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OPTICAL PROPERTIES OF LIQUID CRYSTALS IN POROUS 
GLASSES 
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197101, St. -Petwsburg, U.S.S.R. 

(Received October 10, 1991) 

Abstract This paper presents the results of invest- 
igations of light scattering and transmission in poro- 
us glass-liquid crystal (LC) and polymer systems. It 
was shown that for cholesteric LC in macropores (unli- 
ke the nonmesogenic system isotropic liquid-porous 
matrix) polarized component of scattered light inten- 
sity cannot be described by the sum of intensities 
caused by: doublescattering, scattering by the matrix, 
scattering due to the refractive index mismatch bet- 
ween LC and the glass,scattering by the density and 
the order parameter fluctuations. The existence of 
essential surplus light scattering, its dependence on 
the wave number and results of temperature measure- 
ments are explained with the only assumption that LC 
in pores at temperatures above the critical one is 
pseudotwo phase system with anisotropic interphase 
layer on pore walls arrising as result of orientatio- 
nal wetting. The interpretation of the results of op- 
ti cal invest i gat i ons of comb1 i ke pol yal kyl methacryl a- 
tes in macroporous glasses is based on the suggestion 
of the existence of orientational order in the ar- 

rangement of relatively long side radicals, which 
is induced by the pore surface. 

INTRODUCTION 

The progress attained in the investigation of surface pro- 

perties of liquid crystals and the topicality of these in- 

vestigations have been convincingly shown in ref. The infor- 

mation about the surface properties and size effects in li -  

quid crystals may be obtained most effectively by investiga- 

ting these substanses in porous matrices. Films containing 

microdroplets of LC distributed in polymer and glass matri- 

ces have recently been described?-" The difference between 

the surface and bulk properties of a material may be of fun- 

damental importance and can be manifested near the surfaces 
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148 F. M. ALIEV 

of new phases which are not present i n  the bulk and by tran- 

s i t i o n  between these phases. The presence of  f i n e l y  porous 

matrices w i th  developed i n t e r i o r  pore surface, the area of 

which i s  about 10 cm per cm , and which are transparent a t  

v i s i b l e  wavelengths, and also the presence of LC, the re f -  

rac t i ve  index of which i n  the iso t rop ic  phase is close t o  

the corresponding value for  the matrix, enable us t o  pursue 

the invest igat ions by opt ica l  methods, which are exceeding- 

l y  Lensi t ive to phase t rans i t ions and t o  any s t ructura l  

changes i n  the  substance. 

6 1 ,  3 

The synthesis and invest igat ions of polymers i n  porous 

matrices are of considerable in te res t  because i n  these sys- 
tems the d i f ference between surface and volume propert ies 

of polymers may d i f f e r  great ly because i n  these systems the 

f i l l e r  p a r t i c l e s  may be i n  the c o l l o i d  degree of dispersi- 

ty, and the  r o l e  of the in ter face becomes very great and 

the expected e f fec ts  caused by the or ien t ing  action of the 

s o l i d  surface on the macromolecule or i t s  fragments may be 

most pronounced. The present paper deals wi th  the invest i -  

gations of t he  temperature and wave number dependences of 

l i g h t  scat ter ing i n tens i t y  fo r  L C  i n  pores and temperature 

and spectral  dependences of l i g h t  transmission coef f ic ient  

f o r  polymers i n  pores. The in te rpre ta t ion  of these resu l ts  

for  polymers i s  based on the suggestion about the existence 

of or ientat ional  order i n  the arrangement of r e l a t i v e l y  

long side substituents,which i s  induced by the pore surface. 

SAHPLES AND EXPERIHENTAL PROCEDURE 

Porous matrices wi th  through - pores were prepared from the 

or ig ina l  sodium boros i l icate glasses: the sodium borate pha- 

se was removed by leaching and the matrix framework consis- 

ted o+ S i O  . Two types of matrices were used. Their charat- 

t e r i s t i c s ,  pore average size <l>, volume f rac t i on  $and spe- 

c i f i c  surface area S/V ,  were determined by small-angle 

X-ray scat ter ing and had the fol lowlng values: (1) = 120 8, 
0.27 , ( W V )  = 100 m per 1 c m  and <I> = 1000 A, 
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LC IN POROUS GLASSES 149 

