
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:43
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

“Cage Effect” In Reactions of Free
Radicals Formation and Recombination
in Nematic and Cholesteric Liquid
Crystals
Yu. K. Yarovoi a , T. I. Shabatina a , V. A. Batyuk a & G. B.
Sergeev a
a Moscow State University, Moscow, 119899, USSR
Version of record first published: 22 Sep 2006.

To cite this article: Yu. K. Yarovoi , T. I. Shabatina , V. A. Batyuk & G. B. Sergeev (1990): “Cage
Effect” In Reactions of Free Radicals Formation and Recombination in Nematic and Cholesteric
Liquid Crystals, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 191:1,
283-287

To link to this article:  http://dx.doi.org/10.1080/00268949008038606

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008038606
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Crysr. 1990, Vol. 191, pp. 283-287 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

"CAGE EFFECT"1N REACTIONS OF FRE% RADICALS FORMA- 
TION AND KliCOMBINATION IN NXMATIC AND CHOLESTERIC 
LIQUII) CRYSTALS 

Yu.K.YAROVO1, T.I,SHABATINA, V.A.BATYUK, G.B.SEKGEEV 
MoBcow State University, Moscow 1 1 9899, USSH 

Abstracts The kinetics of free radical formation 
during thermal decomposition of AIBN and free ra- 
dical recombination in nematic 5CB-50CB mixtures 
and cholesteric ChOl-ChPel'mixtures has been stu- 
died. The effect of  orientational order of the sys- 
tems on probabilities of radical escape and their 
recombination has been found. 

The investigation of free radicals reactions in 
liquid crystalline systems is of interest in particular 
in respect of searching ways of effective chemical sta- 
bilization of liquid crystalline materials. The problem 
is especialy acute for a number of nematic and choles- 
teric liquid crystals. 192 

The kinetics of free radicals formation in orien- 
tationaly ordered media has been studied f o r  an example 
of thermal decomposition of azoisobutane acid dinitril 
(AIBN), which is widely used as free radical processes 

3 initiator 
biphenyl ( 5CB) and 4-pentyloxy-4. -cyanobiphenyl( 50CB) 
mixtures and in cholesteric system based on cholesteryl 
oleate (ChOl) and cholesteryl pelargonate (ChPel) 1' I 1x- 
tures. The amount of free radicals in the sample volume 
was registrated by expenditure of stable 2,2,6,6-tetra- 
methyl-4-piperidine-N-oxyl (TEMPO) which had been used 
in this case as a "counter" of active radicals. 

in the nematic system 5CB/50CB (60/40$) is shown in 

I 

in nematic system based on 4-pentyl-4 -cyano- 

The initial rate of cyanisopropyl radical formation 
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Figure l . v s  temperature. The temperature decrease l e d  
t o  the phase t r a n s i t i o n  of t he  system from i s o t r o p i c  
s t a t e  t o  nematic one and w a s  accompanied by decrease of 
r a d i c a l  formation r a t e .  The experimental a c t i v a t i o n  eneP  
g ie s  for the process a c t u a l l y  coincidedin i s o t r o p i c  pllase 
E =29,620.5 and i n  nematic Ea=31 .OlfO.5 kcal/mole. The 
t r a n s i t i o n  from i s o t r o p i c  state t o  nematic one can be 
rea l ized  a l s o  by varJting t h e  composition of l i q u i d  cry- 
s t a l l i n e  system.As an example Figure 2 presents  d a t a  on 
the  k i n e t i c s  of cyanisopropyl r a d i c a l s  formation as a 
r e s u l t  of  A I B N  thermal decomposition at 4OoC i n  5CB/50CB 
mixtures. The change of alkoxycompound component from 
18 t o  22 4". caused the t r a n s i t i o n  from i s o t r o p i c  t o  o r i -  
en t a t iona l ly  ordered nematic phase and was accompanied 
by sharp  change of process rateellhe v i s c o s i t y  of  t he  
system p r a c t i c a l l y  did no t  change i n  t h i s  case. Meso- 
phase disappearance,wh&ch has been caused by i s o t r o p i c  
solvent(i.e.benzene)addition, also led t o  the pronounced 
decrease of free r a d i c a l s  formation r a t e  i n  the case 
of nematic system and i n  the case of c h o l e s t e r i c  one. 
Table 1 shows free r a d i c a l s  y i e ld  i n  mesophase and iso-  
t r o p i c  media ca lcu la ted  from d a t a  obtained. 

