This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 11:44

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Gas Chromatography Analysis of
Diphenyl-Diacetylene Liquid Crystals

Elena Sherman 2 , Anna M. Lackner 2 & Shin-Tson Wu 2

% Hughes Research Laboratories, 3011 Malibu Canyon Road, Malibu,
CA, USA
Version of record first published: 04 Oct 2006.

To cite this article: Elena Sherman , Anna M. Lackner & Shin-Tson Wu (1995): Gas Chromatography
Analysis of Diphenyl-Diacetylene Liquid Crystals, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 265:1, 669-674

To link to this article: http://dx.doi.org/10.1080/10587259508041734

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508041734
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:44 18 February 2013

Mol. Cryst. Lig. Cryst. 1995, Vol. 265, pp. 669-674 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Malaysia

GAS CHROMATOGRAPHY ANALYSIS OF DIPHENYL-DIACETYLENE
LIQUID CRYSTALS

ELENA SHERMAN, ANNA M. LACKNER and SHIN-TSON WU
Hughes Research Laboratories, 3011 Malibu Canyon Road, Malibu, CA, USA

Abstract A gas chromatography method is used to investigate the purity of dialkyl-
diphenyl-diacetylene liquid crystal components and at the same time identify the
structure and concentration of the major impurities.

INTRODUCTION

The diphenyl-diacetylene liquid crystals (LCs) exhibit high birefringence, and at the
same time low rotational viscosity, thereby they are very useful as LC mixtures for
infrared, millimeter wave and nonlinear optics applications!-3. Several alkyl-diphenyl-
diacetylene LC structures have been reported in the literature with non-polar4-6 and
polar’-9 terminal groups in the para position of the phenyl ring. The polar terminal
substitutions included cyano, fluoro, chloro, trifluoromethyl groups resulted in
extremely high melting temperatures. The non-polar alkyl or alkoxy end groups
exhibited moderately high melting temperatures dependent on the alkyl chain length.
The synthesis of unsymmetrical alkyl substituted diphenyl-diacetylene homologs®
(PTTP-nm, with structure shown below) resulted in high birefringence, relatively low
viscosity, wide temperature range and low heat of fusion enthalpy L.C components. The
PTTP-nm LCs posses very low dielectric anisotropy, however they are excellent
candidates for high birefringence host mixtures.

Cobns—(_)-C=C-C2C—- Y~Cotomys  (PTTP-nm)

The synthesis !0 of unsymmetrical alkyl substituted diphenyl-diacetylene homologs are
based on the coupling reaction of acetylenes to form diacetylenes. The general
procedure for the preparation of 4-n-alkylphenylacetylenes followed the Corey and
Fuchs!! procedure using the appropriate para-substituted benzaldehyde as the starting
materials. The intermediate B,B'-dibromostyryl derivative was treated with n-
butyllithium at -78°C to be converted into the 4-n-alkylphenylacetylene, or reacted with
potassium t-butoxide in refluxing toluene to form the bromoacetylide. The resulting
asymmetrical diphenyl-diacetylenes were obtained by the Cadiot-Chodkiewicz coupling
[3235)/669
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of 4-n-alkylphenylacetylene and 1-bromoacetylene intermediates. In the final coupling
reaction of these two acetylenes with different terminal alkyl substitution it is difficult
to obtain very high yield of the unsymmetrical diacetylenes totally free of the
symmetrical components (PTTP-nn and PTTP-mm).

C=CBr + CHEC—@—CmHgmH —Lu B%ug._hz .
_®—CmH2m+1

C=C—C —C—Q—Cann+1 +

CEC—CEC—Q—CmH2m+1
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EXPERIMENTAL

Gas chromatography (GC) is a well-known analytical technique for qualitative and
quantitative identification of synthesis products. The theoretical retention time (tr) and
retention index of a component depends on the column temperature, structure and purity
of the stationary phase. In practice, however the temperature programmed tr also
depends on the initial temperature, the programming rate, the temperature dependence
of the distribution coefficient, the carrier gas and its velocity.

