 'superlattices' containing layers of
charge-transfer complexes and salts was absent.

Preparation of the 'superlattices' using these compounds
for depositing of conducting areas appeared to be a difficult
problem.We tried to prepare the films with different sequences
of alternation of dielectric (D) and conducting (C) bilayers.
The programs of alternation were the following: DCDCDC .,., DDC
DDCDDC. .. , DCCDCCDCC..., DCCCDCCC..., and DDCCDDCC... . Barium
behenate and stearate layers were used as dielectrics. Hexade-
cylbis(ethylenedithio)tetrathiafulvaiene (Ce-BEDT-TTF) and
hexadecylethylenedithiopropylenedithiotetrathiafulvalene (Cie-
EDT-PDT-TTF) as well as the mixtures of the latters with hexa-
decyltetracyanoquinodimethane (Cie-TCNQ) and 2-heptadecaoxy-
carbonyltetracyanoanthraquinodimethane (CiT-OC-TCNAQ) were de-
posited to obtain conducting areas. We investigated the films
by electron microscopy, X-ray, and electron diffraction tech-
niques. Conductance of tne samples was checked also.

One-component Cie-BEDT-TTF and Cie-EDT-PDT-TTF conducting
films possess a crystalline order in the direction normal to
Ltle film plane., But no Bragg reflections appear on the X-ray
diffraction patterns of 'superlattices" containing these mono-
layers. Nevertheless, the doped films show high conductivity.
These results are explained by poor spreading of conducting
monolayers. For this reason the mean thickness of the layer,
which is deposited in one dipping process, is more than that
of one monolayer, and periodic structure does not arise.

Diffraction patterns of the 'superlattices' produced from
the fatty acid salts and two-component mixtures of Cie-BEDT-
TTF or Cie-EDT-PDT-TTF with Cie-TCNQ do not show reflections
also. This is caused by recrystallization of conducting layer
on the substrate when deposition of dielectric is carried out.

Experiments on the preparation of 'superlattices' appeared
to bi- successful when the mixtures of Cie-BEDT-TTF or Cie-EDT-
PDT TTF with C1?-OC-TCNAQ were used to form conducting areas.
One crystalline structure arises for any sequence of layer al-
ter-nation if optimum compositions of components and the best
conditions of deposition are used. But additional reflections
appear on the diffraction patterns under some variations of
these parameters. However, these additional reflections do not
correspond to crystalline structures of the components used,
Poscnble variants of structure change are discussed,
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IDENTIFICATION OF THE PROCESS PRODUCING OBSERVED
RECTIFYING CHARACTERISTICS OF M/LB/: STRUCTURES
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Department of Physics, The University of Exeter, Stocker Road,

Exeter, Devon EX4 4QL, UK

G.J. Ashwell
Centre for Molecular Electronics, Cranfield Institute of Technology,

Cranfield, Bedford MK43 0AL, UK

The Langmuir-Blodgett (LB) technique has been employed in the fabrication of
M1/C 16 H33-Q3CNQ LB film/M 2 structures which have exhibited rectifying properties
even when the LB film thickness was a single monolayer by ourselves [1] and using
DDOP-C-BHTCNQ by Geddes et al [2]. The process responsible for the asymmetric
I/V curves has not yet been unambiguously attributed to the intrinsic properties of
the LB molecule. There exist several possible explanations which do not require the
process to be molecular in origin. It has been suggested that thermal evaporation of the
electrode M2 , in this case magnesium, being highly reactive may modify the LB film
producing diodic characteristics. The permanent molecular dipole moment or Schottky
processes at the electrodes are also p )ssible explanations for the rectification. The
results obtained so far with these organic layers, supporting E fields of order 109Vm - 1,
are extraordinary and clearly need detailed study.

We are currently performing experiments to help to clarify the r6les of the vari-
ous possible mechanisms. In particular, we are endeavouring to ascertain whether the
observed asymmetric I/V curves are a result of "molecular rectification" or purely due
to "bulk" processes arising from device construction. This shall be accomplished using
inert LB film spacer layers between each electrode and the active LB layer thus elimi-
nating both chemical interactions with magnesium vapour and interfacial effects at the
electrodes. Retaining I/V curve asymmetry in such a device will demonstrate that the
rectification is molecular in origin., It may prove possible to reverse the orientation of
the active LB film in which case rectification should be observed under opposite polarity.

References

[1] Ashwell et al 1990 J. Chem. Soc.. Chem. Com. 19 1374
[2] Geddes et al 1989 Thin Solid Films 168 151
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CONDUCTING LB FILMS OF NEW TETRATHIAFULVALENE DERIVATIVES
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and V. I. Troitsky

Research Institute of Physical Problems, 103460 Moscow, USSR

'Rigas Polytechnical University, Azenes 14, 226048 Riga, USSR

To determine the influence of some molecular structure

variations on the properties of conducting Langmuir-Blodgett

films we synthesized new surfactant derivatives of tetrathia-

fulvalene ie. hexadecylethylenedithiopropylenedithiotetra-
thiafulvalene (hexadecyl-EDT-PDT-TTF) and hexadecylethylenedi-

thiooxapropylenedithiotetrathiafulvalene (hexadecyl-EDT-OPDT-
TTF). In the first place monolayers of these donor molecules

at the air-water interface were studied. Then the deposition

of multilayers was carried out. To characterize morphology and

structure of the films we fulfilled their investigations by

electron diffraction and electron microscopy techniques. Con-

duct~vity of the films was estimated be-ore and after doping

by iodine. The films of hexadecylbis(ethyienedithio)tetrathia-
fulvalene (hexadecyl-BEDT-TTF) (1] were studied also to under-
stand the tendency of change of the properties.

Characteristics of the monolayers on a water surface and

the multilayers deposited on solid substrates are outlined by

data presented in the Table.
Compound Hexadecyl- !Hexadecyl- Hexadecyl-

BEDT-TTF iEDT-PDT-TTF EDT-OPDT-TTF

Area per molecule (nm 2 ) 0.31 0.33 0.32

Collapse pressure (mN/m) 32 24 27

Conductivity (Ohm-'cm-')
before doping 110--5- 10- 13 10-4-10-3 2 10-0-7 10- 4

after doping x 0.1-0.5 0,04-0,2 10-3-r-10 -
3

Dimensions of crystal-
lites (nm) 100-200 20-30 10-20
K Conductivity is attributed only to conducting areas.

The films of hexadecyl-BEDT-TTF possess the best conduc-

t1iv.y. But in a day approximate~y they undergo a recrystalli-
zation. On the other hand, the multilayers of hexadecyl-EDT-
PDT-TTF have the best morphology, and nothing happens with the

films during one month at least. Bad quality of deposition of

the bexadecyl-EDT-OPDT-TTF film is explained by high viscosity
of the monolayer at the air-water interface.,

Our study shows that the values of conductivity depend

strongly on the in-plane dimensions of crystallites. This re-

sult, confirms the conclusion [2] that a contribution of grain

boundaries into resistance of the conducting Langmuir-Blodgett
films is considerable. Possible reasons of difference of

another properties are also discussed.
Patterns in the conducting films were drawn by electron

beam. Conductivity disappears under irradiation, but no dete-
rioration of film morphology takes place. The sensitivity of

the films to the action of electrons iz determined.
REFERENCES

I C. LaIanne, P. Delhaes, E. DupartClh.Garriou-Lagrange, J, Amliell,
J.P.Morrand and B.Desbat,Thin Solid Films,179,171-176(1989)

2. A. Barraud, J.R~chard, A. Ruaudel--Teixier and M. Vandevyver
Thin Solid Films,159,413-419(1988).
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Relationships between molecular orientation and pyroelectricity in

alternate LB films consisting of 5-(p-dodecyloxyphenyl) pyrazine-2-

carboxylic acid and deuterated stearic acid were investigated. The same

studies were also performed for the corresponding alternate LB films of

their barium salts.

Pyroelectricity of the films was measured by a static method in the

temperature range from -30 to 60 °C. The maximum values of pyroelectric

coefficient due to a decay of the spontaneous polarization were obtained
-2 -1

to be 1.2piCm K at 37 °C for the acid alternate film, and 1.8 PC
-2 -1
m K at 43 °C for the barium salt alternate film. Rapid increases of

positive currents due to a depolarization in the films were observed

bove 50 'C.

The molecular orientation in the films was evaluated by our new

method1 ) involving FT-IR transmission and reflection-absorption spec-

troscopy. Temperature dependence of the orientation angles of the

hydrocarbon chain axes of the constituent molecules indicates that the

depolarization is due to the conformational disorder of the hydrocarbon

chains. Temperature dependence of the antisymmetric and symmetric COO

stretching frequencies of the barium salt film suggests that the spon-

taneous polarization is ascribed mainly to a structure modification of

the carboxylate groups. Furthermore, it is concluded that the alternate

films with the more highly oriented molecules give the larger pyroelec-

tricity, and chat if the molecular orientations are in the same order,

the acid alternate films have larger pyroelectricity than the corre-

sponding barium salt alternate films. The latter finding may be due to

weaker intermolecular interaction in the acid films than in the barium

salt films.

1) J. Umemura, T. Kamata, T. Kawai, and T. Takenaka, J. Phys. Chem.,

1990, 94, 62.
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It is now well established that the spontaneous electrical polarisation
of certain alternate-layer Langmuir-Blodgett (LB) films is temperature
dependent; the films therefore exhibit pyroelectricityl - 4. Much of the
previous work has concentrated upon acid/amine and acid/aniline systems. We
now report preliminary attempts to produce pyroelectric films containing
biological molecules.

Initial studies have concentrated upon phosphatid.i" acid and
phosphotidyl serine monolayers alternated with 1-docosylamine. 'J1,e structure
of these films has been investigated using infrared spoctrrscopy.
Pyroelect-ic coefficients measured by the static technique (-0.9 pCn-K - 1) were
comparable to those of other LB structures'. Relative permittivity and
dielectric loss data for these films are typically 3.09 - 3.05 and 0.005 -
0.003, respectiveiy, in the range 10 Hz to 100kHz, see Figure .. This gives
a pyroelectric figure of merit, p/er, of 0.29 pCm-2 K-1. The effect of
alternating these phospholipids materials with other phospholipids, e.g.
phosphotidyl ethanolamine, instead of 1-docosylamine will also be reported.

3.56 . . .' , . .m''I I

3.20 6 A _, ± - A 0.08
Z 84 - 0.07 -

-0.06
I Z13
i 1.78 -. 0 -

1t42-003.
. 07 [ 0.0

3 0. -0- 0.01

*00-l , .. . . . . , , ,
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Figure 1. Relative permittivity and dielectric loss data for a phosphatidic
acid dipalmitoyl/1-docosylamine film.
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The metal - insulator - semiconductor (MIS) structure is fundamental

for the characterization of the insulating layer and the semiconductor -

insulator interface. Incorporatiun of Langmuir - Blodgett (LB) multilayers

in these structures is also intere, ting from the view point of possible

applications based on field effec* transistor configuration, especially
in the case. of semiconductors with no native oxides (e.g GaAs).

The LB technique was used for the preparation of ultra-thin copper

tetra-4-t-butylphtalocyanine (CuTTBPc) films in this work. The phtalocya-
nines are possibly useful for practical applications because of their high

chemical, thermal and optical stability and photoelectric properties. The

Au / CuTTBPc LB film / GaAs structure was prepared by evaporating Au top

electrodes; as a semiconductive substrate the high doped GaAs '1o18/cm -

Te) was used.

This communication deals with the investigation of these structures

by QTS - method (Charge Transient Spectroscopy), which is a modification

of Deep Level Transient Spectroscopy originally developed by Lug. QTS re-

sponse exhibits two broad maxima situated at T1= ?06 K and T2= 273 K. On

the basis of measurements with various values oi a time window and sub-

sequent numerical simulation it is shown that the maxima correspond to 2

electron levels distributed around Emaxl= 0.28 eV and Emax2= 0.38 eV, respe-

ctively. The experimental results indicate that QTS response of the investi-

gated MIS structure is due to the LB film.

I i l • -l ~ I l ~ i1f I i III l llI I III l III I• I lIH l I lI l I I
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STRUCTURAL PROPERTIES OF CONDUCTING LANGMUIR-BLODGETT

FILMS BASED ON (NDTA) 2Ni(DMIT) 2
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(CEAlService de Chimie Moliculaire, CE Saclay, 91191 Gi sur Yvette Ceder, France)

Abstract

A very nice horizontal conducting IB films was brought out by Ruaudel et al. who

showed that a considerable increase in conductivity (about 0. 1 S per centimeter) could be ob-
tained by means of ID conduafting charge transfer systems[(3. Recently, several families of
conducting materials of LB fi. ms have been found in many laboratories. They are expected to

be a basic material for some advance technical applications. A new progress was obtained by
Nakamura et al. C23. That is based on the mixed valence complex of metal (dmnit) 2 system. It is
worth pointing out that the metal (dmit) 2 system is an electrical conductor of two dimensionali-

ty so that it can suppress some factors of structrual instability.

In this paper, we will describe the structural properties of (NDTA) 2Ni(dimt) 2 LB films.

The synthesis of (NDTA.) 2Ni (dmit) 2 was performed by Ruaudel et al. The whole experimen-
tal work was accomplished in CEN Saclay. A fresh 5 X 10- ' M (chain concentration) solu-

tion of the sample (NDTA) 2Ni (dmit )2 + (C 6 )2NH in acetonitrile, benzene and

trichlorom.thane(2 : 1 ; 1) is spread onto the water surface, above which dry nitrogen is

blown. After evaporation of the solvent, the film is compressed very slowly. The zr-A curve
is quite reproducible. The monolayers at 28 mN/in were deposited onto a calcium fluoride
substrate or on that some gold grid electrodes(gap layers distance, 0. 3mm) were deposited,

both substrates have been precoated with six LB layers of behenic acid. Oxidation of the LB

films was performed by several chemical atmospheres such as: by iodine, bromine gas with
dry nitrogen or with air and so on. We found out a exposure condition suitable for highly con-

ducting LB films of (NDTA) 2Ni(dmit) 2 sample. Its conductivity is about 0. 1-0. 4 Scm- 1 .

REFERENCES
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Abstract

Recently, the lipid-free copper tctrasulfonatophthalocyanine (CuTsPc) mutilayers wecre
prepaed by LB technique in ouir laboratory. Thc films display a photosenisitizing effect on ?-
Si (111 )rC, and furthermore, the FET modified by CuTsPc films shows good photosensitive
charactcristis[ 2J. In this paper, in order to understand their charge transfcr and photoscnsiti-
7fltion mechanism, thc interfacial charge transfer processes between CuTsPc film (two layers,

12 A in thickness) and p-Si (111) were studied by pulsed laser photovoltaic technique. Com-
paring Fig. 1(a) with (b), it is obvious that the fast process ( I ) corresponds to the photo-
voltaic response of p-Si (111), and the slow one ( I ) is associated with the interaction be-
twccen CuTsPc film and p-Si( (11). Moreover, We found that the photovoltage signal of pro-
css I changes with the light intensity. This variation is similar to that obtained from H2Pc
(PVD film)C3 I. As the film itself can' t produce signal like that of process I , it must have
issociated with the interfacial charge transfer interaction between CuTsPc film and P- Si

(111 I).- It is also found that the signal of process I becomes very small when a Si0 2 layer
(thickness 1450 Ak) is made on the interface. In this case, the charge transfer between
CtiTsPc film and p-Si ( 11) is impossible. This indicates that there is another process in pro-
cess I . So for the process I , there arc two possible mechanisms in it: one is that electrons
are injected from the conduct bmid of 7p-Si(111) into the ground state of CuTsPc( I1I'); the
other is that CuTsPc itself can form partial charge transfer complex CuTsPcA+-O 218(4J, and the
transition from ground state of CuTsPc+-O 2&- to the excited state (CuTsPc+-Oj ) makes the
charge separation of CuTsPc+-O 2A- complete( 1 1) , so the photovoltage is produced. The ex-
perimecntal photovoltagc data appear to be adquately interpreted with the model of the interfa-
cial charge transfer in CuTsPc/p-Si(111) systems.

(h)
(a) ' ,.

Z20 ''

0

0 r 10 4') 0'(p.q) l '1 C)

Fig. I The time-resolved pholovoltage spectrum of p-Si( Il 0(a) and CuTPc film/?-SI(l I 0I)(b)

REFERENCE

[1] Wang Liu, Ticpn 1.1, ot at. , Thin Sotid Films, 179(1999). 309-312

£21 Lei Jiang, Tiejin Ll, #4 at. . Chemical Journal of Chinese Universities, (in press)

[3] S. C. Dahibers and M. E.Musscr. . J. Chem. rhys. , 70(11); 11 Jun. (1979), 5021-5025

£41 S. C. Dahlberg ind Mt. EMusser. . J. Chem. Phys. , 72(12); 15 June(19R0), 6706-6711



DP24
LANGMUR-BLOGETT FILMS BASED ON 1,2-DITHIOLIUM-TCNQ

RADICAL ANION.

FI-HE, V.G1ONIS,J. AMIELL, B.AGRICOLE and P.DELHAES.
Centre de Recherche Paul Pascal, CNRS Ch&teau Brivazac ,

36000 Pessac (FRANCE).

D.DUCHARME, A.PERRIER AND R.LEBLANC
Centre de Recherche de Photobiophysique /UQTR, Qc.CANADA

G9A 5H7 (CANADA)

The control of a supramolecular organization in LB films for
a designed physical properties is a constant objective. Two main
requirements are at least necessary, the presence of an
electroactive group which controls an electron transfer and an
amphiphilic character which can induce a stable LANGMUIR
monolayer. Analyzing the previous results on charge transfer
salts its appears that a few series of somi-amphiphilic TCNQ
salts furnishes LB films of a remarkable quality.

In the present work, we have developped the synthesis of a
new series of 3,4,5-(alkylthio)-l, 2-dithiolium salts with iodine,
TCNQ (salts 1-1 and 1-2) and other strong acceptor molecules
(see scheme 1).

H7Cm8~ 6H37

Oy .SCHs
Se-s

TCNQ;
Scheme 1

We have examined the in situ molecular organization on the
LANGMUIR trough using the usual compression isotherms but also
the surface potential technique and the ellipsometry
measurements; these last experiments allow us to distinguish
between either a monolayer or a multilayer structure.

After transfer on different substrates we have investigated
the physical properties of LB films in particular electronic and
vibrational absorption spectroscopy and static and dynamic
paramagnetism. In particular the specific behavior found by ESR
for the TCNQ compounds will be discussed in relation with the
layer type organization evidenced by X-ray diffraction.
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PHOTOELECTRIC PROPERTIES OF LB FILMS CONTAINING AMPHIPATHIC

PORPHYRIN AND CARBAZOLE

Toshihiko Nagamura, Kenji Toyozawa*, and Shigenobu Kamata*
Electronic Materials Laboratories, Research Institute of Electronics,

Shizuoka University, 3-5-1 Johoku, Hamamatsu 432, Japan and *Department of

Molecular Science and Technology, Graduate School of Engineering Sciences,
Kyushu University, 6-1 Kasugakoen, Kasuga, Fukuoka 816, Japan

A few reports have very recently been made on time-dependent
photoelectric responses in LB films. We have reported transient and steady
photocurrents in LB films containing photoreaction center porphyrin and
alloxazine chromophores.1 .2 We now report the transient and steady photo-
electric properties of LB films composed of amphipathic 5-(4'-N-hexa-
decylpyridinium)-10,15,20-triphenylporphyrin(1) and arachidic acid(_), or
ll-(9-carbazolyl)undecanoic acid (3) and palmitic acid(4).

Five monolayers of a mixture of 1 and 2 (1:5, abbreviated to P) were
deposited as Y-type films at 20 0C and 20 raN. m-i on an ITO substrate. Two
monolayers of cadmium palmitate alone, mixtures of 4 and 3 (molar fractions
of 3: 2-25%) were further deposited. These LB films are abbreviated to
PCUAO, PCUA2, PCUA5 and PCUA25 systems, respectively. Aluminium was vacuum
evaporated as sandwich-type electrodes. These LB films were irradiated by a
150 W Xe lamp through a 10 cm water filter, an L-33 filter, and a mono-
chromator. Steady photocurrents were observed by an electrometer. Tran-
sient photocurrents upon excitation of porphyrin with a dye laser (Molectron
DL-14P pumped by LV24 nitrogen laser, 10 ns) were measured by the use of a
high speed current amplifier (Ithaco 1211) and a digital memory.

Positive steady photocurrents observed for these systems with bias
voltage larger than about -0.4 V increased with bias voltage. The polarity
reversed below -0.4 V. The action spectra well corresponded with the
abscrption spectrum of 1. SteAdy photocurrents decreased in the order of
PCUA5 > PCUA25 > PCUA2 > PCUA0, which strongly suggested that carbazole
derivatives affected the photoelectric properties of these LB films
depending on the molar fraction.

Transient photocurrents upon excitation of porphyrin by a dye laser
showed a fast rise and a slow exponential decay. No transient photocurrents
were observed for monolayers of 2 alone. The action spectrum of transient
photocurrents corresponded well with the absorption spectrum (Q-band) of 1.
These results indicated that observed transient photocurrents were due to
movement of photocarriers generated by the excitation of porphyrin in the
monolayer assemblies. The lifetime defined as the slope of a logarithmic
plot of transient photosurrents vs. time gradually increased with increasing
bias voltage. The lifetime at the same bias voltage decreased in the order
of PCUA5 > PCUA25 > PCUA2 - PCUAO. These results strongly suggested that
carbazolyl chromophores are effective to retard the decay of photocarriers

depending on the extent of aggregation in mixed LB films with palmitic acid.
1) T. Nagamura, K. Matano, and T. Ogawa, J. Phys. Chem., 91, 2019 (1987).
2) T. Nagamura, S. Kamata et al., Thin Solid Films, 179, 293 (1989).
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PHOTOINDUCED VARIATIONS OF INIERNAL ELECRIC
FIELD IN LB FILMS WITH AZODYE MONOLAYE.

S.P. Palto, M.I. Barnik, V.A. Khavrichev, N.N. Davydova
and S.G. Yudin

Organic Intermediates and Dyes Institute, Moscow 103787,USSR

This paper deals with utilization of the probing procedure of
internal electric fields [1] applied to a new type of polar L-B
systems. The investigated L-B films showed a photoinduced optical
anizotropy (POA) effect [2,3].

The prepared L-B films consisted of --------- 3-Al
three components: stearic acid (1,4), IIIHIJ[TJ[

oo0oo000000
azodye (2) and anthraquinone dye (3). -4
Fig.l. The active part of the L-B film 1 1 111
comprised a monolayer of the azodye and E T 1
bimolecular layer of antraquinone dye, , T [, [ - 3
The azodye molecules show the POA
effect in combination with formation of "t~tttt_ 2
polar L-B films [4]. The anthraquinone III1IIIIIIIH
bilayer was used as probe of internal R, ,. - 1
electric field in L-B structure [1]. r ..- Al

Fig. 1 r------- -----Quartz
We investigated the variations of d.c. internal field, due to

the reorientation of azodye molecules after the light irradiation in
its absorption band, using Stark-spectra technique. The electronic
bands of the azodye and the anthraquinone compound have a weak over-
lapping Thus the corresponding contributions of different
monolayers in the Stark-spectra can be seen separately. In our case
the Stark spectrum AT/TI) has two various contributions from two
monolayers:

AT/T(A ) = E(1) A 1z () + ()Eint A (2) (k) (1)
azo azo ant oc; ant'• (2),A),E(1).E(1)

Hern. A(1 )(X), ant azo a - are spectral dependences of linearazo at azo' ant

and .uadratic Stark effect and variable local fields for the azodye
and anthraquinone ,respectively. We investigated two contributions
in (1) and found the dependence of the values of the internal field
Eit
E against the conditions of irradiation . The changes of the
lbc
internal field confirmed the results obtained early in [4]. Using
the values of the internal fields we found the muroscopic polariza-
tion of azodye monolayer (N 10"F 8. 16_&cm) versus the irradiation
conditions. The model of'POA is discussed to explain the data obtai-
ned here.
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We have investigated the photoinduced electron transfer from the excited donor

(oxacyanine OC, incorporated in a matrix monolayer at the air-water interface) to

the acceptor (viologen; V ) either present in the matrix monolayer or adsorbed

at the monolayer/water interface from the subphase. The kinetics of adsorption

of the acceptor at the monolayer/water interface and the steady state surface

density was monitored using the surface pressure, surface potential, surface re-

flection and fluorescence techniques, The adsorption of the acceptor at the DPPA

(dipalmitoylphosphatidic acid) monolayer/ water interface leads to the appearance

of V*+ specific band (x280 nm) in the reflection spectrum, the magnitude of

which increases with increasing acceptor concentration in the subphase ending in

saturation at concentrations > 10-r6 M. The adsorption of the acceptor is largely

governed by the interfacial potential, e.g, we did not find any evidence for ad-

sorption of the V at monolayers of dipalmitoylphosphatidylcholine or arachidic

acid (at pH 5.6). The kinetics of adsorption of the acceptor was found to be dif-

fusion controlled and the time to reach steady-state varied between few minutes

and hours in the concentration range (10- 8 - 10- 5 M)., For investigation of the

photoinduced electron transfer process, steady-state fluorescence intensity

(425nm)- area isotherms were measured simultaneously with the surface pressu-

re-area isotherms. The fluorescence intensity decreased by three orders of mag-

nitude as a result of electron transfer using bulk acceptor concentration in the

range 10- 8 - 10- M. These results along with the other results obtained by in-

corporating the long chain derivative of the acceptor in the matrix (DMPC) mono-

layer are discussed in terms of a two dimensional analog of the three dimensional

hard sphere model.
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PIEZOELECTRICITY IN LANGMUIR-BLODGETT FILMS

P.E- a, M. Poulter, and G. G. Roberts

Department of Engineering Science, University of Oxford, Parks Road,
Oxford, OXi 3PJ, U.K.

The pyroelectric properties exhibited by several types of Langmuir-

Blodgett films have generated interest in the piezoelectric properties that

these materials should exhibit. For the potential applications of thezz

materials in pyroelectric detectors low levels of piezoelectric activity

would be desirable, since large piezoelectric effects introduce problems of

acoustic sensitivity. Therefore, the characterization of the level of this

activity is important. These materials could also be useful in novel

piezoelectric devices. The overall aim of this work is that of

establishing a reliable method of determining the piezoelectric properties

of thin organic multilayers under the constraints where the active element

is supported by a rigid substrate.

The multilayer Langmuir-Blodgett films which were investigated for

their piezoelectric effect were comprised of alternate layers of a fatty

acid and 1-docosylamine, and an organo-ruthenium c tplex alternated with a

fatty acid. The organic layers, consisting of 21 monolayers, were

deposited onto thin (0.8 mm) glass substrates on which aluminium electrodes

had been deposited. On top of the organic multilayers an upper aluminium

electrode was deposited. A purpose built rig was designed for applying a

bending flexure to this composite, producing tensile and compressive

stresses in the Langmuir-Blodgett film on its surface. Measurement was

made of the force applied perpendicular to the surface of the substrate

(the force in bending the substrate) and the resultant charge produced by

the flexure. The strain at the surface of the substrate, and that

transmitted to the active layer, was determined by applying the theory of

bending in a cantilever beam. From the values of the tensile stress in the

active layer and the resultant charge, the piezoelectric d31 coefficient

could be determined. Preliminary results on acid/amine alternate layer

films have yielded a d31 coefficient of 0.13 pC/N. The accuracy of this

experimental set up has been verified by measuring the d31 coefficient of a

a spuncoat VF/TrFE copolymer as the active layer, giving a coefficient

which is in excellent agreement with published values.
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S.YMMAR.Y

ISOMERIZATION OF (c-NAPHTYL)(n-CHLORPHENYL)ETHYLENE

SOLUTION BY THE RUTHENIUM COMPLEX LANGMUIR-BLODGETT FILM.

Styrkas D.A., Lednev I.K., Alfimov M.V.

N.N.Semenov Institute of Chemical Physics,USSR Academy of

Sciences,Moscow Region,Chernogolovka,USSR.

Our paper is concerned with the investigation of the

photocatalized properties of the Langmuir-Blodgett(LB) films of

synthesized surface-active diperchlorate bis(2,2'-bipyridine)

(4,4'-diheptadecyl-2,2'-bipyridine) ruthenium(2+) complex.

Trans to cis isomerization of (a-naphtyl)(n-chlorphenyl)

ethylene(NCE) in hexadecane solution photosensitized by the LB

multilayer was investigated.In addition to this, luminescent

quenching of the LB films by a CuS04 water solution was studied

to determine the effectiveness of such a heterogeneous catalytic

reaction.

It was shown that the effectiveness of the trans to cis NCE

isomerization photosensitized by the ruthenium complex LB film is

100 times lesT than the effectiveness of an analogos reaction in

a homogeneous solution.Each layer of the LB film contribute the

equally to the rate of the isomerization.This can be explained by

penetration of the NCE solution deep into the multilayer or by

efficient migration of energy to the surface of the film followed

by isomerization on the surface.To determine the mechanism of

this process an additional luminescent quenching of the LB film

by the CuS04 water solution was carried out.With increasing

quencher concentration in the solution the efficiency of the

quenching reached a limit.This demonstrated the absence of

efficient energy transport in the LB multilayer and also that

CuSO 4 solution only penetrates wearly into the film.Thus the

efficient contribution of all monolayers of the ruthenium complex

LB films results from good penetration of non polar hexadecane

solution of NCE into the depth of the LB multilayers.



EP2

PENETRATION KINETICS OF CIS-DIAMMINEDICHLOROPLATINUM II LOADED
NANOPARTICLES IN LIPID MONOLAYERS AS MEMBRANE MODEL OF
RETICULOENDOTHELIAL SYSTEM

M.A. Egea, M.L Garcia, M.Espina, O.Valls, M.A.Alsina

Department of Pharmacy(Phisicochemical Unity) .Faculty of
Pharmacy. Barcelona University.Barcelona (Spain).

In the last years various attempts have been made in order to
minimize the toxic effects of citostatic drugs and improve their
penetration into the cellular membranes.In this way, different
kind of drug delivery systems, such as liposomes, nanocapsules
and nanoparticles, were used.

Cis-diamminedichloroplatinum II (Cisplatin) is a higly effective
drug in the treatment of several neoplastic diseases but its use
must be limited by severe systemic toxicity as nephrotoxicity or
neurotoxicityIn an attempt to modify the therapeutic index
this drug has been previously encapsulated in liposomes but with
a very low encapsulation efficiency and poor stability.

Biodegradable polymers such as polyalkylcyanoacrylates (PACA)
are of special interest in the desing and fabrication of
nanoparticles, as prolonged-acting dosage forms.. Conjugation of
citotoxic drugs to this polymers could reduce side effects by
altering pharmacokinetic disposition of the drug.

Monolayer measurements at liquid-gas interfaces can give
valuable information about the interfacial behaviour of membrane
compounds and also on interactions at interfaces, which can be
well correlated with phenomena at biological membranes.,

The present study was undertaken in order to know the nature of
the interaction between cis-diamminedichloroplatinum II loaded
or unloaded polyalkylcyanoacrilate nanoparticles, with the same
components as lipids present in cellular membranes of
reticuloendothelial system spreaded as monolayer at liquid-gas
interface. This lipid composition of monolayers has been chosen
because a major limiting factor to the systemic use of
particulate drug delivery systems is the rapid clearance of the
carrier from the circulation by the reticuloendothelial system.
The possible interactions of the surfactant used in the
nanoparticle formulation with the lipids above mentioned were
also investigated.

The surface pressure increases produced in lipid monolayers
spread at several initial pressures when different amounts of
cis-diamrninedichloroplatinum II loaded or unloaded
nanoparticless or free nanoparticless were added to the aqueous
subphase showed a maximum value for the drug loaded
nanoparticles.
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AN IN SITU INVESTIGATION OF THE PHOTOPOLYMERIZATIONI

OF DIACETYLENE LB FILMS.

Repinsky S.M.,Kruchinin V.1'.,Sveshnikova L.L..Doinun T.N.

Institute of Semiconductor Physics,Academy of ScienceL of

the USSR,Siberian Branch, 630090 Novosibirsk 90 (USSR).

The aim of the present work was to study the polymerization of mono -

and multilayers LB films of the amphiphilic derivative (DA 11-8)

CH (CH) -C-C-C-(CH ) COO Cd3 2 11 2 8 J 21

by means of high-speed ellipsometry.

DA 11-8 was dissolved in hexane at a concentration of about 0.1 - 0.15
-4

mg/ml and spread on water containing about 3xiO mo]/I CdCl at tH=7.O-7.1.
2

The monolayers were transferred onto silicon substrate at a surface press-

ure of 30 mN/m. Photopolymerization was achieved by UV irradiation of the

sample using Hg - lamp and registered by ellipsometry with the fast action

about 50 ms. The kinetic dependences of the polymerization of DA 11-8 (1,

2, 4 and 6 monolayers) are presented

9A(o) in Figure. After the short period of

6m initiation (3-5 min) the spontaneous

5M M polymerization was observed in a case of

/ m film thickness less then or equel 4 mono-

layers. The films of PDA 11-8 absorbes

I light with the maximums of absorption at

570 and 640 nm. The values of refractive

10 20 Q,(miL.) index 1.64-1.65 and absorption constant

0.1 were observed for these films at

632.8 nm. Mechanism of the processes of polymerization, photochromic

transition and photolysis was discussed.
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LB FILMS OF HEXADECYLVINYLDIMETHYLAMMONIUM

CHLORIDE AND THEIR OZONE SENSITIVITY

Inger Vikholm
Technical Research Centre of Finland, Medical Engineering

Laboratory, P.O.Box 316, SF-33101 Tampere, Finland

ABSTRACT

A 77.8 MHz Surface Acoustic Wave (SAW) device (1) and a
158 MHz dual SAW device has been used to measure the ozone
sensitivity of Langmuir-Blodgett films of hexadecylvinyl-
dimethylammonium chloride (CVDAC). The 77.8 MHz SAW device was
also used to characterize the deposition of monolayers as a
linear decrease in the resonant frequency of the device
indicates a homogeneous deposition (1,2).

CVDAC forms a liquid expanded monolayer on a pure water
subphase because of the ionic repulsion between the polar head
groups and monolayers can not be deposited onto a solid substra-
te. However in a mixture with arachidic acid at a molar ratio
of 1/6 a monolayer similar to that of pure fatty acids is
formed. Y-type films were deposited onto solid substrates and
characterized by UV-visible absorption spectra. Furthermore
deposition onto the SAW device indicates a homogeneous
deposition as the resonant frequency of the device decreases
linearily with number of layers.

Charged monolayers can be stabilized by complexation with
polyeiectrolytes (3). A stable monolayer of CVDAC was formed
by polyion complexation with polystyrenesulphonate. Deposition
was succeeded only on the upward movement of the substrate,
giving Z-type films. UV-visible absorption spectra of the
transferred films indicates a successful complexation and a
reproducible monolayer transfer.

The resonant frequency of a SAW device coated with CVDAC
layers decreases with time when exposed to ozone. The decrease
in frequency is irreversible and the rate of the decrease
depends on the number of layers deposited onto the device. This
indicates a penetration of ozone into the layers as the response
rate increases with film thickness. Ozone would adsorb only near
to the surface if the response did not depend on the film
thickness. The decrease in frequency of the SAW device is
linearily dependent on the ozone concentration.

REFERENCES

1. Vikholm, I. and Helle, H., Progr. Colloid Polym. Sci. 82
(1990) 163.

2. Vikholm, I. and Helle, H., Thin Solid Films 178 (1989)
197.

3. Shimomura,M., Kunitake,T., Thin Solid Films 152 (1985) 243.
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THE POLYMERIZATION OF MONOLAYERS AND LB.MULTILAYERS

OF SOME UNSATURATED FATTY ACIDS

J, Peltonen, Ve Pingsheng', M. Linde'n, and J. Rosenholm

Department of Physical Chemistry, Abo Akademi,
Porthansgatan 3-5, SF-20500 Turku, Finland

ABSTRACT

The polymerization of several unsaturated fatty acid Langmuir-monolayers ( cis-9-oleic acid
(C18:c9), cis-6-petroselinic acid (C18:c6), cis-9,12-linoleic acid (C18:c912) and trans-9,12-
inolelaidic acid (C18:t912) ) has been successfully carried out under a 30W low pressure

mercury lamp UV-irradiation.

The polymerization was monitored as a change in barrier speed under a constant surface
p!essure of 15 mN/m for monolayers on a 0.1mM TbCl3 subphase and 25 mN/m for 0.1 lmM
CjCI subphases, respectively. All the measurements were done under a constant temperature
of 200C.

S- The unsaturated fatty acids with two double bonds ((C18:c912) and C18:t912)) where more
reactive than those with a single bouble bond ((C18:c6) and C18:c9)). Also, the cis-type
double bonds were observed to be more easily polymerized than those of trans-type.

More detailed study was focused on C18:c912. The indication that a polymer was indeed
produced came from the following facts: The speed of the barrier increased to a clear
maximum when the monolayer was irradiated with UV-light. After 100 min. UV-irradiation
the collapse pressure of the monolayer (22.3 m;N/m) was higher than that of a unreacted
monomer (18.0 mN/m). As well, after a 100 min. polymerization, by sweeping the surface of
the Langmuir trough, a resin-like surface residue was obserbed by microscopy, However, the
monomer cis-9,12-linoleic acid is a liquid with melting point between -V0 C and -5°C.

The reactivity of the monolayers was studied also under an argon atmosphere but no
significant differences were observed compared with those measurements done under normal
air conditions. This indicates that the oxidation and degradation of the monomer in air
atmosphere during a 100 min. UV-polymerization were not the dominant effects in our
experiments.

The polymerization tests for the corresponding LB-multilayer structures under a 100W high
pressure mercury lamp as well as using electron beam will be characterized by x-ray
diffraction measurements.

On leave from University of Science and Technology of China, Hefei, China
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Electrochemistry of Viologen-containing Langmuir-Blodgett

Film Prepared by Polyion Complex Technique.

Masatsugu Shimomura, Kennichi Kasuga, and Takashi Tsukada
Department of Biotechnology, Tokyo University of Agriculture and

Technology, Koganei, Tokyo 184, Japan

We describe in this article electrochemical property of an amphiphilic
viologen in the Langmuir-Blodgett(LB) multilayers prepared by the polyion
complex technique.
Shimomura and Kunitake succeeded to immobilize the bilayer membranes as
the LB multilayers by the polyion complex technique. As the result of the
electrostatic interaction at the air-water interface, a stable monolayer
of the bilayer-forming charged amphiphile was prepared on an aqueous
solution of the counter charged polyelectrolyte. The polyion-complexed
monolayers could be transferred on the solid substrates as the
multilayor films by the normal LB technique'. Molecular orientation in
the pol jon-complexed morolayers should be strongly affected by the
chemical structure of the polyelectrolytes.
The azobenzene amphiphile having the viologen group as a hydrophilic head
forms the bilayer assembly in water.

CHCH2),10 / 5 N=N Q'~ O(CH2)n-N-a_ ~ N-CH2CH, 23r-
-o 1

Du to high water solubility, however, amphiphile 1 could not form a
st.aile monolayer on pure water subphase at 20g. Addition of an anionic
polyelectrolyte into the water subphase could stabilize the monolayer. A
condensed monolayer with a limiting molecular area of ca. 0.6 nm2/molecule
was formed on dilute solution of potassium poly(vinyl sulfate).
Carboxymethylcellulose (degree of substitution of carboxymethyl group per
glucose unit ;d = 1.41) in the subphase made the monolayer more expanding.
Shape of the pressure-area isotherms(r-A curves) on the aqueous
carboxymethylcellulose was strongly dependent on the degree of
substitution. Condensed monolay .-r was found on the solution of higher
substituted carboxymethilcellulose (d = 2.81). Molecular orientation in
the polyion-complexed monolayer is strongly affected by the charge
density of the polyelectrolyte.
Reversible reduction-oxidation reaction of the viologen group by the
electrochemical process was found in the polyion complexed LB film. The
formal redox potential(A") of the LB film was found to be strongly
affected by the chemical structure of the anionic polymer. The complex
film with carboxymethylcellulose(d = 1.41, P'= -473mV vs. SCE) was more
easily reduced than the film complexed with poly(vinyl sulfate)(A = -577
mV). Positive shift in the redox potential was found for the complex film
having expanding nature of the monolayer.
As was expected, the n-A curve on poly(acrylic acid) solution showed
a large pH-dependence. Lowering the pH value of the subphase, the T-A
curve of the monolayer was found to be extremely expanding. A large pHt
dependencp or the redox potentrial was also found in the LB film.

1) M.Shimomura, T.Kunit-ake. Thin SoJ Films. 132,243(1985)
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PHOTOINDUCED PROTON TRANSFER IN LB FILMS

M.Fujihira and Y.Niedome

Department of Biomolecular Engineering, Tokyo Institute of Technology,
4259 Nagatsuta, Midori-ku, Yokohama, 227 Japan

In nature, photosynthesis is the major process which
converts solar energy to chemical energy. That process starts
with a photoinduced electron transfer, and results in the
hydrogen ion concentration gradient across a membrane. The
concentration gradient can be a driving force to synthesize ATP
from ADP. Several polypeptide units are concerned with that
process.

