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Introduction 

The  experimental  investigation of critical  phe- 
nomena  has  become  an  actively  pursued  area of 
research in recent  years  for two  major reasons-a 
renewal of interest  in  the  statistical-mechanical 
theory of these  phenomena  (for  reviews  see,  for 
instance,  references 1-5), and  a  considerable  in- 
crease of experimental  sophistication  coupled with 
a better  understanding of the  experimentally  signi- 
ficant  variables. 

The review will attempt to survey,  briefly, the 
experimental  literature  dealing with light and x-ray 
scattering from one-  and two-component  systems 
near  critical  points,  beginning in 1950 and  conclud- 
ing  in  March 1965. Magnetic  phenomena will n o t  
be considered, but attention  confined to gas-liquid, 
liquid-liquid,  and  solid-solid  critical  points. The 
review will  not be  completely  exhaustive, but 
attempt t o  compare  the most important  results 
critically,  and t o  extract  any  common  observational 
features.  Some  criteria f o r  comparison will be 
discussed below. The  systems  reported on are 
summarized in tables 1-3. 



General  Criteria 

The observations reported in the tabulated pub- 
lications  must he subjected t o  critical  examination 
from two viewpoints:  (1)  Are  the  reported  data 
reliable-i.e.,  were  proper  precautions  taken to 
insure  purity of materials,  precise  temperature 
control,  etc.,  and  were  other  experimental factors 
kept to a minimum or corrected for? These might 
include  interfacial  reflections,  dust,  inconstancy 
of light source, cell geometry,  multiple  scattering, 
refraction corrections,  beam  divergence,  mono- 
chromaticity. etc.,  for  light-scattering  experiments: 
and collimation  errors.  background corrections, 
absorption  corrections,  monochromaticity. etc . for 
x-ray  experiments. (2)  Are the data sufficiently 
extensive  (i.e.. do they  extend  over a sufficient 
range of angles  and  temperatures), do they  confirm 
theoretically  predicted  behavior, and does the col- 
lective body of observations  indicate some trends 
of sufficiently general  nature t o  rule o u t  the pos- 
sibility  that  they  are  experimental  artifacts?  This 
is a particularly  important p o i n t  f o r  critical  phe- 
nomena. which apparently  are subject to a variety 
of experimental effects not usually  ohserveti  under 
noncritical  conditions  (for instance gravitational 
effects). 

Most of the recent theoretical  treatments o f  criti- 
caI opalescence have  been based on an extended. 
and sometimes  reformulated.  Ornstein-Zernike 
( 0 - Z )  Theory. and  on  various  lattice gas calcula- 
tions [3. 4,  SI. Direct experimental  tests of the 
scattering  behavior  predicted by classical 0 - Z  
theory as reformulated b y  Debye  are 

1. The inverse of the relative  scattered  intensity 
should  vary  linearly  with s2, where s = 4 r A - I  sin (0/2), 
A is the wavelength in the  medium, 0 the  scattering 
angle. 
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2. i- l(s)  versus s2 curves  obtained at different 
temperature distances AT(AT= T- T,.) from  the 
critical  temperature  should  be  essentially  parallel. 

3.  The extrapolated zero-angle  intercepts of these 
curves shou ld  vary  linearly with AT and g o  t o  zero 
at Tc 

Further  analysis of the approximations i n  the 
0.-Z.  theory [ 4 )  indicates the possibility that the 
i-l(s)  versus s' plot might  show  downward  curvature 
near T+ T,. for  small  values of s'. and  that the 
i"(0) versus  AT plot might no longer  be  linear. 

Münster and coworkers [43. 441 have recently 
shown  that a more  rigorous result for i". on the 
basis o f  a modernized  version of the 0.-Z.  theory. is 

( 1 )  i-I(s)a 
] Ii1-t ,? 

47Tp.4 ,s 2 

S r p A  

where A+ 0 as T+ T,.. p is an "effective density.” 
A is a  constant. (1) yields  the O.-Z. relation  as an 
asymptotic  approximation for small S. and would 
predict  long-range  curvature in  the i"(s) versus 
5 2  p l o t .  