be a c t u a l l y  independent on so lvent  n@ture4 and can be 
considered as almost constant a t  given temperature. 
Data obtained indicate therefore  that the  system tran-  
s i t i o n  from i s o t r o p i c  state t o  o r i e n t a t i o n a l l y  ordered 
one r e s u l t s  i n  t h e  decrease of primary r a d i c a l s  escape 
i n t o  the  volume due t o  the increase  of  t h e i r  heminate 
recombination probabi l i ty :  

a 

The r a t e  of AIBN thermal decomposition is known t o  

(CH ) C - N--N - ) C' N ' C ( C  ) 3 2 1  2 1 3 2 %  
CN # CN 

recombination 

3 21 
cid 

( C H 3 )  2C'CN products 
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FIGURE 1. The initial rate constant of free ra- 

vs temperature 

dical formation during AIBN thermal 
in 5CB/50CB mixture (60/40$) ([AIBNJ 
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FIGURE 2. The initial rate conetant of free ra- 
dical formation dutring,AIBN thermal decompoahtion 
in 5CB/50CB xture vs its composition, T=40 C, 
[AIBN]=2.8.10- % 01 /1. D
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TABLE 1 
radical generation during thermal decom- 
position ofoAIBN and lauryl peroxide in different 
media, T=40 C. 

The values of cage e$fect(e) for free 

Initiator System e 
isatropic mesophase 

AIBN Benzene 0.62 - 
AIBN 5CB/50CB 0 *33 0.25% 
AIBN 5CB/50CB 0.39 0.25~1 

lauryl ChPel/ChOl 0.36 0.28 
peroxide 

AIBN 5 CB/50CB 0.33 0 20ffS 

introduction benzene additives " 
fS variation in major components content 
"-extrapolation of temperature dependence 

We have considered the influence of media orienta- 
tional ordering directly on active radicals reaction 
kinetics for an example of peroxyl radical recombina- 
tion, those formed during the process of cholesterol 
derivatives oxidation initiated by lauryl peroxide: 

R02' + R02' --------- kg t- products 

Process rate was determined using chemiluminescent 
method by oxygen aftera~tion.~ Obtained values of recom- 
bination rate constant (kg,l/mol*s) are presented in 
Table 2. Accuracy in k6-v&lues determination was -10%. + 

TABLE 2 Recombination rate constant values of 
peroxide 1 radicals (k ) in ChPel/ChOl mixtures 0% 
different compositign. ( fIn'J=2,6* 1 0-2mol/l,T=47 C) . 

3 ~~ ~~ ~ ~~ 

Composition Phase state k6. 10 ,l/mol*s 
ChPel/ChOl , % 

~~~ ~ 

15/85 isotropic 1 e 5  

60/40 mes o phas e 3.5 
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The data presented show that the transition of the 
system from isotropic to cholesteric phase with local 
order similar to nematic one is accompanied by sharp 
growth of recombination rate. Mesophase disappearence 
as a result of isotropic chlorbenzene adding in the 
ChOl/ChYel system( 40/60$) caused the k6-values decrease 
from 3.5~1631/mol.s to 1.5.10 l/moles. The latter value 
has been obtained by extrapolation of recombination rate 
constant values for different benzene concentrations 
in the system to its zero concentration and characteri- 
zes k6-value in isotropic state of the system. The tran- 
sition from isotropic state to mesophase in this case 
also caused the increase of probability of radicals re- 
combination most likely t o  their orientational ordering. 

Thus the data obtained demonstrate the effect of 
orientational order changes achieved as by temperature 
changes, as by varying liquid crystalline system compo- 
sition, on free radicals formation and recombination 
reactions, which represent the key stages in chain oxi- 
dation reactions. 

-3 
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