2 d= 0.38 and (S /V l  = 28 m p e r  1 c m 3  f o r  micro- and macro- 

porous  matrices, r e s p e c t i v e l y .  The t e m p e r a t u r e  dependences 

of t h e  p o l a r i z e d  I\ /  and d e p o l a r i z e d  1; components of scat- 

t e r e d  l i g h t  i n t e n s i t y  w e r e  measured a t  s c a t t e r i n g  a n g l e s  

between 30 and 160. cls l i g h t  s o u r c e s  w e  used a H e - N e  laser 

( = 6328 c l )  and an argon laser (A= 5145 8,  A =  4658 4 ) .  The 

s c a t t e r i n g  c h a r a c t e r i s t i c s  w e r e  measured on porous g l a s s  cy- 

l i n d r i c a l  samples  S mm i n  d i a m e t e r  and  4 c m  high,  which w e r e  

mounted i n  t h e  c y l i d r i c a l  cell i n  such  a way t h a t  t h e  cell 

and t h e  sample w e r e  coaxial. The p o r e s  and t h e  f r e e  s p a c e  

between t h e  sample and t h e  cel l  w a l l  w e r e  f i l l e d  wi th  l i q u -  

i d  under i n v e s t i g a t i o n .  These  measures  prevented t h e  l i q u i d  

f r o m  l e a k i n g  o u t  from t h e  pores. W e  i n v e s t i g a t e d  c h o l e s t e r i c  

LC with t h e  tempera ture  of t h e  t r a n s i t i o n  t o  t h e  i s o t r o p i c  

phase  T = 3 5 k . T h e  c h o i c e  of g i v e n  LC is determined by t h e  

f a c t  t h a t  r e f r a c t i v e  index of c h o l e s t e r i c  LC is closer t o  
r e f r a c t i v e  index of m a t r i x  material t h e n  i n  LC of o t h e r  t y -  

pe. Temperature dependence of t h e  s c a t t e r e d  1 i g h t  i n t e n s i t y  

i n  i s o t r o p i c  phase  of t h i s  L C  have  been i n v e s t i g a t e d  thoro- 

ughly!' Benzene and t o l u e n e  w e r e  used as  t y p i c a l  i s o t r o p i c  

l i q u i d s  f o r  comparis ion w i t h  LC. The r e l a t i v e  error i n  t h e  

d e t e r m i n a t i o n  of i n t e n s i t y  d i d  n o t  exceed 27: and t h e  tempe- 

r a t u r e  of t h e  cell w a s  s t a b i l i z e d  and measured t o  w i t h i n  

f0,05%. I n  o r d e r  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  between 

t h e  l e n g t h  of t h e  s i d e  s u b s t i t u e n t  i n  t h e  homologous series 

of p o l y a l k y l  m e t h a c r y l a t e s  and polymer s t r u c t u r e  i n  p o r e s ,  

s i I i c a t e  porous  g l a s s  matrices w e r e  used t o  s y n t h e s i z e  

n-a1 kyl m e t h a c r y l a t e s  tflA-i ) : methyl methacry la te  (i  = 1) , 
e t h y l  m e t h a c r y l a t e  (i  = 2), b u t y l  m e t h a c r y l a t e  ( i  = 4 ) ,  

o c t y l  m e t h a c r y l a t e  ( i  = 8 ) ,  decyl  f i e t h a c r y l a t e  ( i  = lo ) ,  
2 - e t h y l  hexyl a c r y l a t e ,  and s t y r e n e .  

v 

0 0 

The s p e c t r a l  dependence of l i g h t  t r a n s m i s s i o n  c o e f f i -  

c i e n t  A w a s  measured f o r  a l l  samples  i n  t h e  wavelength r a n -  

g e  from 380 t o  1000 nm a t  v a r i o u s  tempera tures .  

A n  YT - 26 spec t rophotometer  w a s  used for  t h e  measure- 

ment of l i g h t  t r a n s m i s s i o n  c o e f f i c i e n t .  Its cell p a r t  w a s  

modif ied i n  such  a manner t h a t  t e m p e r a t u r e  could be  v a r i e d  
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Is0 F. M. ALlEV 

from 20 t o  120.C. 

sample and t o  measure i t s  temperature t o  withintO.1C. The 

samples were pol ished porous p l a t e s  w i th  the  polymers i n  po- 

res. Their thickness was l mm. 