On the other hand, some kind of halophilic bacteria have a
quite different energy conversion process. A polypeptide unit

which named bacteriorhodopsin pumps hydrogen ion directly as a
result of phot.Asomerization of retinal. That proton pumping
mechanism is much simpler than that of photosynthesis. The
process does not link with electron transfer and needs no other
polypeptide unit. This molecular process suggests us a novel
molecular device for solar energy conversion other than the
previous molecular photodiode.

1 )

In this study, we intended to assemble a photoinduced
intermolecular proton transfer system with LB films. This is
the first report which aims to control the direction of proton
transfer in artificial aggregates.

We used 2-naphthoic acid (2-NpA) as a photofunctional
compound. Some aromatic compounds with acid-base functional
groups have different pKa's in the ground state and in the
excited state. In the case of 2-NpA, pKa in the ground state is
4.1, while in the excited state pKa(Sl) was reported as 10-
12.2) We incorporated 2-NpA- ion as a proton acceptor into
appropriate proton donating amphiphiles such as imidazole and
amines with long alkyl chains. Regularity of LB films should
control the direction of proton transfer.

References
1) M. Fujihira, K.Nishiyama and H.Yamada, Thin Solid Films,

132, 77 (1989)
2) G.Jackson, G.Poter, Proc.Roy.Soc.(London), A260,13,(1961)
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CONTROL OF PHOTOCHROMISM OF DIACETYLENE LB FILMS

BY POLYION COMPLEXATION

K. NISHIYAMA, M. KURIHARA, AND M. FUJIHIRA

Department of Bicmolecular Engineering, Tokyo Institute of
Technology, 4259 Nagatsuta, Midori-ku, Yokohama 227, Japan

It is important to control molecular orientations and inter-

molecular distances in mono- and multilayered LB films. In this re-

spect, we have found that, for the monolayer which consists of an

amphiphilic aliphatic acid and a polycation used as the counter ion,

the molecular area could be controlled by the pH of the subphase, the

size of monomer unit of polycations, and the chain length. We have

also reported that the photoisomerization of the azobenzene amphi-

philes in LB films, which had so far been irreversible, became revers-

ible due to the increase in the free volume by polyion complexa-

tion.l,2)

In general, the topochemical reactions depend upon the molecular

arrangements and the intermolecular distances. Diacetylene derivatives

are representative compounds which show the topochemical reaction.

Therefore, in this paper, we will discuss how the photopolymerization

of diacetylene, is affected when the molecular area of photoreactive

moieties is controlled by the polyion complexation.

The cross sectional area of the diacetylene moieties of the

monolayers was controlled by the pH of the subphase and by the chain

length. The photopolymerization of the moieties was largely influ-

enced by the area. By controlling the area, the LB films which dis-

play new types of spectra of photochroma were obtained. The difference

in absorption spectra and polymerization behavior between the monolay-

ers at the air-water interface and the corresponding multilayered LB

films was observed.

References

1) K. Nishiyama and M. Fujihira, Chem. Lett., 1988, 1257.

2) K. Nishiyama, M. Kurihara, and M. Fujihira, Thin Solid Films,

179, 477 (1989).
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ELECTROCATALYTIC REDUCTION OF C02 ON MODIFIED
ELECTRODE WITH LB FILMS OF LONG ALKYL SUBSTITUTED

NIC:(EL CYCLAM COMPLEXES

U.AKIBA, Y.NAKAMURA, K.SUGA, and M.FUJIHIRA
Department of Biomolecular Engineering, Tokyo Institute of Technology,

4259 Nagatsuta,Midori-ku,Yokohama 227, Japan

In biological systems, various kinds of metal complexes such as

hemes, iron sulfur clusters, and manganese centers act as active sites of

enzymes. Several recent papers reported that carbon dioxide could be

electrocatalytically reduced by metal complexesl 3 ). The metal electrodes

in contact with an aqueous solution of Ni-cyclam complex (cyclam:1,4,8,11-

tetraazacyclotetradecane) can reduce carbon dioxide to carbon monoxide

selectively in more preferable potentials than the same metal electrode

without the complex.

To immobilize the metal complex catalyst on an electrode, we first

investigated the position of Ni-cyclam to which we substituted alkyl

chains without lack of the activity, and reported that nickel complexes of

N-alkylated cyclams are more stable than Ni-cyclam ir an aqueous solution.

Then we synthesized a Ni-cyclam derivative with an N-substituted long alkyl

chain, i.e. Ni-N-docosylcyclam. We examined the electrociemical properties

of its monolayer and the catalytic activity for reduction of carbon

dioxide.

The monolayer of the Ni-cyclam derivative was spread from the chloro-

form solution onto a 0.5 mM NaClO4 aqueous solution at 15 °C. The limiting

area of Ni-N-docosylcyclam was 0.88 nm2 . The monolayer of the complex was

deposited on a glassy carbon (CC) disk electrode.

The cyclic voltammograms on the electrode were re arded in a 0.1 M

NaCl04 aqueous solution under nitrogen or carbon dioxide tmosphere. Under

nitrogen, the cyclic voltammogram of the monolayer of N:-N-docosylcyclam

showed a redox peak at ca. -1.4 V vs. SCE, and it was a'.,iost the same as

the redox potentials of nickel N-short alkylated cyclvas in an aqueous

solution. Under carbon dioxide, the increase in cathodL.' current was ob-

served at -1.3 V vs. SCE. These results indicate that the LB films of the

complex possess sufficient electrocatalytic activity to reduce carbon

dioxide.

References

(1) J.P.Sauvage, et.al., J. Am. Chem. Soc. 108, 7461 (1986).

(2) M.Fujihira, Y.Hirata, and K.Suga, J. Electroanal. Chem. 24, 199(1990).

(3) B.Fisher, R.Eisenberg, J. Am. Chem. Soc. 102, 7361 (1980)
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PHOTOCHEMICAL SWITCHING OF ELECTROCHEMICAL
PROCESSES ON MODIFIED ELECTRODE

WITH IONIC SPIROPYRAN LB FILMS

K. NISHIYAMA, K. MATSUMURA, AND M. FUJIHIRA

Department of Biomolecular Engineering, Tokyo Institute of
Technology, 4259 Nagatsuta, Midori-ku, Yokohama 227, Japan

In relation to the human visual system we reported that the spiropy-
ran LB film can control the electrochemical reaction of Fe3+/Fe2+ by UV and
visible light irradiation1 ). In the prese.:t study, we will report photo-
chemical switching of electrochemical processes by using ionic spiropyran
derivatives. This device is composed of a gold optically semi-transparent
electrode (Au OTE) modified with LB films containing photoresponsive moie-
ties in contact with a redox solution in a photoelectrochemical cell.

In general, the rate of electrochemical reaction greatly depends on
the state of electrode surface, LB films or adsorbed monolayers on the
electrode surface inhibit the electrochemical reaction. If the film blocks
the electrochemical reaction perfectly, no faradic current is observed.

If this photoresponsive film
changes its inactive structure by
light
irradiation with one frequency (v) 0
into active structure and the coated ion
electrode with this new structure
allow the electrochemical reaction in <0
solution, the large faradic current
should be observed. If the initial
blocking state can be recovered by
irradiating light with the other fre- hV' [hy
quency (v'), only charging current is
observed again.

In this way, photochemical
reactions in the film caused by weak 0
photoirradiation trigger a large
electrochemical current in a reversi-
ble manner as in the visual system. 0

Reference

1) K. Nishiyama and M. Fujihira Chem.
Lett., n-81, 1443.
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PHOTOPOLYMERIZATION OF w-TRICOSENOYL DERIVATIVE OF tS-CYCLODEXTRIN
IN LANGMUIR-BLODGETT FILMS

Kiyoshige FUKUDA, Yos hio HIBASAKI and Hiroo NAKAHARA
Faculty of Science, Saitama University, Urawa, 338 Japan
Waichiro TAGAKI and Hisao TAKAHASHI
Faculty of Engineering, Osaka City University, Osaka, 558 Japan
Yasujiro KAWABATA
National Chemical Laboratory for Industry, Tsukuba, 305 Japan

LB films of long-chain dei-_atives of cyclodextrins (CDs) will provide
new molecular systems owing to the unique environment in the cavity.0  A
variety of functional molecules can be incorporated into the LB films of CDs
giving a well organized layered system with specific functions.2) On the other
hand, polymerization in the LB films is expected to enhance the mechanical
strength, thermal stability and solvent resistance of the LB films 3 )

In this paper, a w-tricosenoyl derivative of P-CD
(Vinyl-P-CD)(Fig.1) was synthesized (mp 74.5*C) and the q(CH2)2°CH=CH2
photopolymerizations in the built-up multilayers and NH
the monolayer on water have been studied. Vinyl-A-CD 6h
can form stable monolayer at the air-water interface.
From the 7r-A isotherm the limiting area was 230 X2/ W MA
molecule, indicating that Vinyl-P-CD molecules are O 7
aligned in the closest hexagonal packing of the
cylindrical bases in the monolayer and long chains Fig.l Vinyl--CD
stand vertically (Fig.2). In the equimolar mixed
monolayer with w-tricosenoic acid (TA), TA molecules
filled blank space between Vinyl-p-CD molecules in the
hexagonal packing without any increase of the area,
although additional molecules of TA contribute to the
area increase in proportion to the molar ratio of TA.
The monolayer of Vinyl-O-CD can be deposited onto
phydrophobic solid substrates by the LB method. The
polarized IR spectra for the LB films of Vinyl--CD
revealed that the hydrocarbon chains stand nearly
vertically and the CD rings are oriented pararell to Fig.2
the film plane.

In order to obtain the thermally and mechanically stable ultra thin
films of A-CD, homopolymerization of Vinyl-P-CD and copolymerization with TA
in the LB films were examined by UV irradiation under nitrogen atmosphere.
Polymerization process was followed by the decrease of C-H deformation band
of terminal vinyl group at 910 cm1 in the IR spectra. Homopolymerization of
Vinyl-p-CD was rather slow, while copolymerization with TA proceeded faster
and reached high conversion. Further, the polymerizability of Vinyl-P-CD in
the multilayers prepared by the horiz;,atal lifting method was higher than
that by the convensional LB method, probably because the monolayer on water
surface should be transfered on the plate without disturbing the molecular
arrangement. It was found that solvent resistivity of the LB film of Vinyl-
P-CD was improved after the polymerization.

1) Y.Kawabsta, W.Tagaki, H.N~kaura and K.FRdada, etal., Thin Solid Films, 159(1988)353.
2) A.Yabe, Y.Kahsbata, W.Tagaki, H.Nskahara and K.FWa, etal., Thin Solid Films, 160(1988)33.
3) K.Fukuda, Y.Shibasaki and H.Nakahara, Thin Solid Fibis, '9(1983)87, 133(1985)39, 1O(1988)43,

179(1989)103.
4) H.Ninno, Y.Kbaata, A.Yabe, W.Tagaki, H.Nakalsra and K.Fdcuda, etal.,179(1989)53.
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PREPARATION AND PROPERTIES OF POLYAMINE LB FILMS

Toshihiro Suwa, Yasunari Nishikata, Hasa-aki Kakimoto, and Yoshio Imai

Department of Organic and Polymeric Materials,
Tokyo InsLituLe of Technology, Heguro-ku, Tokyo 152, Japan

We have prepared polyimide and poly(p-phenylene vinylene) LB films
using "Precursor method", In this paper, we report the first preparation of
polyamine LB films containing no long alkyl chains.

The amphiphilic precursor polymers I of polyamines j were syn-
thesized by the condensation reaction between dioctadecyl succinylsuccinate
1 and various diamines Z as shown in eq. (1). Polymer I synthesized from
tans-1,4-diaminocyclohexane was fairly stable in air and soluble in
chloroform.

HO'OH H2N-R-NH2 -

0qH37  +0qH
37

2 3

+0NH-R=NH +

R: -

The stable L film of I was obtained, and could be deposited onto solid
substrates as Y-type films using the usual LB technique. Fig.1 shows the
relationship between absorbance at Amax (245 nm) of absorption spectra and
the number or deposited '.,ers onto quartz plate. The linear plots indi-
cates that the monolayers o. I are reproducibly and uniformly transferred
onto t~le substrate.

Subsequently, the long alkyl chain was removed away by heat treatment.
:n order to observe a chemical change of the LB film of polymer a, the films
were heated at different temperature under reduced pressure. The UV-
visible absorption spectra and IR spectra indicated that the remarkable
change of chemical structure occurred at 300"C.

Although in the case tha- the diamines were aromatic amines such as
p-phenylenediamine and 4,4'-diaminodiphenylamine the polymer I were easily
oxidized in air, preparation of LB films of polyamine 4 (polyaniline) from
these aromatic precursor LB films is also discussed.

= o.d oFig.l Absorbance at Amax of absorption

= .o 0. |spectra vs the number of layers

0o.1 I
00'0 20 40 00 so 100

umber of layers
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ORIENTED POLYPEPTIDE MONOLAYERS BY RAPID SF."'ANEOUS CONDENSATION

OF AMPHIPHILIC AMINO ACID ESTERS AT THE AIR-WATER INTERFACE

Tsutomu Miyasaka, Naoyuki Nishikawa, and Mitsunori Ono

Ashigara Research Laboratories, Fuji Photo Film Co., Ltd.

Minamiashigara, Kanagawa 250-01, Japan

Amphiphilic derivatives of amino acid esters undergo topologically

accelated self-condensation when brought into a monolayer orientation.1
)

However their reaction rates are still far lower than a practical synthesis

level due to lacking in reactivity of the ester groups so far employed.

A new monolayer-forming amphiphile phenyl ester of amino acid derivative I,

enables rapid self-condensation forming peptide bonds in ambient conditions.

Polycondensation of I spontaneously took place on a neutral aqueous

subphase at room temperature and was completed in 2 hours. Progress of poly-

condensation was visualized by scanning electron microscope on a Si wafer,

which revealed morphology of laterally growing polymer domains. IR absorp-

tion measurement enabled estimation of the rate constant of condensation based

on abandpeak analysis. I achieved a rate constant of 7 x 10-4s-1 ,which is 70

times larger than that shown by a methyl ester derivative. Topological

effect on the condensation rate was investigated for fluid monolayers on

an aqueous subphase, LB films on an substrate, and non-oriented cast films,

indicating that orientation and fluidity are essential requisite to drive

this reaction. Surface pressure of the monolayer C18H 37 -CHCOO4--

accordingly affected the reaction rate. NH2

Of stereochemical importance is that a

L-serine derived enantiomer of I

yielded a much more homogeneous film than itsracemic mixtures (see figure) , reflecting -"'

a better packing of molecules occurring in

I as detected inF-Acurves. The polypeptide

LB films thus prepared are insoluble in most

organic solvents and showed high permeation b

resistance on an electrochemical analysis racemate serine deriv.

by cyclic voltammetry. polypeptide monolayers

1) for example, T. Folda et.al., Macromol.Chem.Rapid.Conun., 3, 167(1982).
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DIFFUSION PROCESSES IN LB-MULTILAYERS OF HAIRY ROD MOLECULES

Y. Schaub, K. Mathauer, S. Schwiegk, P-A. Albouy', G. Wegner

Max-Planck-Institut fir Polymerforschung, Postfach 3148,

D-6500 Mainz, FRG

'Laboratoire de Physiques des Solides, Universit6 Paris-Sud,

F-91405 Osay, France

A new type of non amphiphilic LB-materials consists of rigid

rod like polymers with covalently attached flexible alkyl

chains.

Sub sttu.ed Folyglutamates, Phthalocyaninatopolysiloxanes and

Cellulose derivatives are some examples for these new hairy

rod molecules, which can be used to build up LB-multilayers

w-nh improved thermal and chemical stability.

The ability to incorporate guest molecules in the alkyl skin

3f the st-;f polymers may be useful for the design of optical

.a--ou:des or senscr devices.

:- order tc investigate the mobility and diffusion processes

r ouest molecules in multilayers and to determine the

sczuoture and stability -f alternatrig bilayer superlattices

orfferent rod , the X-ray reflexion technique was applied.

s method can be used to analyse the electron density

ro...le in multilavers perendicuiar the substrate.

Diffusion processes of guest co-pounds and of polymer rods as

wel! as chemical reactions in nultilayer systems which are

correlated with a change of the electron density profile were

investiaated in this way.
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X-RAY PHOTOELECTRON SPECTROSCOPY STUDY

OF MONOMOLECULAR FILMS OF Q-STATE NON-STOICHIOMETRIC

LEAD SULFIDE IN LB FILMS

X. G. PENG, Q. WEI, Y. S. JIANG, X. D. CHA;, T ., LI AND J. C. SHEN

(Deparme of Chernry, Jdvi ,biursZy, Cha gihm, 130023, P. R. C'a)

Abstract

The investigation on the insertion of inorganic compounds in organized assemblies has

been payed more and more attentions to due to their fantasting solid state chemistry and poten-

tia! applications as semiconducting, photoelectric and quantum confinement materials rl ~3J.

Following our work to prepare non-stoichiometric copper sulfide layers in the polar planes of

LB inonolayers:' 2, lead sulfide was synthesized with the same method. X-ray diffraction, IR

an~d UV-visible spectroscopy revealed that it has a mnonomolecular film structure with Q-state

absorption. These results will be published elsewhere.

X-ray photoelectron spectroscopy (XPS) shows that the S : Pb ratio of the lead sulfide

monomolecular films is about 1.5 ' 1. The S2, binding energy peak of this non-stoichiometric

product is at 161. 7+± 0. 2 eV which is higher than that of bulk PbS (S 2, binding energy peak

at 160. 6 eV). In the air, the lead sulfide monomolecular flms decomposed to lead stearate

(LB films), HS, S(element). The decomposition process was studed in detail. 77 days after

its exposure to air, about 90% lead sulfide decomposed. This property is different from that

of the surface of PbS bulk and Q-state PbS small particles(in ethylene-15% methacrylic acid

copoul\mer). This difference was considered due to the structure of the polar planes of the LB

films, the metastable phase (orthorhombic crystal form) of stearic acid LB films and the struc-

ture of lead sulfide.,

REFERENCES

- A. Ruaudel-Teixter. J. Leloup, A. Barraud, Mol. Cryst. Liq, Cryst. , 134(1986).
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-: E. S. Smotkin, Chongmok Lee, A. J. Bard, A. Campion, M. A. Fox, T. E. Mal-

louk, S. E. Webber and J. M. White, Chem. Phys. Lett. 152(1988), 265

_3fl Kyunghee C. Yi and Janos H. Fendler, Langmuir, 6(1990), 1519

41 H. J. Chen, X. D. Chai. Q. Wei, Y. S. Jian and T. J. Li, Thin Solid Films, 178

(1.989), 535
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A STUDY OF PROPERTIES OF 10, 12-TRICOSADIYNOIC ACID LB FILM

Yubai Bai, Lihua Li, Yaru Wang, Jun Yang and Daxin Tang

(Dm wlmed of C nmdsry, J&r UriWersy, Chwigde, 130023, Chwia)

Mingxuan Gong

(Jwaanm hididWe of Tetdrdg, J==s 154007, Chbia)

Abstract

The structure and properties of the diacetylene compounds LB films have widly been re-

searchedb - 32 . 10, 12-Tricosadiynoic acid has been synthesized by ourselves. Using LB film

trough, the monolayers are spread on the water and CdC 2 subphase. Its pressure- area

isotherms are recorded. The collapse pressures are 14 and 38 mN/rn on the subphase of pure

water and CdC12, respectively. This is due to that cadmium diynoate is obtained, the film is

more stable. In a general CdCI2 subphase, the monolayer is transferred onto quartz, CaF 2 and

si.icon substrate.

From the linear dichroism IR-spectra of cadmium diynate LB films we found that Vco of

the acid is shifted near 1550 cm- 1. This further illustrates that the cadmium salt LB films

have been formed. The molecular orientation in the cadmium salt LB films have been gained

through an analysis of the dichroic behavior of infrared absorption spectra. The results were

shown in Table 1. After irradiation using UV light, the molecular orientation was changed in-

to slight straight(also see Table 1).

We have made a systematic study on photo-polymeric characteristic of the cadmium salt

LB films. Using 30W low pressure mercury light, the sample is put at a distance of 15 cm

f-3i thc light. After irradiation for 5 sec. , a weaker absorption peaks appears in about 650

nr-. After irradiation going beyond 20 min, the blue colour is not continuously deepened arid

.j.. absorption is not increased, this shows that the polymerization is not increased and the

pui% merzation has been finished. If a multilayer in its bule form is treated by ethanol or chlo-

rctjrm, an immediate and irreversible color change to bright red is induced, absorption peaks

are 1hifted to about 550 nm.
Table I The orientation angles of major transition bands in the cadmium diynoate salt LB films

Wo elcngth(cm " ) Aignmeni Betor irradation After irradiation

2919 v.(CHz) 65.7 v-33. 5 70.4 Y-26.6

?P151 hj(CH 2) 68.5 72.7

1540- 1J529 V.(COO ) 62.6 82.5
1407 ,,(COO-) 85.2 66.1

REFERENCES

- B. Tieke. G. Lieser and G. Wenger. J. Polym., Sci. Polyn., Chem. Ed. , 17(1979). 1631

-2- B. Tieke. G. Liser and K. Weiss, Thin Solid Films. 99( 1983), 95

F. Kajzar, J. Messier. Thin Solid Films. 99( 1983.09
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THE PREPARATION AND PROPERTIES OF COLLOIDAL CdS LB FILMS §

Zhijun Zhang, Zuliang Du, Xiaodong Ma, Chengxue Zhao*, Zhensheng Jin# & Zigiang Zhu

(Dept. of Phys. Henan Univ. Kaifeng ; * Dept. of Chem. Hua Zhong Univ. of Science and Technology, Wu

Han; # Lan Zhou Chemical Physics Inst. Academia Sinica ; PRA)

Quantum size particles exhibit many novel properties. In the present paper, we use

the semiamphiphilic method to confine colloidal CdS particles into LB films and study their

properties by fluorescence spectroscopy.
The colloidal CdS is prepared as following : 300 ml of CdCl2 10-4 M in 18M.O

deionized water are placed in a 500 ml flask. Pure H2 S gas is bubbled into the solution, which

is stirred at high speed. When the solution turns yellow, the H2 S injection is stopped. The

stirring is carried on 30 mn further. The solution is then filtered through a high speed filter

paper. The resulting filtrate is the desired colloidal solution.

A freshly prepared colloidal solution, diluted with deionized water, is used as a

subphase in an ATEMETA LB 105 trough. A chloroform solution of 4-n-octadecacyloxy

benzene trifluoro acetone is spread onto the colloidal CdS subphase and compressed in one

hour. This particular amphiphilic molecule has been chosen because it prevents the growth of

large clusters of dS, which is induced by ionic forces. It is believed that the colloidal CdS

particles can only be adsorbed on the LB monolayer through Van der Waals interaction. The

colloidal solution and the resulting LB film exhibit similar excitation spectra, but the emission

behaviour appear slightly different. The colloidal CdS solution exhibits a unique sharp

fluorescence peak at 436 nm, and a broad shoulder which extends to 600 nm. The CdS

containing LB film exhibits three peaks at 418, 436 and 464 rm respectively. The first is the

strongest one, which indicates that the CdS particles are actually confined by the LB matrix.

This is confirmed by the peak at 464 nm. Besides, the emission band appears narrower than the

one of the colloidal solution, which means that large particles are not easily adsorbed on the LB

film.

All the results show that the LB matrix is a good medium to confine colloidal

particles. It appears hardy possible to modify the size of the confined particles by this method.

§ The Project is supported by Wang Kuan Cheng Education Fundation
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ELECTRICAL PROPERTIES OF COPPER SULFIDE SEMICONDUCTORS
INSERTED IN LANGMUIR-BLODGETT (LB). FILMS

J. LELOUP, A. RUAUDEL-TEIXIER, A. BARRAUD
CEA - Saclay, Service de Chimie Mol~culaire

91191 GIF SUR YVETTE CEDEX
France

We report electrical and physical properties of copper sulfides
built in situ by chemical reactions in the polar planes of behenic acid
multilayers obtained by the LB method.

By this way conducting samples can be obtained in the range
108-1011 a (a _ 10-3 - 10-6 S. cm- 1) for twenty layers films. Samples
of inserted copper sulfides exhibit also photoconduction. A study of the
current versus the applied potential have shown almost linear variation
for about four order of magnitude (from 10-3 V to 10 V).

When keeped in air, samples do not remain conducting after
several days. But under high vacuum (10-6 torr) (or under static vacuum
after pumping under high vacuum), samples can remain conducting during
several years.

Sometime under this last condition, uncontrolled doping can
occur ; the resistance then drops by about four orders of magnitude in a
few months. Typically, samples of resistance less than 105 0 have been
obtained whose resistivity is estimated to he less than 1 Q cm.

Studies of resistance versus temperature have shown a
degenerate semiconducting behaviour for a sample of resistance less than
105 Q and a semiconducting one with a shallow level of impurity or
defect (at about 50 meV) for a sample of resistance 4.105 Q at 300 K.

Some other properties and problems of fabrication will be
discussed.
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INORGANIC MONOLAYERS
INSERTED IN AN L.B. MATRIX.

H. PEREZ, A. RUAUDEL-TEIXIER, M. ROULLIAY

CEA - Saclay, Service de Chimie Mol6culaire
91191 GIF SUR YVETTE CEDEX

France

This paper describes the first attempts and results regarding the
synthesis of monolayers of metallic thiohypodiphosphates M2P2 S6
(M2 +,P 2S64 -), inserted in a LB matrix. Three synthetic routes are
investigated with that aim.

1. The synthesis of an amphiphilic compound containing a
protonated form of the P2S64- anion associated with an organic cation
(namely N-docosyl trimethyl ammonium:NDTA) is achieved. The
corresponding Langmuir film is transferred onto silicon substrates. Then
the diffusion of an aqueous solution of CdCI 2 in the LB matrix produces the
precipitation of Cd2P2 S6 in the polar planes. But the poor quality of the
transfert associated to the slight chemical instability of the film, does
not give highly satisfactory results regarding the purity and the amount of
the inorganic compound inserted.

2. The same amphiphilic compound used in the first route is
synthesized by ionic exchange, at the air/water interface of the Langmuir
trough. The reaction takes place between a monolayer of NDTA bromide and
Na4 P2S6,6H20 dissolved in the aqueous solution of Na2HPO 4 used as
subphase. The resulting film is stable and transferred onto silicon slides.
Aqueous diffusion of CdCI2 produced Cd2P2S6 inserted as monolayers in
the polar planes. X-Ray and XPS analysis confirm this result.

3. LB films of cadmium behenate are prepared on silicon
substrates. The diffusion of aqueous solution of Na4P2S6 ,6H 20 in the polar
planes precipitates mixtures of Cd2P2S6 and CdS .The side reaction is
attributed to traces of S2- species provided by the chemical attack of
the P2S64- anion.

From the three experiments worked out in this study the second
route proved to give the best results.
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SCANNING TUNNELING MICRSCOPIC. OPTICAL

AND SCANNING TUNNELING SPECTROSCOPIC CHARACTERIZATION OF
SIZE-OUANTIZED CADMIUM SELENIDE PARTICUIATE FILMS

IN SITU GENERATED AT MONOLAYER INERFACES.

Xiao Kang Zhao, Larry D. McCormick, and Jnios H. Fendler
Department of Chemistry

Syracuse University
Syracuse, New York 13244-4100

Cadmium selenide (CdSe) particulate semiconductor films were in situ generated
at positively charged, dioctadecyldimethylammonium bromide (DODAB) monolayers
floating on an aqueous subphase which contained appropriate concentrations of sodium
selenosulfate and cadmium nitrilotriacetate. DODAB-monolayer-supported, 300-400 A
thick, CdSe particulate films were quantitatively transferred to solid supports by
horizontal lifting. Absorption spectra showed shoulders at 605 nm and absorption edges
at 646 rn, which led to the assessment of a direct band-gap of 1.92 eV and 65 ± 10 A
for the diameter of the particles in the CdSe particulate film. Heating at 2800C for five
minutes shifted the absorption edge to a longer wavelength and the direct band-gap to
that corresponding to bulk crystalline CdSe (1.73 eV). Dark resistivities of a glass-
supported CdSe particulate film were also observed to decrease from 107-108 cm to
1-10 fcm upon heating. The increased conductance accompanying annealing, along with
the recovery of the bulk band-gap, substantiates the proposed size quantization in CdSe
particulate films prepared at DODAB interfaces. Scanning tunneling microscopic images
indicated the presence of interconnected CdSe particles with 50-60 A mean diameters.
Current-voltage (I-V) and differential conductance vs. voltage (dI/dV vs. V) tunneling
spectra of CdSe particulate films were determined in air. The obtained data indicated
n-type Schottky behavior, sample- and tip-distance-dependent band bending, and around
2.0 eV band-gap energies.

Support of this research by grants from the National Science Foundation and the
United States Army Research Office is gratefully acknowledged.
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TWO-DIMENSIONAL STRUCTURES IN POLYMERIZED MONOMOLECULAR FILMS

R. ROLANDI, S. DANTE, A. GUSSONI, L. MAGA* and M. ROBELLO
Department of Physics and *Institute of Chemical Engineering,
University of Genoa

Fluorescence microscopy images of UV irradiated
monomolecular Langmuir-Blodgett films of the styrene-
functionalized surfactants, bis(2-(n-hexadecanoyloxy)ethyl]methyl
(p-vinylbenzyl)ammonium chloride and di-n-octadecylmethyl(p-
vinylbenzyl)ammonium chloride, show structural domains of
polymerized molecules.

The shapes and sizes of the domains have been studied by an
image analysis system.

If the photopolymerization is performed at constant surface
pressure, the mean area of the domains depend on the irradiation
time and the rate of the domain increase is correlated to the
polymerization kinetics.

The polymerization surface pressure effects the domain
shape.

The dependence of the film viscosity on the domain sizes was
also studied.
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QUALITATIVE CHARACTERIZATION OF ENZYME ADSORBED
TO L-FIL*L AND ITS APPLICATION TO AN UREA SENSOR

Shi3 i Aj:±sa xo and Ryoichi Yamamoto
Ro.,ea.rh Center for Adclanced Science and Technotogy,
T;,e Iniversity of Tokyo.

4-5-1 Komaba, Neguro-ku, Tokyo 153, Japan

Various kinds of biosensors have been developed and some of them
are now commercialized. Almost all studies to date, however, are mainly
ccncen:rated on the practical aspects and the structure of films on bio-
sensors constructed by the LB technique is not fully understood. To clarn-
f. :he relationship between the structure of the film adsorbing enzyme and
its characteristics as a sensor. the following experiments were performed
in :h:s paper:

:. The amount of enzyme adsorbed to L film was measured as a func-
tLn of' the concentration of enzyme dissolved in a subphase. The concen-
::-sc~cns of urease and glucose oxidase adsorbed to stearylamine and cety-
c7iae monolayer at the air-water interface were measured.

2. The density of pinholes existing in the cadmium stearate LB films
:as estimated by the copper decoration method.

3. An urea sensor was constructed by immobilizing urease on an ISFET
an :he characteristics was evaluated.

T1h ..sults are summarized as follows:
The Langmuir's adsorption isotherm was used to evaluate the quantity

:ne adsorbed enzymes. The equation which treats the monolayer case of
EE-s adsOrption isotherm can be written as follows:

;a O=(Ns,,"O)p.((Ns,.O)(2mkT) "2exp - ikT , p), (1)
whL" Na number of adsorbed molecules. Ns number of adsorption sites. 0
-a f the adsorption surface, p pressure of gas. m molecular weight of

a s .cent. and o activa:ion energy, respectively. ;e have modified the
e. .to apply, it to the problem of adsorption of enzyme to a Langmuir

: . er. Pressure p was replaced by akI where a is the activIty of
er*a-e and further, substituted by concentration c. Then the e;. (4) can
s a:7p," rewritten as
) 'a-O 'Ns A,."'C (2)

. :,'3. A is a constant at a fixed temperature. The density of adsorption

s:es Can be obtained from the eq. (2) as Ns 0.
Density of pinholes in the cadmium stearate LB films measured by the

ct:per decoration method was interpreted based on a simple model of pin-
hzies. The depression of pinholes was realized by annealing.

:he 'Langmuir's adsorption isotherm did not hold only for the cetyla-
7- -e- glucoseoxidase case. it is shown that in the other three cases, the
quantity of adsorbed enzyme to LB films obeys to the Langmuir's adsorption
isotherm, and that the average area of adsorption site corresponds to the
cross section of urease. Thus we can conclude that the L-film adsorbs only
mcnomclecular film in these cases. The sensitivity and response of the
urea sensor were measured. It is shown that these factors can be con-
tr:. ed by changing the number of' covering layers of cadmium stearate LB
finms. The characteristics of the sensor was improved by depositing cover-
:ng iavers of cadmium stearate, which is concerned with the density of
pinhcles in cadmium stearate LB films.
REFERENCES
, .,X4,auchi. S.Arisawa. T.Arise. and R.':'amamoto.

h:n Solid Films, J.8(1989)293
2 ".R.Peterson. J. Mol, Electron. 2.198695

'I
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I.ATIONSHIP BETWEEN STIRUCTURE AND FUNCTION OF A BUILT-UP FILM OF
AMPHIPIIILIC NI-PIITIIALOCYANINE RESPONSIBLE FOR NO.

Keiji IN IYANtA, ToshInarI ARA k , Naokl SHIMADA'. SeI-IchI YOKOI',
YuKihiro OZAKI'', and Takashi IWASAKI'"
Division of Biochemistry, Institute of Medical Science, The Jikel
University School of Medicine, Nishl-Shinbashl. Mlnato-ku, Tokyo 105,
Japan, 'Frontier Technology Research Institute, Tokyo Gas Co. Ltd.,Shi
baura, Minato-ku, Tokyo .105, Japan, "Department of Chemistry, kwansei
Gakuir. University, Uegahara, Nishinomiya 662, Japan, and '"Department
of Ph.ysics, Faculty of Science and Engineering, Chuo University,
Kasuga, Bunkyou-ku, Tokyo 105, Japan

It has generally been recognized that an appropriate morphologi-
ca! regulation of a Langmuir-Blodgett (113) film system should allow
th :ptimization of film properties for their practical use. To our

n: c,.'g . n o % er, there has been no report that the morphological
regulation of the film structure could allow the practical use of an
LL-;h> . 16%cently, we added a new replica method for transmission
elctru, , -icroscopy (TEM) in order to visualize the surface micro-
5i;u'u r n of an LB-film: The replica technique have allowed us to
studj the surface micro-structure of an LB-film system on the nano-
meter 5,al .

r d' ion, we developed a family
of an iiiphi,;c Ni-phthalocyanines. They are
r :, i - ibI, for NO. and tend to form their

in , a r o;, the surfac, of distilled 'ater
(piC , F-6. 0) to be deposited onto a solid its -$- N .

suL',trat such as glass and gold. Chemical
,;:,jcturi! ;1 one of them (Pc4)is shown in Fig. 1. Fig. I

W' found that the response of the LB-film system for NO, was
." -. / dependent on the surface film-structure on the electron
min.- cpic -cale. Fig. 2 (a) shows a replica Image of a gap cell.
w h' s! ur fa o was covered with(a) (b)
t ir . !'!4 onolayers according , -

ca I I pp iig technique.
' n- I , i ke patterns we e r.

Vidj, ,. EIlectron microscopic
t i3 oi.tO revealed that the ,B- 1',13-

, tem having its smooth
surfatr' !ended to Increase Its 400 II ... *. .

rcp;,se for NOd. Fig 2 (b) shows a Fig. 2
repli a image of a gap cell, on which a single Pc4 monolayer was depo-,
sited according to the subphase-lowring technique 2 '  The gap cell,
whoscrepl!ca Image is shown In Fig. 2 (b), could be electrically
responsible for NO .

'he inorphological regulation of ,hf: film structure on the elect-
o mi roscopic ,;cale could allow the, optimization of the film func-

I C hm 1,.o;.t (1989) 1 21. 2) Chem. t 1 t 990) 55.
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PATTERN FORMATION AND PHOTOPHYSICAL APPLICATIONS OF LB-MULTILAYERS
BASED ON POLYGLUTAMATES

K. Mathauer, A. Mathy, M. Schaub, C. Bubeck und G. Wegner

Max-Planck-Institut fUr Polymerforschung,

Postfach 3148, D-6500 Mainz, FRG

Poly[(methyl-L-glutamate)-co-(octadecyl-L-glutamate)] with an

amount of the long chain component of 30 to 60 % is an excellent

material to form highly ordered LB-multilayers. The side chains

are in a fluid phase which prevents formation of grain boundaries

and, thus, multilayers with a thickness in the range of the wave-
length of light are low loss optical waveguides.

The introduction of functional groups into the "side chain matrix"

allows for specific interactions and/or reactions between the

parallel oriented a-helices in the layers.

Side chains with photoactive cinnamoyl groups lead to cross-
linkable mono- and multilayers. The reaction was monitored at the

air/water interphase following the effect of irradiation by UV-

light on surface pressure and area. UV- and FTIR- spectroscopy and

X-ray reflection was applied to investigate the crosslinking of

the multilayers.

Waveguide-mode loss measurements of multilayers up to 700 layers

gave values in the range of 2 - 12 dB/cm depending on various

parameters.

Pattern formation can be achieved by UV- or electron beam

irradiation. The chloroform developed structures have been

characterized by optical and scanning electron microscopy.
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POLYDIACETYLENE MONO- AND MULTILAYER LB FILMS AS E-BEAM RESISTS:

SEM AND RAMAN IMAGES

R.V. Sudiwala , C. Cheng and D.N. Batchelder

Department of Physics, University of Leeds, Leeds LS2 9JT, UK

Department of Physics, Queen Mary & Westfield College, Mile End Road

London El 4NS, UK

Mono- and muitilayer films of 10,12-pentacosadyinoic acid (PCDA)

diacetylene have been prepared by the Langmuir-Blodgett technique.

Patterns with sub-micron dimensions have been written on the films using

an electron-beam lithography system. The quality of the patterns has been

verified by scanning electron microscopy and Raman microscopy . The

latter images were formed on a CCD camera by light which had been Raman

scattered by polydiacetylene molecules. Polymerization of the diacetylene

monomer had been induced by the electron beam or subsequent UV

polymerization, The 1455 cm"! Raman band producing the image was

resonantly enhanced as the incident HeNe laser beam was within the

optical absorption band of the polymer.

The ability of the polymerized films to act as a resist has been

demonstrated by depositing them onto slides which were coated with an

evaporated aluminium layer. When the specimens were etched with alcoholic

sodium hydroxide solution, the aluminium layers were unaffected in areas

which were protected by a polydiacetylene film.

1. D.N, Batchelder, B.J.E. Smith and C. Cheng, Proc. XII Intern. Conf.

of Raman Spectroscopy, edited by J.R. Durng and J.F. Sullivan, 1990,

pp. 836-837.
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THE BIOMIMETIC PROPERTY OF GAS--SENSITIVE FILMS
FOR ODORANTS CONSTRUCTED BY THE LB TECHNIQUE

Michihiro OHNISHI, Coe ISHIMOTO, and Jun-etsu SETO
SONY Corporation Research Center, 174 Fujitsuka-cho, Hodogaya-ku,
Yokohama-shi, Kanagawa-ken, 240, Japan

The smell of odor gas is sensed by the adsorption of odor molecules
onto the cytoplasmic membrane of olfactory cells(1). An LB film bears a
multi-layer structure of a surface monolayer, and is similar to the
cytoplasmic membrane.

As a gas-sensitive film, an LB film is ultra-thin. So, it was
considered that the amo nt of adsorbed odor gas would be very small, and
that it would be difficult to measure this weight. Thus, a surface acoustic
wave(SAW) device was used. The weight change on the surface of an SAW
device in an oscillator can be determined by the frequency change(2). The
SAW device covered with an LB film detected the adsorption of odor
molecules of nano-gram order per one square centimeter.

The Hansch-Fujita L.uation of the quantitative structure-activity
relationship is widely used in drug-design(3). This equation uses physico-
chemical parameters such as hydrophobic, electronic, or steric as
structural parameters, and the sum of these parameters determines the
physiological or pharmacological activity. Many kinds of activities related
to the cytoplasmic membrane are described by this equation.

Thus, LB films possessing various values of structural parameters were
deposited onto SAW devices, and the property of the adsorption of odor
gases was studied. It was investigated whether the Hansch-Fujita equation
would be applicable to not only the cytoplasmic membrane but also to the LB
film. One of the structural parameters was varied, and the change in amount
of adsorption was determined. The amount of adsorption was linearly related

to each parameter. And the amount of adsorption could be described by the
hydrophobic and electronic parameter. When a linear multiple regression
analysis was applied to the relation between the amount of adsorption and
the parameters, the multiple correlation coefficient was nearly 1.00. This
result shows the amount of adsorption can be described by the structural
parameters of the Hansch-Fujita equation.

This result demonstrates that a biomimetic gas-sensitive film,
possessing properties similar to the cytoplasmic membrane, could be
realized by the LB technique.

