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THERMAL PARAMETERS OF SOME LIQUID CRYSTALS 

GEORGE W. SMITH 
Physics  Department, General Motors Research Labora tor ies ,  
Warren, Michigan 48090 

(Submitted f o r  Publ ica t ion  October 27, 1977) 

Although t r a n s i t i o n  temperatures  f o r  many l i q u i d  c r y s t a l  
ma te r i a l s  have been repor ted  i n  t h e  l i t e r a t u r e ,  l a t e n t  hea t  
d a t a  have been much less r e a d i l y  ava i l ab le .  Ba r ra l l  and 
Johnson1 and Marzotko and Demus2 have r ecen t ly  reviewed t h e  
ca lo r ime t r i c  s i t u a t i o n .  
temperatures and l a t e n t  hea t s  (en tha lp ies )  f o r  twenty-eight 
l i q u i d  c r y s t a l l i n e  ma te r i a l s .  Most of t h e  ma te r i a l s  s tud ied  
possess  a s i n g l e  mesophase--the nematic. A few a l s o  possess  
a t  l e a s t  one smectic phase. 

The present  paper r e p o r t s  t r a n s i t i o n  

The temperatures and l a t e n t  hea t s  f o r  a l l  observable  
phase t r a n s i t i o n s  were determined by means of a Perkin-Elmer 
DSC-2 D i f f e r e n t i a l  Scanning Calor imeter .  For a number of  
ma te r i a l s  t h e  na tu re  of t h e  phases and t r a n s i t i o n  temperatures 
were v e r i f i e d  by thermal microscopy (nl) of samples heated 
between crossed p ~ l a r i z e r s . ~  The r e s u l t s  a r e  given i n  Table I 
( f o r  compounds found t o  have only s t a b l e  nematic mesophases) 
and Table I 1  ( f o r  compounds having s t a b l e  smect ic  o r  mono- 
t r o p i c  nematic mesophases). 
weight,  and TKN and TNI i n d i c a t e  c rys ta l -nemat ic  and nematic- 
i s o t r o p i c  t r a n s i t i o n  temperatures  ("C); LKN and LNI a r e  t h e  
corresponding l a t e n t  hea t s  (KJ/mol). In  Table I 1  a r e  given 
t r a n s i t i o n  temperatures  and l a t e n t  h e a t s  f o r  c rys ta l - smect ic  
(KS) , smectic-nematic (SN) , and nemat ic - i so t ropic  (NI) phase 
changes. 
a r e  enclosed i n  bracke ts .  

In  the  Tables b1 i s  molecular 

Temperatures and l a t e n t  h e a t s  f o r  monotropic phases 

The ma te r i a l s  were obtained from var ious  organic  chemical 
supp l i e r s  and were s tud ied  without f u r t h e r  p u r i f i c a t i o n .  
However, estimates of  sample p u r i t y  from both DSC peak shape 
and examination of  t h e  sharpness  o f  phase t r a n s i t i o n s  by 
thermal microscopy ind ica t ed  t h a t  most o f  t h e  ma te r i a l s  were 
of reasonable  p u r i t y  (nominally 99 percent  o r  g r e a t e r ) .  ( I f  
a substance was found from DSC and/or TM t o  be of low p u r i t y ,  
da t a  f o r  t h a t  ma te r i a l  were not  included i n  t h i s  r e p o r t .  
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B a r r a l l  and Johnson' d i scuss  t h e  effects of sample p u r i t y ) .  

For most compounds t h e  KN t r a n s i t i o n  temperatures  and 
en tha lp i e s  were determined from two o r  t h r e e  DSC runs.  
f o r  on ly  a few materials were based on a s i n g l e  experiment; 
on t h e  o t h e r  hand, one material was run e igh t  times. 
Nematic- isotropic  (and o t h e r  mesophase t r a n s i t i o n )  d a t a  were 
based on an average of fou r  runs (a  minimum of two and a 
maximum of  15 ) .  I t  is seen from t h e  e r r o r  ranges c i t e d  in  
t h e  t a b l e s  t h a t  r e p r o d u c i b i l i t y  of  t h e  l a t e n t  hea t  d a t a  i s  
reasonable .  
scan rates of S°C/min. 
cussed t h e  in f luence  of scan ra te  on measured l a t e n t  hea t s .  
The l a t e n t  h e a t  d a t a  of t h e  p re sen t  r epor t  a r e ,  f o r  t h e  most 
p a r t ,  i n  reasonable  agreement with t h e  l imi t ed  number of 
r e s u l t s  a v a i l a b l e  from o t h e r  sources ,  i nd ica t ing  t h a t  t h e  
scan r a t e  used was acceptab le .  

Data 

A l l  d a t a  were der ived  from DSC s p e c t r a  taken a t  
Oppenheim4 and Brennan5 have d i s -  

REFERENCES 

1. E.M. Barrall I1 and J . F .  Johnson, i n  "Liquid Crys t a l s  
and P las t ic  Crys ta l s" ,  Vol. 2 (G.W. Gray and P.A.  Winsor, 
eds . )  Wiley, New York (1974) pp. 254-306. 

2 .  D .  Marzotko and D .  Demus, Pramana, Suppl.  No. 
(1975). 

1, 189 

3 .  G.W.  Smith and Z . G .  Gardlund, J .  Chem. Phys., 59, - - -  - 
3214 (1973). 

4 .  E .  Oppenheim, S ix th  I n t e r n a t i o n a l  Liquid Crys t a l  Con- 
fe rence ,  Kent, Ohio, 23-27 August 1976, paper  B1-21. 

5.  W.P. Brennan, i b i d ,  paper  B1-20. - 
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