RADC-TR-64-569
Final Report

DETECTION OF LIQUID CRYSTAL GASES
(REACTIVE MATERIALS)

- AD620940

J. L. Fergason
N. N. Goldberg
C. H. Jones
et af
(Westinghouse)

TECHNICAL REPORT NO. RADC-TR- 64-569
August 1965

\ T USE

- et LT IMe AN1
_____T}ZCV\v 7 e CAMANON

Barc.o, | Mierefieng] '

mwb‘ﬂWE @@W

QRC Bronch

Rome Air Development Center
Reseorch and Technology Division
Air Force Systems Command
Griffiss Air Force Base, New York

DDb¢
Best Available Copy AV »nc

h SEP 27 I
2050301019 )

Ul is, g
ISA O




¢ e ot B R it i 31 G e e e R S e [ F TN

POREWORD '

This report was prepared by Westinghouse Electric Co:iporation,
Pittsburgh, Pa. under Air Force Contract AF30(602)-3306 (Project 553k,
Task 553402), "Detection of Trace Quantities of Contaminant Gases in
the Atmosphere.” The authors acknowledge the guidance and assistance
of Lt. V. Rice, the Rome Air Development Ce[ter Contract Monitor. '

The work reported dbegan 1 February 1964 and was concluded 12
November 1964. It was directed by J. L. Fe}gason for the Westinghouse
Electric Corporation. Other contributors to the report were N. N.
Goldberg, C. H. Jones, R. S. Runk, L. C. ScAla, and F. Davis. The vork
vas performed at| the Research Laboratories in the Applied Physics De-
partment, R. E. LaCroix, Manager. '
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ABSTRACT

i

A set of reactive liquid crystal materials were developed

vhich are capable of detecting quantities (10 ppm or less) of HC1,
HF, hydrazine, UDMH, and nitrogen dioxide. The materials exhibit )
change in color transition temperature upon exposure to thege conté
ant gases or vapors. Except for HF and HC1l, the contaminants are |
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1. SUMMARY

The purpose of this contract was to determine vhether reactive
liquid crystals could be developed that would detect 1 to 10 ppa of

certain gases,
Satisfactory materials were produced to detect hydrazine

hydrate (HH), unsymmetrical dimethylhydrazine (UDMH), NO,, HNOB,'HF,

and HCl. With the exéeption of HC1 and HF, all of the gases could de
readily distinguished from one another. ‘

Temperature-sensitive detectors wvere déveloped vhich are
capable of distinguishing between HH and UDMH at concentrations of 8
ppaa. |

A number of detectorc were developed that respond to the

oxides of nitrogen, and detection of 6 ppm of NO2 wvas satisfactorily it

achieved. Nao, vhich is relatively inert, was found not to react with

any of the systems studied.

When oxides of nitrogen are present in an atmosphere that
contéins any water wvapor, HN03 will be formed. Hence it was deemed
wise to obtain a detector of HNOB. although this was not specifically
called for in the contract. Materials that detected 1 ppm vere pre-
pared and tested.

Two detectors were developed that will detect HC1 and HF at
concentrations below 1 ppm. However, no simple method for distinguish-

ing betveen the twvo was found. '
Tables 1.1 and 1.2 summarize the results obtained with the

best detection materials developed. The rectangles in the tables
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indicate tha nature and degree of the effect wvhen a detecting material |
produces a strong reaction to one of the gases. Because

of lack of time, certain materials were not tested with all of the
gases. These are indicated by "NI" in the tables.

For gas detection a 1-mil cholesteric 1liquid crystal film
is prepared on one side of a thin Mylar film, and the other side of
the film is sprayed with a black paint. At room temperature this film
will reflect little light and hence will appear black., If the film is

" slowly heated it will reach a temperature at which it reflects red

light, so it appears red if viewed by sunlight or incandescent light.
This temperature is called the "red temperature." A further increase
in temperature causes it to tprn orange, then yellow, then green, then
blue, and finally black again. The process is reversible, so as the
film is cooled the predominant wave length of the reflected light
varies from the short wavelength blue to the 16ng wavelength red. Now
if some gas reacts with the liquid crystai matrix the red color may
occur at a different temperature. This is illustrated for a variety
of gases and a veriety of liquid crystal detectors in Table 1.1. For

Table 1.1 - Summary of Best Detection Materials.

Sywbel A € L M N 0 ¥
it fonencste | 7B A oA & Monccholestery! | 4% Cholestery | 7% Cholesterol | So
powesie % Cholesteryt | 780teic Acid | 43 Oleyt Amine Terephthaiy Phenyt | 7% Cnolesteryt | M Methy
Oleyl Cardonate Chioride Hydrazide | Chioroformate | LiNcienste
R Tomporature . Green
| ot Uncentaminetes ] e A ) e | (net Teme B
Material sensitivel
)
§ [ o 0 [z ] ’ 0 Cramge. ,
2
™
i |~ [0 [oed] + |+ sz [
M first 2 negative Red |
3 :‘m" 0 0 ° Shift that (ater ° A Permanent N
:‘ . Qoss positive Color Shift
t
UOMH Rl
E o il 0 0 ° > | 0 A Permanent N
£ Color Shift
Mo Color —
HPEES v v EED
= ——
o 0 0 N o [ >e1%¢ | g;’,f;:’ N
* N1, not tested
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example, when material M is reacted with 8 ppm of UDMH for 15 min, the
red temperature is reduced by 2°C.

Table 1.2 illustrates a detection method for circumstances
in which no accurate means of temperature measurement is practical.
For example, to test for UDMH one takes two sample patches of material

Table 1.2 = Observation of Detection Materials at a Single Temperature.

Symbol A € 1 M N 0% 2
W% Chowsieryl %A A WA MA
tauks Crrsal Nonsnoste | 978 A %5 A 5 Monacholesieryl | 45 Cholestryl | 75 Cholestorol | ese
P 0% Cholesteryl | 3% Oleic AcH | 4% Oley! Amine Tersphthatyl Preny | 7% Cholesteryl | MatY
Oley! Carbonate Chioride Hydrazide | Chiorotormete | Unolenate
Sample
| temperdtrs oc e X< 5 W< 210 0°C Foas
Color of —
Uncontaminated Green Green Groen Green Groen Green Groen
Sample of Material
W No ™ = o ™ ™ m
£ Change Chamge Change Charme Change
gg " No o ™ ™ ™ -
c % Change Change 0.5 pprn Change Change Changa
=-F .
; ™ ™ ™ Aot ™ T
o £ [ Hotrained e Change Change l 8 pom Change e || W
-] T
2 ™ No No [ 3w ™ r
3 § UOMH Change Change Change 4 pom —] Change 8 o ' ol
-3 Tue Green [BTus Green No No Blue
;; o, l 120 pom L 10 ppm ~ Ll Change Chenge 3 pom
™ ™ ' No Ted No
HNOy Change Change o Change 1 pom Changs L

* Immediately after response the color shift is toward the diue. The color
shift then reverses and after 2 iay R becomes red.
* NT, nol tested
** Not temperatute sensitive

M. One patch 18 exposed to 4 ppm of UDMH for 15 min and the other is
kept unexposed as a control. Then the two are heated together until
the control turns green, at which time the exposed patch will shift
to bdlue.

About This Report. Sections of this report discuss in detail
the prodblems of developing detectors for each of the gases. The screan-

ing tests and the sensitivity tests used for each gas are described.

General background on liquid crystals and their use as
detectors is given in Appendix I. Their molecular structure and usual
optical properties are discussed at some length.
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Details of the chemical preparation of 20 materials that ere
used in the preparation of various liquid crystal detectors are given

in Appendix II.
o A description of the apparatus that was used for volumetric 1
dilution will be found in Appendix III.

Appendix IV explains how samples of solutions of liquiad
erys.al detecting materials can be prepared for exposure to an atmos-
phere containing contaminsnt gas, and how the films may be tested.
TableIV.l 1ists all of the materials that were delivered to RADC.




2. INTRODUCTION

Liquid crystal materials may be used for the detection of
small quantities of reactive chemical vapors. The following factors
are fundamental to this application: :

a) A liquid crystal system can be prepared which has a
given color over a broad range of temperatu}es, and the temperature
sensitivity may be varied as desired. As an example of this; consider
the cholesteric system composed of cholesteryl oleyl carbonate (0CC) '
and cholesteryl nonancate (CN) which shows a variation in the tempera-
ture of operation from 20.5°C for pure OCC through all'temperﬁturel
(for varying mixtures of these two materials) up to 70°C for pure Cn.‘

b) Materials soluble in the liquid crystal phase when mixed
in small amounts with the liquid crystal system will change the color
vs. temperature relationship of the system by a predictable amount.

The solubility pre-requisite of the additive is not too grest a
limiting factor, since almost all oil soluble compounds will be soluble
in the liquid crystal matrix. '

¢) The color of the liquid crystal system is a function of
the shape and polarity of the molecules of which it is composed. This
effect appears to occur as an averaging effect so that the wavelength
of maximum scattering of the color of a liquid crystal system will be
affécted'by all the constituents. Thus, if an oil soluble material,
vhose shape or poiar properties may be changed by a specific chemical
reaction, is added to a liquid crystal matrix: 1) the system will be
sensitive (reactive) to a specific vapor (or vapors); 2) the sensi-
tivity will manifest itself as a change in the color of the liquid
crystal system; and 3) the effects will be permanent or nonpermanent
depending upon the chemical reaction or reactions involved. This
phenomencn occurs even though the original oil soluble additive dooi.
not change color when it alone chemically reacts with the vapor.

5
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It is in this fashion that the 1liquid crystal matrix serves
a8 a sensitive indicator. For useful applications it is necessery toE
find 1iquid crystal systems with materials dissolved in them which
will react with specific vapors so as to produce easily identifiable
colors at or near room temperature.

The work associated with developing specific detectors for
‘each of the gases is found in the following sections.
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3. DETECTION OF TRACE HCl AND HF

3.1 INTRODUCTION AND THEORY
; Ir the detection of acidic vapors, e.g., hydrochloric acid
; and/or hydrofluorie acid vapors, an acid-base type of reaction seemsd -
of prime interest. The general theory of acids and bases as proposed
by G.N. Lewis was to define bases as substances having unshared |electron

. ,wlw
vairs that can be donated to form coordinate (shared) covalent .

He defines an acid as a substance having at least one atom that can

accept or receive into its valence shell an electron pair boloaginc

to another atom with bond formation as the result.

! ' In this investigation the base portion of the acid-base type

reaction has been organic amino compounds, and more specifically, the

nitrogen atom with its unshared electron pair present in these amines.

The amino compounds can be usgd as additives to the liquid crytta%

matrix, or they may be synthesized as integral parts of the liquid

crystal system itself. The acid portion of the reactions to de con-

| liiered 1s the proton from the halogen acids which can avail itlflf
of"he unshared pair of electrons on the amino nitrogen atom farlbond

formation. In these cases the reaction products are substituted

' nium-type derivatives. For exarple

e e

e

H +
n-'inz + n-.[ -;nz] (1)
' H +
RR'-NH + n"-»[mz' N H] (2)
He |

e

RR'R" - K + H -.[m'n" - n] (3)
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Depending upon whether the amine is primary (1), secondary (2), or
tertiary (3), the products of reaction are those shown above. _3
Varying the degree of substitution as well as the types of
substituent groups of the nitrogen atom in the amine is known to o.frecﬂf
the base strength of the molecule. Consider the protonation by water
of some aliphatic amines and ammonia (Table 3.1). Here we see that
the relative strengths of these dasic materials vs. hydrogen acids in
agueous systems are in the order shown. In general then, it can be ')
said that the result of replacing the hydrogen atoms of ammonia with
alkyl (R) groups is to increase the basic strength. The effect of
alkyl groups is clearly to make the unshared pair of electrons on :
nitrogen more available to an electrophilic substance (e.g., the proton .
that is, the alkyl groups increase the electron density on the nitrogen
atom. This effect of the alkyl groups is referred to as an inductive
effect and is a reflection of the unequal sharing of the electrons in
the C-N bond, with the result that nitrogen is relatively more electroﬁ

3

rich in mm2 than in m{3

Table 3.1 — Base Strength of Aliphatic Amines and Ammonia
Name Structure Base Strength
Ammonia NH, | b.75
Trimethyl Amine (cu3)3n ’ 4.20
Methyl Amine : CH3NH2 3.37
Triethyl Amine : (cnacne)3n . 3.3%
Ethyl Amine ‘ ‘ OH36H2NH2 3.27
Dimethyl Amine (CH3)2NH 3.22
Diethyl Amine » (CH3CH2)2RH - 2.89

Further consideration of the data in Table 3.1 illustrates :
other important structural effects. Thus, although the replacement of
the hydrogen atoms of ammonia by alkyl groups causes an increase in '
base strength, triethylamine is weaker. rather than stronger, than :
diethylamine. This is readily explained by considering the tetrahedral -

s
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configuration that the protonated ammonia (RHI) or amine [(CK Cﬂé) w* ]
assumes. The presence of three bulky CH CH ~groups causes some croud-
ing of these groups when they are forced into the tetrahedral configura-
tion. This mutual interaction involves repulsive forces that appose
the attachment of the proton. Thus, the tendency to accept the proton
is reduced, and the base strength is less than it would be expected to
be, ‘
" Another structural effect need be considered. Trimethylamine,
(CH3)3N, is a somewhat weaker base (see Table 3.1) than triethylamine,
(C2H5)3N, with respect to protonation (that is, base strength values are
equilibrium constants for protonation by water). However, it is note-
worthy that the Lewis-type acid trimethylboron, B(CH3)3, forms a more
stable complex with trimethylamine than triethylamine. This result can
be accounted for by examining molecular models of these addition-type

N T °"3°’*2\, 7

(t) CH-— N:B—CH : CHs— N:B— (5)
ca3/ \ma CH, Z2Ni CHy
3 3 ' CH4CH, CHy

compourds. In the triethylamine cemplex (5) the interference between
the ethyl groups and the methyl grbups on the boron atom promotes
dissociation of the complex. In the trimethylamine complex (4) this
interference is somewhat less, and so the complex is more stable.

Thus, the trimethylamine is a stronger base towards trimethylboron than f

is triethylamine. V B
Both of the forego;ng structural effects are often referred

to as steric factors and are concerned with the spatial réquire-ents

of the molecules involved in specific reactions and series of reactions.
To more clearly illustrate the necessity of close consideration of
spatial requirements consider the role played by steric interference pf
the type just discussed on the tertiary amine quinuclidine (6).
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CH x: (6)

Quinuclidine, which structurally approximates triethylamine forns a
compound with trinethylhoron that is more stable than (CH3)3II - B (cu )
The folding back of the carbon chainz attached to nitrogen as a rclult
of their presence in the cage-like ring system reduces interference
with the methyl groups and contributes to stability in the complex.
Thus, depending on the reactions and the reactants involved, different
orders of increasing or decreasing basicity (or acidity) can be obtained
~ In the vapor phase detection of acidic vapors like hydrochlorl
(HC1) and hydrofluoric (HF) acids, the protonation reaction of a base
will dirffer from that of an aqueous system, in that acid and/or base
strengths may vary. In agqueous systems, the only acid that need be
considered is the protonated water molecule (H 0 ), and its strength
is constant. Considerations of the acid strengths of the two acids
to be detected and differentiated from each othar should indicate the
base strengths of the amines to be used. Under the conditions employ-
ed for the detection of HC1l and HF, the former is the'atronger acid.
This is due primarily to the manner in which dissociation occurs and

can be depicted as follows. In the vapor state, the associated HX
molecule approaches the electron pair on the nitrogen atom of the amine

to form a transition type complex (T):

I | (-) | (+)
H:X + -~ N -»[x:n <---:u-] -Xs  HIN- (7)

. u

As dissociation occurs, the hydrogen atom is captured by
the nucleophilic nitrogen atom to form an ammon%gp type complex. Thus,
since the dissociation energy of HC1l is lower (102 K cal/mole) than




that of HF (135 K cal/mole), then HCl manifests itself as the stronger
acld. Gaseocus HF exists to a large degree in the associated ctate;
i.e., molecules of HF are associated. This can be readily explaired by
the greater tendency for hydrogen bonding which HF sxhibits as com-
pared to HCl.

Thus, as stated earlier, not cnly must the reactions invclved
be carefully examined but also the reactar’s before any order of reac-
tivity or selectivity can be established. If an acid-base scale ic
to be determined, careful considerations mgSt be given to: (a) the
molecular structure of the various species involved so ag to preclude
discrepancies arising from spatial requirements (steric factor) and
(b) the anticipated reactions so that similar and identical reactions
are compared (as opposed to, e.g., protonation in aqueous and non-
aqueous systems).