Debye. in  recent public-ations 1.721. has also 
stressed  the  fact  that  his  original  theory [l  ] is a n  
approximation taking only the  average square of 
the local gradient of density o r  composition fluc- 
tuations into account. and  that inclusion of higher- 
order terms in the series expansion for the inverse 
intensity would introduce curvature i n t o  0.Z. plots 
when carried  over a sufficient range of s'. Never- 
theless. the approximate  Debye theory  is useful i n  
correlating  experimental  observations. and yields 
the characteristic  parameters I and I , .  defined by 

J4xr:'('( I 
= (persistence length)'= ( 2 )  

and 
I' 

( 3 )  

where  the  "range o f  intermoIecuIar 
forces, is predicted t o  be constant f o r  O.-Z. be- 
havior: where this  parameter has been reported, 
its  value is given in tables 1-3. 
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One-Component Systems 

One  observation  which  turns  out to be  generally 
true is that  a  differential of about  10  years  be- 
tween  publications  dealing  with  the  same  system 
is frequently good reason t o  discard the earlier 
work. 

For  argon  and  nitrogen,  several x-ray studies  are 
available in the 1950-1965 period.  For  argon,  the 
1951 paper by Graham  and  Lund [7] is  based on 
much  earlier  data  obtained by Eisenstein  and 
Gingrich [6] which  were taken  to  a  minimum  scat- 
tering  angle of 2" only. A correlation  function is 
obtained by direct  Fourier  inversion of the  extrap- 
olated  scattering  curves  and  used to calculate 

(P> = L* 

yielding  values of 6-8.5 A, which  would indicate 
that  measurements  were not extended  to sufficiently 
small  angles.  In view of this  situation, only the 
recent work  on  argon by Schmidt  and  Thomas [8] 
can  be  used to test  the  0.-Z.  predictions. 

For  the  x-ray  investigations of nitrogen [IO], 
paraffins [14], ether [16], benzene [16], and  neon 
[9] somewhat  similar  remarks  apply.  In  the  Rus- 
sian  paper on ether  and  benzene [16], insufficient 
experimental  information is given: it is difficult to 
credit  the  observation of several x-ray  diffraction 
maxima within 2 deg theta for benzene,  and to accept 
the  authors'  analysis of their  data  as  indicating 
density  fluctuations of certain  discrete  sizes only. 
For  the  other  systems,  the  measurements  were 
not extended  to sufficiently small  angles  or 
nor  were  collimation  corrections  applied.  Inter- 
pretation of these  data was  generally  attempted by 
means of a  Guinier  approximation  (assuming 
spherical  inhomogeneities)  and  invariably  yielded 
very  small  radii (3-14 A) for the  inhomogeneities. 

The  recent  nitrogen work of Schmidt  and  Thomas 
[ll] must  remain  the  major  source of useful  data 
for  this  system.  Schmidt  and  Thomas'  observa- 

tions  on  argon  and  nitrogen  are in general  agree- 
ment with the  classical 0.-Z. theory. The zero- 
angle  inverse  intensity is linear with AT for  both 
vapor  and  liquid  over  several  degrees  near  the 
critical  temperature Tc. A meaningful  I-value 
- 5 near T c  - is obtained in both  cases. No 
deviations from the  Ornstein-Zernike  plot- i- ' (s)  
versus s2  - a re  observed  at  small  angles;  this may 
be  because  the  smallest AT was 0.05 "K and  the 
smallest  scattering  angle  about 2 X 10-3 radians 
(MoKa  radiation  for  argon, CuKa for nitrogen). 

All three of the  light-scattering  measurements 
carbon  dioxide [13], ethane [15j, and  ethylene [12]- 
were  made  at  scattering  angles of 90" only. In  the 
case of carbon  dioxide,  the  critical  temperature 
was  only approached to within 0.2", and  the 
authors  report  generally good agreement  with  Ray- 
leigh's  equation  except  nearest Tc, where  the 
exponent of A is 3.2 instead of 4. The  experiments 
on ethane  and  ethylene which  were  very precise 
as  far as temperature was concerned  (-+0.001 " C )  
but  much  less  precise with respect to pressure 
control (-C 1 psi),  indicated  four  regions:  (1) T T c  

