
RD-Ri72 846 PULSED MICROWAVE CHARACTERIZATION OF CONDUCTING t/i
POLYMERS(J) UNIVERSITY OF SOUTHERN CALIFORNIA LOS
LMANGELES DEPT OF CHEMISTRY L R DALTON 24 FEB 86I UNCLASSIFIED AFOSR-TR-86-8768 AFOSR-82-8i84 F/G 7/4 NI

mnsE.



Mll

M m I .6

MICRC.r'OPY RESOLUTION TES7 L.-V
NATIONAL BUREAU OF STANDARMS lSAA



SECURITY cl w I . . - =

AD-A 172 040 iCUMENTATION PAGE
11. REPORT Ilb. RESTRICTIVE MARKINGS UT FUnclab-.L, i c._

2. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPOR -L--

Approved for public release; SEP 1 92.OECLASIFCATION/OOWNGRAOING SCHEDULE Distribution unlimited IE

4 pERFORMING ORGANIZATION REPORT NUMSER(S) . MONITORING ORGANIZATION REPORT NUNIUIC A
AFOSR-TK. to-v768

6.& NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL 78. NAME OF MONITORING ORGANIZATION

Department of Chemistry (Ifappicablit) AFOSR/NC
Univ. of Snuthern Califnrnj I

6c. ADDRESS (City. State and ZIP Code) 7b. ADDRESS (City. State and ZIP Code)

Los Angeles, CA 90089-0482 Bldg. 410
Bolling AFB, D.C. 20332-6448

S&. NAME OF FUNOING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)

AFOSR NC AFOSR 82-0184

Sc. ADDRESS (City. State and ZIP Code) 10. SOURCE OF FUNDING NOS.

Bldg. 410 PROGRAM PROJECT TASK WORK UN:

Bolling AFB, D.C. 20332-6448 ELEMENT NO. NO. NO. NO.

1,. TITLE (Include Security Classification) Pulsed Microwave 3c 3
Characterization of Conducting Polymers

12. PERSONAL AUTHOR(S)

.Larry R. Dalton

13. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Yr.. Mo.. Day) 15. PAGE COUNT

Final FROM 1JZ T031S5/./SI.S February 24, 1986 3+-
16. SUPPLEMENTARY NOTATION

Final Report for AFOSR 82-0184. Includes Final Report, Completed Project Summary,
Reprints and appropriate 1473 forms

I?. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if neceuaj and identify by block number)

FIELD GROUP SUB. GR. Conducting polymers, solitons, polarons, rodlike polymers
aromatic heterocyclic polymers, ladder polymers, ENDOR,
nonlinear oot: al effects, ESE- moleculor orlital tnln-

19. ABSTRACT (Continue on reverse if neesuary and identify by block n - xtensively delocalizedr-electrons in hig
(approximately solitonic) symmetry polymers have been shown in preliminary studies to hav
a profound effect upon electrical conductivity, nonlinear optical properties, solubility,
solution order, and solid state structure. In addition to a variety of polyacetylene
polymers and copolymers, we have synthesized a number of new, high symmetry, Aadde
polymers. The intrinisic, delocalized W-electron defect has been characterized by ENDOR a
ESE spectroscopic techniques; variable temperature and frequency studies have permitted
definition of theA1ime-independent' wavefunction of the defect and of both one and three
dimensional dynamics. For ladder polymers, ENDOR and ESEEM studies have established the
existence and permitted the characterization of stable, reversible charg. transfer complei
formed between polymers and dopants; such complexes are shown to change ldelocalization a
alter polymer solubility. Spectroscopic measurements of delocalization and of both intra-
and intermolecular charge transfer have been correlated with electrical conductivity.
Soliton dynamics are defined in terms of phonon-driven and activated processes

20. OISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

UNCLASSIFIEO/UNLIMITEO SAME AS RPT. C OTIC USERS C Unclassified

22&. NAME OF RESPONSIBLE INDIVI D 22b. TELEPHONE NUMBER 22c. OFFICE SYMBOL

Dr. Donald R. Ulrich ftu FIE u include .Area CodepFILE COPY (202) 767-4963 NC
DO FORM 1473, 83 APR EDITION OF I JAN 73 IS OBSOLETE. UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS



AFOSR-TR- 6-O 768

PULS MICROWAVE CI ON OF

COUDUNG POLINMS

Larry R. Dalton
Department of Chemistry

University of Southern California
Los Angeles, CA 90089-0482

Approved for public release,
diztribution unlimited

Final Report
4NTIS <I.

