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INVESTIGATIONS OF MIXTURES OF POLAR AND NON-POLAR
COMPOUNDS WITH THE A1 SMECTIC PHASE

B. WAZYNSKA®, J.PRZEDMOJSKI ¥, M.BRODZIK*

Warsaw University of Technology

x Department of Materials Science and Engineeging
Narbutta 85, 02-524 Warsaw Poland

xx Institute of Physics, Koszykowa 75, Warsaw, Poland

Abstract Binary mixtures composed of 80BCAB with
polar nTPCHB and nonpolar nMPCHB as well with nonpo-
lar A-n compounds have been investigated. It is shown
that dimerization of 80BCAE compound takes place only
in polar matrix. Study of the effect of dilution of
the polar matrix nTPCHB with a nonpolar component
nMPCHEB is shown that generation of smectic A is due
to the application a matrix with a long aliphatic
chain and not to the lowering of its polarity.

INTRODUCTI ON

Studies conducted recently on mixtures of polar compounds
with the A1 smectic phase have shown that in some
systems two opposed behaviours appear on the equilibr-
ium plots. On one side of thediagram we observe a destabi-
lization of the smectic phase leading to the appearance of
the nematic gap, while on the other side of the diagram an
enhancement of the smectic phase occcurs with the appearan-
ce of the reentrant nematic phase [1-41].

In ref. [(3,4) it has been shown that such behaviour is
typical formixtures whose one component has a strongly
polar terminal group CN and belongs to the homologous
series in which the compounds with shorter aliphatic chai-
ns yield the A smectic phase, and those with the longer
chains yield the Adsmectic phase. 4—cyanobiphenyl ~4-yl -4-n-—
al-kylbiphenyl 4-carboxylate of the formula

141
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- -~ - - CN C(nCBBD,
- (OO == - (O O :

as well as p-alkoxybenzoyloxy-p’ —cyancazobenzene of the

formula

CH —O—@COO—@N=N—@CN C NOBCARD
n 2n+t

are examples of such compounds. The second component of
these mixtures is a component of smaller polarity
reveiling only the A1 smectic phase. The compounds used
here belong to the 4Ctrans-4n-alkylcyclochexyllbenzoate

homologous series nXPCHB of the formula

an2n+1— Q—@ -~ COO—<:> - X

where X=F, COCHS, NCS.
This non-typical behaviour 1is due to that the compound
with the strongly polar terminal group CN revealing the A
smectic phase in mixtures yields the Ad smectic phase
[2,3]. When mixing the compound S80BCAB with nTPCHB compou-
nds we observe that the Ad smectic phase and the N‘_e one
are generated only then when the component nTPCHB has an
aliphatic chain with n 2> 9.
Since the growth of length of the aliphatic chain produces
a lowering of polarity of the system, it was initially
expected that the decrease of polarity of the matrix enha-
nces the process of generation of the SAd and Nr° phases
in the mixtures.
In the present work the effect of the decreasing polarity
of the system due to the increase of the length of the
aliphatic chain of the polar matrix or to dilution of the
latter with a non-polar component on the appearance of the
enhanced smectic phase will be studied, and besides syste-
ms with polar and non-polar matrices with chains of vario-
us lengths will be compared and the behaviour of compound

80BCAB in both types of matrices will be explained.
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MATERI ALS AND METHODS

In the experlment we used 4-octyl oxybenzoyl oxy -4~

cyanoazobenzene (80BCABY of the formula

CBH17O~@—COO—@ —NrN-@—CN.

This compound was mixed with:
1o polar compounds el onging to the 4-
isothiocyanatophenyl 4~Ctrans—4~-alkylcyclohexyldbenzoate

homologous series of the formula

CT‘H2ﬁ+1—<:> ~ @ - COO - @> - NCS

nTPCHE, n=12,10 or S
C2) non-polar compounds from the methylphenyl 4Ctrans—-4-

alkylcyclohexyl) benzoate series of the formula

C“H2r‘+‘— <:> - CO> - CO0 -~ @ - CHa

MPCHE with n=12,10 or 5

(3> non-polar compounds of structure similar to that of

80BCAB from the phenyl 4C4-alkoxybenzyl i dene~
aminocdbenzoate homologous series of the formula
CnH2h+1O-@—CH:N—<O> -coo -(()) 4,

with n=8,9,10,12,14 or 16.

The enumerated compounds have the smectic A phase coexis-
ting with the nematic.Except the compound SMPCHB that only
shows the nematic phase.

Besides, two series of ternary systems were tested. They
were treated, however as binary systems. One component was
80BCAB and the second one was the mixture of polar and
non—-polar components. In the first series the matrix was a
mixture of compounds 12TPCHB + 12MPCHB in various proport-
ions. In the second series the matrix was a mixture of
10TPCHR + SMPCHB.

