This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 14:53

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

Preparation of Nematic Mixtures from

Smectic Compounds

K. Czupryriski * & A. Januszko ?

& Military Technical Academy, 01-439, Warsaw, Poland
Version of record first published: 24 Sep 2006.

To cite this article: K. Czupryniski & A. Januszko (1992): Preparation of Nematic Mixtures from
Smectic Compounds, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 215:1, 199-204

To link to this article: http://dx.doi.org/10.1080/10587259208038525

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/10.1080/10587259208038525
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:53 18 February 2013

Mol. Cryst. Lig. Cryst. 1992, Vol. 215, pp. 199-204
Reprints available directly from the publisher
Photocopying permitted by license only

© 1992 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

PREPARATION OF NEMATIC MIXTURES FROM SMECTIC
COMPOUNDS

K.CZUPRYNSKI and A.JANUSZKO
Military Technical Academy, 01-439 Warsaw, Poland
(Received March 12, 1991)

Abstract A simplk method has been developed to
obtain’ multicomponent mixtures with a wide range
of the nematic phase from smectic compounds. The pro-
perties 0of these mixtures make them suitable for use
in lisplays of twist type.
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INTRODUCTION

Many binary mixtures of polar smectic compounds are known
in which the nematic phase may be induced. It has been
found that the factorwhich is decisive for the occurrence of
nematic phase induction is the ratio of the smectic layer
1-5 .

. It is
known that induction of the nematic phase occurs only if

spacings of the compounds used in the mixture

the orientations of the dipole moments of the terminal
group and of the remaining groups in the molecules forming
the mixture are in accordanceé. When the ratio of the
smectic layer spacings assumr$ similar values the energy

bonding the molecules in the .mectic layer is the factor

determining the width of the nematic gap7_8.

The effect has also been observed in the terminal
substituents in the smectic molecules used in the mixture
in the range of the induced nematic phaseg_lo. It has been

Tound that the kind of substituent is decisive for the
character of the smectic phase and the bonding energy in
the smectic lattice; such factors affsct indirectly the
range of the induced nematic phase.

The induction of the nematic phase was observed in
binary mixtures of smectics A, and A 1—4, A. and A 5, A

11 l10 d 1 1 d

and C, C and C°7, and E and Ad .

From X-ray studies and measureaments of viscosity it
follows that the nematic phase rormed from smectic
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compounds is a normal nematic phase such as that encount-
ered in most nematic CompoundSB’é. The nematic mixtures
obtained from smectic compounds have a moderate viscosity
of small temperature dependence what allows obtaining ne-
matic mixtures of low viscosity at low temperatures.

On the basis of the above results we decided
smectic compounds for designing and realizing nematic mix-
tures with properties allowing their application in dis-

plays.
RESULTS AND DISCUSSION

All the mixtures investigated in the present work were com-
posed of smectic compounds synthesized in our laboratory
that are known to induce the nematic phases in binary mix-
tures. The properties of these compounds are summarized
in Table 1.

Using the mentioned compounds and taking advantage of

thermodynamic relatiaons (CSL equationslz’13

13,14

and regular
sclutiaon theory ) we designed with the help of a com-
puter multicomponent mixtures of the eutectic composition.
The components of these mixtures were adjusted in such a
way that they reveal the same kind of smectic phase (the
mixtures comprising smectic compounds yielding monomole-
cular layers were denoted by M, and those yielding bimole-
cular layers by B), and also that their molecules have a
similar chemical structure. Next, taking advantage of these
computer calculations we prepared the mixtures and measured
their phase transition points. The properties and composi-
tions of some of the eutectic smectic mixtures are summa-
rized in Table 2. The eutectic mixtures composed of com-
pounds yielding the same kind of smectic phase reveal the
same smectic properties of the components they have been
made up from.