I t  was also poss ib le  t o  thermostate the 

It should be noted tha t  porous quartz glass can be 

used as an ideal  matr ix t o  study t h e  in f luence of  tempera- 

t u r e  on t h e  surface e f f e c t s  t h a t  occur a t  t he  i n t e r f a c e  

bet ween the  glass and the second component. Since the 

s t r u c t u  r a l  cha rac te r i s t i cs  of  t he  quartz matr ix are near ly  

independent of the temperature, a l l  t he  observable e f f e c t s  

can be a t t r i b u t e d  t o  the  change i n  the physical  proper t ies 

of t he  second component. 

LIGHT SCATTERING I N  MACROPOROUS MATRIX 

A n  e lect ron micrograph of macroporous matr ix revealed some 

order i n  t h e  arrangement of the elements of  the s o l i d  phase. 

The h igh packing densi ty  of the regions of  inhomogeneity i n  

porous glasses and t h e i r  phase separation mechanism i t s e l f  

can cause ordering i n  the arrangement of  t h e  inhomogenei- 

t i e s  and lead t o  the generation o f  a modulated structure.  

For the o p t i c a l  measurements, t h e  pores were f i l l e d  w i t h  an 

immersion f l u i d .  As the  immersion f l u i d  we used benzene a t  

S 3 , 7 * C .  A t  th is  temperature the dependence o f  1: 

on fnm- n ( T ) 3 ,  where nm i s  the r e f r a c t i v e  index of  t he  po- 

rous matr ix mater ia l  (which i s  assumed independent of tem- 

perature) and n(T) i s  the temperature-dependent r e f r a c t i v e  

index of l i q u i d ,  has minima (Fiq.11, and temperature depen- 

dend i n t e n s i t y  (I,,) is proport ional  t o  Cnm-n(T)12. A t  

T = 53,7OC the sample became transparent and had b lue color. 

L ine  1 i n  Fiq. 2 shows the c o r r e l a t i o n  func t i on  V ( q )  as a 

funct ion o f  the wave number according t o  t h e  measurements 

of  the polar ized component of t h e  i n t e n s i t y  of t he  scatte- 

r i n g  l i g h t .  For t h i s  purpose, we wrote the  measured inten- 

s i t y  1,(8,$) i n  the  form 

J 

V 
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LC IN POROUS GLASSES 151 

* - e + -  
where ;= k i -  kSl  q = (4sn/ l \ )s intand k; and k s  are the wa- 

ve vectors of the i nc iden t  and scattered l i g h t .  

c 
H 

-1 0 1 2 3 a n d  
DIFFERENCE BETWEEN INDICES OF 
REFRACTION OF CLASS AND LIQUID 

FIGURE 1 I n t e n t i t y  of scattered l i g h t  vs r e f r a c t i v  

index mismatch 

It fo l l ows  from the behaviour of  t he  funct ion YCq) t h a t  f o r  

sca t te r i ng  angles Z9O0the i n t e n s i t y  of the o p t i c a l  scatte- 

r i n g  ( the fac to r  of  l/,+is taken i n t o  account) f o r  the b lue 

l i g h t  is near ly  an order o f  magnitude greater than t h a t  f o r  

red l i g h t .  This is t h e  reason f o r  t he  cha rac te r i s t i c  of  the 

b lue color. We showed t h a t  any transparent s t ruc tu re  ha- 

v ing a c o r r e l a t i o n  func t i on  of t h i s  s o r t  should e x h i b i t  b lue 

color. L i n e  2 i n  Fig.2 show the r e s u l t  of light scattoring 

10 

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

4:
40

 1
8 

Fe
br

ua
ry

 2
01

3 



152 F. M. ALJEV 

measurements for the blue phase of cholesteric LC. 

