
From  the correlation  functions C(r) and T(r) one 
derive  the  critical  scattering  intensities  through 
formulas 

,p I(k) = ak)lo(k) 
e 

'+ I$k) is  the  form  factor  for  scattering  from 
+ noninteracting  system  and  where 
.Li' 

cj  

J#)= 1 + p  C vOeik ,rC(r)  = 1 + x e i k . r r ( r ) .  
r Z O  r f O  

me fluctuation  relation  may  then  be  written 

i '  K T / K ' : . = i ( O ) = X T I X : !  
;> 

&ere  the  superscript  zero  refers  to  an  ideal  nom 
interacting  .system. 
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Discussion 
R.  L. Scott: Dr. Rowlinson  made  some  reference to our work  on 
mixtures of CF, with methane.  Recently Croll and I published 
-me rather old  work  on  mixtures of CF4 with ethane [l]. I did 
not actually  consider  the  work good enough to apply  this kind 
of consideration,  but  at  the  request of Dr. Widom, 1 looked  at 
the results again. The  data give the  total  pressure of  CF4 with 
ethane  at  about 150.6 "K, which is about 0.5" above  the  critical 
solution temperature.  The  curves  are, in fact,  nearly Hat.  If 
one ignores  the  fact  that  the only relevant  data  are  considerably 
removed  from the  critical  composition  (just  the point that Dr. 
Rowlinson made  and  that really vitiates  the whole result),  then 
the results  are  consistent with an  exponent 6=4 ,  but it  would 
not be  very difficult  to make  the  data  consistent with 6=5.  

C. J .  Pings: The  one  enigma in the  data  showed by Dr. Rowlinson 
for B was  in  the  results  obtained by Edwards  and  Woodbury  for 
He4. I believe those  were  deduced from refractive  index 

rentz-Lorenz  function for argon and  methane which  suggest a 
measurements.  We have some unpublished data on the Lo- 

possible anomaly in the  Lorentz-Lorenz  function in the  critical 
region [2]. Until this is resolved, we must  be  dubious  about  any 
conclusions of this  type  deduced from refractive  index 
measurements. 

.I. S. Rowlinson: I mentioned  the  results of Edwards  and  Wood- 
bury only  in passing. I did not use  them in any way in the  anal- & They  are  clearly  out of line with the  results on gases  at 

or not, I do not  know. 
temperatures.  Whether  this  is  a  particular  quantum  effect 

S .  Y .  Larsen: I would  like  to  make  a  remark  concerning  the  com- 
ment of Dr. Pings. Dr. Mountain Dr.  Zwanzig, and I have  made 
a theoretical  studv of the behavior of the  index of refraction [3]. 
We find no anomaly in the  behavior of the  real  part of the  index 
of refraction in the  supercritical region  when the  critical point 
is approached. 

0. K .  Rice: I may  mention  that  some  years  ago  Rowden  and 1 
made  vapor  pressure  measurements on the  cyclohexane-aniline 
system [4]. We  approached  the  critical point to within 0.1 or 
0.2 "C and it  looked like y =  1. 

J .  S. Rowlinson: Did it? 

0. K .  Rice: We  could not say  definitely  whether y was  either 
greater or smaller  then 1, but it did look  very much  like y =  1, as 
far  as we could  tell from the  measurements. 

J .  S. Rowlinson: I am  sorry  that I omitted your results  in my 
review. I did not  try  to deduce  a  value  for y from your results 
on the  cyclohexane-aniline  system. 

M .  E.  Fisher: I would just  like  to  emphasize  one  point,  which 
Dr.  Rowlinson  made very  well. There is an  inconsistency with 
the  rigorous  inequalities if one  takes  the  values of the  exponents 
at  their  face value.  Although one  cannot  be too sure  that  any 
of them  are  as good as they  seem to be,  the  fact is that  for 6 to 
be  consistent with the  relationship  (Gl)  a  rather big change in its 
value  is  needed. It means  that 6 should  be  near 5 rather  than 
4.2, is not that  right? 

