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THE INFLUENCE OF GLIPH4TIC: SPRCERS' P O S I T I T O N  ON THE 

POLARITY AND DIELECTRIC F'ROPERTIES O F  LIQUID 

CHYSTGLL I NE MOLEClJLES 

E. I .  RJUMTSEV. N . F .  YEVCAMPIEVA AND A . P .  KOVSHIK 

J n s t i t u t e  af Phvs;lcs, S t .  - P a t e r s b u r o  S t a t e  t l n r v e r s r t v  

198904 St. - 6 ' e t e r s b u r g .  RUSSIA. 

$L?s;t_yact_ For  l i q u i d  c rys t a l s  w i t h  t h e  polar tN-end- 
q r o w  and  v a r  1 at i o n  of a1 i o h a t  i c s p a c e r  oos i  t i o n ,  t h e  
d i p o l e  nomen t s  snc! Eerr effect i n  s c - lu . t i ons  as well 
15 t h e  d i e l e c t r i c  p e r m i t t i v i t y  i n  m e l t s  had been  
s t u d i e d .  I t   as shown t h a t  a s t r o n g  c h a n g e  of t h e i r  
p h y s i c a l  p r o p e r t i e s  tad. :  P I  ace when t h e  s p a c e r  
separated CN-group from t h e  main  m o l e c u l a r  c h a i n .  

INTRODUCTION ------------ 
I t  is known t h a t  a h i q h  p o l a r i t y  of t h e r m o t r o p i c  mesogenes 

can b e  a c h i v e d  by Lead ina  so oo1a.t- g r o u p  as CN-grouo i n t o  

t h e i r  c h e m i c a l  s t r u c t u r e .  I n c i d e n t a l l y .  l i q u i d  c r y s t a l s  

CiC) w i t h  e s s e n t i a l l y  d i f f e r e n t  prtlar c h a r a c t n r i s t i c s  can 

be s v n t h e s i s n d  by  v a r i n g  t h e  position of t h e  m o s t  po la r  
1 q r c ~ i p  in molefctZar s t r u c t u r e  . By a n o t h e r  w a y  t h e  c h a n g e  

i n  L C  polar p r o p e r t i e s  i s  p o s s i b l e  to g e t  w i t h  t h e  

i n t r o d u c e  of d i f f e r e n t  l e n g t h  a l i p h a t i c  c h a i n s  ( s p a c e r s )  

i n t o  t h e i r  m o l e c u . l e s .  The  f l e s i b l e  a l i D h a t i c  s p a c e r  m a y  b e  

i n c l u d e d  be tween  t h e  mesoqeneous  cQre of  t h e  m o l e c u l e  and 

i ts  p o l a r  CN-graup or d i r e c t l v  i n t o  i ts  mesageneous  core. 

The spacer d i s t u r b s  a " r i g i d "  L C  m o l e c u l e ' s  s t r u c t u r e  d u e  

to t h e  pa r t i a l  or even f u l l y  -Free r o t a t i o n  p o s s i b i l i t y  of 

its p o l a r  grourss .  and i n f l u e n c e s  on t h e  o n e ' s  mesomorphous 

m - o p e r t i e s - .  The spazer p r e s e n c e  i n  LC m o l e c u l e s  is a l so  

t h e  r e a s o n  of t h e i r  e lectr ical  c h a r a c t e r i s t i c s  essential 

c h a n g e .  which  reflects i n  the change o+ m a c r o s c o p i c  

7 

[3075]/509 

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

1:
39

 1
8 

Fe
br

ua
ry

 2
01

3 



510/[3076]€. I . HJUMTSEV , N. F a YEVLAMP I E V A  PlND A .  f ‘ .  KOVSHI K - 
dielectrical and electrooptical properties of mesophaees”. 

EXPERIMENT& 

A t  the oresent work we have studied the influence of the 

length and position of alishatic spacers on electrooptical 

and dipole characteristics of LC molecules with the CN-end- 

group: the connection between molecular parameters and 

macroscopic dielectric  ropert ties of mesophases a150 has 

been studied. 

------------ 

6s the objects under investigation there w e r e  used a 

number of cyanobiphenyl esters of csrboxilic acids series 

with the differ,ent length spacers in the central oart of 

e s t e T ’ s  molecule; also there were used  some similar 

chemical structure LCs with or without spacers in their 

mol ecul a!- chains. Chemical f ormul as, types of 

mesaphases and correspondinq transition temperatures of 

all the samples are situated in the T a b l e  1. 

