This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:57

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
Incorporating Nonlinear Optics

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Miscibility between the Smectic A
Phase of A Conventional Liquid Crystal
and the Lamellar Phase of an Inverse
Salt

G. Pelzl 2, S. Diele # , A. Humke * , D. Demus ? & H. Zaschke 2

& Sektion Chemie, Martin-Luther-Universitat Halle-Wittenberg,
WB Physikalische Chemie, Muhlpforte 1, DDR-4020, Halle/S.,
G.D.R.

Version of record first published: 22 Sep 2006.

To cite this article: G. Pelzl , S. Diele , A. Humke , D. Demus & H. Zaschke (1990): Miscibility
between the Smectic A Phase of A Conventional Liquid Crystal and the Lamellar Phase of an
Inverse Salt, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 191:1, 307-314

To link to this article: http://dx.doi.org/10.1080/00268949008038610

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/gmcl17
http://dx.doi.org/10.1080/00268949008038610
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:57 19 February 2013

Mol. Cryst. Liq. Cryst. 1990, Vol. 191, pp. 307-314
Reprints available directly from the publisher
Photocopying permitted by license only

© 1990 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

MISCIBILITY BETWEEN THE SMECTIC A PHASE OF A
CONVENTIONAL LIQUID CRYSTAL AND THE LAMELLAR
PHASE OF AN INVERSE SALT

G. PELZL, S, DIELE, A, HUMKE, D, DEMUS and

H, ZASCHKE

Sektion Chemie, Martin-Luther-Universitét Halle-
Wittenberg, WB Physikalische Chemie, Mihlpforte 1,
DDR-4020 Halle/S,, G.D.R,

Abstract The isobaric phase diagram of a binary
system is presented which gives evidence that the
smectic A phase of a conventional liquid crystal
is completely miscible with the lamellar phase

of an inverse salt, With respect to the rule of
selective miscibility the latter therefore corre-
sponds to the phase type. smectic A, According to
X=-ray measurements in the salt component as well
as in the mixtures the layer spacings d of the
smectic A phase are clearly smaller than the mole-
cular lengths resp., the average molecular lengths,
A packing model is proposed for interpreting the
experimental results,

1, INTRODUCTION

Up to now only a few classes of inverse salts are
described in the literature which exhibit thermotro-
pic smectic liquid crystalline phasesi-s. According
to optical observations the smectic phase of these
salts is generally classified as a lamellar smectic A
phase type. To our knowledge only the smectic phase
corresponding to the phase of N-4-hexadecylpyridinium
chloride was clearly identified as smectic A phase by
X=ray investigation36'7. The layer spacing d of this

SA phase was found to be greater than the molecule

. length L, The ratio d/L varies between 1,1 and 1,3,

In this paper the results of structural investigations
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for another class of thermotropic inverse salts are
presented.

In addition, the miscibility of the lamellar phase of
this inverse salt with the smectic A phase of a con-
ventional liquid erystal is studied.

2. MATERIALS

We used for our investigations S5-n-octyl=2-[4-n-dode-
cylphenyl] -1,4,5,6~tetrahydropyrimidine-chloride(B)
first synthesized by ZASCHKES.

N-CH
R é 2\
B: | Cyf 0~ @ ~CH 2CHECH2 CgHyq c1

This substance has a transition scheme:

K 159 S 197 1Is

(K: solid crystal; S: smectic liquid crystal;

Is: isotropic liquid)
In microascopical obsgervation the smectic phase of this
substance exhibits a fan-shaped texture or a homeotro-
pic texture which point at a lamellar phase correspon-
ding to the A phase type.
As mixing component we used the following thiadiazole
derivative:

N-N
Ar CqgHp40- ©'< S/\‘@

K 99 S, 126 Is ° (S,: smeotic A)

3 RESULTS
3.1. The Binary system
The isobaric phase diagram of the binary system is
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shown in Figure 1. The phase diagram was studied by
polarizing microscopy using the contact method1o and
by determining trangition temperatures in prepara-
tions of specific concentrations. The easential result
is the complete miscibility between the lamellar phase
of the inverse salt (component B) and the smectic A
phase of a conventional liquid crystal (component A4).
A topological feature of the diagram is the minimum
in the transition curve SA —> Is.

