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ON THE PRETRANSITIONAL EFFECTS IrN NEMATOGENS 

Yu Ming Shih, H. M. Huang and Chia-Wei Woo 
Departrhent bf PhySiC6, Northwestern University, 
Evanston, I l l i n o i s  60201 

(Submitted fo r  publication Apri l  18, 1976) 

Abstract We show i n  t h i s  note t h a t  the experimentally 
observed strong p re t r ans i t i ona l  e f f e c t s  i n  nematogens 
can be described i n  terms of a mean f i e l d  theory i f  the 
f r e e  energy expansion i s  not truncated a t  the quadratic 
term. A simple uniform f luc tua t ion  model gives rise t o  
.light s c a t t e r i n g  in t ens i ty  i n  good agreement with 
experiment. 

Light s ca t t e r ing  and magnetic birefr ingence measurements 
i n  the i so t rop ic  phase of nematogens ind ica t e  strong pretrans- 
i t i o n a l  e f f e c t s .  By using the Landau theory of phase t r a n s i -  
t i ons ,  d e  Gennes' found it possible t o  estimate the correla-  
t i o n  length and i ts  temperature dependence. H i s  theory, how- 
ever ,  led t o  the conclusion t h a t  t he  mean f i e l d  analysis  of 
Maier and Saupe,2 while val id  i n  the nematic phase,gives r i s e  
t o  c e r t a i n  inconsis tencies  i n  the  i s o t r o p i c  phase. We wish 
t o  review d e  Gennes' arguments, and i n  l i g h t  of our own "mean 
f i e l d "  analysis  point out t h a t  what i s  r e a l l y  a t  f a u l t  i s  the 
t runcat ion of the f r e e  energy expansion a t  the quadratic term. 
A new estimate of the co r re l a t ion  length based on a renormal- 
ization-group argument leads t o  good agreement with experi-  
ment, and thereby removes the d i f f i c u l t y .  

analysis .  

expanded i n  powers of the order parameter S: 

Let us begin with d e  Gennesl c r i t i c i s m  of the Maier-Saupe 

A t  a given densi ty  p, the Helmholtz f r e e  energy F can be 

(1) 4 F = Fo + A'(T-T*)S2 - BS3 + CS + * , 

where A ' ,  B ,  C ,  and TJ; are pos i t i ve  constants.  The in t e rp re t a -  
t i o n  of T* i s  c ruc ia l  t o  the following discussions. It repre- 
s en t s  the temperature a t  which F(S) displays zero curvature a t  
S=O. Below t h i s  temperature, the i s o t r o p i c  phase becomes c m -  
p l e t e l y  unstable with respect t o  nematic ordering. For t h i s  
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8 SHIH, HUANG & WOO 

reason, T* is sometimes referred to as the maximum supercodl- 
ing temperature. It is our view, however, that the "spontan- 
eous!' setting-in of nematic order actually occurs at a much 
higher temperature. At fixed density p, the maximum super- 
cooling temperature occurs at Tp, where the free energies in 
the isotropic and nematic phases ~oincide.~ 

That T* was identified as the maximum supercooling tem- 
perature was a direct consequence of de Gennes' description 
of the pretransitional phenomenon. 
energy at the S" term and augmenting it by an elastic distor- 
tion contribution, de Gennes wrote the local free energy as: 

By truncating the free 

F(:) Fo+ A'(T-T*)S2(?) + K[VS(;)l2. 

The total free energy F = JF(?)dV can thsn be expressed in 
terms of Sq, the Fourier transform of S(r). 
in the Boltzmann factor, (St), or alternately (S(O)S(r)), can 
be evaluated. He found 

Using this result 

and therefore 

3% denotes the correlation length. If K 
where S(T) = CAt(T-T* 
this derivation is vajid, T* will also represent the tempera- 
ture at which 5(T) diverges: a seemingly apt definition for 
the maximum supercooling temperature. 

In the Maier-Saupe theory, the free energy takes the form 

(5 ) 
2 F = A S + kT&n(C/4n) - as, 2 0  

with 

C = {~e~p[-aP~(cosB)/kT]dn]-~, ( 6 )  

and 
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PRETFANSITIONAL EFFECTS 9 

By combining Eqs. (5)-(7), F can be r ewr i t t en  i n  the form 
(1). 
I n  p a r t i c u l a r ,  one f inds4 

The parameters A', B ,  C,  and T'k are then iden t i f i ab le .  