T A B L E  1 Chemical structures. and t r ansi t i on 

temperatures of the investiqated L C  samples. 
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THE INFLUENCE O F  A L I P H A T I C  S P A C E R S '  P O S I T I I O N  [3W7l/511 

Molecular dipole moments p and molar Kerr constant 

values K of the samples were obta.inrd by means of the 

methods of dipolar polarization's study and investigation 

of electrical birefringence (Kerr effect) in diluted 

solutions of the s a m p l e 5  in benzene (N1-7) and 

in tetramethvlchloride (N8-1.3). The installation with the 

visual bireFringence registration technique was used to 

measure Kerr effect in L C  solutions . AC electric field at 

40 kHm frequency w i t h  the amplitude up t o  2 kV was applied 

to alaas cell Z cm in lenath along the optical light path. 

T h e  Kerr cell had a form of glass tube with welded plane- 

parallel titanium electrodes. and with the gap between 

tho latter equal to 0.05 c m .  A thin mica elliptical 

compensator with the intrinsic optical phase difference of 

0.01 2r: w a 5  used fo r  the registration of electrical 

b i Tef r i ngence . 

M 

4 

Molar Eerr constants of the samples were calculated 

a.ccordinq t o  the fol lowina relationship: 

(K -K ) 12 1 ( 1 )  
M . - .  1 An 

(n-+Z) ( c 1 + ~ ~ 2  
k: = 

W .-. 3 2  
1 '1 

where n -- -- are the refractive index, dielectric 

~ ~ ~ m i t t i v i t y  and density of the solvent: M is the 

molecular weiaht of the solute. and W is its weight 

f r a c t i o n  ir, the soltrtion. (E -C: 1 = ( i n  ?- Anl)/ E' is 

the surplus birefringence value  of the solution regarding 

tD tho cnlvent. devided bv the sqckared electric field 

ctrenqth, F r o m  now cjn subscripts 12 refer t o  the 

e~lution: 1 and 2 refer t o  t h e  solvent and solute, 

respectively. The , va lue5  of (k: - K t )  were determined 

from t h e  slopes of t h e  experimental dependences 2n12=f ( E L )  

far the samples solutions. excluding the solvent's effect 

"nl = f f E  ) .  411 dependences o f  electric bireFringence 

.dalctes -In vs Eouarsd electric iield strength . E? were 

linear in accodance w i t h  the Kerr law. The experimental 

dependences Ct:  - I:: ) v5 W far some samples in benzene are 

@resented i n  Fioure 1. Table 2 contains E values o f  the 

I' - I '  -1  

3 

12 1 1 ,  

E3 ~ 

12 3 

'2 

13 1 

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

1:
39

 1
8 

Fe
br

ua
ry

 2
01

3 



i . n v e e t i g a t e d  L.C samples: t h e  d i p o l e  moments 1-1 of t h e  s a m e  

samples. measured bv Gcqgenhei  m - S m i  t h method-’, are 

u r s s e n t e d  here t o m .  

c 

4 I2 

FIGVQE 1 The  d e p e n d e n c e s  o f  F e r r  c o n s t a n t s  (K 12 -K 1 > 
v5 tJ f o r  the samples NN 1.2.4-6 i n  benzene .  

c 
-I Gcco~dina t o  , the d i c m l e  m a m e r i t  of t h e  s o l i l t e d  s u b s t a n c e  

m3.y b e  d e t e r m i n e d  f rmn  tho  c o n c e n t r a t i o n a l  d e p e n d e n c e s  of 

its  so lc t t i n r !  d i e l e c t r i c  o e r m i t t i v i t v  L and r e f r a c t i v e  

i n d m  nI2: 
12 

2 2  
2’rk:T M - 1 2  “ 1  12 1 n -n .. - .- 

2 ____  
2 (  W 

c ; =  
47 hI4 ,C/L +2) L 

Y e r e  I: 1 5  Boltzrnann c r ~ n s t a n t .  NA is t h e  A v o g a d r a ’ s  number,  

T i E; a b s o l u t e  t e m p e r a t u r e .  

