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To  unde rs tand  many  k ine t i c  p rocesses  nea r  t he  c r i t i ca l  two -phase  equ i l i b -

r i um po in t ,  p rocesses  tonnec tea  w i t t r  t he  app rec iab fe  con t r i bu t i on  o f  t he  l ong -

wave f luctuat ions and the increase of  the corre l -at lon radius of  the f l -uctua-

l i o " r  a i  -  i l ,  d a t a  a r e  n e e d e d  o n  t h e  v i s c o s i t y  o f  t h e  c r i t i c a l  s y s t e m s '  A s

ye t ,  howeve r , - t he re  i s  s t i 1 l  no  un i - f l ed  po in t  o f  v i ew  conce rn inc  l l ] :  ! : h?T io t .
o f  t h e  v i s c o s l t y  n e a r  t h e  c r i t i c a l  p o i n t .  T h i s  p e r t a i n s  b o t h  t o  t h e o r y  t 4  -  6 l

and exper iment  17 '  l -2 l .

F i S .  t .  V i s c o s i t y  i n  t h e  s i n g l e - p h a s e
reg ion  o f  t he  me thano l - cyc lohexane
so fu t i on  nea r  t he  c r i t i ca l  m ix ing
p o i n t :  o  -  e x P e r i m e n t a l  P o i n t s r . A  -

va lues  ca l cu fa ted  f rom t l ee  equa t i on

n / n ( 4 7 " c ) = A - B t q '

The  p resen t  PaPer  rePor t s  an  i n -

ves t i - ga t i on  o f  t he  t empera tu re  depen -

dence  o f  t he  v i scos i t y  o f  a  me thano l -

cyc lohexane  so lu t i on  by  t he  v ib ra t i ng -
d i sc  me thod  [B ] ,  when  the  cha rac te r i s -
t i c  d imens ions  o f  t he  pe r tu rba t i ons  i n

the sol -ut lon are much larger  in  th is

expe r imen ta l -  me thod  ( f o r  examp le ,  t he

Aep t t r  o f  a t t enua t i on  o f  t he  osc i l l a -

t i t ns  o f  t he  l i qu id  f r om the  su r face  o f

t he  d i sc )  t han  the  rbd ius  o f  co r re la -
t i on  o f  t he  f l - uc tua t i - ons  (un l i ke ,  f o r

e x a m p l e ,  i n  [ 1 3 1 ) .

The  Phase -coex i s tence  cu rve  o f

t h i s  so lu t i on ,  p l -o t t ed  i n  T -C  coo rd i -

n a t e s ,  w a s  i n v e s t i g a t e d  b y . t h e  m e t h o d

o f  t he  van i sh ing  men iscus  i n  o rde r  t o

de te rm ine  the  c r i t i ca l  pa rame te rs ;

t he i r  va fues  tu rned  ou t  t o  be  T
=  ) + j . 3 3 o C  a n d  C  =  7 0 . 8  w t . %  o t  c y c l o -

i r ex ine - t141 .  The  impur i t y  con ten ts  o f

the methanol  and of  the cyc lohexane
d i d  n o t  e x c e e d  0 . 0 1 -  a n d  0 . I % '  r e s p e c *

t i ve l y .  The  so fu t i ons  we re  ca re fu l l y
. . n t cc ted  aca ins t  t he  abso rp t i on  o f
y r v v v v v v e  e o * - - - '

atmospher ic  mo is tu re .
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Fig .  2 .  P lo t  o f  the  mean-squared approx imat i -on  er ro r  o f  the  func t ion
n / n ( 4 7 " C )  =  A  -  B r o ,  d e s c r l b l n g  t h e  v i s c o s l t y  n e a r  t h e  c r i t i c a l  m l x -
ing  po in t  as  a  func t ion  o f  o .

F ig .  3 .  V iscos i ty  near  the  c r i t i ca l  m ix ing  po in t .  The da ta  in  the
two-phase reg ion  were  ob ta lned a f te r  ln tense s t l r r ing  o f  the  so lu -
t lon :  o  -  lmmedia te ly  a f te r  mix ing  the  so lu t ion ,  O -  1  minu te  a f te r
s t i r r lng ,  A  -  5  minu tes  a f te r  s t l r r ing .

