
This article was downloaded by: [Tomsk State University of Control
Systems and Radio]
On: 19 February 2013, At: 13:17
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

The Smectic A Liquid Crystal
Electroconductivity Anistropy
and Its Connection to a
Molecular Structure
D. F. Aliev a & H. F. Abbasov a
a Azerbaijan State University, Baku, USSR
Version of record first published: 17 Oct 2011.

To cite this article: D. F. Aliev & H. F. Abbasov (1987): The Smectic A Liquid Crystal
Electroconductivity Anistropy and Its Connection to a Molecular Structure, Molecular
Crystals and Liquid Crystals Incorporating Nonlinear Optics, 151:1, 345-355

To link to this article:  http://dx.doi.org/10.1080/00268948708075341

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

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268948708075341
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



Mol. Cyst. Liq. Cyst., 1987, Vol. 151, pp. 345-355 
Photocopying permitted by license only 
0 1987 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

THE SMECTIC A LIQUID CRYSTAL ELECTROCONDUCTIVITY 
ANISOTROPY AND ITS CONNECTION TO A MOLECULAR STRUCTURE 

D. F. ALIEV and H. F. ABBASOV 
Azerbaijan State University, Baku, USSR 

Abstract This work studies the influence of polar and 
nonpolar dopants with different structures on the 
electroconductivity anisotropy C7~/a,, of the smectic A 
liquid crystal and establishes a relationship between 
the electroconductivity anisotropy and the concrete 
molecular structure. 

INTRODUCTION 

The growing interest in smectic liquid crystals is in 
general due to the following factors. First, various 
important electrooptical effects have been discovered which 
permit the reproduction of the optic information with a high 
resolving ability, a long-time memory and a great contrast, 
etc. in the liquid crystals . 1-5 

Second, the mechanisms of the smectic liquid crystal 
effects have not been revealed in full. The mechanism and 
characteristics of the electrooptical effects are in general 
determined by such important smectic liquid crystal 
parameters as the electroconductivity anisotropy Au=u,,-u, 

and the dielectric anisotropy AE=E~~-EI (E,, and EL are the 
components measured parallel and perpendicular to the 
initial orientation of the long molecular axis). 

That is why it is important to determine these general 
parameters. In order to change the dielectric anisotropy a 
liquid In this case crystal is doped by a suitable dopant. 

345 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



346 D. F. ALIEV AND H. F. ABBASOV 

6 an additive law - AE=CC AE is valid . The increase of the 
electroconductivity anisotropy Aa was achieved by doping 
with conductive dopants. A general technique ensuring the 
variation of Aa (in particular, the decrease) has not yet 
been elaborated. 

i i  

Our investigations show that due to the inherent 
character of the smectic liquid crystal structure it is 
possible to vary its electroconductivity anisotropy by 
doping with neutral molecules, which permits to relate the 
smectic liquid crystals electroconductivity anisotropy to 
the molecular structure of the liquid crystal. 

In this paper we study the influence of both polar and 
nonpolar dopant with different structures on the smectic A 
liquid crystal electroconductivity anisotropy value and we 
establish a relation between the electroconductivity 
anisotropy and the concrete molecular structure. A substrate 
with a structural formula.has been used as a matrix: 

0 
1. 2.3 D 

CloH210 0 C - 0 0 W4H9 
It has the following phase transition temperatures 

34OC 54OC 59OC 83OC 93OC 
B-Sc-S -N-I c-s A 

The substances with the following formulas are used as 

dopants: 

0 

A. 'nH2n+1 0 0 - 0 0 OC6H13 
with n=7,8,9 
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ELECTROCONDUCTIVITY - STRUCTURE RELATION 347 