The  e x p e r i m e n t a l  deC3eRdeRcsS ( 2  - +  > vs W and  (n2 - n L )  vs 

W Df a l l  t h e  i n v e s t i g a t e d  L C  s o l c t t i a n s  w e r e  l i n e a r  

f u n c t i a n s  i n  t h e  c o n c e n t r a t i o n ’ s  r a n g e  w =<0.4 : Z , S ) I O  2 
The d i e l e c t r i c  p e r m i t t i v i t i e s  of s o l u t i o n s ,  e w e r e  

me.s.sured by means of z e r o  b e a t s  t e c h n i q u e  at 700 k H t  

+reqiientv of the s t a n d a r d  c a p a c i t y  rnetter: a tit’anium 

c y l i n d r i c  capacitor w i t h  i ts own c a p a c i t y  h , 8 &  pF w a s  

u s e d .  The refractive i n d i c e s .  n l 2 .  were d e t e r m i n e d  a n  

reiractometer IHF-23 ctsina the line. c o r r e s p o n d i n g  t o  the 

w a v e l e n g t h  J% = 5780 8. 

CJ 

I ?  -1 12 1 

-3 

12’ 
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THE INFLUENCE OF FIL IPHfiTl C SP4CERS ' POS I T I  I ON [3079]/513 

REsu~Is-~ND_DlsCuSP1oN 
The comparison of tne experimental p values of 

investigated L C s  permits to conclude that the presence of 

TFIBLE 2 The electroaptical and dipole characteristics 
of the ramp 1 es; 

- 1 11 ,b 6.2 190 0 
2 3,6 c d , 3  190 3 0 - 
3 374 5.3 190 30 +8,5 

4 4.3 5.5  150 20 +6,5 

5 3,8 5.4 170 30 +6,0 

6 2 , 5 170 30 +6,0 a. 3 

7 3.2 5 . 2  170 30 +6,5 

e 7. 

-__-_-___--_----_-------------------------------------- 
a 7 , 0 6.1 135 19 +15 

? O,? 4.4 120 45 +4,5 

11 0 , l  3.7 210 56 -0,z 
12 6.9 7 3  1 170 1 0  +1& 

1 0 11,o s q a  230 0 +8,0 

13 3,9 5.4 180 30 +8,5  

aliphatic spacer always decreases the dipole moment o+ L C  

substances. The dipole moment's change is more significant 

when spacer separates the polar CN-group from the 

mesogeneous core of molecules {N 8-13), than when it 

divides the molecules in high- and weak-polar parts( N 1 - 
7). At the last case it can be mentioned the conversion of 

structure N1 to NN 2.3, and the influence o+ the benzene 

cycle change to cyclohexane one in the sample N4. 

Rpparently, the alteration of L C  molecules polarity after 

the including of normal aliphatic spacers, mentioned 

above, may be connected with the rotation degree increase 

of one molecular p a r t  relatively its other part, which 
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5144308OlE. I. RJUMTSEV, N. P. YEVLAMPIEVA AND A.P .  KOVSHIK 

leads to change of m u t u a l  arrangement of the polar bonds 

in malecule, and. as a result, change off its total 

dipole moment. 

In the ca5e, when the spacer separates CN-group from 

the main chain of the molecule, it is possible to estimate 

the free orientation degree of this polar group. It is 
known that azokntene molecule @ N = N a  does not have a 

dipole moment and characterizes by a "trans"-position 

relatively N=N bond .) If we'll assume that the same 

conformation is corresponded to the mesogeneous core of LC 

N 11, it will b e  possible to present the dipole moment of 

this substance as a sum of two group's dipole moments: 
combining 

with each other by a chain of four CH -groups. Assuming 

the rotation around the valent bonds in methylenous chain 

a5 fully free. we can calculate the mean value of LC N l l  

dipole moment g with the Evring's formula': 

b 

c, @OCH3 ( p  = 1,28 D) and CH3-CN ( p  = 3,4 I)) , 
2 

- 

where ;J. is the group's dipole moment values; cos 8 g . p k  
1 k 1 .  

is the couple product of these dipole moment values and 

the cosines of all angle5 r=l on which the valent bonds, 

connecting the given oair of dipoles, change their 

directions along the molecular chain. 
JAing E q . { 3 ) ,  mentioned above the group dipole moment 

values, and "k=109028s71 we have calculated = 3,7 D for 
the sample Nll. which is equal to it5 experimental value. 
This coincidence means that the methylenous chain of four 

CH,- groups can ensure a practicallv fully free rotation 

of CN-end- group in the sample Nlt. The latter fact is 

completaly in accordance with the properties of freely 

joined polymer chains with the remained angles between the 

valent bonds . 