(1) Kashiwayanagi,M.and K.Kurihara,Brain Res.,359:97,(1985).
(2) Snow,A.W.et al.,Langmuir,513,(1986).
(3) Hansch,C.and T.Fujita,J.Am.Chem.Soc.,86,1616(1964).
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PROPERTIES OF LIQUID-CFYSTAL CELLS OF PYROLIZED POLYIMIDE LB FILMS

Takahisa Akatsuka, Hideaki Tanaka and Jiro Toyama,

Nippon Mektron, Ltd., Kukizaki, Ibaraki 300-12 (JAPAN)
Takayoshi Nakamura, Mutsuycshi Matsumoto and Yasujiro Kawabata

National Chemical Laboratory for Industry, Tsukuba, Ibaraki 305 (JAPAN)

The conductive Langmuir-Blodgett (LB) films are interesting from the
viewpoint of ultrathin organic conductors, For the application of LB films
to electronic devices, it is necessary to construct highly conductive LB
films with stability. We have recently reported the pyrolysis of LB films
of aromatic polymers [1,2]. The highly conductive LB films were obtained
by the pyrolysis of polyimide LB films at 10000 in vacuum or under
nitrogen atmosphere for 60 min. The films showed the conductivity of as
high as 300 S/cm, depending on the thickness of the precursor films. The
surface of the film was smooth and uniform revealed by SEM. The films were
stable tinder ambient conditions over months,

in this paper, we describe the properties of liquid crystal cells
using the pyrolitic polyimide LB films as orientation fiihs and electrodes.
The nomatic liquid crystal, Merck E-7 (Merck Japan Inc,) was used to fill
the gap between the inner surfaces of quartz plates coated with pyrolitic
polyiiide, The thickness of the LC layers was 9 gm. The electrooptic
performance of the LC cells will be reported by examining the effect of the
layer number of the LB film and the temperature of pyrolysis.

0 0

N N 0
N4N-O100-a

\0 0n

70 0

N N N-~,-0/

0 0 -~

Chemical struk ure of p y:;nmide.

It ,. Akatsuka, d. Tai;aka. I. Tyama, T Nkamur' and Y, Kawabata, Chem.
eL .--, (1990) 975.

) T. Akatsuka, H. Tanaka, -,, Toyama, T Na/.arura and Y, Kawabata, Synth.
:1et , in press.
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Fabrication of Fine Patterns by Positive-working Resists

Using a Polyimide Langmuir-Blodgett Film System

Mitsumasa Iwamoto*, Sige asba , Keiji Iriyama-,

Yasunari Nishikata++ , Masaaki Kakimoto.. and Yoshio Imai..

* Dept. Electrical and Electronic Engineering,

Tokyo Institute of Technology,

2-12-1, O-okayama, Meguro-ku, Tokyo 152, Japan.

+ Organic materials Lab., Fujitsu Laboratories Ltd.,

10-1 Morinosato Wakamiya, Atsugi, Kanagawa 243-01, Japan.

" Division of Biochemistry, Institute of Medical Science,
The Jikei University School of Medicine,

Minato-ku, Nishi-Shinbashi, Tokyo 105. Japan.

- Dept. of Organic and Polymeric Materials,

Tokyo Institute of Technology,

2-12-1, O-okayama, Meguro-ku, Tokyo 152, Japan.

It is expected that a high resolution will be achieved by preparing

thermally stable ultrathin organic films without pinholes on the substrate in

a microlithographic technique. For microstructure fabrication, it is desir-

able for ultrathin films themselves to be photosensitive, which allow fine

patterns to be easily fabricated with them. In this work, multilayer films of

polyimide containing disilane unit were prepared on substrates by the novel

technique coupled with the conventional LB technique, which was originally

developed by Kakimoto et al.[1,2], and then applied to KrF excimer resists.

The films were found to be nearly pinhole-free and the monolayer thickness
was about 0.5 nm. The multilayer films prepared on both CaF 2 substrates and Si

substrates were exposed by the radiation of deep UV light with a wave length

of 248 nm at an interval of 5 msec using a KrF excimer pulse laser, whose ir-

radiation energy was 0.18 mJ/cm2 . It was concluded from the IR and UV-visible

spectra that the photochemical reaction has occurred in the PI LB films, due

to the scission of disilane bonds in the back bone of P1 molecular unit. After

the exposure, the films were developed by soaking the substrate in a 1:1

DMAc:ethanol solution. It was found that no PI LB films with deep UV irradia-

tion remain after the development, whereas PI LB films without the UV irra-

diation remain as deposited. Finally, Si substrates covered with a 21-layered

PI LB film were exposed through a photomask using a deep UV laser stepper for

the fabrication of fine patterns. We concluded that positive fine patterns

with a resolution of 0.251m lines and spaces were able to be fabricated.

[l3M.Suzuki et al., Chem. Lett. (1986)395.

(2]M.Kakimoto et al., Chem. Lett. (1986)823.
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Transduction of Chemical Signals to Optical Signals
by using Multibilayer-Deposited Optical Fiber

Nobuyuki HIGASHI, Tetsu YAMAMOTO, and Masazo NIWA

Department of Applied Chemistry, Faculty of Engineering,
Doshisha University, Kamikyo-ku, Kyoto 602 Japan

We have found for the first time that the water-insoluble multibilayer
(polyion complex)-deposited plastic optical fiber (POF) provides remarkable
phase transition temperature dependence of the optical signal, resulting from
the change of refractive indexes of the bilayer phase. 1

It is well known that the conformation of poly(methacrylic
acid)(PMAA) changes drastically by varying pH based on protonation or de-
protonation of the carboxyl groups. Thus, we designed a triblock polyanion
containing PMAA segment and prepared the polyion complex (SIOM49SI0/1)
of this triblock polyanion and the cationic amphiphile, which was then immo-
bilized on POF as schematically depicted in Fig. 1. The optical signal through
the modified POF thus obtained showed a marked phase transition temperature
(42°C) dependence which was also observed in the refractive index of the
multibilayer. The modified POF provided reversible optical signal changes,
responding to pH. The extent of such a pH-response was controlled by the
phase transition temperature of the matrix membrane. These phenomena were
attained due to a combination of the conformational property of polymer and
the change of the membrane physical state (refractive index), which was
induced by the conformational transition of the polymer. Influences of the
other chemical additives for the optical responses are also discussed.
x M. Niwa, T. Yamamoto, N. Higashi, Chem. Lett., 1990, 1603.

Chemicals --fC~f§ "'iCH, , CNHH; .*HrCHk-........- 101 Z..... .. "
Laser' Optical NNN

Light --- -- Signal

Multbilay~r
S IoM 49S 10 / (1) PSS (1)

Fig. 1. Transduction of chemical signals to optical signals
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ORGANIC ELECTROLUMINESCENT DEVICE

WITH CYANINE DYE LANGMUIR-BLODGETT FILM AS AN EMITTER

Masanao Era, Chihaya Adachi, Tetsuo Tsutsui, and Shogo Saito

Department of Materials Science and Technology, Graduate School of

Engineering Sciences, Kyushu University, Kasuga-shi, Fukuoka 816, Japan

Using the Langmuir-Blodgett (LB) tech- -MgAg

nique, we fabricated a electroluminescence (EL) ETL

cell with a molecular-size emitting layer.

The EL cells consisted of indium tin oxide ]_OCD LB

(ITO) electrode, diamine (TAD) hole transport - Film
layer (HTL), cyanine dye (OCD) LB film as an

emitting layer (EML), oxadiazole (PBD) electron --HTL

transport layer (ETL) and MgAg electrode __ _ TO

(Fig.1). Firstly, TAD layer was vacuum- 0 0
I ;-CHC-CH=<

deposited on ITO substrate. Then, OCD mono- EN N
layers were deposited on the substrate by the (H2)3

LB technique. At last, PBD layer and cathode OCD

MgAg layer were successively vacuum-deposited.

Thickness of TAD and PBD layers was 50 nm.

OCD formed J-aggregate in LB film. Absorp- CH6 & CH3

tion peak (550 rm) of OCD LB film is 50 nm TAD

longer than that of OCD in chloroform. Further,

intense fluorescence with very small Stoks- 0 ~yQ7
PBD

shift was observed in the LB film. Fig.l. Strcture of a EL cell anc

Efficient EL was attained even in the EL c cal srture of orgnic com-poundis used int±is stud~y.
cell with OCD bimolecular layer as an emitting pounds _used _nthis______

--EL
layer owing to the confinement of charge car-

--- :Fluorescence

riers and excitones within the very thin emit- -F s

ting layer. Yellow emission was observed with U

naked eyes under a usual illumination when more c

than DC 20 V was applied to the EL cell. 0

Luminance in the EL cell was about 30 cd m-2 at U A

injection current density of 100 mA cm-  The 500 600 700

EL spectrum well corresponded to fluorescence Wavelength / nm

of the J-aggregated OCD (Fig.2). Fig.2. EL spectrum of an EL cell with
O(D bimoleuclar layer (solid line).

1) C. Adachi et. al, Appl. Phys. Lett., 5*7, 531 Brdkalineisfldzescencespectm
(1990). of J-aqted OCD.
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HYBRID GAS DETECTOR OF SQUARYLIUM DYE LANGMUIR-BLODGETT

FILM DEPOSITED ON A QUARTZ OSCILLATOR.

Makoto Furuki, Lyong Sun Pu

Fundamental Technology Research Laboratory, Fuji Xerox Co.

Ltd., 2274 Hongo, Ebina, Kanagawa, 243-04 (Japan)

At the 4th International Conference on LB-Films, Tsukuba,

we reported about highly sensitive optical N02 gas detector of
squarylium dye LB-film containing J-aggregate.

At this conference, we'll present hybrid gas detector

coupled optical N02 detector with a weighing system of
adsorbed gas by squarylium dye LB film deposited on a quartz

oscillator. A piezoelectric quartz oscillator has been known

to be a very sensitive weighing device. We make a hybrid gas

detector by building up LB-film of squarylium dye mixed with

Cd-arachidate on this quartz oscillator. Responses with this

detector for N02, trichloroethylene and NH3 were evaluated.

Oscillating frequencies of this defqctor under these gases

were measured with fluorescence intenb- y simultaneously.

On exposure to 0.8ppm N02 gas, most of fluorescence was
quenched and estimated ratio of adsorbed N02 molecules to

squarylium dye molecules from shift of oscillating frequency

was about 0.2. For a vapor of organic solvent such as

trichloroethylene, decrement of oscillation frequency was

observed without quenching of fluorescence. On the other hand,

a slightly increment of fluorescence was observed with

decrement of oscillation frequency for NH3.
It was confirmed that the remarkable quenching of

fluorescence from squarylium dye J-aggregate was caused by

highly concentrated adsorption of N02 molecules in LB-film,

both optically and quantitatively. This gas detector also

shows a possibility to develop an intelligent sensing system

which could recognize type and concentration of gases by

integration of each responses.
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GAS DETECTION IN THE PPB-RANGE WITH A NEW

HIGH FREQUENCY, HIGH SENSITIVITY
SAW DEVICE

M. Rapp, D. Binz, I. Kabbe, M. von Schickfus, S.Huklinge
Institut fdr Angewandte Physik II, Universit9t Heidelberg,

Albert-berle Str. 3.5, D.6900 Heidelberg

H. Fuchs, W. Schrepp
BASF AG, Polymer Research Laboratory,

ZKL - J 543, D-6700 Ludwigshafen

and

B. Fleischmann, Siemens AG, Balanstr. 73, D-8000 Mainchen 80

A high frequency SAW gas sensing device has been developed for an operating
-.0 frequency of 600 MHz. It contains three separate SAW delay lines which are the

frequency determining elements of oscillator circuits. They can be coated with different

thin organic films as adsorbants for gas detection measurements. The mass of the film

increases due to the adsorption process, causing a decrease of the surface wave velocity.

This leads to a downward shift of the oscillation frequency.

First measurements were made with two classes of NO 2 sensitive films:

evaporated lead phthalocyanine layers from 1 to 15 nm in thickness and Langmuir

Blodgett (LB-) films with molecules consisting of a soluble iron-phthalocyanine derivate.

The dependence of sensitivity with the thickness of the sublimated films and the type of
interaction of NO 2 with these coatings are discussed.

In addition to the experiments performed in air and special gas.flow chambers,

experiments have been performed under UHV-condtions.
Substrate cleaning procedures and electrical connections of the SAW device with

the oscillators were designed for UHV conditions. The gas-sensitive organic layers were

deposited through masks on one of the three delay lines. Substrate cleaning, film

deposition and measurements were done in a single vacuum cycle. For gas detection,
the vacuum chamber was purged with controlled amounts of test gases. The purpose of

these experiments was to investigate the adsorption behaviour of the gas sensitive

adsorption films under well defined conditions without the presence of contaminants,

e.g. from ambient air. Under these conditions, a novel anomalous damping behaviour

was observed.
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PREPARATION OF CYANOACRYLATE LB FILMS AND THEIR UV AND

ELECTRON RESIST APPLICATIONS

N. K. Matveeva and Yu. S. Bokov

Research Irtitute of Physical Problems, 103460 Moscow, USSR

Monomolecular layers of polycyanoacrylates at the air-wa-

ter interface as well as multilayers on solid substrates were
studied. Cyanoacrvlates with the hydrocarbon chains containing
from two to ten carbon atoms (C2-010) were used . Surface pres-
sure-area isotherms show that monolayers of polycyanoacrylates
02-C5 are not stable. Slow collapse of monolayers and dissolu-
t ion of n'ylecules take place under compression.

On the other hand, isotherms of C6-C1O monolayers show a
distinct region or collapse and precise value of area per mo-
lecule. The collapse pressure is equal to 22 mN/e, and the area
per moiecule varies from 0. 19 nm9 (C6) to 0. 30 nm2( C10).

Molecular weights of polycyanoacrylates were determilned
by measuring the surface pressure-area isotherms of monolayers
in a gaseous state i. e. at the beginning of the curve. The in-
fluence of temperature on the properties of monolayers was
studied also. Then the conditions of multilayer deposition
were worked out. Thin films of 06-ClO containing from 10 to
100 monolayer; were deposited for investigation. The thick-
nesses of the monolayers appear to be equal to 0. 8-i. 3 nm.

New method of production of negative Langmuir-Blodgett
deep UV-sensitive resist is proposed. The multilayer of sensi-
tizer is deposited over LB resist film for this purpose. The
resolution obtained was equal to 0.3 jum. The sensitivitv is
found to be equal to 0.5 J/cm Z .

High resolution electron beam resist based on polycyano-
acrylate LB fi]ms was prepared too. The measured values of
sensitivitv (050) are in the interval between 2 x 10- 5 and
3 x 10; C/cm2 for various compounds. Irradiated LB films are
resistant to plasma etching. The rate of etching is ten times
lower than that of silicon crystal.

Properties of polycyanoarylate LB resists give us the pos-
:ibilit',' for application of these film in microelectronics.
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AN OPTICAL BIOSENSOR PRINCIPLE BASED ON FLUORESCENCE ENERGY

TRANSFER

H.-U. Siegmund, A. Becker, H. Ohst, K. Sommer

Bayer AG,. Zentrale Forschung, D-4150 Krefeld-Uerdingen, F.R.G.

Radiationless fluorescence energy transfer (F6rster energy
transfer) has been used for various studies. With LB films,
sophisticated multilayer systems have been developed for

theoretical analyses of various phenomena (H. Kuhn, D. M6bius,

H. Bucher in: Physical Methods of Chemistry, Vol. 1, Pt. 3B,
pp. 577, John Wiley, New York 1972]. On the other hand, the

technique has been used in biosciences, in particular in
genetics and immunology, as a "spectroscopic ruler" to

determine molecular distances [L. Stryer, Annu. Rev. Biochem.
47, 819-846 (1978)].

The idea is to use this technique for the detection of an

analyte molecule that binds to a biological receptor attached
to or integrated into an LB film. This receptor molecule can

lbe "anchored" into the film by means of a hydrophobic chain,

or one can covalently bind the biomolecule to the film by

techniques similar to the conventional immobilization methods.
The LB films are built up from amphiphilic polymethacryl-

ates that contain a donor dye for the fluorescence energy
transfer and reactive groups to which protein receptors can

bind. Dyes can be attached covalently to the polymers or can
be co-spread with them before film transfer. The prepared

films show a stability that is high enough to survive the
bioassay conditions.

To evaluate the potency of the systems, the principle of a

distance dependency of the energy transfer was demonstrated
with a lectin labeled with an acceptor dye. Other experiments,

where the concentration of an acceptor dye in an LB film was

varied, showed that the sensitivity is enhanced by at least

one to two orders of magnitute compared with direct fluor-

escence detection.

Mannoside ligand molecules labeled with the acceptor dye

(TRITC) were then bound to the LB surface covered with

concanavalin A as a receptor molecule. A specific binding of

the ligand was found.
These experiments show that the combination of the

technique of Forster energy transfer and Langmuir-Blodgett

films can result in a functioning sensing principle.
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GRAVIMETRICAL BIOSENSORS BASED ON

LANGMUIR-BLODGETT FILMS OF IMMUNOGLOBULIN

T.B.Dubrovsky, V.V.Erokhin, R.L.Kayushina

Institute of Crystallography, USSR Academy of Sciences,
1117333, Moscow, Leninsky pr., 59.

An event of antibody - antigen binding can be studied by the

microgravimetric method, using a mass- sensitive quartz resonator

to detect and measure the amount of antibody in a test solution.

The basic frequency of oscilation of the crystal (F) Is changed

due to adsorption of an Immunogen on the modified surface.

The relationship between the surface mass change (Am) and the

frequency shift (AF) is given by the Sauerbray equation: F =

-kAm. LB films of antibody or antigen were immobilized onto the

resonator surface for a direct record of the specific binding to

be made. 9 Miz quartz crystals with silver-plated electrodes were

used.
The piezoelectric resonators were modified by r-amnopropyl-

triethoxysilane vapour at a temperature of 2200C. The initial

silane Lale. is polymerized with other silane derivatives to form

a siloxane polymer having a high reactivity to proteins and the

antigen or antibody Is bound to this polymer. The shift in

resonant frequency due to water penetration was only 20 to 50 Hz

over the experimental period of about 30-40 minutes.

LB films of the human IgG (fraction II, Fluka) were prepared

in a Lann-ur trough (Joyce-Loebl) under a surface pressure of 20

dyn/cm, at room temperature.

Glutaraldehyde coupling IgG film was then deposited onto a

piezoelectric resonator modified with 7-aminopropyltriethoxysilane

and used as a sensing element by dipping into solution of sheeps

anti--IgG serum.

Specific adsorption between the immobilized antibody and test

solution has been measured. One sensor serves as a reference

sensor and the other as an indicating sensor. Frequency shifts

asso,-iated wlth the correspnding base oalrs were .0.....

i ~ ~ ~ ~ ~ r- nl re ---in i res- Im I II IIIl I IIII 1 II m mI
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LB RESISTS OF DIAZONAPHTHOQUINONE NOVOLAC RESIN MADE BY A NEW
HORIZANTAL DEPOSIT METHOD

Zuhong Lu, Shoujun Xiao, Yu Wei
Lab. of Molecular and Biomolecular Electronics

Southeast University,Nanjing,210018,China

LB multilayered resists for fine line lithography have been
well studied by several groups.(1,2) We intended to use
electron beam sensitive polymeric materials to make the LB
resists in order to increase its etch resistance and decrease
the pinhole density

Diazonaphthoquinone novolac resin (DQN) has been used to form
the monolayer on the air-water interface. The monolayer was
stable until the surface pressure up to 35 mN/m at the
temperature around 20 C. A moving wall trough was built to
transfer monolayers to chromium surface at the surface

opressure of 15 mN/m by a new continuous horizontal deposition
method ,which can transfer y-type films of DQN on Cr
substrate. The thickness measurement showed that this new
deposit process could fabricate homogenuous and oriented LB
film for polymeric materials. The 10 layered resist had good
adhesion and high etch resistance in ordinary Cr etch
solution.

The exposure tests to the 10-layered resist of DQN were made
under 80 w UV lamp for 5 seconds through a photomask with the
pattern of the line-width of 1pm. Following the developing
process the samples were immersed to Cr etch solution for 1
min to transfer the resist pattern to Cr film. The pattern
with lpm line-width resolution on i000A thick Cr film has been
obtained.

Reference:

1.A.Barrand, C.Rosilio and A.Ruandel-Teixier,Thin Solid Films,

68(1980)91-98.

2.A Barrand, Thin Solid Films, 99(1983)317-321.
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A GAS SENSOR FABRICATED WITH

FET AND L-B FILM OF PORPHYRIN

Changzhi Gu Liangyan Sun
Electronic Science Department of Jilin University

130023 Changchun,China
Fax: 83040 JLU CN

The prophyrin used in this study was deposited using the L-B transfer
technique.In order to make the prophyrin molecule compatible with the L-B
method,a peripherally substituted prophyrin compound was synthesised. Using
the cobalt acetate, gave the Co complex, this prophyrins had satisfactory IR
and UV spectra.

Two FET were made on the same silicon substrate, both are N-channel
enhancement mode. One is MOSFET, the other is OSFET which is similar to
ISFET sensor in structure.The characteristics of FET will be measured wi-
th MOSFET,gas sensitive will be measured with OSFET covered by L-B film
of prophyrin on its gate area.

!sotherms of spread monolayer of the porphyrin used showed that they
were stable up to a surface pressure of 5OmNim with an acceptable collap-
se rate.At room temperature,PH 6.8-7.2,with the spread film compressed to
30m.n -m ,porphyrin films were tranferred to the gate area of OSFET sub-
strate. We named this device: LB-OSFET sensor. Contact was made to the
sample electrodes using aluminium line spot weld to IC pedestal.

The drain currents of porphyrin LB-OSFET were measured when they
were in air. The sample was then either exposed to NO?, GO, NH3,C:H--O.
The respondses of various film thicknesses to various partial pressures of
gas have been monitoredonly NO2 affects the drain currents clearly.

When the sample was exposed to 5-250 PPm of NOZ,the change of los
was measured in 3V drain-sourse bias.When exposed to 5 PPm,the Ics in
39-layer film changes from 1*10 -1.5*10" after 60 minutes,exposed to 250PPm,
change to 1l10"after 20 minutes.These results show that response time and
signal magnitude were related to thickness and partial pressure of gas wi-
th thinner films providing faster response times but weaker responses,hi-
gh partial pressures providing fasier response time and stronger resposes.
When the partial pressures of gas were constant,the changes of IDS were
measured in various drain--source bias,the results come close to output cha-
racteristics of MOSFET.

We consider that the change of Ios in various partial pressures cf NO2
is bec".use of NO acc'pting a electron from porphyrin molecule,then induci-
ing a hole in the surfac , of SiO2., this result correspond to has a bias on
the semiconductor surface of gate areas,so the Ivs changes with the partial
pressures of NO2 .
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PROTOTYPE OF GAS SENSOR BASED ON LB CONDUCTING FILMS.

iLEMEN L.HENRION, G.DEROST, H.PEREZ, A.BARRAUD, A.RUAUDEL-TEIXIER

C.E.A/Service de Chimie molculaire / Bat.125 / CE SACLAY

91191 GIF SUR YVETTE CEDEX (FRANCE).

We have studied the feasibility of a gas sensor based on LB conducting films (1). The

doping process (applied to the LB films to make them conducting) is quite easy to be performed

and the films exhibit good stability (2).

When exposed to oxidizing or reducing gases, the d.c. conductivity of the film changes

significantly. So a conducting film of (N-octadecyl-pyridinium+, TCNQ-)I, 4TCNQ 0 doped with

iodine vapours has been exposed to phosphine. Its useful sensitivity to phosphine in dry air

ranges from lppm to 100 ppm (3). To run tests in real conditions, a prototype has been

designed and realized in view of an industrial development.

The present paper describes the encapsulation of the sensing films, the gas

circulation circuit and th, signal processing electronics. The prototype is designed for

differential measurements. . .us the limiting factors (steep temperature change, moisture and

interfering gases) are reasonably compensated although some problems have not been solved

(film reproducibility, selective absorption of humidity and phosphine). The main material

studied with this prototype is a LB film of (N-ODPyr + , TCNQ')j, 4TCNQ 0 . The early

performances of the cell were found slightly worse than those obtained with the experimental

hand made laboratory cell, although the flow rate had been optimised to 3 Ih-1. This is discussed

in terms of flow mechanics and gas /film contact time. The optimization of others parameters

have restored performances quite comparable to those of the experimental laboratory set.
The prototype appears as an efficient tool which can be used either as a dose

accumulator in its simplest form or as a differential integrated sensor in its final form.

(1) : L.Henrion, G.Derost, A.Ruaudel-Teixier, A.Barraud.

Sensors and actuactors 14 (1988) 251-257.
(2) : M.Vandevyver, A.Barraud, P.Lesieur, J.Richard, A.Ruaudel-Teixier

Journal de Chimie-Physique, 1986, 83, n" 9, 599-602

(31 : L.Henrion, G.Derost, A.Barraud, A.Ruaudel-Teixier.

Sens.,s and actuators 17 (1989) 493-498.
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ELABORATION OF A GLUCOSE BIOSENSOR BASED ON
LANGMUIR-BLODGETT TECHNOLOGY.

Catherine FIOL, Jean-Marc VALLETON, Norbert DELPIRE, Gerard BAR-
BEY *, Andre BARRAUD ** and Annie RUAUDEL-TEIXIER **.

URA CNRS n'500, U.F.R. des Sciences, Universitd de ROUEN, 76134
Mont-Saint-Aignan, France.
* E.R.S.E.O.A., U.F.R. des Sciences, Universit6 de ROUEN, 76134 Mont-
Saint-Aignan, France.
* DPC/SCM, CEA. CEN de SACLAY, 91191 Gif-sur-Yvette, France.

We report here on the development of a glucose biosensor based on
Langmuir-Blodgett technology. This approach consists in elaborating well
ordered structures in which an enzyme is immobilized. The first step
corresponds to the formation of a mixture of a fatty acid and an enzyme
on the surface of an aqueous phase in a LB trough. This mixture is then
transferred onto a gold-coated matrx by the classical method: this ma-
trix is used as an electrode in order to detect the product of the enzyma-
tic reaction.

The enzyme used for measuring glucose concentration is a glucose
oxidase (Aspergllus niger). This enzyme catalyses the oxidation of glucose
into gluconic acid which is accompanied by a production of hydrogen
peroxide; this species is detected at the surface of the gold electrode by
measuring Its oxidation current at a fixed potential (600 mV versus SCE
electrode). A calibration Is necessary to relate the current measured to
the glucose concentration.

The first results are promising:
- short response times are obtained (a few seconds for obtaining 99% of
the steady state signal), as expected from the geometry of the system:
nanoscopic scale ensuring very short characteristic times for the diffu-
sion processes involved.
- very good linearity of the relationship between the current measured
and the glucose concentration in the range corresponding to biomedical
applications (1-10 mM).

Our current work consists in improving the reproducibility of the
measurements by adequate treatments of the gold electrode surface, and
In testing the durability of these treatments.

The next step will be an optimization in order to perform measure-
ments in complex biological fluids such as plasma and blood. It will be
necessary, in particular, to develop differential measurements.
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LANOMUIR-PLODGETT FILMS AS RADIATION SENSITIVE LAYERS
FOR THE USE OF MICROLITHOGRAPHY

DAN V. NICOLAU, ICCE, Bucharest, 72996, Romania

The continuous decrease of the features required by
semiconductor technology compels the microlithography to obtain
more planar images. Using diazo-naphto-quinone DNQ based Langmuir-
-Blodgett (LB) films as an imaging layer one can obtain planar
images at the interface, Y/N (treshold) behaviour, single expose-
develop step, and possible high resolution, steep profile in the
etched layer.

Deposition.

The deposition of a diazo-naphto-quinone (DNQ) based
substance (with cvasi-linear structure and with hydrophilic and
hydrophobic extremities) on hydrophilic substrates (metal: Cr, Al,
Si, etc. i.e. first mode) or on hydrophobic ones (i.e. second
mooce). The hydrophobic extremity must be the diazo-quinone group
and the hydrophylic one can be either a sulphonic-ester group, or
other polar group. The deposition of DNQ on hydrophobic substrates
is of extreme importance.

Exposure.

Using DNQ based L? films as imaging layer, one can obtain
oer~ect planar latent image either at the top, or at the bottom
c the layer. The latent image is planar because it is obtained
thronuch photochemical reaction at the interface. The
translormation of the hydrophobic group into a hydrophilic one,
through photochemical reaction, can be summarized in the reaction:

' OiAr oA- C.

0 h *N

The pop-off effect (development).

W!-n someone build a LP DNQ based film with the
hydroohobic extremity on the substrate, it is believable that
t'e layer in the irradiated region will be poped-off from the
;ilm mainly because (i) the hydrophobic group is destroyed
during photochemical reaction and is replaced by a hydrophilic
grouc. nd (it) the gas, N2, is generated in this reaction.
In this w~y one can obtain a self developable resist, or at
least the eyoosed region can be easyly removed from thesublimate.

LP films as a Y/N imaging layer.

it is expectable to obtain sharp concentration profiles
0; the ohotolized DNO in the LP film (even in multilayer mode),
when transferring the intensity profile of the aerial image
into the imaging layer . Also it is expectable that the / value
(chemical contrast) to be very high, if not infinite, The very
org~ni:ed structure of the Ll Zilm can minimize the scattering
effects.
it i. alco rosslble to use the upside latent image, when bulding
the t) films with the hydrophilic group on the substrate:
silvitln; the evposed region, The concept is analogue with tso
DPEISP arccess, but h~re the diffusion step is replaced by -
C emic! rectin , n he top surface of the LI film, obtein-

prf~t rn ~~;or the Anisotropic etch step.
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CLULAR AIOMATA FORMALISM AS A MMM IN MNMfWRAZLOGf

&Ky.t.an Kubica and Janina Kitzera

Department of Physics and Biophysics

Agricultural AcadewV of Wroclaw

Norwida 25,50-375 Wroclaw, Poland

Computer sinulation based on the cellular automata method proved to

be a useful tool for describing macroscopic systems such as gases and

fluids. In- our previous paper we suggested to use this method to study

the properties of lipid membranes. Now, we would like to show how to use

the cellular automta method to study sm structural changes in lipid

membranes modified with some azmphiphilic modifiers with various chain

lengths. By taking into account trans-gauche conformation changes of the

ndifier and lipid alkyl chains we obtained optimum lengths of chain. o4z

the modifiers which cause greatest structural changes in the lipid m-

brane. Comparison of -he obtained results with experimental resul ,= ..I-

lowed us to conclude .hat the mechanism of intermolecular interaction we

prc-posed seems to be probable. In further work we are going to tes . tCie

possibilities of some mechanisns of the effect of two-coqponent ar.4,-i-

philic modifiers on membrane and copare them with our ex.epimentW.

data.
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OIFFERENTIAL X-RAY REFLECTOMETRY OF IMPERFECT LB FILMS

A.P.Kirilyuk (Instiute Metal Physics; pr.Vernadskogo,36; 252142,KievUSSR)

V.N.BliznyukV.V.Shilov (Institute macr lecular Chemistry,Kharkovskoe
shosse,48; 252160, Kiev, USSR)

The conventional small-angle X-ray diffraction scheme for the inves-
tigation of large-scale (supermolecular) LB file structure probes the
average periodic component of the file electron density distribution with
depth. In this report we describe two new versions of the low-angle X-ray
scattering method, designed to study the real LB film structure imperfec-
tions, and the results of their practical tasting. The first method is the
analogue of the well-known triple crystal diffractometry for crystal stru-
cture investigation. In our .case, due to the generally lower perfection of
LB film structure, there is no urgent need to use two additional single
crystals as the collimator and the analyzer. Their functions can-be actual-
ly performed by the entrance and detector slits, which greatly simplifies
the technique. The experiments, carried-out with the modified DRAN-2.0
diffractometer on LB films of lead stearate (100 layers) and barium behe-
nate (30 layers) deposited on glass and silicon substrates at different
surface pressures, showed that angle distribution of the reflected inten-
sity near the first Bragg reflection contained 3 components, which depended
on the sample inclination angle * with respect to the symmetrical orienta-
tion.Their correspondence with the main Bragg peak, pseudo peak and diffuse
intensity maximum in the triple crystal diffractometry was identified.
Theoretical treatment leads to the conclusion that the most unambiguous
and complete information about the film struct.uri imperfections can be
extracted from the orientation dependence of the magnitude and position of
the diffuse intensity maximum, which corresponds, in fact, to the Bragg

reflection from the deformed (tilted and compressed) LB layers near film
structure defects. The simple relations are deduced that enables one to
obtain the full deformation distribution around the "average" defect. This
is done for the investigated samples, and the results agree well with the
independent SEN data for same samples. Two other peaks contain the informa-
tion about the average periodic structure and sall-scale irregular devia- -

tions from it. The connection between the parameters of the latter and the
peak characteristics is less straightforweard and can be established within
a semiempirical approach supported by a large amount of experimental data.
The second method originates, in fact, from the saw idea but applied to
the total external, rather than Bragg, X-ray reflection, which leads to the
so-called Toneda, or anomalous reflection, effect. The diffuse maximum is
poorly seen now but the min peak (mirror reflection) and especially the
pseudo peak (anomalous reflection) are very sensitive to the film structure

irregularities. This conclusion is supported by experimental results for LB.
films of lead stearate with varied characteristics and the corresponding
theoretical analysis. In conclusion we note that these two tecimiques are
rather simple in experimental realization and suitably complement each other.

-I
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ELECTRONIC STRUCTURE OF NITROGEN SQUARE PLANAR COPPER COMPLEXES IN LB FILMS

St6phane Carniato, Henri Roulet, Georges Dufour

Laboratoire de Chimie Physique, Universitd P. et N. Curie, CNRS URA 176,

11, rue P. et M. Curie, 75231 Paris cedex 05 France

Ser&e Palacin, Andr6 Barraud,
Service do Chimie Moldculaire, Ddpartement de Physique G6ndrale, Centre

d'Etudes do Saclay, 91191 Gif sur Yvette France

Philippe Milli6 and Irine Nenner

Section de Photochimie et Etude do la R6activitd, D6partement do physique

Gdn6rale, Centre D'Etude de Saclay, 91191 Gif sur-Yvette France

Specific substituted phtalocyanine compounds called CuSI8 are

ideally suited to form LB films (1). The molecule is basically a copper

phtalocyanine with 4 pyridine rings in the outskirts of the macrocycle,

each pyridinic nitrogen atom being quaternized to attach a carbon chain.

The main difference of such films with the same compound in an amorphous
phase is that the molecule is built-in in a reduced form (CuS182L).
Surprisingly, this reduced form keeps the copper atom in the same Cun redox

state, as for the amorphous phase and any compound of the same family.

In order to clarify thisv problem, we have performed X-ray

photoelectron spectroscopy in the region of Cls, Nls and Cu2p lines. The

Cu2p spectra show major differences on the redox state of copper. This is

because the main line energy and satellite intensity are quite different

for CuI compared to Cull. We observe that amorphous CuS18 has a Cul central

atom, but upon irradiation, the compound is easily reduced and we see a

clear Cur signal appearing in the spectrum. For CuS182 , we observe only a

dominant Cul contribution, in agreement with the results reported by other

methods (1). Consequently, it seems that one of the additional electrons is

added to copper for the reduced form of amorphous CuS18, whereas in CuSl82 ,
LI'

the two electrons attach themselves to the macrocycle. We have tried to

investigate the Cls and Nls spectra to detect such effect but we could not

observe any significant differences from reduced amorphous CuSl8 to

CuS182, , probably because the X-ray spectra provide a mean information on

the many carbon and nitrogen atoms.

Using semi-empirical calculations, we show that the outer valence

shells of CuS18 is composed of two close-by orbitals, one, bis, located

mainly on the copper atom, another, a21 , fully localized on the macrocycle.
We offer to interpret the surprising electronic structure of the L3 film as

the result of the reduction on the macrocycle alone, perhaps due to a small

distortion of the nitrogen square plane around copper, which removes the

degeneracy of the outermost orbital eg -of the macrocycle, one component

being shifted down with respect to the big copper one.

(1) S. Palacin, A. Ruaudl-Texier, and A. Barraud, J. Phys. Chem. (1986),
S9, 6237
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-. 2i.iilers and L.-.LJIUMJDepartment of Applied Physical Sciences, Coventry Polytechnic, Priory
Street, Coventry CVi 5FB, U.K.

R. 8. Sethi and D. Skinner

GEC-Marconi, Plessey Research Caswell Ltd,
Caswell, Towcester NN12 SEQ, U.K.

Multiple angle reflectometry has been used to investigate the optical
properties of Langmuir-Blodgett (LB) films of a variety of materials.
The technique (Travers et al 1988)-allows the simultaneous determination
of refractive indices and film thickness. In treating the data the
multilayer is modelled as a uniaxial crystal with the optic axis
perpendicular to the substrate. The optical properties of the LB film
can thus be described in terms of two principal refractive indices,
KNj(- nj- ikj) and Nm (- n, - ikg). By using purely s or p-polarised
light the analysis is simplified relative to ellipsometry.

Multilayers of pure 22-tricosenoic acid (22TA) and mixed 22-
tricosenoic acid/cadmium tricosenoate films (obtained by introducing
Cd2+ into the subphase) have been studied. The analysis for these
samples was simplified by assuming that absorption was negligible (i.e.
k.1= k1 - 0) in the wavelength range considered. Values obtained for
monolayer thicknesses are in reasonable agreement with published data
(Barnes and Sambles, 1987). Dispersion curves (n.L against X) have been
determined for pure 22TA films and for mixed films deposited at a pH of
5.2 and 5.8. The incorporation of Cd2 + into the deposited multilayers
results in an increased polarisability. Auger analysis was carried out
on the mixed samples to determine the cation concentration and hence the
degree of salt conversion.

Reflectivity data from LB films of absorbing materials has also been
analysed. Dispersion (nj against X) and absorption (kj. against X) curves -
have been calculated for a phenylazonaphthylamine dye which show
approximate Lorentz-Lorenz type band shapes.

W. L. Barnes and J. R.. Sambles (1987):

Surf.Sci., 187, 144.

P. J. Travers and L. S. Miller (1990):
Submitted for publication to Thin Solid Films December 1990
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SECONDARY ION MASS SPECTROMETRY STUDIES OF MIXED ARACHIDIC
ACID AND BARIUM ARACHiDATE LANGMUIR-BLODGETr FLMS.

G. Bolbach. M. Plissonnier, I Galera, and J.C. Blais
Laboratoire de Physique et:Chimie Biomol6culaire, CNRS-UA 198; Institut Curie
et Universiti Pierre et Marie Curie*

G. Dufour and H. Roulet
Laboratoire de Chimie Physique, CNRS UA-176, Universiti Pierre et Marie Curie,
*11 rue Pierre et Marie Curie 75231 Paris, Cedex 05, France.

Since the pioneering work of Benninghoven in 1976, secondary ion mass
spectrometry (SIMS) has-been widely used for the characterization of organic solids
'i). The nature and the intensity of the secondary ions have been found to depend
on the nature of the molecules and also on the intermolecular interactions. New

informations concerning the influence of these processes can be obtained with
well organized Langmuir-Biodgett films.

-" In this communication, we report results concerning the influence of the Ba2 +

concentration in a LB-bilayer of arachidic acid on the nature and the intensity of
molecular secondary ions. The LB films were transferred onto hydrophobic Au

substrates from a subphase containing Ba2 +; the pH of the subphase was adjusted
in the range 5-10. Cs + 5 keV primary ions bombarded the sample (flux:2xl0 9

Cs+cn' 2.s"I ) and the secondary ions were analyzed with a quadrupolar mass filter.
The Ba concentration in the bilayer was determined by ESCA, from the ratio of
intensities of Ba(3d5/2) to C(ls).

The stricking features of the SIMS spectra were mainly the deprotonated
molecule (M-H)" of arachidic acid, the protonated molecule (M+H)+ and the
cationized ion (M-H+Ba) + . By increasing the pH from 5 to 10, the Ba
concentration linearly increases, when the intensity of (M-H)" and (M+H)+
strongly decreases in a similar manner. The intensity of (M.H+Ba)+ slightly
increases with the pH . Thus the presence of Ba in the bilayer drastically influences
the SIMS spectra. These results will be discussed in terms of intermolecular
interactions in the bilayer.

(1)A. Benninghoven, F.G. Rudenauer and H. Werner in "Secondary Ion Mass
Spectrometry ", Vol 86 in Chemical Analysis, Wiley Intersdence (1987).

I
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Langmuir-Blodgett Film Assembly of Cu-Phthalocyanine derivatives

Substituted by Methacrylate Oligomer Chains

KatsuvukL Naito, Akira Miura, and Makoto Azuma (Advanced Research Labora-

tory. Toshiba Research and Development Center. Toshiba Corp., 1 Komukai-

Toshiba-cho, Saiwai-ku, Kawasaki, 210, Japan)

Many Phthalocyanine (Pc) derivatives have been applied in LB film
formation due to their unique electrical and optical properties. Unfortu-
nately, a considerable part of the Pc derivatives produced very rigid and
fragile films on a water surface, resulting in inhomogeneous LB films,
For smaller dye skeletons, introducing bulky hydrophobic tails such as
plural long alkyl chains or steroid skele tons is effective in producing
stable and condensed monomolecular films.1 The Pc moiety, however, is too
large to apply the method. On the other hand, we have revealed that one of
the poly(methacrylate esters), polyisobutylmethacrylate (PIBM). produced a
fluid monomolecular film on a water surface and yielded a homogeneous LB
film. 2 In this study, we have investigated Cu-Pc derivatives substituted
by plural oligomer chains of methacrylate esters as candidates for produc-
ing homogeneous LB films.

