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THE PHASE-STRUCTURAL TRIINSITIONS IN LIQUID 
CRYSTALLINE ALKOXYCYANOBIPHENYLS AND THE 
KINETICS OF NITROXIDB FORMATION 

T.I.SHABATINA,Yu.N.MOROSOV, V.A.BATYUK,G.B.SERGEEV 
Moscow State University, Moscow 119899, USSR 
Abstract The kinetics of photoinduced nitroxides 
formation ha8 been studied by ESR in mesogenic 
alkoxycyanobiphenyls 60CB, 70CB, 80CB and their 
mixtures in temperature range 173-383 I(. The nit- 
roxide formation effectively takes place in isotro- 
pic, nematic,smectic and solid states of the sys- 
tem. The reaction kinetics is sensitive to the 
phase structure on the molecular level. 

The chemical reactions in liquid crystals have been 
intensively studied'-5 due to a unique combination of 
orientational and in some cases translational ordering 
of molecules with their high mobility. The spread of 
applications of optoelectronic devices based on liquid 
crystals causes great interest in physicochemical in- 
vestigations of liquid crystalline compositions and in 
chemical reactions occurring in them in a wide tempera- 
ture range. 

nitroxide formation upon the photolysis of 2-methyl-2- 
ni tros opropane : 

The kinetics of the model process of di-(tert-butyl) 

tC H NO a------ nm) [tC4H9*{ + f ' N O ) - - t  tC4H9'+N0 4 9  
tC4Hg' + tC H NO -----tC kr H N(0')- tC4H9 4 9  4 9- 

* has been studied by ESR 
phenyls 60CB, 70CB, 80CB and their mixtures 1 : 1 ,  3:7, 
7:3 w/w in the temperature range of 173-383 K. The 

The experimental conditions can be found in . 

in mesogenic alkoxycyanobi- 

-1- - - * ) - - - - - - - - - - - - - - - - - - - - -  
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278 T. 1. SHABATINA ET AL. 

r eac t ion  of n i t rox ide  formation e f f e c t i v e l y  takes place 
i n  i s o t r o p i c ,  nematic, smectic and s o l i d  states of the 
sys t e m s .  

The k i n e t i c s  of n i t rox ide  formation has been found 
t o  be s e n s i t i v e  t o  the  structural  organizat ion c the 
medium and t o  the changes of molecular mobil i ty  wi th in  
the systems. The temperature dependence o f  the i n i t i a l  
reac t ion  rate (Wo,relative u n i t s )  i n  80CB l i q u i d  crys- 
t a l  i s  given as an example i n  Figure 1 . In  add i t ion  t o  
nematic phase th i s  compound shows a l s o  low temperature 
smectic SA-phase. 

A monotonous decrease of Wo-values was observed in 
i s o t r o p i c  and nematic phases a t  cooling. This c o r r e l a t e  
with monotonous decrease of the n l t rox ide  tumbling mo- 
b i l i t y .  The Wo-value droped abrupt ly  a t  the nematic- 
smectic phase t r a n s i t i o n .  The reac t ion  rate i n  smectic 
phase within the experimental accuracy d id  not depend 
on temperature ( Figure 1 ) .  The ESR spectrum i n  t h i s  
phaseappearedto be the superpoei t ion of the di-( ter t -  
buty1)ni t roxide radical spec t r a  t y p i c a l  f o r  nematic 
(ordered) and i s o t r o p i c  (disordered)  phases. It is 
probable that in t h i s  p a r t i c u l a r  case t h e r e  occurs an 
incorporat ion of nitrosocompoundand the r eac t ion  pro- 
duct i n t o  t h e  ordered amectic layeres,formed by r i g i d  
biphenyl fragments, and i n t o  p r a c t i c a l l y  i s o t r o p i c  
i n t e r l a y e r  area, formed by mobile hydrocarbone chains .  
The mobili ty of nitrosocompound molecules and n i t rox ides  
i n  the ordered r i g i d  part of smectic l aye r s  is lower. 
This r e s u l t s  i n  a c e r t a i n  decrease of the process rate. 
Dis t r ibu t ion  of nitrosocompound molecules over the areas 
wi th  d i f f e r e n t  order ing determinea. the k i n e t i c s  of n i t r o -  
xide formation i n  smectic phase. 

