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ELPS'JXC REFORMBTIQNS OF LIQUID CRYS!l!ALLIHE 
POLYMERS AND THEIR MONOMERS I N  MAGNETIC AND 
EI;ECTRIC Fl3LDS 

VICTOR N,!PSVETKOV AND IGOR P.KOL0MIETS 
Ins t i t u t e  of  Macromolecular Compounds of 
the Academy of Sciences of the USSR, 
Leningrad, USSR 

Abstract A thermotropically mesogenic aro- 
matic polyester and its low molecular weight 
analogue (ftmonomer*t) i n  t h e  nematic phase in 
t h in  layers form homeotropic textures which 
can be deformed under the influence of mag- 
ne t i c  or e lec t r i c  f ie lds .  T h e  e l a s t i c  ori- 
ta t ional  deformations generated here are of 
the threshold character (Freederikse' s tm& 
s i t ion)  and are used f o r  the determination 
of  bend e l a s t i c  constants, K3 of the polg- 
mer and low molecular weight nematics. The 
optical  anisotropies, n - n of the samples 
investigated were deterhnebl from the pola- 
rized-microscopic patterns of  the deformed 
layers.  The values of n - n for the polyma- 
r i c  and the low molecul8r &ight nematics 
v i r tua l ly  coincide and over the  investigatea 
temperature range vary from 0.08 t o  0 . 1 7 . T h e  
bend constants K are close i n  the order d 

and vary w i  h temperature i n  the ranges 
(5-20)-10-$ dyn and (3-10)~10-7 en, res- 
pectively. T h e  orientation of  molecules of 
the polymer nematic i n  magnetic and e lec t r ic  
f ie lds  follows the mecanism of local small- 
scale  chain motion. 

magnitude f o r  the 3 polymer and the monomer 
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468 V. N. TSVETKOV AND I. P. KOLOMIETS 

INTRODUC!l!ION 

It is known that the main property of l iquid my- 
s t a l s  distinguishing them from amorphous bodies 
i s  the presence i n  the l iquid crgstall ine sub- 
stance of a long-range orientatiorral order ' in 
which the axes of exbended molecules a re  predo- 
minantly aligned paral le l  t o  the "directort1. The 
long-range order i s  maintained by the forces of 
orientational interaction of molecules counter- 
acting e las t ic  orientational deformations (i.e.,  
changes i n  the orientation of the 8irector)which 
appear i n  the nematic under the influence of 8% 

ternal  forces. These distortions may by descri- 
bed by using the three main e la s t i c  constants of 
the nematic, K1 H2 and "3, corresponding t o  the 
splay, twist and bend d e f o r m t i a s  respectively. 
The e l a s t i c  constants characteriaing the forces 
of intermolecular orientational interaction i n  
the nematic are fundamental values determining 
the main properties of the mesophase both in Wn 
layers and in bulk. They affect  not only the  e q S  
librium textures observed i n  the mioroscope but 
also the dynamic properties o f  the nematic, such 
as mechanical * and thermal 3 orientational vib- 

electrodynamics 6 ,  etc. The theories and methods 
of quantitative investim&ion o f  e l a s t i c  defor- 
mations of low molecular weight nematics i n  mag- 

rations,  l ight scattering 4,  orientation i n  f l o w ,  5 
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ELASTIC DEFORMATIONS OF LC POLYMERS 469 

net ic  and e lec t r ic  f ie lds  have been developed by 
the Leningrad team of  physicists who have deter- 
mined the values of K , ,  K2 and E3 f o r  p - a z o x y d  
sol and some other mesogenes over the en t i re  tarP 

perature range of the existence of t he i r  nematic 
phase 7-11. More recently these studies havebeen 
pursued by several researchers12-17 who have de- 
termined the values of 9.1 , K2 and K3 f o r  
other low molecular weight nematics. 