H 
with n'=l and n=2-7 

n'=2 and n=4,6-8 
n'=4 and n=1,2,6,7 

C. 0 0 

with n=9-12 

0 4.05 D 
-k 

- D. C6HI3 0 I \  - 0 0 C 1 N 
The dopants were chosen after the following considerations: 
1. 
geometric form the dopant molecule should be similar to 
matrix molecules. 
to form a smectic mesophase with a layered structure. 
2. The dopant molecules should be distinguished by the 
molecular length, by the polar and nonpolar, transversal or 
longitudinal (central or end) molecular fragment content and 
by the number of the carbon atoms in the end alkyl chain. 
The concrete molecular fragment's dipole moment of the sub- 
stance is marked by arrows on the figure. 

in order to be a liquid crystal by its structure and its 
the 

This is important for the good mixing and 

EXPERIF lENT 

All the measurements have been made with a device construc- 
ted around a polarizing microscope. 

A smectic A homeotropic texture with aligned smectic 
layers parallel to the electrooptical cell electrodes has 
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348 D. F. ALIEV AND H. F. ABBASOV 

been obtained through heating a sample until its nematic 
phase and the subsequent cooling into the smectic A phase or 
through parallel shifting of the cell glasses against each 
other. The suitable geometry permits to measure the compo- 
nents oil, E ~ ~ .  

A planar texture where the layers align perpendicular 
to the cell electrodes, has been obtained from the 
homeotropic-planar transition8 which permits to measure the 
components oL, E& 

tures into the matrix were prepared. 
Using the above-mentioned dopants 3% (by weight) mix- 

The mixture parameters are measured at the temperature 
t=tN-SA - 5 C where tN,S is a mixture phase transition from 

the nematic phase to the smectic A phase. 
effective area and the cell thickness are equal to 

1 cm2, and 30 wn, respectively. 

and of the cell thermostabilization is +0.loC. 

0 

A 

The 

The accuracy of the measuring of the phase transition 

RESULTS 

Fig.1 shows the dependence of the nematic-smectic A (t ) 

phase transition of the earlier-mentioned mixtures on the 
homologous number (n) . 

N-SA 

It is shown that the thermostability of the smectic A 
phase improves when increasing the dopant molecular length, 
which is valid for the mixtures with the dopant A (curve l), 
B (curves 2,3,4). The dependence on the homologous number 
can be seen in dopant B (n'=l) (curve 1). In the case of the 
dopant C (curve 5) one notices the smectic mesophase thermo- 
stability aggravation when lengthening the alkyl chain till 
n=ll; and at n=12 there is again an increase of tN-S as 

A 
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ELECTROCONDUCTIVITY - STRUCTURE RELATION 349 

n -  

FIGURE 1. The n dependence of the nematic-smectic A 
phase transition temperatures for matrix t dopant mix- 
tures: 1 - dopant A; 2 - dopant B (n'=l): 3 - dopant B 
(n'=2); 4 - dopant B (nI.14); 5 - dopant C; 6 - dopant D 

compared with n=ll. In this diagram the point 6 indicates 

tN-SA 
Fig.2 gives the dependence of the mixtures' electrocon- 

ductivity anisotropy, determined as a ratio between the 
electroconductivity transversal component and the longitudi- 
nal one (O_L/",,) on the homologous number (n) of the homo- 
logous series of the dopants. 

figure shows that UL/CY,, increases when n increases 
for the mixtures with dopant A (curve 1) and C (curve 5). 
But n-ll. 
For n=12, O L / ~ ~ ,  decreases unlike for nsll. 

u_L/u,( decreases slightly for the mixture with the 
dopant B (curves 2,3,4) and besides one observes the even- 
odd effect, when increasing the number of the homologue for 

for the mixture with the dopant D. 

The 

in the case of C the increase is valid as far as 
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350 D. F. ALIEV AND H. F. ABBASOV 

FIGURE 2. The n dependence of the electroconductivity 
anisotropy for mixtures matrix + dopant: 1 - dopant 
A; 2 - dopant B (n'al); 3 - dopant B (n'=2); 4 - dopant 
B (n'n4); All data are measured on mix- 
tures containing 3% (by weight) of the respective 
dopant at a temperature 5OC below the nematic - 
smectic A transition temperature. 

