This article was downloaded by:

On: 26 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

A nematic phase created in mixtures of polar smectics The effect of

smectic layer properties
K. Czuprynski®; R. Dabrowski?; B. Sosnowska?; J. Baran®
* Military Technical Academy, Warsaw 49, Poland

To cite this Article Czuprynski, K. , Dabrowski, R. , Sosnowska, B. and Baran, J.(1989) 'A nematic phase created in
mixtures of polar smectics The effect of smectic layer properties’, Liquid Crystals, 5: 2, 505 — 511

To link to this Article: DOI: 10.1080/02678298908045400
URL: http://dx.doi.org/10.1080/02678298908045400

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan 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, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges 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/10.1080/02678298908045400
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:10 26 January 2011

Downl oaded At:

Liquip CrySTALS, 1989, VoL. 5, No. 2, 505-511

A nematic phase created in mixtures of polar smectics

The effect of smectic layer properties

by K. CZUPRYNSKI, R. DABROWSKI, B. SOSNOWSKA and J. BARAN
Military Technical Academy, 01-489 Warsaw 49, Poland

Phase diagrams of binary mixtures composed of compounds with the NCS
terminal group (n-DBT, n-PBT, n-TPB (smectic A|) or n-BT (smectic E,)) and
n-OCB, n-CB (smectics A,) are presented. It is shown that the width of the nematic
gap that separates the A, or E; phase region from the smectic A, phase is related
to the interaction energy of the molecules in the smectic layers and to the difference
in the smectic layer spacings.

1. Introduction

In our earlier work we have shown that the A, and A, smectic phases may be
strongly destabilized in mixtures of polar compounds if the senses of the dipole
moments of the polar groups of the molecules coincide [1] and the smectic layer
spacings differ [2-4]. Continuing our research into the effect of different factors on
the destabilization of smectic layers, we show, in the present work, that the nematic
phase is created also in mixtures composed of smectics E, and Ay and that the
nematic gap observed between the regions of the smectic A, or E, phase and the
smectic A, phase is determined both by the smectic layer spacing ratio of both
components of the mixture and by the interaction energy of the molecules in the
smectic layers.

2. Experimental

The compounds studied and their major properties are summarized in the table.
These compounds were synthesized and carefully purified in our laboratory, except
for n-PBT, which was supplied by Dr Schadt of Hoffman La Roche.

The phase diagrams of the binary mixtures were determined by the single-
concentration method. The transition temperatures of all the compounds and their
binary mixtures were determined by means of a VEB Analitik (Dresden) polarization
microscope with a hot stage and a Unipan 600 microcalorimeter with a D.S.C.
attachment.

3. Results

Fragments of the phase diagrams of the binary mixtures relating to the SI, NI
and NS phase boundaries are shown in figures 1-3. In the figures the experimental
S, — Iand S, — N transition temperatures are marked by crosses, and the N — 1
by full circles. Figure 1 relates to the 4PBT-80CB, 4PBT-120CB and 4PBT-12CB
binary mixtures. Compounds 8OCB, 120CB and 12CB form smectic A, phases, and
the d/! ratios are 1-37, 1-40 and 1-44 respectively. The molecular binding energy in the
smectic Ay layer of 120CB and 12CB are similar (AHs, ~ 3-0kJ mol~'. These
values were obtained by deducting the estimated values of virtual N — I phase
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Investigated smectic compounds and their properties