The phase diagrams were obtained by the thermomicroscopic
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method described in ref. (1], The observation of the
phase transitions were conducted by means of a polarizati-
on microscope with a heated stage manufactured by
VEB Analytic Dresden.

For selected systems X-ray measurements were made of the
smectic layer spacings in the Guinier camera by the free

standing film method described in ref. [8].

RESULTS AND DISCUSSION

Comparison of the mixtures of compound BOBCASB with polar

and non-polar matrices.

The equilibrium phase diagrams of mixtures of 8OBCAB with
polar (nTPCHBYand non-polar (nMPCHBY) components with
aliphatic chains of the same length are presented in Fig.
1. The 8O0OBCAB-10TPCHB system was already described in
ref.[8]. If we compare that system with the syst ems 80BC-
AB-12TPCHB we can see that the character of their behavio-
ur is similar. However, if we use a polar compound with a
longer aliphatic chain (n=12)as a matrice we can see that
the A smectic phase vanishes quickly on the side of exce-
ss of the 80BCAB component, while on the side of excess
of component nTPCHE this phase is significantly enhanced.
The use a polar compound with a shorter aliphatic chain
CSTPCHB) as a matrice results in that the above described
anomalies do not occur. The smectic phases Aiof both
components mix completely.In the diagram we can see
ohily =fiall deviations of the SA-* N phase transition line
from theoretical one for ideal soclutions.

X-ray measurements of smectic layer spacing were carried
out for the above systems. The results for the 8OBCAB-
10TPCHB system have already been described in ref. [3].
The data for the 8OBCAB-12TPCHB systems are summarized in
table 1. The experimentally measured smectic layer spacin-

gs for the tested systems have been compared with those
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Table 1. Smectic layer spacing for 80BCAB-12TPCHB

mole fraction
of 12TPCHB

temperature

of measurement

(=]

C

Q0

a5
140
1680
100
120
140
100
120
140
100
120
140

measured calculated smectic

smectic layer spacing
layer case I case II
spacing

d-nm d/nm d-nm

3,048
3,060
3,798 33,1668 3,360
3,847
3,687 3,342 3,482
3,661
3,698
3,723 3,897 3,683
3,755
3,744
3,634
3,669
3,733

Table 2. Smectic layer spacing for B0OBCAB-STPCHB

mole fractio
of STPCHE

x
STPCHB
0
0,88
1

n temperature
of measurement

o

c

a8
a0
120

measurd calculated smectic

smectic layer spacing
layer case I case II
spacing
dnm d/nm d/nm
3,08
2,89 2,87 3,048
2,70

Table 3. Smectic layer spacing for 80BCAB-10MPCHB system

mole fraction
of 1O0OMPCHB

x
1 OMP CHB
0,0

0,2

0,8

temperature
of measurement

Q0
=5
Q0
100
110
80
100
120
100
110
120
110

measured calculated smectic
smectic layer spacing
layer case 1 case II
spaciling

d/nm d/nm d/mim

3,048
3,060
3,012
3,029 3,026 3,230
3,058
2,960
2,980 2,880 3,130
3,031
2,948 2,953 3,009
£, 3969
2,969
2,829
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calculated under the assumption of additive mixing of
smectic layers. The calculations were made using this

formula

X d + X d
™ 890BCAB BOBCAB 80BCAB NnTPCHB

where: X is the molar fraction of the given compound, d is
the smectic layer spacing. The smectic layer spacings were
calculated for two cases:

case I - the Alsmectic phases of both compounds combined,
case II - the Alsmectic rhase of the component nTPCHE
combines with the wvirtual Ad smectic phase of compound
80BCAB (dimeric structured.

The spacing of the virtual smectic layer Ad of 8OBCAB is
unknown, we assumed that it has an analogous structure
to the Ad layer of SQOBCAB. The smectic layer spacing of
the latter compound 1s known and 1t is equal to 3.87
nm. According to the A smectic layer model of Longa and
de Jeu [6] the smectic layer spaging of compound B8OBCAB is
smaller by the length of two methylene groups and amounts
to 3.33 nm.

The smectic layer spacings measured for the S80BCAB-1Z2TPCHB
system are close to those calculated in accordance with
the case II, and much higher than those calculated accor-
ding to the case I.Similar data have been obtained in (3]
for the B80BCAB-10TPCHB system. This indicates that in
these systems the smectic phase of 80BCAB undergoes restr-
ucturing. This compound in mixtures with a component with
a long aliphatic chain yields the Ad smectic phase.