Sir‘ e protonation in the vapor phase was the reaction under
consideratic , then it appeared that all that was required for identifi-
cation and/or differentiation of HCl and HF was an amine of the appro-
priate basicit; and spatial requirements. As concerned the rteric
factor, it cnuld be eliminated since in i »th instances the same moiety
was involved, namely, the proton. Therefo.e, any effect due to this
factor would te similarly evident in both cases., To determine the
appropriate basicity for both detection and identification a screening
technijue was employed using commercially available materials in ad-
dition to those prepared in these laboratorieas., It was anticipated
that there would be found nitrogen-containing amines whi:h were of
such structures and composed of such groups that would allow for the
simple and direct detection and identification of both HC1l and HF.

In addition to, and possibly in conjunction with, this acid-
base type of detection, the literature was screened for toth qualita-
tive and quantitative analytical reagents that might serve as detertors.
The one major problem was the prerequisite of oil solubility. Kone
of the inorganic anaiytical reagents could be readily dissolved in the
liquid erystal matrix. An exsmination of the literature on orgeniz
analytical reagents did not produce many oil soluble reagents; actually,
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caly one reagent appeared to be useful, triphenyl tin chloride’,

Another possible means of differentiating between HC1l and H
that was considered was the difference in the rates of addition of th
bydrogen balides to unsaturated compounds, e.g., olefins ():-c() %
B8ince these reactions would occur 4 _

3
!
|
)

I 19 - -
<CaC- + H:X - [—c-c-] 4:X" - -C-C- (8)
l(4)d I
H HX

with the acids in their vapor state then a difference in reactivity
would be noted vhich would be due to the ionization difference of the
two hydrogen halides. To be sure, the nuclecphilic character of the |
olefin will play a part in this ionization, but it will be a constant'
for dboth acids.

A possible means of detection of HF and not HC1 (for dirrere
tiation) that was considered was to use HF as a Lewis Type acid ca.taly
e.g., baron trifluoride, ferric chloride, zinc chloride, lodine, etc.
This idea was not acted upon since the HF vapors would always dbe in (
the presence of water vapor which would tend to inactivate the HF as

§
}
!
i

3.2 SCREENING TESTS

To £ind a sensitive detector which would also serve as a .
dilt:r:lnimtor between HC1 and HP vapors, the following method wes ;
used as a qualitative type screening test. The compound under examina
tion was incorporated in b wt.% concentration within & liquid crystal ;
rix compound of 60 wt.% cholesteryl nonanoate and 40 wt.% cholesteryl \
carbonate. This mixture was dissolved in a solvent of either petroleJ
ether or petroleum ether/chloroform mixture (using only enough chlorofi
to effect complete solubility and/or miscibility). A dilution volume |
ratio of from 7:1 to 10:1 (solvent to liquid crystal-detector system)
was used which allowed for film thickness of from 25 to 20u, respec- -
tively. The liquid crystal films were cast on 0.25 mil thick Mylar

12




£41m which was stretched on L.25" brass hoops. The back side of the
Mylar was blackened using a dull black paint applied from a spray can
(Krylon paint). Application of the liquid erystal-solvent system to
the Mylar film was by means of a medicine dropper. Only enough material
was applied to the Mylar film to permit even flow to a diameter of
3-4 inches. The solvent(s) was allowed to evaporate, and tbe liquid
crystal film with the incorporated detector was now feady for use,

' The method used for sampling HC1l and HF was as follows: A
10 cc hypodermic syringe was filled with vapors exipting with a bottle
of either 36 wt.% of HC1l solution or 4B wt.4 of HF solution. It was
then assumed that the syringe now contained only HC1l (or HF) vapors.
(Actually, of course, the syringe also contained an appreciable amount
of water vapor and air.) This volume was then diluted with air, by
repeated emptying to 1 cc and £illing with alr to 10 ¢c¢, until con-
centrations of approximately a) 100 ppm, b) 10 ppm, and c¢) 1 ppa
were obtained. Gas mixtures of these concentrations were then delivered
to the liquid crystal film (prepared as described above) by emptying
the syringe approximately 1 in. above the center of the film. 1In this
manner the materials listed in Table 3.2 and Table 3.3 were tested.

An examination of these two tables provides the screening
results concerning reactivity of the listed additives to HC1l and HF
vapors and to what degree, and whether any ap;cificity existed, Of all
the materials tested three appeared to be best for the detection of HCl
and HF: oleyl amine, oleyl isonicotinate, and oleyl nicotinate.

Our tests with triphenyl tin chloride as a detector gave
no indication of reaction. Since the compound is a known quantitative
and qualitative detector of fluoride ions, this was surprising. Other
test methods should be tried. ‘

3.3 SENSITIVITY TESTS

Exposure of certain liquid crystal matrices to HC1l levels of
1 - 10 parts per million (ppm) was known to produce a response. In
order to measure the sensitivity accurately, a means of gxponing the

13
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Table 3.2 — Materials Prepared for the Detection of HC1l and HF.

Nome' Structure Bhysical Proerty  Resutts * §
!
Chelestery! isonicotinate cz,u“o-z -</ ‘:n mp 167.4#-167. °C (A }
Otey! isonicotinate c“u”o-s ~ n W 178°/.04 mm AKN ]
Oleyl nicotinste c“n,,c-z -@ bp 191%/.07 mm’ BKN g
1
Chelesteryl isonipecotonte cz,..‘so.g L 1SN % z
(ot completely purified) ;
Oley! Isonigecotoste ' c“ﬁ”o-s -@~n np'n:o-/o. 1 mm FO
. o . .
Cholestery! p-amincbenzoste cz,nc-c—é '@mz mpBEBPC 16
Chetestoryl -pyridylacetate t:z,u‘,o—g—cu2 < W 6 ,
{not compietely purified) == . 3
Crolesteryl p-aminophenyl cartonate  CH,0-C=C —(/_w, mp 22°C ¢
0 g
Cholestery! p-phenylazopheny! carbonate mp 166> 167. °C G . |

Cholestery! 3-(4-pyridyl) propylcarbonate cz,nﬁo—é—trcn

o

e w7 N
: 7\ |
LM <_.:" | ¢

e o e e e b A b e

{not completely purified)
Cholesteryl 3-(4-pyridyl! propyl ether Cpptas=0~CH,CHCHy -@ ¢
{ hot completely purified) —
N-cholestery! aniline “ ¢ ‘ cbuo—v ' _@ mp 109 190°C 6
N-cholesteryt-N-phenythydrazine cnn”-rlc mp 198%199°C 6
] 4 NHy ) *?
Oleyl amine G, bp 126°/.08 mm N
% A Strong response to both HC! and HF- H. Fuming j
does not fade on heating 1. Response fades on heating H
8. Strong response to HCI - weak response to Hf K. Response ispermanent at room temperature }
C. Strong respcnse 1o HCI - no response o HF L. Very limited solubility in liquid crystal matrix }
E. Weak response to both MCI and HF M. Additive too volatile |
F. Weak response to HCI - no response lo HF N. Limited differentiation by appearance ]
G. No response to either HCl or HF C. Temporary change - slowly disappears at room i
temperature ]
!
3
!
1
]
|
| |
|
51"} '

f




Table 3.3 — Additives Tested for the Detection of HCl and HF.

Name

Aniline

p-Nitroaniline

3,5-Dinitroaniline

p-Phenylene diamine

N, N'-Dimethyi-p-phenylene diamine

N, N-Dimethyl-p-phenylene diamine

N, N-Diethyl-p-phenylene diamine

m-Aminophenot

m-Aminobenzoic acid

Pyrrclidine

N-Aminoethyl piperazine

Carbazole

Isonicotinic acid

#®  Sec Tadle 3.2 for definitions

Structure

‘CH3’2N_©' NHz
ey A<y
2y, 2

N\
H-N_1S) N'CZHSNHZ
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: r © Tgble 3.3 - Continued
i X Name : Structure Results®
i v .
. f Tsonicatinic acid hydrazide n@- CONHNH, L
fo =

| | -
N i; .
P K Arcryanisole - t
$ 5 r _ cu,o—@-u z—@ocu,
¥ & | |
t ¢! - ' .
i i U-+) Tyresine _ m—@-cuzcucozn L
é : oy '“" ’
R , o : R
L i p-Diamino diphenyl sutfide 98 nzn-@s "@"Nﬂz M

| |

] oo o w0
i p~Amincacetanilide . cuzcm»—@-nuz 6

| i 3, & Diaminabenzanilide @cmn—@-nﬂz G
3 | o
o i
% ; a-Methyibenzyldimethylamine : @cn-mcn,tz 3]
‘1 ' Phenylethanol amine ‘ @NM'CHZCHZOH BHI
. ) ; i - *
z -

i i Pheny! ethyl ethanotamine @u-cwzcnzcn £l
i ’ . . .
{ 3 Tribenzytamine (@_ CHZ) -N AN

B | ;

1 i 1, 5-Diaminonaphthalene 8
o

- ? : Nﬂz

L -n-butvl -3- aminopropylamine - ~NCH.CH.CH.NH "AH
14 0i-n-buty 4 (CyHg),NCH,CHTH AN,
Hexadecylamine CH, CH, —NH A

B 372 e

Cob - /7 \

: H Pyridine <:," M
1"{ . .

EX Pigeridine (15N AMI
? | ® See Table 3. 2 for definitions
’ | @ Dimethyl acstamide solvent needed to dissoive these materials into mixture
= ; 16
[ . i . -
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entire surface uniformly to a known concentration of gae for a pre-
scribed interval was necessary. This method* used the partial pressure
dn.ta2 for aqueous solutions of HCl. It was found that pressures of
.00024 to .0067 mm HC1l could be obtained from 4% to 10% aquecus solu-
tions at 20° - 25°C; see Figures 3.1, 3.2 and 3.3. Since the partial
pressure of a gas divided by the total atmospheric pressure yields

directly the mole fraction present, the calculation of the smount of

HC1l in the vapor in ppm was pouible3 .

Variations in temperature affected ttris partia.l pressure;
therefore, the mole frsction present could de controlled easily by
varying either the tamperature or concentration of the solution, al-
though during specific exposure periods both had to be held constant.
In practice, the concentration was determined accurately and the tem-
perature was measured during the exposure of the film. From these data
and interpolation curves, concentration could then be readily determined.

The equipment used for the detection of HCl consisted of a
desiccator, thermometer, volumetric flasks, burets, standard base
solution (0.500N NaOH), and miscellaneous glasswvare necessary for the
liquid crystzl hendling and exposure. The apparatus was set up as

illustrated in Pigure 3.4. ‘
Liquid crystal materials were prepared which consisted of

60 parts (by weight) of cholesteryl nonancate and 40 parts (by weight)
of cholesteryl oleyl carbonate to which 4% by weight (based on the 60/u40
mix) of various detectors were added to make the detector solutioms.

To keep the cholesteryl nonancate-cholesteryl oleyl carbonate ratio
constant, a 10 gram batch of the mixture was diluted with petroleum
ethei' to 100 ml, then 10 ml aliquots were transferred to each of seven
30 ml sample bottles. Each bottle then contained one gram of the

*RADC mggested this method of obtaining atmospheres having very low
contamination levels of known concentration.

17
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10x107¢ , _— r

Pressure in Torr

Linear Interpolation of -
Internaticnal Critical Tables
Data Voi. 3pg. 301 n

Temperature °C

Pigure 3.2 - Vgpor pressure of 5.28% aqueous solution
of HC1 (1.760 N).
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Pigure 3.3 — Vapor pressure of 10.3% aqueous solution of
- - HC1 (3.433 N).
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Pigure 3.4 — Apparatus for exposure of a liquid crystal film to HC1
and HF vapors. -

2l




e oS o e e e e

4
T . ':‘!.’i‘?‘

e o T e

e Mt ks Pt o s

T TR

60/%0 welght mixture of chol:steryl nonanoate-cholesteryl oleyl
carbonate. Forty milligrams of the appropriate detector were added,
and each solution was then stirred to give 3.85% by solids weight of
dotector. These solutions are nominally referred to as 4% solutions.
Por the measurement of HCl detection, solutions of 1.614 N

(5.9% by weight), 1.760 N (6.4% by weight), and 3.433 N (12.5% by weighty",v

HCl were made, and titruted to a phenolphthalein end point as a check.
Before exposure the appropriate solution wus placed in the desiceatcer,
and after allowing time for the atmosphere to reach equilibrium, the

top of the desiccator was removed carefully to insert the liquid crystal

film. The film was suspended for a predetermined time, usually 15
or 30 minutea, and then removed. The temperature vs wavelength

~ characteristics of this film were measured before and after exposure

(on the apparatus described in Figure 3.4), and the change or shift
in temperature recorded. Oleyl amine, oleyl isonicotinate, and oleyl
nicotinate detectors were used (incorporating them in the 60/L0
cholesteryl nonanoate/cholesteryl oleyl carbonate matrix) and tested
as described. The temperature response (in degrees Centigrade) versus
wavelength of reflected light (in Angstroms) was plotted for each of

‘the films before and after 15 min ard/or 30 min exposures to 1 and/or

10 ppm of contaminant. The magnitude of shift in color temperature
with concentration of contaminant is a measure of the sensitivity.
For the HF solutions, vapor pressure dats similar to that
avallable for HCl solutions were scarce. Since the solutions of HC1l
which gave 1 to 10 ppm of HCl in the vapor above the solution could be
determined easilya, it was decided to use this same technique for the
approximation of partial pressures of HF gas above aqueous solutions
of HF. From a qualitative and semiquantitative work (the hypodermic
syringe technique of dilution) it was noted that comparable dilution
of aqueous HC1l and HF vapors gave very similar results with oleyl
amine as the detector in a'liquid crystal matrix of cholesteryl oleyl
carbonate and cholesteryl nonancate. Therefore, since the HF molecule
is considerably lighter in weight than the HCl molecule (20.01 vs
36.47), the HF solutions that were made up vary from 1% to 10% by

22
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weight as compared tc the HCl solutions which varied “rom (6% to 12.5%).
In this mannar, aqueous solutions of HF were prepared which provided
approxim&tely 1 to 10 ppm of HF in the vapor atove the solution based
on the aquecus HCl solution-vapor pressure data obtainablz from tablesz.
it will be noted that some of the detecting materisls which
react with HCl and HF vapors may also react with the oxides of nitrogen.
Fortunately the effects are opposite; that is, the effect of oxides
of nitrogen is to depress the temperature range of “he liquid erystal
film while the effect of the halogen acids is to raise it.

When performing sensitivity measureménts, care was taken not
to use chloroform as part of the liouid crystal-detector solvent system.
It is known that chloroform is light sensitive and one of the products
cf degradation is HC1l which would .nterfere with the test.

In performing the actual sensitivity measurements, tempera-
ture vs wavelength tests were first made using the oleyl amine "doped"
liquid crystal system to determine the film to film variation. Results
showed that each irdividual film had tc be treated individually. All
the data were normalized to account for changes during preparation,
or variations of trace amounts of contamirauts in the atmosphere at
the different times that the films were cast. Once made, however, the
films fluctuate very little while ﬁaintaining their sensitivity to
trace contaminants. ‘

Of all the materials tested, the oleyl amine nroved to be
the most sensitive detector. A L% solution of oleyl amine in the 60/%0
cholesteryl nonanoate-cholesteryl oleyl carbonate produced a twelve
degree rise in the operating temperature of the liquid crystal matrix
after having been exposed for 15 minutes to 8 ppm. Another film was

rexposed to 1 ppm for 15 minutes and it showed chanses of approximately

a degree in the same direction (refer to Table 3.4 and Figure 3.5).

These results correspond to a censitivity of roughly 1 to l.5°c/ppm.
A sample left 18 hours in an unsealed plastic container exhibited a
color transition temperature shift of only 0.3 degree. |

i
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Table 3.4 ~ Temperature Shift (°C) of U% Oleyl Amine in 60/4O Choleste
Nonanoate /Cholesteryl Oleyl Carbonate Exposed to HC1

Un- - Un-

Wave- exposed exposed

length temp. (aged
Color (A) (°c) 18 hr)
11)'4 3888 30.81 +.29
Blue Ll71 28.83 +.46
Green 5015 28.20 .-
Yellow 5875 27.68 +.51
Red 6560 27.29 +.59

Color

Blue
Green
Yellow
Red

15 min,
0.9 ppm
+ ,76
+ .83

+1.00
+1.10

16 hr,
1 ppm
+4.2

+4.5
+4.7

* Pable 3.5 — Temperature Shift (°C) of 4% Oleyl Amine in 60/40 Cholestei

15 min,

8 2223

!

