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ON THE ANISOTROPY OF TURBIDITY AND ELASTIC 

CONSTANTS OF A MONOMER AND A POLYMER 

LIQUID CRYSTAL 

H. HAKEMI* 

Enir icerche, Specialty Polymer Department, 

V ia Mari tano 26, 20097 S. Donato Milanese, 

Milan, I t a l y .  

ABSTRACT: T h e  light scat ter ing method was used t o  

s t u d y  t h e  anisot ropy of turbidity (bj) a n d  elastic 

constants (K i )  o f  8CB and  PBLG nematics. dj a n d  K i  

a re  in f luenced by surface ef fects,  t h e  cybotact ic  

s t r u c t u r e  and t h e  magnetic f ie ld .  T h e  re la t ive o r d e r  

of magnitude of K i  in t h e  8CB monomer was in s u p p o r t  

o f  t h e  h a r d - r o d  model (K1  < K3), but in PBLG was in 

accord w i th  pa r t i a l l y  f lex ib le  model (K1  > K3). 

1 N T  RODUCT I ON 

T h e  anisotropy of  molecular interact ions in liquid c rys ta l s  

is responsible for a number o f  i n te res t i ng  macroscopic phe- 

nomena inc lud ing  t h e  viscoelastic proper t ies.  Knowledge 

o f  t h e  elastic constants of mesophases f o r  unders tand ing  

s t r u c t u r e - p r o p e r t y  relat ions is impor tant  f rom bo th  funda-  

mental and appl ied points of v iew. Accord ing to t h e  ha rd -  

rod model, t h e  wel l  established moduli of "splay" K1, 
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100 H .  HAKEMI 

" twis t "  K2, a n d  "bend" K3 in low molecular weight  nematic 

compounds, are expected t o  be of  t h e  same o r d e r  o f  magni- 

tude, obeying t h e  inequal i ty :  K 3 > K l > K 2 .  Th is  has been 

ve r i f i ed  in nematogens by var ious exper imental  methods. In 

sp i te  o f  experimental progress in t h e  s tudy  of  t h e  elastic 

constants of  t h e  monomeric systems, t h e i r  measurement in 

polymer l i q u i d  crysta ls  w i t h  t h e  Freeder icksz t rans i t i on  

(1-4) and light scat ter ing (5,6) methods is t h e  subject  o f  

c u r r e n t  in terest .  T h e  inconclusive resul ts  of  these s tu -  

dies are in qual i ta t ive agreement w i t h  bo th  t h e  ha rd - rod  

model (7) ( r e f .  3,6), where K1/K3 < 1, and t h e  fo rb idden  

splay concept o f  pa r t i a l l y  f lex ib le  polymers (8,9) ( r e f .  1, 

5) ,  where K1/M3 > 1 .  In t h i s  work,  we ut i l ized t h e  p r e v i -  

ous ly  developed anisotropy o f  turbidity method (10,11), t o  

s t u d y  two liquid c rys ta l  systems. In t h e  f i r s t ,  we used 

t h e  well character ized nematic monomer; 4-octy l -4 'cyanobi-  

pheny l  (8CB).  We stud ied t h e  ef fect  of  t h e  sample t h i c k -  

ness and cybotact ic nematic s t r u c t u r e  on t h e  t u r b i d i t y  6j 

and  t h e  elastic constant K i  values of  8CB. In t h e  second 

p a r t  we ca r r i ed  o u t  p r imary  measurements o f  6 j  a n d  Ki of 

lyot rop ic  l i qu id  c rys ta l  polymer solut ion o f  p o l y ( r -  benzy l  

-I-glutamate) (PBLG) solutions. Due t o  unce r ta in t y  o f  t h e  

turbidity data i n  one o f  t h e  geometries, we estimated t h e  

range o f  t h e  elastic constants by an approximat ion method. 

Detailed analysis of  these studies a r e  in progress.  