Transition AHg, or
Formula n  temperature/°C AHg /kJmol™' I/nm d/nm
0 4 C61S, 7651 40 198 1-82
SCN-@—(O}CnHQnH 6184,
#-DBT
N= . . .
SCN@N}an2n+1 4 CélS, 771 38 195 183
n-PBT
4 C67S:821 195 186
SCN CnH E
OHO)-cnbzns 5 C53S,74'51 96 210 2:00
n-BT 6 C34S;751 9-8 222 214
7 C548,761 88 235 226
sen{(0)-006«{O)-Cnronst 4 C60(37:55, )1 214
6 C52(49:58,)1 20 238 228
n-TPB 7 C625(57Ss, STSN)I 250
ne~<O)~<O)-0CnHans1 8 C545S, 675N8IT 0022 234 320
1 OCB 12 CS5TK,698,,8081 46 287 402
Ne<{O)D)-cnbizns 12 €458, 5851 40 276 398
n-CB

transition enthalpy of 120CB or 12CB from the experimental values for the S, — [
transitions. Hn_ . of 120CB or 12CB are equal 0:6-1 kJmol~' [5] and they are the
same as N — [ enthalpies of ordinary nematics). The corresponding energy in a layer
of 80CB is very small (AHs,y = 22Jmol™"). For all three pairs of binary mixture a
nematic gap is observed separating the smectic A, and A4 regions. The width of this
gap is similar for the 4PBT-120CB and 4PBT-12CB mixtures but smaller than for
4PBT-80CB pair. The smectic Ay phase is destabilized the most in 80CB. The
smectic A phase in 4DBT is less destabilized in the mixture with 80CB than in the
mixtures with 120CB or 12CB. The ratio, r, of the smectic A, layer spacing to that
of S,, for the pairs of compounds 4PBT-80CB, 4PBT-12CB, and 4PBT-120CB
increases in the order 1-74, 2-17 and 2-19. Hence we see that for the mixtures given
in figure 1 the smectic Ay phase is not destabilized with increasing ratio r, but with
decreasing interaction energy of the molecules in the smectic layer when this energy
is equated with the S,, — N transition enthalpy. In contrast, the smectic A, phase in
4PBT is destabilized with increasing ratio r.

The behaviour of the pairs of compounds 7DBT-80CB and 7DBT-120CB
described in [5] is analogous.

In figure 2 (a) fragments of the phase diagrams for mixtures SOCB-4TPB, 8OCB-
6TPB and 80CB-7TPB are compared, while in figure 2(b) those of analogous
mixtures are shown in which 120CB is the constant component. The mixtures of the
first series have a very wide nematic gap which increases with the growing smectic
layer spacing ratio (for the pairs of compounds: 8OCB-4TPB, 80CB-6TPB and
80CB-7TPB the ratio r is 1:56, 1-40 and 1-34, respectively). A similar relationship
between the nematic gap width and r is observed for mixtures with 120CB (see
figure 2(8)). In the latter case the width of the nematic gap is smaller despite the
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Figure 1. Comparison of nematic phase creation in binary systems of smectics A, and A,.

increase of r to 1-96, 1-76 and 1-68, respectively. This is due to the greater enthalpy
of the (S, — 1)y, phase transition in 120CB as compared with that of the S, - N
phase transition in 80OCB.

The diagrams shown in figure 2 for n-TPB differ from those shown in figure 1 for
4-PBT in that the smectic phase is much more destabilized for »-TBP as compared

‘with 4-PBT, and the nematic gap widens at the cost of the smectic A, phase region.

This occurs because the interaction energy of the molecules in a smectic layer of
n-TPB is smaller than for 4PBT. For the series of esters n-TPB an accurate value of
the transition enthalpy is known only for the compounds 6TPB and 8TPB [6]
and amounts to about 2kJmol~'. We did not succeed in accurately determining
these enthalpies for the esters 4TPB and 7TPB, in the first case because of its
strongly monotropic character, and in the second because of the close proximity of
the S, » N and N — I transitions. The values determined approximately show that
the interaction energy of the molecules in the smectic layer is also similar in these
compounds to that found for 6TPB. It seems therefore reasonable that this energy
does not depend to a large degree on n, as observed for the compound from the
homologous series, n-DBT [7].