+12.1

-

+12.0
+12.1

Nonanoate/Cholesteryl Oleyl Carbonate Exposed 15 Min to HF,

Water

Wave-
length
{a)

3688
Lu71
5015
5875
6560

24

Un-

exposed

temp. 1 wt.% HF
(°c? (1 ppm)

30.81 +2.14

28.83 +1.58

28.20 -

27.68 +1.70

27.29 +1.73

10 wt.% HF

(8 prm)

+13.4 i
+13.5 ]
+13.5
+13.4
+13.4
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Referring to Table 3.5 and Figure 3.6, the detection of HF
with 4% oleyl anine, exceptional sensitivity was noted. After 15

minute exposure to 10% HF the color tehperature of the film was raised

approximately 13.5°C, while the color temperature rise noted for 1%
"HP was about 1.5-2°C,
In the screening tests, oleyi nicotinate appeared tc be a
very sensitlive detector, i.e., exposure to either HCl or HF seemed to
produce a large shift in the operating temperature.
controlled ponditions, however, the effect on films containing oleyl

is very little change noted between 15 minute exposures to 1 ppm or
8 ppm or BC1 vapor. In the case of HF (Table 3.7) an anomaly can be
seen. The oleyl nicotinate reacted with HF in a manner such that a
greater shift in transition temperature is noted with an expcsure of
15 minutes to 1% HF than a 15 minute exposure to 104 HF. In both
instances, however, the shift is rathe: small so it may mean that in
both cases the detector had become saturated.

Table 3.8 shows the results er testing HC1 with oleyl
ilonicotinate as the detector. When eifilm is exposed to 1 ppm HCl

vapor for 15 minutes, a lowering of the operating temperature results;

however, if a similar film is exposed te 8 ppm for 15 minutes the color

teuperatureiis raised. When the same ﬁateriel was exposed to HF,
unusual relﬁlte were obtained as ahowniin Table . 3.9. The tempera-
ture shift in the U.V. was negative fof 1 ppm concentrations but
positive for 8 ppm. The temperature sﬁift in the yellow and red was
positive after 15 minutes exposure, but negative after 30 minutes.
With 8 ppm and 17 minutes exposure the tempereture shift was positive
for all wave lengths. ':
I

3.5 CONCLUSIONS }

This study has conclusively shown that a selective test for
the detection of HCl and HF at 1 ppm is possible. Quantitative

| |

When tested under

Referring to Table 3.6, there
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Table 3.6 — Detectibn of HC1l with 44 Normalized Oleyl Nicotinate in
60/40 Cholesteryl Nonanoate/Cholesteryl Oleyl Carbonate

Change in temp. (°C)

Color Temperature After 15 min, After 15 uin,
Reflected AA) Unexposed (°C) 0.9 ppm 8 ppm

uv 3848 28.39 +.24 +.02

Blue k7 26.10 +.17 -

Green 5015 25.25 +.18 -

Yellow 5875 2k .46 +.20 +.44

Red 6560 2k .02 +.15 .49

Table 3.7 — Detection of HF with 44 Normalized Oleyl Nicotinate in
60/L0 Cholesteryl KRoianoate/Cholesteryl Oleyl Carbonat.

Change in temp. (°C)

Color Temperature After 15 min, After 15 min,
Reflected AA) Unexposed (°C) 1 wt. % 10wt. %

uv 3688 28.39 +.24 4,20

Blue Lh71 26.10 +.17 -

Green 5015 25.2% -

Yellow 5875 2k ke +.34 +.2k

Red 6560 24,02 +.34 +.20 }
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g:il'i:cted A(A) Mkmma:du?’ 1? o) 1& bmy wf lg$ oy
uv 3888 29.98% -.05%  -.28%  +.218%
Blue L2 A R 27.81 - -.12 +.17
Green 5015 27.00 - | - 17 -
Yellow 5875 26.29 +.07 -5  +.2h
Red 6560 25.90 +.07 -.17 +.28

Table 3.8 - Detection of HCL with 4% Oleyl Isonicotinate in 60/40
Cholesteryl Nonanoate/Cholesteryl Oleyl Carbonate

Change in Temm.

Color Temperature, {15 min exposure)
Reflected  A(A) Unexposed 0.9 ppm 8 pm
uv . 3888 29.98% -.13%. +.15%
‘Blue Wy71 27.81 -e17 +.19
Green 5015 27.00 -.12

Yellow 5875 26.29 -.12 +.03
Red 6560 25.90 -15 +.00

.

Table 3.9 — Detection of HF with 4% Oleyl Isonicotinate in 60/LO
Cholesteryl Nonanoate/Cholesteryl Oleyl Carbonate

Change in Temperature
15 min 30 min 17T min

e s e . N e i o — . .
- e b= 8 o e e " et £ P R i S e A e s

#After normalization
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results have been shown for gas concentrations between 1 and 10 ppm.
Succeas in separate identification of HC1 or HF was not obtained.
From our studies it appears doubtful that a simple liquid crystal test '

f
!
)
!
_ can be made for the separation of HC1l and HF based on acid-base ltrengtl}
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b, DETECTION OF TRACE NITROGEN OXIDES

4,1 INTRODUCTION AND THEORY / o

A literature survey i;s made to find possible chemical inter-
actions between organic ccmpounds'and the five oxides of nitrogen, i.e.,
nitrous oxide (uao), nitric oxide (NO), hitrogeg trioxide (lé03), nitro-
gen pentoxide (Naos), and nitrogen 2ioxide or tetroxide (E(sz) or NZO&].
The purpose was to find reactions which would occur rapidly between
the oxides and chemical compounds. This type of reaction vduld dis-
turb the geometric arrangement of the liquid crystal containing various
concentrations of this compound and, therefore, cause a visible, per-
manent change of color or other perceivable physical change.

No evidence was found that N0, nitrous oxide, reacts with
any compound at room temperature or at relatively low temperatures
(1,2). However, several papers and reviews (3,4,5,6,7,8,9,10) deal
with the effect of-Naoh and of other oxidizing agents on various types
of organic compounds, mainly unsaturated. - ’

Some of the literature (11) indicates that oxides of nitrogen
undergo many reactions in the atmosphere, for example with oxygen or
with moisture. Almost instantanecus equilibrium is claimed for the

reaction

2%, « K0,

but, at concentrations of the order of fractions of part per million,
the equilibrium actually lies far'to the left. In general, the dis-
tribution of the various nitrogen oxides in air is said to be a function
of their respective concentrafionl, with nitrogen oxide in either form
being one of the most important, together with nitric acid. These
statements, of course, must be taken in the light of the fact that the
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distributions and equilibrium mentioned in this paper are part of a
study of nitrogen oxides in a particularly contaminated atmosphere,
and may n;:t alwvays hold. In any case, this investigation was focused
upon nitrogen dioxide, although some data on nitric acid also appear

e — e o

 4in the report.

Riebsomer (3) made an extenszive lufvey of the reactions of
120~ with organic compounds. A very large number of chemical compounds
were nitrated by N Ou, some with interesting results. For example,
some organometallic compounds react vigorously giving the corres-
ponding diazonium nitrates RX = m3

Aromatic hydrocarbons can be nitrated rapidly with N O“ us
A1013 a8 a catalyst. In general, double bonds are saturated, and in
one case maleic acid (cis) was transformed into its gecmetric isomer,
fumaric scid (trans) (10). Riebsomer found that N ,0), 18 not a bétter |
nitra.t:lng agent than HNOB, but that it is useful under certain circum- .
stances in additions to compounds containing double tonds and as an
oxidizing agent.

Porter and Wood (6) examined the reactions of olefins with
) Oh in order to characterize them and to determine the position of )
the double bond. Dec-l-ene and 2-ethylbut-l-ene (ten and fowr chain ca
atoms respectively, terminal double bond) add the tetroxide to give f
1,2-addition, e.g., I

Em,wv__,v-,_/

e el i —— S £ i e e e s

N0 ]

' 2°h : ;

Et,-C = CH, —> zta-clz -CH N0, + 15:1;2-(':-&12-1!02

X, - oM

and -
cn (cna).,-cn CH2 > CH,- (cn2)7 c|3.._.c1-12no + CH_- (fma),,-cu-cu,‘,-mE
mz ono ‘

i

The nitrite groups (-ONO) so obtained can be partially hydrolyzed, and
the nitro groups (-noa) can be reduced to the corresponding amine by '

et
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common procedures, This type of reaction may be useful for the detec-
tion of nitrogen tetroxide. However, it is claimed that the greater
the molecular weight of the unsaturated olefin with terminal double
bond, the less rapid the reaction with N Oh

S.V. Vasil'ev (7) studied the effect of N 50y, on undecylenic
acid in ether solutions. He found that under the action of either
gaseous or liquid nitrogen tetroxide, undecylenic acid firat gives a
nitrosite, vhich then changes into crystalline nitroxyundecylenic acid:

N0y H,0
CH, = CH (cxz)8 COOH —2—*> cn2 cu(cn )BCOOH —_ cnacn (cH )acooa
<,>, 0, chw,
NO . L

The crystallire nitroxyundecylenic ucid (m.p. 121-122°C) precipitates
cut, thus providing a drastic change in the chemical system involved.
In another paper S.V. Vasil'ev (8) investigates the effect
of ¥,0, on erucic acid CH (cn ) CH=CH(CH, ), ;COOH. Here the final
product was the crystalline nitroxybehenic acid (behenis acid being

the 022 saturated fatty acid):

cx3(cna)7?n-?n -(cné)llpoon, m.p. 121-123°C.

OH N02

. |

Under the conditions employed by the author, no doubletbond shift was

cbserved, but only naou addition followed by partial hydroxylation.
While oxides of nitrogen have been used for a long time to

isomerize fatty acids, little is known about the efficiency of each

oxide. N.A. Kahn (i) investisated the effect of K,0, NO and N0 on

methyl oleate and methyl linolenate, and followed the change of the

double bond (1solated trans double bond = 10.32u) and the appearance

of nitrogen derivatives (6.11 and 6.44u) by means of IR and UV analysis.

He found that nzoh was the only oxide which brought about both nitra-

tion and isomerization, generally accompanied by an exotherm, which
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was high enough to polymerize methyl linolenate. Neither of the other
oxides cuu:ed isomerizaticn. The author proposes a mechanisa for the
converlion of cis- to trans- wodifications of the unsaturated higher

- fatty acid esters by N Ou

Both the isomeric change and polynerization caused by the
exothermic reaction between N Ok and the linolenate ester may be of
use in the detection of N,0,. A paper by K. Fuse and B. Tamamushi (9)
describes the conversion of oleic acid to elaidic acid by the action d
oxides of nitrogen. They clain’alnost complete conversion on allowing
oleic acid to absorb K0, for 3 und b minutes at 20°C. However, the
authors made no attempt either to differentiate between the various
oxides of nitrogen (which they obtained by the action of conc..HNO3_on.
copper) or to analyze the reaction products. They assumed that the
amount of oxides needed to catalyze the conversion of oleic acid into |
elaiGic acid is approximately 1/10 of that needed for the addition
reaction.

C The question of whether one is dealing with N0, or N,0,, ‘
depending on the gas pressure and on its concentration in alr, was not
resolved, Attempts to have the commercial nitrogen dioxide used in
this work analyzed by maat-spectiometric methods gave inconclusive
results. Thus one is obliged to desl with the nitrogen oxiie in
question as "nitrogen dioxide", keeping in mind that probably the used
nitrogen ‘dioxide is mostly NO

4.2 SCREENING TESTS
Confronted with a multitude of compounds containing unsatura-
tion which might react with the oxides of nitrogen, several were ’

- chosen for screening tests, mainly on the basis of literature rererenci

and of previous experience in other chemical fields. They were either
added to a common matrix or were reacted into a matrix to obtain a

presumably more homogeneous reactive compound. See legend for Flgures
b,1 and b.2.
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4.,2.1 Methods and Apparatus
The liquid crystal materials were each dissolved in a solvent

consisting of 3 parts petroleum ether and 1 part chloroform. A solids
content of 10 or 154 was found to give the desired thicknesa (20 to 25u).
Screening tests were conducted using brass hoops (4.25 inch in diameter)
covered with thin blackened mylar sheeting, on which the detecting liquid
crystal solution to be examined was spread thinly and from which the
solvent was allowed to evaporate slowly at room temperature. The test

‘set-up consisted of a thermoelectric element block with attendant

electronic auxiliaries; this element, whose testing metal surface was
about 1.5 ¥ 1.5 inches, was placed over a large copper block which
acted as a heat sink, and the whole was immersed in water. The hoop
to be tested was placed on the thermoelectric metal block (into which
a thermometer had been inserted). A glass pane was placed on the hcop
over the spread-out liquid crystal to avoid temperesture-vitiating air
currents and to contain the contaminant gas. The temperature of the
thermoelectzic block in contact with the mylar sustaining the liquid
crystal waz increased or decreased as desired, usually at a rate of
1.5°C per minute, while color changes or shifts were noted as they
occurred as a function of the temperature., Exposure of the sampie te
the gas was attainad either by directing the gas flow right onto the

" 1iquid crystal for undiluted exposure, or by rehoving a sample of the

ko s A TN Bk - et

gas from the tank with a calibrated syringe, and then by diluting this
quantity repeatedly with a known amount of air to obtain approximately
‘the dilution desired. Subsequently a known amount of this diluted gas
was injected under the glass plate lying on the liquid cryatal hoop
and was allowed to react with the crystal for a predetermined length
of time. . .

! In general, temperature-coclor shift readings were taken
before and after exposure. Note was taken not only of the teLpera-
tures at which color appesred and disappeared, but also of
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the behavior of the crystal. A way to plot or record the results .

. !
obtained is shown by Figures 4.1 and 4.2 where the bargraphs or ver
lines indicate the temperature range covered by the whole color shi

. for any particular matrix or combination of gas detectors 1nvestig€

The length of each bar is an indication of sharpness of the detectf
reaction, that is, the longer the bar the longer the tlme'during'wﬂ
a complete color shift takes place. All the experiments were run f
least in duplicate and each of them was carried cut observing the ;
color shift both with rising and lowering temperatures which reprod
themselves vith 0.5 degree Centigrade, Since this was intended tol
a rough, screening type of testing, this accuracy was thought suffb

4.,2.2 Materials

‘On the basis of previous considerations, liquid crystal
detectors for nitrogen dioxide were chosen among compounds containi
different degrees of unsaturation. The technicue consisted of teats

i
\
)
)
!
|

'l

"elther a liquid crystal matrix whose inherent structure contained

unsaturation or one to which unsaturated compounds were added. ;
The detectors examined and seported in Figure 4.1 are giv!
below. All ratios and percentagea are by weight. : {

A. 60:L40 ratio of cholesteryl nonanoate and cholesteryl oleylf
carbonate (one double band in the oleyl portion)

B. 40:40:20 ratio of nonylphenyl carbonate, cholesteryl nonanc
and cholesteryl benzoate (this matrix contained no unsaturi
tion outside of that in the cholesteryl and phenyl portions
and was used mainly as a basic matrix) ?

C. Cholesteryl cinnamate (one double bond in the cinnamate)

D. Cholesteryl 10 undecenocate (cne double bond in the undeceno

E. Matrix A plus 1% oleic acid (one double bond in the oleic
fractior) !

F. Matrix B plus 2% triolein (three double bonds, a glyceride)

G. Matrix B plus 2% cinnamyl alcohol (one double bond in the
alcohol fraction)
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Matrix B plus 2% methyl oleate (one doudble bond in oleate

H.
fraction) :

I. Matrix B plus 2% methyl linoleate (2 double bonds in lino-
leate fraction) ' ,

J. Matrix B plus 2¢ methyl linolenate (3 double bonds in lino-

lenate fraction) ,
K. Matrix B plus 2% trans-cinnamaldehyde (one double bond in

cinnamaldehyde fraction)
It must be noted that this method of indicating matrices (by themselves
or with added detecting agents) with capital letters was used through-
out this phase of the work. Each letter, except the two (A and B)
incdicating basic matrices, merely tells the nature of the detecting
agent added onto a basic matrix; each important variation in concen-

tration is spelled out in the text. 4
Test hoops coated with & thin layer of the above detectors

were treated under the conditions shown in the legend of Pigure 4.1,
as indicated by the number under each color shift line. A detecting
matrix was considered to be reactive if the temperature range of the
color shift line before and after exposure to gas contamination was

unequivalent,

k.2.3 Results Q , .
Of the eleven detecting matrices reported in Pigure k.1,

the following gave indication of usefulness in detecting nitrogen
dioxide: A (60:40 cholesteryl nonanoate plus cholesteryl oleyl-
carbonate); E (matrix A + 1% oleic acid); G (matrix B plus 2% cinnamyl
alcohol); I (matrix B + 2% methyllinoleate); and X (matrix B + 2% trens-

cinnamaldehyde).
It is interesting to note that matrix H, with 2% methyloleate

(one double bond in the oleate fraction) and matrix J, with 26 methyl
linolenate (three double bonds in the linolenate fraction) did not

show much sign of reactivity while matrix I with 2% methyl linoleate
(two double bonds in the linoleate fraction) did show unmistakably a
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reaction on exposure to nitrogen dioxide. A possible explanation migg
be that ope double bond does not react to a sufficient degree of liqui

t
crystal perturbation, while three double bonds (as found in very reect

 drying olls) may be responsible for a much too drastic dimerization oi

polymerization reaction which might immobilize the liquid crystal !
~ structure. On the other hand, in the case of reactive matrix A, the '
unsaturated oleic portion is an integral part of the molecule and it i
appears in sufficient concentration to yield a sensitive reaction. ;
It is also obvious from Figure 4.1 that contaminant concen-§
tration is directly responsible for the degree of response in th reaq
materisls and that, generally, the effect of the reaction betweed nitr
dioxide and any of the relatively successful detecting matrices will ?
last at least one day and usually three days. - i
_The matrices containing cinnamyl alcohol and cinnamaldehyde?
as additives seemed to offer the most promising results as shown by thA
large difference in color shift temperature ranges before and after }
exposure., §
The same technique for testing contaminant effect on detectii
liquid crystals was used to determine whether the above five candidate{
were selective in the detection of nitrogen dioxide. Thus, test hoops
were spread with matrices A, E, K, G and I as described pfeviously,
andr re subjected to the effect of contaminant HC1, HF and UDMH | _
(un‘ trical dimethyl hydrazine) as follows: ‘ i !
H In the case of HCl, the sample was exposed to concentrated
HCl‘ as for 10 minutes as previously described for nitrogen dioxide.
In the cases of HF and UDMH, the test hoops were exposed for 20
minutes to undiluted fumes of HF and UDMH. The temperature bars in
Table 4.1, where the reactivity of five liquid crystal matrices to )
nitrogen dioxide, hydrochloric acid, unsymmetrical dimethylhydrazine
and hydrofluoric acid are indicated in a semiquantitative manner. E
The contaminant concentrations in all cases reported in Figure 4.2 '

and Table 4.1 are considered to be of the same order of magnitude.
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Table 4.1 — Reactivity of Five Liquid Crystal Matrices
to Four Gases.