5 - dopant D, 

the dopant with n'=l. But for n'=2 and nm7, U ~ / U , ~  takes 
large magnitude. We observed a strong decrease of UL/ul1 

(point 6 )  for the mixture with the dopant D. 

DISCUSSION 

The following model can give a qualitative explanation of 
the experimental results obtained, 

The liquid crystals are weak electrolytes whose con- 
ductivity (0=10'8-10'11 cm-lohm-l) is essentially due to the 
additive ions which remain in the liquid crystal even after 
its careful deionization. When an electric field E is 
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ELECTROCONDUCTIVITY - STRUCTURE RELATION 35 1 

applied to a liquid crystal the ion is subjected to a 
field E : 

local * 

(1) 
* 
E =E + p/3E0 

where E~ is an electric constant, 
tion, 

p is the medium polariza- 

Then we take into account the permanent and induced 
dipole contribution in the medium polarization: 

n 

p=N&;(a t m ) E  lJ' * 
0 

where N is the concentration, Q is the polarizability, p is 
the permanent dipole moment of a molecule, k is the 
Boltzmann constant, T,is the medium temperature. Further- 
more, we have: 

Later on we write the equation of the ion'movement under an 
electric field E in the medium with the friction coeffi- 
cient f3 : 

* 

* 
( 4 )  dv 

dt m- = -ZeE - Bv 
where m is the mass, Ze is the charge, v is the ion velocity. 

Let a harmonic electric field E=Eoeiwt be applied. In 
this case we solve the ion motion equation and use the Ohm's 
law j=Zenv=aE (where n is the ion concentration). Thus we 
obtain this expression for the liquid crystal electroconduc- 
tivity 6: 
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352 D. F. ALIEV AND n. F. ABBASOV 

As the spherical forms of ions for the liquid-crystalline 
medium have Bm61rr1a (where a is the ion radius, 0 is the 
smectic A viscosity), and having in mind that Btmw (wlkHz) 
we find out the electroconductivity components ratio of 
a&, : 

which is valid for a mixture with N=N +Nd (where N and Nd 
are the molecule concentrations of the matrix and of the 
dopant, respectively). At small concentration of the dopant 
Nd<<N eN (qY* ' IpL ) the expression ( 6 )  can be viewed as: 

m m 

m 'INm 

Formula (7) is a general formula expressing the relation 
between the smectic A liquid crystal electroconductivity 
anisotropy and its molecular structure. For example, this 
model shows that the decrease of the smectic A liquid 
crystal electroconductivity anisotropy (ul/a,,) can only be 
achieved after doping with its dopant consisting of mole- 
cules with great permanent longitudinal dipole moment (u!) 
or with great longitudinal polarizability (a:) and with 
small transversal components at small dopant concentration. 
On the other hand, OA/U~, it is neces- 
sary or 4 and with small 
longitudinal components of these quantities. 

in order to increase 
to use a dopant with a great 
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ELECTROCONDUCTIVITY - STRUCTURE RELATION 353 

This model gives qualitative interpretations of the 
carried out experiments as (Fig.1, Fig.2). 
1. The lengthening of the alkyl chain for dopant A mixtures 
causes a longitudinal dipole moment decrease; this is due to 
the fact that the dipole 0 .. / \ of the direct bond between 
the oxygen atoms and the benzene ring is stronger 
due to the increase of n in the fragment CnH2n+l. The result 
is that the interaction between the ends of the molecules 
decreases. That is why the nematic phase thermostability 
aggravates (Fig.1, curve 1). After the decrease of the total 
longitudinal dipole moment p! and of the total longitudinal 
polarizability a!, according to equation (7), the electro- 
conductivity anisotropy aL/all (Fig.2, curve 1) decreases. 
2. For dopant B mixtures the increase of the carbon atoms n 
in the end alkvl chains causes first, the isolation of the 

0 9 isolated 

longitudinal dipole 0 -a and, second, the weakening of 
the interaction between the end-methyl group and the central 
transversal dipole CZN. 