J .  S .  Rowlinson: It depends on what  lower limit one  puts on 
a;. If one allows a; = 0.06, one  can  get  away with p=O.36 and 
6 = 4.4. 

M .  E .  Fisher: That is correct.  However,  since YOU multiply 
6 with 1/3 in relation  (GI).  the  effect of a  change in 6 in order 
to  satisfy  the  relation  gets  damped  down.  If you take  the  central 
values of f l  and 6. there really is quite a big discrepancy 

J .  S.  Rowlinson: I  agree  that  the  central  values  lead to a dis- 
crepancy.  and if you prefer 6=5. 1 cannot  say no. 

E .  Helfand: In  a  mixture  there  are  many new thermodynamic 
variables  because  one  has  one  extra  variable  and  consequently 
many  more  derivatives.  One of the  interesting  derivatives 

functions.  that is density  correlation  function.  whereas  the 
may  be a p / a p .  This  property  depends on the liquid correlation 

second  derivative of the  free  energy with respect to the concen- 
tration  depends on the  concentration correlation function  One 

range  and  the  same analytic behavior.  Thus  perhaps d p / a p  
might well expect  these correlation  functions to  have  the  same 

would reflect the  same y behavior. 

J .  S. Rowlinson: It would be very  difficult t o  measure  the 
a/&p in a  dense fluid  with the  precision  that is needed to  get 
these  indices 

I?'. I?'. Webb presented  measurements of the reflectivity of the 
interfare  between two phases in equilibrium  just below the 
critical  consolute temperature [SI. These  measurements  indi- 
cate  that  the  effective  equilibrium  thickness of the  transition 
region increases roughly as (T,. - -1'.7 as  the  critical  temperature 
is approached, reaching - 1.000 7 at (T,.-T)/T,. = IO-:'. 

S. Y .  Larsen: Dr. J. M. H. Levelt-Sengers  and I have looked at 
the  disagreement  between  the  optical  data  and  the  isotherms 
derived from PVT measurements 161. This  disagreement  was 

optical  work given at  the 1962 Symposium of the A.S.M.E. on 
first noticed by Dr. Schmidt  and  noted in the account of his 
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Thermophysical  Properties  and  also  has  been  taken  up by Ulybin 
and  Malyshenko in a  recent  paper  delivered  at  the  Third  Sym- 
posium  on  Thermophysical  Properties 171. 

Our conclusion I S  that  the  optical work  may be in agreement 
with the PVT data.  The  disagreement  lies  between  the  optical 
results  and  the  analytical  forms  for  the  isotherms which have 
been  fitted  to  the PVT data.  These  include  both  the  Taylor 
type expansions  and  the fit of Widom  and  Rice.  We  believe 
that  one of the main  reasons  for  the  disagreement  is  that  these 

region. We find that  the conventional  way of effecting PVT 
expressions  are  really fitted to data  somewhat  outside  the  critical 

determining  the  pressure  versus  density  relationship  very close 
measurements provides  an  exceedingly  insensitive  method of 

to  the  critical point and  that  optical  methods  are  certainly  to  he 
preferred.  Accordingly. we believe  that  the  isotherms  are very 
much  flatter  near  the  critical  point.  and  the  compressibilities 
very much  larger,  than  has  been  inferred  from PVT data. 

G .  B.  Benedek: I wonder if those  remarks  could  be  translated 
into  the following terms:  What  do you think  is  the  proper  value 
of 6, and  what  do you think is the  proper  value of y? 

S. Y.  Larsen: At the  present  time  we  have  not  attempted  to  reeval- 
uate  the old data.  The  result  that  we  have  does  not  imply  that 
the 6 of Widom  and  Rice,  for  example,  is  not  the  correct  one 

1 
because  one  could  still  change  the  leading  coefficient. 1 think v 
that  one would like  to  start  with  the  beautiful  new  data of Dr. , 
Schmidt  and  try  again to look at  these  questions. 
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