EXPERIMENTAL 

The  compound 8CB was obtained from BDH Chemicals Ltd 

w i t h  a stated purity of  99.9% and was used as such. 

t rans i t i on  temperatures; T(NI)=314.5 and T(AN)=307.0aK, 

T h e  
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ANISOTROPY OF TURBIDITY AND ELASTIC CONSTANTS 101 

were determined by hot-stage microscopy. 

s tud ied i n  optical precis ion cells w i th  ins ide th ickness ' 

o f  I = 0.02, 0.04, 0.1 and 0.2 cm. T h e  PBLG samples were 

purchased from Sigma w i th  molecular weights o f  70,000 - 
296,000. Solutions o f  PBLG in dioxane and  dichloromethane 

were prepared at  concentrations above t h e  B po in t  in rec- 

t angu la r  opt ical  cells w i th  I=O.1 and 0.2 cm thicknesses. 

The  8CB and  PBLG sample cells were placed in a tempera- 

t u r e  c o n t r d  unit, which was designed to fit between t h e  

poles of a 14 kG electromagnet. The  magnetic f ield was 

used t o  induce uniaxial  or ientat ion in t h e  nematic phase. 

6 values were determined by accurate rnasurements of to ta l  

scat ter ing cross sections o f  t h e  or iented nematic medium 

in t h r e e  selected geometries. 

re f rac t i ve  indices, no and ne, were ext racted f rom t h e  

l i t e r a t u r e  data f o r  8CB (12) and PBLG (13), w i t h  appro-  

p r i a t e  correct ions f o r  t rans i t i on  temperature di f ferences. 

temperature was control led t o  an accuracy o f  L0.05 K. T h e  

experimental details and procedure f o r  evaluation of t h e  

elastic constants have been mentioned elsewhere (10, l l ) .  
T h e  computer search rout ine was improved t o  calculate K i  

values, as d i f f e ren t  as f i v e  o r d e r  o f  magnitude. T h e  ove r -  

all estimated e r r o r s  on measured tu rb id i t i es  i s  w i t h i n  5% 

and on calculated elastic constants is w i th in  20%. 

T h e  samples were 

O r d i n a r y  and  ex t rao rd ina ry  

RESULTS AND DISCUSSION 

THERMOTROPIC 8CB MONOMER: 

F igu re  1 presents t h e  temperature dependence of  t h e  t h r e e  

absorpt ion coefficients 6j in t h e  nematic phase o f  8CB a t  

1~0.2-0.02 cm. In th i s  mesophase, t h e  nonl inear behavior  

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:
12

 1
9 

Fe
br

ua
ry

 2
01

3 



102 H. HAKEMI 

and relative order  of magnitude: 61 (62 <d3 (see F ig .  l a ) ,  

are  in accord with our  previous measurements in nematiks 

systems (10) .  T h e  nematic-surface interactions become 

more significant as the  sample thickness decreases (see 

1 - T M I  (0 f-T IN11 ICI 

FIGURE 1 .  Turbidit ies of 8CB as a function of tempera- 

t u r e  and sample thickness. 
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ANISOTROPY OF TURBIDITY AND ELASTIC CONSTANTS 103 

Figures l a - d ) .  

geometry 1 that,  a t  1=0.02 cm, 6 1  becomes Comparable w i t h  

6 2  and 63 (F igu re  Id). 
nematic d i rec to r  i s  always perpendicu lar  t o  t h e  glass 

surfaces. 

th ickness can be d i rec t l y  a t t r i b u t e d  t o  t h e  g rowth  of  t h e  

"cybotact ic"  nematic o r  t h e  smectic-l ike s t r u c t u r e  (14). 
T h e  enhancement o f  6 1  o v e r  62 and 65 is  a resu l t  o f  bo th  

geometrical and  surface ef fects.  In determining t h e  elastic 

constants, we found t h a t  sur face ef fects of  this t y p e  always 

g i v e  d i ve rgen t  values o f  K1. Examples of these calculations 

a re  g i ven  in Table I, where t h e  experimental values o f  0; 
were used w i thou t  correct ion (T=314 K, no=l -528, ne=l .632). 