The molecules of thermotropically and l y o -  
t r o p i c a l l y  mesogenic polymers both i n  solution 
and i n  the nematic bulk can undergo orientation 

However, the studies i n  which these effects  a re  
used f o r  the investigation of e l a s t i c  deformati- 
ons i n  polymeric thermotropic l i qu id  crystals are 
vir tual ly  non-existent. The preliminary resu l t s  
of first investigations i n  t h i s  f i e l d  have been 
reported recently22. More recently these i n v e s t i  
gations have been continued, and the i r  resu l t s  
a r e  considered i n  the present paper. 

some 

by the action of  magnetic or e lec t r i c  f i e lds  18-2l . 

EX€?EBIMENTAL 

Two substances were used for the investigations: 
an  aromatic polyester ( M3Z ) 

and a low molecular weight analogue of i ts repeat 
unit  ( AE**monomerl*) 
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470 V. N. TSVETKOV AND I .  P. KOLOMIETS 

The syntesis of these compounds has already 
been described 23. The low molecular weight com- 
pound, BE , is i n  the nematic 1 iquiLcrys ta l l ine  
s t a t e  i n  the temperature r-e 19-21 5OC. 

matic polyester i n  which r i g i d  mesogenic ( e s t e c  
aromatic) nuclei a re  separated by f lexible  diethg- 
lene glycol chain parts.  The molecular weight of  
the sample M(accordhg t o  viscometric data and 
diffusion of i t s  di lute  so lu t ions)  is 4-103 and 
i t s  in t r ins ic  viscosity i n  dichloroacetic acid 

t igations showed tha t  a t  T = 2OO0C, Bpb; melts 
from the crystall ine in to  the nematic phase which 
passes into the isotropic phase a t  T = 32OoC. 

An indispensable condition for  the quantita- 
t ive  s tudy  of e l a s t i c  orientational deformations 
i n  the nematic i s  the formation of a texture w i t h  
a director uniformly oriented i n  the sample and 
having a definite character of orientation on the 
sample boundaries. For low molecular weight nema- 
t i c s ,  the methods of preparation of these textu- 
res  are w e l l  known and it was possible t o  obtain 
the homeotropic texture (director i s  normal t o t h e  
glass surface) i n  I a e  nematic phase o f  the mono- 
mer wi thou t  difficulty.  

In the case of  polymer APE the s i tuat ion vaa 
more complex. The homeotropic structure in the L ~ L  

The AHZ under investigation i s  a para-aro- 

i s  0.41 am 3 / g .  The polarizing miCrOSCopiC inves- 
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ELASTIC DEFORMATIONS OF LC POLYMERS 47 1 

e m  of the polymer nematic could by obtained on- 
ly by a special  treatment of polished surfaces of 
the  quartz glasses and the application of wedge- 
shaped polymer layers.  The thickness of these la* 
e r s ,  however did not exceed 0.1 mm (Fig.3).Neves 
the l e s s ,  it was found t o  be su f f i c i en t  f o r  the  
quant i ta t ive investigation of deformation of tha. 
se layers  i n  magnetic and e l e c t r i c  f i e l d s ,  

In the  investigations carr ied o u t  i n  the ma- 
gnet ic  f i e lds ,  Freedericksz's and Z o l i n a ' s  method 
was used, and i n  the  investigations i n  the  elec- 
t r i c  f i e l d s ,  Freederickso' s and Tsvetkov's me- 
thod 9, l o  was applied. In both cases wedge-sha- 
ped, planar and spherical  surfaces of the quartz 
glasses were employed (Fig.l) .  The layer  th ick ,  

7 

I 
tE 

FIGURE 1. Scheme i l l u s t r a t i n g  the deforma- 
t i on  o f  the homeotropic layer  o f  the nematic 
l i q u i d  crystal  i n  the magnetic Hand e l e c t r i c  
E f i e l d s ,  

ness Z was determined from the  r a t i o  Z = r2/2R 
where R is the radius o f  the spherical  glass  SUE 
face and r i s  the distance between the  invest i -  
gated point of the preparation and its centrum. 
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412 V. N. TSVETKOV AND I. P. KOLOMIETS 

The theoretical  basis of  the experiment i s  the 
Freederioksi - Zocher equation 8 

describing the equilibrium conditions between the 
deforming forces of the magnetic f i e ld  H and the 
e l a s t i c  forces of the nematic. 