Reactivity to:

Matrix NO, HC1 - UDMH HP
A Strong None None Slight
E | Moderate = None - None | None
K Strong 'None Kone - None
G | Strong Moderate None 8light
) Moderate S8light None None

Thus, all the selected nitrogen dioxide indicators, except perhaps
the one containing cinnamyl alcohol, are shown to be reasonably
selective toward nitrogen dioxide gas. ’

4.3 SENSITIVITY TESTS '

The work and the preliminary results reported above provided
us with a workable body of information and with a restricted group of
selected materials on which to obtain more quantitative results. In
particular, it was important to know the ocptimum concentration of
detecting agent in each matrix, the shortest time of exposure of thae
matrix to the contaminant gas resulting in a detectable reaction, and
the lower limit of contaminant concentration in air to which the
detector would react visibly. To achieve these aims, a volumetric
system was assembled that would mix air accurately with a sample of
test gas at concentrations as low as six parts per million. This set
up is descridbed in Appendix III.
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The detecting nateriall tested in this phase of the inveati-é
gation were the five detectors selected as the result of the screening

j
work reported above, except that matrix A (60:40 cholesteryl nonancate

!
plus cholesteryl oleyl carbonate) replaced matrix B (40:40:20 cholester

nonyl phenyl carbonate plus cholesteryl nonanoate plus cholesteryl
benzoate) in the cases where a detecting agent was added to the choleat'
base. This was done to increase the temperature sensitivity.

" Other materials tested were matrices consisting of, again,
matrix A by itself, to which were added separately triolein, methyl
linolenate, methyl oleate, methyl linolenate and methyl ilinoleate
combined, and castor oil. In addition, cholesteryl phenylhydrazine
was tested alone.

The matrices containing cinnamyl alcohol and cinnamaldehyde
had previocusly besn shown to be very reaciive to nitrogen dioxide
attack when the latter was allowed to occur & few minutes after the
preparation of the liquid crystal test samples. However, because of
their relatively high vapor pressure the useful 1life of these detectors
was relatively short. .

Consequently, even though Figure 4.1 shows that the effect
of nitrogen diaxide on a freshly prepared matrix containing cinnamyl
alcohol lasts at least three days, the high vapor pressure of the
compound and its companion, cinnamaldehyde, would seem to preclude
their use as «~ffective detectors.

Other materials which were tested ai various contaminant
concentrations and found inoperative were the combinations of matrix A
with triolein and with castor oil. Cholesteryl phenylhydrazine also 3
proved to be unreactive, at least under the conditions employed here.

Thus, in this continuing process of screening and checking
likely candidates for the detection of nitrogen dioxide, attention
was focused on the following four materials:

(a) Matrix A : *

Freshly prepared Matrix A was cast over test hoops and tested
in the "Temperature vs Wavelength Apparatus” before and after exposure
to 1000 ppm of nitrogen dioxide. Figure 4.3 shows the rather drastic
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drop in color shift tempernture caused by this contamination. It should
be noted here that in comparing temperature (T) vs wavelength (A)
curves, one should bear in mind that the really useful portion of these
curves is the one falling in the visible region, that is, approximately
in the range between 4500 and 6500 A, where most of the curves approach
a linear form. For example, blue color appears at L7l A, the green
color at 5015 A, the yellow color at 5875 A and the red color at 6560 A.
Yor visible comparison, then, one should check the "before" and "after"
curves and determine at what temperature a certain color appears in
both cases. In the case of curve 1 in FPigure 4.3, the yellow color
was visible at 39.4°C; in curve 2 this temperature corresponds to the
ultra violet region.

Although Matrix A does show certain possibilities as a
detector, subsequent work indicated that it is not as efficient at
low contaminant concentrations as other detectors described
later. '
(b) Methyl Linoleate Plus Matrix A

¥atrix A, plus 4% by weight of methyl lincleate, was exposed
for 15 minutes to a contaminant concentration of 6 ppm. Pigure h.b
gives the results. This exposure indicates a small but positive reaction
which appeared to last at least one day. The relatively small tempera-
ture difference between curves 1 and 2 indicates that the sensitivity '
range of this may be too narrow for easy detection.

.(c) Methyl Linolenate Plus Matrix A

Pigure 4.5 shows the effect of the contamination by 6 ppm of
nitrogen dicxice on Matrix A plus LY methyl linolenate as a function of
exposure time., This material is much more sensitive to the attack of
nitrogen dioxide traces than methyl linoleate. In fact even when the
exposure time is reduced from 15 minutes to 10 minutes, the color shift
temperature difference between uncontaminated and contaminated ssagles
is larger than that occurring in the case of methyl linoleate at 15
minutes' exposure. Here then we £ind that the presence of three
double bonds in the addendum definitely improves the reactivity of
the liquid crystal detector.
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Pigure 4.3 - Effect of 15 minutes exposure of Matrix A to
1000 ppm of NO2.
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Figure b.4 — Effect of 15 minutes exposure of Matrix A to
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Pigure 4.5 — Effect of exposure of 6 ppm of nitrogen dioxide
on Matrix A + methyl linolenate for different
‘exposure times. . : -
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(d) Oleic Acid Plus Matrix A |

Figures k.6, 4.7, 4.8, and 4.9 were introduced to show the
type of experiments carried out to determine both the optimum concen-
tration of the added detector (addendum) and the effect of decreasing
contaminant concentration ot each material at constant exposure time.
These figures show that the amount of color shift between unexposed
and exposed samples decreases as the Noz_concentration decreases,
Figure 4.6 also shows that the detector reactivity decreases as the

‘addendum concentration increases, at a contamination level of 1000

pm. At a contamination level of 100 ppm (Figure 4.7) the detector
sensitivity remains approximately the same no matter what the addendum
concentration. At a contamination level of 10 ppm (Figare 4.8), the
reactivity seems to be inversely propertional to the addendum concen-
tration. With a contamination level of 6 ppm (Figure 4.9), the results

‘with 1% oleic acid plus Matrix A are unexpected and perhaps atypical;

however, again the highest addendum concentration results in the lowest
reactivity. It will be noticed also that in all cases the greater

the detecting addendum concentration, the "cooler" is the detecting
materials. An addendum (oleic acid) concentration of 3% by weight was

‘then chosen to investigate the min mrn exposure time necessary to

obtain a visible reaction. Figure L.10 shows the effect of differeat
exposure times of 6 ppm of nitrogen dioxide on a matrix ~onsisting of
3% oleic acid in Matrix A. With tiis material, ahiexposure of 15 .

minutes to 6 ppm of nitrogen dioxide seems to be Ppcer:ary to obtain

a visible reaction.

4.4 CONCLUSIONS
The aim of this phase of the reactive materials investization

was that of finding liquid crystal-type materials which could reliably
detect very small quantities of nitrogen oxides, of the order of i-10
ppm. As explained in Sec. 4.1, all the work was done wita nitrogeﬁ
dioxids, since no success was had in finding reactions with N 0 that
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rigure 4.6 — Effect of 15 minutes exposure of 1000 ppm of
nitrogen dioxide on Matrix A plus different
concentrations of oleic acid.
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Figure 4.7 - Effect of 15 minutes exposure of 100 ppm of

nitrogen oxide on Matrix A plus different
concentrations of oleic acid.
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Figure 4.9 - Effect of 15 minutes exposure of 6 ppm of nitrogen
dioxide on Matrix A plus different concentrations of oleic acid.
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fell into the temperature range and conditionz desired, and since the
other oxides of nitrogen quickly revert to nitrogen dioxide when exposed
'to the atmosphere, Of the several materials investigated, and of

the resulting likely candidates, two emerge as being relatively reliatle
r2d gelective: Matrix A (60:40 cholesteryl nonanocate plus cholesteryl

 oleyl carbonate) + 3% oleic acid and Matrix A + 44 methyl linolenate.

Exposure times of a minimum of 15 minutes for the former and of 10
ainutes for the latter are suggested; sensitivity to 6 ppm of gas

contaninant was demonstrated for both.

Matrix A by itself might

also be a good detector, and this possibility ought to be investigated.
The two final detectors above and especially the one involving methyl
linolenute, which‘ is the more sensitive of the two by & small margin,
provide detecting systems which are easily separated by attainabie
temperatures and which are activated reasonably quickly.

One must, however, bear in mind that the detecting system

cantaining methyl linolenate was not tested for sensitivity to HCl, HF
and UDMH, so that this system mey not be selective. On the other hand,
previovs work with the very similar methyl linoleate did show aelectivity'
for nitrogen dioxide, and therefore the methyl linolenate system might
well be gelective also,

4,5 REFERENCES

1.

2.

3.
b,
5.
6.
7.
8.

9.
10.
11.

M.A. Khan, J. Chem. Phys. 23, 2uh7-8 (1955).

The Matheson Company, Inc., Nitrous Oxide Data Sheet.

Riebsomer, J.L., Chem. Rev, 36, 157 (1945).

Lapworth, A., and Mattram, E.N., J. Chem. Soc. 127, 1628 (1925).
Hilditch, T.P., J. Chem. Soc. 1828 (1926). |
Porter, C.R., and Wood, B., J. Inst. of Petroleum, 37, 383 (1951)
Vasil'ev, S8.V. Zhurm:1l Obshchei Khimii, 26, 712 (1956).

Vasil'ev S.V., Trudy Moskovaskogo Instituta Tonkoi, Khimicheskoi
Tekhnologiilmeni, M.V., Lomonosova, N. 5, p. 50 (1955).

Fuse, K. and Tamamushi, B., J. Chem., Soc. Japan 6U, 338 (1942).
Schmidt, J., Ber. 33, 3241 (1920).

Stanford Research Institute, The Smog Problem in Los Angeles County,
J&l’l. l%h’ po 53‘61.

52

ey s Sl R T MR NI g NSO e e e b W0 R AR 11 2



5. LDETECTION OF TRACE HYDRAZINE AND UDMH

5.1 INTRODUCTION AND THEORY
For the detection and identification of hydrazine and its
methyl derivatives six different reaction syltemi were investigated.
These systems involved the reactionoof hydrazines with
[
a) chloroformates (R-0-C-Cl)

0
I

b) acyl or eryl chlorides (R-C-Cl)

" ¢) the materials of (a) or (b) in conjunction with a
proton acceptor (e.g., pyridine)

d) the materials of (a) or (b) in conjunction with an
alcohol (R-OH) with the hydrazine functioning as a
proton acceptor

e) p-diketones or P-ketoesters to produce pyrazole-type
ring structures depending upon the degree of subeti-
tution of the hydrazine

r) reactive allylic-type halogen compounds alone or 1n oy

conjunction with an alcohol.
In systems a) and b) the over-all reactions are similar and

can be formulated as follovsv(uning hydrazine as the example). These

reactions are nucleopii.lic in nature

-, oo (87)

> 0t :0:

%!:I L nclz c1 (1)
) (%) ,
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I - !
R-C =+ Cl1 + 21‘1}{N1-I2 —_— R-C = Cl (2)
| (8%) H (+)RHNH,,
| R
ya |
o () o (=)
| |
R-C —> C1 _— R-?.———>- c1+ H* (3)
(+ ) NHNH,,
\31/”f§
) .
0 0.
| o o
R-(': —> C1 —_— R-cl: + .C1 (h)
XIHNH2 yﬂﬁﬂz
- H +
“e -+ - s -
NH,NH, + H + Cl1 _ NH,NH,| C1 (5)

.. and may be considered to be initiated by the attack of a pair of electrons

(on the nitrogen atoms) up.n the carbon atom of the activated carbonyl
group. Thus, step (1) is the normal activation of a carbonyl group

- arising from the greater electronegativity of the carbonyl oxygen atom

as compared to the carbonyl carbon atom. The partial positive charge
(6*) on the carbon atom becomes somewhat enhanced due to the inductive

- effect (electron withdrawal) of the chlorine stom. In step (2} the

nucleophillic nitrogen atom attacks the positive center of the acti-
vated acyl halide molecule to produce the so called "transitioa state.”
This "transition state” may stabilize itself by the two step pro-

cess illustrated in (3) and (4). The order of steps is probably as
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shown since the driving force can be thought or as the abstraction of
the proton (H+) by a second molecule of the nucleophilic hydrazine

molecule (5). '
The third reaction system, (c), invegtigated is similar to the

series of reactions formulated for (a) and (b). The difference is the

jresence of a proton acceptor, other than hydrazine or its methyl deriv-

atives, which is used as an additive to the liquid crystal matrix. By
the use of an acceptor such as pyridine thers is obtained a more reactive
system, more reactive than systems (a) and (b) since the detecting

media exists in the matrix in a reactive state. This reactive state is
a transition-type state which can be stabilized by rvsonance (6):

- + ' '[

1Y) —> ﬁjﬁj C——> [E:E] —> l"ll .

+ N\ ' ) DS + -
| ] c1

|
= 0 =0 C=0 ‘c'-o (6)
R

"

c
|
R

.Y = O e

Such systems have often been used for introducing acyl groups into other
molecules. Systems such as these should de very sensitive to water or
moisture in the atmosphere, more so than systems (a) or (b).

The fourth reaction system studied, (d), involved the reactica
of chloroformates (or acyl or aryl halidea) with an alcohol when catalyred
by the presence of hydrazinevor its methyl derivatives acting as an acti-
vator and proton acceptor. The overall reactions may be written ae:

o) 0
XH
M 2>»R-£:I-0R + [NHQNH3]* c1” (7

/
RC -C1 + R'CH

The esterification reaction shown ic (7) is a very useful tool in

synthetic organic chemistry. Usually, however, a tertiary amine
(e.g., pyridine) is used a:s the activator instecad of primary or secondary

L[4
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amin-s, This is obvious since primary and secondary amines can react
with acyl halides to form amides (1-5) vhich will contaminate the

desired esterified product. »
The fifth reaction studied involved the interaction of hydra-

zines with either B-diketones (8) or B-ketoesters (9):

o |°n I -
(8) R-C-CH,,-C-R' o R-C- caec-on' L (9)

This method had, the advantagr_?hat it should be able to qifferentiate

betwezn hydrazine, symmetric
substituted hydrazines.
Both the f-diketone and the B-kefoester are caTable of under-
a keto form

going‘tautomerisn and two forma cau Le written for each,
and an enol form. Consider a B-diketone such as acetylacetone (10)
0 0 0 VH
I
CH3-C-CH20-CH3 e~ CH3C-CH-C-CH3
(10) keto form (**) enol form
The encl form is capable of reacting with hydrazine, noné substituted
‘hydrazines, and symmetricallyjdi -substituted hydrazines to form pyrazole
derivatives. However, unsymmetrically di-substituted hy&razinea are
incapable of reacting to form these pyrazole-type ring structures.
~ In the case of hydrazine and acetylacetone, the reaction
may be visualized as follows. After establishing a tautomeric eﬁuilib-
rium, the hydrazine molecule reacts with the enol form (11) with the

elimination of one molecule of water? |

o
(11) + KH,FH, ——> cn3c-cn=c-c1{3 + H0
[ (12)

substituted hydrazines, and unsymmetrically



- e B R mmnit o o st -

&, St mRgme Home e -

i e s e s XA

ety T e e A i e B e

7
(12) <—> CH,-C-CH = C-CH,
(2*) '
(13)
NH~——NH
(13) ——> cn;?c/ -CH3
\.~
(14)
T
(14) ~—> CH_-C -CH, + H,0
NS
. CH
(15)

This molecule (12) can undergo carbonyl activation witn (13) ss the
result. As shown earlier, the nucleophilic nitrogen atom can %hen
attack the positive center of the carbonyl group (carbon atom) and by
the transfer of a proton from the nitrogen atom to the negative center
of the carbonyl group (oxygen atom) a neutral cyclic molecule (14) 14
formed. By the elimination of the'elements of water frog the nitroger.
atom (the proton) and the adjacent carbon atom (the hydroxide ion) the
compound 3,5 - dimethylpyrazole (15) is formed. , ‘

Another possible reaction mechanism leading to the same
pyrazole derivative involves the formation of product (12) and then a

tautomerism to (16).