WAVE NUMBER (cm” ) 

FIGURE 2 Correlation function as a function of the 

wave number. 1-macroporous glass impregna- 

ted with benzene: 2-Blue phase 

This line, like the line for macroporous glass has maxima, 

and correlation +unctions 0.F macroporous glass filled with 

an immersion fluid and blue phase are analogous. The posi- 

tions of these maxima correspond t o  a characteristic dimen- 

s i o n s  2200 CI and 1700 CI respectively. 
0 0 

LC IN MACROPOROUS HATRIX 

It is natural to assume that intensity of the scattering 

light I in system LC - porous matrix is determined by the 

sum of intensities: 

I = I”+ I + I + I + I ,  ((2) 
4R P 2, 

(1) 
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u3 IN POROUS GLASSES 153 

where I,,, I are scattering by matrix and scattering due to 
the refractive index mismatch between the LC and the glass; 

I$, I are contributions due to density and order parameter 
fluctuations and I(')is intensity of double scattering. The 

evaluation of values of contributions in total intensity 

were carried out at scattering angle 8 =  90'. Contribution 

I +I can be evaluated by measuring light scattering inten- 
sity I in system under investigation and I ~ J  - intensity 
in isotropic phase of LC in free state, because I& is de- 

termined ft by sum I +I 
experiment resulted in: I/Ih-lO! 

Consequently at temperatupes far from the temperature of 
phase transition items If and 11 in formula (1) can b e  neg- 

lected i-e. molecular light scattering is negligible small. 
The measurements of double scattering results in: 

I (2& 0,25 I .  It is unable to exclude Ian by selection of 
temperature because the refractive index of LC will coinci- 

de with refractive index of matrix framework at temperatu- 

res higher then 100%. For the estimation of the effects of 

Imand Ian on the intensity I measurments t o  compare light 

scattering in the sample under the investigation at the tem- 

perature of 52.8 C and in the same matrix impregnated with 
toluene at T = 2OoC were carried-out. 

Under these temperatures the rerfective indices of toluen 

and LC coincide with an accuracy up to the third digit, 

i.e. if we neglect the dependence of n on temperature, the 
differences between the refractive indices of substances, 

filling the pores and the matrix are equal and correspon- 
dingly I are equal a5 well. The scattering of the matrix 

does not depend on the pore filling substance, and accor- 

aiingily I,,, + Ion in both systems are equal under equal An. 

The light scattering intensity in tocuene-porous matrix 

system is also determined by the formula ( I ) .  We may 

conclude from the experiment, that It2) 
constitutes, 1/3 of I (IL' in LC-porous matrix system. 

Taking into account this fact and neglecting the molecular 
scattering in toluene it is possible to determine 

' m  

2 

9 ' 1  

In temperature range 45-55% the 9 'L' 

0 

in this system 
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154 F. M. ALIEV 

t h e  sum I,,, + Ian from t h e  measurement of total i n t e n s i t y  i n  

t h e  to luence-mat r ix  sys tem and t h i s  sum, i n  t h i s  g i v e n  case, 

is equal  t o  t h e  above-mentioned sum i n  t h e  LC-mat r ix  system. 

T h i s  v a l u e  m a k e s  up about  SOY. of t h e  t o t a l  i n t e n s i t y  I i n  

t h e  L C - m a t r i x  system. Thus from t h e  to ta l  body of t h e  con- 

duc ted  e x p e r i m e n t s  for  t h e  L C - m a t r i x  sys tem w e  have  t h e  f o l -  

lowing r e s u l t s :  I(2' = 0,25 I ,  I, + Ian = 0 ,s  I and t h e  sum 

is i n s i g n i f i c a n t l y  s m a l l e r  compared t o  Bthe f u l l  IP + I 2  
i n t e n s i t y  I ,  i.e. t h e r e  is a s u b s t a n t i a l  s u r p l u s  s c a t t e r i n g  

& = 0,45 I ,  which h a s n ' t  been i n c l u d e d  i n  t h e  formula  (1).  

Thus, a t  t h e  s c a t t e r i n g  a n g l e  of 8 = 90 t h e  l i g h t  scatte- 

r i n g  i n  t h e  LC-matrix sys tem c o u l d  n o t  b e  d e s c r i b e d  w i t h i n  

t h e  f r a m e w o r k  of t h e  s u p p o s i t i o n  about  t h e  n a t u r e  of scatte- 

r i n g  de te rmined  by formula  ( I ) .  I t  w a s  shown above,  t h a t  i n  

t h e  sys tem macroporous g l a s s  - i s o t r o p i c  nonmesogenic 

l i q u i d  t h e  i n t e n s i t y  of s c a t t e r e d  l i g h t  s t r o n g l y  depends  on 

t h e  wave number q and h a s  wide maximum a t  q = 2,8+10 c m  

t h e r e f o r e ,  i n  order t o  d e t e r m i n e  whether t h e  e x i s t a n c e  of 

t h e  e x c e s s i v e  i n t e n s i t y  I i n  L C - m a t r i x  sys tem h a s  n o t  re- 

s u c t e d  from d i f f e r e n c e s  between I ( q )  i n  b o t h  systems:  LC- 

