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INFLUENCE OF MOLECULAR STRUCTURE AND MOLECULAR ORDERING TYPE 
ON NITROXIDE FORMATION KINETICS I N  SOME L O W  TEMPERATURE SOLID 
STATES OF CYANOBIPHENYLS 

V .A BATYUK , T .I oSHBBB'PINA , YU ON .MOROSOV G eB SERCEEV 
Mosoow S ta t e  University, Mosoow 119899, USSR 

Abstract The influence of so l id  speoimens' formation condi- 
t ions  on test photoinduced resct ions of ni t roxide generation haa 
been studied i n  mesogenic cyanobiphenylst 70CB, &CB, KB, &B. 
Reaction kinet ics  appears t o  be a very sensi t ive instrument fo r  
investigation of the  ohanges i n  looal  ordering and molecular 
dynamics which accompany so l id  structure formation before and 
during the  oourse of reaction i tself .  

Chemical reactions i n  the so l id  state of frozen l i qu id  crystals 
(LC's) are of great in te res t .  The tendency of LC's fo r  deep super- 

cooling, f o r  formation of ordered phases of different  types and the  

existence of f luctuat ions of more ordered l i qu id  c rys ta l l ine  struc- 

tures i n  less organized phases, and, as a re su l t ,  the  a b i l i t y  t o  form 
diversly organized so l id  states at low temperatures muet 
pronounced ef f eot on react ion kinet i o s  . have a 

The influence of a so l id  specimen's formation oa r l i t i ons  on the  

t e s t  phot oinduced reaction of nitroxide generation: 
t C  H NO 

t C  H NO g&?%%%L [tC4H9'{+t. NO 1, + (tC4H9)NO' 
4 9  fb z 

has been studied by ESB*) i n  mesogenic cyanobiphenyls 4-heptyloxy- 
4l-cyanobiphenyl (7OCB) , &octyloxy-41-oyanobiphenyl (80CB), 4-pentyl- 

4'-cyanobiphenyl (%B> and 4-0oty1-4~-oyanobiphenyl (8CB). 
Primary tert-butyl radicals  resu l t ing  from the nitrosocompound 

photous is  pract ioal ly  do not posaess any excess energy. The diffe-  

rence between C-N bond cleavage and t he  photon energy does not exceed 

20 kJ/mole. The kinet ios  of nitroxide formation hae been found t o  be 
sensi t ive t o  t he  structural organization of t he  m e d i u m  and t o  the  

ohanges i n  molecular mobility within the  systems '-' b The react ion 

product, di-tert-butyl nitroxide a l s o  served aa spin probes and 
oharacterized the  molecular mobility directly i n  the  regions where 

*)The expcrimental conditions can be found i n  ',' . 
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88 VaA.BATYUK, TaIaSHABBTINA, YuaNaMOROSOV, GmBaSWOEEV 

4 rowt ion  took place . 
It appears that the  temperature dependences of t h e  i n i t i a l  

reaction rates ( Wo , r e l a t ive  uni ts)  i n  the  studied states of cyano- 

biphenyls ( obtained by varying the  thermal prehistory and the  crystal- 
l iza t ion  conditions of the  samples ) differ greatly. It was shown, i n  

particular, tha t  l iqu id  c rys ta l l ine  alkoxyoyanobiphenyls 7OCB and 
80CB exist at low temperatures in two d i f fe ren t  so l id  s t a t e s  

326 and Tm= 324.5 K respectively) and K2 ( Tm=321 and 317 K re- 

Different so l id  modifioations of alkoxyoyanobiphenyls, K, end 

Kl (T,- 

peotively) *> . 
Ke, were obtained using varioua conditions of cryetal l izat ion.  Rapid 
orystal l izat ion of t he  samples during fast cooling ( - 3 0 0  K/min) from 
the isotropic  state t o  l iqu id  nitrogen temperature led t o  K1-phase 

formation. The reaction r a t e  i n  this state sharply dropped with de- 
crease of temperature and waa pract ical ly  equal t o  zero at 295 K 

( Figure 1). 

s t a t e  at temperatures close t o  the  temperature of t he  crystal-meso- 
phase t rans i t ion  led t o  K2-phase formation. The reaction r a t e  i n  this 

state differed from zero over a wide temperature range up t o  223 K i n  

the caae of 80CB and up t o  203 K i n  the  case of 70CB, and depended on 
temperature i n  a complicated lianner ( Figure 1).  

t y  of nitroxides also remained high i n  those temperature ranges . 