A Cu-Pc derivative (1) was kindly supplied by Dainichi Seika Co. Ltd.
The oligomer chain of methacrylate esters was introduced to the Pc moiety
by oligomerization of the methacrylate esters using a tetra-diazonium Cu-
Pc compound as a radical initiator. From the results of the elemental
analysis, 1 possessed 16-17 monomer units of ethyl- and n-butyl-methacy-
late (16:3 molar ratio).

The surfai pressure of the 1 film spread on a water surface began to
riseoat 350 A /molecule and gradually increased to show an inflection at
230 A/molecule at 18 dyn/cm (collapse point). The film was stable at
constant surface pressures before he inflection. The shape of the F-A

curve was similar to that of PIBM. The observed area suggested that the
oligomer chains formed not a monolayer but a bilayer film, as shown later.
The VIS spectrum changes of the film during compression indicated that an
aggregation of the Pc rings increased as the surface pressure rose. The
surface viscosity of the 1 film measured with a canal viscometer was 0.015
g/s and small enough to reduce the surface-pressure-drop and the pressure
distribution, that caused the inhomogeneities of the LB film.

The monomolecular film was transferred by the vertical dipping method
(dipping speed: 5 mm/min) at 12.5 dyn/cm onto a hydrophobic substrate,
yielding a Y-type multilayer film. The surface of the built-up films,
when observed with a differential interference
contrast microscope, appeared smooth. 0IR

The monolayer thickness was determined to =0

be 22 X by low angle X-ray diffraction in a1N2  CHZ.C H
accordance with the bilayer thickness of
the oligomer chains, The polarized VIS P.. .. =
spectra indicated that the Pc ring dec-
lined at about 450 from the film surface. 0 • " r OC 0

The stacking axis of the Pc rings was al- I-ciH

most perpendicular to the dipping direction. -

Film-forming properties of other Pc H3 CH3

derivatives with different oligoser chains
will be discussed.
1) K. Naito, A. Miura, M. Azusa. another presentation in this conference.
2) K. Naito, J. Colloid Interface Sci., 1989, LU3, 218.
3) K. Naito, T. Iwakiri, A. Miura, N. Azuma, Langmuir, 1990, j, 1309.
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INFRARED AND INalASTIC ELECTRON TUNNELING SPECTROSCOPY OF

ADSORPTION LANGMUIR-BLODGEIT FILMS

SHIGEKAZU KUNIYOSHI, CHOICHIRO OKAZAKI, KAZUHIRO KUDO AND KUNIAKI TANAKA

Faculty of Engineering, Chiba University, 1-33 Yayoi-cho, Chiba 260, JAPAN

The Adsorption Langmuir-Blodgett(LB) techniquel) enables us to fabricate

the LB films containing many kinds of water-soluble functional materials.

We have been applying this technique to fabricate the adsorption LB films2,3)

containing two dyes and investigated the interaction between these dyes.

In this report, we describe the experimental results of infrared(IR) and

inelastic electron tunneling spectroscopy(IETS) of adsorbed LB films and

the molecular interaction concerned with the adsorption mechanism.

Merocyanine dye(MC) was used as a spreading material. Four kinds of

triphenyl methane (TPM) derivatives(".,EVG,CVFBD: Fig.l (a)) were used as

adsorption dyes. From the experimental results, it was found that carboxyl

group and benzothiazole ring in the MC molecule and nitrogen atom in TPM

molecules are strongly concerned with the adsorption mechanism. Figure

l(b) shows the IR and IETS of adsorbed LB films. The IETS of an MC/BG

sample shows new peaks which could not appear in MC or BG sample. These

results demonstrate that lETS is a powerful means to investigate LB films.

Voltage (V)
0.1 0.2 0.3 0.4 0.5

MC/BG
(MC) R ' '' X20

o RIS

Ri,:I:E It, :H. I:1O," (SC)
R1=,:91:I. :CI (fBD) I R
I,:l,: R,: le,. I:Cl" (CV)
1,zRt:R,:XEI,. J:CI" (EVC)

1000 2000 3000 000
Wavenumber (cm - 1)

Fig.1 (a)Chemical structures of materials (b)IR and IETS of MC/BG sample ,

.1) D.den Engelesen, J.Collid Interface Sci.,45(1973)1.

2) C.Okazaki et al., Thin Solid Films, 179(1989)503.

3) C.Okazaki et al., Jpn.J.Appl.Phys., 29(1990)2506.
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INFLUENCE OF SUBSTITUENTS ON IN-PLANE DICHROISM IN LANGMUIR-BLODGETT FILMS
OF PHTHALOCYANINE DERIVATIVES

Kimiya Ogawa, Hisatomo Yonehara and EturZ Maekawa
Kawamura Institute of Chemical Research, 631 Sakado, Sakura 285, Japan.

We have already reported that Langmuir-Blodgett (LB) films of copper

tetrakis(n-butoxycarbonyl)phthalocyanine exhibit an extraordinarily high

in-plane dichroism, which is caused by the highly preferential orientation

of the stacking axis of phthalocyanine assemblies parallel to the dipping

direction""9 . The role of the peripheral substituents seems to be important

for this phenomenon, since their flexibility may prevent the monolayer
being too rigid and enable it to flow smoothly during the dipping process.

In this paper, we report on the property of the monolayers and the LB films

of copper tetrakis(n-alkoxycarbonyl)phthalocyanines (CnPc; n denotes the
number of carbon atoms per alkyl chain), especially on their in-plane
dichroism, varying n from 6 to 18.

Surface pressure (7)-area(A) isotherms for these samples are shown in

Fig.l. The numbers beside each line correspond to n. Although the

monolayers collapse at rather low surface pressures, most of them were

fairly stable below the surface pressures of the platezu-like region of the

isotherms. LB films could be prepared on hydrophobic glass plates by
vertical dipping method at the surface pressures of 13-16 mN/m and the

subphase temperature of 20*C, for C6Pc-CI6Pc. The deposition of C18Pc was

difficult, but achieved when the temperature of the subphase was 35*C.
In-plane dichroism was observed in all these LB films. The dichroic

ratios (R; defined here as R-A(90)/A(O), where A(90) and A(M) represent the

absorbance in the spectra polarized perpendicular and parallel respectively
to the dipping direction at the wavelength of Q band maximum) of the films

(20 layers per side, as-deposited films) are plotted against n (Fig.2).

Highly anisotropic LB films were obtained for the samples which have
relatively short alkyl chains. The molecules for this type of highly

ordered LB films may be designed, even besides the phthalocyanines, as

combinations of planar cores which may form aggregates, and relatively

short side chains equipped peripherally.

E "0 201C R
Z10- 00

0 CuN 0

2). 00t6-

4 1 8 0 12 4 16 18
area R Aeculen

Fig.!. Structural formula of the Fig.2. Number of carbon atoms (n)

samples and 1X-A isotherms. Vs. dichroic ratio (R).

1) K. Ogawa et al., J. Chem. Soc., Chem. Conmmun., (1989) 477.
2) K. Ogawa, et al., Thin Solid Films, .Ia (1989) 439.
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2D ORDERED LANGMUIR-BLODGETT FILMS

OF STEARIC ACID ON SEMICONDUCTOR SUBSTRATES

.A. Westerenko, V.V.Milenin, O.Yu.Gorkun, A.A.Stadnik,

Z.K.Kzantseva, A.V.Nabok

Inntitute of Semiconductors. Academy of Sciences of the

Ukrainian SSR, Pr.Nauki 45, 252650 Kiev-28, USSR

Stearic acid (HSt) Y-tvpe Lanamuir-Blodgett films (LBF)

transferred onto semiconductor (Si, GaAs and CdxHg1 -xTe) subst-

rates with different physical-chemical states of surface were

stuuieo. The methods used were ellipsometrv, X-ray photoelect-

ron soectroscopv (XPS), low energy electron diffraction (LEED)

ana work function measurements.

Ellipsometry gives -. 4 nm as a thickness value for each

ba:aver ot H~t molecules. It may be due to inclination - 300

of molecular axes to the surface normal. One cannot obtain

LEED oatterns from a bilayer of HSt molecules on the Si (111)

and GaAs (110) surfaces havina native oxide. But taking as a

suostrate LdxHg.-xTe (111) sur+ace. ordered and chemically

passive after ion etching, leads to quite a different situa-

tiot. In this case LEED oaTtern was onrained, typical for 2D

nexaoonal lattice with 0.5 nm as a lattice constant. The above

value corresoonds to close pace-d structure of HSt bilayer

anc aiffers from that for prooer CdvHq%-Te (111) hexagonal

latzce (0.26 nm). Side ov side with LEED the work function

mv.7.urements were taken in vacuum with Anoerson method for the

Htt oilaver - CdxHgl-x1e (111) system. A work function increase

of -1 eV was found after transferring HSt bilayer. Correspon-

dcr of this value to a potential jump due to HSt molecules

having longitudinal dipole momentum Ell evidences for high

dearRe of film ordering. This conclusion is supported also by

XPS measurements of photoelectron free path lenath for the same -

oniect.

A model for forming 2D ordered HSt molecular bilayer on

tha CdvHg,-xTe (111) was prooosed. According to it such an

ordering may be due to atomic stevs on the CdxHgz-xTe (111)

Surtace oriented preferentially aiong [112] (in line with [2]).

Re+ erences:

1. V.Vogel, D.Maoius, Thin Solid Fzims. 159 (1988), 73-81.

2. V.Vooel. C.Vbll, J. Chem. envs.. 84 (1987). 5200-5204.



TEM4 STUDIES ON L F I .i OF COPOLYt R OF
PIHENYL P-NT' OAZ(] ACRYLATE

" n IinkP, Li Min, Zhao Xinoguang, Man Donghang

( Polymer Phy;ics Laboratory,

Changchun Institute cf Applied Chemistry,

Ac-.Ademia Sinica, Changchun 130022, P.R. of China )

Yang Chuncli, Tang xinyi

Department of chemi.t.ry of Jilin university,

changchun, 1:;0021, P.R. of China )

In this work, polymeric LX film is based on the use of

.ij1:i.iphilos which have lre a(./ bon copolymerized. The co-

r--rymer" compositions were ronl'ir'mod by IR, NMR and elemen-

.;:jr,;Alys is.The phase t;ranst-iion was characterized by DSC,
I :;) ical microscope and X-r:-y diffr.ction. It exhibited that

! .,.,;1..yiner" can form both smect. ic and Nematic phase.
.muIi". ilayers of preformed copolymers were prepared

.... .3ifed using a langmuir tr'cugh. A typical surface

.ur'e ar(.a isotherm of copolymer was obtained.

T"', morphology and thickness of copolymer LB films

•.t'. ir, pe.:ted with an 11-500 t.ranstis sion electron micros-

).'.he thickness of bu.i I t-up ri irs of copolymer was me:-

,hr',(J by using the roldinr muLhod of electron microscopy.

Mhe dependence of morphology and properties on film-

:',.,min, (conditions is discribed ,'or the copolymer LB films.

T!-'., effects of LB fl-im-formin,: condition (such as the sur-

i';i(- pre:;sur-e, PH value and thc concentrat ions of spreading

.;lut.ions) on film ciulity wer, studied In detail.

S"'hi.. work was supportod by Ac.ademia Sinica Selected

Re;crch Progroam nd Nn, ,:r..., .Nature Science Founda-

t ion h i na.

Best Avaijlable Copy
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STRUCTURAL EVALUATION OF LB FILMS OF SOME AMPHIPHILIC

PHTHALOCYANINES USING INFRA-RED SPECTROSCGPY

Michael A Chesters, Michael J. Cook, Sean L. Gallivar, David A. Miles, John M.

Simmons and David A. Slater.

School of Chemical Sciences, University of East Anglia, Norwich, NR4 7TJ. UK.

A number of metal free and metalated amphiphilic phthalocyanine

derivatives, eg 1,2 & 3, have been deposited as LB films. These have different

degrees of molecular order as judged by low angle x-ray reflectivity

measurements. The present research explores the potential of IR techniques for

investigating in closer detail the molecular assemblies within the f..lms.

OR R N N R

NMNN-M-N IN-M-N

OR N N.*4 OR R? NNN R RN N NR

(CH 2)n (CH 2)n (CH2)n (CH2)n

OH OH OH OH COOH COOH

2 3

R= ALKYL

M=H, H Co NI

Normal and grazing angle transmission FTIR and reflection absorption

infra-red spectroscopy (RAIRS) of films deposited on silicon and gold substrates

are described. Differences in intensity of in-plane vibrations, eg of the ring

and the N-H bonds (of metal free derivatives), are observed in the two types of

transmission spectra and are interpreted in terms of the orientation of the

phthalocyanine ring system with respect to the substrate surface.

Absorption spectra of films differing in the number of dips provides a

probe for monitoring the packing registration as a function of film thickness;

polarisation experiments monitor the extent of ordering along the dipping

direction.
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SOLITON MCHAIISI OF OPTICAL ANISOTROPY

PHOTOINDLiCTION IN LANGUIR-BLODGZTT FILMS

Yu.B.Gaididei

Institute for Theoretical Physics

252130, Kiev-130, USSR

Nonlinear excitations (kinks and vortices) in layered mo-

lecular structures are investigated. A great attention is paid

to the role of interaction between orientational and transla-

ticnal degrees of freedom and its influence on the character

of the system ordering. Dynamics of orientation and transla-

tion solitons and their interaction is discussed.

A theoretical interpretation is given of the influence

of linearly pulari7o, light on molecular ordering in Langmuir-

Blodgett films. It is shown that changes in the energy of the

orientation interaction between molecules in the excited sta-

tes with respect to the ground one cause their rearrangement

in the layer. The intermolecular orientational and transla-

tional interactions provide a coherent and cooperative soli-

ton character of the rearrangement. The radiation from a com-

paratively low-intensity light results in changes in the ori-

entation and translation order in macroscopic regions of the

layer. An expression for the "rearrangement" velocity of or-

dering regions is obtained. The relevance of the results to

recent experiments on the photoinduced optical anisotropy in

Langmuir-Blodgett films is discussed.
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THE PROPERTIES AND STRUIICTf CHARACTERISTICS OF L-B FILMS FORMED FROM

METALLOPORPHYRIN COMPLEXES WITH DIFFERENIAL ALKYL CHAINS *

Liu Yan Lin lie Feng Xusheng Mu Jin Yang Kongzhanq

(Institute of CoLtrid and Interface ChemistryShandonq University,Jinan,Shandong China)

Abstract (Fax. 1331)

In this paper, the properties and structural characteristics of L-B films built up of

metaLtoporphyrin complexes were reported.

5 -(p-hydroxytphenyL)-10, 15, 20-tri(p-methoxyphenyt) porphyrin and it's nickel complex

(NiTPP(OH)], 5, 10, 15, 20-tetra-4-oxy(2-stearic acid) phyenyt porphyrin and it's copper

complex [Cu (11) TPP (-COOH) have been synthesized.

The physical properties of monoLayers of NiTPP(OH) and Cu (11) TPP(-COOH) on uttrawater

were studied and n-A curves were given. The pH of subphase were selected carefully. So

that the pH >6.2 for NiTPP(OH) and pH<4.0 for Cu (II) TPP(COOH) was decided. From n

-A curve a molecular area of 134 sq.A for NiTPP(OH) and 240 sq.A for TPP(COOH) and Cu

(I) TPP(COOH). The molecular orientation on water surface was independent of complexed

matal ion.

The good quality L-B film of NiTPP(OH) were only deposited on hydrophilic ITO glass. The

stable monotayers formed from Cu (11) TPP(-COOH) could be easily transferred to various

solid substrates. The properties and composition of NiTPP(OH) L-B films was investigated

by xps and resolved xps spectra. The results determined by angular resolved xps showed

that the L-B films were even and dense as a whole. ile WV-visible spectra measured for

L-B films of NiTPP(OH) showed a distinct red sift but no changes for that of Cu (i)

TPP(-COOH) relative to that of chloroform solution. The linear dependence of absorbance

of number of layers for L-B films of Cu (11) TPP(COOH) with the result of SF1 confirmed

the uniformity of the L-B films. The results measured by potarized-tight absorbance

showed that the macrocycles of Cu(II)TPP(COOH) in the L-B film was arranged parallel to

substrates. This conclusion is coincident with the result deduced from the n-A curve.

An X-ray diffraction of L-B film of NiTPP(OH), and Cu(II)TPP(-COOH) were performed.

There was no Bragg refLeution peaks for L-B film of NiTPP(-OH). Only one order of Bragg

peak occured in even number of layer of Cu(II)TPP(-COOH) and several subcidiary maxima can

be distinguished from the diffraction pattern. The tattece spacig was 31 A. This particula

rty low d value for Y type deposition indicated that the atkyt chains were non fully

extended.

The electric cinductivit) measurements showed that the electrical conductivity in the

plane of the film of NiTPP(OH) is larger than that of films of Cu(II)TPP(COOH) by several

orders of magnitude. Such a reletivety high electrical conductivity was ascribed to the

absence of Long atkyt chains and face to face packing of porpgyrin ring with well orderd

structure in the films.

" The project supported by National Natural Foundation of China (NSFC)
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ABSORPTION PROPERTIES AND STRUCTURE CHANGES CAUSED BY PRE-ANNEALING
IN POLYDIACETYLENE LB FILMS

Futao Kaneko, Masaaki Shibata and Satoshi Kobayashi,

Faculty of Engineering,Niigata University,Ikarashi,Niigata,Japan.

The reversible color phase transitions between the blue phase and

the red phase caused by annealing have been reported for

polydiacetylene (PDA) Langmuir-Blodgett (LB) films. An application of

the PDA LB films to an optical switching device has been proposed

using the reversible color phase transition. The absorption properties

of the PDA LB films strongly depend upon lengths of the alkyl side
chains of the molecules, the deposition conditions and treatments.

In this report, absorption properties and structures are

investigated as a function of pre-annealing temperature for the PDA LB

films having different lengths of the alkyl side chains: 10-8, 12-8

and 14-8. After diacetylene monomer LB films are deposited and

pre-annealed at various temperatures, the LB films are polymerized
using UV exposure and the PDA LB films are obtained. The spectra of

the pre-annealed LB films strongly depend upon the side chain lengths,

the deposition conditions and the pre-annealing temperature.

Absorption spectra of typical PDA LB films without the pre-annealing

treatment have main peaks at 640nm, while the pre-annealed 10-8 and

12-8 PDA LB films exhibit new absorption peaks at 704nm, that is, a

red-shifted blue phase, instead of the peaks at 640nm. The spectra of

the pre-annealed 14-8 PDA LB films do not exhibit the peak at 704nm,

but the main peaks at 640nm only decrease by the pre-annealing.

X-ray (OO) diffraction measurements show that the pre-annealed

films have extremely ordered layer structures without changes of the

layer spacing and the improvement in the structures is closely related

to the increase in the new absorption peaks at 704nm for the 10-8 and

12-8 PDA LB films. The pre-annealed 14-8 LB films have ordered layer

structures too, but the layer spacing of the 14-8 LB films increases

with the pre-annealing. It is estimated that the increase of the

spacing hinders the polymerization of the 14-8 LB films. The

reversible color phase transition of the new peaks at 704nm is

measured. The peaks at 704nm exhibit stronger reversibility than the

peaks at 640nm. Pre-annealing is thought to be an important

technique for improving characteristics of LB films.
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L STUDIES OF MMI - MIT PEY-3-B FIEM

G.GabrZellia, D.GrandoC, M. Nocentinia, G. Sbmnab, S. Sottinic
aDivtotL mnt. di Chimica icavia G. cappci 9, Firenze, Italy
kntro degli Et 4oic4 clI, M, via G. Capponi 9, Firenze, Italy
CI.R.O.E., via Panciatichi 64, Firenze, Italy

The soluble polYdiacetylene (poly-3-W) has been
extensively studied in the solid state and in solution and
particular attention has been devoted to the transition fron
coil to rod conforations 1,2. Recently the deposition on a
solid substrate by the L.B. technique has been attracting
attention, since it has potential ability to control thickness,

orientation and packing density at the molecilar level. We have
prepared L.B. film of poly-3-BCKJ in view of obtaining material

with non linear optic properties to be used for the engineering
of wave guides. The structure of the monolayer and the packing
of rhe mlti-layers deposited on a Ge crystal have been

investigated by FTIR-ATR technique. The infrared spectra of

films deposited from the expanded form reveal the presence in
the monolayer of a mixed structure cosisting of both rod and

coil conformations. In the successive layers the rod
conformation becxzes prednminant. On the contrary, in the films
deposited fran the oondensed phase only the rod confonatiai is
present. We are also carrying cut experiments on L.B. films of

the polymer deposited on a wave guide using the resonance Raman
spectroscopy. This tecnique should provide a sufficient Raman

signal also in the presence of a monolayer together with a good
monitoring of the building up of the wave guide.

REFERMENS

1 - G.N.Patel, R.R.Chance, J.D.Witt,

J. Chm. Phys., 70, 4387 (1979)
2 - J.E.Biegajski, R. BrzynskiD.A.Cadenhead, P.N.Prasad,

Macraiolecules, 23, 816 (1990)
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I LANGMUIR-BLODGETT FILMS OF POLYHETEROCYCLIC COMPOUNDS WITH LONG

ALKYL CHAINS.

Hiroo NAKAHARA Kiyoshige FUKUDA, Masaaki IKEDA*, Kiyoshi KITAHARA*
and Hisao NISHI*
Faculties of Science and Engineering*, Saitama Univ., Urawa, 338Japan.

Polyheterocyclic compounds which are interesting as functional pigments

are almost insoluble in organic solvents. By introducing long alkyl chains
to chromophores the soluble pigments can be obtained and spread as monolayers
on water surface. In this work, long-chain derivatives of quinacridone,
triphenodithiazine and carbazoledioxadine were newly synthesized and used
for the LB films to control the arrangements of the chromophores.

Surface pressure - area isotherms of the R'

quinacridone derivatives (1) were strongly R

dependent on the length of alkyl-chains and RQN
the temperature of aqueous subphase. In the 0

cases of R or R' - C -C 8 , the phase trans- R IR' =C6It13'-C18if37
ition from expanded o condensed monolayers

was observed. The multilayers can be prepared (i)
by the horizontal lifting method, although CIIHS

the deposition by the conventional LB method sN- S
was unsuccessful. Polarized electronic ab-
sorption spectra of the multilayers together (2)
with fluorescence microscopy indicated that
the orientation and packing of the chromo- CaH C1

phores were changed with the compression
through the transition region in the mono- N. 0
layers. From the results of X-ray diffraction CI CaH7
of the multilayers, the derivatives with the (3)

same chain length of R and R' were found to
give more homogeneous layered structures than

those with the hetero-length of the chains. CaHI -I N
Polarized IR spectra of the films revealed 0 Ca0H7

that the short-axis of the chromophore was HCs-g 0 N !0 N
oriented nearly vertical a_d the long-axis C OCaHti
horizontal in the former, while the chromo- (3')
phore took almost flat orientation in the

latter. Different orientations of the quinone moiety seem to have an influ-
ence on the electron acceptabilities in the layered systems.

The equimolar mixture of the triphenodithiazine derivative (2) and
stearic acid gave the stable monolayer. The polarized electronic absorption

spectra and the film thickness indicated that the chromophore was oriented
with the long-axis nearly vertical in the LB films. The visible band at

510 nm in the films changed to the broad band around 600 nm immediately after

exposure to hydrogenchloride gas. The reversible colour change from blue to
violet was observed by ammonia gas. This chromism is expected for appli-
cations such as optical devices and sensors.

For the carbazoledioxadine derivatives (3 and 3') with linear and

angular-shape structures, the monolayer behaviours on water as well as the
thickness and polarized electronic absorption spectra of the built-up multi-
layers reflected clearly the difference of the malecular geometries.

LB films with well-defined orientation and packing of these y-electron

5ystems are of particular interests for electrical and optical functions.
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GRAZING INCIDENCE X-RAY DIFFRACTION STUDY OF LANGMUIR AND
LANGMUIR-BLODGETr MONOLAYERS OF ARACHIDIC ACID

Tadashi Matsushita, Atsuo lida, Kunikazu Takeshita, Kazuhiro Saito*,
Shin-ichi Kuroda*, Hiroyuki Oyanagi*, Michio Sugi* and Yukito Furukawa +

Photon Factory, National Laboratory for High Energy Physics, Oho, Tsukuba 305, Japan
*Electrotechnical Laboratory, Umezono, Tsukuba 305, Japan

+Electronics Research Laboratory, Kobe Steel Ltd., Nishi-ku, Kobe, Hyogo 673-02, Japan

Using grazing incidence diffraction technique with synchrotron X-rays(X=1.488A),
we studied structures of Langmuir monolayers of arachidic acid on three types of

subphases(pure water, 10-4M Cd2+ solution and 104M cyanine dye solution) at 200C, and
compared these with structures of 1, 3 and 13 Langmuir-Blogett monolayers (arachidic acid
prepared at 30 mN/m, cadmium arachidate prepared at 25 mN/m and complex of arachidic

acid and cyanine dye prepared at 40 mN/m) on glass substrates. Information on tilt of

molecules was obtained by measuring the intensity distribution along the Bragg rod with 1D
position sensitive proportional counter.

In the case of an arachidic acid monolayer on the surface of pure water, our

experimental data indicates that a chain molecule tilts toward a nearest neighbor in a
hexagonal lattice at lower surface pressures and stands upright at higher pressures. This
result agrees with the observations reported by Kjaer et al(1988,1989). In the case of a

monolayer on the surface of 104M Cd2+ solution, the peak position of overlapping (1,0),
(0,1) and (1,-I) reflections stayed constant (20=20.85*, d=4.11A) in the pressure range

from almost zero(A=50A 2) to 25 mN/m. The diffracted X-rays were mostly directed into the
low qz region along the Bragg rod indicating that molecules stand upright even at a very low
pressure, where qz is the component of scattering vector along the surface normal. For a
monolayer on the surface of 104M cyanine dye solution, we observed two peaks in 20 scan

at lower pressures with respective intensity peaks at medium and high qz along the Bragg
rod. This result cannot be explained by the model in which a chain molecule tilts toward a

nearest neighbor, but can be explained by a model in which a molecule tilts toward a nexf
nearest neighbor. At higher pressures(>35 mN/m), molecules seem to be standing upright

judging from the intensity distribution along the Bragg rod.

Diffraction curves for single LB monolayers on glass substrates were similar to those

for corresponding Langmuir monolayers. For 3 and 13 monolayers, broadening and

distortion of diffraction curves were observed. This can be exr!ained by distortion of inplane

structures or by formation of 3D crystals. For 13 monolayers of cadmium arachidate, the

intensity of diffraction peak was strongly dependent on the sample orientation.
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STRUCTURAL CHARACTERIZATION OF POLYION COMPLEX LB FILMS OF
PERFLUOROUNDECANOIC ACID-POLYETHYLENEIINE

Koichi KOBAYASHI, Kyo TAKAOKA, Shukichi OCHIAI

Yasunori TARU, and Masahisa TAKASAGO

Laboratory of Chemistry, Musashi Institute of Technology, Setagaya, Tokyo
158 (JAPAN)
* Analytical Instruments, Technical and Engineering Division, JEOL Ltd.,

Akishima, Tokyo 196 (JAPAN)

In recent yearsLangmuir-Blodgett(LB) films possessing fluorocarbon chain
have been attracting much attention because of characteristic properties
such as low friction, excellent insulation, excellent durabil-ty, and so on.
Since the fluorocarbon chain has weak interaction between them, it is very
difficult to deposit organic molecule possess~g*luorocarbon chain on solid
substrate in multilayer form. A few papers -Whave been reported for a
preparation of LB film possessing fluorocarbon chain.

In the present work, we have studied another example for the preparation
of LB film of perfluoroundecanoic acid(PFUA), using polyethyleneimine(PEI)
as polycations and also the structure of the LB films by using X-ray dif-
fraction, polarized Fourier transform infrared spectroscopy(FTIR-RAS) and X-
ray photoelectron spectroscopy(XPS).

The surface pressure-area isotherm shows that the molecule of the PFUA
doesn't form stable monolayer on pure water,but forms stable monolayer on
aqueous PEI solution. The monolayer of PFUA on aqueous PEI solution can be
readily transferred on a solid substrate as Y-type multilayers. It is con-
firmed from FTIR-PAS and XPS measurements that the LB films are deposited
uniformly and regularly. From the measurements of X-ray diffraction, it
was found that the monolayer's thickness in the LB film was 12.2A and this
value is good agreement with that of ellipsometry. These data suggest that
the fluorocarbon chains in LB film are laid on the surface. Also, the depth
profile of PFUA LB films was determined by IPS. The angular dependence of
F/N peak ratio indicates that the fluorocarbon chains are located close to
the surface and that the head groups are located close to the solid sub-
strate. The values of critical surface tension of these LB films obtained
from Zisman plot were 14.2 for monolayer and 14.0 for 3 and 5 layer LB
films. From this result,it is evident that most of CF3 group (the end of
fluorocarbon chain) eXists on the 

surface of LB films.

References
1) N. Higashi and T. Kunitake, Chem. Lett., 1986, 105.
2) ff. Nakahama, S. Miyata, T. T. Wang and S. Takasaka, Thin Solid Films,

141p 165 (1986).
3) Y. Goto and M. Fugihira, 56the Annual meeting of The Chemical Society of

Japan, Tokyo , 211H 37, 1986.
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AGGREGATION CONTROL OF PHOTOCHROMIC SPIROPYRANS

IN LANGMUIR-BLODGETT FILMS

JUNICHI HIBINO, KUMIKO MORIYAMA, MASA-AKI SUZUKI,

and YOSHIO KISHIMOTO

Central Research Laboratories,

Matsushita Electric Industrial Co. Ltd.,

Yagumo-Nakamachi, Moriguchi, Osaka 570, Japan

The control of photochromic reactions has been investigated in

Langmuir-Blodgett(LB) films. It has been shown that spiropyran(SP1822)

having two long alkyl chains forms J-aggregate(head-to-tail interaction)

in LB films I. In this work, we show that novel spiropyran(MSP1822)

having methoxy group at 5' position of SP1822 forms both H-

aggregate(side-by-side interaction) and J-aggregate in LB films.

MSP1822 forms stable monolayers at the air-water interface in the

dark and the most stable monolayer is formed on being mixed with

octadecane in molar ratio of 1:2. The assemblies of these monolayers

under UV irradiation at temperatures above 40*C exhibit a sharp and

intense absorption band at the shorter wavelength(490nm) than a

monomeric merocyanine band(560nm) which is assigned to tle formation of

H-aggregate.

Furthermore MSP1822 forms stable monolayers on being mixed with

methyl stearate. The assemblies of this film form monomeric merocyanine

under UV irradiation, but by rubbing with cloth, they form another

aggregate, which has two sharp and intense bands located at 550nm which

is near the monomeric band and at 595nm. The absorption band at 595nm

could be assigned to the formation of J-aggregate, judging from short

Stokes shift(34nm). Detailed characteristics on these bands are now

under investigation.

A part of this work was performed under the management of Japan

High Polymer Center as a part of the R & D of Basic Technology for

Future Industries sponsored by NEDO(New Energy and Industrial Technology

Development Organization).

Reference

1. E. Ando et al., Thin solid films, 133, 21(1985).
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LANGMUIR-BLODGETT FILMS OF POLYMERS WITH CHROMOPHORIC SIDE CHAINS

Thomas L. P ef lr, Corporate Research Laboratories, Eastman Kodak Company,

Rochester, New York, 14650-2109, USA.

Langmuir-Blodgett (LB) multilayer films have been fabricated from

amphiphilic preformed polymers with chromophore-containing side chains.

Depending on the particular chromophore and the film structure, these

materials show a variety of physical properties, ranging from liquid crystal-

like thermal phase transitions to nonlinear optical behavior. We have

investigated these ultrathin films by spectroscopic and optical techniques

such as transmission linear dichroism at ultraviolet-visible and infrared

wavelengths, FTIR at grazing incidence, ellipsometry, and second harmonic

generation. From such experiments we have been able to characterize order and

orientation of molecular segments including the chromophores, as well as film

quality and structure. We conclude that such materials can form LB films with

a high degree of order and stability in the presence of the bulky chromophoric

groups.
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aum a OF PPOHRIM. WIM i A L CWAfM
IN MI= LB FMI.M Wrm CANM ICOSI

BMiJk MW, MtzUyoh 14AUW andi Yasjiro MW
National Chmical Laboratory for Itduwty, ft*ba, Ibaraki 305, JAPAN

Shin-ichi KRU4 and NMcido SUI
Eectotedmical Uiboratory, If *uba, Mxaad. 305, JAPAN

i.onel G. X1D
CSIRO Food Researah Iabocatory

P.O. Box 52, North Ryde, N.5.W. 2113, ATEIRA

Maxwell J. COSSLEY
7he University of Sydney, Sydney, N.S.W. 2006, AEfALIA

Porhyrins and their retal xmples am extensively studied fcxm the
viewpoint of mxleliM electron transfer poesm in biological systm.
It is of interest to inrporate into thin f iIi by using the
L tedmnique, to fix the position and _ttic of the dyes.
LBIn this work we obtained LB film of new types of porphyrin
derivatives without long alkyl chins, PD and Di, by ubag cadmium
iosanoate as a natrix, to deteemda their omntation. In the fi .

7he area per molecule of PD for the mnulayer wih the mixing ratio
r=I/15 at a surface pressure of 25 u/m is ca. 2.2 m" whereas it is ca.
1.1 m~2 for the uxolayer with r'i/3, indicating diffezunt s for
thet- monolayers. In the case of PM, these values are ca. 1.4 and
0.9 rg for the cvrscxwling ratios.

Polarized absorption specra at .ial and 45 incidence for the LB
fibm of PD indicate that the lnag axis of PD mlecule is parallel to the
surface for both fi.. anI -- i h- hLmf Ine stntubre of ER
spv-tra due to the cxuling of the .ectruiic spin and Ca nucleus
indicates that the mcocycle plane of PD is rather p dicu to the
film surface for both filb, with a lesser distributin, of orientations
evident frm the spectrmn for PD with the meller mixing ratio.

In the case of PM, the bpef ine ompx t, pruIicular to the
vacrocycle plane, is only weakly bserved in the qsxptrn when the
extenal magnetic field is parallel to the film surface, suggesting that
the nacrocycle plane of PM is rather parallel to the fibn surface .ese
results are osistent with those m fon polarized absption

ArAr Ar

K N

Ar D~r 4A A(Arz4rA)

PD 24
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ANALYTICAL SURFACE SPECTROSCOPY OF PHOSPHOLIPID LB FILMS

R.Linton, V. ruarisco, J.J. Lee, B. Hagenhoff*, A.
Benninghoven*, Department of Chemistry, University of North

Carolina, Chapel Hill, NC 27599-3290, U.S.A., *Physics
Institute, University of Munster, D-4400, Munster, Germany.

The interactions of biomolecules such as hormones,
antibodies, ,or neurotransmitters with cell membranes are
important in various biological processes including cell
growth, immune cell recognition, and neuromuscular function.
Biomimetic surfaces of phospholipid/protein mixtures,
deposited as planar membranes using a Langmuir trough, are
used widely to investigate such molecule-membrane
interactions. This research centers on the evaluation of
various high vacuum surface analytical techniques for the
characterization of LB films containing phospholipids. Of
special significance are the techniques of X-ray photoelectron
spectroscopy (XPS) and static secondary ion mass spectrometry
(static SIMS). These spectroscopies complement more
traditional characterization tools by providing new
information on membrane structural properties such as
substrate coverage, film thickness, film orientation, and
chemical composition. Concomitantly, the LB films provide
surface layers with controlled spatial and chemical
characteristics that enable fundamental studies of processes
controlling analytical signal generation. Examples include the
relationship of ion beam sputtered secondary ions observed in
static SIMS to molecular surface structures, and the
influences of LB film stability, orientation, composition, and
thickness on XPS data obtained as a function of photoelectron
emission angle.

Initial applications involve mixed LB phospholipid
monolayers and multilayers composed of dipalmitoylphosphatidyl-
choline (DPPC), and dinitrophenyldiphosphatidylethanolamine
(DNP-cap-DPPE). The DNP group serves as an antigenic site for
subsequent antibody binding studies. Surface modification and
characterization studies of various substrates (e.g., silver,
silicon, glass, oxidized graphite, mica) also are necessary to
optimize sample characteristics for correlative surface
analysis and microscopy measurements.
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A NOVEL RANGE OF POTENTIALY ELECTROLUMINESCENT
MATERIALS FOR LANGMUIR-BLODGETT DEPOSITION

A.J.Hudson, T.Richardson and G.G.Roberts

Department of Engineering Science, University of Oxford, Parks
Road, Oxford, OXI 3PJ, U.K.

R.A.W.Johnstone

Department of Chemistry, University of Liverpool,
P.O. Box 147, Liverpool, L69 3BX

A range of amphiphiles has been synthesised with fluorescent

polycyclic aromatic headgroups and long-chain hydrocarbon tailr. For

example, compound (I) has been prepared with n-1,7,17.

0
H2N K(I

0

The molecules all fluoresce strongly in solution, with emission

bands in the range 425nm to 510nm.

Preliminary characterisation work with the long chain analogues

has led to reproducible films on the water surface. Molecular areas,

which are largely independent of the subphase pH, indicate a slight

tilting (between 15 and 200) of the chromophore from the normal.

Such films have been successfully deposited onto a range of

substrates. The best transfer ratios have occured when the materials

were deposited in alternate layer structures with behenic acid.

Optical and electrical characterisation of these films is now in

progress.

Quenching of the fluorescence in LB films, due to molecular

interactions, has been observed. The aggregation effects in mixed

films are currently being investigated using scanning optical

microscopy. Further structural assessment is being carried out using

X-ray diffraction.

The materials will soon be tested in an electroluminescent

device structure.
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FOURIER TRANSFORM INFRARED SPECTROSCOPY STUDIES ON MODEL

BIOLOGICAL MEMBRANES DEPOSITED By THE LB TECHNIQUE

M.H. Vaughan and J. Yarwood, Department of Chemistry, University of Durham,

South Road, Durham, DH1 3LE, U.K.

E.S. Froggatt and R.M. Swart, ICI PLC, Corporate Colloid Science Group,

P.O. Box 11, The Heath, Runcom, Cheshire, WA? 4QE, U.K.

Abstract

Vibrational spectroscopic studies have been used to study the ordering and

molecular interactions of lipid bilayers of 1,2-dipalmitoyl-n-glycero-3-phosphatidic

(DPPA) engineered by the LB ie&nique onto metal or semiconductor surfaces.

Current work is aimed at the characterisation of a 'biologically' relevant bilayer;

k ,,,,o and we report our attempts to deposit and understand such molecular

assemblies using both external and totally attenuated reflection infrared techniques.

The degree of lipid chain ordering and conformation, and the extent of head group

interactions have been studied using infrared linear dichroism - both directly and using

subtraction techniques. We have studied the effect on the structure and interactions of

adding Ca2+ cations to the subphase and of bathing the model membrane in a suitable

(but variable) aqueous environment in a novel micro ATR infrared cell. 'In situ'

infrared measurements have enabled studies of the head group hydration or ionisation,

and have allowed an exploration of molecular rearrangements at the multilayer/water

interface. These new data have been compared with our recent data on DPPA

multilayers (1] in order to highlight the special features of a single bilayerespecially in

the context of the likely molecular behaviour in real membrane structures.

1. V.A. Howarth, D.F. Cui, M.C. Petty, H. Ancelin and J. Yarwood, Thin Solid

Films, 180 (1989) 111; ibid. 192 (1990) 391.
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STUDIES OF ALTERNATING LB FILMS PREPARED FROM

PREFORMED POLYMERS

P. Davis, P_ Hodand Z. Ali-Adib
Department of Chemistry
University of Manchester

Oxford Road, Manchester, M13 9PL

Many micro- and opto-electronic devices can in principle be
fabricated from LB films. Unfortunately, many of the films
prepared from low-molecular-weight (LMW) compounds are too
fragile to be used commercially. Polymeric LB films are,
however much more stable and in appropriate cases they still
have significant order. We have been interested in polymeric LB
films for several years and have concentrated on the design,
synthesis and study of polymers which form good polymeric LB
films directly, i.e. no polymerisation on the water surface or
of the films is required. We have shown that polymers of the
type (1) form particularly good LB films and they are
sufficiently ordered to show upto 3 Bragg peaks in X-ray
studies.l

Many devices require alternating (AB) LB films. We wish to
report our studies of alternating multilayers prepared using

-preformed polymers. In one type every altirnate layer is a
polymer and every alternate layer a LMW amphiphile. In a second
type the alternating layers are two different polymers. Many of
these films are still ordered as evidenced by the appearance of
Bragg peaks in X-ray studies. We are now developing these AB
films to produce stable devices.