- m a t r i c s  and t o l u e n e  m a t r i x  i t  is n e c e s s a r y  t o  s t u d y  t h e  

a n g u l a r  dependency of t h e  i n t e n s i t y  of s c a t t e r e d  l i g h t  i n  

t h e s e  s y s t e m s  under  e q u a l  a n ,  These dependence I ( q ) ,  provid-  

e d ,  t h a t  w e  h a v e  t a k e n  i n t o  account-double  s c a t t e r i n g  under 

An = 0,024 are r e p r e s e n t e d  i n  F i g . 3  ( c u r v e s  1 and 2). I t  is 

c l e a r l y  s e e n ,  t h a t  t h e s e  c u r v e s  have  an a n a l o g o u s  f o r m .  T h i s  

f o r m  c o i n c i d e s  w i t h  t h e  form of t h e  c u r v e ,  which is d e s c r i -  

bed by a c o r r e l a t i o n  f u n c t i o n ,  de te rmined  by t h e  m a t r i x  

s t r u c t u r e .  A s  f o l l o w u s  from F i g u r e  3, t h e  s u r p l u s  s c a t t e r i n g  

is observed under  a l l  q ( c u r v e  3 )  and t h e  form of I (q )  is 

analogous  t o  t h e  form o+ c u r v e s  1 and 2. T w o  main p e c u l i a r i -  

ties of l i g h t  s c a t t e r i n g  i n  LC-matrix system: t h e  e x i s t e n c e  

of s u r p l u s  s c a t t e r i n g  $1 and t h e  dependence of S I ( q )  could  

b e  e x p l a i n e d  by t h e  f o l l o w i n g  s u p p o s i t i o n - T h e  s u r f a c e  l a y e r ,  

t h e  s c a t t e r i n g  p r o p e r t i e s  of which are  d i f f e r e n t  from t h e  

r e s p e c t i v e  p r o p e r t i e s  of LC - i n  t h e  remain ing  non-surface 

volume, is formed on t h e  p o r o u s  w a l l s .  And t h i s  is t h e  rea- 

0 

3 -i 
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L€ IN POROUS GLASSES 155 

son of the appearance of  61. The form of the layer i n  every 

pore and t h e i r  respective arrangement are determined by the 

shape of the pores and the matrix structure t h i s  determines 

the dependence 6 I (q) . 

1 : -  

n 
rn 
3 
.r( 

? 1000 
P 
L. 

LC in pores 
T=!52,8" C 0 

0 
0 

0 0 

0 
I 

3 

2 

I I I I 

1,50 2,oo 2,50 3,o $40-5 

WAVE NUMBER (cm-') 

FIGURE 3 In tens i ty  vs wave number: 1-LC i n  macro- 

pores; 2-to1 uene i n  macropores; 3-surpl use 

scatter ing 

The supposition about the existence of the interphase 

layer, appearing on the interphase glass (wall  of pore) - 
- L C  - i s  confirmed by the r e s u l t i s  of measurement of tem- 

perature dependense of scattred l i g h t  in tens i ty .  The de- 

pendence of I on n are represented i n  Fig.4 f o r  the sys- 

tems under consideration. The range of changes of 

An = 0,025-0,029 fo r  the LC-matrix system corresponds t o  

the changes of T(55-45%) and f o r  toluene-matrix systems 

(22-13 C). For toluene the dependence I ( T )  could be appro- 

ximated by the expression I = I , +  Ian i n  accordance with 

formula ( I ) ,  where Igq= const(dn)&, as i t  should be fo r  

the isot rop ic  l i q u i d  (Fiq.1). 
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156 F. M. ALIEV 

A s  i t  is seen from Fig.4, the temperature dependece of I 

i s  not observed w i th in  the experiment accuracy. This e f fec t  

i s  i n  f u l l  accord w i t h  the  previous supposition about the 

existence of  LC surface layer i n  pores and op t ica l  and 

s t ruc tu ra l  propert ies of t h i s  layer are independent of the 

temperature i n  the studied temperature range. 