Isothermal c rys ta l l iza t ion  of the  samples i n  the  supercooled 

The tumbling mobili- 

So the  kinet ics  of nitroxide formation w a a  sensi t ive t o  the  dif- 

ferences i n  t he  microetructure and loca l  molecular ordering i n  those 

phaaes . 
The investigation of the  so l id  systems by DTA methods haa shown 

tha t ,  f o r  a l l  the  LC's, t he  formation of so l id  solutions of t he  ni t -  

rosocompound i n  cyanobiphenyl matrixes took place. It waa shown tha t  
i n  the oase of the  isotropic  system3 t C  H O-CCL4 , t h e  formation of 
the so l id  solution s t ructure  by t he  components of the  system upon 

freezing resul ted i n  an abrupt decrease of ni t roxide formation rate 
due probably t o  great hindranoe of oage escape and t rans la t iona l  bif- 

fusion processes fo r  primary tart-butyl radicals. 

4 8  

These processes 

* 
)Phase t rans i t ion  temperatures i n  the systems were obtained by DTA 
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NITROXIDE FORMATION KINETICS I N  SOLID CYANOBIPHENYLS 89 

were  necessary fo r  react ion product formation (di-tert-butylnitroxide) 
The formation of the  so l id  solution structure w a a  a l so  accompanied by 

a deep decrease of moleoular mobility i n  the  system. 

The data obtained have shown that the  c rys ta l l iza t ion  processes of 
l iquid orys ta l l ine  compositions based on cyanobiphenyle are very 

complex. The observed temperature dependence of the  w -values i n  the  

K -state can probably be assigned t o  the  micrcheterogeneous distribu- 
t i on  of t he  nitrosocompound molecules i n  t h e  cyanobiphenyl c rys ta l l ine  

matrix. Unlike the  statistically uniform dis t r ibu t ion  of P4ethyl-2- 

nitrosopropane molecules i n  the  i so t ropic  C C 1  +natr ix  (guest and host 
molecules have s i m i l a r  volumes) 

t a l l i n e  systems i n  supercooled states led t o  formation of so l ids  

with d i f f e r ing  structures. 

biphenyl molecules in the  supercooled s t a t e s  waa  more than go$ 5w7 . 
The c rys t a l l i ne  s t ruoture  
dimers having an ant ipara l le l  arrangement of 99head-to4ai1"type 'l9 . 
I n  this caae the  s i z e  of t he  structural element of the  host is almost 

four times greater  than the  diameter of 2~ethyl-2-nitrosopropane 
m o l e d e .  

with the f lex ib le  hydrooarbon chains ofalkoxycyanobiphenyls, only 

s l i gh t ly  affect ing the  PaCMng character of t h e  r ig id  aromatic oores. 
The temperature dependenoe of t he  reaction rate and t he  tumbling mo- 
b i l i t y  of nitroxides ( see Figure 1) are determined i n  t h i s  case by 
the  mobility of hydrocarbon chains of alkoxyoyanobiphenyl molecules, 
which is maintained at a high enough level even at low temperatures. 