Here Z is the coordinate normal t o  the lay- 
er plane,?  i s  the angle between the f i e l d  direc- 
t ian i n  which the  magnetic susceptibil i ty of the 
anisotropic substance is  m a x i m u m .  A% is t he  a L  
solute value of the difference XI I  - %A, between 
the two principal magnetic suscept ibi l i t ies  %,, 
ea ra l l e l  t o  the director) and XL (perpendicular 
t o  the director) per unit volume. 

An expression analogue t o  eq.(1) can a l s o  be 
written f o r  the case of the e l ec t r i c  f i e l d  9, 10 
with the replacement of H by E ( f i e ld  strength) 
and tha t  o f  A% by A € / W  where A€ is the absolu- 
t e  value of the difference between principal ( w i t h  
respect t o  the director) d ie lec t r ic  permittivi- 
t i e s ,  €,, and of  the nematic. E is the elas- 
t i c  constant o f  the nematic. 

f i e l d  H should be normal t o  the director of the 
undistorted nematic (parallel t o  the nematic lay- 
er) and the f i e l d  E should be normal t o  the di- 
rector of the nematic with positive d ie lec t r ic  
anisotropy ( E l l >  EL ) and paral le l  t o  the direc- 
t o r  i n  the case of the negatively anisotropic ne- 
matic ( El ,  < E I  ) e Under these conditions, the in- 

Under experimental conditions (Fig.1) , the 
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ELASTIC DEFORMATIONS OF LC POLYMERS 473 

Here e=X/2-% where (Po is the ‘P value a t  
5 = 0,  i . e .  in the middle of  t he  layer  (at a di- 
stance 2/2 from the orienting glass surfaces).In 
other words, 8 is the deformation angle i n  the  
middle of the layer  (where deformation is a maxi 
mum). 

I n  the absence of deformation 8 = 0,  the  
first e l l i p t i c a l  in tegra l  3,(8)=~/2 , whereas 
when deformation ex is t s ,8>O and 3,(8)>%/2 . Hen 
ce, eq.(2) determines the threshold type of de- 
formation i n  the magnetic f i e l d  experimentally 
found i n  r e f s  7,8 : the m i n i m u m  ( c r i t i c a l )  layer  
thickness Zk i n  which deformation i n  the f i e l d  H 
i s  possible, i s  determined by eq.(3) 

An analogous eq.(4) determines the c r i t i c a l  
thickness Zk and the threshold character of de- 
formation i n  an e l e c t r i c  f i e l d  E experimentally 
detected i n  r e f s  99 lo  

I n  th i s  case under the experimental condi- 
t i ons  shown i n  Fig.1 the value of K in eqs. (3) 
and (4) implies the bend e l a s t i c  constant 93 . 
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414 V. N. TSVETKOV AND I. P. KOLOMIETS 

RESULTS AND DISCUSSION 

E- &,4 stat~/tm E-287 stkt V/tm H- \2300 OC E- Z? stat Vhm 

FIGURE 2. Polarizing-microscopic pat terns  
of a low molecular weight nematic deformed by 
magnetic ( H = 2500 Oe and H = 12400 O e )  and 
e l e c t r i c  ( E = 14.4 stV/cm and E = 28.7stV/cm) 
f i e lds  . 
FIGURE 3. Polarizing-microscopic pat terns  
of the homeotropic layer  o f  the polymer nema- 
t i c  i n  the absence of  the f i e l d  ( H, E = 0 ) 
and tha t  deformea by magnetic ( H = 12300 Oe) 
and e l e c t r i c  ( E = 27 stV/cm ) f i e lds .  