The appearance of the interphase layer and the di f ference 

of i t s  propert ies from the bulk propert ies are due t o  the 

or ientat ional  inf luence of the s o l i d  surface of the pore. 

1000 

n 
tn 
'4 
.r( 

? 600 
P 
L 
as 

E H 

! H 200 

1 55OC 

I 
0 0  0 0  0 0  0 0  0 o o o  00 

0 0 O O  

LC in pores 1 4 5 O C  

4 22OC toluene in pores 

I I I I I 

0,025 0,027 0,029 A n  

THE REFRACTIVE INDEX MISMATCH 
FIGURE 4 In tens i ty  vs r e f r a c t i v  index mismatch: 

1-toluene and 2-LC i n  macropores 

0 
This inf luence a t  distances of 10' 

the surface alignment of  LC even uder temperatures, corre5- 

ponding the iso t rop ic  phase of a f ree  LC. 

Thus, the di f ference of scatter ing propert ies of the LC 

surface layer i s  connected not only wi th  the re f rac t i ve  i n -  

causes anistropy and 
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LC IN POROUS GLASSES 157 

dex chance due t o  the molecule o r ien ta t ion  by the  surface 

and addi t ional  mechanism as well: by the  f l u c t u a t i o n  of the  

loca l  d i rector ,  which determines the wall-induced preferen- 

t i a l  alignment of molecules. 

This, the lack of the dependence I m ) ,  the  existence and 

the character of the dependence 81 ( q ) ,  prove the  existence 

of the surface layer wi th an or ientat ional  order even a t  

temperatures, corresponding t o  the  i so t rop i c  phase of  f ree  

LC, the or ien ta t iona l l y  ordered surface layer  determines 

the opt ica l  propert ies of L C  i n  pore5 s ign i f i can t l y .  The 

temperature dependence of I,, i s  represented i n  Fig.5. We 

found tha t  there w a s  a pronounced change i n  the i n t e n s i t y  

a t  temperatures 37-39 %. I f  the temperature 38% correspon- 

ding t o  peak i s  interpreted as the phase t r a n s i t i o n  tempe- 

ra tu re  Tc2 from L C  t o  i so t rop ic  phase, we may make the 

conclusion tha t  the pores tend t o  create an or ien ta t iona l  

order and increase Tc i n  pores compared w i th  the  corres- 

ponding value f o r  LC i n  f ree  state. 

V 

e 
rn 
3 
.?I 
c: 
3 

2 

I 

0 

35 40 45 
TEMPERATURE (" C) 

FIGURE 5 In tens i ty  vs temperature i n  LC-macroporous 

glass system. 
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158 F. M. ALIEV 

The increase of Tcz can be explained qualitatively by the 

orienting influence of the pore surface on molecules, which 

stabilizes the orientational order. In a quantitative desc- 

ription of this effect we must take into account the contri- 

bution made t o  the bulk density of the free energy by the 

anisotropic part of the surface energy, which is due t o  the 

poBlar order and is given by 

* - c .  where9 is the normal t o  the surface, n is the director, and 

W is the anisotropic part of the surface energy of the li -  

quid-crystal phase (representing the energy of adhesion of 

a liquid crystal t o  its substrate), which vanishes for the 

isotropic phase. 

The condition of equilibrium of the phases subject t o  

Eq. (2) is of the form 

where F,," and FIv are the bulk terms of the free energy in 

the nematic and isotropic phases, and eMand q a r e  the cor- 

responding surface tension coefficients. Bearing in mind 

that FN -F& = qp(l-TCZ/T 1 and S/V = 2/R for a cylindri- 

cal pore and that CMx= p N - q  and also assuming that under 
+ -  the equilibrium conditions we have n J  = 1 ensuring the 

minimum of For, we fild that the shift of the temperature 

of the transition t o  the isotropic phase is 

c. 

where q is the heat of the transition f r o m  the nematic 

to the isotropic phase, which has the value 2-10' erg/g 

typical of nematic liquid crystals. The values of W cal- 

culated using Eq.(4) are close to 1 erg/cm R 
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LC IN POROUS GLASSES 159 

POLYMERS IN MACROPOROUS MATRIX 

When l i g h t  t r a n s m i s s i o n  through porous-g lass  p l a t e s  

t h e  p o r e s  of which c o n t a i n  p o l y ( a l k y 1  m e t h a c r y l a t e s l  w i t h  

a l o n g  s i d e  s u b s t i t u e n t  w a s  s t u d i e d ,  anomalous change i n  

l i g h t  s c a t t e r i n g  i n  a narrow t e m p e r a t u r e  r a n g e  D T  w a s  

observed. Fig.6 shows t h e  t e m p e r a t u r e  dependence of t h e  

t r a n s m i s s i o n  c o e f f i c i e n t  A measured a t  a w a v e l e n g t h h =  550 

nm +or macroporous glass-polymer systems. 

