This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Liquid crystal mixtures for potential infrared applications
Hong Sun; Frederick Roussel; Wing Shun Cheung; B. M. Fung; Sandy S. Keast; Mark Lohman; Julie
Kim; Mary E. Neubert

Online publication date: 06 August 2010

To cite this Article Sun, Hong , Roussel, Frederick , Cheung, Wing Shun , Fung, B. M. , Keast, Sandy S. , Lohman, Mark ,
Kim, Julie and Neubert, Mary E.(2001) 'Liquid crystal mixtures for potential infrared applications’, Liquid Crystals, 28:
10, 1483 — 1486

To link to this Article: DOI: 10.1080/02678290110068460
URL: http://dx.doi.org/10.1080/02678290110068460

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, 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.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290110068460
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:58 25 January 2011

Downl oaded At:

LiQuip CrystaLs, 2001, VoL. 28, No. 10, 1483-1486

SR

A
LEAYZ
SRt

P o
g

Liquid crystal mixtures for potential infrared applications
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Liquid crystals (LCs) with diazo linkages have high dielectric and optical anisotropy. Two
newly synthesized liquid crystalline compounds were dissolved in room temperature LC hosts,
E7 and PTTP-24/36, to assess their properties. It was found that these mixtures have higher
birefringence, larger dielectric anisotropy, and better elastic properties than the hosts.
Satisfactory viscoelastic coefficients were also obtained for these mixtures, showing that they
are promising LC materials for applications in the near IR region.

1. Introduction

Currently, electro-optic liquid crystal (LC) devices are
designed mainly for applications in the visible region of
the spectrum, but some important industrial and military
devices require operation in the near- and mid-IR range.
However, most commercial liquid crystals and liquid
crystal mixtures suffer from insufficient birefringence
(An) and high optical loss when used in the IR region
[1-5]. The importance of IR birefringence for liquid
crystals has been recognized for some time [6,7].
Compounds that have considerable IR birefringence
include diphenylacetylenes (tolanes) [8—117, stilbenes
[8], diphenyldiacetylenes [9, 12,137, and bistolanes
[14,15]. Here we report another type of compound
with high IR birefringence.

Molecules carrying electron donating and accepting
(push—pull) groups connected by a conjugated system
exhibit large molecular dipole moments, high birefringence
and large dielectric anisotropy [16, 177]. They are used
extensively as second order non-linear optics materials
[16]. Diazo liquid crystal dyes carrying push—pull
structures have been synthesized in this laboratory
[17-21]. Because their melting points are above room
temperature, they are usually used as dopants in room
temperature LC mixtures. Liquid crystal dopants are
more advantageous than dichroic dyes since they are not
detrimental to the mesogenic properties of the LC hosts,

* Author for correspondence e-mail: bmfung@ou.edu

and have higher order parameters. Therefore, liquid
crystal mixtures can be utilized in TN or even STN
mode; they are superior to normal dyes that can only
be used in GH mode displays.

Most commercial liquid crystals do not have a
conjugated mesogenic core, they therefore have low
birefringence and are suitable for reflective mode display.
The commercial mixture E7 is often used as a standard
for measuring the electro-optic properties of liquid
crystals. On the other hand, dialkyl diphenyl-diacetylene
(PTTP) liquid crystals have an elongated conjugated
core. They possess high birefringence, low melting
temperatures, small fusion enthalpies, low viscosity, and
reasonable nematic ranges [22-247]. A eutectic room
temperature mixture, PTTP-24/36, has been formulated
[22], and is a good candidate for direct view mode
applications. However, the dielectric anisotropy (Ag) of
these LCs is very low (< 1) and high threshold voltages
are needed for displays using PTTP mixtures [22-25].

The goal of this study is to find room temperature
liquid crystal mixtures for potential IR applications; the
desired liquid crystal mixtures should therefore possess
high birefringence in the IR region. For this purpose, we
previously synthesized a number of diazo liquid crystals
with push—pull groups and made preliminary tests on
their electro-optic properties [21]. Now we have chosen
the two most promising compounds for a more com-
prehensive study. Two room temperature liquid crystal
solvents, E7 and PTTP-24/36, were used to evaluate the
elastic and electro-optic properties.
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2. Experimental

Two series of diazo liquid crystals with the following
structures were synthesized and studied. They were
chosen for the present investigation because series 1
possesses rather large birefringence and series 2 exhibits
large dielectric anisotropy. The synthesis of diazo liquid
crystals 2 has been reported previously [21], and the
procedure for the synthesis of 1 is very similar. For both
series, the aliphatic chains contain 5-8 carbon atoms.