Pig.2 (top) shows the photographs of deformation 
pa t te rn  i n  the magnetic f i e l d  H when the homecr 
t rop ic  layer o f  the low molecular weight nematic 
is oPserved i n  pa ra l l e l  beams of the polarized 
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ELASTIC DEFORMATIONS OF LC POLYMERS 475 

l i g h t  (wavelength 5.46*1C5 cm) normal t o  the  lag. 
e r  plane. This pa t te rn  i s  fixed i n  the photogra- 
phic camera o f  the polarizing microscope 
crossed polar izers  under the conditions when the 
magnetic f i e l d  pa ra l l e l  t o  t he  layer plane i s  dia 
gonal t o  the axes o f  the polaroids. The photo- 
graphs show d i s t inc t ly  the c r i t i c a l  boundary se- 
parat ing the undistorted pa r t  of the preparation 
(dark homeotropic par t )  from the d is tor ted  pa r t  
i n  which as a re su l t  of deformation the  pa t te rn  
of concentric interference r ings (curves of equal 
thickness) appeared. With increasing f i e l d  
strength H the c r i t i c a l  boundary is displaced 
towards thinner layers.  

Fig.2 (bottom) shows the interference pat- 
t e rns  of  the same sample i n  the sinwave (frequen- 
cy 8.10' Hz) e l e c t r i c  f i e l d  E. The sinwave f i e lds  
were applied i n  order t o  avoid hydrodynamic in- 
s t a b i l i t i e s  appearing i n  the nematic i n  constant 
e l e c t r i c  f i e l d s  as a r e s u l t  o f  e l e c t r i c  conducti- 
v i t y  o f  the substance 24. The f i e l d  is normal t o  
the layer plane (para l le l  t o  the director  i n  the 
undistorted homeotropic pa r t  of the preparation) . 
The c r i t i c a l  boundary of deformation is as dis- 
t i n c t  as i n  the magnetic f i e l d ,  and the interfe-  
rence pa t te rn  indicates t h a t  the d i e l e c t r i c  aa- 
isotropy o f  the investigated nematic is negative 
i n  sign. I n  t h i s  case, apart  from interference 
rings (similar t o  those in the magnetic f i e l d ) ,  
a dark cross is v i s ib l e ,  Its branches are paral- 
l e l  t o  the axes of crossed polaroids. This pat- 

with 

\ 
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476 V. N. TSVETKOV AND I. P. KOLOMIETS 

t e rn  indicates tha t  the orientation of molecular 
axes i n  the deformed layer of  the nematic i s  co- 
noscopic 10. 

Photographs in Fig.3 i l l u s t r a t e  the resu l t s  
obtained i n  the investigation of  the polymer ne- 
matic, AF%. Fig.3 top shows the pattern of the 
planar-concave layer i n  crossed polaroids i n  the 
absence of  the f ie ld .  Although the normal homeo- 
t rop ic  orientation of  the director is not extelz- 
ded t o  the ent i re  vis ible  preparation, it i s s u f L  
f ic ien t ly  well expressed i n  its considerable cen- 
t ra l  part. T h i s  f ac t  makes it possible t o  s tudy  
the  deformation of l iquid-crystall ine layers i n  
magnetic and e l ec t r i c  f i e lds  with the same geo- 
metry of experiments as i n  the case of  the low 
molecular weight monomer. Fig.3 bottom, left;- 
hand shows a preparation of  the nematic APE i n  
the magnetic f i e l d  H = 12.3.10 Oe. The obser- 
ved interference pattern corresponds t o  those OIL 
tained for the low molecular weight AE under 
similar conditions although d i f fe rs  from them i n  
a s l i g h t l y  lower homogeneity of the f i e l d  of vi- 
sion. Fig.3 bottom, right-hand shows the defor- 
mation pattern o f  the same preparation of the PO- 
lymer nematic i n  the e l ec t r i c  f i e l d  E = 27 sW/ 
cm. The interference rings appearing in  the dis- 
torted part of the preparation indicate that the 
dielectr ic  anisotropy of the l iqu id-crys ta l l ine  
polymer is a l s o  negative j u s t  as i n  the case of 
the monomer. However, the struoture of the defoz 
med polymer nematic is l e s s  homogeneous than that 

3 

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

2:
55

 1
9 

Fe
br

ua
ry

 2
01

3 



ELASTIC DEFORMATIONS OF LC POLYMERS 411 

of i t s  monomer, and i n  t h i s  Case the conoscopic 
or ien ta t ion  of  molecular axes (dark cross) is ol- 
most negligible.  