I n  supercooled state of the l i q u i d  c r y s t a l l i n e  

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

0:
44

 1
9 

Fe
br

ua
ry

 2
01

3 



PHASE-STRUCTURAL TRANSITIONS IN LIQUID 219 

173 213 253 293 333 373 T , K  

FIGURE 1 .  Temperarture dependences of i n i t i a l  
n i t rox ides  formation r a t e  W dur ing photo lys i s  of 
2-methyl-2-nitrosopropme i8 80CB: 1 - i n  i s o t r o p i c ,  
nematic, smectic and supercooled states; 2 - i n  so- 
l i d  K1-phase; 3 - i n  s o l i d  R2-phase. 

eyetem the decrease i n  Wo-values w i t h  the lowering of 
t he  temperature became more rap id .  While i n  the case of 
i s o t r o p i c  and nematic phases the experimental ac t iva -  
t i o n  energy of n i t rox ide  formation process equaled 
1 1  kJ/mole , i n  supercooled state the experimental  ac- 
t i v a t i o n  energy w a s  about 40 kJ/mole. Simi lar  valu.es 
were found f o r  the a c t i v a t i o n  energy of rotat ional  mo- 
b i l i t y  of n i t rox ides  i n  i s o t r o p i c  and ne-tic phases. 
The s tudy of photoinduced n i t rox ide  formation i n  diffe- 
r en t  low temperature s o l i d  modifications of 80CB, ob- 
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tained under various crystallization conditions showed 
that the reaction kinetics was sensitive to the varia- 
tions in microstructure and in the local ordering of 
the molecules. The Woovalues in K1-phase, obtained 
from isotropic state by fast crystallization of the sys- 
tem upon cooling droped abruptly with the temperature 
decrease and equaled practically zero at 295 H. In K2- 
phase, obtained by isothermal crystallization of the 
supercooled system, the nitroxide formation rate diffe- 
red from zero down to 223 K and its temperature depen- 
dence was a complicated one(Figure 1 ) .  

It has been found by mA-method that 70CB and 80CB 
liquid crystals in mixtures form continuoussolid solu- 
tions .6 The differences in the nitroxide formation 
kinetics in comparison with individual compounds in 
K1-phase can be attributed to the influence of addi- 

appears probably as a result of different lengths of 
alkyl chains. For these mixtures the sharp increase 
of Wo-values in 253-263 K temperature range was obser- 
ved,  which we connect with the phase structure trans- 
format ion. 

It has been shown that under definite conditions 
the mixtures of polar liquid crystals form the reent- 
rant phases7. We have studied the kinetics of photoin- 
duced nitroxides formation in 60CB-80CB mixtures (3:7 
w/w). Cooling of this mixture from the nematic state to 
318 K led to marked decrease in Wo-values and complex 
ESR spectra of nitroxides, which can be considered as 
a superposition of the B R -  spectra. Such ESR-spectra 
were observed for reaction in 80CB in smectic SA-phase. 
The cooling of the aystem up to 280 K was accompanied 
by typical for nematic state of the system ordnary 

tional free volume in the investigating systems which 
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PHASE-STRUCTURAL TRANSITIONS IN LIQUID 28 1 

triplet structure of nitroxide ESR-spectra. The obser- 
ved Wo-values in this phase could be obtained by extra- 
polation of the reaction rate temperature dependence 
measured in nematic phase. 

Thus the kinetics of nitroxides formation has been 
found to be sensitive to the phase structure of liquid 
crystalline systeins and to the type of local molecular 
ordering and can be used for probing the phase-struc- 
tural transitions. 
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