T h i s  surface ef fect  i s  so s ign i f icant  i n '  

In geome,try 1, t h e  d i rect ion o f  

T h e  inverse relat ion between 6 1  and t h e  sample 

T A B L E  I. Ef fect  of  th ickness on Oj and  K i  values of 8CB.  
t h ic k ness Oj ( l /cm) K i  (10' dyne)  

I (cm) 6 1  6 2  63 K1 K2 K3 

0.20 0.81 2.35 2.86 12.3 4.6 13.2 

0.10 0.83 2.30 3.15 18.8 4.3 10.5 

0.04 1.40 3.70 4.40 273 1.2 7.9 

0.02 1.54 3.05 3.85 855 1.6 5.8 

T h e  comparison o f  data indicate that ,  by decreasing sample 

th ickness, K f  is increased but K2 and  K3 a re  decreased. 

A t  I <0.1 cm, K1/K3 becomes much la rge r  than  un i t y ,  in 

contrast  t o  t h e  theoret ical  and t h e  experimental resul ts  

f o r  r i g i d - r o d  nematics (12,15). For elimination o f  surface 

contr ibut ions t o  K i  values, we used a f i r s t - o r d e r  app rox -  

imation approach, assuming t h a t  t h e  61 /62  and 61 /63  rat ios 

a re  independent of  t h e  sample th ickness. Accord ing ly ,  a l l  

6 1  data were corrected w i t h  respect to t h e  s tandard 1~0 .2  
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104 H. HAKEMI 

cm sample. T h e  resul ts  a re  presented in F igu re  2, where 

temperature dependence o f  K2 and K3 are calculated f o r  ' t he  

corresponding sample thicknesses. Consider ing t h e  correc-  

t i on  procedure and t h e  range of t h e  experimental e r r o r s  of 

t h e  present s tudy,  t h e  K i  values at  d i f f e r e n t  th icknesses 

are i n  good agreement w i t h  each other .  

FIGURE 2 .  K2 and K3 values o f  8CB v s  sample th ickness. 

T h e  well known K2 and K3 divergence near t h e  AN t rans i t ion 

and t h e  second-order na tu re  o f  t h i s  phase t rans i t i on  wi l l  

b e  repor ted elsewhere (16). T h e  K i  values repo r ted  he re  

and i n  prev ious studies (11) are systematically l a rge r  than 

those found  w i th  t h e  Freeder icksz d is tor t ion method (12,15). 
This d i f ference i s  mainly d u e  to t h e  dampening o f  t h e  

or ientat ional  f luc tuat ions by t h e  s t r o n g  magnetic f i e ld  

used in t h e  t u r b i d i t y  experiments. 

resu l t  i n  smaller aj values, which i n  t u r n  gives l a rge r  K i  
t han  actual values. 

T h e  f i e ld  ef fect  can 

T h e  ef fect  of 6 j  var iat ions on t h e  
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ANISOTROPY OF TURBIDITY AND ELASTIC CONSTANTS 105 

elastic constants o f  8CB a re  presented by examples tabulated 

in Table 1 1 .  Here, we assumed t h a t  61/62 and 61/63 rdt ios 

a r e  constant, independent of  61 changes. 

Table I t  c lear ly  indicate t h e  i nve rse  correlat ions between 

6 j  and K i  values. 

T h e  resul ts  o f  

T A B L E  I I. Dampening ef fect  of or ientat ional  f luc tuat ions 

on aj and K i  of 8CB (T=314.0aK, 1 ~ 0 . 2  cm). 

Gj ( l / cm)  Ki ( lo7  dyne)  

6 1  6 2  43 K l  K2 K3 

4.05 11.75 14.30 2.4 0.9 2.6 

1.62 4.70 5.72 6.1 2.3 6.6 

0.81 2.35 2.86 12.3 4.6 13.2 (exp) 

From t h e  s t u d y  o f  t h e  anisot ropy o f  turbidity and elastic 

constants of 8CB we conclude tha t ,  both nematic-surface 

interact ions and  magnetic f i e l d  can af fect  t h e  anisot ropy 

o f  t u r b i d i t y  and t h e  elastic constant values o f  8CB. 

these parameters d o  no t  con t r i bu te  to t h e  qual i ta t ive 

behavior  o f  temperature dependence of elastic constants 

a n d  t h e  g r o w t h  o f  t h e  cybotact ic  s t r u c t u r e  in t h e  nematic 

phase. 

d i r e c t  empirical studies o f  t h e  ef fects  of magnetic f i e ld  

a n d  laser beam intensi t ies on aj and K i  values, which is  

the subject  of o u r  c u r r e n t  invest igat ions.  