The macroscopic inhomogeneities in the  po- 
lymer nematic manifested upon i t s  deformation 
can by pa r t ly  due t o  the presence of  impurit ies 
i n  the polymer substance, However, it is not less 
probable that  the spec i f i c  s t ruc ture  of t h e  po- 
lymer may play a cer ta in  ro l e  i n  t h e i r  formation. 
In t h i s  s t ruc ture ,  the mesogenic nuclei  o f  t he  
polymer form a part o f  long polymer chains. The 
reorientat ion of  these nuclei  i n  the magnetic or 
e l e c t r i c  f i e l d s  inevitably leads t o  the  confor- 
ma t iona l  rearrangement considerable parts of the 
polymer chain, As a r e s u l t ,  the reor ientat ion 
time becomes much longer, and macroscopic inho- 
mogeneities i n  the  texture  of the  polymer nema- 
t i c  can appear. 

The reorientat ion t h e  of  the  polymer nema- 
t i c  ( a f t e r  the f i e l d  is switched on) exceeds ma- 
ny times t h a t  of t he  monomer l i qu id  c rys ta l .  It 
increases d r a s t i c a l l y  with increasing molecular 
weight and decreasing temperature of  the  sample. 
In the  case of  the APE investigated,  the  equi- 
librium (s table  i n  time) pa t te rns  of  t he  c r i t i -  
cal  boundary were obtained by maintaining the 
preparation i n  a constant f i e l d  f o r  the period 
ranging from a few minutes t o  several  t ens  o f m i  
nutes. Only the  equilibrium values of  c r i t i c a l  
thicknesses,  zk , were used as quant i ta t ive da- 
t a .  
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478 V. N. TSVETKOV AND I. P. KOLOMIETS 

FIGl lRE 4. C r i t i c a l  thickness zk VS inverse 
magnetic f i e ld  strength, 1 / H ,  f o r  a polymer 
nematic (1 , 2, 3) and a low molecular weight 
nematic (4, 5, 6, 7) a t  different temperatu- 
res T'C. 
T = 1) 18goC, 2) 267OC, 3) 287OC, 4) 212.5OC, 

5) 2090C9 6 )  2OO0C , 7) 1 WoC. 

FIGURE 5. C r i t i c a l  thickness zk V S  inverse 
e lec t r ic  f i e l d  strength, I/E , for the  l o w  
molecular weight nematic ( 1-4 ) and the PO- 
lymer nematic ( 5-7 ) a t  different temperatu, 
res  I! = 1) I g4Oc, 2) ~OO'C,  3) 209Oc, 4) 212O~, 

5) 2 6 7 O C ,  6) 217OC, 7) 18goC. 

Fig.4 shows the values of the c r i t i ca l  thicknes- 
ses Zk versus inverse values, I / H ,  of the ap- 
plied magnetic field H for liquid crystals  AE 
and APE. Fig.5 shows similar dependences f o r  d9 
formations i n  e lec t r ic  f ie lds  ( Zk as a function 
of The experimental points corresponding 
t o  a certain temperature closely f i t  one straight 
l i ne  passing through the origin in accordance 
with the threshold character of deformations pra 
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ELASTIC DEFORMATIONS OF LC POLYMERS 479 

IIABm 1 Diamagnetic A x  and d ie l ec t r i c& 
anisotropies and e la s t i c  bend constants K3 
of the low molecular weight and the polymer 
nematic8 a t  different temperatures. 