0 MW, 0 MM,
. T
CHy-C-CH=C-CHy == CH,-C-CH,,-C-CH,

(12) (16)
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oH nén-ﬁ
(16) g ;:1{3--\':.-¢:u-c-<m3
om
(177 —> CH, -C - CH, + H.0
as)

3,5 - dimethylpyrazole

Product (16) can exhibit enolization of the other carbonyl group to
form (17) which can then lose the elements of water to cyclize and
produce the 3,S-dimethylpyrazole (15).

, To illustrate the end products that could result if hydrazine
and its methyl derivatives were ﬁo react with acetylacetone in this
fashion, consider the following structures: '

N N—H
I l

Hydrazine NH_NH, ——> CH_.-C C~—CH

3\// 3 (18)

3,5 -‘dimethylpyrazole

Methylhydraz'ine CH_NHNH,, > K N CH (19)

CH

1,3,5 - trimethylpyrazole




0  N(CH.,)NHCH
| 3 3

CH,C-CH=C-CH,
(20)
sym-Dizethylhydrazine (CH FH); or h-N, X' -dimethylhydrasgine
-pentene-3-one-2

ca3-1lc 1‘( - CHy

-C C
3 CHy

&

(21)

1,2,3,5~-tetramethyl-3-hydroxy-
b-pyrazoline

}',"(“‘3)2
unsym-Dimethylhydrazine (CHB)2 H, —> CH3-C-CH2 ﬁ - Cﬂa
0
(22)

mono-N,N-dimethylhydrazone of acetylacetone
v Since all of these products differ from one another, their

individual effects on liquid crystals may alzo be different. Such a
difference in response might enable the differentiation of the

substituted and unsubstituted hydrazines.
. The sixth method considered was the use of allylic halides

which are known to be very reactive compounds due to the ease of their
ionization (23). This ease of ionization is a consequance of the
ability of the electrons of the C=C double bond to contribute to the

vacant orbital of the carbonium carbon atom (24).

i--------------------lllllIlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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+ 9
RCH=CH-CH,, :C1 > [ch-cu-cx2 +:01° (23)
+ + 1
[acn-cu-cue. = RCH-CHaCH, (@) ;

The carbonium ion formed is a strong electrophile and should be capable
of scavenging for electron dense materials, e.g., nitrogen compounds
having available electrons. Siance UDMH is a stronger base (see below)
than hydrazine it could react with an allylic tymz halide as shown in

(25):
(25)
> ' +
RC!?-CH'CBz01 + ((:}!3)21!!!}‘12 — [RCH-C}EHQ-N}{zx(CH3)2] C1
In the presence of alcohols, allyl halides may be induced to react by
the presence of a proton acceptor, e.g., hydrazine (26):

(26)
- ,
RCH=CHCH,C1 + R'OH 2% > RCH=CHCH,-OR' + [rm2rm3] Yoo

Reactions ags these were investigated as a possible means of differentlatin
as well as detecting the hydrazines. | o

| With hydrazine and unsymmetrical dimethylhydrazine it can be
anticipated that there will be a difference in response to some of the
preceding reactants. This difference can be sttributed to the fact

that the UDMH is more basic than hydrazine, and the UDMH will have a
steric factor associated with it.

. That UDMH is more basic than hydrazine results from both

the inductive and the hyperconjugative effects of the two methyl groups.
This may be illustrated as follows: '
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3 5

. \ ﬁ-ﬁ!-la + I effects of C!IB groups, and (27) N
c}{3/ . (Inductive) 1

o | [

3 ~ 1

| \'N'.'gga 6 "no-bond" resonance forms. (28) '

(5-)/ ' ~ (Hyperconjugative)

+ i

Both of these effec.s increase the basicity of the UDMH molecule by
making the electron pairs on nitrogen more available for reaction.

- The possible steric factor asaociated with UDMH (27) is
caused by the spatial requirements of the two bulky methyl groups, as
compared to two hydrogen atoms on hydrazine (28):

o -
(29) TV~ . v8. ll‘\l- (30) |

3

5.2 SCREENING TESTS
The same methods of liquid crystal film preparation with
the incorporated detector(s) and sample delivery ware used for the E
detection of hydrazine and unsymmetrical dimethylhydrazine (UDMH) » ;
.vapors as was described earlier in Section 3. _
_ _For screening, the materials investigated as detectors were i ‘

treated not only with the vapors of the materials to be detected dut
also with other nitrogen bases. As a representative group, the other
4 vapors tested were ammonia, triethylamine, and pyridine. Table 5.1
shows the materials screened as detzctors and the responses caused by

e i, " S mnra o
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Table 5.1 — Materials Screened for UDMH, Hydrazine Detection.

Material
Dodeceny! chioride

Oodeceny! chioride
+ olev! alcohol

Oley! chiorotormate

Cholestery!l chioroformate
+ Pyridine

Cholesteryl chloroformate

Cholesteryl chioroformate

+ cholesterol

Cholesteryl chioroformate
+ oley! akcohot

Cholesteryl chioroformate
+ hexyl alcohol

Oleyl terepnthalyt chloride

Cholestary! ‘erephthalyt
chloride

Gileyl isophthaly! chioride

Cholesteryl isophthalyl
chioride :

'}
Cpgotar s 1

Structure

CH)“CH ) -CH=CH“CH2‘CI

8
CH,"! CHzla“CH'CH‘CHz"CI

2

* HO=CH,~1CH

2 2

?

CHy=1CH,) ~CH=CH-(CH,
7 ]

Y

_ N

cnn‘s-c-g-u

CﬂH‘S—O‘?’Cl + cnn‘s—on

CnH‘s‘C'g‘cl * CIBH”“W

CaMss

CHz‘l CHZ) =CH=CH~{ CH2) ~CH

7 7

"]

£ 3
Cottes—C-C- @
-¢-£1
[
¢
0
CH]8H35-0°E‘©~6’CI

r

{ A
cﬂn‘s—c—é—©-c—cu

) ~CH=CH~(CH,) ~CH

2,

) -c—g-cu

'5‘"8‘0 ’ CH3(CH2)4—CH2- OH

0= @ A
-l

Key

A Strong increase in temperature
B \Veak increase in temperature
C Strong decrease in temperature
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[~F 1)

3

lCH,D’

t

D VYeeak decredse in temperature
E No reaction
F Color change { Temperature Insensitive)

Pyridine

3

UOMH

£

Hydrazir
Hydeate

t
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vapors of the five nitrogen-containing dbases. All of the detectsr
systems shown in the table represent the first four methads of
detection described 1h the section above, i.e., chlarsformates or ‘
acyl halides alone or in conjunction with an alecohsl or pyridine, }
and (the sixth method of detectisn) allylic-type (reactive) halogen
alone or with an aleohsl. Of the nLthods and materials tested, it

" appeared that cholesteryl terephthaLyI chloride, chalesteryl isophthalyl
chloride, and cholesteryl chloroformate with an alcohol resulted in

the gre thst -cnlitivity. | ’

The fifth methad involved the use of H-diketones (or B-
ketoesters). This method proved v ueleup vhen tested in the usual
manner; i.e., vapors of hydrazine ar UDMH did not cause a change 1n
the liquid crystal film. Probably, for this reaction ts succoed,
longer contact time between reactantz is necessary.

5.3 SERSITIVITY TESTS |

The method and npparatus used to test far and measure the -
response of UDMH were the same as delcribed in AppendixIIX. As demonstrated
earlier, this equipment allows faor the delivery of gases or vapars of
a known kolune and known pressure la that by expansion ints a larger
known valume the concentration can then be determined. _

In Table 5.2, the results are shown of expoaing 8 ppm of
UDMZ for 15 minutes to % cholesteryl terephthalyl caloride. As cen
be seen, the operating temperature ér the film was lowered more than
2 degrees in the visible region. At LL4°C (see Figure 5.2) then, the
eye would see that the wavelength of reflected light shifts from
6000 A in the red region to 4200 A in the blue regian. Tho sensitivity
is calculated to be -0,29°C/ppm of UBMH

The mixture cantainiqg 4% cholesteryl isophthalyl chloride
vas found to be less sensitive (Table 5.3). After a 15 minute exposure
to 8 ppm of UDMH this film exhibited a shift in the visible regiom of
approximately -0.6°C (see Figure 5.1). Before exposure to UDMH, it
would reflect light of a 6000 A wavelength (red regisn), while after
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exposure the reflected light would be at 5000 A wavelength {green region).
The sensitivity here was calculated to be -0.075°C/ppm.

Teaperature gensitive detectors were prepared by using
mixtures of cholesteryl chloroformate (4%) in conjunction with chol-
esterol (molar amount based on the cholesteryl chloroformate) dissolved
in a liquid crystal matrix of 60/40 cholesteryl nonanoate-cholesteryl
oleyl carbonate. This material evidenced a response to UDMH as shown'
in Table 5.4, Comparison data of thick film vs thin film preparation
showed the effects encountered when diffusion plays a part; i.e.,
the thin film evidenced a greater cﬁange than the thick film when treated

in identical fashion.

Table 5.5 presents the data obtained using a defectihg

'lyaten of 4% cholesteryl chloroformate with an equimolar amount of oleyl

alcohol in the usual 60/40 matrix. Exposure to 8 ppm for 15 minutes
produced a negative shift of the color temp;raiu;e.

. The sensitivity tests for h}arazihe-hydrate presented scme
prﬁblens that were not encountered in the UDMH tests. When hydrazine
hydrate was placed in the volumetric dilution apparatus described in
Appendix III, ve:y'littlé vapor pressure was noted. The vapor pressure
of the hydrazine-hydrate at room temperature was found to be about 1 mm.
The vapor pressure of hydrazine at 20°C is 10 mm while that of water
at 20°C is 18 mm. Since considerable hydrogen bonding does take place
in a liquid solution of hydrazine and water, as evidenced by several
physical properties, the vapor pressure of hydrazine-hydrate might be
expected to be less than that of either of the twd individual liquids.
Data are awailable(l) to substantiate that vapor pressures of hydrazine-
water mixtures exhibit a negative deviation from Raocult's Law and that
the vapor pressures of the individual constituents are smaller than
might be calculated from the mole fraction of each.. This low vapor
pressure of hydrazine-hydrate made it impractical to aéhieve the
desired 10 ppm with the volumetric dilution apparatus that was used
for the UDMH Therefore, the method used was the hypcdermic syringe
technique described in Section 3.2. The calculated vapor existing

64




ey, s Ty R s i e

Table 5.2 — Detection of UDMH with 4% Cholesteryl Terephthalyl
Chloride in 60/LO Cholesteryl Nonanoate - Cholesteryl
Oleyl Cartonate,

Temperature

wave- 15 min. o
Color - length Exposure Temp.
Reflected (a) _Unexposed 8.13 ppm Change
uv 3888 48.12°c b5.91°C -2.21°C
Blue b5 - e e
Green 5015 - - _ -
Yellow 5875 bY4.07-4k.19 41,76 -2.31 to -2.k3
Red 6560 - '. - -

Table 5.3 — Detection of UDMH with 4% Cholesteryl Iscphthalyl
Chloride in 60/4O Cholesteryl Nonanoate-Cholesteryl
Oleyl Carbonate.

 Tempersture

Wave- A 15 mia.
Color length- Exposure
Reflected (A) Unexposed 8:.13 ppm
wo 3888 i1.93"C 41.29°C
Blue 4685 39.55 B.n
Green © 5015 386 e e
Yellow 5875 38.1h 37.50

Red 6560 37.78 | 37.19
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Figure 5.1 - Effect of 15 min contamination by 8 ppm UIMH on Matrix A +
44 Cholesteryl Isophthalyl Chloride.
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Figure 5.2 Effect of 15 min syposure by 8 ppm UDMH on
Matrix A + 4% Cholesteryl Terephthalyl Chloride.
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Table 5.4 - Detectinn of UDMH with 44 Cholesteryl Chloroformste
+ Cholesterol in 60/40 Cholesteryl Nonanoate-
Cholesteryl Oleyl Carbonate for Thick and Thin Films.

t
|

Teat of Thick F.ilm Test of Thin Film
Temperature Temperature
Color Re- 15 min Temp. i5min  Temp.

flected A(A) Unexposed 8 ppm Change Unexposed 8 ppm Change

uv 3888 .07 - 36.59- -- 35.84°c 35.02°c -.82°C

37
36.59 36.2L

Blue 4685 30.90°C 30.92°C +.02°C -- 35.48 --
Green = 5015 30.02 26.90  -.12 - - .-
Yellow 5875 29.20 29.18 -.02  28.95 29.22  +0.27
Red 6560 28.64 28.59 +.05 = -- -- -

Table 5.5 — Detection of UDMH with 4% Cholesteryl Chloroformate + )
Oleyl Alcohol in 60/4C Cholesteryl Nonanoate-Cholesteryl
Oleyl Carbonate.

: : ‘ Temperature

Color. S 15 min Temp.
Reflected A(A) Unexposed# - 8 ppm ~ Change
uv - 3888 - 23.05°C 20.38°c -2.67°C
Blue 4685 18.00 17.58 - b2
Green 5015 15.82 16.42 - .bo
Yellow 5875 - 15.70 15.68 - - .02
Red 6560 15.07 | - 15.12 4+ .05

#After 1 day stending
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above liquid hydrazine hydrate is 1000 prm. Using the syringe this
concentration was reduced to 100 prm and then t5 10 ppm. Using a

detector of 4% by wt. cholesteryl chloraformate and cholesterol

(equimolar) in a 60/40 matrix, hydrazine-hydrate did not give a satis-
factory response. However, the 8% cholesteryl chlorsformate and 8%
cholesterol in a 60/40 matrix gave an identical response as that osbtained
with UDMH. Using this as a basis of comparison, the 4% cholesteryl
terephthalyl chlaoride and 4% cholesteryl issphthalyl chlaride ccntaining

1liquid crystal systiw=ms were exposed to HH. The remult vas a depression of
"1 to 2°C for the terephthalyl derivative and a depression of spproximately

0.5°C for the isophthalyl derivative. Upon standing, this difference
gradually dimizished and ultimately became slightly positive, i.e., the
aper#ting teapdrature war raised. PFurther work is needed to determine
the mechanism of this effect. The detection of UDMH indicated a ~hange ..
in the slope of the temperature vz wavelength curve rather than a shift
in the operating temperature. This indicated that the reactions for
this material could be readily adapted 4o temperaturs insengitive
systemg. Three systems were made which were temperature insensitive.
The most sensitive used a catalytic mechanism. 1t eontained, bty weight:

30 parts cholesteryl oleyl carbonate,

| 20 parts cholesteryl nonaniate,
8 parts cholestersl, and
8 parts cholesteryl chlorsformate.

. This material shifted from a green colur to a deep red at 8 ppm at

24°C. Before exposure the materisl was temperature insensitive; after
exposure the material changed color with a change in teaperature. This
material could probably be improvred by adding chalesteryl chlorida.
Because of a lack of time this procedure was not investigated. Simple
amines were shown t> in_terrcre with the results of this test. However,
if UDMH or hydrazine are known to be present, it could be used as &
quantitative test.

The twe remaining materials were made using monc-cholesteryl

isophthalyl chloride and monos-cholesteryl terephthalyl chlorids. These
formulations (by weight) are as follows:
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" strong as with

unsfL
2 parts cholesteryl terephthalyl chloride
"~ 7T parts cholesteryl oleate
1 part cholesteryl nonancate
2 parts cholesteryl chloride
UDME#R
2 parts cholesteryl isophthalyl chloride
7 parts cholesteryl erucyl carbonaté .
1 part cholesteryl nonanoate ’
2 parts cholesteryl chloride _
Although these materials are of lower lenlitivity than t!
preceding mixture, they give a test which is not interfered with by
any of the gases or vapors used in this contract.

