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THE DEPENDENCE OF NEMATIC- ISOTROPIC TRANSITION 
TEMPERATURES ON THk ANISOTROPY OF POLARIZABILITY OF THE 
C-X BOND FOR TERMINAL SUBSTITUENTS 

ANSELM C. GRIFFIN 
Department of Chemistry 
University of Southern Mississippi 
Hattiesburg, Mississippi 39401 

( S u h n i t t d  for publication Septmhr 15, 1976) 

Examination of four molecular series of nematogens re- 
veals that Tc is in general related to Aa of the C - X  

bond, but not always directly proportional. Substit- 
uents which interact stron'gly with the remainder of the 
molecular Tr-electron system are amonR notable exceptions 

INTRODUCTION 

I n  a recent paper van der Veenl used a novel approach 
to study the relationship between polarizability anisotropy 
o f  bonds to small, compact terminal substituents and the 
nematic-isotropic (WI) transition temperature of compounds 
containing these substituents. The basis for the work was 

L the molecular statistical theory of Maier and Saupe , in which 
the following relation obtains at the clearing temperature: 

A 

4 .  55kV2 
Tc = 

V is molar volume which is assumed t o  be constant along a 

series of molecules differing only in terminal substituents. 
This assumption obviates the incorporation of excluded volume 
effects such as those discussed by Kimura . Boltzmann's 3 
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112 A. C. GRIFFIN 

cons tan t  i s  k and A i s  t h e  molecular cons t an t ,  taken a s  being 

p ropor t iona l  t o  t h e  square of Aa, t h e  an iso t ropy  of  molecular 

p o l a r i z a b i l i t y ,  a /  I - a l .  

:which lead  t o  the  fol lowing r e l a t i o n  f o r , a n y  s e r i e s  of 

nematics  d i f f e r i n g  only i n  terminal  s u b s t i t u e n t s :  

Van der  Veen makes assumptions 

Tc Q (A%)‘ + 2 A a X A a M  + ( A a , )  L 

The term A% i s  t h e  an iso t ropy  of  p o l a r i z a b i l i t y  €or a l l  of 

t h e  molecular  s t r u c t u r e  except t h e  te rmina l  sGbs t i tuent  , 

p o l a r i z a b i l i t y  an iso t ropy  of t h e  C -X  bond i s  A a  I f  

Aa is much l a r g e r  than  h a  

dence on A a  

The 

a r y l  X ‘  
TC should show a l i n e a r  depen- M X ’  

X ’  
T c  2, 2 A u  X ( 3 )  

1 Data were presented  f o r  two series o f  compounds, each d i f f e r -  

i n g  only i n  t h e  na tu re  of  t h e  te rmina l  s u b s t i t u e n t s .  

pendence of Tc  on Aa 

e n t s  except  bromine. 

The de- 

was reasonably l i n e a r  f o r  a l l  s u b s t i t u -  
X 

I t  i s  t h e  purpose of t h i s  work t o  examine t h e  r e l a t i o n  

developed by van de r  Veen more f u l l y  by cons ider ing  add i t iona l  

s e r i e s  and by en la rg ing  t h e  number and type of terminal  sub- 

s t i t u e n t s .  

RESULTS 
4 Values of  A a X  were taken from Le Fevre . 

The two series,  A and B ,  p resented  i n  GRAPH 1 on t h e  next 

page were chosen as they each conta in  a v a r i e t y  of  s u b s t i t u e n t s  

inc luding  hydrogen, a s u b s t i t u e n t  no t  a v a i l a b l e  €or examina- 

t i o n  i n  t h e  e a r l i e r  work . Bromine was found t o  c o r r e l a t e  

poor ly  with equat ion  ( 3 ) .  Both series i n  GRAPH 1 con ta in  

bromine as a s u b s t i t u e n t  i n  order  t o  t e s t  f o r  t h i s  anomolous 

behavior .  

1 1 
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DEPENDENCE OF Tc ON Aux 1 13 
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GRAPH 1 P l o t  showing GRAPH 2 P l o t  showing 

X :  dependence of TC on Aa X :  dependence of  TC on Aa 

x f o r  X @ C O O ( ~ >  O O C - @ O C H ~  x f o r  X ~ C O O @ - O O C @ - ~  7 r 0  

0 f o r  X@CH=N@-@OCH3’ 0 f o r  X-@-OOCf5)-COO@-X 

GRAPH 2 presen t s  d a t a  €or two c l o s e l y  r e l a t e d  s e r i e s  of 

compounds. These s e r i e s  r ep resen t  extremes i n  conjugat ive  

i n t e r a c t i o n  between a para n i t r o  s u b s t i t u e n t  and o the r  por-  

t i o n s  of  t h e  molecular s t r u c t u r e .  I n  series C v i r t u a l l y  no 

mesomeric i n t e r a c t i o n  i s  p o s s i b l e ;  i n  series D,  a s u b s t a n t i a l  

mesomeric i n t e r a c t i o n  between t h e  sigma-bonded e s t e r  oxygen 

and the  te rmina l  n i t r o  s u b s t i t u e n t  is  poss ib l e .  