It turns  out t h a t  such a calculat ion y i e l d s  (T -T;Y)/T wlO-: 
or T -T* E* 3OoC, i n  v io l en t  disagreement with the l i p f i t -  

s c a t t e r i n g  determination of (Tc-T*) a t  about l 0 C ,  where 
C(T) diverges by extrapolation. This i s  of ten thought t o  
be a major inconsistency i n  the Maier-Saupe theory. 

C 

We wish t o  point out t h a t  the inconsistency e x i s t s  only 
i f  one i d e n t i f i e s  the T+ i n  Eq.(l)  with the  T* defined by a 
diverging co r re l a t ion  length. I f  Eq. (21 i s  inval id ,  as we 
contend, the i d e n t i f i c a t i o n  becomes un jus t i f i ab le .  For t h i s  
reason, we s h a l l  denote the temperature at  which C(T) 
diverges by T . It i s  perfect ly  acceptable, then, t o  have 
T -T* F* 3OoC &d T -T What remains t o  be shown i s  
tkat i n  place of d: Gznnes' theory 
carr ied out which y i e l d s  Tc-T5 1 C without requiring the 
t runcat ion of F ( S )  at s2. 

M l 0 C .  
another analysis  can be d 

Inc iden ta l ly ,  t h a t  T* and T a r e  d i f f e r e n t  can be seen 
from yet one more angle. 
theory altogether,one can s t i l l  f i t  Eq. (1) t o  data. I f  one 
i n s i s t s  t h a t  T -TJ:S -T x l 0 C ,  then an inev i t ab le  conse- 
quence i s  thafCS(T )TS(ic) = 1.5. It occurs independently 
of t he  way (A',B,C$ a re  chosen t o  f i t  data. 
order parameter below T 
percent p e r  degree, sucfi a d r a s t i c  change of S 
0.4 a t  T 

Put t isg aside the Maier-Saupe 

Since the 
i s  known t o  change by only a few 

(frcm about 
to about 0.6 at T - a mere l 0 C  away) i s  un- 

accept ab ye. s 

Let us now reca lcu la t e  5(T) using a very crude model. 
Consider the f luc tua t ions  and thus the  order parameter S 
uniform within a co r re l a t ion  volume V The f luc tua t ion  
part of t he  f r e e  energy is  then given 5' by pV F(S) - 4 kT, or 

5 

The l i g h t  s c a t t e r i n g  i n t e n s i t y  i s  then proportional t o  the 
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SHIH, HUANG & WOO 10 

re levant  quant i ty  

(10) 
kT S2 J (S(O)S(r))dV s J (S(O)S(r))dV fil S2V - - - 

m V 5 2P F ( S )  * 

5 

The f i r s t  thing we note is! t ha t  i f  S i s  uniformly small or 
i f  f o r  any reason the S3 and higher-power terms a re  neglig- 
i b l e  i n  Eq. (l), Equation (10) reduces t o  de Gennes' form 
Eq. ( 4 ) .  
f a c t  F(S) goes through a minimum a t  S 
near T p  or Tc, approximating F(S)  by a quadratic i s  cer- 
t a i n l y  not v a l i d .  

But since those t e r m s  are not negl igible ,  and i n  
0 . 4 3  at temperature 

The co r rec t  thing t o  do i s  t o  evaluate the co r re l a t ion  
function (S(O)S(r)) by s t a t i s t i c a l  mechanics. The ensemble. 
contains a l l  d i s t r ibu t ions  of S ( r )  and thus presents us 
with a prohibi t ive task.  To approach it properly, one must  
make use of t he  f u l l  renormalization apparatusSb For a 
crude est imate ,  we s h a l l  take S =r 0 . 4 3  i n  Eq. (10). The 
j u s t i f i c a t i o n  is as follows. 