5.4 CONCLUSIONS _ | _
The qualitative detection and distinction between hydraz:

(and its methyl derivatives) and a number of other basic molecules has

been aucceslfu1§‘ The number of detection mechanisms available and
-the results od !Ined show the versatility of a test which is dased on
the cholesteric ; stem wvhen applied to moderately complex molecular
structures, Infrhe tests for sensitivity, the results were not as

or HF; however, concentrations of 1 to 10 ppm could

be detected,

The unusual effect of hydrazine and UDMH with terephthal,
chloride derivatives should be further studied with an attempt to
determine the mechanism involved. This reaction is potentially very

-uaeful in leading to reactive materials which have high sensitivities

and the ability to distinguish minute differences in molecular structur:

Temperature insensitive materials were developed with th:
group of materials which show the validity of earlier work in this area.
The interpretation of the temperature vs wavelength curves was used to
imply that a nontemperature sensitive material could be made. This was
experimentally gerified.
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6. DETECTION OF TRACE HNO,
"As a side résult of this work, cholesteryl phenyl hydrazine

which was prepared as & possible detector of HCl and HP has been found

to be reactive to ng'«o3 at the 1 5 10 ppm level, but not to the oxides

of nitrogen or t5 HC1l or HF. This is an important result since the m:idga
of nitrogen will form m3 in the presence of water vapor. Under some
circumstances this should be a valuable aid in gas analysis. The
material was prepared for testing by placing 10% by weight of the
hydrazine in 55% cholesteryl sleyl carbonate and 35% by weight cholesteryl
nonanoate. Using a hypodermic syringe and the technigue described
earlier, a shift in the color temperature in excess of 1°C occurred for

- a concentration estimated at 1 ppm or less. i

By sdding 44 cholesteryl phenyl hydrazine to a matrix that '
was coamposed of equal parts of cholesteryl nonancate and oleyl
cholesteryl carbonate a detector was prepared that reacts to mo3
but not to5 HF and HCl. The color transition tempersture is raised
more than 1°C upon exposure to 8 ppm concentrations of mco3 for
15 minutes.

S8ince work on this material was not required under the
present contract, the effect was not studied at great length. Indi-
cations are that it might prove useful for a non-temperature sensitive
material. However, this has not been experimentally proved. Thie
would dbe sccomplished by using a matrix containing cholesteryl chloride
as a major constituent (see Appendix I).
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7. CONCLUSIONS AND RECOMMENDATIONS

/

s

HCL and HF. Suitable materials for detecting HCl and HF at
eoncentrations of 1 ppm were developed. With the Zemperature and pres-
sure restrictions that were imposed it was not found practical to distin-
guish between HC1l and RF. If same particular epplication demands a dif-
ferentiation between them, future work is recamsended.

HH and UDMH, Several temperature insensitive detector: were '
developed that reacted to dboth HH and UDMH at concentrations of the |
order of 10 Prm. Temperature sensitive materials were found'that would
distinguish between these two gases at concentrations of 8 ppm. |

Oxides of Nitrogen and Nitric Acid. NO, gas was detected at
a contamination level of 6 ppm with a number of cholesteric liquid
crystal materials. In the presence of water vapor in the atmosphere, N02
will form mIOB. Since water vapor generally occurs in the atmosphere, a
detector was devised to react to m¢o3 at a concentration level of 8 pra.

Gas Mixtures. Some of the gases studied if mixed in the
atmosphere would react with each other, e.g., hydrazine and HCl. However,
mixtures of a number of these materials are possidle. In principle, the
detection of nixturéa presents no problem if the liquid crystal reacts
to only one group. For instance, the detection of MO, in the presence
of HCl is not a problem, On the other hand, detection 97 small amounts
of HC1l in the presence of large amounts of ma is not quite 85 simple.

TS decrease the reactivity of the HCl detectors ta no,‘,, further

investigation is required.

UDMH and HH will not interfere with any of the other reactive
materials. NO, will in some cases react with the detector matrix, so the
detection of UDMH & HH in the presence of 302 is a problea. Bovevér'.

the chance of finding UDMH or HE with NO; is extremely remote due
to the formation of nitric acid in the presence of water vapor followed
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" by the rapid decomposition of the HH or UDMH. NO, can be detected and

2
identified even when other gases are also present.

Quantitative Analysis. The feasibility of quantitative and
qualitalive tests has been demonstirated using cholesteric liquid crystals.
It i3 recommended that experiments de carried out with these ni.teria.ll to
establish a standard set of exposure techniques with contrslled motion of
the contaminant atmosphere across the detectors to obtain a set of
quantitative calibrations. These calibrations should also be established
as a function of temperature.

Life of Defeétorl. We believe that the life of these detectors,
wvhen kept away from reactive materials in the atmosphere and protected

~ from sunlight, will be indefinite at any temperature up to the boiling

point of the solvent. However, extensive life tests should be made.

. When these materials are exposed to thé atmosphere, their life may be

expected to be very limited due to traces of reactive gases. Hence care
must be taken in storage. '

Extension to Other Gases. Prom the results of this nrogranm,
it appears that many osther gases and vapors can be detected at low
concentrations using this important new technique.
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Appendix I
BACKBROUND INFORMATION ON LIQUID CRYSTALS

I.1 INTRODUCTION

The cholesteric phase represents a unique situation in nature,
In this phase a highly cclored material does not absord incident redi-
ation dbut transmits and scatters light selectively. The colots are not
dependent upon specific electronic arrangemente in the materivi; like
more familiar dyes but, instead, are dependent on such things as ateric
factors, (molecula: shape) and dipole arrsngement. Thus matericls

vhich exhibit 1iquid crystal properties may be affected by a differencs

in carbon chain length or by the position occupied by a methyl group.
The unique properties of this material allow it to we used in a new
analytical technique. 8uch relations as Beer's law do not hold when
tvo materials are mixed., The materials do not give two color peaks but
~only one which represents the net effect of the molecules in f&e systen,
As a result, this average effect allovs us to arrive at color effects
for reactions which involve non-colored reactive materials. The degree
|'of the change in the optical properties of the 1iqu1d cryntaﬂ reprea3ents
the magnitude of these reactions.

Our general approach to'the problems of develoﬁing a liquid
crystal gas detector 1s to choose a class of compounds that will react
vith the gas and vhich can be incorporated into o suitable liquid

erystal,

1.2 OPTICAL EFFECTS ;
The cholesteric phase vas the first liquid crystalline atate

observed. The discovery was in part due to its unusual optical proper-
ties., Like most crystalline materials, it acts as a birefringent
material. However, at that point the resemblance ends. Thclopticnl

T
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properties may be summarized as follows: (1) The cholesteric struc-
ture is uniaxial and optically negative while sther liquid crystal
structures are optically positive; thus, for the cholesteric phase,
there is a single optical axis normal to the surface along which the
index of refraction has a minimum velue. (2) The cholesteric struc-
ture is optically active with rotary powers many times that of common
optically active materials. The plane of linearly polarized light is
rotated through an angle several hundred times that of the usual
optically active materials, such as sucrose or optically active quartz.
(3) When illuminated with white light, the cholesteric structure
scatters the light to give an iridescent colar, which varies with
substance, temperature, and angle 57 the incident beam. (4) The
cholesteric structure is circularly dichroic for some wavelength
region, that is, one circularly polarized component of the incident
beam is transmitted without attenuation, whereas the other is scat-
tered. Either the right or the left hand circular polarized component
may be affected.

These optical properties depend on a delicately balanced
molecular arrangement. A change of shape or diposle momeat Or any
other disturbance which interferes with the weak forces between mole-
cules results in a dramatic change. Reflection, transmission bire-
fringence; circular dichroism, and optical rotation, all underygo
marked transformations. ' |

N> complete theosretical treatment of the optical properties

. of the cholesteric state is available, but Osegnl and deV‘ries2 have

considered these gptical properties for normal inecident light. The
latter used as a model, a number of birefringent planes, each contain-
ing its own optical axis and each displaced a 1{ttle from the plane
izmediately below it as shown in Figure I.1. The various optical axes
represented by the arrows describe a helical structure with pitch equal
to the wavelength of light scattered at normal incidei~e, Unfortunately,
the usefulness of this model is severely limited, since !t explains
only the effects of normal incident light.
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Figure 1,1 ~ Schematic representation of helical model
of the cholesteric phase.
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1.3 MOLECULAR STRUCTURFE
Early in the liquid cryctal progranm it was discovered that
gases, liquids and 80lids can affect the structure of the cholesteric
1iguid crystals sc that one oy more of the optical properties are per-
manently or temporarily changed. By utilizing this general principle,
/ an entirely new mode of analysis has been developed. The program with
 RADC is concerned with chemical reactions which are not reversible.
Changes occur in the optical properties of the liquid crystal upon
exposure. These measured or observed optical effects are a function
of the total exposure time as well as the concentration of the gas to
be detected. In order to predict the effects of any one of the gases
and how they will affect a specific cholesteric liquid crystal, a
review of the effect of molecular structure is necessary.
_The cholesteric liquid crystal state is primarily associated
.with the derivatives of sterols. Although cholestersl does not itself
exhibit a liouid crystalline phase, an examination of the structure
described by various investigators3 explains the formation of this
phase. To understand the structure of cholesterol, the #ptrahedral
bond angles of carbon should be visualized. See Figure I.2,
vaﬁhe methyl groups at C. . and C._ are visualized as pro-

10 13

Jecting out of the plane o5f the paper, the side chain at 017 and the
hydroxyl group at c3 will also project above the plane of the paper
while the hydrogen atoms which are shown with a dotted bond line

project below the nlane of the paper. The result is a molecule which

£
b
!
§

has a broad flat configuration that may be visualized as zigzagging
through the plane of the paper with one edge relatively smooth and
one edge roughened by the side chein.

. As one of the ways of determining the effect of molecular
structure on the cholesterig phase, experiments were performed in

A ot AT VR e W < g i B Y R

which the general planar configuration of the molecule was altered.
This was done by saturating the double bond at CS' If cholesterol is
hydrogenatgd, the hydrogen at 05 projects down and the genersl plane
of the moleculs is preserved. This compound is alsd found associated
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Figure I.2 — The structural formula of cholesterol,
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with cholestersl and is called cholestangl. The cholesterol-derived
compound which has the hydrogen at cS prgjecting out of the plane is
called coprostanol and is one of the eli.lination products of animals.
In this case, the A ring is tent into the plane of the paper giving
almost the effect of a hook. All of the | cholestanol compounds studied
have a cholesteric phase which is optically indistinguishable from the
phase formed by cholesterol derivatives. These derivatives include
cholestanyl benzoate, cholestanyl nonancate, cholestanyl ’acet‘ate, and
‘choleltanyl 4 l{ydrocinnmte. Moreover, n» coprostanol campounds have
‘been found which exhibit a cholesteric phase®. |
' The importance of the planar s&uctu:e of the cholesteryl
molecule in forming the éholesteric liquid crystal may be furf.her con-
firmed by sbserving the cholesteryl esters of the cmega-substituted
phenyl-nlkyl-nonocarbdntylic acids. mesé esters, listed in T§b1e I'.1

’ i

Table I.1 -- Varying Chain Lengths and Cholesteric Phases of
Cholesteryl Esters :

{

‘ Number of ‘

Cholesteryl Ester Carbon Atoms . Phases
Benzoate 0 Cholesteric at melting

J point--red scattering
Phenyl Acetate . 1l . No cholesteric phase
Hydrocinnamate 2 Cholesteric phase--green

at melting point

Phenyl Butyrate - 3 N> cholesteric phase
Phenyl Valerate . y Cholesteric phase--blue

. at melting point

Phenyl Hexanoate 5 No cholesteric phase
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" more evident upon examination 2. Taylor-Hirschfelder atomic models.

have the following configuration:

H 0
(!.' |C| 0-C
’!! 27745

n

ihece esters were prepered from the acid chlorides and cholestersl.
The acide became increasingly difficult to obtain as the number of
carbons in the alkyl side chain was increased. Cholesteryl benzoate
and the esters containing an even number of carbon atoms in the gub-
stituting alkyl chain of the original acid chlorides, all exhidit a
strong cholesteric phase. By examining the configuration of choles-
teryl benzoate, it was apparent that the benzene ring cdntinnol the
planar configuration of the cholesteryl ring. This conclusion became

The repetition of the results indicated that the alkyl chain is proba-
bly extended, for if it were randomly arranged, it should have made no
difference whether the benzene ring was removed from the cholesteryl
ring system by an odd or an even number of carbon atoms.
I.4 TEMPERATURE MEASUREMENTS

The measurement of the temperature dependence of the chol-
esteric colors has been of great benerit in the study of the various

effects of molecular structure. TO make this measurement, an ’Juninul
block has been attached to a thermoelectric unit. 8See Figure I1.3.

The block can be cooled ar heated 8o that a wide range of temperatures
is available. The temperature of the black can be measured by a
thermocouple or {t can be recorded on the y sxis of an x-y recorder
uaihg an enclosed thermistor. In operation, a film of liquid crystal
is placed on a thin Mylar film in intimate contact with the blaeck and
illuminated with a gas discharge lamp. The reflection fram the liquid
crystal is monitored using a photamultiplier. The output of the photo-
multiplier is recorded as a function of temperature sn the recorder.
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| Figure 1. 3 — Apparatus for measuring the temperature sensitivity

. of cholesteric liquid crystals.
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Figure I.5 — Temperature as a function of wavelength for a number
of cholesteric materials added to cholesteryl
nonanoate.




The discharge lamps have specific wavelengths of naxim&n intensity
wvhich are recorded as peaks on the x-y plot. The temperature at
which these peaks occur give sufficient information for a temperature
vs dominant wavelength plot. See Figures 1.4 and I1.5.

The first use of this apparatus was to determine the effect
of changes in structure when they involved only a small percentage of
a mixture of cholesteric materials. Cholestersl nonanocate was used
as a standard material and a number of both derivatives of cholestersl
and fat soluble materials were added to it. Unless otherwise speci-
fiéq all percentages given in the appendices are by weight. In
Figures I.5 and 1.6 we see the effect of adding chblesterol esters of
differing chain length. In this case one sbserves the shift in tem-
perature sensitivity as a function of chain length. A change in ‘
chain length is readily identified by a change in the slope of the
temperature vs wavelength curve. In Figure I.6 we see the results of
adding derivatives of cholesteryl which vary either in the position of
carbon atoms, as in the case of the cholesteryl butirate and the
cholesteryl isobutyrate, or in the number of hydrogen atoms as in the
case of cholestersl butyrate and cholestersl crotonate. In all cases
a clear and distinet difference is seen in the temperature vs wave-
length characteristic. Note that not only are the four curves
displaced vertically with respect to each osther, dbut at any wavelength
they have significantly different slopes. This is illustrated by
Figure I.7. In Figure 1.8 we see the effect of the addition of
varisus 511 soluble materials to a mixture of 804 nonansate cholesteryl
and 20% propionate. 1In this case we do not see as distinct a change
in the slope of the temperature vs wavelength curve as we do in the
temperature displacement. From this data, it becomes clear that there
are twdo digtinct identifying features which might allow for the recog-
nition of a change in structure in the cholesteric phase, and vhiéh
.would be recognizable as a change in color at a particular tenperatufe.
One is a change in slope of a temperature vs wavelength curve snd
another is a translation of the temperature versus wavelength curve.
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Figure 1.6 - Temperature vs wavelength of four closely relé.ted
materials added to cholesteryl nonanoate.
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 stable additive which accamplished this purpose i3 cholesteryl chloride.

. o

In many cases we woulcl expect that both of the above effects would be
operative, Thus,'a reacti- e material may: (1) change the gtructure
of some constituent of a liquid crystal, (2) remove from a liquid !

,,v .

crystal some constitue..t which strongly affects its temperature vs

vavelength characteristic, or (3) change the composition by the cata-
lysis of a reaction. In the following discussions it will be shown
how all of these effects were used to detect and discriminate between

various types of vapors.

I.9 TEMPERATURE SENSiTIVITY IN GAS DETECTION

In the preceding sectiosn the temperature sensitivity was
seen to5 be sharply dependent on the type of additive to the liquid
crystal material. In Figure IJS the material c¢ontaining cholesteryl
acetate 18 much less sensitive than the material containing'cholesteryl
propionate. By finding the proﬁer additive, the temperature sensitivity
of liquid crystal systems can ve greatly decreased. An example of a f

In Figure 1.9 the temperature vs wavelength curves are plotted for
several different mixtures of cholesteryl chloride in cholesteryl no-
nanoate. In a large temperature region (50°C), the 25% cholesteryl
chloride is temperature insensitive. 1In this range » c]ange in per
cent of chaolesteryl chloride is very éasily seen as a ¢ Lnge of color.