DISCUSS I ON 

In agreement with van d e r  Veen we f i n d  a good c o r r e l a t i o n  

wi th  equat ion  (3) €or several s u b s t i t u e n t s .  There a r e ,  how- 

eve r ,  except ions .  I t  i s  apparent  from GRAPH l t h a t  bromine is  

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
 0

6:
09

 2
3 

Fe
br

ua
ry

 2
01

3 



114 A. C. GRIFFIN 

out  of l i n e  i n  both s e r i e s .  The bromo s u b s t i t u e n t  shows t h e  

same r e l a t i v e  l o c a t i o n  i n  both s e r i e s ,  sugges t ing  t h a t  t h e r e  

i s  a sys temat ic  dev ia t ion  from l i n e a r i t y  f o r  t e rmina l ly  sub- 

s t i t u t e d  bromo compounds. 

molecule i s ,  i n  both s e r i e s ,  below i ts  a n t i c i p a t e d  va lue .  As 

i n  t h e  case of  bromine, both hydrogen s u b s t i t u t e d  compounds 

have Tc va lues  below t h e  value a n t i c i p a t e d  by ex t r apo la t ion  

of a l i n e  e s t a b l i s h e d  by the  l i n e a r  f i t  o f  Tc wi th  2AaX f o r  

t he  o t h e r  s u b s t i t u e n t s .  

The Tc of a hydrogen s u b s t i t u t e d  

The d a t a  i n  GRAPH 2 a r e  €or two series of  compounds which 
9 d i f f e r  i n  l o c a t i o n  of  t h e  e s t e r  l inkage.  

demonstrated t h e  in f luence  of  l oca t ion  of t h e  carbonyl group 

o f  ester l inkages  on t h e  thermodynamic p r o p e r t i e s  of t h e  WI 

t r a n s i t i o n .  Invers ion  of  carbonyl l o c a t i o n  i s  a l s o  important 

i n  t h e  esters considered here .  In  s e r i e s  C s u b s t i t u e n t s ,  with 

the  except ion of bromine, adhere well  t o  equat ion  ( 3 ) .  S e r i e s  

D,  on the  o t h e r  hand, shows a cons iderable  lack  of l i n e a r i t y  

due apparent ly  t o  t h e  n i t r o  s u b s t i t u e n t .  There i s  a s t rong  

conjugat ive  i n t e r a c t i o n  between t h e  a-bonded es ter  oxygens 

and t h e  n i t r o  groups as shown below. 

Dewar and G r i f f i n  

- 
0 0  0- 

N ~ O - C ~ C - O ~ N  
I \ 

0 0- 

O \+ + II II + +/ 

This  i n t e r a c t i o n  negates  t h e  v a l i d i t y  of  t h e  r e l a t i o n s h i p  

proposed i n  ( 3 ) .  This  non- l inea r i ty  i s  not  t o t a l l y  unexpected. 

Le Fevre‘s4 d a t a  show €or para n i t r o a n i s o l e  t h a t  d i r e c t e d  

p o l a r i z a b i l i t y  e x a l t a t i o n s  , due t o  conjugat ive  i n t e r a c t i o n s  

along t h e  1 ,4-ax is  i n  the  aromatic  r i n g  a r e  q u i t e  l a rge .  Ap- 

p a r e n t l y  i n  such cases  t h e  s t rong  conjugat ive  i n t e r a c t i o n s  of 

te rmina l  s u b s t i t u e n t s  make i n v a l i d  t h e  assumption” of addi-  
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DEPENDENCE OF Tc ON Aax 1 15 

t i v i t y  of  p o l a r i z a b i l i t y  a n i s o t r o p i e s .  

compounds s t u d i e d  by van de r  Veenl and t h e  fou r  presented  

here., on ly  i n  our  s e r i e s  D a r e  t h e r e  molecules with s t rong ly  

e l e c t r o n  withdrawing s u b s t i t u e n t s .  The r e l a t i o n s h i p  between 

Tc and Aor as  expressed by equat ion  (3) i s  apparent ly  only 

app l i cab le  i n  a genera l  sense .  

O f  t h e  two series of 

X 

Helpful  d i scuss ion  with D r .  Robert J .  Cox i s  g r a t e f u l l y  

acknowledged. 
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