law  holds, (2) a region where  intensity  increased, 
A-dependence  decreased, within about  a  degree 
above T,., ( 3 )  a reversal in intensity with  close 
approach to T,. (ascribed to multiple  scattering  and 
absorption),  (4)  and  a  rapid,  erratic  increase  (as- 
cribed to condensation  droplets)  which  showed 
hysteresis  phenomena on temperature  reversal. 
The  authors  conclude  that  the 0.-Z. theory, which 
predicts  a  change in wavelength dependence  pro- 
portional  to  does  not  apply  at  temperatures 
below the  temperature of maximum  scattering, i.e., 
very near T,.. Nevertheless,  they  calculate  "cluster 
diameters" from the 0.-Z. intensity  expression 
(for  the region where  this  applies) to be of the  order 
of 1000  molecular  diameters  closest to T,.. While 
it is not possible to translate  these  observations 
directly  into  the  language of this  paper,  it  appears 
that  the 0.-Z. theory yields meaningful  param- 
eters-comparable  to  values  for L found  from  the 
Debye  treatment-within  a  1-deg  region of T,., but 
not in the  immediate  neighborhood of the  critical 
point. 

The  general  conclusion for the  one-component 
systems  evaluated is that  the  x-ray  observations 
show good agreement with 0.-Z. theory,  the  light- 
scattering  observations  reasonable  agreement  ex- 
cept very near T,., where  results  are  seriously 
afflicted by multiple-scattering  and  turbidity 
problems. 
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The possibility of gravitational  effects  was  exam- 
ined by Mason and  coworkers [45-491, who report 
definite  effects in one-component  but not in two- 
component  systems.  These  are  probably not seri- 
ous for the  above  cases. 

Fluid Two-Component  Systems 

Because of considerable difficulties in controlling 
pressures  precisely for one-component  systems  near 
the  critical  point,  more  experiments  have  been  done 
with  two-component  systems, which  show  analogous 
behavior  near  the  extrema of the  consolute  curve. 
The  temperature  variable is more  easily  control- 
lable,  but  purification of the  samples  becomes 
harder. 

Most of the work  on two-component  systems  has 
been  done by light-scattering,  and  for  several 
systems  a  series of recent  publications is available. 

The x-ray  observations by Kirsh  and Mokhov  on 
the  carbon  disulfide-methanol  and  phenol-water 
systems  [18, 191 neither  approach T ,  sufficiently 
closely  nor  extend  to sufficiently small  scattering 
angles. It is difficult to understand  the  series of 
five small-angle  maxima  reported  within  a  scatter- 
ing  angle of one  degree  at  temperatures 22.5 and 
28.5 "C from T ,  for  the CS2-MeOH system. 

An extensive  series of binaries  was  investigated 
by Chow Quantie [20] using  light-scattering. 
Results  fell  generally  into two categories - systems 
showing  strong  opalescence,  a  wavelength  exponent 
between 3.2 and  4.3,  and  a  maximum  scattered 

intensity at about - (CSZ-MeOH, 

@NOp-isopentane,  @NH2-cyclohexane);  and  systems 
showing  weak  opalescence,  a  wavelength  exponent 
between 2.2 and 2.5, strong  dissymmetry,  but no 
maxima  (MeOH-cyclohexane,  isobutyric  acid-HrO, 
MeOH-CsH14, Et:,N-H20). It is likely  that  the 
angular  intensity  distributions for the  strongly 
opalescent  systems  are  distorted in the  forward 
direction by multiple  scattering  effects;  this  is 
borne  out by Quantie's  observation  that  even  the 
weakly opalescent  systems  showed  a  forward  drop- 
off (and  corresponding  development of a  maximum) 
as  the  wavelength was shortened.  Similar  obser- 
vations,  and  a  shift of the  intensity  maximum to 
larger  scattering  angles with smaller A are  reported 
for the  aniline-cyclohexane  system.  Attempts to 
account for multiple  scattering  were  made by 
Quantie. 
120 
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Replotting of the  Quantie  data for the  aniline- 
cyclohexane  (strong)  and  isobutyric  acid-water 
.(weak)  systems  shows  the following: for isobutyric. 
acid-water  runs  at 0.02 and 0.07 "C from T c ,  nearly 
parallel 0.-Z. lines  are  obtained,  both  showing a 
slight  downward  curvature  at  small  angles. For 
aniline-cyclohexane  (at 0.04 and 0.10 "C), parallel 
but  curved 0.-Z. lines  result, with upward curvature. 
at  both  smallest  and  largest  angles. The high- 
angle  behavior seems fairly  typical for strongly 
opalescent  systems  and is also  observed for nitro- 
benzene-heptane,  etc. 