'k ' 

L 

7 

By the similar way it may be estimated values +or 

the samples "9, 13, using the evaluations of their 

mesoqsneous core dipole moments from the data for the 
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THE INFLUENCE OF CILXPHaTIC SPfiCERS‘ POSITIION [308 1115 15 

samples without spacers in molecular chains (N8,12). For 

the sample N9 2 = 4,5 D is near the esperimental c: value. 
For the samole N13 = 4,4 D is noticeably smaller than 

the corresponding experimental p value (5.4 D).Thus, it ie 

possible to say about the exirtance of correlation between 

polar CN-group and the main molecular chain for this LC. 

The data of the Table 2 also show that the decrease 

of the intermolecular orientationdl correlations of 

the polar groups in LCs under investigation leads to more 

significant molar Kerr constants’ change in comparison 

with their dipole moments’ change. So, when 9 values 

alterate on one and half with the appearence of the spacer 

(see N8 and N9, N10 and Nil), the molar #err constant of 

these samples change by an order. The dramatical change of 

this electrooptical characteristic is connected with the 

fact that ICM depends not only on the dipole moment 

p valuer, but also an the angle f? , which the dipole 

moment forms with the molecular axis of the greatest 

polarizability. Rccording to Langevin-Born theory +or 

axiallysymmetric molecules it is just right4: 

where &a and fib are the anisotropies of electrical and 

optical polar i zabi 1 it i es, 

It is obvious, that under the condition of full or 

partially full rotation of polar groups in the molecule, 

the value o f  angle fl ha5 a sense of the “mean“ or 

“effective” angle between the dipole moment direction and 

the molecular axis of the greatest polarizability. The 

values of the angles I?. calculated according to Eq. (4), 

and the experimental magnitudes of KN, Ab and 9 of the 

investigated samples are Rrrrented in the Table 2. 

Situated here Ab values !La had been taken equal to ab) 

were determined using the anisotropy of molar refraction 
values 9R = C (nL-l) / (n2+2) - (nL-l> / (nA+2) l M / p  in nematic 

LCs phase. The refractive indices of ordinary n and 

- 3 3 

e e 0 0 

0 
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516/[3082]E. I .  RJUMTSEV. N. p.  Y E V L W I P I E V 4  fiND A ,  P. EC3VSHIk: 

extraordinary n- rays were measured by means of the p r i s m  

method . S - 

6s it w a 5  mentioned. the most considerable changes of 

t:: and j3 values take place fo r  the samples N9 , 1 1  tin 

comparison with the samples without spacers in their 

structurss). whet-e CN- polar group orientatss practically 

f ree relatively the main molecular chain. For the L C  Nl3 

with the partiallv correlated CN-group motion, the change 

af E and ,3 values are smaller in comparison with LC 

N1Z. So, i n  the case when the spacer separates CN-group 

from the main molecular chain, the direct dependence of 

electroopticaf and dipole Characteristics on spacer's 

length takes p l a c e .  

k 

M 

The range  o+ cyanobiphenyl esters ( L C s  N1-7) did not 

displaces practically significant dependence of the 

characteristics under investigation on the spacer length. 

The differences between the polar structures of the 

samples are strongly reflected in the dielectric 

properties of the mesomsrphous substances. The 

measurements of macroscopic dielectric anisotropy &- = 

... - .-. cif unifarmlv oriented nematic samples by 
- / . I  - /  
determining of the main values of die1 ectr i c 

permittivities + and **. in directions. parallel and 

Derpendicular to the a x i 5  of the nematic order, have shown 

that the vs lue  and even the sign of Ls for a11 the 

investiqa.ted LC5 directly de3end on 9 and i? (Table 2), in 

accordance with the theory of dielectric anisotropy of 

nemat 1. cs': 

- / /  - /  

where F and Q are  the intcTna1 +ield factors in Onsager's; 

theory, -3 is the density. and S is the order degree of 

mesophase. 

Flccm-ding tn E q . ( 5 ) ,  the positive A s  will decrease with 

t h e  i-; decreasing and (5 increasing, and changes its sign to 

negative one when the value of the angle ,!? is > The 5 5 O .  
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THE INFLUENCE OF ALIPHATIC SPACERS' POSITIION [30831/517 

same character takes place for the relative experimental 

data in the Table 2. 

It must also b e  mentioned that the presence of 

aliphatic spacer in LC molecules influences on the 

dielectric relaxation of LC5. The Figure 2 shows the 

+requency dependences of the dielectric permittivity 

and Cole-Cole diagrams for two LC samDles (as an example). 