F
F
ON Ny A\
N N N—(CHg)n4CH; 1
F
OzN‘ON\\ /_\
N N  N—(CHgniCHs 2
F

Phase transition temperatures were determined using
a Perkin-Elmer DSC?7 differential scanning calorimeter
and the phases were checked using an Olympus BH-2
polarizing microscope.

Dielectric anisotropy measurements on the mixtures
were made using a Displaytech APT III automatic
property tester. Birefringence measurements were per-
formed using a home-built optical path, as described in
the literature [ 227]. The lamp, the monochromator and the
photo-detector were purchased from the CVI instrument
group and the polarizers in both the visible and the
near-IR regions were purchased from GS Edmond
Scientific Co. Viscoelastic coefficients were obtained
based on the procedures reported by Wu and Wu [26].

3. Results and discussion
Many diazo liquid crystals have been synthesized in
this laboratory and most have been found to possess
broad mesogenic ranges and high birefringence [11].
Among them, the homologous series 1 and 2 were the
most attractive. When 10 wt % mixtures of the liquid
crystals in E7 were measured, series 1 had the highest

birefringence and series 2 the highest dielectric aniso-
tropy compared with other series of liquid crystals [21].
The phase transition temperatures of these compounds
are moderate (table 1).

Since the melting points of both series of compounds
are above room temperature, we used them as solutes
in room temperature LC mixtures to study the dielectric,
elastic, optic, and switching properties. Because the
length of the alkyl chain is not expected to affect these
properties substantially, we chose the compound with the
lowest AHy,, in each series (n =5 for 1 and n =6 for 2)
for the measurements. This is because fusion enthalpy is
of the same importance as melting point in forming
eutectic mixtures [27]. The LC mixture E7 has a large
Ae, and the mixture PTTP-24/36 has a large An; they
were therefore used as LC solvents in our study. The
20 wt % solution of 1 in PTTP-24/36 was waxy, and no
measurements were made.

The dielectric, elastic, optic, and switching properties
of the mixtures studied are listed in table 2. The data
show that the push—pull compounds cause increases in
g, &, and Ae, and decrease in K, K3, and K33/K;;.
Because of the decrease in K;; and increase in Ae, the
threshold voltage became smaller when the push—pull
compounds were added to the LC solvent. Using the
equation [ 18, 227]

Vi = (K, /Ae)'? (1)

the calculated values of V;;, for the five entries in table 2
are 1.18, 2.48, 1.12, 1.02 and 1.49 V, respectively. They
agree reasonably well with the experimental data,
differing only by a factor of 1.3 for all values.

The largest changes in the properties listed in table 2
were those for 2 dissolved in PTTP-24/36. This LC
solvent has a large birefringence and low viscosity, but
very small Ae (0.87) because of its non-polar structure
[18,21,227]. Therefore, it has a high threshold voltage.
With 20 wt % of 2, the dielectric anisotropy has improved
to 9.05, and the elastic ratio K33/K;; has decreased from
23.5 to 1.16. As a result, the threshold voltage has
decreased from 3.27 to 1.96 V.

Table 1. Phase transition temperatures (°C) and melting enthalpies (kJ mol™ ') of liquid crystals of series 1 and 2. n stands for
the carbon atom numbers in the terminal chains.

Series 2

Cr - SmA - N - | AHy,,

Series 1
n Cr - SmA - N - 1 AHq,,
5 — 69.9 160.6 21.7
6 — 75.4 150.6 25.6
7 — 88.8 152.1 36.7
8 76.0 138.0 150.0 30.0