197

J1°C s x

/ - 159
125-“.3__;:;/::4‘/./'

— S .
122 A -
991w ,,.,-/‘g
A T L] v 14 5'0 T Y T T
mole %o 8

Pigure 1 Isobaric phase diagram of the binary
aystem &/ B
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3.2, X-ray Investigations

The layer spacings d of the smectic A phases were mea-
sured by X-ray diffraction using a small angle equip-
ment. The smectic A phase of component A is a monolayer
S, Phase where d is between 2.72 nm (126°C) and 2.76 nm
(97°C). The molecular length is 2,78 nm. For the
smectic A phase of the inverse salt (component B) the
d-value was found to be 2,71 nm. This means that 4 is
considerably smaller than the molecular length L of

the most stretched conformation (L = 3,56 nm). In con=-
trast to the smectic A phase of N-4-hexadecylpyridi-
nium chloride6 the ratio d/L is clearly smaller than
unity (4/L = 0.76).

For the single components and for three mixtures of
specific concentrations (75, 50, 25 mole-% A) the d-
values of the SA phase, the molecujlar lengths P resgp.
the average molecular lengths of the mixtures L are
listed in Table 1., It is obvious from the Table that
the ratio d4/L decreases with increasing amount of the
component B,

TABLE 1
mole=% A d/om*  L/nm*X d/L
100 2.76 2.78 0.99
75 2.86 2.99 0.96
50 2.85 3.18 0.90
25 2.74 3437 0.81
0 2.71 3.56 0.76

x) The layer spacing d shows a small temperature
dependence, The values noted are related to a
temperature just above the melting point.
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xx) In binary mixtures an average molecule length
T is taken which has been calculated by
L = x,L, + xgly where L), Ly are the molecular
lengths of the compounds A and B and Xpr Xp
are the corresponding molar fractions.

The resulta are illustrated in Figure 2 where the layer
spacing d is plotted against the molar fraction. For
comparison, the averaged molecular length is drawn.

It is seen that at low concentrations of component B
the layer spacing d increases and after that decreases
to the value of the pure component B, Otherwise, the
difference between I and d increases with increasing
amount of component B,

It should be noted that in most cases the d-values
of binary smectic A mixtures correspond nearly to the
averaged molecule length L (d/Ix1, see ref. 1),
Especially in terminal-polar compounds and their mix-
tures often d/L > 1 was found 12,13,74, on1y & few
smectic A materials are known where the ratio 4/L is
clearly smaller than unity 15’16.

To explain the essential difference hetween the
molecular length and the periodicity of the smectic A
layers a model for component B as gketoched in Figure
3 is asgumed. If the molecules are packed antiparallelly
and shifted one to another in such a way that the posi-
tively charged pyrimidinium rings are neighboured to
the oxygen atoms of the adjacent molecules, then a
layer thickness in agreement with the experimental
results can be modelled (Figure 3). An interdigitation
of the molecules in the adjacent layers leads to a
layer thickness considerably smaller than the lengths
of the molecules. The relatively small alteration of
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the layer thickness by incorporation of the
molecules of the second component (A) points at
a strong interaction between the molecules of
component B,
It can be agsumed that the chlorine is localized
near to the positively charged centre of the
pyrimidinium ring.
The specific conductivity of the lamellar phase
of compound B was found to be between 10~3 and
10"%0bm~! cm™!, This value is in the same order
of magnitude as for the lamellar phase of metal
alkanoates 17,18 and for the isotropic melt of
organic salts 19, but several orders of magnitude
lower than for molten anorganic salts19. This
result indicates the partial covalent bond
character of compound B in the fluid phases which
can explain the miscibility of the lamellar phase
with smectic A phases of non-ionogenic compounds.
The complete miscibility with the SA phage
of a conventional liquid orystal proves that the
lamellar phagse belongs to the phase type smectic
A, This is the first case of complete miscibili~-
ty between a non-polar liquid crystal and a salt-
like polar compound. Former investigations of the
miscibility relations between non-polar and
salt-like compounds led to the conclusion that
complete miscibility is not possible since even
in the isotropic state there is a distinct
miscibility gap29r21,
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