It is interesting to compare  these  results to the 
light-scattering  observations of Debye  and co- 
workers [21, 221 for cyclohexane-aniline  and  meth- 
anol-cyclohexane. The  latter  system,  according 
to Quantie,  exhibits weak opalescence  and  similar 
light-scattering  behavior  to  isobutyric  acid-water. 
Slightly  different  concentrations  and  critical t e n -  
peratures  are  reported by the two investigators: 
it is probable  that  the  purity of Debye's  samples is 
better.  In  the  methanol-cyclohexane  case, a 
"normal" 0.-Z. plot is found within 0.68 "C from T,.. 
There  are no obvious  deviations  from  linearity 
except  a  slight  upward  drift  at  small  and  large 
angles. 0.-Z. curves  are  nearly  parallel. These 
measurements  were only extended to a  scattering 
angle of 30", however. The zero  angle  intercepts, 
somewhat  doubtful  because of the  limited  low 
angle  range,  are  linear with AT. For  cyclohexane- 
aniline,  the  Debye  group  reports  nearly  horizontal 
0.-Z. curves  bending  upward  substantially at high 
scattering  angles  and  slightly at small  ones, and 
becoming more erratic  at  larger  Intercepts 
are no longer  linear in AT. The similarity  between 
Debye's  and  Chow  Quantie's  data  close to T,. is 
striking. 

More recent  and very careful light-scattering 
experiments by McIntyre  and  Wims [23] have 
brought  several  new  and  interesting discrepancies 
to light for the  cyclohexane-aniline  system. A 
definite  downward  curvature of the 0.-Z. plots is 
observed  at AT < 0.01 "C and  at  small  Scattering 
angles,  using  sample  cells of thickness down t o  
0.5 mm. For smaller  cells ( -  0.1 mm), new 
phenomena  appear-for  instance,  a  change i n  
separation  temperature by as  much  as 0.5 " C : .  
Whether  this is due  to  surface  or  other  effects is 
not known;  nevertheless it is a  graphic  illustration 
that  attempts to reduce  one difficulty (multiple 
scattering in this  instance) may introduce  a host of 
new ones in the  neighborhood of the  critical point. 

Among  the  remaining fluid binary  systems 
investigated by means of light-scattering  alone  are 
perfluoromethylcyclohexane-carbon tetrachloride 
[Zimm, 171, 2, 6-dimethylpyridine-water  [Pancirov 
and  Brumberger, 291, n-decane+,  P'-dichloroethyl 
ether  and  n-dodecane-8,  P'-dichloroethylether 
[Chu,  24, 401. Of these, two [17 and 241 apparently 
show  "normal" 0.-Z. behavior,  the  latter  to  within 
0.04 "C of T,. The 2, 6-dimethylpyridine-water 
system  can  largely  be  described by the  Ornstein- 
Zernike-Debye  theory,  but  shows  typical  upward 
deviations  from 0.-Z. linearity  at high scattering 
angles  and  the  beginnings of a  downward  deviation 
at  small  angles  and  near T,   (AT=0.02  "C). The 
dodecane-dichloroethyl  ether  system, on  which par- 
ticularly  careful  measurements  were  made by Chu 
very near T,   (AT 0.002 "C), and  at  several  wave- 
lengths,  shows  a  gentle  concave-downward  curva- 
ture of the 0.-Z. lines  over  the  entire  range of s .  
It  is  significant  that  these  results  cover  a  consider- 
able range of s and  that  multiple  scattering  effects 
were  minimized  by  choosing  a  system of small An 
and  superimposing  scattering  curves  for  several 
wavelengths. It  is  not, of course,  unexpected  that 
a large-angle  deviation of the 0.-Z. plot from  line- 
arity  appears,  since  the 0.-Z. correlation  function 
is an  asymptotic  approximation  for  large  and 
should  therefore hold best  at  small s .  