June 1, 1982 - May 31, 1985 DTI'
Grant AFOSR 82-0184 Unr. -, c

3-a St~ f

By

.... ; va~l :. i 1 , ,

Air Force Office of Scientific Research Dist , ocial
February 1986 -

• rF c CE CF SCIEMTIFIC IMSEARCH (APSC)

St3Chnic , . report has been reviewed and is
• -oved f'o" pulic roeise IAW AFR 193-12.

" -ih:tiOf is unlimited.

- 1. 1nformation DiviSion

! III1 ... i~= I '|" 11 i8...69... 18I2 n " =- "*'



I. RESEARCH OBJtCTIVES

The primary objective of this project was to characterized the time-

independent and time-dependent properties of solitonic and polaroIic species

in polymers characterized by extensive 7 electron delocalization. Such

species are expected to play the dominant role in defining electrLcal conduc-

tivity, nonlinear optical properties and physical properties in such polymers.

II. STATUS OF THE RESEARCH AT THE END OF TIE FUNDING PERIOD

A. Polvacetyleue.

All objectives have been realized for polyacetylene samples prepared by

both the Durham and Shirakawa synthetic methods. In particular, the time-

independent solitonic wavefunction has been defined by both electron nuclear

double resonance (ENDOR) and electron spin echo envelope modulation (ESEEM)

techniques. The wavefunction for the highest occupied molecular orbital (HOMO)

has been completely characterized and found to be metallic in nature extending

over 50-100 A of the polyene backbone (depending on pinning potentials felt by

the soliton defect). Spin densities at carbon have been directly measured and

found to alternate between +0.06 and -0.02. This sign alternation has been

investigated theoretically by ourselves 1 '2 and by others 3 ,4 ,5 and has been shown

to arise from electron coulomb interactions. For example, we have examined the

effect of electron phonon interaction and electron coulomb interaction on the

soliton wavefunction employing a modified Unrestricted Hartree Fock (UHF) theo-

retical approach and have found that an electron coulomb potential of 3 eV is

necessary to rationalize the experimentally measured spin denitv variation

Similar values have been obtained by other workers supporting the contention

that the defect is a spin density wave (SDW) rather than a charge density wave

(CDW). Investigation of trans-polvacetylene segments in cis-rich polyacetylene 1 ,6

in trans-rich polvacetylene 7 , in copolymers of trans-polvacetylene and poly-

thiophene 8 , and in composites with the structural polymers polyethylene, poly-

styrene, and polybutadiene 9 10 establish that the soliton wavefunction is

determined by J ,:al interactions on the trans-polvacetylene chain and is little

influenced by the lattice surrounding the trans-polvacetvlene segments.

Both one-dimensional (l-D) and three-dimensional (3-D) soliton dynamics

have been completely characterized by a variety of magnetic resonance tec'iniques

including electron spin echo-magnetic tield gradient measurements, temperature

Mil



- dependent ENDOR studies, and frequency and temperature dependent electron

spin echo studies. One dimensional soliton dynamics are found to be phonon

drivenI I1 1 2 while three-dimensional dynamics are found to be activated.

Activation barriers are found to typically vary between 2Q0-400K and are found

to vary with crosslink concentration and with the concentration of segments

incaplable of supporting solitons . Strong interchain soliton-soliton
12interaction is observed , which may account for the fact that substantial

electrical conductivity is observed for copolymers and composites of poly-

acetylene with structural polymers; In short, charge transport can take place

involving electron hopping between metallic soliton regions on different chains

thus reducing the importance of on-chain charge transport.

B. Polypyrrole, polyfuran, polythiophene, and metallophthalocyanine polymers

Polvpyrrole, polyfuran, polythiophene h,.'ve been synthesized by chemically

and electrochemical means and have been characterized by the variety of measure-

ment techniques discussed above and in terms of electrical conductivity. Both

solitonic and polaronic species have been observed but electrical conductivity

appears to involve a polaronic mechanism. One paper has been published on this

work1 4 and several others are in preparation. In like manner, metallophthalo-
~15

cyanine polymers have been prepared and examined . These polymers are also

been employed in copolymer preparation with ladder polymers.