The similar dispersion curves were received for all the 

s a m p  1 es . 

"// 

20 

10 

0 

a 

0 28 =If 

FIGURE 2 a- The frequency dependences of the main 

dielectric permittivities 6' f o r  LC NS (1 )  and N9 

12) at I\T= -J°C: b- the Cole-Cole diagrams for the 

same samples at the AT= -Sa. 

/ /  

These results have shown that the relaxation curves are 

the Deby- e curves: 

H e r e  I s  and (L f are the low- and high-frequencv 

limits of the dielectric permittivitv a- f is the 

electric field frequencv. Each of these curves correspande 

to @ne time of the dipelar relaxation 7 at the used 

frequency range. The l a t t e r  fact implies that f o r  all the 

investigated Lts there i5 only one mechanism of dipolar 

/ /  0 /I/ f 

-f/ 
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518/[3084]€. 1. RJUMTSEV, N. P. YEVLAMPIEVA CIND A.P. KOVSHIK 

r e l a x a t i o n ,  related t o  t h e  r o t a t i o n  o+ polar molecule 
a r o u n d  its s h o r t  a x i s .  

The t e m p e r a t u r e  d e p e n d e n c e s  of r e l a x a t i o n  t i m e s  I ,  

d e t e r m i n e d  by t h e  Eq.(b), are shown i n  t h e  Figure 3. 

- I4 

- 16 

- I0 
-I 

K 
-20 1 I 

2,4 2,6 2,8 3,o 3,2 

FIGURE 3 The t e m p e r a t u r e  d e p e n d e n c e s  of r e l a x a t i o n  

times 7 f a r  t h e  samoles NS-13. 

The d i s t i n c t i o n  of r e l a x a t i o n  times, i n  t h e  f i r s t  t u r n ,  

may be e x p l a i n e d  by t h e  d i s t i n c t i o n  of  t h e  s a m p l e s '  

v i s c o s i t y .  I n  c o n n e c t i o n  w i t h  t h i s  t h e  t r a n s l a t i o n  

v i s c o s i t y  11 of  t h e  s a m p l e s  i n  mesomorphous s t a t e  w e r e  

measured. The visccsr-rs c h a r a c t e r i s t i c s  of t h e  s a m p l e  N12 

( w i t h o u t  s p a c e r )  and  N13 ( w i t h  t w o  CH,- groups - space r -  

l e n g t h )  d i f f e r  p r a c t i c a l l y  t h e  s a m e  manner as t h e i r  

r e l a x a t i o n  t i m e s .  Rut f o r  t h e  s a m p l e s  N l 1  ( w i t h  +our CH - 
g r o u p s  i n  t h e  c h a i n .  ':; = 105 CP at AT = T-TC=-2 C,  where  

TC is t h e  t r a n s i t i o n  t e m p e r a t u r e 1  and  N10 ( w i t h o u t  s p a c e r ,  

?; = 22 CP w t  t h e  s a m e  L T )  t h e  v i s c o s i t y  v a l u e s  d i + f e r  o n l y  

an f i v e  f o l d  when t h e i r  r d i s t i n g u i s h  an a n  o r d e r .  T h a t  

means t h a t  t h e  r e l a x a t i o n  t i m e  d i f f e r e n c e  f o r  t h e  s a m p l e r  

N 1 0  and N11 ran n o t  be e x o l a i n  o n l y  t h e  v i s c o s i t v  change .  

cls w e l l  as t h e  r o t a t i o n  of p o l a r  m o l e c u l e s  a r o u n d  t h e  
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shert axis i5 connected with the passing of the potential 

barrier, which is responsible for the long distance 

orientational order in LC substance, it is possible to 

associate the difference of relaxation times with the 

difference gf order degree in the samples under 

investigation . T h e  latest is testified by the activation 

energv data too. So, the activation energy of molecular 

rotation around the short ax15, U, for the sample NlO U = 
37 k c a l / m o l ,  and U = 20 kcal/mol +or the sample Nil. 

7 
3 

Thus. the experimental d a t a  of this work clear shows 

that the including of methylenous spacers into LCs may 

significantly influence on the polar structure of LC 

molecules, as well a5 on the value and sign of dielectric 

permittivity. and alsa strongly change the dispersion 

regions of macroscopic dielectric anisotropy. 
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