B u t  

tmprovements in t h e  turbidity technique r e q u i r e  

LYOTROPIC PBLG SOLUTIONS: 

Due t o  large molecular weights and  high viscosi t ies o f  t h e  

mesophase PBLG solutions, t h e i r  turbidity and re f rac t i ve  

index anisotropies a re  much lower t h a n  those o f  thermotro-  

pic monomers, which resul ts  in d i ve rse  values of t h e  prin- 

c ip le  elastic moduli. Assuming t h a t  re la t ive ly  l a rge  (rl 
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106 H. HAKEMI 

values o f  PBLG ar ise f rom t h e  surface phenomena, t h e  cal- 

culat ion of  t h e  elastic constants can be ca r r i ed  o u t  by a'n 

approximation procedure similar t o  t h a t  used i n  8CB system. 

Consequently, we calculated cont inuous funct ions o f  6 1  

dependence of  K1, K2 and K3 . 

FIGURE 3.  Var iat ions of  K i  w i th  61 in PBLG/dioxane 

solutions. a) MW0000, 62/63=0.65/0.75, ne/no=l .448 

/1.444, b) MW296000, 62/63=0.50/0.55, ne/n,=l.444/1.441. 

T h e  acceptable 61 range was f rom t h e  estimated 01/62=0.28- 

0.64 rat io,  ext racted from a thermotropic nematic m i x t u r e  

( l l b ) ,  where 62 and 6 3  a re  t h e  measured values. F igu re  3 
shows t h e  resul ts  o f  these calculation f o r  two PBLG/dioxane 

solutions a t  18.2%(w/w) concentration, 1 ~ 0 . 2  cm thickness 

and  T=298'K temperature. T h e  resul ts  indicate t h a t  all K1 

and K3 curves exh ib i t  a minima and a maxima w i th in  a narrow 

01  range, which can be ident i f ied by t h e  corresponding K1 

(min) and K3(max), respect ively.  We didn't observe any 
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ANISOTROPY OF TURBIDITY AND ELASTIC CONSTANTS 107 

extrerna f o r  K2 moduli in these calculations. The  o r d e r  o f  

magnitude of  K i  values were best estimated f rom t h e  cor'res- 

ponding average ul value ( i .e. ,  61/62=0.46), as well as a t  

t h e  extrerna of  t h e  curves. T h e  in i t i a l  resul ts  tabulated 

TABLE 1 1 1 .  Estimated elastic moduli in PBLG solut ions.  

(w/w%) (1000) K i  ( l o 9  dyne)  

C solvent MW K l  K2 K3 K l ( m i n 1  K3(max) 

18.2 dioxane 70 40 0.2 15 30 23 

18.2 dioxane 296 600 0.1 19 75 34 

18.0 CH2C12 240 900 12 6 500 20 

29.5 CH2C12 240 1500 0.1 15 450 9 

i n  Table I l l  indicate that ,  i r respect ive o f  t h e  concentra- 

t ion,  solvent and molecular weight, t h e  K1 value i s  t h e  

largest  o f  Ki, obeying t h e  inequal i ty:  K1> K3>K2, where 

1 < K1/K3 < 25. 

splay modulus due  t o  par t ia l  f l ex ib i l i t y  o f  t h e  polymer 

chain (8,9). A l though one can r e f e r  t o  o t h e r  correlations, 

a r i s ing  f rom t h e  concentration, solvent and t h e  molecular 

weight  ef fects on Ki ,  f u t h e r  discussions of t h e  p resen t  

data wi l l  r equ i re  experimenal refinements of t h e  turbidity 

method, which is in progress.  

T h i s  suppor ts  t h e  t h e  concept o f  f o rb idden  
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