I t  is clear t h a t  for  PEHA A i n c r e a s e s  by t w o  o r d e r s  of maq- 

n i t u d e  when T i n c r e a s e s  from 45 to 60% and d e c r e a s e s  t o  

t h e  i n i t i a l  v a l u e  wi th  d e c r e a s i n g  T. S i n c e  l i g h t  a b s o r p t i o n  

by t h e  m a t r i x  and t h e  polymers is a b s e n t  a t  h= 550 nm, t h e  

observed dependence A ( T )  is caused by t h e  change i n  t h e  in-  

t e n s i t y  of s c a t t e r e d  l i g h t  wi th  tempera ture .  T h i s  behaviour  

of A is c h a r a c t e r i s t i c  o n l y  of polymers wi th  a s u f f i c i e n t l y  

FIGURE 6 L i g h t  t r a n s m i s s i o n  c o e f + i c i e n t  v s  T f o r  t h e  

f o l l o w i n g  systems: macroporus g l a s s  - 
1, 2 1  PEHA, 3’, 4 ’ )  PMA-8, 3, 4,)  PMA-10, 

6) PMA-I ,  5 )  c a l c u l a t e d  c u r v e  f o r  PMA-10 
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160 F. M. A L E V  

long s ide  rad i ca l  (i = 8 or 10) and cannot be explained by 

the  d i f ferences i n  the  temperature dependences of  r e f r a c t i -  

ve ind ices  of s i l i c a t e  matr ix ( d s / f l % l O  deg ) and poly-  

mers f i l l i n g  t h e  pores tdn / d T -  10 deg as i n  two-compo- 

nents systems consis t ing of i so t rop i c  substances. This can 

be seen i n  Fig.6 where curve 5 i s  ca lcu lated f o r  PMA-10 i n  

macroporous glass w i t h  t he  assumption t h a t  t he  ex t i nc t i on  

c o e f f i c i e n t  i s  C = const(dn). 

-6 -1 

-4 -1 

2 

One of  reasons f o r  anomalous l i g h t  sca t te r ing  may be 

the  o r ien ta t i ona l  order ing of  s ide subst i tuents  induced 

by fo r  PMA-i i n  the  f ree  s ta te  a t  i > 12 . I n  contrast  t o  

systems w i th  the  s ide subst i tuent o f  t he  polymer (i = 8 or  

l o ) ,  i n  systems containing PMA-1,2,4 and PS, t he  change i n  

A w i t h  temperature i s  re la ted  t o  the  temperature dependence 

of the  r e f r a c t i v e  index o f  the  polymer. The dependence A ( T )  

t y p i c a l  o f  the  l a t t e r  systems i s  shown i n  Fig.6 by curve 6 

for poly  (methyl methacrylate). 

The concept o f  the  formation of  o r i e n t a t i o n a l l y  orde- 

red reg ions i n  FEHA, POMCI, and PDMA near the  inner pore sur- 

face i s  i n  good agreement w i t h  the  molecular s t ruc tu re  of 

these polymers and w i th  t h a t  o f  the  surface layer  o f  s i l i c a .  

I t s  surface contains a l a rge  number of S i O H  groups. The mo- 

lecu les of po ly  (a1 k y l  methacrylates) contain ester group 

inc lud ing the  C=O bond. The oxygen atom of t he  carbonyl 

group of the macromolecule forms a hydrogen bond w i th  the  

hydrogen atom of  the  s i l ano l  group, and the  polymer chain 

should be arranged on the  s i l i c a  surface, 1.e. on the  pore 

surface. A s  a r e s u l t ,  r e l a t i v e l y  long s ide subst i tuents  

placed on one s ide of t he  l i m i t i n g  surface should b e  mutual- 

l y  oriented. The o r ien ta t i on  o f  s ide subst i tuents  of po ly  

(octadecyl methacrylate) normal t o  the  quartz (s i  1 i ca)  sur- 

face has been detected by IR spectroscopy i n  monolayers of  

t h i s  polymer prepared by the Langmuir - Blodgett method. 