C. Rigid rod and ladder polymers

The rigid rod polymer PBT has been obtained from the polymer laboratory

at Wright Paterson and has been characterized by magnetic resonance techniques.

An extensively delocalized - electron defect of metallic character is observed.

When PBT is exposed to polyphosphoric acid (PPA) a charge transfer complex~31I
characterized by a P doublet in the EPR spectrum is observed. Charge transfer

complex formation appears to result in substantial electron licalization. The

ladder polymers BBL, PBL, POL, and PQL have -een synthesized at USC and

investigated . The results are analogous to those obtained for PBT. Significant

increases in electrical conductivity with exposure to electron donor or icceptor

dopants is observed for the ladder polymers. The lack of such increases in

conductivity for PBT with doping is likely do to a ,'iusclv packed lattice which

prevents dopant intercaltion. Preliminary studies suggest that substantial

nonlinear optical properties may be observed for both rigid rod and ladder

polymers. Theoretically, third order susceptibilities are expected to depend

strongly upon electron delocalization and ENDOR results would suggest that'effects

should be large for both rigid rod and ladder polymers with the largest effects

observed for polymers such as PQL.

IN' WI



Rcierences:

1. H. Thomann, L. R. Dalton, M. Grabowski, and T. C. Clare, Phvs. Rev. B, 31,

3141 (1985).

2. H. Thomann, J. F. Cline, B. M. Hoffmann, H. Kim, A. Morrobel-Sosa, B. H.

Robinson, and L. R. Dalton, J. Phys. Chem., 89, 1994 (1985).

3. Z. G. Soos and S. Ramasesha, Phys. Rev. Lett., 51, 2374 (1983); Synth. Met.,

9, 238 (1984); J. Chem. Phys., 80, 3278 (1984); Phys. Rev. B, 29, 5410 (1984).

4. C. T. White, F. W. Kutzler, and M. Cook, private communcation to be published.

5. For example see the proceedings of the Synmetals II conference published in

Vol. 9 of Synth. Met. or the proceedings of the International Conference on

the Physics and Chemistry of Low-Dimensional Synthetic Metals published in

Vol. 118 of Mol. Cryst. Lig. Cryst.

6. H. Thomann, L. R. Dalton, Y. Tomkiewicz, N. S. Shiren, and T. C. Clarke,

Phys. Rev. Lett., 50, 533 (1983).

7. J. F. Cline, H. Thomann, H. Kim, A. Morrobel-Sosa, L. R. Dalton, and B. M.

Hoffman, Phys. Rev. B, 31, 1605 (1985).

8. D. Davidov, F. Moraes, A. J. Heeger, F. Wudl, H. Kim, and L. R. Dalton,

Solid State Commun., 53, 497 (1985).

9. H. Thomann, L. R. Dalton, M. E. Galvin, G. E. Wnek, and Y. Tomkiewicz,

Journal de Physique-France, 44, 313 (1983).

10. L. R. Dalton, H. Thomann, A. Morrobel-Sosa, C. Chiu, M. E. Galvin, G. E.

Wnek, Y. Tomkiewicz, N. S. Shiren, B. H. Robinson, and A. L. Kwiram, J.

Appl. Phys., 54, 5583 (1983).

11. B. H. Robinson, J. M. Schurr, A. L. Kwiram, H. Thomann, H. Kim, A. Morrobel-

Sosa, P. Bryson, and L. R. Dalton, Mol. Cryst. Lig. Cryst., 117, 421 (1985).

12. B. H. Robinson, . M. Schurr, A. L. Kwiram, H. Thomann, H. Kim, A. Morrobel-

Sosa, P. Bryson, and L. R. Dalton, J. Phvs. Chem., 89, 4994 (1985).

13. C. L. Young, D. Whitney, A. I. Vistnes, and L. R. Dalton, "ESR and ENDOR

of Conducting Polymers," Annual Review of Physical Chemistry, 37 (1986).

14. H. S. Nalwa, L. R. Dalton, W. F. Schmidt, and J. G. Rabe, Polymer Communicatio

26, 240 (1985).

15. H. S. Nalwa, L. R. Dalton, and P. Vasudevan, Eur. Polym. J., 21, 943 (1985).



LoI