An x-ray  investigation  exclusively  has  been  made 
by Brady  and  coworkers on the  perfluoroheptane- 
i-octane  system [25-281. Here  also,  a  downward 
deviation of 0.-Z. curves  is  found  at  the  smallest 
scattering  angles,  the 0.-Z. curves  typically  showing 
an inverted  S-shape; it must,  however,  be  noted 
that  the  curves  were  obtained no closer  than 0.16 
"C from  the  separation  temperature  at  the  composi- 
tion used,  which was  not the  critical  composition. 
More recent  precision  experiments on this  system 
are reported  to be in progress [50]. 

The  remaining  fluid  binaries to be  discussed 
probably  represent  the  most  important  experimental 
set,  since  composite  light  and  x-ray  scattering  data 
are  available  for  them,  and  they  thus  extend  over  a 
very much  greater  range of s-values.  Included  are 
nitrobenzene-n-heptane  [Pancirov,  Farrar,  and 
Brumberger,  30, 311, perfluorotributylamine- 
'isopentane  [Debye,  Caulfield,  and  Bashaw, 321, 
and polystyrene-cyclohexane  [Debye  et  al.,  McIntyre 
et al., Eskin,  Chu, 33-39]. Experimental  difficulties 
are considerable in trying  to  overlap  the  two  regions. 
.This  must  primarily  be  done by extending  the x-ray 
measurements  to  extremely  small  angles,  which 
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necessitates  particularly  accurate  intensity  meas- 
urements  and  collimation  corrections. 

In  the  case of nitrobenzene-n-heptane, while an 
overlap  has  still not been  achieved,  the  change  in 
slope with AT for  the 0.-Z. curves  based on  x-ray 
intensities  is  several  times  greater  than  for 
light-scattering  curves in the  same  temperature 
interval;  further,  an 1-value nearly  three  times  as 
large is obtained from the  light-scattering  results. 
These  observations  imply  that  there  is  long-range 
curvature in the 0.-Z. plot and  that  zero-angle  x-ray 
intensity  extrapolations  are likely to be most 
unreliable  unless  the  light-scattering  range  is  sub- 
stantially  overlapped. 

The perfluorotributylamine-isopentane measure- 
ments  reported show just  adjacent  curves  which 
are  not,  however,  taken  at  exactly  the  same  tem- 
peratures.  The  x-ray  results  alone  show  a  distinct 
curvature in i - I  versus s2; a  downward  curvature  at 
large s2 and no curvature  at  small s2 are  indicated, 
AT=0.08  "C. Light and x-ray data yield a  con- 
sistent  picture in terms of the  Debye  parameter l. 
Here  also,  the  high-angle  behavior  is not un- 
expected. 

Where  the  use of critical  opalescence  data of 
polymeric  systems  is  concerned,  the  author  feels 
that  some  caution is indicated  because  interpre- 
tation of the  observations  is  rendered highly complex 
by the  considerable  range of molecular  weights in 
even  the  most  carefully  fractionated  polymer 
sample,  and by the  anisotropy of the  molecules 
themselves.  Nevertheless,  Debye  and  coworkers 
have  found  that  the  light-scattering  observations 
agree well  with the  Ornstein-Zernike-Debye  theory. 
McIntyre,  Wims,  and  Green, on the  other  hand, 
report  that  the  extension of measurements  to 
small  angles  reveals  a  severe  drop-off  of 0.-Z. 
curves  near T,; extrapolated i-1 (0) values versus 
AT deviate  upward  from  linearity.  Chu  has 
achieved  a  composite  light-  and  x-ray  scattering 
0.-Z. curve  which  apparently  shows no small- 
angle  deviations  but  does  drop below the 0.-Z. 
line  at  large s .  Here,  again,  each  curve  is  a  com- 
posite of data  taken  over  a  range of temperatures 
as large  as 0.32 "C. All of the  polystyrene  observa- 
tions  are  strongly  dependent on the  average  molec- 
ular  weight of the  dissolved  fraction. 