In mixtures whose components differ significantly as
regards the lengths of their molecules an induced nematic
phase appears i a small temperature range apart from the
smectic phase (mixture D1, 02). In mixture M2, in which
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TABLE 1. Chemical formulae, symbols. phase transition
points, melting enthalpies, smectic layer spacings and
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lengths of molecules of the mesoger used in the
mixtures.
fc’haset,rtansition AHmelt d 1
emgggi ures (kcal/mol) (nm) (nm)
C10H21—©-COD-®CN C159.8N60.‘7I(558Ad) 9.51 3.68 2.74
10.CN
ClOHZIO@-CUD-@—CN Cr79.58Ad81.2N86.BI 10.40 3.63 2.86
10.0.CN
7 N\
CleZSD-@—CODQCN Cr167Cr272.7SAd90I 10.67 3.63 3.11
12.0.CN
CaH9O@—CDO " N)-CN  Crl05.5N2281 4.20 - 2.14
4.CPCHB
C8H17‘DCN Cr54.58Ad67.5N811 5.80 3.20 2.34
80CB
cleZSCN Cr4ssAd58.51 8.50 3.98 2.76
12CB
ClUH21O—®—CN Cr49N57.51(31.58Ad) 8.72 3.53 2.44
10PCH
CBH17CN Cr21sAd32.1N401 6.30 2.22
8CB
CSHMNCS Cr535. 741 2.70 2.00 2.13
587
C7H15@©—NCS Cr545.72.5T 2.30  2.26 2.36
78T
CSHH—@—CDO—@F Cr, 49Cr,54. 51(51. 5N) 5.20 - 1.95
5.60.8F
!/ —
C7H15@-coo )-F Cr 47.5Cr,54.61(51.5N)  5.00 2.18
7.b0.BF
CSHM—D-@-COO-@-F Cré6.41 (36.38A1) 8.50 - 2.02
5.0.F
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only one component reveals the smectic phase, in the range
from the melting to the clearing point we observe anly the
nematic phase. All the presented examples of eutectic
smectic mixtures show relatively low melting points and
a wide temperature range of the mesaophase.

TABLE 2. Composition and phase transition points of
the euteciic mixtures.

Mixtures of Ad smectics
Dl: 10.CN 37.5 %mol Cr39.6Nr850.78Ad65.4N110.B-113.41
10.0.CN 14.2 %mol
i2.0.CN 16.6 %mol
________ 4.CPCHB____ 31.7 %mol
D2 8.0CB 20.4 %mol Cr4.98A 46.3N52.9-53.11
8 CB 53.6 %mol d
12 CB 14.4 %mol
10 PCH 11.6 %mol

Mixture of E smectics
M1l: 5 BT 47.5 %mol Cr36SE71.9—72.6I
7 BT 52.5 %mol

Mixture of nematics and Alsmectic
M2:  5.b0.BF 37.8 %mol Cr21.2N39.5-39.81
7.00.BF 38.1 %mol
5.0.F. 24.1 %mol

The described eutectic base mixtures were use to pre-
pare "binary" mixtures in which the base mixture with smec-
tic Ad properties canstituted one component and the base
mixture with the properties of smectic Al or E was the
second component. In the course of preparation of these
mixtures we kept to the rule that compounds contained in
both combined bases have a similar chemical structure.
Phase diagrams were plotted for the mixtures in the system:
temperature - mean mole fraction of the combined bases
(Figs. la and 1b).
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FIGURE 1. Phase diagrams of "binary" mixtures:
(a) M2-D1 and (b) M1-D2.
Analysis of the obtained phase diagrams showed that

such a mole ratio of the mixed bases can be established

in which only the induced nematic phase existsin a
temperature range.
mixtures obtained in this way for application in
crystal twist type displays we selected mixtures

To test the usefulness of the

equimolecular ratio of the base mixtures.

of these mixturesare summarized in Table 3.

wide
nematic
liquid
with a

The properties

The results of our research show that by selecting

appropriately the smectic components of mixtures

we can

obtain nematic compositions with a wide temperature range

of operation,

voltage.

relatively low viscosity,

low threshold
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TABLE 3. Principal properties of some nematic mix-
tures obtained from smectic compounds.

M2D1 0.5 M1D2 0.5
Thert OO0 -30 0
Tclear °c) 71.5 50
] (mPa.s), 25°C 24.0 19.3
AN, 25°C 0.118 0.177
Ng> 25°C 1.613 1.700
af , 25°C 11.73 9.24
QH, 25°C 17.92 14.00
VlG (v), 25°C 1.2 1.7
V90 (v), 25°C 2.8 2.7
Ton (ms) 25°C, 3V 110
TOff (ms) 25°C, 3V 50
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