0 

2 

4 
crys ta l l iza t ion  of t he  l iqu id  crys- 

The degree of dimerization of meeagenio wl- and alkoxycyano- 

of the  cyancbiphenyl matrix i s  formed by 

The nitrosocompound molecules can occupy apace i n  oomom 

The crys ta l l ine  K -phase, which has been obtained by rapid cooling I 
from t h e  isotropic  s t a t e  with a s m a l l  degree of dimerization of t he  

alkcqycyanobiphenyl molecules9? seem t o  consist of t h e  monomeric 
mclecules. This probably provides a more uniform packing of t h e  latter 
i n  the r i g i d  c rys ta l l ine  s t ructure  
f ree  volume aa the  K2-phaae. TherefoIethe processes of n i t roxide  fo r  

mation is rather  hindered at low temperatures. Only when the  system 

is heated and a suf f ic ien t  mobility of alkoxycyancbiphenyl molecules as 

a whole appears, t he  formation of nitroxides is observed at a meas- 

rable  ra te .  

whioh does not contain ae much 
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I73 21 3 253 293 333 373 T,  K 
Temperature dependenoe of i n i t i a l  ni t roxide forma- 

K -phase; 3 - i n  the  so l id  K2-phase; 4 - ESR spectrum 

FIGURE 3. 
t i on  rate, Wo, during photolysis of 2-methyl-2-nitrosopropane i n  
70CB: 1 - i n  isotropio, nematio and superaooled s t a t e s ;  2 - i n  t h e  
so l id  
of t he  r e a c h  produot in  the K -phase at the  temperature indi- cated by . 2 

I73 21 3 2 53 293 333 T , K  

FIGURE 2. 
rate, W 
1 - i n  fsotropia, nematic, supercooled and g l w s  l i k e  states; 2 - 
i n  the  so l id  K -phase; 3 - i n  the  so l id  K2-phase; 4 - i n  the  so l id  

3 G e  at the  temperature indicated by 

Temperature dependenoe of i n i t i a l  ni t roxide formation 
during photolysis of 2-methyl-2-nitrosopropane i n  5CB: 

1- phase; 5 - kR -speotrum of the  reaotion produot i n  the  K 

t *  
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NITORXIDE FORMATION KINETICS I N  SOLID CYANOBIPHENYLS 91 

The k ine t ic  data i n  the  K1- and K2-phases of 70CB and its ne r t  
homologue 80CB are s i m i l a r .  The absenoe of t h e  marked differences i n  

behaviour at low temperatures of nematogenio 70CB and smeotogenic 80CB 
mw be due t o  the  existence of strong smecfic fluotuations i n  the  
nematio and supercooled states of 70CB 11 . 

Rapid cooling of t he  alkylcyanobiphenyls ( S B ,  8CB ) favours 

formation of glassy roUd states . The react ion rates i n  these states 
were prac t ica l ly  negl igible  ( Figure g). Heating of the  samples t o  

223 t o  233 K led t o  t he  c rys ta l l iza t ion  and t he  formation of t he  KI- 
phase ( Tm 1297 K i n  the  oaae of !jCB ). Mitroxide formation i n  t h i s  
phase effect ively took place i n  the  range 173 t o  297 K O  K,-phase for- 

mation gave rise t o  t h e  reaction r a t e f rom 5 t o  10 times h i g h e r  compared 
t o  the r e a c t i o n  rate i n  g l a s s y  s o l i d  s ta te  ( s e e  F i g u r e  2 ) .  

The isothermal c rys ta l l iza t ion  at 253 t o  263 K of the  5CB systems 

from the  supercooled state led a l te rna t ive ly  t o  K2- (Tm= 291 K)  or  

K3- (Tm=287 K )  phaw formation and was accompanied by corresponding 
s t ructure  dependent reaction rates ( Figure !? ). These phases seem 
t o  have a s i m i l a r  type of molecular ordering as t he  K 

cyanobiphenyls. The oorrelations between temperature dependences of 
reaction r a t e  and nitroxides tumbling f r e q u e n c i e s  were observed i n  all 
the  systems. 

phase of alkoxy- 2- 

Thus varying the  c rys ta l l iza t ion  conditions and thermal prehisto- 

ry of the  samples allows control of the  react ion r&e i n  l i qu id  crys- 
t a l l i n e  systems at low temperatures. On t h e  other hand react ion kine- 

t i o s  appears t o  be a very sensi t ive too l  for  invest igat ion of t he  
changes i n  looal ordering and molecular dynamics which aocompany solid 
structure formation before and during t he  oourse of the  react ion it- 
self. 
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