— 1152 1752 243
101.9 133.0 170.4 18.3
100.2 153.1 1759 39.6
100.2 164.8 175.4 28.6
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Table 2. The dielectric, elastic, and switching properties of E7, PTTP-24/36, and solutions with 20wt % of 1 (n=15) and 2
(n=6) in these LC mixtures. In the second column, d is the width of the cell. In the last column, the rise time is defined by
the change of transmittance from 10% to 90%; a driving voltage of 8.0 V was used in our experiments.
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d Vin K. Kis v1/K 1 rise time
Sample 0 °m Vv é B A N Touw KeKa ey o
E7 4.25 1.55 18.95 5.21 13.74 1.71 2.42 1.41 23.6 15
PTTP-24/36 3.69 3.27 3.25 2.38 0.87 0.479 11.2 23.5 23.6 500
1in E7 4.13 1.47 20.58 5.90 14.67 1.64 1.77 1.08 36.3 15
2in E7 3.77 1.35 22.81 6.40 16.41 1.54 1.64 1.06 29.9 14
2 in PTTP-24/36 433 1.96 12.41 3.36 9.05 1.80 2.08 1.16 16.2 20
The viscoelastic coefficient determines the decay time 0.40
of the electro-optic response. Mixtures of compounds 1 “-‘.‘
and 2 with E7 have slightly higher y,/K;; values than “nﬁl_
that of E7. However, the mixture of 2 in PTTP-24/36 0.351 "'*tu,__‘
has smaller y,/K;; than PTTP-24/36, because the 5 I N .
increase of rotational viscosity y, is offset by the increase S pLE
of splay elastic constant K;; (table 2). Since the K33 /K, 8_ 0.30+
ratio of PTTP-24/36 is very high (23.5) and its Ag is % o
small, the rise time for a PTTP-24/36 cell is very long c ‘ﬁ«%%
(~500 ms). Therefore, although its viscoelastic coeffi- 5 0BPe,  EEu, .
cient is the same as E7, PTTP-24/36 by itself is unsuitable 5 b W S @““*%*ﬁew&».&&ﬁxm,&“w.mww
for practical applications. On the other hand, with 2as | 77 $-0-0.9.0-909 &-6--g-
a dopant, the rise time decreases by a factor of 25 at the 0.201 . . . : . , i , ]
600 700 800 900 1000 1100

same driving voltage. Although the rise time is dependent
on cell parameters, this result shows that 2 provides
a good dopant for improving the properties of LC
mixtures.

The principle concern of this study is the birefringence
of the liquid crystal mixture, especially in the infrared
region. Birefringence is a function of temperature and
wavelength [18, 287]. The birefringence of the mixtures
was measured at room temperature at different wave-
lengths ranging from 600 to 1100 nm, and the results are
presented in the figure. The gradual decrease of birefrin-
gence with increase in wavelength can be described by
using equation [28]

J2(1*2)

An(i, T) = G(T)m

(2)
where G(T) is a function which includes the effect of
temperature, and A* is the mean resonance wavelength.
Both G(T) and A* can be obtained by fitting the An
data as a function of 4 to equation (2). The best fitting
curves are also shown in the plots. The values of G(T)
are 2.03 X107° 215X%107° and 3.30 X10™ °nm~?,
respectively, for the mixtures 2 in E7, 1 in E7, and 2 in
PTTP-24/36; the corresponding values of A* are 318,
297, and 300nm at room temperature.

For A>J* equation (2) can be simplified to An(® )=
G(A*Yy. This is the extrapolated birefringence value in the

Wavelength (nm)

Figure 1. Wavelength dependence of birefringence of mixtures
of 20wt % 1 (n =5) in E7 (triangles), 20 wt % 2 (n = 6) in
PTTP-24/36 (squares) and 20 wt % 2 (n = 6) in E7 (circles).
The best fitting curves are presented as dashed lines.

far infrared or even microwave region. For commercial
liquid crystal mixtures, the values of An( ) are 0.191 for
E7, 0.123 for ZLI-1132, and 0.179 for NP-5 [27]. The
An( ) values for 20 wt % solutions of our compounds
are: 0.205 for 1 in E7, 0.189 for 2 in E7, and 0.297 for 2
in PTTP-24/36.

In conclusion, three room temperature liquid crystal
mixtures have been formulated by dissolving two new
diazo liquid crystals in E7 and PTTP-24/36, and their
physical properties have been measured. These mixtures
have larger dielectric anisotropy and better elastic proper-
ties than the host liquid crystal mixtures. When com-
pound 2 (n = 6) is dissolved in PTTP-24/36, the dielectric
anisotropy of the mixture improves substantially and the
birefringence of the mixture stays high. The values of
An( ) for this mixture is 0.297, which is substantially
larger than those for commercial liquid crystal mixtures
in the visible range, and is comparable to or better than
other compounds designed to have large IR birefringence
[6-15]. Because its dielectric and switching properties are
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also quite good (table 2), this mixture is a good candidate
for LC devices operating in the near IR region. Compounds
with triple bonds or diazo linkage in the structures are
known to be light sensitive, especially to UV irradiation.
However, when the application is in the infrared region,
the UV instability of the material is of less concern. Work
continues on the synthesis and testing of compounds with
further improved properties.
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