Any material which acts similar to cholesteryl chloride;may be expected
to behave in the same way. Examples of materials in thJ category are:

. cholesterol, cholesteryl bromide and, to> a lesser degree, cholesteryl

chloroformate. Table I.2 gives the changes in color for various polar

and non-polar solvents. The effect of polar solvents is a shift to the
red, while the addition of a non-polar vapor shifts the color toward

blue. However, in some instances there is a tendency not to change the
color at all (note the effect of trichloroethylene at 20%). This indicates
that we might expect some materials which, when added, will not appre-
ciably change tha color of the liquid crystal. It has been found that
materials which have strong effects on the slope of the temperature vs
wavelength curve tend to have a strong effect on this system while
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Figure 1.9 — Temperature characteristics of cholesteryl chloride and
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Table I.2 ~ Response of Liquid Crystals to Various Solvent Vapors.

A T e i

Cholesteryl Cholesteryl Cholesteryl Original Solvent
Chloride Nonanoate Oleate Color Vapors Changed to
154 804 5% Red Acetone Blue
‘ Benzene Blue
Chloroform Blue
Trichloro-~
ethylene Blue
Methylene
Chloride Blue
Petroleunm
Ether Blue
209 804 Green Benzene Blue
Chloroform Red
Trichlero-~
ethylene ¥o change
Methylene
Chloride Red
.Petroleum
Ether Blue
25% 75% , Yellow- Benzene Deeper red
Red Chloroform Red
Trichloro-
~ ethylene Deeper red
Methylene
Chloride Red
Petroleum
Bther Blue
304 70% Red Chloroform Deeper red
. Methylene
Chloride ‘Deeper red
Petroleum ' o
Bther Blue
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additives, whose main effect is t5> change the temperature at which the
effect osccurs, 40 not change the c¢olor g:rutlyy'.’ In this category are
many of the materials derived from oleic acid. A change in the molec-
ular structure of these materials will have a much stronger affect on
the temperature at which a color occurs than on the shape of the tem-
perature vs wavelength curve (Figure i.k), This is not generally

- true of most reactive derivatives of cholesterol which may produce
substantial changes in the shape st the temperature vs wavelength
curve (Pigure I.5). . '

In most cases the effect of a particular material on a tem-
perature insensitive liquid crystal to which it is added may be
obtained by examining a temperature sensitive system. In eaddition, a
material which is temperature sensitive gives much more information
concerning the effect of sdditives than a temperature insensitive
material. Thus, the order of experiment has been: (1) to determine
a reaction which will occur in liquid crystal systems, (2) to incor-
porate this reaction into a utéria_l which will farm a temperature
sensitive liquid crystal suitable for measuring the effects of this

reaction, (3) to determine which of the materials is most suitable
for spot testing.

1.6 EFFECT OF THICKNESS
" In this study the thickness of the liquid crystal was main-
tained at as near 25 u as possible. The variation of thickness of
film is important for several reasons:
(1) The brightness varies with thickness. The equation for
g the scattering is of the following form: |

' -(Bt)t(\,T
Ir - Ia E.-e
vhere t = thickness

Ir = the intensity of the reflected light

Io = the intensity of the incident light

Sk
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e = the natural logarithmic base
B = Beer's Law constant for the material which is about 5 x 102
en™t for most 1iquid crystals -
£(\,T) = a gaussian function of the warelength and temperature for
any specific material '

When two materials are mixed together the effect is usually t5 alter
B. However, in the liquid crystal case, the f(A,T) is altered with
respect to T. A

(2) The diffusion rate of a gas into a material is a func-
tion of thickness; the thicker a sample the longer the diffusion path
and thus the slower the reaction procedures and the greater the quan-
tity of the reactive gas needed. The quantity of gia needed to give
a signal increases directly with the thickness of the film and the
rate of reaction varies inversely with the square of the thickness.

Considering bsth factors, for any detectors there will be
an optimum thickness for any gas concentration and exposure time. To

. obtain a film of liquid crystalline material of the desired thickness,

the materials were weighed and digsolved in a petroleum ether-chlorsform
solvent system (this was subject to variation depending on the type of
materials used). A 7 to 1 volume ratio of solvent t5 material was
maintained. In practice, this gives approximately a 25u film when

cast on Mylar (as determined gravimetrically). 1In practice, a film

7 to 8u might be desirable in order to increase the sensitivity, but

a thinner film would nst be suitable because of a lack of brightness.
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Appendix II
CHEMICAL PREPARATION OF MATERIALS

Unless othervise specified all reactions were performed in a

. 3-necked flask fitted with ground glass joints and equipped with a

stirrer, addition funnel, reflux water condenser, and drying tubes.
Heat was applied by means of a variac controlled he@ting mantle. In
those instances where some of the starting materials and/or the end
products were subject to> atmospheric oxidation, the reactions were
performed in a dry nitrogen gtnoapﬁere ﬁaintained by means of a nitro-
gen delivery tube. This delivery tube (sparge tube) was piaced so that
the end of the tube was always belcow the 1iguid level in the flask.
All solvents used were of highest purity or were freshly distilled.

All melting point determinations wele made in capillary tubes
and are reparted uncorrected. To facilitate depicting structurai for-
mulations for the following materials, the cholesteryl moiety will be

shovn.a: 027Hh5__.
(1) Cholesteryl Chloroformate .
0
I
027Hh5 -0-C-C2

Phosgene gas (COC1,) was slowly bubbled through a solution of 250 g of
cholestersl (Merck & Co.) dissolved in 2500 ml of anhydrous ethyl
ether. After 8-10 minutes a white precipitate started to form, efter
an additional 20 minutes the precipitate started to dissolve, and after
10 minutes more the entire content of the flask was in solutisn. The
phosgene delivery was discontinued and the reactiosn mixture was allowed

to stand for 2-1/2 hours with continual stirring. The ether was re-
moved by vacuum distillation and the white crystalline residue was
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washed with acetone and recrystallized., Fine, vhite needles were ob-
tained melting at 118.5°C (from acetone).

(2)' Cholesteryl Oleyl Carbonate
. o "

I
caq's -0-C-0- (""2)8 CH-G!(GIZ)7G!3

To cholesteryl chloroformate (221&.'6 g, 0.5 mole) dissolved {n 4OO ml
of dry benzere was added, a drop at a time, a solution of 136.9 g
(0.51 moles) oleyl aicohol (Archer-Danielsz-Midland) and 29.6 g (0.50

moles) freshly distilled pyridine dissolved in 200 ml dry benzene.
A slight exotherm was noted during the addition. After complete

: additioh, the contents of the flask were heated t5> and maintained at

the temperature of reflux for 1 hour. After cooling the solution was
filtered and methyl alcohol added to the filtrate until further addi-
tisn caused no turbidity. By means of a aepara.toi'y funnel the oily
layer was removed and washed repea.tgdh/ with methansl until a liquid
crystal color temperature of 21.0°C to 22.5°C was obtained.

(3) Cholesteryl Crotonate
- 0 .

I

Cz,rﬂhs-O-C-CHaCHClB

T» a benzene (250 ml) solution of 95.6 g (0.25 moles) of cholestersl

and 20.6 (0.26 moles) of pyridine, was added, dropwise, 27.2 g (0.26
moles) of crotonyl chloride dissolved in 35 ml benzene. A strong
exotherm resulted. After c¢o2ling the mixture and filtering, methanol
was added to the riltrate. The 851id precipitate that formed was
washed with aleohol and then recrystallized from ethandl to give white
crystals which started softening at 90°C and were completely molten at
103°C. 'Biese results are in accordance with values found in the
literature,
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(4) Cholesteryl Nonanoate.

0
I
Cophs = 0 = © = ()

To 463.9 g (1.2 moles) cholesterol and 200.0 g (1.13 moles) nonanoyl
_chloride dissolved in 950 ml benzene, was added,dropwise,89.h g (1.13
moles) pyridine dissolved in 100 ml benzene. An exotherm was noted. -
After complete addition the reaction mixture was heated to and maintained
at the reflux temperature for 1.0 hour, cooled, and then filtered. The
filtrate was treated with methanol to obtain a crystalline product which °
when recrystallized from acetone had a melting point of 79.3° - 8o°c

and a clearing point of 91.8° - 92°C.

. ' (5) Cholesteryl » - Aminophenyl Carbonate.

: . ' 0

: | i
czﬂs-ofc-o-cf)uh-xuiz-(p)

A hetersgeneous .solution of 7.28 g (0.05 moles) p - aminophensl hydro-
chloride and 22.4 g (0.05 moles) cholesteryl chloroformate in 150 ml
benzene was refluxed for 1 hr. A solution of 7.9 g (0.1 moles) pyridine
in 20 ml benzene was added dropwise with the effect that the insoludle
P - aminophenol hydrachleride dissolved and the insaluble pyridine
hydrocrloride formed. After complete addition, reflux was continued
for an sdditional 2.0 hours. The filtratz was cooled, filtered, and
treated with methanol. The product obtained was recrystallized from
acetone and had a melting point of 223°C.
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(6) Cholesteryl Phenylhydrazine.

C

27“1;5'7"”2 °27"h5'm"’|m
%% %"

(o) (v)
The structure of this compound has not been completely elucidated as
to whether it is (a) or (b). The older literature prefers structure
(a). ' A mixture of 8.1 g (0.02 moles) cholesteryl chloride (Aldrich
Chemical Co.) ahd 25 il phenylhydrazine was heated to and maintained
at reflux temperature for 2.5 hours. After cooling, the solid re-
action mixture was treated with benzene to dissolve the product and
filtered to remove the phenylhydrazine hydrochloride salt. The
filtrate was treated with methanol to obtain a solid material which
vhen recrystallized from benzene and washed with methanol had a
melting point of 198 - 199°C. "

.

(7) N-Cholesterylaniline.

027H£5 - N - Csﬂs

A mixture of 8.1 g (0.02 moles) cholesteryl chloride and aniline

(25 m1) vas heated to and maintained at reflux temperature for 2.5
hours. After cooling, benzene was added to dissolve the product and
the aniline nydrochloride salt was removed by filtration. The fil-

trate vas treated with methanol, and the solid obtained was recrystal-

" lized from a benzene/methanol mixture to give crystals melting at

189-190°C.
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(8) Cholesteryl p - Phenylazophenyl Carbonate.

0
]
] | Coplys = 0 = C - O - CHy - N = N - CH  (p)

d
A flask was charged with 22.5 g (0.05 moles) cholesteryl chloroformate,
10.0 g (0.05 moles) p - phenylazophenol, 3.9 g (0.05 moles) pyridine,
and 150 ml benzene. The reaction mixture was heated and maintained at
reflux temperature for 2.0 hours and fhen cooled, filtered, and the
filtrate treated with methanol. The product obiained was recrystal'-
lized from benzene/metha.nol solution and exhibited a meliing point of
166° - 167.5°C. ' -

(9) Cholesteryl 3 - (4-Pyridyl) - Propyl Carbonate.

: 0 _
: -

Copflyg = 0 - C - O - CH.CH.CH, - C.H, ¥ (1)
To 6.86 g (0.05 moles) 4-pyridine propanol dissolved in acetone, was
added,dropwise, concentrated hydrochloric acid until addition no longer
produced any turbidity. The oily layer that formed was separated and
washed repeatedly with acetone and then subjected to a vacwm to remove
_the acetone. This product, M-pyridine propanol hydrochloride, was
charged in a flazk along with 3.9 g (0.05 moles) pyridine and 150 ml
benzene. The heterogeneous system was then, dropwise, treated with
22.4 g (0.05 -oleg) cholesteryl chloroformate dissolved in 50 ml

101




B

rv e s

AT SN . kst 8 AORE TN, 7 mcminmsn bharat ST X3l MMM et T

o e

ARG MRS GHE ETE T o measpne v eomrien Smsmin® 10 AFI AT VY

bensene. A slight exotherm was noted sz well as a change in the color
of the solution (reddish orange). The reaction mixture was maintained
at reflux temperature for 2.0 hours, cooled, filtered, and the filtrate
washed with & 5% codium carbonate solution. The benzens solution was

treated with methanol and a material was obtainéd which started to
melt at 100°C dbut did not clear until 107°C.

(10) Cholesteryl Terephthalyl Chloride.
0

I 0

Cotlys = 9= C-P Y ||

c-Cl

To 20.3 g (0.1 mole) terephthalyl chloride dissolved in 175 al benzene,

was added, dropwize, 38.6 g (0.1 mole) cholesterol, and 7.9 g (0.1 mole)
pyridine dissolved in 150 ml benzene. The mixture was reacted at
reflux temperature for 1.0 hour, cooled, filtered, and the solvent re-
moved from the filtrate by means of reduced pressure. This product
exhibited a melting point of 161° - 164°C.

(11) Cholesteryl Isophthalyl Chloride. 0

"27""5‘°‘l"!/©

c-C

To 20.3 g (0.1 mole) isophthalyl chlcride dissolved in 125 ml btenzene,
was added dropwise 38.6 g (0.1 mole) cholestercl and 7.9 g (0.1 mole)
pyridine digsolved in 125 ml benzene. The mixture was reacted at re-
flux temperature for 1.0 hour, cooled, filtered, and the solvent was
removed from the filtrate by means of reduced pressure. The product so
obtained was an oil. |

(12) Cholesteryl Phthalyl Chloride. ﬁ

0
EXRE

-Cl

To 20.3 g (0.1 mole) phthalyl chloride dissolved in 125 ml benzene, was
added, dropwise, 38.6 g (0.1 mole) cholesterol and 7.9 g (0.1 mole)
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pyridine dissolved in 125 ml benezene. The aixture was reacted and
the product isolated in the same manner as described above (11), to

obtain an oil.

0
(13) Oleyl Terephthalyl Chloride. I

C.gH,. = 0 « C - :
18135 @_C_m

i

- 0
To 20.3 g (0.1 mole) terephthalyl chloride dissolved in 125 ml benzeng
was added,dropvise, 26.9 g (0.1 mole) oleyl alcohol and 7.9 g (0.1 mole)
pyridine dissolved in 100 ml benzene. The reaction mixture was heated
to reflux temperature and the tempqrature maint 5,fd for 1.0 hour, and
then cooled, filtered, and the solvent removed from the filtrate by
means of reduced pressure. The préduct obtained was an oil which

slowly erystallized on standing.

a=—o0

(1k) oOleyl Isophthalyl Chloride. - '
018H35 -0 -

- Cl

, i

The same quantities of reactants (except for the replacement of
terephthalyl chloride with isophthalyl chloride) and solvent were used
, as described in the previous preparation. The product, an oil which

f did not crystallize on standing, was obtained by'the same procedures ;
‘ as outlined above (13). | !

(15) Oleyl Phthalyl Chloride.

Qz”To

C1gf'35 © - |

0
I
c¢ -

Cl

The same preparative procedures were uged in this preparation as in
(13) above with the exception that phthalyl chloride was used in place
of terephthalyl chloride, The end product was an oil which 4id not
crystallize on standing.
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(16) Cholesteryl p-Methylol Benzyl Carbonate.
0

' 027Hh5 -0 - Ll- 0 - CH2 - c6nh - CHéOH (p)
To 22.5 g (0.05 mole) cholesteryl chloroformate dissolved in 75 ml
benzene, was added, a mixture of 6.85 g (0.05 mole) p-dimethylolbenzene
and 3.9 g (0.05 mole) pyridine dissolved in 200 ml bengzene. When the
reaction mixture was heated, the digsolved p-dimethylolbenzene became
83luble. The solution was refluxed for 1.0 hour and then allowed to
cool. The product was not isolated but was used (in solution) for the
following preparation. ’

(17) Cholesteryl (p-Methylene Chloroformate) - Benzylearbonate.
- |°| I
ca_,nhs-o;c-o-cfxafc(:xh-cua-o-c-CI(p)
Continuing from the preceding preparatio.. .16), the reaction flask was
equipped with a gas delivery tube extending below the surface of the
solution.. Phosgene gas (00012) was passed into the fiask at a rate of
approximately 0.2 liters per minute for a period of 15 winutes. At the
end of this period gas delivery was discontinued and the entire contents
of the flask were refluxed for 1.0 hour. The reaction mixture was
cooled, filtered, and the solvent removed using a reduced pressure,
The s0lid that remained vas washed with acetone several times. This

crystalline material started melting at 171°C and was completely molten
at 175°C.

(18) Cholesteryl-4-Pyridyl Acetate.
0
‘ L \
Corflys = 0 = € - CHy - CoHN (b)
To 15.5 g (0.04 mole) cholesterol in 75 ml xylene, was added, 7.0 g
(0.04 moie) U-pyridine acetic acid hydreochloride in 30 ml of xylene,

and then 1 g of p-toluenesulfonic acid was added. The reactants were
refluxed for 7.5 hours. The solvent wvas removed by vacuum

10h




distillatioa and the s0lid product that was obtained was recrystallized

frow methanol, m.p. 148 - 1k9°C.