A temperature programmed GC method was developed for the analysis of the
dialkyl substituted diphenyl-diacetylene liquid crystal homologs. The purity of these
materials was determined by using a Hewlett Packard Model 5780A GC equipped with
6 ft long x 1/8" i.d. dual columns. The column support, Gas Chrom Q, is a white
diatomaceous earth of 100/200 mesh size, with maximum inertness and optimized for
trace analysis. The liquid phase coating of 3% OV-17, a phenylmethyl silicone
structure, is well suited for high temperature GC analysis with an operating
temperature limit of 350-375°C. The column temperature was programmed from 200°C
to 290°C at rate of 16°C/min. The nitrogen carrier gas flow rate was set at 30 ml/min.
The injection port was maintained at 300°C and flame ionization detector at 350°C.
Injected sample size was 1 pl in methylene chloride. The relative areas of components
were measured on a Spectra-Physics SP4270 Integrator, excluding the solvent peak. A
typical chromatograph of the 4-n-propyl-4'-n-hexyl-diphenyldiacetylene (PTTP-36),
obtained with the above experimental conditions, is shown in Figure 1.
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FIGURE 1 Gas chromatogram of PTTP-36 major component with PTTP-33 and
PTTP-66 by-products.
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We have found a very simple GC analysis method for simultaneous determination of
the major LC components' and the symmetric LC impurities' concentration, based on
their relative retention time. The gas chromatographic separation of components are
affected by their molecular structure, molecular weight, vapor pressure, and their
affinity for the liquid phase of the GC column. The elution order of LC homologs, with
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the same diphenyl-diacetylene core structure, depends on the size of their end-group.
Under well-controlled, temperature programmed analysis conditions, the GC retention
time is a function of the total dialkyl chain length, n+m. In our studies of numerous
unsymmetrical diphenyl-diacetylene components, good peak separation was obtained
at optimized GC conditions with column temperature programmed between 200 and
290°C. Fourteen unsymmetrical alkyl substituted diphenyl-diacetylene homologs were
analyzed by GC with combined number of carbon atom (n + m) variation, in the
terminal alkyl groups, between 6 and 14, corresponding to PTTP-24 and PTTP-68
respectively. GC retention time vs. total dialkyl chain length, n+m shown in Figure 2.
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FIGURE 2 Retention time of PTTP-nm homologs.

The log of retention time is proportional to the number of carbon (including -CH?2 and
-CH3 groups), resulting in a good fit of all experimental points to a straight line. Itis
well known in gas chromatography 12 that if the logarithm of the adjusted retention time
is plotted versus the carbon number of a homologous series, a linear fit is often
obtained. Using the straight line relation for the major PTTP-nm components and
exarmining the impurity peaks' retention for a typical sample of PTTP-36 is shown in
Figure 3.
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FIGURE 3 Retention time of PTTP-36 major component with PTTP-33 and
PTTP-66 by-products.
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FIGURE 4 Retention time vs. molecular weight of PTTP LC components.
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The small peaks before and after the major component have tr of 9.55 and 27.02

minutes, corresponding to 6 and 12 total carbon, easily identified as PTTP-33 and
PTTP-66 by-products from the synthesis. A comparison of the PTTP-nm components
experimental retention times vs. their molecular weight resulted in a good straight line
fit (see Figure 4), that can also be used for unknown gas chromatographic peak
identification of the symmetrical PTTP components.

CONCLUSION

In studies of numerous unsymmetrical diphenyl-diacetylene components, good peak
separation is obtained at optimized GC conditions with column temperature
programmed between 200 and 290°C. The major unsymmetrical dialky! diphenyl-
diacetylene LCs retention time is in close agreement with a predicted logarithmic
dependence on molecular size, while the impurity peaks retention time are similarly
well correlated with the symmetrical PTTP-nn and PTTP-mm synthesis by-products.
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