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NEMATIC SOLVENT EFFECTS I N  THE ISOMERIZATION OF 2,4,6- 
TRIMETHOXY-s-TRIAZINE 

* t 
W.E. BACON, J U N - L I N G  KUO AND GLENN H .  BROWN 
Liquid Crys t a l  I n s t i t u t e ,  Kent S t a t e  Univers i ty ,  
Kent, Ohio 44242 U.S.A. 

(Submitted f o r  p u b l i c a t i o n  June 7, 1979) 

ABSTRACT: Thermal i somer i za t ion  o f  2,4,6-trimethoxy-s- 
t r i a z i n e  i n  nematic s o l v e n t  proceeds f a s t e r  and with a 
sma l l e r  loss  i n  entropy of a c t i v a t i o n  than  i n  t h e  i so -  
t r o p i c  phase.  

INTRODUCTION 

Liquid c r y s t a l l i n e  s o l v e n t s  sha re  many p r o p e r t i e s  of  
t h e  usua l  l i q u i d  so lven t ;  t h e  major d i f f e rence  i s  t h e  aniso-  
t ropy  o f  t h e  l i q u i d  c r y s t a l l i n e  s t a t e .  The nematogenic sol-  
vent , d i  (p-methoxyphenyl) t r a n s  cyclohexane-1 ,4-dicarboxy- 
l a t e  (DMCD) demonstrates  d i s t i n c t l y  d i f f e r e n t  c h a r a c t e r i s -  
t i c s  i n  t h e  nematic and t h e  i s o t r o p i c  s t a t e s . '  
d i  (p-methoxyphenyl) t r a n s  cyclohexane-1 , 4-dicarboxylate  
a l t e r s  t h e  r a t e  of many r eac t ions .  For example, it 
in f luences  t h e  polymerizat ion of a l i n e a r  molecule l i k e  
phenylacetylene .' 
t h e  Cla isen  r e a ~ x a n g e m e n t . ~  I n  t h i s  report, w e  wish t o  
p o i n t  o u t  a comparison of t h e  thermodynamic parameters  i n  
t h e  thermal  i somer iza t ion  r e a c t i o n  i n  t h e  nematic and i so-  
t r o p i c  phases o f  DMCD. The r e a c t i o n  w e  a r e  s tudying  i s  

A s  a so lven t ,  

Again, it has  l i t t l e  o r  no in f luence  on 
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1 4  BACON, KUO & BROWN 

The thermal i somer iza t ion  o f  2,4,6-trimethoxy-s-triazine, 
I ,  t o  1,3,5-trimethyl-2,4,6-trioxohexahydro-s-triazine 11, 
i s  a second-order r e a c t i o n  i n  t h e  absence o f  a so lven t  
and a i s o  i n  ni t robenzene ca t a lyzed  with qua ternary  ammonium 
h a l i d e s . 5  
was followed by nmr, a t  a temperature  above 1 5 0 O ;  t h e  pro- 
duc t  i s  e s s e n t i a l l y  a l l  t h e  N,N,N-trimethyl d e r i v a t i v e ,  11. 
The i somer iza t ion  of I ,  proceeds through in te rmedih te  s t e p s  
o f  O , O , N -  and O,N,N-trimethyl d e r i v a t i v e s  and these  i n t e r -  
mediates were i d e n t i f i e d  from i n f r a r e d I 4  nmr and from mass 
s p e c t r a . 4  Rate s t u d i e s  followed by nmr5 show t h e  O , N , N -  
t r ime thy l  i n t e rmed ia t e  i somer izes  many t i m e s  f a s t e r  than  I, 
a s  expected because o f  t h e  loss of  aromatic  c h a r a c t e r  i n  
t h e  s - t r i a z i n e  r i n g  of I. The i somer iza t ion  of I t o  11, i s  
accompanied b y  t h e  loss i n  energy o f  6 kcal/M based on t h e  
hea t s  of formation o f  isomers I and II.6 The thermal i so -  
mer iza t ion  of  I t o  I1 fol lows second-order k i n e t i c s  i n  t h e  
d i f f e r e n t  so lven t s  used i n  t h i s  s tudy .  The r e a c t i o n s  were 
hea tzd  above 150' and r e s u l t s  i n  60% conversion.  

4 

I n  t h e  l a t t e r  s tudy  t h e  r a t e  of i somer iza t ion  

EXPERIMENTAL SECTION 

Materials--I, was prepared  from cyanur ic  ch lo r ide  and 
methanolic sodium hydroxide.  Improved y i e l d s  a r e  obta ined  
from cyanuric  c h l o r i d e  r e c r y s t a l l i z e d  from benzene. The 
product ,  80% y i e l d ,  melted a t  133.5' (DTA) . 

D i  (p-methoxyphenyl) trans-cyclohexane-1 , 4-dicarboxylate  
This nematic so lven t  was prepared  from trans-cyclohexane- 
l I4 -d ica rboxy l i c  a c i d  and p-methoxyphenol by t h e  a c i d  
ch lo r ide  r o u t e  i n  to luene  as t h e  so lven t .  The c r y s t a l -  
nematic t r a n s i t i o n  temperature  i s  142 '  and t h e  nematic- 
i s o t r o p i c  t r a n s i t i o n ,  245'. These temperatures  w e r e  de t e r -  
mined by D i f f e r e n t i a l  Thermal Analysis .  