Monomer AE 

1 9 . 5  20.55.4 0.97 1.8 1.0 1.3 
200 15 4.3 0.80 1.7 0.7 1.2 
205.5 9.5 3.9 0.77 1.5 0.6 1.0 
209 6 3.6 0.73 1.3 0.5 0.8 
212.5 2.5 3.1 0.65 1.0 0.3 0.6 

Polymer APE 

lag 131 7.5 2.6 - 
215 105 - 3.1 2 .o 
217 103 7.2 4.7 - 
243 77 7.0 12 - 
247 73 6.2 - - 
267 53 4.4 12 2.8 
270.5 49.5 - 16 3.3 
274 46 4.0 - 5.0 
287 32.53.3 - 5.0 

(2.9) (2.2) (1 * I >  
(2.9 - (0.a) (1.3) 
(2.9 (2.0) (0.53) 

(2.5) (1.9 - 
(2.5) 0.8) (0.18) 

2.25 1.0 0.10 0.45 
- 0.9 0.07 0.35 

2.1 0.8 - 0.a 
2.0 0.66 - 0.17 
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480 V. N. TSVETKOV AND I. P. KOLOMIETS 

dicted by eqs.(3) and (4). According t o  eq. (3) or 
(4), the slope of each straight l ine  determines 
the ratios X3/A$ or K#A€ a t  a fixed temperatrr 
re. 'phe values of K3/AF and K3/A@ (where 
A€/'zR) obtained i n  this manher are  given i n  
Table 1. 

For further discussion of the properties of  
the liquid-crystal-line monomer and polymer, it is 
essential t o  compare the parameters of orienta- 
t i o n a l  order S i n  t he i r  mesophases. It is known 
tha t  diamagnetic b$ or opt ica l  Ano = ne - noan,  
isotropies of  the mesophase may serve as the most 

me average value of birefringence of a lw 
er  with a thickness Z of a preparation deformed 
by the f i e ld  can be determined from the simple 
equation 

A<= 

direct characteristics of the value o f  S 1 . 

where m is the number of the dark interference 
ring (reckoned from the c r i t i ca l  boundary) cor- 
responding t o  the thickness 2 and is  the w a v ~  
length o f  the applied l i g h t .  In Fig.6 the values 
of A n  measured in a strong magnetic f i e ld  

of the 
re la t ive layer thickness 
and polymer nematics a t  various temperatures. A 
decrease in A n  with decreasing layer thiekness 
ref lects  the incomplete reorientation of the di- 
rector i n  th in  layers i n  the f i e ld  H. The limi- 

(H o 12.3*10 3 0 )  are shown a s  functions 
Z/Z, for the monomer 
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ELASTIC DEFORMATIONS OF LC POLYMERS 48 1 

FTGURE 6. 
low molecular weight (1-6) and polymer (7-10) 
nematics deformed by the f i e l d  H = 12500 Oe is 
re la t ive  layer thickness Z/Z, a t  different  
temperatures TOC . 
!L' = 1) 2 1 3 O C ,  2) 2 0 8 ' C ,  3) 205.5OC, 4) 201.5OC, 

7) 287OC, 8) 28OoC, 

Effective op t i ca l  anisotropy of 

5) 1 9 7 . 5 O C ,  6) 191 OC, 
9) 2 6 6 O C ,  10) 248OC 

t i ng  value of A n  attained a t  large Z/Z, gives 
the value of Ano c ne - no for the completely 
oriented nematic a t  a corresponding temperature. 
In order t o  determine rel iably the limit of cur- 
ves i n  Fig.6 a t  high Z/Z, r a t io s ,  the extrapola, 
t i o n  equation is used 7 

Here 3,(e) is the e l l i p t i c a l  integral  of the se- 
cond kind and 8 is the angle o f  orientational 
deformation i n  the middle of t he  layer. The value 
of 8 i s  determined from the equation 3 @ j m  
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482 V. N. TSVETKOV AND I. P. KOLOMIETS 

E X  Z/2Zk &ere 3~@) is the e l l i p t i c a l  integral 
of the first kind contained i n  eq.(2). The fol- 
lowing expression may serve as a good approxima- 
t ion  f o r  eq. (6 ) :  

An/Ano = I - 2 ZK/% z (7) 

The values of neono f o r  the nematic phase 
of the monomer and the polymer obtained by th i s  
procedure a re  given i n  Table 2 and shown as fun, 

TABLE 2. 
refractive indices ne- no of low molecular 
weight and polymer nematics a t  different tern, 
peratures. 