This interaction is stronger at the n-odd, as in this 
case the end methyl group of the zigzag alkyl chain makes an 
angle with the molecule longitudinal axis . 9 

In all the three cases (n'=1,2,4) the n-increasing 
causes a noticeable isolation of the longitudinal dipole 
0 +o. Consequently the molecular interaction between the 
molecule ends weakens and the nematic phase thermostability 
weakens, too (Fig.1, curves 2,3,4). 

When the alkyl chain is lengthened,the strength of the 
interaction between the end methyl group and the transversal 
dipole CZN decreases,the effective transversal dipole moment 
of dopant molecules decreases too, which itself causes the 
diminution of OL/Ol, according to formula (7) (Fig.2, curves 
2,3 ,4) .  At the n'=2 dopant for n=7 homologous number (odd) 
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354 D. F. ALIEV AND H. F. ABBASOV 

the anomalous great value of U,/a,, is explained by the 
stronger interaction between the end-methyl group and the 
central dipole as compared to the n-even ($(odd)>@even)). 
Here the nematic phase thermostability improves (Fig.1, the 
peak in the curve 3). 
3. The dopant molecule length is larger than the matrix 
molecule length for the dopant C mixtures (lm=32.46 8; 
ld=44.O8-52.72 8).  That is why the end-methyl groups of 
dopant molecules interact strongly with the central transve- 
rsal dipole of the matrix molecule, which improves the 
nematic phase thermostability (Fig.1, curve 5). The inter- 
molecular lateral interaction between the dopant molecules 
and the matrix decreases when n is further increased. For 
example : (tN-SA(n=12)>tN-S (ngll)). The above-mentioned 

strong interaction causes an increase of the obtained dipole 
moment pL and as a consequence an increase of u ~ / u , ,  
according to formula (7) (Fig.2, curve 5). 

At n=12 decreases due to this interaction, thus 
causing u~/u, ,  to decrease. 
4 .  The end chain group of the dopant molecules (u:=4.05 D) 
is strongly polar according to (7) (Fig.2, dopant D). In 
this connection intermolecular end interactions are intensi- 
fied, thus the nematic phase thermostability (Fig.1, dopant 
D) is increased. Thus, the smectic A liquid crystal electro- 
conductivity anisotropy can be varied on will by adding of 
suitable polar or nonpolar dopants in it. This knowledge is 
important to determine the mechanism of the electrooptical 
effects of this substance and permits to optimize the para- 
meters of the liquid-crystalline compositions which are used 
as a working medium, and as devices for storage and proces- 
sing of optic information. 

A 

m 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



ELECTROCONDUCTIVITY - STRUCTURE RELATION 355 

REFERENCES 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

G. Durand, in Optical Applications of Liquid Crystals. 
Polymers, Liquid crystals and Low-Dimensional Solids, 
p.239 (1984). 
M. Goscianski, Philips Res.Rep., 30, 37 (1975). 
V. I?. Chirkov, I). F. Aliev, and A: Kh. Zeinally. - .  

Pisma v J.T.F., 2, 1016 (1977). 
A. K. Vistign and A. P. Kapustin, Krvstallonrafia, l3, 
349 (1968). 
B. Petroff, M. Petroff, P. Simova, and A. Angelov, 
Ann.Phys., 3, 331 (1978). 
E. I. Kovsliev, L. M. Blinov, and V. V. Titov, Uspekhi 
Khimii, 46, 753 (1977). 
M. I. Barnik, L. M. Blinov, M. F, Grebenkin, S. A. Pikin, 
and V. G. Chigrinov, JETF, 69, 1080 (1975). 
D. F. Aliev, Ch. G. Akhundov, and A. Kh. Zeinally, 
Krystallografia, 77, 157 (1982). 
A. P. Kapustin, and L. I. Martianov, in Reports of the --- 1st Sci. LC Conf., Sci.Papers 1v.State Pedinst., 9!3, 71 
(1972). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 