(19) Cholesteryl 3-(4-Pyridyl)-Propyl Ether.

°27“h5 - 0 - CH,CH,CH,-C HkN-(k)

A flask was charged with 20.5 g (0.15 moles) of h-pyridyl-l- — —

propanol, 38.6 g (0.10 mole) of cholestersl, 90 g of activated Floridan
Clay and xylene as the solvent. A nitrogen atmosphere was cﬁntinuously
maintained during the reaction. The reactants were refluxed for 2.0

hours. After ¢2oling and filtering, methanol was added to the filtrate

and a product was obtained, This product was found to be unreacted
cholesterol, m.p. 147° - 148°C alone and when mixed with an authentic
sample. Orly a minute amount of a s51id material beljeved to be the
detired product was isolated. It was used as obtained and was not
purified further. ‘

(20) Cholesteryl h-gyricb'].methyl Carbonate.
H
Coplys =~ 0 = C - 0 - CH, - CHN-(b)
T> 67.38 g (0.15 mole) cholesteryl chlorsformate dissolved in 125 ml
benzene was added a drop at a time a solution of 16.35 g€ (0.15 mole)
b-pyridyl carbinol and 18.2 g (0.18 mole; 20% excess) triethylamine
dissolved in 125 ml benzene. (Note: the carbirol was not completely

soluble.) During the addition the solution became red in color and an ;

exother- was noted. Another 100 ml of benzene was added to decrease |
the viscosity of the solution which vas then refluxed for 1.0 hour.

Scme d1fficulties were encountered trying to isolate and purify this
product. It was uzed in this impure state as a test reagent. Since

the results were not encouraging, no further purification was attemptad.

(21) oOley? Amine.

CHy(CH, ), CH=CH(CK, ), CIL MK,
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This material was obtained from Armour Chemical Co. as Armeen OD. It
was not used as such but vacuum redistilled. The material that came
off at *C at 0.06 mm pressure was labelled and used as oleyl amine.

(22) Cholesteryl p-Nitrobenzoate.
0

|
Coflyg = 0 = € - CgHy - W,(p)

T™ 293.8 g (0.76 mole) cholesterol and 59.3 g (0.75 mole) pyridine
- dissclved in 500 ml benzene, was added, dropwise, 139.2 g (0.75 mole)
p-nitrobenzoyl chloride dissolved in 40O ml benzene. A strong exothern
resulted during the addition. The mixture was refluxed for 2.0 hours,
‘the hot solution was filtered and then allowed t> cool. A tan crystall

#0114 was obtained which was recrystallized from methyl cellosolve
(ethylene glycol monomethyl ether). The recrystallized solid was pale
f yellow in color and melted at 190 - 191°C.

(23) Cholesteryl p-Aminobenzcate.
o)

I
Corfiys = © - € - CgHty - My(p)

The cholesteryl p-nitrobenzoate prepared above, (22), was used for this
_preparation. Thus, to 6 g of the p-nitro derivative in 80 ml glacial
acetic acid was added 3.5 g of 100 mesh iron filings. The mixture was
boiled under gentle reflux. The solution went from colorless to dark
brown during tbe first half-hour, and after 1.5 hours all of the p-nitro
compound had dissolved. Reflux was maintained for a total of 2.5 hours.
The solution was transferred to a beaker and allowed to cool (erystal-
lized). The entire contents of the beaker were repeatedly washed

with 1 B hydrochloric acid until the washings were colorless, and then
with water until the washiﬁgs were neutral to litmus. The solid so
obtained was recrystallized twice from boiling amyl acetate to give
large tan needles with . melting point of 238 - 239°C.
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(24) Oleyl Isonicotinate.
0
I

c18u35‘- 0-¢C - csuh (%)

To 20.5 g (0.17 mole) isonicotinic acid, was added, 80 ml (excess) of
thionyl chloride (50C1,) and the mixture refluxed for 2.0 hours. At
the end of this period, the flask was set up for a distillation, and
the excess thicnyl chloride removed by distillation. The reflux con-
denser was returned to the flask which now contained isonicotinoyl
chloride. After adding 100 ml of benzene to the flask, 91.5 g (0.341
moles) of oleyl alcohal dissolved in 100 ml benzene was added dropwise,
During the addition the reaction flask was kept in an ice bath. After
the addition was completed, the flask was allowed to warm up and then
heated and maintained at reflux temperature for 30 minutes. The
contents of the flask were cooled, treated with 250 ml of a 204 sodium
carbonate solution for 15 minutes, transferred to a separatory funnel,
and the agueous layer discarded. The benzene phase was washed with
water and dried over Drierite. The solvent was distilled and the
residue fractionally distilled. In this manner oleyl isonicotinate
(b.p. 190 - 193°/0.11 mm and 179 - 182°/0.06 mm) was obtained.

(25) Oleyl Nicotinate.
0

Il
°18“35 -0-0C - csuhu (3)

Nicotinoyl chloride (17.8 g, 0.1 mole) was dissolved in 150 ml benzene
and the flask cooled in an ice bath. Oleyl alcohol (26.8 g; 0.1 mole)
in 100 ml benzene was added dropwise. After complete addition, the
reaction mixture was heated to, and maintained at, reflux for 2.0 hours.
The reaction mixture was cooled, treated with 150 ml of 20% sodium
carbonate solution (added slowly), transferred to a separatory funnel,

 and separcted. The benzene layer was distilled at atmospheric pressure

to remove solvent and then under reduced pressure to obtein the oleyl
nicotinste, b.p. 191°C/0.07 mm. Hg.
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(26) Oleyl Isonipecotoate.

I
CigHag = 0 - € - 51-1101! (k)

This material was prepared in a r similar to that used in the
preparation of oleyl nonieotth (24). Thus, 20.5 g (0.16 mole)
isonipecotic acid, 80 ml (excess)lthionyl chloride, and 42.7 g (0.16
mole) oleyl alecohol were used in Lhis preparation. Vacuum distillation

resulted in obtaining oleyl isonipecotoate, b.p. 130°C/0.1 mm.He.

|
(27) Cholesteryl Isonicotirate.

i

Carfys < © - € - C (0

As in the'preparaiion of oleyl i1sonicotinate (24), isonicotinoyl chloride
was first prepared from 20.5 g (0.17 moles) isonicotinic acid and 80 ml
(excess) of thionyl chloride. This product was then reacted with

64.3 g,(0.17 moles) cholesterol in 300 ml benzene. To the flask was

added 200 ml of a 20% sodium carbonate solution, and the contents of

the flask were then separated in a separatory funnel. The benzene

phase; wvas treated with methanol and the solid so obtained by filtration
was rdcrystallized from acetone, m.p. 172.5.- 173°C.

(28) Cholesteryl Isonipecotoate.
0

cz,’m,‘5 -0- 'c' - csnmn-(h)
Isonipecotoyl chloride was prepa%ed from 20.5 g (0.16 moles) isoni-
pecotic acid and 80 ml thionyl cHloride. This product was then reacted
with 61.4 g (0.16 mole) cholesterol in 325 ml benzene. Using the same
procedures as in the preparation of cholesteryl isonicotinate (27) tor
obtaining the product from the reaction llxture, an 5il was obtained.
Upan atanding, this 21l crystallized partially. Attempts to recrystalliz
this oil have been only partially successful, Usually it comes out of
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solution as an 2il first and then slowly crystallizes to give a solid
which starts to melt at 81°C and is completely molten at 83°C.
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Appendix III
VOLUMETRIC DILUTION APPARATUS

The volumetric dilution apparatus shown in Figure III.1
consisted, very briefly, of a 3 cc sample chamber A connected at one
end to a manometer (B), to the gas bottle (C) and to the atmosphere
(D). At the other end this sample chamber (A) is connected to a
vacuum line (E) and to a mixing volume (P) which, in turn, is con-
nected to a smaller reaction chamber (G) that can be evacuated indepea-

dently.
4 3 l 2 7
/ =S ] |
F
B
9200cc \l
D
£ C
)
G Gas
2660cC Cylinder

Figure III.1 - Volumetric dilution apparatus.
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The test sample hoop is placed in (G) and the whole system is evacuated
to a known pressure (usuelly leaxs than b mm Hg) up to the gas bottle.
After checking for leaks, three-way stopcock 1 is closed and three-
m‘ stopcock 2 is open to the manometer and the gas bottle. A known
pressure of gas is then bled into sample chamber (A); when this is done
stopcock 2 is alco closed, sc that sample chamber (A) contains 3 cc

cf contaminant gas at a known pressure. Stopcock (3) is rotated 180°
80 it is open from (A) to (F) but closed to (E). Stopcocks 1, 2 and &
are subsequently turned so as to allow atmospheri: air to flush the
contaminant gas into mixing volume (F). In this manner 3 cc of gas at
any desired pressure is mixed with 9200 cc of air to atmospheric pres-
’ sure, yielding the desired contaminant gas/air volume ratio. The

, diluted gas in volume (P), with or without a delay of five minutes,

,’ b ' 18 then allowed to flow into the evacuated reaction chamber (G), where
: " the test hoop is. When pressure equilibrium between (F) and (G) is
established, the tesi hoop is exposed to the desired concentration of
contexinent gas at a pressure (usually about S70 torr) somewhat below
atmogpheris pressure. The latter may be attained either by bleeding
air into (F) and repeating the procedure described above or by bleeding
% air into (G) directly. In either case the contaminant gas concentra-

3 tion is reduced somewhat by a predictable amount. With this method,
concentracions as low as 6 parts per million have been obtaineq,

‘ with even lower concentrations possible. o

| The ratio tetween the amount of datecting material spresd

out on the Mylar hoop (4.25 inch diameter) and the actual amount of |
@as prezent in the test chamber during the experiment is iarge, especially
at the low contaminant gas concentrations exploréd; Therefore, the
contaminant gas concentration in the test chamber decreases during a

15 minute exposure because of continuous reaction with the liqudd
crystal aaterials., That is, the actual average concentration of con-
taminant gas over the duration of the test is perceptibly lower tbhan

! the initial concentration reported in each case. Therefore, the shift
in color temperature of the detecting material being investigated would
most probably be somewhat greater if the contaminant gas concentration

itahe
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vere kept constant or if the ratio of resctive materiai to contaminant
gas were greatly reduced. :

After the desired length of exposure, the sample is removed
and tested in the temperature versus wavelength measuring apparatus.
Each sample is first tested before exposure to sontaminant gas, then
exposed and tested again, the whole operation taking about 1.5 hour.
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: Appendix IV
iz APPLICATION OF LIQUID CRYSTAL DETECTORS

ggfj .

The reactive materials delivered to the AF in accardance

%Q with the contract are very sensitive to small quantities of gases which
ﬁ“‘ are usually present in the laboratory atmosphere s5 they must be

- protected from premature exposure.

N Ei ' In na;;ng a samplé for laboratory use, a thin film of the

¢ material must be prepared on a suitable substrate., This substrate may
j be any material which gives good 1iquid crystal alignment, but does
_not react with the liquid crystal. Suitable materials are epoxy coated r
metals and Hyla;. Mylar is the most convenient material to use because

it 1s available in a wide variety of sizes and thicknesses. Any con-
venient area of detector can be used. However, if a limited amount of
contaminated air is being used for testing, the size of the detecting

area used should be kept reasonably small, because otherwise enough of J
the contaminant vill be absorbed during a 15 minute exposure to appreciably
alter the concentraticn of the contaminant. If the area is made less l

i Wy R R

-
Ij%:;,‘ iy S

2 23
TE
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than 3 mm in diameter then magnification will be required in order to
observe color changes. : 4

The filn may be put down either by casting or cpraying !ach
of the laterials is provided in a solvent which will allow casting of
‘. samples. 1If fuéther dilution is desired, as for spraying, a solvent
; should be uaed.; Eight parts by volume of solvent t5> one part liquid
crystal will yield 20u to 25u film which is a desired thickness. The
b film can be ca:} using an eye dropper or hwpodcrnde syringe. To allow
. the material to flow properly on the substrate, a few drops are placed
A in the center of the area to be covered. After this procedure, the
solvent is alloﬁed to evaporate. If any solvent remains the test may dbe

i
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irnvalid. To spray a film the dilutior of the liquid crystal is not
criticai. However, the skill of the operator beccmes more important.
When spraying this material, any desired shape 5r area mayr be covered
and most coammercially available air guns ma* be used. Tie material is
usually applied in several coats to obtain the proper thickness.

' The detectors may be exposed to gar at ahy temperature from
10°C to 80°C. They may be exposed at this wide range of temperature
because the indicating reaction is not a fun:tion of thé state of the
material. The film may simply be exposed to static air that contains
the gas to'be detected. However, & flow of air across the film reduces
the required exposure time. |

’ The interpretation of the results of these tests may be

made in some cases by directly noting a‘pernanent change from green to
red (see the section on UTMH) at room temperature. However, to use
nost of the test materials one needs to heat the reacted detector
sample and note whether it shifts calor af a'higher'or lower tempera-
ture than an unreacted ssaple. Heating can te easily achieved with
electric current, a light bulb, a flame or even body heat. For quan-
titative analysis the amount of this temperature shift should be deter-
mined. Generally a pair of samples of each material should be prepared.
One is used for a reference and is covered 80 that it will not reaczt
with the contaminant. After reaction the pair are heated until one
turns red and then slowly heated further until the second turns red.
The ditference in cslor-shift temperature or "red temperature” is noted.
A small change in the red tenperature indicates a smell concentration of
contaminant vhile a large red tempera'ure shift would mean a large con-

centration of contaminant. See Table 1.1,1f the "red temperature” of the

exposed material is higher than the red temperature of the unexposed nmn-
terial the color shift is szid to be positive.

If accurate temperature indicating methods are not available
2 22cond technicue can de employed. A pair of unexposed and axposed
sazples are heated together until the unexposed sample turns green.
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The amount and directiuvn of color shift of the other sample will indicate

the type and amount of rcaction. See Tadhle 1.2. I1If a large ccncenira-

g tion of the reactive gas is present and/or if the exposure time isvlong,
§ then the exposed sample will appear black at the testing temperature.
% For materials thet exhibit a positive critical temperature shift for
% some gases and a negative shift for others, the samples will heve to
i be heeted or cooled to determine vhether the ghift was positive or

i
!
E
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negative.
A third technique is to use a set of nonreactive standard

materials that have temperature vz wavelength (color) characteristics
that match those of the reactive sample after zxposure to various

gas concentrations. By comparing the reactive sauples with these satan-

dards the amount of contazination can be determined.
Table IV.1 1lists all of the sampies delivered to RADC and

indicates wvhich gases will react with each. The eolor trunsition

temperature will shift up or down upon exposure as indicated.
Before exposure all of these materiuls have a transition temperature
of about 29°C. The solvent used for materimis numbered 3, 4, and 5 is

’ . petroleum ether., The solvent used for all of the otner sampl:s is
§ 80% petroleum ether and 20% chloroform. . ¢
) ‘ Two tamperature inseinsitive materials were also supplied. These

permanently shift color from grecn to red on exposure to VDMK or
hydrazine, The compositicn by veight i3 as fllovs'

UDMH #1 2 partz Cholesteryl 'ferephthalyl Chioride
" Oleate

" Chol. ¥onanoate

"  Chol. Chloride

parts Chol. 1Isophthalyl Chloride
" Cholestervl Erucyl Carbonate
" Chol. Nonanoate
" Chol. Chlorigde

uDm{ #2
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Table IV.1l ~ List of Reactive Materials Supplied

Direction of Color Shift

Matrix G HF
Composition Detector N.O HNO ' :
‘Detector . C. Nong/OCC* ) 24 3 . HCl HH UpMH
: 1. Methyl Linoleate 60/40 3.4 down
: ‘ |
i 2. Methyl Linolenate 6c/u0 3.4 down
3. Cholesteryl Phenyl .
] Bydrszine 50/50 L up
f 4. Oleyl Isonicotinate ' 6Q/h0 3.5 : up up
S. Oleyl Amine 60/40 . 3.5 up up
6. Oleyl Chloroformate 60/L0 3 | up down
7. Oleyl Terephthaloyl
: Chloride 54 /46 L up down
8. Oleyl Isophthaloyl
i Chloride 56,4k L up down
9. Cholesteryl Iso-
phthaloyl Chlcride ko/60 b down down
10. Cholesteryl Ter- : first wp  gowm
ephthaloyl Chloride 30/70 b ' then down
11. Olelc Acid 60/40 4.5 small

down

B

»
C. Non. = Cholesteryl Nonanoate
" - OCC = Oleyl Cholesteryl Carbonate
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