In  the  condensed s t a t e  the  order induced by the  wal l  t o  

the nonmesogenic system can be reta ined a t  distances exce- 

eding the  charac ter is t i c  geometrical s i z e  of  or iented par- 

t i c l e s .  The character o f  the A ( T )  dependence and the temps- 
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U: IN POROUS GLASSES 161 

ra tu re  hysteresis suggest tha t  i n  the range of temperatures 

i n  which the transmission coef f i c ien t  changes abruptly, 

spread f i rs t -order  phase t rans i t i on  i s  observed. T h i s  sug- 

gestion was confirmed by calor imetr ic data. 

Calorimetric measurements (DSC) for  PEHA i n  macropores 

show tha t  the thermogram exhib i ts  two peaks: an endothermic 

peak upon heating and an exothermic peak upon cooling. The 

speci f ic  heat corresponding t o  these peaks i s  3 J/g. 

Similar endothermic and exothermic peak spreading with 

respect to temperature i s  observed f o r  POMA i n  a macroporo- 

us matrix. The value of  the corresponding thermal e f fec t  i s  

3.4 J/g. A s  f o r  PEHCI, the temperatures a t  which the peaks 

appear coinside with those a t  which the sample becomes tran- 

sparent (upon heating) or cloudy (upon cooling) - 
The presence df temperature hysteresis on curve ACT) 

and calor imetr ic measurements ind icate that  f o r  comblike po- 

lymers synthesised i n  pores a spread f i rs t -order  phase 

t rans i t i on  i s  observed with a thermal e f fec t  character ist ic 

of the t r a s i t i o n  from the l iqu id -c rys ta l l ine  i n t o  isot rop ic  

Bstate. 

Hence, i n  macroporous matrices i n  the pores of which a 

polymer with r e l a t i v e l y  long side substi tuent i s  synthesi- 

sed, the or ientat ional  order i s  generated i n  t h e i r  arrange- 

ment induced by the pore sur+ace. 

OPTICAL PROPERTIES OF POLYMERS I N  HICROPORES 

I n  microporous matrices the above e f fec ts  are not ob- 

served, The spectral dependence of ext inct ion coef f i c ien t  

f o r  FHA-i ( i<8)  and for PS sa t i s f i es  the re la t ionship i n  

accordance with Rauleigh's theory of l i g h t  scattering. Thi r  

resu l t  i s  natural because the character ist ic s ize of opt i -  

ca l  inhomogeneity i n  microporous matrices may be taken 

t o  be equal t o  the pore radius, which is much smaller than 

the wavelength of opt ica l  radiat ion, and l i g h t  scatter ing 

i s  the Rayleigh scattering. I n  the invest igat ion of subs- 

tances obtained i n  the synthesis of PEHA i n  microporous 
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F. M. ALIEV 

glass, macroscopic structures w e r e  detected with the 

size exceeding the wavelength o+ the visible light. Fig.7 

shows the photograph of this typical macrostructure. 

Light scattering in these systems occurs on macroscopic 

inhomogeneities. It should b e  noted that in many cases 

the microporous glass-liquid crystal systems exhibit anoma- 

lous light scattering which cannot be explained by optical 

inhomogeneities caused by the difference in refractive in- 

dices of the matrix framework and liquid crystal or by mo- 

lecular light scattering. One of the reasons for anomalous 

turbidity in these systems is the formation of clusters, 

which should b e  accompanied by intensive light scattering. 

FIGURE 7 Photograph of clusters in the microporous 

glass - PEHA system 

The spatial distribution pattern shown in Fig.7 is three - 
- dimensional- The dark spots on the photograph correspond 

to macroclusters located lower or higher than the focusing 

plane. High optical density of clusters prevents a precise 

calculation of the dependence of the cluster size on the 

number of particles contained in it and hence the determi- 

nation of its fractal dimensionality. However, the picture 
shown in Fig.7 does not contradict those appearing in com- 
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LC IN POROUS GLASSES 163 

puter simulation of optically dense fractal clusters with 

+ractal dimensionality about 2.5 inserted into the three- 

-di mensi onal space. 
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