Certain multilayers can be rendered even more stable by
UV-initiated crosslinking. In this way it is possible to draw
patterns in the films.

lipophilic side chain

C02H C02CH3

Refarence

1. P. Hodge, F. Davis and R.H. Tredgold, Phil. Trans. R. Soc.
London, 330, 153-166 (1990).

U.
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ThermaUy induced phase transitions in multflayers of Cd arachidate

P. Tippmann-Krayer, R. Kenn, H. Mdhwald
(Univ. Mainz, Inst. Phys. Chem., D6500 Mainz)

K. Kjaer, J. Als-Nielsen (Rise Natil. Lab, DK4000 Roskilde)

Monolayers and multilayers of Cd arachidate on SiO2 support have been studied

by X-ray diffraction and reflection (see Fig.1).
The monolayer exhibits a hexagonal lattice with vertical aliphatic tail orientation
and lattice spacing as previously measured for the monolayer on water.
The multilayer, however, independent of thickness, at room temperature
exhibits two diffraction peaks attributed to the (1,1) and the (0,2) spacings of an

orthorhombic lattice spanned by the hydrocarbon chains. This corresponds to
unit cell dimensions of a=4.85A and b=7.SOA. Measurements along the Bragg
rods, i.e. for a fixed in plane angle corresponding to the maxima but varying the

out of plane diffraction angle, then yield the tilt angle of the tails with respect to
the plane normal. One derives a uniform tilt angle of 7"* towards the a axis and
no tilt towards b. This tilt angle is independent of temperature up to 100'C.
Raising the temperature above 60'C the most pronounced change is the shift and
the intensity reduction of the (0,2) peak revealing an increase of the b dimension.
Approaching 100"C this peak broadens and merges into the (1,1) peak which itself

shifts to smaller angles. The lattice spacing then corresponds to the one measured
for the hexagonal phase of arachidic acid monolayers on water and on silica
support. Reducing the temperature again basically the original orthorhombic
structure can be restored. X-ray reflection in addition shows that neither the

interlayer spacing nor the overall thickness change during heating up to 100 *C.
I " ' I - I I I I I I

50
" II
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Fig.l: X-ray diffraction intensity versus in plane diffraction angle for a monolayer (left)
and for a multilayer existing of 3 monolayers (right) of Cd arachidate.
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FT-IR METAL OVERLAYER ATR SPECTRA OF LB FILMS OF

12-HYDROXY&TEARIC ACID AND ITS CADMIUM SALT

Takeshi Hasegawa, Junzo iUmnu and Tohru Takenaka

Institute for Chemical Research, Kyoto University, Uii, Kyoto.Fu 611, Japan

Hydroxystearic acids are known to exhibit wide plateau regions in their -A isotherms.
From various view points including the result of the surfac dipole monment measurement, this
plateau region has been attributed to the structural ransition from an initial contact of both
hydroxyl and carboxyl groups with the aqueous subpbase to a contact only of the carboxyl
group, where the hydroxyl group is forced out of the interfac during surface compression.
Spectroscopic examination of structural changes during this process hasnot been performed.
Therefore, we tried to make these-points learby p n g their LB films transferred at
various stages of surface compression toa flat metal surface and measuring FT-IR metal
overlayer AIR spectra which has been recently proposed by lshida et aL as a high-sensitivity
tool for studying the molecular structure and orientation in ultrathin ogaic films.

By combining both vertical and horizontal lifting methods 7-monolayer LB films of dl-
12-hydroxystearic acid (12HSA) were fabricated on silver-coated slide glasses from
monolayers on the water subphase controlled to pH 4.5 at various stages of surface
compression including the plateau region. 7-Mnolayer LB films ofcadnium salt of 12HSA
were also made from monolayers on the water subpliaes at pH 6.0 with 3x10-4 M CdCl2 and
3x10-4 M NaHCO3. Thest samples-were tightly attached to a flat surface oa hemicyrindrical

germanium prism, and subjected to FT-IR ATR meurement with the angle of incidence of
75 by a Nicolet Model 6000C spectophotomete equipped with a H Model AHC- 15P
variable angle ATR attachement.

The intensity ratio of the symmetric CR3 stretching bond to the symmetric CI2 stretching
band was almost unchanged in the plateau region, while it increased drastically at the solid
condensed state. This ratio is a meaure of the oientation of hydrocarbon chains, because the
vertical afighment of-the hydrocatbon chain to the film plane diminishes the intensity of the
symmetric CR2 s bing band, but keeps that of te symmetric C1 3 stretching band
practically unhagsd by the urfa* aslee nf ofhe metal overlayer ATR spectroscopy.
Therefore, the above experimtal -result indiml that the avewage orientation of the
hydrocarbon chain (methylene g ) dPe not andduing the transition although the
chains at gradually forced out of the wa _urfacsw_- everap sentati re improved
only in the solid condensed state. The low frequeny shif of d -e seric C2 stretching
band was also observed only at the solid abndensed t, indicaingd tht th e straght tranis-
ziga conformation of the ha s mlyatti stat..

In t We of cadmtum Alt of ImA; Mea was-n pkU' NegOW it Uts 7r-A isothem as
in cadmium steaat WW-eveulyer ATA spectra of dee LB lms mowed only ft high
intensity nuio of the symmori CH3_** #U multo the ymmtr C 2 suetchingband
irrspective of the rna mn-inswang tme peuuno islanmstuaWP SIbCw ara

:-1

o- #I
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INePLANE ORIENTATION

OF A DODECYLOXY SUBSTITUED TRIARYL PYRYLIUM SALT

BY THE- LANGMUIR-BLODGETT METHOD -

C. Ecottt*, D. Markovitsi*, M. Vandevyver and A. larraud Centre dEtudes de Saday,

DSMIDPhGISCM, p.91191 Gisur-vette, France, NRS VA 331. Lab. de Phoochimi

M. Veber, C. Jallabert mnd H. Struelecka

ESPCI.CNRS (.A 429, 10, rue Vauquelin, 7523) Pm, Cex 50, France

The triaryl pyrylium salts presented in Fig.1 display columnar liquid crystalline phases which

are strongly fluorescent. Moreover, it has been reported recently that discogenic molecules can

form stable monolayers in the air/water interface.

Fig. 1: Te 2.4,6 triayl pylylium

flwroborat CnPy, R=CnH2n+l

0 0

In the preset cmmuni maon LB tilms fonned by the short chain triaryl pyrylium salt C12Py
are investigated. A monolayer of pwrt Ct2Py is stable at the akirw interface up to 37mN/m.
Multilayers can be very easily built up. Those films are opticaiy perfect and free of any light

diffusing defects. They exhibit a stong bireftgence the optical anes of which are parallel and
perpendicular to the dipping directin. Such a strong animoqy is also found in the polarized
infra-red absorption spectra. In particul, the Ices at 1633cnr and 1520 c=I assigned to in-

plane skeletal vibrations of the pyylium and t phenyl p .-apqwtively are highly
anisotropic: the absorption inensty obrved when the lht 1evic vector is parallel to the
dipping direion is six timeshher tW* hon ft miaed for tho d olentauio
Such a-behaviour rules oat a =olecla auwasment U wih-hhe umoute corn lay flat on the
substte and stmoagly sugges a side-o p This is in eumable a&gmnt with the-

molecular area determined fom the compression Iso rm, IM 2, Instead of 190A2 for flat
cores. These results show that the LB technique appean so be w attmcve method for the
orientation of disgenic compounds over exaded surfaces .

The question vim if the anleula diskksod in L Ahilm, fosu a cl~uw structure
or a possibleinraction witde sWu gve rise to a wae dicotic order whithin each

layer. A woznparative studyof the luInsm properties which ame sensitive to the local
environment-of the chromophor, indicate that th second type of molecular arrangement is
more probable.

I,

anim im liim mumlmlO .. ln I I ellellmel l l e iOl llll l i w
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FTIR STUDIES OF CONDUCTING LANGMUIR-BLODGETT FILMS OF

O-HEXADECYLTHIOCARBOXYTETRATHIAFULVALENE (EDTTTF)

X.PL& ab, A.S. Dhindsaab, M.R. Brycea, M.C. Pettyb, J. Yarwooda

aDepartment of Chemistry, University of Durham, DURHAM, England, DHI 3LE

bMolecdal Electronics Research Group, School of Enginerng and Applied Science,

University of Durham, DURHAM, England, DH! LE

Hig! conducting (a g 1 S cmI) thin films of HDTTTF have been prepared by LB

deposition followed by iodine doping. Fourier Transform Infraed Spectroscopic (FTIR) I

characterisation of the LB films is presented in this work. Upon iodine doping, significant

changes in the infrared spectra are observed. These include the appearance of the

vibronically enhanced TTF.* band at 1344 cm- the disppeaance of the P(CwC) TTF

band at 1524 cm- 1, the shifting of the s<04) stretching band at 793 cm' and the
out-of-plane deformation band at 648 -It', and the intensity enhancement of the z(CH)

and the out-of-plane deoration bands. All these changes in the spectra can be

attributed to the ionisation of the TTF molecule and the deocalisatlon of the valence-

electrons in TTF., radical. -From the comparo of FTIM ATh (Attauted Total

Eddton) and WISW (Rdection Asp la hmd) spectm-s, utug~ infmation

sud as of the dk chin ad the iadidual dipoles ha l ba bt ned

We demontrate how FnR can be employed to cormlate changes in the mi crosc

ordering of the individual molecules (Cg. odentat of k chains and individual

transition dipole) with the eectronic ra 01=smet (e.g. Naitia ad don of

vac electmn) importat for-the onductio process.
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The structure and stability of metal surfaces

modified by silane LB- films

M w _olpa, M. Stratmann, H. Viefhaus, H. Strecksl

MPI fur Eisenforschung, Postfach 140260;4000 Dusseldorf, FRG

Very frequently, organic polymers are used to protect reactive

metals like Fe; Cr, Ni against corrosion. The stability of the
polymer film depends strongly on the chemical interaction between

the molecules of the polymer and the metal substrate. Therefore,

it is expected that the stability of the interface is increased

significantly, if chemical bonds are formed between reactive

groups of the polymer and- the substrate surface.

Silanes are wellknown as primers and coupling agents and should

react in exactly the manner as described above, forming stable
Si-O-metal bonds. In order to study such interfaces, polymeric

and monomeric silane LB-films (n-Hexa-, n- Octadecyl-

trichlorosilane, Chlorodimethyloctadecylsilane) have been formed

on substrates like Fe or Ni' and analyzed as well in an

UHV-enviroment. by surface sensitive methods as in a humid

atmosphere by a Scanning Kelvin Hicroprobe.

During preparation of LB-films, the trichlorosilanes form

polysiloxanes on top of the water surface. Because of geometrical

reasons a twodimensional polymer will be formed with a high

stability an a low elastistv which results in domain formation

and cracks within the LB-film during transfer. The degree of

coverage of such modified metallic substrates was tested by SEM

and/or SAM. It could be recognized that the metallic substrates

modified with polysiloxanes xhibited more or less an island

structure. The surface analytical experiments also allow to

define the orientation of the molecules within the LB-film and

their interaction with the substrate surface.

besides ex situ Hv studies the lateral order of LI-film on top

of the metal substrate and it. stability has been tudid in a

humid atmosphere with a Scanning Kelvin Wicroprob.n-
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RESWANC MON AND INFRARED STUDMI ON LB FIEMS Or SCME CYANINE DYES

Y. OZ=K, N. KATAYAM, Y. RLVhUfl, T. ARAKI*, and K. IR1YAW

Department of Chemistry, School of Science, Kwansei Gakuin University,
Uegahara Nishimiyv 662, JAPAN,

*Fvn~tier 1cology esear Institute, WIyo Gas Co. Ltd.,
Minato-ku, Tocyo 105, JAPAN,

"Division of Biochemistry, Institute of Medical Science,
The Jikei Uiversity Scooil of Medicine, Xinato-ku, To 105, JAPAN

Resorance RuMan and infrared spectra have been measured for LB films of
3-octadecyl-2-[ 3- ( 3-octadecyl-2-benzothiazolinylidene) -1 -papui'yl ] benzothiazo-
lium iodide (NK-2560) and sae other cyrina dyes in orfer to provide new
insight into their molecular orientation and structure in the films.

Resonance Ramn spectra of the LB films including one monolayer films
have been obtained with high signal to noise ratio. The 488.0-nm excited
resonance Raman spectrum of one monolayer IS film of NK 2560 is almost identi-
cal with the spectra of its 2- and 3-molayer LB films, indicating that the
structure of the dye does not depend upon the -number of mowlayers and the
interaction between the dye and the substrate (CaF2 ) is very weak.

Vibrational assignmnts of th above spectra are not strafitforward, but
it may be possible to assign bands at 1557, 1(65, and 1422 cai - to stretchingmdes of the central cergugated systent Vibrati"onal - - of the three

bands are almost identical with those of the corresp Ln of NK-2560 in
solutions. Since NHR study of NK-2560 shawed that it takes conformer A, in
which the central conjugated system assumes ali-trans cofiguration and the
bond order of each bond in the system is one and hlf, the close similarities
in the band frequain-les betwe the LB film and solutions suggest that NK-
2560 also takes conformer A in the LB films. Although the band f cies of
the three stretching modes are very similar to each other, the relative inten-
sity of the 1557 band is much stronger in the LB film spectra, compared with
those in the cast film and solution spwtra- The 488.0-n excitation of the
LB film spectra gives the spectra of H-aggregate of the cyanine dye while the
same excitation of cast film and solution sectra provides the spectra of its
dimr. Therefore, it semis that the marked intensity increase in the 1557
an- band is characteristic of the ,.-aggregate. Probably, the structure of
WK-2560 alters slightly upon the formation of the H-agJregate.

A comparibon of infrared transmision and reflection-absorption (RA)
spectra of the 6-mnolayer LB film of NK-2560 show that the intensities of
bands due to CH2 antisymmetric and- symmetric stretching t ses and those of
bands arising frat stretching modes of the central conjugated nystum do not
exhibit large changes between the two spectra. This obarvation indicates
that both the chain and the conjugated systemt are naither perpsidiozlar nor
parallel to the surface, being tilted o iderably from the surface normal.

Bands due to t". CH2 antis)""etric and Smmetric *tetdn apear
at 2918 and 2850 ca-', rlspctiVely in the NK-2560 I.W film spectra while they
are identified at 2922 and 2852 an", respectively, in the infrared spectra of -
1B film of NK-2861 (3-octadecyl-2-[7-(J-octadecyl-2-benwothazolitylidm)
-1 ,3,5-heptat,-ienyl ]benothiazolinu perchlorate), which has larger chrca -OL|
ic group. Than results v:qgest that the h chains of IM. 2560 are
highly ordered (trans-zigzag) in the I films but thom of NK-28 m ere slight-
ly less re-d there. Probably, the larger chriomphre; of NK-2861 produces
less orderm structure in the hydrocarbon chains of the LB films.

tI
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CHARACTERIZATION OF LANGMUIR-BLODGETT
OVERIAYERS BY TIME-OF-FLIGHT SECONDARY ION

MASS SPECFROMETRY (TOF-SIMS)

B.Iaunh and A. Benninghoven, Physikalisches Institut der
Universitit, Wilhelm-Klemm-Str.10, D-4400 MUnster, FRG;

H.-U. Siegmund and D. Holtkamp, Bayer AG, Zentrale Forschung
und Entwicldung, D-4150 Krefeld-Uerdingen, FRG

Thin films prepared by the Liangmuir-Blodgett (LB) technique
have turned out to be suitable model systems for various
applications. On the one hand films consisting of components from
one substance class (e.g. fatty acids) can be used to get insight into
basic processes of the used surface analysis technique (here
Secondary Ion Mass Spectrometry (SIMS)). On the other hand more
complex systems (e.g. binary mixtures of a polymeric amphiphile and
a peptide or a saccharide) offer the possibility to gain a better
understanding of the principles of operation of biological
membranes or biosensors. Especially for the latter application a
surface analysis technique of high sensitivity supplying molecular
informatio ns with high mass resolution is required.

We have therefore applied high mass resolution TOF-SIMS to
the analysis and characterization of different LB systems ranging
from fatty acids to binary mixtures containing polymeric
amphiphiles. Noble metals (Ag, Au) evaporated onto polycarbonate
have been used as substrate materials. The influence of primary ion
dose density, substrate material and film thickness on the secondary
ion formation will shortly be discussed. The more application
oriented investigations have included the comparison of monomeric
and polymeric amphiphiles concerning the film quality, the detection
of contami-vations, the monitoring of decomposition effects and
long-term stability, the influence of additional components like
lipides, saccharides and peptides as well as the monitoring of vertical
diffusion in binary mixtures.

Additionally results obtained by the application of imaging -

TOF-SIMS and laser postionization mass spectrometry will be
reported.

II
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THE CHARACTERIZATION OF~ TWO COPPER PUTHALOCYANINE
LANGMUIR-BLODGETT FILMS AND THEIR-GAS-SENSITIVE PROPERTIESk

Ande Lu, Tiejin Li**, Dapeng Jiang, Ziqi&aig Zhu.***, Yajun Li, Xiaomin Pang mnd Yi Fan
(Chanichwi Irstitute of Physics, Academia Sinica, Ciangchwi , P.R.Chins)

The monolayer And deposition behaviour of a symmetrically substituted
tetra-4- ( 2.1-ditert-anylphenoxy) 1( tapCuPc ) and an asymmetrical:

substituted Ftni-- ( 2.4-ditert--asylphenoxy )-mono-t-( 42-methoxyethoxy )
(AsyCuPco copper phthalocyanine wereinvestigated. Surface pressure vs. area
isotherms for both compounds showed reduced hysteresis and better monolayer
stability. The area per rotecule, obtained by extrapolating the steeply
rising part of the curve to zero pressure, is less than that of PK
r'acrocycte. This isplies that the molecular overlaps with different degrees
can be occured. The linear dichroic IR spectra and UV-vis~bte absorption
spectra of tapCuPc and AsyCuPc LB films transferred on CAP, substratef
showed primarily that the orientations of both tapCu~c and AsyCuPc notItcule
are ulfferent. The molecule of AsyCuPc is more flat, the tilted angle of PL
ring on substrate surface is relative small. This represented that
interaction mechanism between symmetrically substituteed group And Water
moeciale -.-as different fr.--- that of asymmetrically substituted group with
water Mo' ,er .Ile.

III order to obtain well-ordered bilayer assemblies by y-type deposition.
the stable mi.-ed 2onola.%ers rouposed o! AsyCuPc and Stearic Avid (SA) with
the various molar ratio Were formed on an aqueous subphase. The experimental
results ;ho-.Pd thot the molecules of qteari, acid have a certaia effect onl
ordering structure of Asy~uPc molecules. The structure ef the mixed LB filn-1
i n the ratio ranige t,11 Asyful";:SA(mot) from 0.25:1 to 1 0.25 wat studied h .1

. 4-cy~iffraction. The low angle x-ray diffraction patterns showed that the
mi~dLB films have a well-defined tayer structure. Frou the experiment

resul'. It can he considered that the mixed LB films contain partly a
'lil e molecule strlrlce. i. P. some, of the AsytuPc molecules c an lie
sulierixpose,! beneath stearic acid moiecules and the other of the As-CuP.-
molecule!; can lie sliterzed among the stearic acid molecules.

The measurements of conductivity of LB films in the presence of
diffprent gas i.tur%. C2Oppm of NH, 200ppm of NO, In air and ZO0ppm of Sfl*'in air Ptiz. ) reveals that both AsyCuPc and tapcuPc LB fflms are only
sensitive tv the presence of NH1,. The response and recovery proce.,ses of
both tapCu9' and AsjCuPc LB film gas sensors on exposure to
20, 4a. 60,8:1 tuoppm of ';H, in air was given out. The response and recover--
time eXPOsed 2Ilppo of MH, in air iiere less than 30 seconds and 3 minutes
respertivelk. MpOred with the results reported by previous works,'"*'~ it is7
presentpol that the excellent selecti'Kty of the two CuPc matenit may be
attrlIiited to the interaction between rerip1herat SVt'tttkeftt Of K~ ring mnd
tested gas molecule.

fI~.aker G.G.Roberts art M'L.Petty,IEE Proceedings, Vol.130,4o.5(I93'j)263
H.iWnltjen. W.R.Borger, A.W.Snow and !.L.Jarvis, IEEE Trans.Electron.
Devices. I?(I98S)1l70:~:W~l.o.C.W.u -.Wang, D.A.Batzet, R.E.Kennay and J-D.Lando,
l.ensors and M4aterials. 2, 1(1990)39

The subjet supported bIN National Natural Science Foundation of

Present adidrss: Department of .hemistry, Jilin University.
*.Pre~ent addrps-: Department of Chemistry, Henan University.
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STEEOREGULARY EFFEC OF PMMA ON THE MONOLAYER
CHARACrERiSCS AT- THE AI -WATER wNTER-ACE AND ON

THE LANGMIUR-BLODGEIT FILMS
f

Jang-Joo Vim, Sang-Don Jung, and Wol-Yon Hwang
Electironics and Telecommunications Research Institute

Daejeon, 305-606 KORFA
and

Dae-Lok Bae, Kyu-Jong Lee, and Jong-Duk Kim
Korea Advanced Inuitue for Science and Technoiqoy

Daejeon, 305-606 KOREA

The stereoregularity effects of poly(methyl methacrylate) (PMMA) on the pressure-area

('n-A) isotherm, transfer ratio and film homogeneity have been investigated. The v-A isotherm

of atactic and syndiotactic PMMA's were similar in shapes but larger specific area for atactic

PMMA. However, that of isotactic PS,A was different from the other's showing two

inflection points at the pressure of 8 and 13 dyn/cm and long tail at low surface pressure.

Hysteresis upon compression and release v.-, found for all PMMA's when the floating

monolayers were compressed above approximately 20 dyn/cm. The hysteresis increased as the

compression speed increased. On the contrary, when they were compressed below 15 dyn/cm

and released, little hysteresis was noticed. Collapse pressure increased in the order of atactic,

isotactic and syndiotactic PMMA's.

Transfer ratio indicated bat all the PMMA films were Y-type when they were transfered

onto Cr coated slide glass at 15 dyn/cm, but the transfer ratios for the upstrokes were higher

than for the down strokes. Film homogeneity was examined by etching the LB film deposited

samples by Cr etchant. Microgpaphs on the syndiotactic and atactic PMMA's were featureless,

suggesting that the films are rather homogeneous. However, that of the isotactic PMMA

shows streaks parallel to the dipping direction. This difference may reflect the difference

of the floating monolayem at the air-water interface. The diffmrences in it-A isoterms and

the film morphology will be disuned in relation to the polymer interfacial conformation

and molecular arrangement based on surface potential measurements.
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Studies on Synthesis of PMACM -AN-1 and Caramtr of LB Films

LhUt ZAo, Manra Oa, XLjm Dafg, Hul Wao, "ji.n fI an Xnk4 Ta

(Aj~ o. f Cmiw, JbU6 ,* CS , 100M, tMM)

We have reported that a new kind of polymer Is synthmised and Its LB M tUis 15 tdiedtt1. That is 3bout

the mono- [6-(4 , 1' -azontaphthalene)oxy~hexyl eater of polymalele aeW (PMACH). In this paper we re-

port that the mono- [6- (4-anthraquinone-1I-azo-phenoxy))bexyl este of polymaleic acid (PMACME-AN-
1) was synthesised by the reaction of 6-(anthraquinoe-I-azo-4' -phenyloxy) hexano and polymaleic an-
hydride (PMAN) which was prepared by free radical polymerization with 110 as the initiator at 90-

95 IC Schematic synthesis route is as follows 2

0 1
OH--COO-H2

£HOMHO 0)

C--COO-(Ot,) 0

The title compound was charactorized by MTIR, 1H NMR, Elementary analysis and MO.
It was determind that the 'f. of PMAN equals to L IX 103, its correponding D. P(n +m) equals to

11. But the M.of PMACME-AN-lI equals to 3. 2 X I0s

The *-A curve was drawn on the surface of water. This curve has a good linear rltionshlp area. We

have prepared some good LB films an the substrate of quaft or CaFt. We could ne tt 6-anthraqulnone-

l-azo-4' -phenyloxy side chain has asymmetrical structure, this is meaningful for the study an nonlinear

optics and photochromism. In addition, we studied the effect of the interaction among the functional groups

for eletronic exrited proceses We also prepared the same kind of polymer in which the number of Methy-

lene equals 2. From the UV absorption spectrum, we found that the form and the latter are differenit In

UV absorption, so that there are a different Interaction among the two kinds of molecules. At the same

time , we prepared the similar polymer with 6- (or 2-)anthraquinone-2-azo- 41 -pbanyloty Wie chain and

found that the effect of different substituted positlon for the Interaction of diffren groups.
Four kinds of PMACME-AN have been studied by sonvenflonal and laser Wastrossopy and thei cha-

acters of LB film were contrated with corresponding compounds in solution. With the aid of the liear
dlchroism infrared and WI spectrum, ,t has been investiate that the mnolscular ortation of LB Mll. den-

posited on a CaF2 substrate with multilayers. We found tt the inussulty of the cberaeristic absorPtion
frequencies depends an the change of molecular radical orisnatlion. The results muitonsd abovo shwW that
the arrangement of the polymer on the Caf substrate is regular. The fuatimental chain of the polymer

my be run parallel and thegid chain retainsan anglel wiesubstae andiecabowy roups betwee

j the layers are linked by hydrogeni bonds.

RERERENCE

[1] Ylngylng Zhao, itat. , In 1C011BW (Beijing), '990
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SPECIAL CHRATIEIZATI OF TIE LB FI1 OF
COPPER PHALOCYINE DERIVATIYS

Yuqing Zhou, Yan Wang, Xinping Wag,
iGuanyang Lin, _iman Xi

Changchun Institute of Applied Chemistry,
Academia Sinica, Changchun 130022, P. R. China

The excellent chemical and thermal stability of
phthalocyanine compounds and their diverse functions with the
potential application of semicondctors, photoconductors and
sensors have led to extensive interest for chemists and
physists. The symmetric and asymmetric substituted copper
phthalocyanine derivatives (CuPc(t-PP)4 and CuPc (Dt-PP) 3 (p-
CP)) and their various types of LB films have been studied.

The n-A isotherms, polarized UJ-vis spectra, polarized IR
transmission spectra, ATR and SRS of the LB films of the
different compounds were observed and comared.

The area per molecule obtained with asymmtric compound is
smaller than that with syntric one at the same transferred
pressure of 3OmN/M.

The polarized UV-vis spectra of the LB films of asymmetric
derivative show obveous difference with the electric vectors of
incident radiation from parallel to vertical to the dipping
direction, but no dichroisn effect was observed for the LB film
of symmetric compound. This indicates that the phthalocyanine
rings in the LB film of the asymmetric sWistituents are tilted
to substrate, instead of the parallel orientation of the
macrocycles on substrate like the symmetric one.

The sam result was obtained from observation of their IR
and Raman spectra.

In addition electric conductivities of the LB films were
measured, The relationships between conductivity and deposited
type of the LB film, as well as between the substituents and
orientation of the rings are discussed.
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Stabilization of Layered Structure of Poly(vinyl octal)
LB Films Studied by Interlayer Energ Transfer Method

Shinzaburo ITO, Takayoshi UENO, and Maaahide YAMAMOTO

t Department of Polymer Chemistry, Faculty of Engineering,

Kyoto University, Sakyo-ku, Kyoto 606, JAPAN

The Langmuir-Blodgett technique is an elegant procedure for making an

ultrathin film with a thickness of a few nanometers. The deposition on a

substrate one by one enables us to design spatial arrangements of each

layer. The layered structure in molecular dimension yields various
specific functions of the LB films. From the application standpoints, it

is a critical point whether LB films have a mechanical and thermal

stability of the layered structure.
We have applied energy transfer method as a probing technique for the

structural relaxation and stability of polymer LB film. Excitation energy

transfer from a donor-labeled layer to an acceptor-labeled layer was
measured by fluorescence spectroscopy which enabled quantitative evaluation

of the disordering of the layered structure. In the case of poly(vinyl
octal) (PVO), the samples are shown in Figure 1. Phenanthrene (P) and

anthracene (A) were used as a donor and an acceptor probe, respectively.

Several layers of PVO were sandwiched by the chromophoric layers containing
P or A units. The fluorescence spectra of the LB films show sensitized A
emission, then the energy transfer efficiency varies with the structural

relaxation of the LB films. Figure 2 'C41 .CI4'

shows the plot of transfer efficiency -I HIN I I

given by IA/IP vs. the observed 0-CH'0 0,CH0 OH

temperature. The rapid increase of R C ft

I /1 (0) with the rise of temperature R:

indicates that an irreversible dis-

ordering starts at ca. 40 °C. Once the A

samples are heated up to 100 °C, the Figure 1
value stays constant in successive

heating-cooling cycles. 10

The layered structure of LB films, - es .. •. *

however, can be easily stabilized on -

exposure to a mixed gas of hydrogen 1
chloride and formaldehyde for a few

hours, without any detectable disorder-

ing. The plot (0) in Figure 2 shows
merely a slight increase of the effi- -

ciency with the rise of temperature. --f

This result indicates that the PVO LB

films are conveniently cross-linked by O .

formalization of hydroxyl groups and aWEtAIulCr

that the heat-stability is much improved. Figure 2

e| m mem |mm8 mei u |m | mm||m m im em~ | me u| ui|l~mml e mmsn nimmeu| |in~n I111
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MLECULAR ORIENTATION OF PHOTOGENEATED RADICALS IN NOVEL

PHOTOELECTROCHROIC LANGIIR-BwDGETT FIIMS

Toshihike Nagamura, Yuji Isoda*, and Kenkichi Sakai*
Electronic 'terials Laboratories, Research Institute of Electronics,
Shizuolia University, 3-5-I Johoku, Hamamatsu 432, Japan and *Department of
Molecular Science and Technology, Graduate School of Engineering Sciences,
Kyushu University, 6-1 Kasugakoen, Kasuga, Fukuoka 816, Japan

Recently we found the persistent and reversible reduction of 4,4'-
bipyridinium ions in their salts with tetrakis[3,5-bis(trifluoromethyl)-
phenyl Iborate anion (abbrebiated to TFPB-) in the solid state or in organic
sol, ticns in inert atmospheres upon excitation of an ion-pair CT band. We
nox, report the control of molecular orientation of 4,4'-bipyridinium cation
radicals photogenerated in LB films by the substituents.'

N,N'-dihexadecyl-4,4'-bipyridinium(TFPB-)2 (abbreviated to HV) and N-
ethyl1-l'-( 2-ethylamide )-N",N"-dihexadecyl-4,4 ' -bipyridinium (TFPB-)2 (abbre-
viatr-d to AV) were prepared. A 1:4 ffixture of H' or AV and arachidic
acid ,41breviated to AA) was deposited at 18°C and 20 mN. m-* . These samples
wer , rradiated in vacuo by a Hamamatsu 150 W Xe-Hg lamp equipped with an L-
39, u-off filter (A >365 nm) and a 10 cm water filter to excite their CT
absorption band alone. The incident angle dependences of both a- and p-

I pol.o "zed absorption for 4,4'-bipyridinium cation radicals were measured in
vacuo together with the polarization angle dependence at normal incidence.

kon irradiation the colour of both LB films (h'X/AA and AV/AA) changed
frci rale yellow to blue. The UV/vis absorption spectrum characteristic to
4, 4'- pyridinium cation radical monomer was observed together with a broad
sin. line ESR spectrum. Coloured species photogenerated in mixed LB films
of ;' \% and HV/AA in vacuo decayed almost exzponentially in the dark. Such
ph, he1,ical colouring and thermal fading was repeated reversibly. No
pol;, :ation angle dependences were observed at normal incidence. The p-
po] *e absorptions of 4,4'-bipyridinium cation radicals corrected for the
de- old if h optical path length showed a minimum in a HV/A4 system and a
max. "In' in .a AV/.kk system at normal incidence, From these results and the
simWl U ion of angular dependences by taking the distribution of transition
dipoL',f moments with respect to
the surface normal into
acC'Umrs, it was shown that
botl ,,ng and short axes of
4,4' -),'.Tidinium cation
radl .s almost lie flat in
AV/\ ! B films and oblique by
abol,,j -'A in HV/AA LB films to
the. ubst rate surface as
sch,-mat ially shown.
1) -. '.gamura et al. J. Chem.

soc. Chem. Conuun., 703 l
(1990.

II
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STRUCTU E OF TER zANQKUZR FILMS FROM AMPHIPHILIC
POLXIWDNS

Vladimir Tsukruk*,Nikolay Mischenko,Evgeny Scheludko
I. Krainov§, A. Tolmacheva

Institute of Bioorganic Chemistry,Kiev,252160,USSR
§Institute of MonocrystalsKharkov, 333000,USSR
* Present address:Deutsches Kunststoff Institut,

Darmstadt, 6100,FRG

The set of amphiphilic polymers of the polyimide type with
various chemical structure of the rigid backbones and the
long flexible side methylene chains have been studied in the
form of common cast films and in the form of thin Langmuir
films.The set of polymers consists of a systems with and
without fluorocontaining phenyl rings and with one or two
flexible side chains.

The pressure-area diagrams and corresponding LB films with
the number of layers from 5 to 10 have been obtained by the
conventional Langmuir method.For ellucidation of the possible
arrangement of the backbones onto the interphase boundary we
have determined the most favourable conformation and the
charge distribution along the backbones by means of the
quantomechanical ( MNDO ) calculations.To study the structu-
ral ordering for films the conventional X-ray diffraction
method in reflection and transmition modes has been used.
The thermal properties of the polymeric films have been
studied by DSC method.
From the analysis of pressure-area diagrams we have deter-

mined the area per monomeric unit in expanded and condensed
states.It has been demonstrated,that the corresponding value
(varied from 1 to 2 nm2 ) is determined by the features of
the conformation of the monomeric units and it depends on the
chemical structure of the backbones and the type of the
attachment of the side chains.From X-ray data for cast films
one can conclude the realization of perfect layered ordering
of the macromolecules ( period is equal tc 1.8 nm ) with
overlapping the side chains.In the corresponding LB films the
one-dimensional order has been observed with the translation
correlations,propagated on the whole thickness of films.The
type of ordering is determined by the type of attachment of
the flexible side chains to the backbones.The conformation
andespecially,charge distribution depends on the presence of
the fluor atoms into the backbones.After chemical and thermal
treatment to remove the side chains the LB films are stable
up to the high temperatures (250-3000C).

The possible models of the layered packing with taking
into account the favourable conformation of the backbones,the
correlation of structure of the cast films and LB ones and
the changes of structural ordering after removing the side
chains by the chemical and thermal treatments have been
discussed also.
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A NEW KIND OF AMPHIPHILIC POLYMERS---"DUCKWEED"
AND "REVERSED DUCKWEED" TYPES OF LANGMUIR-BLODGETT FILMS

JiaCona SHEN, Xi ZHANG, RuiFeng ZHANG, Xiao CHA, Rui YIN
Dept. of'Chemistry, Jilin University, Changchun 130023,China

In our previous work, we reported a new kind of microgel
amphiphilic polymer synthesized through radical initiation
polymerization and grafting, its hydrophobic and hydrophilic
parts were St-DVB microgel core, polymethylacrylic acid or other
hydrophilic polymer chains respectively. Some properties for
monolayer and multilayer of this kind of polymer were studied.In
this paper, we further confirmed that the amphiphilic molecules
rearranged to the structure of Duckweed at air/water interface,
and its LB films had good laminar structure by TEM and X-ray
diffraction.

In contrast with Duckweed LB film, we synthesized another
kind of amphiphilic polymer which formed stable monolayers of
Reversed Duckweed type. The hydrophilic microgel was prepared
with radical polymerization of N-vinyl-2-pyrrolidone with
-hydroxyethyl methacrylate, whereas PETA acted as crosslinking

agent. And the hydrophobic part was polystyrene chains.
Comparing Duckweed with Reversed Duckweed type LB films, we

could draw the following conclusions:
(1) The shape of surface pressure-area isotherms is largely

dependent on the ratio of hydrophilic/hydrophobic groups. Both
Duckweed and Reversed Duckweed types of amphiphilic polymer form
stable and condensed monolayer at air/water interface, but show
different molecular-weight dependence.

(2) The ratio of hydrophilic/hydrophobic groups makes great
effects on the relaxation behavior of monolayers after
compression, though monolayers of Duckweed and Reversed Duckweed
type show different features due to their different structure and
composition.

(3) Using monolayer-coated glass carbon (GC) electrodes, it
was found that the blocking effect provided by monolayer of
Duckweed type is better than that by Reversed Duckweed type. This
result may be caused by their different Duckweed structures.

(4) The layer structures of Langmuir-Blodgett films for
Duckweed and Reversed Duckweed types were confirmed by X-ray
diffraction patterns, and interlayer spacings were calculated.

(5) Corresponding to Duckweed type monolayer, the monolayer
of Reversed Duckweed type was easily compressed to higher density
monolayer. Maybe this is responsible for its larger blue shift in
UV-Visible absorption spectra (from 254 nm in solution to 198 nm
in solid LB film).

I
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LANGNUIR-BLODGETT FILMS OF CROWN ETHER
CONTAINING BIPHENYL MESOaNIC GROUPS

Xi ZHANG3 ZhiHong LIN, JiaCong SHEN, XinYi TANG
Dept. of Chemistry, Jilin University, Changchun 130023, China

Combination of Host-Guest chemistry with LB techniques will
be promising. for applications in chemical sensors, molecular
recognition and specific electrocatalytic oxidation-reduction.
In this paper, we report a new kind of Langmuir-Blodgett film of
crown ether containing biphenyl mesognic groups in the side
chains.

The compound of Bis(-p-hexadecyloxy-p'-biphenyl-)-
dicarboxybenzo-18-crown-6(CEBB in brief)-was synthesized. Its
chemical formula is

DSC measurement and studies with a polarizing miczoscope reveal

that the compound is well-ordered seaCt-io liquid crystalline.
CEBB amphiphiles form stable monolayers in the condensed

phase at air/water interface. The molecular area is estimated to
be 0.8 nm /molecule from the isotherms, it is nearly the
accordance with the calculated result irom CPK model. The
fluorescence spectra of CEBB LB films which peak at 400 nm are
almost identical to that of a dense solution in chloroform(392
nm), but different from the fluorescence spectra of dilute
solution(normally, monomer fluorescence peak 340 nm). The
results mean that all the molecules in solid LB films or dense
solution exist in the "eximer" state. A linear behavior of the
fluorescence intensity of CEBB LB films as a function of the
number of monolayers indicates that CEBB gives a good Y type
multilayers.

The structure of CEBB LB films is further investigated by X-
ray diffraction analysis. Two sharp Bragg peaks were observed in
the range of 29 angle 1-100 when we use weaker Cr target(K 2.29
A), and the sharpness of these peaks indicates highly ordered
structure in LB films. According to the Bragg equation, a layer
spacing 66 1 was calculated from the first reflection peak.
Using stronger Cu target(K 1.54 A),, two peaks were also observed,
one was sharper and stronger, the other much smaller and weaker.
It was found that the intensity of the first reflection peak
decayed to a constant' level within 30 min, and its corresponding
layer spacing also. decreased several angstroms, whereas the small
peak had no any change in period of radiation time. This maybe
means that CEBB multilayer exist in metastable state.

Molecular orientation of CEDBS films deposited on CaP2
substrates was investigated by polarized IR spectroscopy. The
difference of molecular packings (Y or Z-type assemblies) was
discussed, and the orientation of the mesogenic units within a
imultilayer arrangement,was studied.
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THE FORM1ATION AND CHARACTERIZATION OF AGGREGATES

OF LANMtIUIR - BLODGEITZ CYANINE DYE FIL11S.

L.L.Sveshnikova, V.V.Shelkovnikov, J.U.Seljunina.

Inctitute of Semiconductor Physics and Institute

of Organic Chemistry, Academy of Sciences of the USSR,

Siberian Branch, 630090 Novosibirsk 90, USSR

The conditions of the formation of aggregates in Langmuir -Blodgett

(L-B) films of pseudocyanine dye

N N 4

HH
18 37 18 37

and deaggregat ion by thermal treatment arnd laser irradiation were investi-

gated.L-B films of the dye mixed of behenic acid,octadecyl. alcohol (OdOH )

methyl and ethyl stearate (feSt,EtSt) were deposited to quartz plate$. In1

absorption spectra of pure dye wasn observed two maximum with 500 and 535 nnm,

which correspond to dimeric and monomeric forms. In the films of the dye-

OdOH was observed H-aggregates with characteristic band at 492-495 rm. The

film of dye - tieSt, EtSt show this intense narrow band at 575-578 nm, which

can be attributed to J-aggregates. The maximum of absoption spectra depen-

dend upon the molar ratio components of the mixed film.

The temperature dependence of deaggregation was established. The rate

of the dissociation of J-aggregates by thermal treatment and laser irradia-

tion was more higher than H-aggregates. H-aggregates dissociate intz J-ag-

gre-,gate, while J-aggregate to monomeric form.
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POLAR MULTILAYER LB-PIMB OP

P-OCTADEYLOAZOBDIZENE-P' -SULPH D
V.R.Novak ,I.V.1yagkov

Scientific Research Institute of Physical Problems,103460

Mosoow,USSR

Yu.M.Lvov, L.A.Peigin

Institute of Crystallography, Academy of Sciences of the

USSR,117333,MoscowLeninsky pr.59,USSR

Polar LB-films may be produced by several methods: by the

deposition of two alternate layers of different materials or by

the deposition of a single material under special conditions,

for example, as in the Langmuir-Schaefer method .