Cholestanyl  p-Methylbenzoate. This  compound was added 
t o  t h e  DMCD t o  d i s o r i e n t  t h e  nematic o rgan iza t ion  and lower 
t h e  temperature  o f  t h e  so lven t .  I t  w a s  prepared from d i s -  
t i l l e d  p-methylbenzo 1 ch lo r ide  fol lowing t h e  procedure 
r epor t ed  by Wiegand. 'r; 

Kine t i c s .  So lu t ions  of I, conta in ing  0.649 M w e r e  
prepared i n  ampoules under n i t rogen  i n  t h e  d i f f e r e n t  so l -  
vents  a t  room temperature.  These ampoules were placed i n  
a n  a u x i l l a r y  b a t h  hea ted  a t  147' _+_ 0.5', and shaken i n t e r -  
m i t t e n t l y  f o r  t e n  minutes t o  a s su re  homogeneity. 
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NEMATIC SOLVENT EFFECTS IN DMCD 15 

The ampoules w e r e  then  placed i n  t h e  cons tan t  temperature 
ba th  c o n t r o l l e d  t o  2 0.04', and t h e  t i m e  recorded. These 
samples w e r e  r e m v e d  a t  s e l e c t e d  t i m e s ,  cooled, opened and 
the  con ten t s  d i sso lved  i n  chloroform. The composition of 
each s o l u t i o n  was determined from nmr spec t r a .  Trimethyl 
cyanurate  ( I )  shows a s i n g l e t  a t  4..0 ppm fo r  the  methyl 
pro tons ,  while  i n  t h e  isomcrized product  (11) t h e  absorp t ion  
s h i f t s  t o  3 .3  ppm r e l a t i v e  t o  T.M.S. The r e l a t i v e  e r r o r  
found i n  t h i s  method of a n a l y s i s  is  wi th in  5% based upon 
t h e  a n a l y s i s  of s y n t h e t i c  mixtures  o f  t r ime thy l  cyanurate  
( I ) ,  and t h e  isomerized product  (11). The da ta  were taken 
on an A-60 nmr spcctrorneter which was equipped wi th  a Model 
V - 6 0 5 8 A  Spin Decoupler. The i s o t r o p i c  phase of DMCD was 
prepared by adding 21 .37  mol% of  choles tanyl  p-methylben- 
zoa te  t o  t h e  DMCD. So lu t ions  of I ,  were prepared a s  out-  
l i n e d  above. 

RESULTS AND DISCUSSION 

I n  comparison w i t h  i s o t r o p i c  l i q u i d s ,  t he  o r i e n t e d  
r e a c t a n t  molecules i n  nematic so lven t s  have l o s t  a degree 
of  freedom. T h i s  sugges ts  t h a t  r eac t ions  i n  nematic 
so lven t s  l ead  to a smal le r  l o s s  i n  t h e  entropy of  a c t i v a t i o n  
than  i n  i s o t r o p i c  so lven t s .  This f e a t u r e  tends t o  inc rease  
t h e  r a t e  of r e a c t i o n  i n  t h e  nematic phase i n  cornparis-n wi th  
the  i s o t r o p i c  s t a t e  of t h e  same so lvent . '  

Y 

2.16 2-20 2.24 2.28 2.32 

1OOOK 

FIGURE 1. Rate o f  Isomeri m t i o n  j n  N e m d t i c  and I s o t r o p i c  
Phase 
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16 BACON, KUO & BROWN 

I n  Figure 1, are the log k 1/T p l o t s  €or the iso- 
merization react ion i n  the nematic and i s o t r o p i c  phases of 
DMCD. From the slope of the l i n e s  the energy of ac t iva t ion  
for  the react ions i n  various phases can be obtained. Thermo- 
dynamic parameters f o r  the react ion i n  the nematic and iso-  
t r o p i c  phases were calculated from the energies of activa- 
t i o n  (Table 1).  

Table 1 

Activation Parameters fo r  the Isomerization 

f A G  + a  - AS - AH* a - Solvent 

kJ mo1-I 
-1 -1 

J mol K 
-1 

k J  mol 

nematic 89.0 -140.9 153.0 

i so t rop ic  79.5 -165.2 154.4 

a 
Calculated a t  180Oc. 

The entropy of ac t iva t ion  f o r  t he  isomerization react ion i n  
the nematic phase i s  more p o s i t i v e  than i n  the i s o t r o p i c  
l i qu id .  ?he rate constants i n  the nematic phase a r e  
modestly l a r g e r  (Fig. 1) suggesting r eac t an t  I ,  has i t s  
molecules or iented i n  t h i s  mesophase. 

We have also found the r a t e  of isomerization of I i n  
nitrobenzene i s  about twice as f a s t  as i n  the nematic phase 
of  DMCD; with biphenyl a s  the solvent  the r a t e  constant i s  
smaller. ?his difference i n  r a t e  appears t o  be due t o  the  
large d i f f e r e n t i a l  i n  d i e l e c t r i c  constants of nitrobenzene 
and biphenyl. 
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