In figures 3(e) and (b) fragments of phase diagrams are compared for mixtures in
which one component is 30CB or 120CB and the other is one of the #-BT compounds
with n varying from 5 to 7. The compounds #-BT are smectics E and have a large
molecular interaction energy in the crystal lattice (AHs ,; ~ 10kJ mol~'). This
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Figure 2. Effect of smectic layer spacing ratio and smectic phase transition enthalpy on
creation of nematic phase in the »-TPB-80CB and n-TPB-120CB systems.

manifests itself in a wide temperature interval of coexistence of smectic E and
isotropic phases. In figure 3 the two-phase region is not shown, but only the upper
temperature at which the smectic phase appears. For all the mixtures containing
compounds from the series #-BT, where n varies from S to 7, a narrow nematic gap
is observed whose width decreases systematically with decreasing smectic layer spacing
ratio. For the binary mixtures 7BT-80CB, 6 BT-80CB and SBT-80OCB the values of
r are 1-36, 1-50 and 1-60 respectively. A similar dependence on r is observed for the
mixtures #-BT-120CB (see figure 3b). The observed nematic gap between the regions
of phases Sg and S,, is smaller for the mixtures n-BT-120CB than for those with
80CB, and for the pair 7BT-120CB it is no longer observed; in this series r has the
values 1-78, 1-87 and 2-01 for the successive pairs arranged according to increasing 7.
There are also other differences between the phase diagrams of the series --BT-80CB
and n-BT-120CB:

(i) The smectic E phase is destabilized less in the first series of mixtures than in
the second; this is due primarily to the different values of the r ratio in both
series.

(ii) The nematic gap lies in the first series in the concentration range of 0-6-0-9
mole fraction of 8OCB, and in the second series in the concentration range of
0-4-0-6 mole fraction 120CB.

The different positions of the nematic gap in both series of mixtures result because the
stabilities of the S,, phases in 80CB and 120CB are different and because the
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Figure 3. Creation of nematic phase in binary systems of smectics A; and E.

destabilizing capacities of these two compounds with respect to the S; phase in
the n-BT series vary.

4, Conclusions

The results presented in figures 1-3 show that the observed strong destabilization
of the smectic phases in mixtures of polar compounds, manifesting itself under
definite conditions by the creation of the nematic gap that completely separates the
smectic regions, depends on two major factors: the ratio of the layer spacing of the
smectic A4 to that of smectic A, or E; and the molecular interaction energy in the
smectic A, E and A, layers. These two factors determine the width of the nematic gap
and its position in the concentration range.

The destabilization is greater the larger the smectic layer spacing ratio of the
components of the mixture. This relationship is best seen in binary systems in which
one of the components is a compound from the homologous series in which the
enthalpy AHj, ,, depends weakly on the length # of the alkyl chain.

Enhancement or induction of the nematic phase is more difficult the greater the
molecular interaction energy in the smectic layer. This relationship is illustrated by the
mixtures shown in figures 1 and 4. In figure 1 systems are compared in which the
compounds with the smectic A, phase differ as regards the enthalpy of the S,, — T or
Sa, = N phase transition, and in figure 4 those in which the compounds with the S,
and Sg phase differ as regards the enthalpy of the transition from the smectic to the
isotropic phase.
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Figure 4. Effect of smectic phase transition enthalpy on creation of nematic phase.

The results obtained suggest, in addition, that from binuclear smectic compounds
we can easily obtain a nematic mixture whose clearing point lies in the range 60-70°C.
The multicomponent mixture may reveal an arbitrarily low temperature of melting
directly to the nematic phase. An example of such a mixture is the following:

(1) composition mole ratio
4DBT 0212
6DBT 0-399
80CB 0-176
120CB 0-006
12CB 0-215
10CPH 0-092
(2) clearing point 57°C
(3) melting point —5°C
(4) viscosity at 20°C 48 mPas
(5) dielectric anisotropy +86

In addition on the basis of results obtained so far, we can believe that the geometric
and energetic factors are decisive for the destabilization of the smectic phases. The
chemical structure of the compound has only an indirect effect in that it determines
the character of the smectic phase and the molecular interaction energy in the smectic
layer.
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