We have studied the temperature dependence of the pyroelect-

ric coefficient, dielectric constant and structural period of

polar LB-films built by the Langrair-Sohaefer method from

the molecules of p-octadeoyloxyazobenzene- p'-sulphamide
(18-OABS),with the chemical formula:

HV07  _ =N- Q2 M

The significant pyroelectric effect in the films proved them to

be polar.The periodicity of structure of the films investigated

was approximately equal to the lengths of the molecules used.

An irrevesible transition from polar to non-polar state has

been observed in 18-OABS films at 95+100 00. At this transition

the pyroelectric coefficient decreases from 0.7nC/cm2 K to 0 and

Lhe structural period of the films changes from D =39Z to0

D2 =69A. This transition does not relate to melting of the film,

the temperature of the melting point lies far higher (at 15000).
The films were found not to have the single solid-to-liquid

transition but the liquid-crystal state. A strong frequency

dependence of the dielectric oonstant was obseved at T>120 0 0.In
this temperature range-the frequenoy dependence of the complex

dielectric constant is written by a Oole-Oole expression.In the

liquid-crystal state the films have sevral smeotio mesophases.
Phase transitions take place at 126 (69A * 63A) and 1350

(631 * 411). During the transitions the structural periods

of the films and the value of the dieleotrio constant are

subject to change.
I
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PHONON CONDUCTION PROCESS IN LANGMUIR-BLODGETT FILMS

Yosio Hiki and Satoru Ozawa
Applied Physics Group, Faculty of Engineering,

Ibaraki University,
Nakanarusawa, Hitachi 316, Japan

The conduction of phonons in oriented organic materials is

one of the most interesting subjects in materials science. An

experimental and a computational study have been made by the
present authors in order to obtain the microscopic understanding

of the thermal diffusion process through stackings of monolayers

of organic chain molecules.
By using the usual technique, the Y-type Langmuir-Blodgett

films of arachidic acid CH3 (CH2 )18COOH are prepared; the stacked
layer thickness = 2.7 nm, the number of stacked layers a 1000 -

2000. The thermal diffusivity D of the specimen in the stacking

direction is measured by a pulse heating method. The observed

high value of the thermal diffusivity (D a 0.40 cm2 /sec for the
2000-layer specimen at T z 300 K) suggests that strong phonon

conduction along the aligned carbon chains of the material is

occurring.
The thermal transport processes through anisotropic media

are also studied by computer experiments. A mass-spring model

(one dimensional array of point mass coupled by springs) is used
to simulate the LB-film system. An end point of the mass-spring

system is vibrated randomly during a certain period, and the

process of kinetic energy transport is investigated by the

molecular dynamic calculation. It can be concluded from these

computer experiments that the strong coupling between the carbon

atoms in the molecular chains and the weak coupling between the

chains are possible reasons for the high thermal diffusivity I
observed experimentally. j

I
I;
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CHARACTERIZATION OF POLYALKYLTHIOPHENE BASED L.B. FILMS

A.Bolognesi. S.Destri, W.Porzio. G.Bajo

Istituto di Chimica delle Macromolecole del C.N.R.

via E.Bassini 15. 20133 Milano

R.Paradiso

DIBE- UniversitA. via All'Opera Pla Genova

We have extensively investigated the conditions of obtaining stable

L.B. films starting from poly(3-alkylthiophenes), which are soluble. We

have varied the alkyl chain length (eptyl. decyl. unde-cyl). the molar ratio

between the PAT and Cd arachidate (from 1/20 to 3/1).PAT alot~e are not able

to Qive stable monolayers at the air-water interface, thus preventing their

transfer on suitable substrates.Con the contrary by mixing arachidic acid and

PAT. usual pressure-area isotherms are obtained, hence L.B. films are formed.

The monolavers can be transferre.at 20 mN/m. on quartz or silicon substrate.

X-ray diffraction studies on L.B. mixed films have shown no

appreciable differences as compared with patterns of pure Cd arachidate

indicating a strong phase segregration between the components. From UV

visible spectroscopy. carried out on both LB and cast films, it is evident

that the absorption maximum of LB mixed film is shifted towards lower energy

with respect to PAT cast films . sugqesting that the polymer chains assume a

more extended conformation.

In order to obtain more insights on the molecular organization of PAT

chains we have performed a detailed fluorescence microscopy analysis, as tne

polymer present emission effect near to 670 na. The microphotographs. 

performed on a single layer. evidence the presence of PAT aggregates with

different size well separated from Cd arachidate domains.
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ON THE STRUCTURE OF MIXED LANGMUIR-BLODGETT FILMS OF TWO

DIFFERENT PATTY ACID SALTS

S.Dante, V.Erokhin , F.Rustichelli

Istituto di Fisica Medica, Universita' degli Studi di

Ancona, via Ranieri Monte D'Ago, 60131 Ancona, Italy

*Institute of Crystallography USSR tcademy of Sciences,

1173333, Moscow, Leninsky pr.59, USSR

ABSTRACT

It seems to be important to stuly the structure of

Langmuir-Blodgett films formed by mixiig of two different

compounds. The main question is: do the compounds really mix or

they form unmixed Uomains? In order to answer this question

Lanqmuir-Blodgett films of mixed behenic and stearic acid salts

of cadmium were deposited and investigated by small-angle X-ray

scattering. The ratio of compounds was varied from 1:4 to 4:1.

It was found that for 1:1 ratio X-ray pattern contained a

single system of reflection with a lattice spacing equal to

54.o A.
For any other ratio, X-ray patterns contained two systems

of reflections, each of them corresponding to one of the pure

fatty acid salts (49.0 A and 58.5 A respectively)

When the ratio is different from 1:1, the molecules of the

two acids form domains not mixing with each other; these

domains grow as monolayers are deposited, like in an epitaxy

process.
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VISCO-ELASTIC PROPERTIES OF THIN FILMS
PROBED WITH A QUARTZ CRYSTAL RESONATOR

D. Johannsmann , F. Embs1, K. Mathauer ,
C. G. Willson2 , G., Wegner' and W. Knoll'

(1) Max-Planck-lnstitut fur Polymerforschung,Postfach 3148, D-6500 Mainz, FRG
(2) IBM Almaden Research Center, 650 Harry Road,

San Jose, CA 95120-6099, USA

Abstract
We report on the application of quartz crystal resonators to the characterization

of visco-etastic thin organic layers.
A passiv measurement of the quartz crystals electrical impedance allows for the

measurement of it's resonant frequencies als well as the damping in a number of
vibration modes, spanning in frequency from about 3 MHz to about 40 MHz. A
parallel ellipsometer setup is used for simultaneous optical characterization.,

The shift in resonant frequency and damping induced by an organic film deposi-
ted on one quartz surface can be used to measure the effective acoustic impedance
.Pflrt of the film (P(w) the complex force per cm 2 and fi(w) the amplitude of the
oscillation). For "hard" materials the effective acoustic impedance is equivalent to
the films mass. For "soft" and viscous materials the shear modulus G = G' + iG"
enters the formulae and can sometimes be measured.

The glass transition of a 350 nm film of low molecular weight polystyrol can be
followed. Resonances in frequency shift and damping occur, when the wavelength
of transverse sound in the film equals (2n + 1)/4 times its thickness. At these
resonances quantitative analysis with respect to G' and G" is possible.

During the UV-induced desorption of poly[(bis)-m-butoxy-phenyl]silane under
oxygen atmosphere a strong increace in viscous damping and a strong decrease
of frequency occur. At the same time there is little change in optical thickness.
Possibly the desorption takes place via an oily phase of medium size oligomers.

When LB-Films of poly-glutamates carrying cinnamate ester side groups are
irradiated with A = 254nm, the processes of bondbreaking in the main chain, cross
linking of cinnamate esters and desorption can be followed.

,I--I_
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I INTERFACIAL RECOGNTION REACTIONS AS SEEN BY
I FLUORESCENCE-, SURFACE PLASMON- AND ATOMIC FORCE

I MICROSCOPY
I

F.-J. Schmittt, A. Weisenhorn*, P. Hansma, and W. Knoilt

t Max-Planck-Institut ffr Polymerforschung

Ackermannweg 10
D-6500 Mainz, FRG
Department of Physics, University of California

Santa Barbara, CA 93106
USA

We investigated site specific recognition reactions at the gas/flaid and solid/fluid
interface. As a modell system we used the highly specific and strong interaction
between Biotin and Streptavidin (K. = 107-s m ). This well known system is in
many ways comparable to biological receptors and ligands and can be chemically
modified in various ways, e. g. Biotin bound to a lipid. With a binary mixture of

such a Biotin functionalized lipid with a "nonreactive" lipid, monolayers can be
build up at the air-water interface (in a filmbalance ) and the binding properties
to Streptavidin can be studied by fluorescence microscopy.

After transfer of such an reactive lipid-monolayer to a solid support, which is
capable of carrying suface-plasmon modes one can also apply these novel
technique, without the need for labeling the molecules of interest. Surface-Plasmon

microscopy combineb high lateral resolution ( -5vm ) with extremly high thickness
sensitivity ( ,- 0.1 nm ). The used flow-cuvette set-up allows for the online
exchange of the subphase, e. g. against a Streptavidin containing solution.

Analoge experiments from the monolayer-electrolyt interface were carried out with

the Atomic-Force-Microscope (AFM), which yields too qualitative pictures of the
sample, but this time with "sub-optical" resolution, some times even molecular
resolution. The obtained micrographs can be processed to get quantitative
information about height distribution, force spectroscopy and layer compressibility.

It is also possible to online monitor the thickness changes due to the adsorption of

molecules to the interface.
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ELECTRO-OPTICAL SPECTROSCOPY ON AGGREGATED CHROMOPHORE

SYSTEMS IN LANGMUIR-BLODGErT FILMS

Georg Grewer and Mathias Lsche
Institute of Physical Chemistry, Johannes-Gutenberg-Universitgt, D-6500 Mainz,
Germany

The linear and the quadratic Stark effects have been employed to character-
ize aggregate formation of a cyanine dye mixed with a fatty acid in various

concentrations within LB multilayers. Two different electrode configurations
have been used to test the responses of the electronic spectra to external electric

fields: in films assembled into a sandwich arrangement, dipole moment changes
perpendicular to the plane of the molecular films are observed; in films
deposited onto an interdigitated microelectrode structure, the charge re4istribu-
tion parallel to the interface is accessed.

The observations have been used to quantify the induced and static dipole
moment changes on excitation of the chromophores. As expected from theory, it
is found that the experimental observations reflect the symmetries of (i) the dye
molecule, (ii) the molecular aggregates, and (iii) the layer structure as defined by
the preparation process. Hence they can serve to assess the local arrangement of
the molecules within the superstructure. Comparison of the results obtained
from different multilayer arrangements are indicative of inter-layer coupling for
the case of a head-to-head configuration of the amphiphilic chromophores. This
coupling occurs only between dye aggregates and is not detected for the
monomer species. An asymmetric charge distribution due to different electrode
materials is thought to be responsible for breaking of the symmetry and results in

the visualization of this phenomenon in the linear Stark effect.
Mixing studies (variations of the dye concentration between 2 to 100 mol%)

reveal the evolution of two different aggregated species, i.e. of hypsochromically

shifted H-aggregates dominating the absorptions spectra at moderate dye
concentrations and of bathochromically shifted J-aggregates that become promi-
nent at the highest concentrations. At low concentration, the Stark spectra are

domir-ated by strong inhomogeneous local electric fields due Cd 2  incorporated
as counter-ions to the prevailing fatty acid in the deposition process.

At external field application parallel to the film surface the Stark spectra

reflect the molecular symmetry of the chromophore and confirm a model that

the molecules stand on edge on the substrate with their symmetry axis close to

the surface normal. Extraordinarily large polarizability values parallel to the

surface are observed.
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LANGMUIR Z4ONOLAYERS OF PERFLUOROALKYL-TERNINATED AMPEIPHILES
STUDIED BY OPTICAL SECOND-HARMONIC GENERATION

H_ Ksjm" and R. Beckerbauer, Central Research and Development,
Du Pont Company, Experimental Station, Wilmington, DE 19880-
0356, U.S.A.

As a hydrophobic group in amphiphiles, a perfluoroalkyl
chain is more rigid and has a larger cross-sectional area than
its hydrocarbon counterpart. Using optical second-harmonic
generation (SHG) and ellipsometry, we have studied Langmuir
monolayers of a series of amphiphiles with a perfluoroalkyl
tail: (para) CF3(CF2)9-SO2-Ph-X, where X is (a) -N(CH2CH2OH) 2, (b)
-N (CH3) (CH2CH2 OH), and (c) N-substituted L-prolinol. The long
axes of the tail and the phenylene core are at an angle
estimated to be - 45 deg. Two parameters of the monolayer film
are obtained - an average tilt angle of the molecules at the
air-water interface deduced from polarization dependence of the
SHG signal, and an effective monolayer thickness deduced from
ellipsometry.

Langmuir monolayers of all three compounds exhibit an
extended pressure-area (fl-A) isotherm (at 25 °C) with the
surface pressure increasing monotonically over a wide area range
as the monolayers are compressed. The "collapse* of the
monolayer film is marked by a sharp kink in the fl-A isotherm
followed by a plateau region. Our optical measurements indicate
that in the plateau region multilayers start to form and the
Langmuir film is no longer uniform. The average molecular area
at the pressure kink (i.e., maximum monolayer packing) depends
on the head group X; it is 41 A2, 47 A2 and 54 A2, respectively
for compounds (a), (b) and (c). The values are significantly
larger than the cross-sectional area of the perfluoroalkyl tail
(~ 30 A2), presumably due to the bending between the tail and
the phenylene core. We find the increase of n upon the monolayer
compression is correlated with a change in the avecage molecular
orientation as well as an increase of the monolayer thickness.
At the maximum monolayer packing, while the phenylene core is
still tilted at a large angle (- 50 0g.), the perfluoroalkyl
tail is roughly normal to the water surface.

I~i
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IRGING OF TI LATERAL 8TRUCTURE OF LB FILMS
BY METAL DECORRTIOW MW A 0D POLRZ2TION MICROSCOPY!

Christoph Bubeck
Xax-Planck-Institut fUr Polymerforschung, Poatfach 3148,

D-6500 Mainz, FRG

Recently a new method was described that is able to image
the lateral surface structure of LB films by metal decoration
and polarization microscopy /1/. The principle of the method
is based on the high surface sensitivity of the growth of
metal films on organic surfaces. In the initial stage, the
metal atoms nucleate to metal islands. In the case of a
lateral anisotropy in the orientation of transferred
monolayers, this leads to a distinct anisotropy of the
mobility of the metal atoms, the distribution of nucleation
sites and finally to an anisotropic distribution and
coalescence of metal islands.

The pleochroism of such evaporated gold or silver islands
on LB films is used to see the morphology of the uppermost
monolayers in the polarization microscope. A multitude of new
information about the lateral structure of LB films is
available by this method that was not accessible before. This
will be elucidated by several examples.

By means of polydiacetylene LD films it is demonstrated
that the same domain structure and morphology is imaged by
metal decoration that can be seen already without metal
decoration due to the intrinsic and large dichroism of
oriented polydiacetylene chains.

However, most of the LB films are prepared with materials
that do not show an intrinsic birefringence large enough for
such a direct image to be obtained by polarization microscopy.
By means of tha metal decoration technique, their morphology
can be made visible as will be shown with fatty acid salts
such as Cd-arachidate and preformed polymers for example
polyglutamate or other rigid rod polymer systems.

The influences of film preparation conditions, monolayer
flow on the Langmuir trough, shear forces during the film
transfer can be seen clearly. This visibility of the real
lateral structure of LN films is viewed as a major step
forward to control and improve their structural quality.

Reference
/i/ C. Bubeack, Adv. Mater. 2 (1990) 537.

ii;
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ANGLE-RESOLVED PHOTOEMISSION FROM LANGMUIR-BLODGETT FILMS
OF COPPER TETRANIS(n-BUTOXYCARBONYL)PHTHALOCYANINE

N. UENOa, K. KAMIY b, K. OGAWA
c , H. YONIEARA C M. TAK&HASHId,

H. NAKAHARA , K. SEKI , K. SUGITA-, K. FUKUDA
and

H. INOKUCHIb

aDepartment of Materials Science,

Faculty of Engineering, Chiba University, Chiba 260, Japan

blnstitute for Molecular Science, Myodaiji, Okazaki 444, Japan

Clavamura Institute of Chemical Research, Sakura 285, Japan

dDepartment of Chemistry, Faculty of Science,

Saltama University, Urawa 33, Japan

Department of Materials Science, Faculty of Science,
Hiroshima University, Hiroshima 730, Japan

The interest in studying angle resolved ultraviolet
photoelectron spectroscopy (ARUPS) is due to its capability for
obtaining information on the angular parts of wave functions of
valence electrons as well as their ionization energies. This
in turn means that the molecular orientation in ultrathih. films
or in the surface layer of the film of organic molecules can be
probed by investigating the valence band with a definite
orbital symmetry using this technique.

Languir-Blodgett (LB) films of phthalocyanine (Pc)
derivatives can be considered as one of the most useful films
for organic devices due to their thermal stability and the
existence of PC rings. Among these, a recent study of thick LB
films (40 layers) of copper tetrakls(n-butoxycarbonyl)
phthalocyanine C(BuOCO) CuPc2 with polarized UV-visible
absorption spectra Ell rivealed that the molecular planes (Pc
rings) are nearly perpendicular both to the surface and the
dipping direction.

We measured ARUPS spectra of ultrathin LB films (8 layers)
of (BuOCO) CuPc deposited on metal substrates with synchrotron
radiation in order to study the molecular orientation of the
CuPc rings in the films. The incidence angle of photons (a)
and take-off angle (9) of the photoelectrons were fixed at 0
and 45, respectively.

The photoelectron intensity from the top u-band showed a
pronounced azimuthal angle (0) dependence with a maximum at *
0, where # is the angle between the component of photoelectron
momentum parallel to the surface and the electric vector of
the incident photon. This result indicates that the CuPc rings
in the films are well oriented with the molecular planes
perpendicular to the dipping direction.

Reference
EI] K.Ogawa, S.Kinoshita, H.Yonehara, H.Nakahara and E.Fukuda,

J.Chem.Soc., Chem.Commun. 478 (1989).
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DIRECT MEASUREMENTS OF SURFACE FORCES BETWEEN MONOLAYERS OF

POLY(METHACRYLIC ACID) AMPHIPHILES

Kazue Kurihara, Nobuyuki Higashi*,
Masazo Niwa* and Toyoki Kunitake

Molecular Architecture Project, JRDC, Kurume Research Park
Kurume 830, Japan; *Department of Applied Chemistry, Faculty of

Engineering, Doshisha University, Kyoto 602, Japan

Importance of accurate, direct measurements of interactions
between various surfaces has been widely acknowledged since
introduction of Surface Forces Apparatus (SFA) designed by
Israelachivili. Study of synthetic polyelectrolytes is useful
in many industrial applications, and also from their relevance
to natural polyelectrolytes. Poly(methacrylic acid) (PMA)
shows a marked pH-induced conformational change from a rodlike
form to a hyper-coiled form when pH decreases beyond a critical
pH of 4-6. The interlayer interaction of monolayers containing
poly(methacrylic acid) segments as a head group is studied.
The surface pressure - area (7c - A) isotherms is measured to
monitor the intralayer forces.

Amphiphile 1 formed a stable monolayer at the air-water
interface. Figure 1 shows pH dependence of the X-A isotherms.
The isotherm changes slightly except at large molecular areas
where the pressure increases at higher pH's. The monolayer of
1 was transferred to hydrophobized mica surfaces at a pressure
of 35 mN/m in the down-stroke mode. Repulsion extends longer
than 3000 A in pure water (pH - 6), and increases significantly
at pH 8.1 (Figure 2). At lower pH of 3.5, observable repulsion
exists only in the surface separation range smaller than 600 A.
The separations showing repulsion of 20 mN/im are ca. 700 A at pH
8.1, 0 A in pure water (set as a reference position), and - 100
A at pH 3.5. The conformatinal change of the polyelectrolyte
head group of 1 causes this pH dependence of forces.
Interlayer and intralayer interactions will be discussed.

90r N 100.
C 9HIOC CHNHC-C i(CHC-}-ss

C1 H3 0C(CH2)2  OH 10. pH 8.2

E z, - .,, r(p . ) I ,.| ', ".

0.81P wIot (PH -6) 1 6). 60. 1 L

: • 08 3 . 0  '

0 0.4 0.8 1.2 1.6 .500 0 500 1000 1500 2000 2500 3000

Are, nm2 /molecule Distance, A

Fig. 1. The X-A isotherms of Fig. 2. Repulsive forces
1 at various pH's. between monolayers of 1.
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PERFECTNESS AND BLOCKING PROPERTY OF LB FILMS ON PLATINUM
ELECTRODE INVESTIGATED BY CYCLIC VOLTAMMETRY AND SCANNING

TUNNELING MICROSCOPY

ZilU Ma,Changxin Zhu and Shjlin Pang
Beijing Laboratory of Vacuum Physics,Academia Sinica,Beijing,China

Qingxu Chen and Long Jiana
Institute of Photographic Chemistry,Academia Sinlca,Beijing,China

The perfectness and blocking properties of LB films have been studied by
cyclic voltammetry and scanning tunneling microscope. A trielectrode electrolysis
cell composed of working platinum electrode,saturated calomel electrode
(SCE),and platinum counter electrode have been used. Arachidic acid (C20) was
deposited on the platinum working electrode. Cyclic voltammograms showed that
in solutions of 3N H2So4 and IN KCI the LB film of arachidic acid acted as an
insulation layer on the platinum surfaceand the insulation ability increased as
the number of deposited layer became more. However,STM showed that there
were defects still existed in the LB film. Although rough and inhomogeneous
surface of Pt substrate, individual domain of monolayer with a certain order
structure were first imaged on practicable polycrystal platinum surface.The
domain of C2. monolayer imaged by STM was becoming larger as the number of
deposited layer increasing, which may provided a new thinking of multilayer
structure.

I
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MONOIAY3R AND MULTZLAYZR rfLW C R.&ACT!ZRISATION USING

SUIrACE PLASMON RESONANCE

LL.C66k& and G.G.Roberts

Department of Engineering Science, University of Oxford,

Parks Road, Oxford, OX1 3PJ, UK.

Surface Plasmon Resonance (SPR) is a technique ideally suited to the

analysis of mono-molecular films, produced using the Langmuir-Blodgett (LB)

method. The coupling of laser light to a tightly confined propagating

plasmon mode at a silver surface is greatly influenced by a dielectric film

at this surface. Internal reflectometry of a dielectric-coated thin silver

film on glass may be analysed to deduce film thickness and permittivity

information.

The reflectometer apparatus has been developed with an emphasis on

high accuracy (<0.1% error). The entire instrument has been modelled and

characterised, and systematic losses compensated to permit a reliable fit

to theory. A fast Laurent-Marquardt fitting procedure has been applied,

using the exact Fresnel reflectance formulae over a wide range of angles,

allowing all 6 pertinent thickness and (complex) permittivity parameters to

be simultaneously determined.

The technique has initially been applied to LB films of behenic acid,

a well characterised simple fatty acid system. Excellent agreement of film

refractive index and thickness per layer was obtained between measurements,

even for a single monolayer. Using a molecular model, a tilt angle of 250

was predicted in accord with infra-red spectroscopy data.

The systematic study of an extensive class of Organo-Ruthenium

complex surfactant molecules is in progress to determine the dependence of

film structure on molecular structure. Consistent film deposition is

obtained through the use of a single, stable, hydrophilic head-group.

Measured pyro-electric response from these molecules is related to film

structure.

The potentially promising electro-optic properties of the class, due

to incorporated donor-acceptor molecular moieties, will be investigated.

High film quality is particularly relevant for optical applications, but

has only been obtained for simple systems.



HP1O

SCANuING OPTZCL MICROSCOPY OF LANGNOZR-BLODGITT r1L(S

LL11Jaa Q, G.G.Roberts and T.Wilson

Department of Engineering Science, University of Oxford,

Parks Road, Oxford, OXl 3PJ, U.K.

Many optical techniques are available in order to characterise the

structure of Langmuir-Blodgett (LB) films. Confocal imaging, using a

scanning optical microscope (SOM), offers improved resolution over

conventional microscopy, as well as offering great flexibility in image

processing.

High quality images have been produced by depositing the films as

step structures on silanised silicon wafers.

- LB film V

Oxide

Silicon M

Distance (pm)

The intensity produced is modelled by considering the interference
effects caused by multiple reflections from the various interfaces in the

system. Using a range of different laser wavelengths and known oxide

thicknesses (measured using ellipsometry) film parameters such as thickness

or complex permittivity can be determined. The technique thus provides

quantative data while simultaneously allowing high quality images to be

displayed.

This work is complementary to the many forms of imaging which display

only phase information. Differential phase contrast and Nomarski microscopy

have also been used in these studies to yield additional information about

film quality.

The system has been fully characterised using simple materials such

as behenic acid and is now being used to assess the structure of

pyroelectric LB films. Altering the polarisation of the incident beam will

allow the orientation of dye chromophores to be determined and aggregation

effects, particularly within mixed films, to be studied.
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OPTICAL CHARACTERISATION OF HIGHLY ABSORBING
LANGMUIR-BLODGETT FILMS USING ATR TECHNIQUES

C.R. Lawrence, and J.R. Sambles
Department of Physics, The University of Exeter, Stocker Road,

Exeter, Devon EX4 4QL, UK

There is substantial interest in the fabrication of non-centrosymmetric thin film
or waveguide structures in the form of Langmuir-Blodgett multilayers. These have
potential in non-linear optics for use as optical switches and in second harmonic gener-
ation applications. However to have high non-linear coefficients there is often the need
for a strong resonance in the wavelength region of interest. This then means that the
structures are optically strongly absorbing, which therefore makes them difficult to char-
acterise using conventional waveguide-coupling techniques. An alternative procedure is
to use the excitation of surface plasmons in a structure comprised of a prism/metal/LB
film. This allows, provided the thickness of the film is known, a reasonable characterisa-
tion of the optical properties. However, unlike the guided mode technique, which allows
full optical dielectric tensor characterisation, the surface plasmon approach leads to an
assumed-isotropic refractive index.

-There is a second approach, for highly absorbing films, which may be better than
the surface plasmon technique. This is simply a study of the reflectivity of a thin
film deposited on a prism of high index, measured with light incident from inside the
prism, for angles of incidence close to the critical angle. Using this procedure with
both p and s polarised radiation, the s remember not being available with the surface
plasmon, it is possible to obtain more complete information on the optical properties
of the film, particularly at wavelengths close to the resonance. In this study we have
used both techniques to characterise the optical properties of LB films composed of
Zwitterion complexes. The results oLtained are compared with the direct absorption
measurements using more conventional spectroscopic techniques, which only provides a
very lvimited optical characterisation of the layers.

I
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TWO-DIENSIONAL ORGANIC CRYSTALLINE FILMS
STUDIED BY TUNNELING MICOSCOPY

WML_ ekji_, D.P.E. Smith+ and H. Klagges*

* Universitit Mtnchen, Sektion Physik, Schellingstr. 4,
8000 Mtnchen 40 FRG

+ IBM Physics Group, Schellingstr. 4, 8000 Mnchen 40 FRG

The two dimensional ordering of small organic molecules on

the surface of graphite and molybdenum has been investigated

with nearly atomic resolution by scanning tunnelling

microscopy (STM). We will discuss the structure, the

registry, the adsorption and imaging mechanism as well as

lattice defects and dynamical aspects of the interfacial

layer. We will concentrate on DNA bases and show some

additional examples of liquid crystals and a dye molecule.We

prepared monomolecular films which are homogeneous over many

micrometers, although they sometimes show lattice defects.

Molecular orbital calculations allow for the comparison of

predicted electron densities with the observed STM contrast

and are a valuable help for the interpretation of the

observed experimental results.

Lit. D.P.E. Smith and W.M. Heckl, Nature, Vol. 346, No.

6285, pp.616 - 617, 1990
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DIRECT NEAUENUT OF THE FORCES BETWEEN

GANGLIOSIDE BILAJ S DEPOSITED

ON MICA SUBSTRATES

P F. LUCKHAM. J.E.C.WOOD and R.M. SWART*

Dept,. Chem Eng , Imperial College, London SW7 2BY,.U.K.,

and
*I.C I., Corporate Colloid Science Group, The Heath , Runcorn,

U.K,

ABSTRACT

Glycesphingolipids are ubiquitous membrane components and

have been implicated in cellular interactions, oncogenesis and

difterentiation. The forces between mica surfaces coated with a
bilayer of the gangliosides GM1 and GT1b, as a function of

surface separation have been measured using the mica surface

forces apparatus. The results show that at long distances the

data can be rationalised in terms of electrical double layer

theory, whilst at shorter range, steric forces dominate and

prevent any adhesion between the bilayers occurring

Ganglioside/phospholipid mixtures, show similar results although

at sufficient dilution the normal adhesion observed with

phospholhpid bilayers returns. P-A isotherms and surface

potential measurements for the same system will also be reported.,
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Symmetry and Orientational Structure in Hemicyanine Monolayer by Surface SHG

and Absorption Spectrum

!Ktaro KAJIKW& Koichiro SHIROTA, Hideo TAKEZOE and Atsuo FUKUDA
Tokyo Inst. Technology, Dept. Organic and Polymeric Materials,
O-okayama, Megro-ku, Tokyo 152 Japan

T

Symmetry and orientational structure of the hemicyanine dye (fig.1)
monolayer were studied by surface second-harmonic generation (SHG) and
absorption spectra. It was found that the formation of the H-aggregates in the
monolayer of higher dye fraction strongly depends on the compression process; the
conventional compression by moving the barrier does not bring about the formation
of the H-aggregates, while the compression by spreading the dye solution does
cause the formation. Moreover, the formation of H-aggregates breaks the
homogeneous orientation (Coov symmetry) of the hemicyanine molecule in the
monolayer on water. By the deposition of the H-aggregated molecules onto a
substrate, the monolayer obviously changes its symmetry into homogeneous C-v
structure, where H-aggregated oligomer and monomer coexist. On the contrary,
mixed hemicyanine monolayers with arachidic acid maintain their structure of the
homogeneous orientation after the deposition in spite of a slight change in average
tilt angle of the molecule. We infer that the electrostatic interaction between the
anion (arachidic acid) and the cation (hemicyanine) makes them rigidly packed. In
the compression of the mixed monolayer and pure hemicyanine monolayer on
water by the conventional compression by moving the barrier, they maintain their
symmetry and orientational structure.

From a view point of nonlinear optics in L and LB film, we found some impor-
tant results. In evaluating these structures, previous workers neglected the fre-
quency dispersions of the dielectric constant of the monolayer, em(a) at frequency

W. By comparing the computer simulation and the SHG measurement, we found
that £m( 2w)#m(o) should be taken into account. We could determine em(2 m)/em(co)

of various kinds of monolayer by measuring the SH light intensity with parallel and
perpendicular polarizers as a function of the polarization direction. If we have data
of em(2 0) and em(co), we can even determine the ratios of the susceptibility tensor
elements without neglecting the contribution of the local field factors.

Br"__- J .-- N(CH 2  Fig. 1 Hemicyanine dye

Br"

l ie il i B ll lil l ~ l ni l lll ..... iiinll llll!U lll ni l lni lll i ...... iiii ..... illl in i ili 
i l i

.......



HP15

MOLECULAR GRAPHICS IN THE STUDY
OF THE STRUCTURE OF LB FILMS

I[

A. Zhuming and Wei Yu

Laboratory of Molecular and Biomolecular Electronics
Southeast University

Nanjing, 210018
P. R. China

ABSTRACT

Molecular graphics has found wild applications in many
aspects of chemistry such as drug design and protein
engineering. However, seldom efforts have been put on the
;tudy of the structure of LB films. This paper describes

bcome molecular graphics methods which have been used in our
laboratory in the study of the structure of LB films and the
ctructure of J-aggregates.

The arrangement of molecules in the LB films and the
strwcture of J-aggregates are interesting aspects of the
study of LB films. They are also important in the study of
molecular electronics. Molecular graphics has not only been
used to show the structure of LB films, but also to measure
'he molecular area in the LB films.

Molecular graphics cooperated twith molecular mechanics
nrH mrlecular dynamics can he ustd to study and even
--edicate the structure of the LB films. Thus, the
P-primpntal results can be explained. Molecular graphics
,-.i also predicate the property of the LB films.

A molecular graphics program run on IBM PC has been
devploped to study the LB films. The program can build the
3-dimensional molecular model, and measure the molecular
area. Molecular mechanics study has found the most probable
structure of a kind of cyanine LB film, and the calculation
process and the result was shown by molecular graphics.

Molecular graphics is helpful in the research of LB
films, and computers can be used to simulate the LB films.

I

I
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EVALUATION OF HORIZONTAL LIFTING METHOD
OF LB FILMS BY USING

A QUARTZ CRYSTAL MICROBALANCE

Yoshio OKAHATA, Kentarou TANAKA, and Katsuhiko ARIGA

Department of Biomolecular Engineering,
Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo 152, Japan

The characterization of Langmuir-Blodgett (LB) films has been
widely studied in the dry state by various methods. However, the in
situ evaluation of LB films during the dipping process has not been
fully explored.

In this paper, we report evaluations of horizontal lifting methods
of LB films by using a quartz crystal microbalance. Although the
horizontal lifting method of LB films is known as one of techniques for
transferring monolayers onto a substrate, quantitative characterizations
of a transfer ratio of monolayers and transferring mechanisn because of
difficulties of studying those parameters quantitatively. We observed
the transfer ratio and transfer mechanism of horizontal lifting, method of
LB films by using a quartz crystal microbalance (QCM) as a substrate.
QCM is well known to detect a mass on the plate from frequency
changes in a nanogram revel. Thus, the transferred weight on the QCM
substrate can be determined directly in a ng level from frequency
changes of the QCM plate.

Personal
In the case of vertical comwer

dipping methods, monolayers - I
having hydrophilic head groups F|re cy

were not transferred with a ! .ufco

Piezoulectricgood transfer ratio. On the Oscillating crystol plote, circt i  / ,t
contrary, most monolayers .. '.,i
were able to be prepared by .

the horizontal lifting method
with a transfer ratio of 2 and LO tim

their LB films showed well

analyses
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j I j ~~~UiMMY SURFACTMI PRMTIN SW-C AND PHOSPIIATIDYLMHLINES
IN BZLVYWR AMD XM90U0113I - ss n w

K-m.W- Keogh -2", G. Simatos1 , J. tra-z-Gil, K Naeg and K.R. orrow3 .
Departments of 'Biochemistry, ?PediatrTcs and 2 lhysics, Memorial University
of Newfoundland, St. John's, Newfoundland," Canada, £133X9.

Pulmonary surfactant is material whi;, lovers surface.toension in the
lung alveoli, so that it reduces the work of breathing and prevents
alveolar collapse or- atelectasis at low lung volvmss. The material
consists of about 90d lipids, of which dsalat 1ph~ atidylcholine,
DPPC, is the major component, and at least four proteins, wS-A, SP-B, SP-
C, and SP-D. Two of these p oteins, SP-B and SP-C, m very hydrophobic
and are considered to help in the process.of transferring the lipid from
bilayers, the form in which it is sereted by Iamg calls, into a monolayer
at the air-voter interface.

The interaction- of the protein SF-C with saturated
phosphatidyicholines in bilayers and monolayrs tam been studied by 2Hi-
nuclear magnetic. resonance spectroscopy, _high senitivity differential
scanning calorimetry, and epifluorescence of mnoayer under compression.

It has been observed that SP-C produces a perturbation in the
packing of the saturated PC. The gel to liquid-crystalline phase
transition was broadened by SP-C as-seen both by calorimetric scans and in
the first moments of -rmr spectra from pesdeuterated chains in the
lipids. The T, relaxation times of the acyl chain. as essentially
unaffected by the protein. The T2. of the chains was decreased in the
liquid crystal and its temperature dependence was altered in the gel.
Initial studies indicate that the first nments ;f the spectra 2l-nor of
the head group of DPPC weore not substantially affected by SP-C. SP-C
affected the distribution of condensed and fluid domains in monolayers in
the liquid expanded/liquid condensed region by producing more, smaller,
condensed domains in the two phase region than seen for pure lipid
monolayers. SP-C appeared to provide nucleation sites for condensation
during the LE/LC transition.

These results are consistent with SP-C being embedded, at least in
part, in the acyl chains of the lipid, and there being a relatively good

matching of the packing of the protein with the lipid so that severe
packing dislocations in PC bilayers are not produced by the proteins.
(Supported by the Medical Research Council and the Natural Sciences and
Engineering Research Council of Canada.)
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I .Gilles Picard, Normand Denicourt and Janm -L &dlt
D9qartemctde Ct fi
Univenrsit6 de Moatr6al
C.P. 6128, scumsle A

Monral, Qu6bec, Canada C W-7

Hydrostatic-pressure- and transmembranepotential-induoed deformations of
glyceryl monooleate (GMO) and bovine-brain pbhophazidylsflne (PS) bilayer lipid
membranes (BLMs) were investigated by simultaneous optical and electrical
measurements. The investigation of a large number of samples established subtle
variations in the observable parameters (appearano of concentric optical interference
finges, capacitance, voltage-dependent capacitance, resistivity and voltage-dependent
resistivity changes as a function of hydrostatic pressure and applied potential) of
separately formed, but otherwise identical, BLMs. Simultaneous optical and electrical
measurements were performed on given BLM preparations, each of which had relatively

* small tyau -ibbs borders and "survived" for six hours or longer. Application of (4-
21) mNm' hydrostatic pressure (Php) resulted in the appearamce of concentric optical
interference fringes (some of which were transient) which allowed the calculation of
translational (lateral) displacements (Ft) and curvature changes (F.). Plots of Fc values
against Php gave good straight lines from which interfacial tensions (,y) of GMO and PS
BLMs were calculated to be 0.22:0.02 mN/m and 0.29_+0.03 mN/m, respectively.

Support of this work by a grant from the Natural Sciences and Engineering
Research Council oi Canada is gratefully acknowledged.
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DESIGN AND PROPERTIES OF LANGMUIR FILMS OF PHOTOSENSITIVE PROTEINS
Zaitsev S.Yu., Kalabina N.A., Lukashev E.P.*,

Kononenko A.A.*, Abdulaev N.G., Zubov V.P.

Shemyakin Institute of Bioorganic Chemistry, USSR Academy of

Sciences, Moscow 1178711 * - Department of Biophysics, Faculty

of Biology, Lomonosov State University, Moscow 119899 USSR.

Design of Langmuir films employing biocomponents is a field of

much research in recent years [1]. Photosensitive membrane proteins

(bacteriorhodopsin or bacterial reaction centers) in which effec-

tive directional light-dependent electron (or proton) transport

take place EI-3] are not only unique systems for investigation of

molecular mechanism of photoreception but also promising as poten-

tial sensor materials in molecular electronics. A problem of funda-

mental importance is the design of highly ordered Langmuir films

incorporating such proteins to provide vectorial charge transfer.

The optimal conditions for stable mono- and multilayer prepa-

rations of reaction centers from Chl. aurantiacus, Rb. sphaeroides,

Rps. viridis and bacteriorhodopsin were determined [2,3). It was

shown that optical and photoelectrical properties of the obtained
Langmuir films were similar to those of the native proteins. The

sign of photopotential provides evidence that the H-sUbunit of Rb.
sphaeroides is oriented preferentially to the water at the air/

water interface. In contrast to this, the H-subunit of Rps. viri-
dis orients to the air, because of the presence of a more hydro-

philic cytochrome-subunit in these reaction centers. The ratio

20:80 was obtained for oppositely oriented protein molecules E2).

The possibility was shown (3] for regulation of the orienta-

tion and the lifetime of the intermediates in the bacteriorhodopsin

photocycle by using Langmuir techniques combined with immobiliza-

tion of the protein in a polymer matrix.

1.¥u.M.Lvov, V.V.Erokhin, S.Yu.Zaitsev Biol.Meabranes 9 (1990) 917

2.N.A.Kalabina, s.yu.Zaitsev, M.A.Kutusov et al. Biol.Membranes

7 (1990) 1086

3.S.Yu.Zaitsev, S.V.Dzekhtser, V.P.Zubov Studia Biophysica 132

(1989) 105
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I4TUIACAL THMODYMAMICS and ACTIVITY O IgG MONOLAYBRS

A. Schirone*, C. Ristori, Q, A. Ahluwalia*

Centro 9E.Piaggiow, University of Pisa, Via Diotisalvi 2,

56100 Pisa, Italy
and

*ENEA CREA, C.P. 316, 19100 La Spezia, Italy.

Isotherms of antibody films have been examined to
determine the behaviour and conformation of IgG molecules at
the gas water interface. Films of polyclonal IgG, monoclonal
IgG and F(ab)2 fragments were examined over a temperature range
of 15-400. These were compared with those of human serum
albumin which is one of the proteins commonly used for
preparing Langmuir films.

All the isotherms exhibited an isopiestic point, that
is a point on the i-A diagram that is common to all
temperatures. The isopiestic point suggests that the monolayer
exsists in two or more phases. In particular, the isopiestic
point of films of whole IgG and of fragments occurs at around
the same pressure, (between 29 and 31 mN/m), and all these
isotherms have similar shapes. It can thus be concluded that
the crystallizable fragment of the antibody plays a negligible
role in determini:_4 its behaviour at the gas-water interface.