Solid Systems 

Phenomena  analogous  to  those  observed in fluid 
systems  appear in the  neighborhood of certain 
phase-transitions in the solid state. 
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The  aluminum-zinc  system  exhibits  greatly 
enhanced  small-angle  x-ray  scattering  at  tempera- 
tures  above  the  separation  temperature of the 
solid solution  phase, 351.520.4 "C. A careful 
study by Münster  et  al. [42, 43, 441, indicates  that 
a  treatment of the  data is feasible by means of an 
extension of the  Ornstein-Zernike  theory  to  eq (1). 
Here,  again,  curvature in the i" ( s )  versus s4 plot 
is  observed. 

The available  light-scattering  evidence  for  the 
a-p transition of quartz [41] is  limited  to  measure- 

ments  at - and  was  found  to  obey  the X-4 law. 

Partial  depolarization  (about 6%) of the  scattered 
light  is  reported.  The  presence of an  opalescent 
strip of finite width  between  the two phases  is  taken 
as evidence  that  the  transition  is not first-order. 

7T 
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General Conclusions 

It is clear  that  a  search  for  deviations  from  the 
predictions of the  classical  Ornstein-Zernike-Debye 
theory  must for the  moment  center on observations 
dealing with binary  systems.  There is no clear 
deviation  apparent in any of the  one-component 
studies so far  undertaken.  This is unfortunate, 
since  our  theoretical  understanding is greater for 
the  simpler  systems.  Conversely, it is not unex- 
pected  that  deviations  from  classical  behavior  occur 
in systems of greater  complexity,  where  the  scat- 
tering involves not just  the  intermolecular  poten- 
tial E ( r ) ,  but € 1 1 ,  €22. and cl2 [I]. 

For  binary  systems  investigated by one  tech- 
nique  only,  the  results on the whole are  inconclu- 
sive.  Nearly all the  light-scattering  observations 
have  certain  features in common:  reasonably good 
fit to  the 0.-Z. curves is found,  but  deviations  appear 
at largest  and  smallest  scattering  angles.  Those 
at large  angles  are  usually  upward,  the  others  are 
sometimes  downward for temperatures  quite  near 
T c ,  but  do not appear  regularly;  this may be  a  func- 
tion of the  minimum  scattering  angle  accessible 
in  each  experiment.  Extrapolated  zero-angle  inter- 
cepts  are  proportional to AT for some  systems  but 
not for  others  and in any  case  rather  suspect  since 
few  small-angle  light-scattering  data  exist.  The 
observed  anomalies  unfortunately  often  occur  at 
the limits of experimental  accessibility,  and  un- 
doubtedly  are at least  to  some  extent  rendered 
uncertain by multiple  scattering  effects.  Perhaps 
the  best  light-scattering  results  are  those  for  the 
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n-dodecany-p,p'dichloroethyl ether  system, for 
which  long-range 0.-Z. curvature is reported  for 
AT = 0.002 "C [40] and  where  multiple  Scattering 
is  apparently  negligible,  and  those for cyclohexane- - 
aniline [23] indicating  downward  small-angle  curva- 
ture of the 0.-Z. plots  for AT < 0.01 "C. 

Small-angle x-ray measurements  alone  are  less 
conclusive;  the  small-angle drop-off reported  for 
isooctane-perfluoroheptane is in the  range  where 
collimation  corrections  become  very  significant. r 

In any case only one  or two experimental  points 
are  shown lying below the 0.-Z. curves.  Zero-angle 
extrapolations  are  almost  certainly  misleading  here. 

Additional  evidence  that  the  theoretical  predic- 
tions of the 0 . -Z .  theory  are  inadequate  comes 
from  the  combined  light-scattering  and  x-ray  scat- 
tering  data of references 30-39.  All of these  report 
curvature  over  a  large  range of s ,  but  the  observa- 
tions  are not  sufficient to permit  general  conclusions 
to  be  drawn. 