The study of smectic layer spacing for the 80OBCAB-STPCHB
system Ctable 2> has shown that the measured various are
almost identical with those calculated according to the
case I. This indicates that in case of a polar matrix with
a short chain the A1 smectic phase of component B8OBCAB

does not undergo rearrangement. This conclusion is confir
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med by the result of thermomicroscopic tests of this syst-
em. The studies of mixtures of S80BCAB with the non-polar
matrix nMPCHB have been carried out for a compound with
the same length of the aliphatic chain as for the polar
matrix, i.e.n=12,10 or 8. The equilibrium diagrams for
these systems are presented in Figs. 1d,le and 1f. 1In
these diagrams we can see that in case of a non-polar
matrix an extension of the range of the smectic phase also
occurs.

This extension occurs irrespectively of the length of the
aliphatic chain. Even in the case of SMPCHB, i.e. compound
with the shortest chain which as the pure component does
not yield the smectic phase, an extension takes place in
the concentration range X=0.1 toc 0.3 molar fraction of
component SMPCHB. Besides, in distinction from the system
with the polar matrice neither destabilization of the A1
smectic phase occurs nor the nematic reentrant phase is
formed.

The X-ray studies of the smectic layes spacing were carri-
ed out, in view of the similarity of behaviours, only for
one system, i.e. BOBCAB -10OMPCHB. The results are summari-
zed in Table 3. Like the former series the experimental
values have been compared with the theoretical ones found
according to the both cases. The measured values are close
to those calculated from the case I ,i.e.under the assum-
ption that the A1 smectic phases of both components comb-
ine. These data indicate that the Ad phase is not generat-
ed in the system. The increase of stability of the smect-
ic phase is connected in this case with the generation of
the so-called enhanced smectic phase.

There were also studied systems in which compound S8OBCAB
was mixed with non-polar component An of a different
chemical structure of the core, however, similar to that
of B80OBCAB. The equilibrium diagrams of the SOBCAB—An

systems are shown in Fig. 2. In this series of studies,
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like in case of B8OBCAB-nMPCHB systems,a significant incre-
ase of stabi lity of the A smectic phase toock place. This
increase was observed already at concentrations X=0.1
molar fraction of component An. The character of changes
of the smectic layer stability was similar in all six
systems. The length of the aliphatic chain of the non-polar
compon ent did not seem to have any effect. The reentrant
nematic phase was not observed in any of the systems.
X-ray studies of the smectic layer spacings were carried
out only for the BOBCAB—-A10 system. The results show (tab-
le 4> that A1 smectic phases of both components combine.
These data indicate that in case of a fully non-pol ar

matrice no dimerization of component 80BCAEB cccurs.

Table 4. Smectic layer spacing for BOBCAB—A10

mole fraction temperature measured calculated smectic

of A10 of measurement smectic layer spacing
layer case I case II
spacing
XA °c d/nm d/nm d/nm
O a8 3,05
0,3 100 3,169 3,082 3,33
1 100 3,189

Study of the effect of dilution of the poclar matrix with

a non—polar component.

There have been studied systems in which the matrix consi-
sted of a2 mixture of polar and non-polar compounds with
long aliphatic chain (12TPCHB + 12MPCHB) and a polar comp-
ound with a long chain and a non-polar compound with a
short chain C10TPCHB + BSTPCHB). The results of thermomicr-
oscopic tests of both series are shown in Figs. 3 and 4.
It follows from these data that the length of the aliphat-
ic chain of the non-polar component affects the destabili-
zation of the Ad smectic phase. Addition of a non-polar
component with a long aliphatic chain, 12MPCHB (Fig. 33
results in that the destabilization of A1 phase of 80BCAB
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does not proceed rapidly before and the Ad smectic phase,
as well as the reentrant nematic phase exist up to the
content of X = 0.5 molar fraction of component 12MPCHB in
the mixture. Similar mixtures comprising the component
with yhe short chain, SMPCHB CFig. 42, its amound of X =
0.3 molar fraction causes, in turn, that the nematic reen-
trant phase does not occur what indicates that the Ad

smectic phase is not generated.

CONCLUSIONS

The studies indicate that:
(1) Generation of the Ad phase is due to the use of a
matrice with a 1long aliphatic chain and not to the
lovering of its polarity.
(2) Extension of the length of the aliphatic chain of the

pelar matrix nTPCHB from n=10 to n=12 enhances the
generation of the Ad smectic structure of component
80BCAB.

(3D Use of a non-polar matrix stabilizes the A1 smectic
phase irrespectivly of the length of the aliphatic
chain and results in the generation of the enhanced A1
smectic region.
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