From the isotherms, we have calculated the surface
compressional modulus, entropy and the free energy of
desorption of the molecules at the interface. A simple
physical model is proposed which explains the curves in terms
of the flexibility of the hinge region of IgG molecules and
F(ab)2 fragments.

The immunological activity of films of whole IgG and
fragments upon transfer to a glass slide were determined by
enzyme linked inumnoassay. Films were deposited by both
dipping and touching. The activities were similar in both
cases, and over 3 times greater than that of adsorbed films,
indicating that the L.B. method can furnish high surface
densities, but in the case of antibodies, with little control
over their orientation.
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SURFACTIN : INTERFACIAL PROPERTIES AND INTERACTIONS WITH MEMBRANE
LIPIDS IN MIXED MONOLAYERS

R6gine MAGET-DANA and Marius PTAK
Centre de gi6ophsique Mol6culaire (CNRS)

1A, avenue de la Recherche Scientifique, 45071 ORLEnS CEDEX 2, France

Surfactin, which is produced by several strains of Bacillus subilis is
the most efficient biosurfactant so far known. Moreover this compound
possesses an antibacterial activity and inhibits the fibrin clot formation.
It is a cyclic lipopeptide consisting of a heptapeptide and a lipid portion
which is a mixture of 0-hydroxy fatty acids (C14 and C15)

L- lu _> D-Leu _> D-Leu

8-OH-C 14.15  L-al

L-Leu > D-Leu -> L-Asp

We have studied the interfacial properties of surfactin as a function
of temperature and subphase composition (pH and nature of the ions). From
the compression isotherms we have determined the pK of the surfactin at the
interface (pKs) that is 2 units above the pK in solution.

Because the biological properties of surfactin seem related to itsinteractions with membrane cells we have studied the interactions of sur-
factin with membrane lipids. In mixed monolayers spread on an acid sub-
phase, surfactin is miscible with dimyristoyl phosphatidylcholine (DMPC).
The mixture behave ideally as indicated by the examination of the mean
molecular areas (no deviation from the additivity rule) and transition
pressures. Isotherms of mixed surfactin-cholesterol monolayers show that
surfactin interacts non ideally with cholesterol (positive deviation of the
mean molecular areas).
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Interfacial Films of The Membrane Protein: Photoreaction Unit

Masayuki Hara1 , Yoshiaki Yasuda 2 and Jun Mlyake 1

1Fermentation Research Institute, Agency of Industrial Science and
Technology (AISr), Ministry of International Trade and Industry (MITI),
1-1-3 Higashi, Tsukuba, Ibaraki 305, Japan.
2 Tsukuba Research Laboratory, Stanley Electric Co. Ltd., 5-9-5 Tokodai,
Tsukuba, Ibaraki 300-26, Japan.

Recently, thin films of proteins attract much attention of re-
searchers in both fields of biological science and material science.
Most of these works are concerned with soluble proteins. We show
an example of the Langmuir-Blodgett films of a membrane protein with
high molecular weight In this reporL. Photorcaction uilt (PRU) is an
integral membrane protein with molecular weight of 368,000 daltons.
It is a pigment protein complex consisting of a photoshynthetic reac-
tion center and light-harvesting chlorophyll proteins. The shape of
PRU has a hexagonal symmetry.1 )  Top and bottom faces of PRU are
hydrophilic while side faces are extremely hydrophobic.

We purified PRU from photosynthetic bacterium Rhodopseudomonas
viridis by electrophoresis in the presence of a detergent 3-[(3-chola-
midoproryl)dimethyl ammonio]-l-propanesulfonate (CHAPS). 2)  The puri-
fied PRU is soluble in low ionic condition but insoluble in high ionic
condition. It could be spread on the surface of the solution con-
taining 3 M ammonium sulfate and 100 mM Tris HCl (pH 8.2) to be a thin
layer film. We estimated the area of the thin layer by the sumina-
gashi method with sumi-suspension (Japanese traditional ink).3 )  The
area of the thin layer was almost proportional to the amount of
added PRU. The absorption spectrum of the thin layer was similar to
that of native PRU solution. It suggested that PRU was not dena-
tured by the surface tension while spreading on the air-water inter-
face. Densely packed PRU in the thin layer was observed by elec-
tron microscopy with negative staining. Surface pressure of PRU could
be also measured by a LB trough In the absence of sumi-suspension.

Above results showed that the monolayer film of PRU was formed on
the air-water interface.

References

1) Miller, K.R. (1982) Nature 300, 53-55.
2) Hara, M., Namba, K., Hirata, Y., Majima, T., Kawamura, S., Asada, Y.

and Miyake J. (1990) Plant. Cell. Physiol. 31, 951-960.
3) Ishil, T., Muro, J., Yamakoshi, Y. and Shimizu, M. (1987)

Nihonkagakukaishi (in Japanese) 11, 2064-2069.
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Preparation of Languir-Blodgett Films

of the Photosynthetic Proteins

Yoshiaki Yas 1 ,Hiroaki Suginol,Masami Kumel ,'
Yoshiki Hirata ,Jun Miyake2 and Masamichi Fujihira3

1Tsukuba Research Laboratory, Stanley Electric Co. Ltd., 5-9-5
Tokodal, Tsukuba, Ibaraki 300-26, Japan.2Fermentation Research Institute, Agency of Industrial Science

and Technology (AIST), Ministry of International Trade and
Industry (MITI), 1-1-3 Higashi, Tsukuba, Ibarakl 305, Japan.3Department of Biomolecular Engineering. Tokyo Institute of
Technology, 4259 Nagatsuta, Midorl-ku, Yokohama 227, Japan.

Thin films of proteins have a great possibility of
constructing new biological devices with Interesting functions.
Many works on protein films have been reported with respect to
soluble proteins, but the examples with membrane-bound ones are
not so much. Reaction center(RC) from a photosynthetic
bacterium Rhodopseudomonas viridis is a typical membrane protein
with a molecular weight of 137,000, and exhibits sequential
functions of charge separation and electron transfer following
light absorption. Its structure has been revealed by X-ray
crystallography, and RC consists of the hydrq~hilic H- and C-
subunits and the hydrophobic L- and M- subunits1'. Here, we have
fabricated a Languuir-Blodgett film of RC and studied the

-properties of the film.
We purified the RC by gel filtration chromatography in the

presence of a detergent lauryldimethylamine N-oxide (LDAO). LB
films were prepared with a homemade and computer-controlled film
balance. The purified RC could be spread on the subphase
containing 2 mM BaCl and 2 mM PIPES(pH 7.0) by means of the
glass rod method. With the decrease In surface area per RC, the
surface pressure-area isotherm showed an abrupt transition and a
steep increase In the surface pressure. This suggested the
formation of a densely packed monolayer. Then, the monolayer was
transferred to a solid substrate at the surface pressure of 25-35
mN/m by the vertical lifting method. The absorption spectrum of
the LB film was similar to that of the native RC solution,
suggesting that RC was not denatured during the LB film
fabrication. Furthermore, we have sandwiched the LB film with a
pair of electrodes, and detected the electrical responses of the
device upon light-excitation.

These results showed that the LB film of RC was still
retained the activity to convert light energy to electric energy.

Reference

1) Deisenhofer,J.,Epp,O.,Mikl,K.,Huber,R. and Michel,H.: Nature,
318,618-624 (1985)
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ADSORPTION OF PROTEIN AT THE AIR/BUFFER INTERFACE:
EVIDENCE FOR LATERAL INTERFACIAL DIFFUSION

TEISSIE J., Centre de Biochimie at do G6n6tique Cellulaires du
CNRS, 118 route do Narbonne, 31062 Toulouse cdex, France
DOUILLARD R., Laboratoire do Biochimie et Technologie des
Prot6ines, IRA, La Graudi6re, BP 527, 44026 Nantes cdex 03,
France

Adsorption of protein at interfaces plays a key role in
foaming and emulsifying processes of the food industry.
Surface tension lowering and stability of the interfacial film
are determined by its molecular structure and dynamics. Recent
data (Coke et al., 1990) show that the mobility of f- i
lactoglobulin adsorbed at the air/buffer interface is very low

In this communication, we present evidences for the very
fast diffusion of Rubisco molecules at the air/buffer
interface. Rubisco was adsorbed either by local deposition in
the subphase or by spreading, using a capillary glass rod. The
rise of surface presure, measured 19 am away, was Immediate in
the spreading experiment, and accom aied by a burst of
surface fluorescence. When Rubisco was adsorbed by local
deposition in the subphase, surface pressure rise was not so
fast, but surface pressure was significant before any protein
could be detected in the subphase below the Wilhelmy plate. In

- both cases, surface pressure rise could be impeded by
interposition of a surface barrier between the deposition
point and the surface pressure measurement device. Removal of
the surface barrier results in an immediate rise of the
surface pressure 10 cm away.

Our qualitative results and those of Coke et al. could be
reconciled by hypothesizing that protein interfacial diffusion
is strongly dependent on surface pressure. Their results were
obtained at a surface pressure of 20 - 30 mN/m. In our
experiments, surface pressure was hardly detectable at the
beginning of diffusion.
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INCORPORATION OF MEMBRANE PROTEINS INTO LIPID SURFACE

MONOLAYERS: CHARACTERIZATION BY MEASUREMENTS OF
ISOTHERMS AND BY ELECTRON MICROSCOPY

Monika Sch6nhoff and Mathias L6sche

Institute of Physical Chemistry, Johannes-Gutenberg-Universitit, D-6500 Mainz,

Germany

The development of complex functionalized surfaces is a prominent goal of

organic thin film technology. Proteins are particularly interesting objects to
incorporate into such systems since they embody specialized machineries

dedicated for specific tasks and optimized by the principles of evolution. We
have examined techniques to insert detergent solubilized membrane proteins
into lipid surface monolayers and have transferred these systems on'io solid

substrates for further characterization.
On a Langmuir film balance we have optimized the conditions that lead to

the insertion of photosynthetic reaction centers from R. rubrum into monolayer
films of behenic acid is judged from pressure-area isotherms. For the ircor-
poration we spread protein solutions at extremely low detergent concentrations
onto the pre-spread lipid monolayer.

Subsequently, we have optimized the transfer of these structures to solid

substrates. After deposition of the lipid/protein films and Carbon-Platinum
shadowing, we have assessed the topology of the replicas and found essentially

two types of particles that are tentatively attributed to (mostly linear) protein
aggregates and larger inclusions of detergent micelles.
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PHOTOELECTRIC RESPONSE OF BLACK LIPID MEMBRANES
INCORPORATING AMPHIPHILIC AZOBENZENE DERIVATIVE

Yoshiro Yonezawa, Hisashi Fujiwara and Tomoo Sato
Department of Industrial Chemistry, Faculty of Engineering

Kyoto University, Kyoto 606 (Japan)

The lipid membrane system containing dye molecules capable
of photoisomerization, e.g., retinal, azobenzene, spiropyran,
is of great importance as a model of biomimetic visual systems.
Xn this study, we have fabricated the black lipid membrane (BLM)
of egg lecithin modified by an amphiphilic 4-octyl-4'-(5-carbo-
xypentamethyleneoxy) azobenzene (8A5).

The BLM cell was of conventional type having a quartz win-
dow for illumination. In the Teflon septum which separated two
cell compartments, there was a hole of 1.5-2 mm diameter, in
which the BLM was formed by "brush technique"[l]. The membrane-
forming solution consisted of egg lecithin(Sigma)(50 mg)(unmod-
ified BLM) or of 8A5(Dojin)(4.5 mg)+egg lecithin(50 mg)(modifi-
ed BLMI in a 0.65 ml n-decane-chloroform solution(10:3 by vol-
ume). The DC voltage, Vapp=0-50 mV, was applied to the cell and
the photoelectric response was monitored by an electronic pico-
ammeter.

The BLM was subjected to 60 min irradiation with 450 nm
light followed by about 10 min irradiation with 365 nm light at
Vapp=10 mV, and then the photoelectric response was examined. A
sharp current signal in the negative direction was observed
when visible light was thrown over the modified BLM, which de-
cayed to the original value with a time constant of about 50 s
(Fig. 1). A successive irradiation with UV light gave rise to
weak current signal in the positive direction. The unmodified
BLM did not show any photoresponse. A comparison of the action
spectrum of the negative photocurrent with the absorption spec-
trum of 8A5 in solutions suggests that photoresponse is initi-
ated by excitation of the cis form of 8A5.

Ca H17  U JV

365 nm 0.

N -0
N 5OnmN

HOOCHoCs-O-O N" _T_ vs
0 - ViS 10 mi

40erain Vapp=10 mV
trans-$AS Cis- SA5 -101___

Time
SCHEME Fig. 1. Time dependence of the change of

current upon continuous Illumination of the
modified PLN with UV(A:365 no) and visible
(A.-450 n.) light. The arrows indicate onset
of UV and visible light.

(1] P. Mueller, D.O. Rudin, H.T. Tien and W.C. Wescott, Nature
194, 979(1962) ; J. Prys. Chem., 67, 534(1963)
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CHARACTERIZATION OF MONOLAYERS AND LANGMUIR-BLODGETT
FILM OF DRY AND WET CHLOROPHYLL a.
G. MUNGER, R.M. LEBLANC, B. ZELENT, A.G. VOLKOV,
M.I. GUGESHASHVILI*, J. GALLANT, H.-A. TAJMIR-RIAHI AND
J. AGHION**, Centre de recherche en photobiophysique, Universit4 du Quebec
a Trois-Rivibres, Trois-Rivibres, Quebec, G9A 5H7, Canada; * A.N. Frumkim
Institute of Electrochemistry, Acad. Sci. USSR, 117071, Moscow, USSR, ** Labo-
ratoire de Biochimie vdg~tale, Dpartement de Botanique, Universitd de Libge,
Sart Tilman B22, B-4000 Liege, Belgique.

The x-A and AM-A isotherms of dry and wet chlorbphyll a at the gas-water
interface were measured. It was observed that the properties of chlorophyll a
from dry non-polar organic solvents differed from that of wet non-polar
organic solvents. This is probably due to the state of chlorophyll a molecules
which can exists as non-hydrated or hydrated monomers, dimers and/or
oligomers.

A variation in the collapse region is observed for dry chlorophyll a when we
.-- change the relative humidity and the speed of compression, moving from

-28 mN/m to - 48 mN/m. By the photophysical studies such as absorption,
circular dichroism, fluorescence and infrared of LB films, we concluded that the
wet chlorophyll a forms self-organized molecular assemblies consisting of at
least 5-6 chlorophyll a molecules and some bonded water molecules.
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INTERACTION OF C!TOCHRONE C AND RIDO IES WITH

-11 PHOSPHOLIPID NOVOLATERS

M. Saint-Pierre-Chaza let 1 3,C. Fressigne1 . F . Billoudet land

Zq.p.pilenil,2

1) Univeruite P-et M. Curie , S.R.I ,Bitiment do ohmie physique

11 rue P~et M. Curie ,75005 Paris *France

2) C.E.N. Saclay D.P.C., S.C.M., Gif Bur Yvette . France

Abstract Protein I phospholipid interactions were investigated

with the pressure - area technics in monolayer .Ribonuclease and

cytochrome C. water soluble and positively charged proteins . were

shown to be attracted by opposite charged phospholipids spread at

the interface air-water .. This attraction is weaker with

ribonuclease than with cytochrome C .With zwitterionic

phospholipids the insertion of the protein depends essentially of

the fluidity of the phospholipid monolayer -The possible change of

confornation of these proteins would allow their insertion into the

hydrophobic part of the phospholipide. Cytoohroae C and

ribonuclease would not only interact with phospholipidsf but form

aggregates at the interface

3) Present address Universite P. and M. Curie ,laborazoire de

Physique et Chime Bionoloulaire , IA C.N.R.S 198 ,tour 22 23.4

place jussiou 75952 Paris France
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A FOURIER TRANSFORM INFRARED SPECTROSCOPIC INVESTIGATION
OF HYDROPHOBIC PEPTIDES IN LIPID IROUMDIT :

A MONOLAYER STUDY

A.Dhathathreyans R.Jayakuar, A.B.Mandal and T.Rausauli,
Chenical lab, Central Leather Research Institute, Adyar, Madras
600 020, INDIA.

The properties of the tripeptide Ala-Ala-Tyr and those of

Leu-Leu-Tyr were investigated in monolayers by resolution enhanced

Fourier-transform infrared spectroscopy. Interaction with an acidic

phospholipid(DPPA) in the mixed monolayer results in changes in

the backbone amide groups, whereas neutral phospholipid has no effect

on the peptides. The conformations adopted by the two peptides in

the lipid environment are different from each other. From the position

of the amide I bands of the peptides, it can be inferred that the

groups are in non-ordered conformation. These observations have

important implications for the mechanisms of peptide hormone-receptor

interactions and particularly for the role of membrane lipid phase

as a biologically important modifier of the hormone conformation.
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DRUGS IN BIOMEMBRANE MODELS. A MONOLAYER STUDY OF
THE INTERACTION BETWEEN A PHOSPHOLIPID AND TWO
ANTIBIOTICS, LASALOCID AND MONENSINE.

A. HOCHAPEEL, H. HASMONAY, M. JAFFRAIN and P. PERErTI

Laboratoire de Physique et Biophysique des Milieux Mal Ordonnis, Universit6 Ren6
Descartes,'45 Rue des Saints Ptres, 75270 Pais Cedex 06, Prance

Phospholipid memrbranes with low electric resistance and high ion selectivity can
be produced by the addition of small amounts of a variety of compounds referred to as
ion-carriers or ionophores, most of which exhibit antibiotic activity.

Our study deals with two such antibiotics, lasalocid and monensin (Na salts)
belonging to the family of monocarboxylic polyethers, and their effect on Langmuir films
of dipalmitoylphosphatidylcholine. This system provides a model for one half of the
biomembrane.

Investigations on bilayer systems of these compounds report that the antibiotics
are implanted in the lipophilic part in a large ring configuration [1,2], the ether oxygens
and the carboxylic groups are directed inwards and the periphery is covered with non
polar groups, in such a way that they constitute the lining of a pore through which ions
are allowe4 to pass.

The usual penetration experiments of drugs into the monolayer could not be
performed due to insolubility of the antibiotics in the aqueous subphase. However,
important modifications in the lipid organization took place when small quantities of the
compounds were introduced into the spreading solution, as shown from the 2e-A
isotherms.

We can summarize the results as follows:
- the characteristic phase transition at 6 mN.m"1 disappeared as a consequence of

local area expansion
- the area expansion was concentration dependent in the domain studied, molar

ratio antibiotic/lipid: 1/240, 1/120 and 1/60

The film area occupied by the antibiotics alone have been estimated from the 79-A
curves of the pure antibiotics at various concentrations of the spread:ng solution.

Their molecular area observed at the pressure of maximum lipid layer expansion
had consistent values. The areas occupied at c = 0 were also determined.

The results indicate a very strong interaction between many lipid molecules and
one molecule of the antibiotics leading to higher rigidity of the film in the transition
region.

1. H.H.Mollenhauer, D.J. Morri and L.D.Rowe,
Biochim. Biophys. Acta, 1031 (1990) 225

2. F.M.Menger, Bol. Soc. Chil. Quim., 35 (1990) 33
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APPLICATION OF TWO-DIMENSIONAL CRYSTALLIZATION OF

PROTEINS ON PLANAR LIPID FILMS TO STRUCTURE DETERMINATION
BY ELECTRON CRYSTALLOGRAPHY

I

Aa]i DEMJ and Gervaise ZOSSER
Laboratoire do G6bn6tique Mol6culaire des Eucaryotes, CNRS
Unit6 184 de Biologie Mol6culaire et de G nie G6n6tique,
INSERM, 11, rue Humann - 67085 Strasbourg C6dex - France

Electron image analysis of thin two-dimensional (2-D)
crystals allows high-resoluti6n structure determination
of biological macromolecules (Henderson et al., J. Rol.
Biol., 1990, 21, 899-929). The obtention of 2-D
crystalline assemblies of macromolecules constitutes one

of the main limiting steps for such studies. A general
method of crystallization has recently been developed for

soluble proteins (Uzgiris & Kornberg, Nature, 1983, 1
125-129). This method is based on specific interaction
between soluble proteins and ligands coupled to lipid
molecules and incorporated in a lipid film at an air-
water interface.

In order to understand the process of crystal

formation involved in this technique, we have carried out
a systematic analysis of parameters involved in the

formation of cholera toxin B-subunit 2-D crystals on GM1-
containing lipid films.., The influence of concentrations

of protein and of lipid components, as well as of the

surface pressure have been analyzed.

These results have been used to obtain 2-D crystals
of annexin V, a Ca2*-dependent phospholipid binding
protein. The projected structure of annexin V at 20 A
resolution allows to resolve four domains of 70 amino
acids per molecule. The implication of these results will
be discussed.
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I. & Alain,* , F. Rabanal, M. A. Busquets* and F.Reig.
*Physicochemical Department. Faculty Pharmacy. Unirersity
Barcelona. Plaza Pius XII. 08034. Barcelona. Spain.
Peptide Laboratory . Jordi Girona 18-26. 08034 Barcelona.

The development of the inmmunogenic response is a complex
phenomenum in which the interactions between peptide epitopes and
the lipid components of the membrane play an important role, at
least in the first steps of the recognition process.

In the present paper we describe the interaction of four
lipopeptides derived from the Pre S (120-145) sequence of the HBV

with DPPC, PC, PE, PA, PS, PI, DCP, Sulphatides and
Sphingomyelin.

Parent Peptide Structure: NQWNSTALHQALQDPRVRGLYLPAGG
Peptide derivatives contained a residue of PamCSS-,

Cholanoyl- and stearoyl- residues attached to their amino
terminal end. These chemical modifications were carried out in
order to modify the hydrophobicity of the peptides and improve
their potential antigenicity.

The interactions have been studied by using compression

isotherms of monolayers and penetration kinetics. All the
peptides showed surface activity and formed stable monolayers.
The monolayers were in different ordered states, throughout the
compression process, depending on the peptide dervative. The

area/molecule, the surface pressure corresponding to the phase
changes and the maximum pressure achieved had been determined and
were indicative of the existence of different conformations (alfa
helix or beta structure) depending on the chemical structure of
the peptide derivatives. No collapse pressures in the working
conditions were observed.

The presence of these peptides under a monolayer of DPPC
caused an expansion in the area occupied per molecule and

modified the phase change of the DPPC. The shift in the pressure-

area curve of the phospholipid gave the area occupied by the

peptide present at the interface. Nevertheless , as there was
only a small shift in the pressure-area curve at high surface
pressures, one can asume that the peptides were squeezed out
during compression.

*
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TWO-DIXXNSIONAL CRYSTALLZ5ATION OF XUSCLE PROTZIN ACTIN

BY ADSORPTION TO CEARGD LIPID XONOLAYXR

Akihiro TOMIOKA, Hans O.RIBI*, Taiji FURUNO**,
Hiroyuki SASABE**, Kenjiro MIYANO and Takeyuki WAKABAYASHI***

Department of Applied Physics, Faculty of Engineering,
University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo, Japan

* School of Medicine, Stanford University, Stanford,
CA94305, USA

** Frontier Research Program, RIKEN Institute, Hirosawa 2-1,
Wako, Saitama, Japan

*** Department of Physics,Faculty of Science, University of
Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo, Japan

Two-dimensional crystal of muscle protein actin was formed
by adsorption to charged lipid monolayer[1]. Keys to the
procedure are: (1)that this method is suitable for making two-
dimensional crystal becruse it utilizes the air/water
interface, and (2)that the protein preserves its physiological
activity because it remains within water during the whole
process. Those two features are essential for constructing a
biochip.

First 100 gl of a buffer solution (containing 10 mM of
KH2PO4/K2HPO4 (pH 7.4), 100 mM KCI, 50 mM MgCI2, 0.2 mM CaCI2,
1 mM ATP, and 1 mM A-mercaptoethanol.) was put into each well
(6 mm diameter, 2 mm deep) in a Teflon plate. A slightly
excessive amount of phosphatidylcholine + stearylamine
solubilized in chloroform and hexane (50:50 in vol/vol) was
placed on the surface of the buffer solution to form the lipid
monolayer. F-actin solution (10 gl) was subsequently injected
into the buffer solution using a micro-syringe. Adsorption was
facilitated by electrostatic attraction between the negative
surface charge of actin and the positive charge of stearylamine
incorporated into the lipid monolayer. The plate was placed in
a sealed Petri dish containing water to keep the water level of
buffer solution in the well constant. Crystallization was
promoted by use of highly fluid egg-yolk phosphatidylcholine
and by incubating the specimen at room temperature for half an
hour. The protein-stearylamine complexes are expected to
migrate within the two-dimensional water surface, colliding
more frequently to grow crystal than they would in solution.

Electron microscopy showed that larger paracrystals were
obtained more rapidly (30 min) than those (several days)
obtained in solution[1], indicating the usefulness of this
adsorption method.

REFERENCES

[1] A.TOMIOKA, H.O.RIBI, T.FURUNO, H.SASABE, K.MIYANO and
T.WAKABAYASHI, Adv. Biophys., accepted.
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THE PROTEIN CONCENTRATION OF IGG MIXED FILMS
DEPOSITED ON WAVEGUIDES

Bin Lu, Wen-bo Shi, Yu Wei

Molecular and Biomolecular Electronics Lab.,
Southeast University

Nanjing 210018, P.R.China

ABSTRACT

The human immunoglobulin G (IgG) is a protein antigen which
reacts with antibody to form an antigen-antibody compound. We can
produce a fluoro-immunosensor by immobilizing the IgG on the
surface of an optical waveguide[l], and the LB method has been
expected to be one of useful immobilizing methods[2]. In this
paper, we incoporated the IgG in subphase into the DPPC uonolayer
on the subphase surface and measured the relative amount of IgG
in the mixed film by depositing the film onto quartz waveguide,
and the results show that the relation betweem the amount of IgG
penetrated into monolayer and the concentration of protein in
subphase conforms to Langmuir's adsorption isotherm.

The IgG solution is injected into the subphase underneath
the DPPC monolayer , and the change in surface pressure at
constant film area is monitored. The surface pressure change of
the mixed monolayer shows a good linearity with the IgG
concentration in subphase (Cp) in lower Cp, while Cp)2ug/ml, the
slope increases gently and finally attains its maximum point
(17mN/m at 10ug IgG per ml). After the fixed film is deposited
on the waveguide, a dye (FITC) is coupled to the protein surface.
From the fluorescence observation, we know that the protein in
the mixed film on waveguide surface can be devided into at least
two components, one is the protein penetrated into the film, and
the other is the adsorbed protein on the polar head of
phospholipid. When Cp<10ug/ml, there may exist a adsorbed
monolayer formation, while Cp)10ug/al, there exists a multilayer
protein adsorbed in the film. But the number of penetrated
protein is limited by the eiiergy barrier that the protein
should overcome when they penetrate into the film. The
relationship between the amount of penetated protein and the
concentration of protein in subphase conforms to the Langmuir's
adorption isotherm. The mixed film on the waveguide surface seems
have good stability during the experiment time. These results
show the feasibility of using the IgG immobilized LB films as
sensing membranes for biosensors.

[I]. Bin Lu, Yu Wei, J. Transduction Tech., 2(4),p28(1989)
[2]. M.Sriyudthsak,et al, Thin Solid Films, 160,p 46 3 (198 8 )
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FACTORS DETERMINING STABILITY OF BACTERIOCHLOROPHYLL MONOLAYERS

L. N. Raser', L. L. Thomas', J.-H. Kim2 , T. H. Cotton' and R. A. Uphaus 2;(1)
Dept. of Chemistry and (2) Ames Laboratory, DOE, Iowa State University, Ames,
IA USA 50011-0304.

Study of bacteziochlorophyll a (called BChl here) in monolayer form
requires exact knowledge of the factors which may affect the chemical
stability of this compound. Because BChl is more reduced than the more
commonly studied chlorophyll-a, potential problems arising from oxidative
reactions must be more closely apprehended. Although early studies of BChl
monolayers by Brody indicated that BChl was readily oxidized to e. g. a
desvinyl chlorophyll derivative, no systematic study of the important factors
governing BChl has yet appeared.

Spread monolayers, on buffered, monolayer grade water, were subjected
to a variety of conditions thought important for the chemical integrity of
BChl. The effects of the following factors were studied: Subphase pH,
oxygen content of the atmosphere over the monolayer, temperature, light
(fluorescent, incandescent actinic and safety green) and the influence of
antioxidants both dissolved in the subphase and present as a second component
of the monolayer (ascorbyl palmitate). BChl monolayers were formed by
spreadinf from chloroform solution and compressed to a surface pressure of
20 mN m-. All variables were held constant except for the specific one
being studied. At the termination of an. experiment the monolayer was
collapsed by compression of Teflon barriers, the monolayer collected and
subjected to high performance liquid chromatography (HPLC).

Under conditions in which maximum decomposition was noted, HPLC
indicated five major decomposition products, the most important of which was
2'-desvinyl chlorophyll-a. Separated decomposition products were produced
in sufficient quantities to allow spectral characterization by Raman
spectroscopy, which provides a more characteristic identification than does
adsorption spectroscopy.

It was found that decomposition increased progressively with increasing
temperatures (12" to 40'). Low pH conditions favored formation of
bacteriopheophytin through magnesium removal. Decomposition was maximal in
a pure oxygen atmosphere, minimal in a nitrogen atmosphere. Highest
stability was attained in complete darkness, and maximum decomposition
occurred with irradiation with fluorescent light and oxygen. Greatly
decreased decomposition took place with irradiation with green safety light.
The presence of antioxidant greatly decreased decomposition rates when
present either dissolved in the subphase or present as a monolayer component.

Results of this study provide an accurate experimental basis for future
monolayer studies using bacteriochlorophylls.
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CHEMICALLY DRIVEN PHASE SEPARATION IN BLACK LIPID
MEMBRANES AND ITS COUPLING TO MEMBRANE FUNCTIONS

i S and Wolfgang Knoll
Max Planck Institut ffr Polymerforschung, 6500 Mainz, FRG

The understanding of order-function-relations in membranes is still a major
challenge in membrane research. One particular aspect concerns the coupling of
the function of integral proteins to the transversal and lateral organization of the
lipids in a bimolecular matrix composed of many components.
We adress this question by studying the coupling of a membrane function (the

transport of Cs+-ions by the ionophore gramicidin) to chemically driven phase
changes in black lipid membranes of binary lipid mixtures.
Lateral phase separation in the membrane could be induced isothermally by
synthetic polyelectrolytes, as peripheral model proteins. This was shown clearly
-by a bift'odal distribution of gramicidin pores with different conductivities and

mean lifetimes.
Another effect of the polymers was a blocking of the gramicidine pores through

recharging the membrane positivly. This depended on the concentration,
structure, chain length and charge density of the polyelectrolytes.
Using a polymer with functional groups which can be titrated, one can switch
between a homogeneous mixed membrane and a phase separated state also by
changing the pH.
Finally we investigated the specific binding of avidin to biotinylated lipids in a
BLM. Our results gave a first indication, that under certain conditions in

connection with calcium ions, the specific binding of avidin may trigger phase

separations.

,1
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Iimobilisation of EnZye on lectrodeodfied by an

Hydrophobic Self-organi ed Structure:

Mediation of the Catalytic Activity of an Nydrogenase via
Lateral Diffusion of an glectroactive Amhiphile.

Thierry PARPALEIX, Marcin MAJDA* and Christian BOURDILLON

Laboratoire de Technologie Enzymatique, URA N*1442 du CNRS,
Universit6 de Compi~gne, BP 649, 60206 COMPIEGNE Cedex.
*Permanent address: Department of Chemistry, University of
California, BERKELEY, CA 94720.

Growing interest in electrodes modified by immobilized
enzymes has been generated by their importance as highly
selective surfaces for analytical, electrosynthesis or
bioelectronic applications. Recently, we have described a new
way to produce modified electrodes supporting active enzyme
molecules immobilized in a self-organized structure (1).
Glucose oxidase was immobilized on a bilayer self-assembled on
a porous template of aluminium oxide coated at a gold
electrode. The outer monolayer of the assembly was an
electroactive amphiphile able to carry the electron between
the enzyme catalytic site and the electrode surface.

To increase our knowledge of the nature of interactions
between the enzymes and this artificial bilayer we use, in the
present communication, a different oxido-reductase known as
relatively hydrophobic (but water soluble), the periplasmic
hydrogenase from Desulfovibrio Gigas. Compared to an
hydrophilic enzyme like glucose oxidase, we found the enzyme
molecules incorporated inside the hydrophobic part of the
bilayer. This situation represents an interesting step before
the immobilization of membrane-bound enzymes, a class of
hydrophobic enzymes, unusable at this time for analytical
devices.

The main objective of this communication is to describe
the structure of the bilayer modified by incorporation of a
relatively hydrophobic protein.

A second goal is to demonstrate, both by potentiometric
and amperometric methods, the high efficiency of the lateral
diffusion of the amphiphilic mediator leading to a kinetic
coupling between the catalytic activity of hydrogenase and the
electrochemical reaction.

(1) C. SOURDILLON and M. MAJDA. J. Am. Chem. Soc.1990, 112, 1795.
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IMPROVEMENT OF ENZYMATIC ACTIVITY AND LIFETIME
OF LB FILMS BY USING SUBMICRON S102 PARTICLES

F.Q.Tang ,J.R.Li, L. Jiang

Institute of Photographic Chemistry, Academia Sinica,Beijing,China

A common problem often being tackled in work on chemical sensor

preparation,especially in the case of biosensors, is the lifetime. We have

reported the application of Langmuir-Blodgett technique for biosensor

preparation which could extend the response region of glucose concentration
and improve the life time of biosensor [11(2].

Inspite of numerous work on biosensor[3][4], improvement in the

sensitivity and the lifetime of biosensors continues to be a main goal of

investigation. In this paper it has been reported that the activity and lifetime of

glucose oxidase membrane has been improved by introduction of submicron SiOz

particles with diameter of ca.30 nm. using LB technique. A new method for

preparation and purification of submicron SiO2 hydrophobic particles has also
been developed. Enzymatic ability measurement of immobilized glucose

oxidase(GOD) have been conducted by measuring the fading of indigo camine

dye oxidized by H202 released from the enzymatic reaction. Activity of GOD
membrane measurement showed that the ultrafine hydrophobic SiOz particles

immobilized in LB films could help GOD to be incorporated into films. After

incorporated into the Si02-LB film GOD retained its enzymati. tivity., On top

of that, because of its firm adsorption on the Si02 particle surface,GOD activity

per area of membrane increased. The life time of GOD in the lipid-Si02 LB film

was much longer than in that without SiO2 particles. (Table 1,11)

REFERENCES
1.J.R.Li,M.Cai,T.F.Chen and L.Jiang, Thin Solid Films,180(1989)205.

2.F.Q.Tang,J.R.Li and L.Jiang, Chemical Sensors,Vol.1O,No.1(1990)26(in Chinese).

3.H.Shinohara, M.Aizawa and H.Shirakawa, Chem.Soc.Jan.,3(1986)465.

4.T.Morizumi, Thin Solid Film,160 (1988)413.,
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PHOTORESPONSE OF LB FILM CONTAINING BACTERIORHODOPSIN

J.R.Li, J.P.Wang, T.F.Chen, L.Jiang
Institute of Photographic Chemistry, Academia Sinica, Beijing, China

K.S.Hu, A.J.Wang, M.Q.Tan
Institute of Biophysics, Academia Sinica, Beijing, China

Bacteriorhodopsin(BR) molecules in the purple membrane(PM) are organized

into a two-dimentional hexagonal lattice of trimers which are surrounded by

about 30 lipid molecules. In this work, purple membrane of Halobacterium

holobium has been introduced into LB film of soybean phospholipid and the

orientation of bacteriorhodopsin in multilayer LB films has been measured by

linear dichroism. Experimental results showed that bacteriorhodopsin molecules

had a preferential orientation, the angle(e) between the film plane and the

transition dipole moment of retinal chromophore was 68.40 which is close to

the value in native purple membrane, the shape and peaks position of PM

LB film in visible absorption spectra and FTIR were the same as those in

native PM suspension.

The relative amount of the photocycle intermediate M412 of PM in

multilayer LB film was determined by measuring the amplitude of flash-induced

absorbance changes at 412 nm with a single-kinetic spectrophotometer.

Light-induced absorbance changes were initiated by a camera photoflash lamp

( 0.2 ms half-bandwidth) with appropriate filter. It has been found that the

M412 decay rate of the PM fragment in LB film is slower than that in the

suspension of PM fragment.

The photoresponse of PM fragment multilayer LB film has also been

investigated with flash photolysis method. The study showed that not only at

low temperature, but also at room temperature could be formed and detected

the photocycle intermediate. Fig.1 shows the changes of photocycle intermediate

in a multilayer PM LB film at a relatively longer time, providing a model for

investigation of the primary process in visual exitation.
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FUSION OF PHOSPHOLIPID VESICLES ON SUPPORTED MONOLAYERS:
A NEW TECHNIQUE TO PREPARE SUPPORTED PLANAR BILAYERS.

E. Kalb*, J. Engel*, S. Frey*, and L.K. Tamm$

Dept. of Biophysical Chemistry, Biocen er, University of
Basel, CH-4056 Basel, Switzerland, and Dept. of Physiology,
University of Virginia, Charlottesville, Va. 22908, USA

In recent years, single supported planar bilayers (SPBs)
have become increasingly popular as model systems for
biological membranes. These model membranes are especially
useful for studying the binding of.macromolecules by total
internal reflection fluorescence microscopy (TIRFM) and the
lateral diffusion of membrane constituents by fluorescence
recovery after photobleaching (FRAP). Further, these membranes
are ideal for structural studies, for device fabrication
(biosensors), and for studies of cell-cell and cell-membrane
interactions.

A major difficulty of the previous techniques to prepare
SPBs was the functional reconstitution of integral membrane
proteins into the planar membranes, since proteins which in a
biological membrane are laterally mobile became immobilized in
SPBs. Therefore, we investigated the fusion of unilamellar
phospholipid vesicles on quartz slides which had been coated
with a monolayer of l-palmitoyl-2-oleoyl-phosphatidylcholine
(POPC). The formation of the second phospholipid monolayer was
followed by TIRFM and a complete bilayer was formed after
incubation with POPC vesicles (containing 0.2 mol% NBD-eggPE)
at concentrations as low as 25gM. However, rates and amounts
of fusion are highly dependent on ionic strenghts and divalent
cation concentrations in the fusion buffer. Adsorbed vesicles
could be removed by washing with buffer. Lateral diffusion
experiments confirmed that extended continuous bilayers had
been formed. SPBs prepared by the new monolayer-fusion
technique were compared to SPBs of which both layers were
transfered by Langmuir-Blodgett techniques. Fluorescence
intesities were usually about 10-15% lower in the fused SPBS.
The lateral diffusion coefficients oJ NBD-eggPE were identical
in both membranes ((3.5+0.5)*10 - cm/s). Preliminary results
indicate that about 50% of the reconstituted integral membrane
protein cytochrome b5 isr~ obile with a lateral diffusion
coefficent of about 2*1o - cmA/s.
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DEPOSITION AND X-RAY SCATTERING OF DNA CONTAINING LB FILMS

V.Eroklin, B.Popovi, B.Samori2 , A. Yakovlev

Institute of Crystallography USSR Academy of Sciences

'Inst.Geochem. and Anal.Chem. USSR Acad.Sci.
2Bologna Uneversity

Thin oriented films of DNA could be useful for blosensorS

based on the complanar binding of specific pieces.

In thls work LB films of hexadecylamin - DNA were deposited

to solid substrates and investigated by small-angle X-ray

scattering.

Hexadecylamin monolayer was compressed to the surface

pressure w=25 mN//m. DNA solution was injected under the monolayer.

The resulting consentration was c=10-2 mg/ml. The interaction was

done during I hour, The film was deposited to a substrate by

horizontal lift technique.

X-ray measurements have indicated a lamelar structure with a

spacing D=60.5 A. The spacing corresponds to the amin bilayer

thickness (40 A) plus DNA diametre (20 A).



IP26

STRUCTURE AND PHOTOELECTRIC PROPERTIES OF LB-FILMS BASED
ON BACTERIORHODOPSIN

A.V.Maximychev, S.K.Chamorovsky, V.I.Panov, E.A.Fedorov,
N.G.Rambidi

International Research Institute for Management Sciences
USSR 117312 Moscow, Prospekt 60-let Octyabria, 9;

Moscow State University

Ordered mono- and multilayer films consist of 1-75 or approximately 1000
layers were fabricated from purple membranes (PM) of Halobacterium
halobium by Langmuir and electrosedimentation techniques, respectively.
PM monolayers formed from hexan suspension on the air/water interface were
deposited boto different solid supports. Circular dichroism and kinetic absorption
spectroskopy were used to investigate the effect of organic solvents on chromophore
structure and functional properties of bacteriorhodolsin (BR).

PM monolayers oriented with it's cytoplasmic side to the support were
prepared by making use of LB-technique and PM monolayers with opposite
orientation to the support - by Langmuir-Shefer method. The lattice spacing and
long-range ordering correlation were measured using a small angle X-ray analysis.
Specific structure features of PM monolayers fabricated by Langnuir-Blodgett
and Langmuir-Shefer techniques were investigated by scanning tunneling
microscopy (STM). STM was used to characterise the PM surface structure in LB
monolayers as well as local conductivity properties and types of the structure
defects. The resalts of STM study of PM surface structure are compared to the
resalts of similar study obtained by atomic force microscopy.