The  total weight of evidence  indicates  that  there 
are  real  deviations  from  the  Ornstein-Zernike pic.- 
ture,  and  that  these  are in the  direction  suggested 
by newer  theories.  What  is  uncertain  is  the  pre- 
cise  nature of the  deviations.  This  suggests  quite 
clearly  what  needs to be  done: 

1. Future  experiments  should  be  a  composite o f  
light-  and  x-ray  scattering to cover  the maximum 
possible  range in s .  To  this  end,  small-angle  light- 
scattering  studies  should  be  included,  and  a  range 
of wavelengths  should  be  used. With the  avail- 
ability of laser  sources,  much  greater  control over 
the  monochromaticity of the radiation  and  the  scat- 
tering  geometry  can  be  exercised. 

2. The  critical point must  be  approached more 
closely (AT - 0.001") though  this may introduce new 
difficulties which are not now apparent. 

3. A serious  attempt  (theoretical  and  experi- 
mental)  needs  to be made to account for multiple 
scattering,  since  this  problem will be  aggravated as 
the  critical point is approached more  closely. 

4. It is likely that,  at  least for some  time,  the most 
precise  experiments will be  done with  binary  sys- 
tems. It would be of great  value to concentrate 
on relatively  few of these  which  display  deviations 
and  also  are good experimental  systems,  and t o  
test  them with a  much  greater  variety of experi- 
mental  approaches - scattering,  transport  proper- 
ties, etc. It is quite  apparent  that many of the 
phenomena occurring near  critical  points  are poorly 
understood  and  others  still  unknown.  In  spite of  
the  concentration on binary  systems.  precision 

experiments on one-component  systems of spheri- 1211 Debye, P., Chu, B., and Kaufmann, H., J. Chem. Phys. 36, 
ral  molecules  are still desirable. It is t o  be  ex- 1221 Chu, 3378 B., I 1962). J ,  Phys. Chem. 67,  1969(1963), 
pected,  however.  that  deviations  from  classical P31 McIntyre, D., Wims, A. ,  private communication 

behavior will be harder t o  find,  and will occur in 1251 Brady, G. W,,  and Petz, J. I., i b id ,  34, 332 (1961), 
regions  where  the  experimental difficulties are [261 Brady, G. W., and Frisch, H. L.. ibid. 35, 2234 (1961). 
very great. 1281 Brady, G. W., ibid. 40,2747  (1964). 

(271 Frisch, H. L. and Brady, G. W.,  ibid. 37,  1514  (1962). 

(291 Pancirov, R., and Brumberger, H. J.  Am. Chem. So. 86, 
3562 I 1  064). 

1301 Brumberger, H . ,  and Farrar, W. C. Proc.  Interdisciplinary 
Conf. Electromag. Scatt. p. 403 (Pergamon Press, New 

124.1 Chu. B., J .  Chem. Phys. 41 ,226  (1964). 
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Experiments on the Critical  Opalescence of Binary 
Liquid  Mixtures:  Elastic  Scattering * 

B. Chu 

University of Kansas,  Lawrence,  Kans. 

The  purpose of this  paper is two-fold. Firstly, 
it tries to provide  a  careful  review of many of the 
pertinent  experimental  studies  an  the  elastic 
scattering of visible light as well as on the  small- 
angle  x-ray  scattering of critical  binary  liquid mix- 
tures.  It  is  hoped  that  the  review portion of the 
article,  although in the main argumentative in 

*Elastic scattering here refers to the unresolved scattered intensity in the absence 
of a spectrometer or an interferometer This differs from inelastic scattering where 
the frequency spectrum of the scattered light has been resolved into central, Brillouin, 
and Raman components by means of optical beat frequency technique, interferometry 
and spectrometry 

character, will clear  up  some of the  confusion 
which  many readers  inevitably  get in trying  to  in- 
terpret  scattering  data on critical  opalescence 
without investigating  the  experimental  details. 
Secondly,  preliminary work on visible light scatter- 
ing of a  binary fluid mixture,  n-dodecane-p,p' 
dichloroethyl  ether,  at  small  values of s/X (s  = 2  
sin 012, X =  wavelength in the  medium)  and very 
close to its  critical mixing  point does  demonstrate 
a  breakdown of the  Ornstein-Zernike [I] and  the 
Debye [2] theories.  Further  theoretical work 
becomes  necessary. 
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