As i n  a l l  s i m p l e  scal ing procedures,' we begin with a 
l a t t i c e  model with un i t  i n t e r p a r t i c l e  spacing and represent 
the nearest-neighbor in t e rac t ion  s t r eng th  by CY . S denotes 
the order parameter a t  t h i s  s tage.  
i ve ly  increasing s i zes  a re  placed under scrut iny,  the 
i n t e r a c t i o n  s t rengths  between neighboring blocks become CY 
(y ... . A t  temperature T the co r re l a t ion  length diverges, 
hence S (T ) = S (T ) = S (T ) = .-.. I n  tu rn  one finds 
(Y /kT 2 (Y:/kT 1 c$/kT 2 - 5 . .  A p l o t  of CY /kT versus n 
dfsplsys  a horgzontal lgne. 
perature T ,  S (T)  2 S1(T) 2 S (T) b - - -  f o r  n < C ( T ) .  

As blocks 8f proogress- 

1' 
2' 5' 

Now, a t  a s l i ghp ly  6igher tem- 

0 f o r  n > 5TT). Hence cro/k4 2 al/kT 2 CY /kT b - - - witgin 
S (T) 

the c o r r e l a t i o n  length. However, s ince T 5 
ao/kT . Thus f o r  n < <(T), i . e . ,  wi thin the 
volums at  temperature T ,  an/kT 4 cy,/kT , and Sn(T) 6 
Sn(T ). A s  it  i s  known from experimenz t h a t  T = T 
and 6(Tp) % 0 . 4 3  i n  the Maier-Saupe theory, we5fin$ S ('!; 4 
0 . 4 3  f o r  n < 5(T). 
volume under our uniform-order approximation. 
r e s u l t  i n  Eq. ( l o ) ,  we obtain i h  the Maier-Saupe theory: 

w T 

Or S w 0 . 4 3  throughout the c o r r e l s t i o n  
Using t h i s  D
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PRET!UNSZTIO?lAL EFFECTS 11 

2 p  - A  4 + kT{ hrc(0*43)!4711 - a(0.43)0.43} 
L (0.43)' 

- - kT 
2pA'(T-T ) ' 5 

where 

2 p A '  = 2pk{ Lnrc(0*43)'4r1 - a(0.43)0.43] 
(0.43 l2 
6 -3 -1 

4.4pk 1.2 x 10 e r g  Cm K 

23 -3 wi th  p taken at t h e  t y p i c a l  value & x 6 x 10. 
ea r l ie r  work3 ind ica t ed  t h a t  the  incorpora t ion  of spat ia l  
short-range c o r r e l a t i o n  i n  an o r i e n t a t i o n a l  mean f i e l d  
theory  r e s u l t s  i n  a temperature dependent A. and a f a c t o r  of 
abour 0.3 f o r  PAA (or 0.25 f o r  MBBA) i n  t h e  denominator of 
Eq.(ll),  o r  o n t h e r i g h t h a n d  s i d e  of Eq. (12). Thus our es- 
t imatecompareswel l  wi th  e.g. the  known va lue  of 3.1 x 10' 
erg  cme3K-l determined for MBBA.' 
quan t i ty  i s  T -T : 

cm . Our 

An equa l ly  i n t e r e s t i n g  

P E  

pF(0.43,T ) F(0.43,T ) 

A' 2.2k = o .  - - T -T = 
P 5  

(13) 

Since t h e  choice of S=0.43 i s  no t  exac t ,  l e t  us look at  
Tp-T 
of tie uncer ta in ty .  We f ind  t h a t  Tp serves  as an upper 
L i m i t  t o  T dev ia t ing  from the  lat ter never by more than  

PAA and (0.8-1.0) C Tor MBBA. 
mental va lues  of 3.3OC and 0.8'C r e spec t ive ly  f o r  T -T 

f o r  S ranging from say 0.42 t o  0.44 t o  ob ta in  a f e e l  

0.2'C. I n  5' Ref. 3 w e  determined T -T a t  (2.6-3.4)'C fo r  

f ind  t h e  agreement t o t a l l y  s a t i s f a c t o r y .  c 5' 

8 C I n  comparison t o  the  exper i -  
w e  

We wish t o  thank Y. R. Lin-Liu f o r  many h e l p f u l  d i s -  
cussions.  
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