Difference between t w o  principal 

T OC (To - T)OC - no 

Monomer AE 
~ ~ ~ _ _  

21 3 2.0 0.084 
208 7.0 0.111 
205.5 9.5 0.1 22 
201,5 13.5 0.130 
1 9 . 5  17.5 0,136 
191 24 .O 0.145 

287 33 
280 40 
266 54 
248 72 

0.145 
0.1 52 
0,158 
0.172 
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ELASTIC DEFORMATIONS OF LC POLYMERS 483 

c t i m s  of temperature (reckoned from the tempera- 
tu re  To 
phase) in Fig.'/ (curve 1). It is noteworthy that 
the experimental po in ts  f o r  the polymer and the 
monomer fa l l  along the same curve. T h i s  fac t  im- 
p l i e s  that the degrees of orientational order far 
the polymer and monomer nematics in the corres- 
ponding temperature range v i r t u a l l y  coincide. 

The absolute values of the optical anisotro- 
py ,  ne - n o ,  of  the ester-aromatic nematics a re  
twice lower than that for azoxyanisole 8and other 

o f  the transition in to  the isotropic 

nitrogen-containing compounds 7 . 
The coincidenue of the values of Ano (and, 

correspondingly, of S )  for liquid-crystalline AE 
and APE implies that the values of t he i r  d i w  
ne t i c  anisotropies A$ also coincide in the cor- 
responding temperature ranges. 

(and cor- 
respondingly f o r  APE) can be determined by using 
the  data published i n  ref.25 i n  which it has been 
shown that the molar magnetic anisotropies of va- 
r i o u s  nematics are determined by the number 
benzene r ings  in the i r  molecules, whereas theva. 
lues  of A$ calculated per unit volume v i r t u a l l y  
coincide in the corresponding temperature ranges. 
In particular,  the values of A$ f o r  anha lamine  
azobenzene ( the mesogenic nuclew of i t s  mole- 
cule contains three benzene rings just as i n  the 
case of  AE and AEE ) a r e  given i n  Table 1 accor- 
ding t o  the data of ref.25, and the temperature 
dependence of A% far t h i s  nematic i s  shown by 

The absolute values of A% for  AEi 

of  
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484 V. N. TSVETKOV AND I. P. KOLOMIETS 

curve 2 i n  Fig.'). According t o  the above consids- 
rations,  the same curve also describes the depen- 
dence of A% on To - T for PE and APE. 

Using these values of A$ and the values of 
K3/A$ f o r  AE and PPE one obtains for these ne- 
matics the values of e la s t i c  constants X3 given 
i n  Table 1 and shown by curve 3 i n  Fig.7. The 
temperature ranges i n  which the properties o f  the 
mesophase of AE and BPE could be investigated, 

FIGURE 7. Temperature dependence of optical, 
diamagnetic and e l a s t i c  characteristics of low 
molecular weight and polymer l iquid crystals. 
1 .  Optical anisotropy ne- no of monomer ( u) 
and polymer ( APE ) nematics. 
2. Diamagnetic anisotropy A$ of adsalamino- 
asobensene . 
3. Bend e l a s t i c  constants K3 of monomer 
( PE) and polymer ( APE ). 

do not coincide. Hence, it is di f f icu l t  t o  carry 
out  an exact quan'titative comparison of the cor- 
responding constants K3 under equivalent tempe- 
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ELASTIC DEFORMATIONS OF LC POLYMERS 485 

rature conditions. However, the data show that 
Ii3 values f o r  the monomer and the polymer a re  of 
the same order of magnitude and close t o  those 
for  other low molecular weight nematics 10,13,15 