The specific photoelectrical activities as estimated per one BR monolayer
for LB (- 0.4 mV/monolayer) and e1ctrodepoited ( 5 mV/monolayer)
preparations are compared. The possible applications of oriented BR structures in
information processing systems as well as technological aspects of their fabrication
are discussed.

- i
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CONDUCTIVITY IN SPREAD LIPID MONOLAYERS

C. Mingotaud, A.-F. Mingotaud, and L.K. Patterson
The Radiation Laboratory and Dept. of Chemistry

University of Notre Dame, Notre Dame, Indiana 46556, U.S.A.

The literature provides conflicting data concerning the effects of spread
monolayers on measurement of electrical conductivity in the air-water interfa-
cial region. The dependence of such conductivity on several monolayer
parameters--lipid type, surface pressure, subphase composition- has been
investigated here to elucidate the mechanisms by which spread monolayers
may affect ion mobility near the water surface. Utilizing an AC bridge at
1600 lz and rigorous control of water levels throughout the period of meas-
urement, conductivity changes have been determined for a series of lipids
which differ from one another principally by the characteristics of their head-
groups. Lipids used have been predominantly those which do not undergo
phase transitions short of their collapse point. These compounds include:
Dioleoylphosphatidylglycerol, (DPG), which bears a negative charge; Dioleoyl
1-[N-(trimethylammonium propyl)]carbamoylglycerol, (DOCA), a positively
charged lipid; Dioleoylphosphatidylcholine, (DOL), which is switterionic. For
reference, conductivity has been measured with dioleoylglycerol, a compound
bearing no charge. In addition to lipids, several metal bearing surface active
phthalocyanines have also been investigated.

In order to describe conductivity changes in these systems, the following
relationship has been utilized:

p -G 36 (1)

G36

where Gp is the conductivity taken at surface pressure P and G36 is the con-
ductivity measured at the reference point of 35 dyne/cm.

It has been shown that in all cases the measured conductivity decreases
with increasing lipid surface pressure, indicating an inhibiting effect on ion
mobilities. However, this behavior is markedly dependent upon the type of
lipid employed, with the positively charged species exhibiting the smallest
change and the phthalocyanines the largest. For DOL and DOG alterations of
about 2.5% are observed over the range of compression while 1.5% was
obtained with DOG and 0.8% with DOCA. Very much higher numbers (6-
10%) were found for Zn and Al phthalocyanines. Consistent with previous
photophysical measurements, irreproducible values were observed in the pres-
sure region beIow 10 dyne/cm for most systems, while above this point values
of pp were well bWhaved.

These results are interpreted in terms of layer organization, the mobilityof ions, principally H30' or OH-, and characteristics of the electrode-water
interface.
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Surface Modification and Functionalization of Gold
by Sulfur-Containing Polymerizable and Polymeric

* Monolayers

Masazo NIWA and Nobuyuki HIGASHI
Department of Applied Chemistry, Faculty of Engineering,

Doshisha University, Kamikyo-ku, Kyoto 602 Japan

The recent interest in self-assembled monolayer systems stems from a
recognition of the potential for their use in detailed studies of surface-function
relationships at the solid-liquid interface. The monolayers prepared from the
sulfur-containing species, such as thiols and disulfides, at gold surface have
been especially well studied because of their tendency toward forming
monolayers with well-defined structures. In this paper, preparations of a
variety of polymeizable and polymeric monolayers on gold electrode and
their eletrochemical properties are described.

Photolymerization of monolar 1  The photopolymerization at a
-. spontaneously-assembled polymerizable monolayer (1) on gold could be traced

electrochemically by using Fe(CN)64- as an electroactive species and was suc-
cessfully carried out in the presence of a photoinitiator (2) fixed near poly-
merizable groups, but not in ' absence of 2.

Polymeric monolayers Two types of the polymeric monolayer were
prepared on gold surface. One of them is a poly(m.,hacrylic acidX3) or
poly(L-glutamic acidX4) carrying a thiol group at one terminus of the poly-
mer chain. The pH-induced conformational transitions were observed for both
adsorbed monolayers as an electrochemical information. The another poly-
meric monolayer is a polyion complex (5) bearing pendent thiol groups. A
mechanism and influences of the chemical structures of these complexes for
electrical responses are discussed.
Polyerizable System Polymeric Syste

1, O g..4CHf-CHtJ-tCHfCH-)-
HS - CHc.-

6H H2 t

_-Ss-- OA 0 S-O4P 2NH* C-NH

N. Ifigashi, T .Mori, M. Niwa, I.hem.Soc., h.m.Commun., 1990, 225
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Control of Reactivity of Adsorbed Monomolecular Films from
Polydiacetylene Derivatives to Energy Beams

Norihisa Mino, Kazufumi Ogawa, and Motoyoshi Hatada*

Central Research Labs, Matsushita Electric Industrial Co., Ltd.
3-15, Yagumo-Nakamachi, Moriguchi, Osaka, 570, Japan

Osaka Laboratory, Japan Atomic Energy Research Institute
25-1, Mii-Minamimachi, Neyagawa, Osaka, 572, Japan

Reactivity depending on molecular arrangement or density to energy
beams such as ultra-violet (UV) light or electron beam (EB) has been inves-
tigated on chemically adsorbed (CA) films having diacetylenic (DA) bonds.

Materials used for the CA films were 18,20-Heneicosadiynoxytrichloro-
silane (18-DATS), 7,9-Tetradecadiynyloxypropyltrichlorosilane (7-DATS), and
Propyltrichlorosilane (PTS).

The CA films were deposited on silicondioxide/aluminum/silkcon sub-
strates by using the CA technique already recommended by Netzer at dif-
ferent composition ratios of the mixture of the surfactants (18-DATS and
PTS or 7-DATS and PTS) in a nonaquaous CA solution. The photo-reactivity
of the CA films from the DA derivatives to the UV light (50 uW/cm at 365
nm) was measured by a multichannel UV-visible spectrophotometer.

On the polymerized CA films from the mixture of 18-DATS and PTS (4:1)
by the UV irradiation, two absorption peaks appeared at about 560 nm (red)
and 675 nm (blue). On the polymerized CA films from the other different
mixtures (6:1 and 8:1), one absorption peak appeared at about 560 nm. The
CA film from 18-DATS did not react by the UV light irradiation at all.
The CA films from pure 18-DATS or the mixture of 18-DATS and PTS (2:1 and
1:1) did not react by the UV light irradiation.

On the other hand, on the polymerized CA film from the mixture of 7-
DATS and PTS (2:1), two absorption peaks appeared at about 550 and 675 nm.
The CA films from pure 7-DATS or the mixture of 7-DATS and PTS (1:1) did
not react by the UV light irradiation. Both the CA films from the mixture
of 7-DATS and PTS (3:1 and 4:1) had one absorption peak at about 550 nm.

The reason for the preparation of the blue and red films may be ex-
plained as follows. On the blue film from 18-DATS and PTS (4:1), as the
length of PTS molecule is very short relative to that of the 18-DATS
molecules, one vacancy is formed to the four 18-DATS molecules near he DA
group. Thus, the occupied area of DA group increased and became 29A . On
the other hand, on the red films (6:1 and 8:1), tj density of a DA group
in the 18-DATS was estimated to be ca. 27 and 26 A , respectively. We had
reported the photopolymerization mechanism of Langmuir films having DA
bonds"', in which a blue film was produced at molecular area of a out 29 A

2

and a red film was produced at molecular area of about 27 A . These
results were similar to those obtained in the previous report. On the CA
films from the mixture of 7-DATS and PTS, the preparation of the blue and
red film may be explained by the same reasons mentioned above.

In conclusions, we have prepared some CA films from DA derivatives.
By changing the molecular area of the DA molecules, photoreactivity of the
films was controlled, and the blue and/or red films were obtained.

On the blue and/or red films made from the different mixtures the
molecular area of the DA molecules in the CA films obtained are similar to
those calculated on L films. The other results obtained by EB irradiation
will be presented at the conference.
(1) L.Netzer, and J.Sagiv, J.Am.Chem.Soc.,M,674(1983).
(2) H.Tamura, N.Mino, and K.Ogawa, Thin Solid Films,179,33(1989).
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STERIC AND ELECTROSTATIC ASPECTS OF ANTIBODY BINDING TO
HAPTEN FUNCTIONALIZED LIPID MONOLAYERS

Michael Piepenstock and Mathias LUsche
Institute of Physical Chemistry, Johannes-Gutenberg-Universitit, D-6500 Mainz,

Germany

The binding of an antibody to membrane-bound haptens depends critically

on the relative geometric arrangement of the hapten and the membrane, and on

electrostatic interactions. In order to characterize the requirements for specific

binding, the membrane surface and the position of a hapten with respect to the

interface was systematically varied. For this study a number of DNP-haptens

were synthesized with spacer groups of different lengths (0 to 10 A) betveen the

epitope and a membrane-anchoring fatty acid. The binding of labeled anti-DNP-

antibodies to hapten doped (2 mol%) lipid monolayers was studied by means, of

fluorescence microscopy at the air/water interface.

With monolayers of DMPC, unspecific antibody adsorption is shown to pre-

dominate over specific binding due to electrostatic interactions. The adsorption is

reversibly reduced by compressing the monolayer to lateral pressures above C =
10 mN/m. On account of the bulky choline head group, the minimum spacer

length which is required for specific antibody binding to occur is, d = 10 A. Still, at

high surface pressures (z > 20 naN/m), the bound antibody is detached because of

steric interference with the lipid head groups.
No unspecific binding is observed to hapten doped monolayers of choles-

terol, which carries a small dipole moment and presents a small hydrophilic part

to the aqueous phase. As the spacer length on the hapten is increased the epitope

protrudes more deeply into the water subphase and binds progressively better to

the antibody. Two-dimensional phase separation is observed in the system of

protein-bound hapten and cholesterol.

At low x, mixed hapten doped monolayers of cholesterol and DMPC sepa-
rate into two fluid phases with preferential antibody binding to the cholesterol-

enriched phase. For x > 7.5 mN/m the constituents of the monolayer mix homo-

geneously and neither specific nor unspecific binding is observed. This is, again,

attributed to steric hindrance by the large choline head groups and to the reduced

electrostatic interaction of the protein with the interface.

I -
i n n
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LANGMUIR-BLODGETT FILMS OF PHOTODYNAMIC STREPTAVIDIN
CONJUGATED PHYCOERYTHRIN BOUND TO BIOTINYLATED UPID

MONOLAYERS

L. Samuelson*, P. Miller+, D. Galotti, K.A. Marx, J. Kumar+, S. Tripathy,
and D. Kaplan*; * Biotechnology Branch, U.S. Army Natick Labs, Natick,
MA 01760; Depts. of Chemistry and +Physics, University of Lowell,
Lowell, MA 01854.

The Langmuir-Blodgett technique has been used to simultaneously
orient and couple the photodynamic "antennae" protein, phycoerythrin,
to a biotin derivatized phospholipid monolayer film. Phycoerythrin is a
highly pigmented, intensely fluorescent but water soluble protein and
thus required modification of the traditional Langmuir-Blodgett
technique for monolayer preparation. Our approach has involved
utilization of the well known, highly specific, and nearly irreversible,
streptavidin-biotin complexation. Blotinylated phospholipid
monolayers were prepared at the air-water interface and streptavidin
conjugated phycoerythrin was then injected into the subphase.

The streptavidin conjugated phycoerythrin was found to
preferentially adsorb to the biotinylated monolayers while at the air-
water interface. Pressure-area isotherms indicated that oriented
monolayer films are formed with the hydrophilic biotin containing head
groups exposed to the four biotin binding sites on the streptavidin
conjugated proteins. An increase in surface pressure at expanded areas
indicated protein adsorption to the monolayer. The binding of protein
was confirmed by transferring the monolayers to solid supports and
probing the characteristic phycoerythrin fluorescence at 576 nm. The
samples were excited with 496 nm light and then scanned from 515 to
670 nm for the emission signal. It was determined that the
streptavidin conjugated phycoerythrin binds by what appears to be only
a specific (biotin-streptavidin) mechanism.

An extension of this work has included mixture of these biotinylated
mo;iolayers with conducting polymerized surfactant systems in an
attempt to enhance the mechanical integrity of the films and elicit
novel electronic and optical properties. These results suggest a
perfectly general technology for the two-dimensional ordering of water
soluble protein monolayers with potential bioelectronic, optical and
protein structure research applications.
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Molecular Arrangements of Liquid Crystal
on Langmulr-Blodgett Monolayers and In Langmulr-Blodgett Multilayers

Jiyu Fang" Yu Wei" Zhengmin Sun""
* Laboratory of Molecular and Biomolecular Electronics,

Southeast University, Naning, 210018, China.

* * Laboratory of Solid State Microstructures

Nanjing University, Nanjing, 210008, China.

Liquid crystal compounds have been attracting attention in display devices,

optoelectronic devices and physical investigations, However, one of the most improtant

problems with these materials is controlling molecular arrangements. For this purpose, va-

rious techniques have been deviscd(l-2). Recently. There has bccn much interest in the

control of molecular arrangement and packing of liquid crystal by LB technique(3-5). In

this work, we investigated the alignment of liquid crystal molecules(8CB) on DPPC LB

monolayers with varions packing densities and the aggregation states of liquid crystal mole-

cules (8CB) in multilayers by mixing with strearic acid as the supporting matrix.

Alignment properties of liquid crystal on DPPC monolayers strongly depend on the

surface pressure of DPPC monolayers. At the surface pressure of SmNm - 1, lOmNm - 1 and

15mNm - 1. The molecules of liquid crystal align pendicular to the surface of monolayer.

when the surface pressure is over 2OmNm =1, the homeotropic alignment of liquid crystal

lose. A possibe mechanism has been proposed to account for the alignment properties.

In mixed multilayers, many crystalline domains are observed. These domains are ag-

gregates of liquid crystal molecules in the multilayers. The size and the density of the do-

mains increase with the numble of deposition. Uv-visible absorption spectra shows that the

absorption band of the multilayers shifts about 60mm from the monomer band of liquid

crystal in chloroform solution., This implies formation of aggregates in the multilayers.,

Reference

1. D.Armitage, Appl phys. Lett, 56 (1990) 1723.

2. K.Ogawa, N.Mino and K.Nakajima, JpnJ.Appl. phys.29 (1990) L!689.

3. T.Sakuhara, H.Nakahara and K.Fukuda, Thin Solid Films 159 (1988) 345.

4. S.Baker, A.Seki and J.Seto, Thin Solid lPilms, 180 (1989) 263.
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ULT1.1TN OGUIC FILMS ON GOLD

H. Keller, W.Schrepp, H.Fuchs
$ BASF AG, Polymer Research Laboratory, D-6700 Ludwigshafen, FRG

Abstrac

Spontaneous formation of ordered organic films can be achieved by
the self-assembly technique. In contrast to conventional
Langmuir-Blodgett technique self-asse-bly methods allow rapid film
formation. Therefore, this technique is of interest for potential
industrial applications. For many practical applications of
ultrathin organic films mechanical and thermal stability is
mandatory. To stabilize the films on the substrate chemical bonding
is required. To this end we synthesized numerous disulfides; 1 and
thiols 2 with functional terminal groups and investigated their
chemisorption on polycrystalline gold surfaces.

I : R-(CHZ)n-S-S-(CH2 )n-R n = 10,11

R = NH2 , OH, Br, COOH, COONa, COO-(CH,)3 -COOH, COOEt,
N-Phthalimidyl, CH3

2 : HS-(CH2 )n-R n = 10,11 R = OH, COOH, CH=CH2 , CH3

Spontaneous formation of a monolayer occurs by dipping the gold
substrate in a solution of the thiol or disulfide. Film
formation makes use of the strong preference of the sulfur
containing group to bind to the gold surface as compared to the
other functional groups. The properties of Lurfaces modified in
this way such as chemical reactivity, hydrophilicity and
wettability are mainly determined by the terminal groups.
Self-assembled monolayers of thiols and disulfides on gold are
stable up to 150" and can not be washed off by rinsing with
excess solvent. On silver surfaces similar results are
obtained.

The terminal functional groups (i.e. OH, NH2, COOH) of the
first monolayer allow the build-up of a second monolayer. We
applied esterification and amide formation to self-assembled
monolayers in order to build up multilayer structures. Hydroxyl
groups could be reacted with cyclic anhydrides forming an ester
bond and a new terminal acid group simultaneously.
Transformation of the acid groups to acid chlorides and
reaction with stearylamine led to the third monolayer. The long
alkyl chain of stearylamine creates a new hydrophobic surface.
Simple immersion of the acid terminated surface in a solution
of stearylamine results only in partial salt formation as
indicated by lower contact angle as compared with the amide
modified surface described above.

We have investigated the self-assembled mono- and multilayers
by averaging methods suchs as contact angle measurements and
reflection infrared spectroscopy, as well as local methods such
as scanning tunneling and scanning force microscopy.
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We hae examined the structures of LB fi of J pi lic
cyclod.ctrins (C o), and ff9 # that variou awbanse molecules are
incpoated in the f.. Among othmrs, azdcrmw molecules in
the fims show a reversbe cis-trens otoamulerizatinm, indicating
the fe~~iyof the LB film of this typ. as optical memorzy

daides. 7hes18T filmw are pu!pkzod by spceadirg dilorfona
solutions of euizolar mxurss of a]kyLmwn dsriives of Cs and
azobrazm derivatives n a wter suf ao. In this sstmx, hwjr,
the amount of azobenzene molecules pmted in the film depms on
the strucbu of both M and azcbum~n dwmtives. In other vards,
the_ qtty of azobmz so molecumles icozporete in the fibi can
umBBM the interaction betn, the two. htbi p uid s sth a
ram of molecular rcgiin

- In this study, the possihilt ar eamid to use ., phAidlic

cyclodextrins (Fig. 1) for molecular reoognitin of o-, m.-, and p-
isumrs of azobenzh derivatives withoat alkyl chain (Fig. 2). 7he
amount of azctinzene derivative iJrporated In the resultant 18 film
was determined sctscialvby dissiolving the LB fib. into
mathanol. 7he amoun i dqpeds both on the saie of the
cavity of CD and on the molecular structure of the azobenzene
derivative.

CH2NHC16H 33

OH H2N&jN =N
OH )n

n=6: a-CD arthe isomer: o-M '
n=7:- : tta J m41
n-8: y-M pm iector: p4a

Fig. 1. Molecular strucb s Fig. 2. Mlecular strucbes
of Me. of azdbenz" derivatives.

1) Y.Ibzibata et al., wL, 1ett. 1933 (1986).2) x.T/anaka at al.., . 1307 (1987).

3) Y.KamktUa t al.. =& Sol.4i.X" 159, 353 (1988).
4) A.Yabe at al., emt.I 1 (1988).
5) H.Niino at al., ibid., 1227 (1988).
6) A.Yabe et al., f Mms 160, 33 (1988).
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Self-Assembled Monolayers on Gold: Sulfone Group Enhancing Two-

Dimensional Organization

Stephen D. Evans, Abraham Ulman*,a Edward Urmnkar a and Robert G. Snyder'

Corporate Research Laboratories, Eastman Kodak Company, Rochester, New York. 14650-
2109,a and Department of Chemistry, Univershy of California, Berkeley, California 94720 b

ABSTRACT

Monolayers were formed from molecules having large in-plane dipole moments
[CH3-(CH 2)--SO 2-(CH 2)m-SH]. It was found that the incorporation of the
sulfone group strongly affected the molecular confomation within the monolayer.
The effect of varying the position of the sulfone group in these molecules, while
maintaining constant molecular length, was studied and the results compared to
those found for a octadecylethaniol (CH3-(CH 2)j7--SH, ODT).

The effect of incorporating polar aromatic groups into self-assembled alkanethiol
monolayers was studied using the series:

CH3

(CH 2),n.1  molecule X m n

I S02 4 12
1 So2 8 8
III SO2  12 4
IV S 4 12

OV S 8 8
0 VI S 12 4
(42)n

SH

A variety of techniques including ellipsometry, wetting, reflection-absorption
FlIR, surface (contact) potential, surface enhanced Raman spectroscopy (SERS),
and XPS were used to characterize these monolayers. In both series, the quality of
the monolayers was found to be dependent on the length of the aliphatic chain
above the polar group.

"Current Address: Department of Physics, University of Leeds, LS2 9JT, United

Kingdom.
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Wettability of Heterogeneous Surfaces: Experimental and

Theoretical Results for Mixed Alkanethiol Monolayers on Gold

Abraham Ulman*, Stephen D. Evans, Yitzhak Shnidman, Ravi Sharma,
and James E. Eilers

Corporate Research Laboratories, Information and Computer Technologies
Division, and Mamuacturing Research and Engineering Organization,

Eastman Kodak Company, Rochester, New York, 14650-2109

ABSTRACT

Weitability studies of mixed monolayers containing hydrophobic (OH) and
hydrcphilic (CH 3) terminal groups are discussed. We are reporting the first
observation of an apparent concentration-driven transition in the contact angles of
liquids on mixed monolayers. It is suggested that this phenomenon is due to a
possible (true or rounded) surface phase transition, resulting in the formation of a
prewetting water layer. This formation is uiggered by variations in the quenched
distribution of random surface fields.

The current treatment of wettability of heterogeneous surfaces is discussed. It
is suggested that this treatment represents concentration-weighted interpolation
between two extremes. Thus, once those two extremes are fixed, environmental
parameters, such as temperature and relative humidity, play no role in the
interpolation. A new way of calculating the wettability of heterogeneous surfaces
is presented, based on a proper statistical mechanics methods. These involve the
thermal average of the related partition functions at each fixed configuration of
surface functionalities and not only at the two extreme cases corresponding to the
homogeneous surfaces. Subsequently, a quenched average of the resulting
interfacial free energies, relative to a frozen probability distribution of those
surface functionalities, is performed.

#Current Address: Department of Physics, University of Leeds, LS2 9JT, United

Kingdom.
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SURFACE-PLASMON STUDIES OF SPECIFIC RECOGNITION REACTIONS
AT SELF-ASSEMBLED MONOLAYERS ON GOLD

F.-J. Schmittt, L. Hlufling*, H. Ringsdorf* and W. Knollt

tMax-Planck-Institut far Polymerforschung
Ackermannweg 10
D-6500 Mainz

*Joh.-Gutenberg Universitit Mainz
Institut fur organische Chemie
J.-J. Becherweg 18-20
D-6500 Mainz

Surface-Plasmon spectroscopy and microscopy provides a powerful methcd for
studies of interfacial phenomena. With a high sensitivity for subtle thickness
changes of the surface geometry and without the need for labeling ( e.g.
fluorescence ) the target molecules, this novel technique offers certain advantages
for investigations of molecular recognition reactions at interfaces.
As a modell system for biological receptor-ligand pairs we used the well known
Biotin-Streptavidin system. These molecules show a specific and strong
(_K._!_1015 m ) binding and can be chemically modified in various ways, e.g.
Biotin bond to alkanethiols. Alkanethiols (besides disulfides and thioethers ) were
shown recently to form very stable monolayers at gold surfaces, ( because of the
strong Au-S_bond.
Due to the defined molecular geometry of such an ultrathin organic film, further
adsorption processes can be performed. Especially in the case of specific attached
Streptavidin, free binding sites are still exposed to the surrounding medium
(_because of the four-fold symmetry of the molecule ). This offers the very
interesting perspective of attaching further layers of (various) biotinylated
molecules and by this a specific functionalizing of an interface.
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TWO in Ispmt techgoes, oriented a and second
harmnic genration tedmiques were used to pro the ein ce of
U rqn Wdgg tm i cf ur amolecules at ar -solutionar interfaces
from c the crystal nuleton of suiable solutes can star. h

st alng vPmrarHd tae f lute Mculkes in the uelc tjn and the
suface aggrmgate ode to hages in the .latter as to ter
prisumed sinca e at th ailure wate inraca.

asIn this fo tu n e (40 oriented crystal ication

difen -hydc Ubnzoinatio ofK b (R) aute lus i~srea in erc

as urfaced by insoluble 4-isoty-, 4-aulouyr-, and 4-argmind t=icacdMoleCU6u sed In the fba of Lepai V I . Spedn such

molecules in a H~ic rset, as Isoeain n sfast nucleati on of
crstl attached at :h t rfaos with thi newly evel:ped (401) face.

Based n the aalysis of the mcular ir ,ga dwg: at this crtall neface, one may assume tha the aw o i olecues whe spr-ad over the

solution adopt a tilted forieiis D that to fomhd roin t
diemrs lyanglmost parale to h arufaoe. This 11 -inm it my msv
as a matrix Ec the (401) orient e ytal nucleation ane is Urn
differsc bro the orientation of the sama mleculs wenz spread overpure water.

Surface prmie - arem isothem masur orI show a larger Limiting

area per acyl ) lic molecu le as increasi.ng the solute curiarst.i"a of
the solpa, being consiset witithe molecula r tilt.

F rther mmr-rniration for this moI= bes en obaie using optical
second harmonic generatici (SHrr), a surface sensitive tehiu whc can

aitrsw1uton interface. Our SHG in ov P am sh adrsi
W-r between the orientation of 4-(hsxd.y)-ce 1hrownid

Theme results In~notral the potential um of crystallization
processes oinod with 511 as surface smmdtive tehnims.
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MONOLAYERS AND BILA "R3 CONTAINING ThIOLIPIDS

Holger Lang, Claus Duschl, Horst Vogel

D6partement de Chimie - ICP II, EPFL Ecublens,

CH-1015 Lausanne, Switzerland

For studying the basic mechanisms of many cellular signal

transduction processes and as well as for adapting the bio-

logical principles of signal transduction to bioelectronic

devices, it is of great importance to realize stable

supported lipid membranes. For this purpose we have synthe-

sized lipids carrying hydrophilic spacers of different
length with a disulfide bridge at their c-position allowing

the molecules to anchor on a gold substrate. The goal of

this mode of attachment is to preserve a water layer between

the support and the membrane in order to incorporate
proteins with large extra membraneous domains into the bi-

layer.

The deposition of the film was carried out by self assembly

techniques. Simultaneous monitoring of the formation of the
layer by capacitance measurements and by plasmon surface

polariton (PSP) fields indicates a binding kinetic with a

fast component (minutes) and a slow component (hours to

days). The latter may be due to steric problems. The steady

state values of both techniques are in accordance with a

complete bilayer, probably in the fluid state. After washing

with an aqueous n-octyl glycoside solution the outer mono-

layer of this system can be substituted by a conventional

lipid layer.

Characterisation of dry films on gold by gracing incidence

reflection IR-spectroscopy showed a high degree of order
within the film.

Mixed monolayers of thiolipids and various lipids were in-

vestigated by fluorescence microscopy on the water surface.

Furthermore we present first results on the incorporation of

membrane proteins into these films.
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ELECTROCHEMICAL AND RAMAN STUDIES OF AXPRIPHILIC VIOLOGENS:
EFFECTS OF COUNTERIONS

S. Yel, T. Lul, J.-H. Kim2 , R. A. Uphaus 2 and T. If. Cotton3

(1) Changchun Institute of Applied Chemistry, Academia Sinica,
Changchun, 130022, PRC; (2) Ames Laboratory, DOE, Ames, IA
50011; (3) Dept. of Chemistry, Iowa State University, Ames, IA,50011, USA.

Viologens are redox-active compounds recognized as
efficient promoters of electron transfer at interfaces, e.g.
electrode surfaces. When derivatized to produce surface-active
species, monolayer techniques can be used to demonstrate various
electrochemical effects during modulation of secondary factors
such as counterions.

Monolayers of N-methyl-N'-hexadecylviologen were prepared
on silver electrode surfaces, using both the self-assembly
technique and Langmuir-Blodgett transfer. Cyclic voltammograms
were determined as a function of the associated counteranion,
and spectroelectrochemistry used to obtain Raran spectra of the
various species generated during redox events.

From the results based on spectroelectrochemistry, it was
-determined that the counterion associated with the viologen had

a pronounced effect on the operative mechanism of enhancement.
When strongly adsorbed counterions (e.g. bromide) are present,
the viologen appears to be oriented nearly perpendicular to the
surface. This indicates that only the electrochemical mechanism
of enhancement is operating. Monolayer and solution spectra
were similar, differing only in intensity. In contrast, with
only weakly adsorbing counterions present, the viologen appears
to form a strong complex with the Ag surface. The solution and
surface spectra differ radically and large (40 cm" ) band shifts
are seen. Analysis of these spectra suggest that the aromatic
ring system is parallel to the surface.

Electrochemical studies support the conclusions based on
the Raman results. In addition, a splitting of peaks in cyclic
voltammograms was seen in those systems having e.g. bromide or
iodide counterions. This phenomenon is attributed to reduced
solubility of the viologen in these systems, but also may be
rationalized in terms of a theoretical model describing the
nature of one-electron transfer peak splitting. It has been
predicted that no splitting should take place with random
orientations of adsorbed species, but should be observed in
regular, close-packed arrays such as are present in Langmuir-
Blodgett transferred monolayers or self-assembled systems.

Results for systems prepared by adsorption (self-assembly)
were similar to those obtained from LB transfer.
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GOLD BERG OF AMPHIPHILIC SULFUR VIOLOGENS DURING ELECTRON
TRANSFER

J.-H. Kim', K. A. Bunding Lee 2 , R. A. Uphaus and T. N. Cotton3;
(1) Ames Laboratory, DOE, Ames, IA 50011; (2) Research Division,
S. C. Johnson and Sons, Racine, NI 53403; (3) Dept. of
Chemistry, Iowa State University, Ames, IA 50011, USA

Surface-enhanced Raman scattering (SERS) from appropriate
metal surfaces results in an increase of orders of magnitude for
observed scattering intensities, and in favorable cases
submonolayer amounts of materials may be detectable. Although
silver surfaces have been the traditional choice for invoking
the SERS effect, gold can also produce SERS using appropriate
red wavelengths. To date, monolayers detected through gold
enhancement have been little studied. This report provides SERS
spectra of substituted viologens which are self-assembled on
roughened Au electrodes, and compares their spectra with those
of a previous study of the same compounds on Ag surfaces. This
is evidently the first such comparative study for self-assembled
monolayers on Au and Ag.

SThe compounds used were sulfides with the general

structure: [octadecyl]-S-[CH2]n-[viologen]-R. The values of n
- were 5, 7 and 10, and R was varied to make a constant chain

length for the branch containing the electroactive viologen
group. Thus, the viologen could assume various known distances
from the metal because of the variable number of intervening
methylene groups, provided that the chain is not parallel to the
interface. Electron transfer thus must take place through
nonconJugated carbon bonds if the viologens are extended away
from the surface. Monolayers were formed on Au by spontaneous
self-assembly; it has been previously shown that thiols with
long alkyl groups form dense monolayers with the sulfur
interacting strongly with the Au surface.

Using Au electrodes, cyclic voltammetry of monolayers of
these compounds indicated highly efficient electron transfer,
the kinetics for which was a function of the length of the
spacer methylene groups. Spectroelectrochemistry was also
carried out, to detect SERS spectra, on both smooth (original)
and roughened Au surfaces. Roughening was effected by varying
the potential of the Au electrode from +1.3 v. to -0.6 v. for
25 cycles, after which the original surface color was changed
from gold to coppery hues. Self-assembled monolayers were then
prepared by adsorption from solution. Well-defined spectra were
observed from roughened Au surfaces, using the 647.1 na line of
a krypton-ion laser. Spectra were obzerved for the neutral,
cationic and anionic species. In contrast to the previous study
on Ag, it was found that the nature of the counteranion had
little effect on the character of the spectra. Analysis of the
data shows agreement with previous studies using Ag, which
indicated that the saturated hydrocarbon chain containing the
viologen is nearly perpendicular to the metal surface.
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SPONTAINEOUS FORMATION OF MULTI-LAYERED CAST FILMS FROM ORGANIC
SOLVENTS USING NOVEL FLUOROCARBON AMPHIPHILES

Kenji Fukuta Yasuo Itami
Ryuichi Shimizu , Toyoki Kunitake

Molecular Architecture Project, JRDC,
Kurume Research Park, Kurume 830, Japan

Novel double-chain ammonium amphiphiles, whose alkyl tails are
composed of fluorocarbon and hydrocabon segments are synthesized.
They are used to make multi-bilayer cast films from water as well
as from organic solvents.

Newly synthesized amphiphiles are summarized in the Table. X-
ray diffraction comfirmed that most of them can form multi-
bilayer structures by casting from water or appropriate organic
solvents. Especially, amphiphiles that have olefin unit in the
tail exhibit higher solubility ( dispersibility ) in many organic
solvents than the others. They produce well-ordered cast films
rather readily. By measuring x-A isotherms, it is found that
these amphiphiles produce expansion-type monolayers on water.
These characteristics would be related to their casting behavior.

Among the amphiphiles newly synthesized, compound 10 exhibits
the best results. It can form a transparent, self-supporting film
even from perfluorohexane solvent. The thickness of the
individual layer is seen to be 500A or less, as observed by
scanning electron microscopy.

The present study broadens the scope of the cast films, for
example as molecular templates.

Table Newly synthesized fluorocarbon amphiphiles.

Compound No. Rf R, R, X
I C.F,- -(C ,),,- .CU,-
2 CaPi- -(Clla), ,- -(C1).- Br
3 Ca,,- -(C0.O(C0)a- -(0),.- Or
4 C,.F,,- (o.).- 02- Cl
5 C,.F,. -0C,.- -(CU2),.- Or

6 C, F," -(CI.)g- -O-(Cl,),.- Or
7 C,.F., -(Ci),,- -C2 Cl
8 C,.F,,- -(C,),,- -(0,),- r
9 C,0F,- -C200(CU,),- -C1,- Cl
10 C,.F,,- -C:C(0, ),- -(CI,) 4- Br
II C,.Fs.," C10)- -(Ca,),.- Sr
12 C,F.- -CICl(C12)9- -a,- CI
13 - ,ef,," -(cli,),- -(CI 1),.- I r

RIt-Ri-OCO -AII 110)1

ofA 002
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BUILDUP OF ULTRATHIN MULTILAYER FILMS BY A SELF-ASSEMBLY PROCESS:
II. REPEATED ALTERNATING ADSORPTION

OF ANIONIC AND CATIONIC POLYELECTROLYTES

Q. Qcrh and J. D. Hong

Institut for Physikalische Chemie, Johannes Gutenberg-Universitat Mainz
Welder Weg 11, 1-6500 Mainz, Federal Reoublic of Germany

INTRODUCTION enwuntere in the Mme, lid peptift synthesis. Our
The state of the art technoloies for th preparation of appach, which was ectly lntroed employing
well defined ultratbin films in the submicron rop a low molecular weight system (), avoids thee limits
are the Langmuir-Blodgeu (LB) technique and self. and extends dw SA-concept by using salt formation
assembly (SA) methods based on chemisorption [1]. as the driving force for the constuction of multilayered
Whereas the LB-echniqu requines sodstcawd spp- supramolecula assemdies.
raus and is generally limited to small film areas [2],
the SA-methods are rather straightforward [3,4], but RESULTS AND DISCUSSION
have not been employed for the preparation of films
thicker than 8 layers (= 20 nm) (4], po bl) du to In addition to the stepwise buildup of films using
the loss of chemical functionality. Similar limits are chargd bipolar amplhphiles with a rigid core [5], the

___process can also be can'ierd out utilizing polyelectro-
lyms (Fig. I). Multilayered structures are pepared by
simply dipping a substrate with a positively charged
surface into an aqueous solution containing the snionic
polyelectrolyw, then rinsing it with clean water. This
way the substrate is covered with one layer and its
surface charge is reversed. The substrate is then
immersed in a solution of the cationic polyelectrolyte,

I thus adding a second layer and restoring the original
surface charge. Thicker films are easily obtained by
repeating steps I and II in a cycli fashion.

Aspreviously otworved in the case of the adsorption
of single polymeric layers (61, the adsorption of the
polyeclectrolytes depends on time, concentration and
concentration of added salt. By UV/Vis-spectroscopy
we have demonsmted that at least 80 polymeric layers

fI can be deposited consecutively. The constant film
thickness is further evidenced by the obsrrvadon of
homogeneous interference colors when amino-
prapylated silicon wafers are used as substrates.

REFERENCES
IIl [I LD. Swaw et &LLAn~uir 3 (1987), 932-950

[2] 0. L. GOines, Jr.
"Imol"l Mmw~yw at Liq*-Gas Intafdws"

Figure 1. Illustration of the adsorpt,,;n process. huemrience Pubim, New York 1966
Both the solution structure ofthe polyelectrolytes w4 [3 R. Moz, L Ndw, .Gu mid.. Sagiv
their structure afer adsorption are highly idealiLed. Z 6 (19N),I0W.065
Step I swnbolizes the physiorption of an anionic poy- [4) H. Le et &L
electrolyte on a positively charged soface, thus revers- [5] 0. Dec md I. D. ho 1

ing the surface charge. Step H depicts the adsorption Proomhin of the ECOF90 Conference
of a cationic polyelectrolye, whereby the original MakWonolre Chenie. in press
surface charge is restored. By repeating stept I and [6] J. Blikimec y &I.
II in a cyclic fashon, any type of sporiate, containig Mwromoleculs 23 (1990),2301-2309
at least two polyelectrolyies, can be prepared.
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Modulated Photoregulation of Liquid Crystal Alignment

by Azobenzene Langmuir-Blodgett Layers

Takahiro SEKI, Ryoichi FUKUDA, Masako SAKURAGI, Yuji KAWANISHI,

Yasuzo.SUZUKI, Takashi TAMAKI, and Kunihiro ICHIMURA#

Research Institute for Polymers and Textiles,

1-1-4 Higashi, Tsukuba, Ibaraki 305, Japan
#Research Laboratory of Resources Utilization

Tokyo Institute of Technology,

4259 Nagatsuta, Midori-ku, Yokohama 227, Japan

In recent years we have been investigating reversible

homeotropic parallel (planr) photochemical alignment controls

of nematic liquid crystals (LC) induced by highly photoreactive

Langmuir-Blodgett layers comprised of side-chain type azobenzene

(Az) amphiphilic polymers.
1- 3

This paper presents how the preparation 1jrocess of LB films

and the way of the light irradiation influence the LC alignment

controls. In the parallel mode under non-polarized UV

irradiation, the LC molecules are homogeneously oriented parallel

along the dipping direction. Under certain conditions, polarized

UV irradiation induces subsequent rotation of the in-plane

direction of the homogeneous LC alignment. These alignment

modulations strongly depend on the molecular structure of Az

polymers and the number of deposition. Details on these results

are reported.

References
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LB FILM FORMATION OF A NOVEL ANPHIPHILIC POLYMER PAMCeS

T. R.Fan G. F. Xu, X. B. Zhu, Z. Tan, S. X. Xu, Z. Y.Jiang
Changchun Institute of Applied Chemistry, Academia Sinica,

Changchun 130022, The People's Republic of China

The application of amphiphilic polymers in LB film formation has
attracted great attention in recent years. Poly(2-acrylamido-hexadecyl-
sulfonic acid) (PAHC15S) is a novel comb-type amphiphilic polymer, each
repeat unit of which contains a hydrophilic sulfonic acid group,an amido
group and a hydrophobic long aliphatic hydrocarbon chain. This paper
involves the formation of LB films of PAHC1eS by Langmuir-Blodgett (LB)
and self-assembly (SA) techniques.

The spreading behaviours of PAHCvSon the water-air interface have
been investigated. It is found that PAMCisS forms rather stable
condensed solid films, and that the limiting area of PAMC15S is strongly
dependent on the subphase: pure water results in a larger area/monome.,
whereas the area/monomer decreases markedly when the subphase contains
CaCIz or CdCl2

Ordered thin films of PANCIeS have been obtained on gold surfacesI(clean gold and anodized gold), glass, and quartz by SA technique. Water
does not. wet the monolayer-covered gold surfaces, indicating that the
films are hydrophobic with the hydrophilic sulfonic acid groups ajacent
to the metal surfaces and with the hydrocarbon chains extended from the
surfaces. On the other hand, films on glass and quartz are hydrophilic,
according to the contact angle results.

XPS and electrochemical analysis have further been used to characte-
rize the self-assembled monolayers on gold surfaces.

The results of XPS measurements show that the gold oxide layer of
the anodized gold surface has not been completely stripped during the
adsorption process, and has partly reacted with the sulfonic acid groups
of the monolayer to form gold sulfonate.

Electrochemical analysis is a sensetive probe for the monolayer
coated on an electrode. For the polymer-coated gold electrodes, peak
current attenuation and peak potential shift have been found, especially
for the first scan. The variation of peak currents and peak potentials
with scan number reveals that the self-assembled monolayers of PAMC15S
exhibit great adsorption stability during the faradaic reactions, illus-
trating the advantage of polymer LB films in potential applications. The
stability of PAHCieS monolayers during the redox reactions makes possi-
ble the further sweep-rate studies. The data of sweep-rate studies show
that polymer monolayer has not changed the pattern of the redox reaction, 2

except for the reduced peak currents and shifted Peak potentials. The
resulting monolayer-covered gold surfaces behave as relatively stable
blocked electrodes containing pinhole defects.

References
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