Just as for l o w  molecular weight nematics, 
f o r  nematic BPE K3 increases with decreasing 
temperature, i .e . ,  varies according t o  the para- 
meter of order s .  Moreover, the very wide ten- 
perature range of the existence of the nematic 
mesophase of APE makes it possible t o  carry out  
measurements of i ts  e l a s t i c  deformations a t  a 
temperature 1 3o°C below To and, correspondingly, 
t o  obtain under these conditions Ii3=22 10'7dyn. 
This value is higher than those obtained up t o  
the present f o r  low molecular weight nematics. 

3 Both the p o s s i b i l i t y  of  obtaining high B 
values and the agreement with Freedericksz's l a w  
(3) over a wide range of values of the magnetic 
f i e l d  f o r  this polymer nematic indicate the exi- 
stence of the conditions of "strong anchoring"of 
normal orientation of the APE director on the 
surface of s o l i d  glass. This r e su l t  cannot be 
considered t r i v i a l ,  i f  it is taken in to  account 
that the size  of molecules of the polymer under 
investigation and hence the orienting forces t o  
which they are  subdected i n  the magnetic f i e l d  
exceed by more than one order of magnitude the 
s ize  of molecules of the low molecular weight 
nematic, AE , and correspondingly the forces e x e s  
ted upon them. These f ac t s  probably agree best 
with the concept t h a t  the molecules of the poly- 
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486 V. N. TSVETKOV AND I. P. KOLOMIETS 

mer nematic are oriented i n  the magnetic f i e l d  by 
amall-scale local motion of i ts chains. In t h i s  
motion the kinetic units oriented i n  the magnetic 
f i e l d  are mesogenic ester-aromatic nuclei of the 
polymer chain. Therefore the equilibrium deforma- 
t i o n a l  e l a s t i c  properties of polymeric and low 
molecular weight l iquid c r y s t a l s  resemble each 
other. 

and K3 
termine the value of d ie lec t r ic  anisotropy A€ for 
both polymer and monomer l i q u i d  crystals. The va- 
lues  of of both samples are  nemative, close t o  
each other in the order of magnitude and decrease 
( i n  absolute value) with increasing temperature. 
This  effect  is often observed for low molecular 
weight nematics and can be mainly related t o  the 
corresponding decrease in the degree of  order. A 
very drast ic  decrease in&€ w i t h  increasing tem- 
perature observed fo r  the  polymer nematic a t  a 
frequency o f  80 kHz is probably due t o  the effect  
of e lec t r ic  conductivity o f  the sample complica- 
*ing the interpretation of  experimental data. 

Both the ge~metry of experiments i n  the ele- 
c t r i c  f i e l d  (Fig.1) and the negative sign o f a &  
show tha t  the longitudinal (optical) axes of mo- 
lecules o f  both samples are  oriented normally t o  
the E f ie ld .  For the low molecular weight BE 
t h i s  result corresponds t o  the negative sign of 
the Eerr effect  i n  its solutions 26. In contrast, 
in the solution o f  PPE of  the corresponding mo- 

By using the experimental values of 9 d A G  
de- given i n  Table 1 ,  it is possible t o  

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

2:
55

 1
9 

Fe
br

ua
ry

 2
01

3 



ELASTIC DEFORMATIONS OF LC POLYMERS 487 

lecular w e i g h t ,  the Kerr effect  is posit ive 26. 
This fac t  indicates tha t  the orientation of AX% 
molecules in solution due t o  the action of the 
e lec t r i c  f i e l d  is of the large-scale type. Hence, 
the orientation of macromolecules i n  the bulk of 
the polymer nematic normal t o  the E f i e l d  im- 
p l i e s  t ha t  t h i s  orientation fol lows the mecha- 
nism of  local  small-scale moti.cn, jus t  as in the 
magnetic f i e l d  and in accordance with the sugge- 
st ion made i n  another paper z. 
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