s ta j -n less-s tee l  ce l l -  was  prepared. ,  w i - th  two w indows,  th rough wh ich  l t  was  pos-
s ib l -e  to  observe  the  d isc -osc l1 la t ion  ampl i tude on  an  ex terna l -  ha l f -meter
sca le .  The d isc ,  o f  20  mm d lameter  and 1  mm th lckness ,  was  mounted on  a  bery l -
l - ium-bronze suspens ion .  The per lod  o f  the  osc l l la t ions  was approx imate ly  10
sec .  The tempera ture  o f  the  ce1 l  was  maln ta ined cons tan t  aecura te  to  0 .001-oC
in  a  water  thermosta t .  Prov ls ion  was made fo r  v igorous  s t i r r ing  o f  the  so lu -
t ion  in  the  ce l1 .  The so lu t ion  concent ra t ion  was de termined accura te  to  0 ,5 / '
The dens l ty  o f  the  so lu t ion ,  wh ich  hard ly  var led  w l th  tempera ture  1n  the  in -
vest lgated lnterval  ,  was measuru.g-$ E1 tn a pyenometer.

Assuming va l id i ty  o f  the  Nav ie r -S tokes  equat lon  fo r  an  lncompress lb le
l tqu id ,  consCancy  o f  the  pressure ,  anc i  sma1 l  osc l l la t lon  and ln f ln i tes ima l ly
smat t  th ickness  o f  the  d lsc ,  an  express j -on  was ob ta ined fo r  the  damping  decre-
ment  o f  two success ive  d isc  ampl l tudes  t15 l
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(  1 )

g  t he  so lu t l on  den -
o n  w h l c h  E q .  ( 1 )  i s

water  at  d i f ferent
the coordi -nates n

was  ve r l f i ed  by

where  R is  the  d lsc  rad ius ,  To  the  osc i l la t lon  per lod ,  and
s l ty .  s ince  the  exper iment  dev la tes  f ro rn  the  idea l  scheme
der lved ,  the  v lscos i ty  meter  was ca l ib ra ted  us ing  d is t i l l ed
temner r t r r r .e -  The ca l - lb ra t ion  curve  was p lo t ted  in  te rms o f
v v r r r y v r

a n d  ( T o  / p ) Q n e n / o n + l ) ' .  T h e  r e l i a b i l i t y  o f  t h e  i n s t r u m e n t

measur ing  the  pu re  componen ts  o f  t he  i nves t l ga ted  so lu t i on ,  t he  v l scos l t i es

wh ich  a re  known .  The  
-e r ro r  

i n  t he  v l scos l t y  measu remen t  amoun ted  to  0 .57 " .

Figure  I  shows the  exper imentaL tempera ture  dependence o f  the  v iscos i ty
in  the  homogeneous reg ion  o i  t f re  so lu t lons  w i th  c r l t i ca l  concent ra t ion .  The
spread o f  the  c r i t i ca l  tempera ture  o f  the  t rans i t ion  to  the  two-phase s ta te  o f
t lese  so lu t ions ,  p reparea 

-a t  
a f f fe ren t  t i -mes,  d id .  no t  exceed 0 .02oC,  and there-

fo re  the  d .a ta  a re  p rbsented  in  re la t i ve  .eoord ina tes .  Th is  dependence-was ap-
prox lmated by  the  fo l low lng  func t ions :

o f

1 7 q



n / n  r r o ' .  ' 8 l n r  + A ,

n / n a r o r - l - 9 r a ,

4 / n r r o .  ' A - B : l  '

w h e r e  n / n ( 4 7 " C )  i s  t h e  v i s c o s i t y  f a r  f r o m  t h e  c r i t i c a l  p o i n t ,  a t  U T o C ,  a n d
r  =  ( T  -  T  \ / T'  c ' '  c

The exper imenta l -  da ta  f i t  the  func t ion  (4 )  w i th  the  smal les t  rms er ro r .
The coef f i c ien ts  A  and B a t  a  g iven c rwereobta ined by  leas t  squares .  For  Eq.
( 4 )  t h e i r  v a l u e s  a r e  A  =  1 . 1 5 8  a n d  B  =  1 . 5 3 0 .  T h e  d e p e n d e n c e  o f  t h e  a p p r o x i -
mat ion  er ro r  on  o  in  the  case o f  the  func t ion  (4 )  i s  shown in  F lg .  2 .  I t  i s
seen from this f igure that the smal lest approximation error occurs when q
= 0 .43 .  Assumlng th is  va ]ue  o f  o ,  we ar r i ve  a t  the  conc lus ion  tha t  i t  i s  no t
the  v iscos i ty  i t se l - f  wh ich  becomes in f in i te  a t  the  c r i t i ca l  po ln t ,  bu t  i - t s
der iva t ive  w j - th  respec t  to  the  tempera ture ,  in  accord  w i th  the  fo rmula

d n  / d r  -  7 a - r ,  w i t h  a  *  0 , 4  _  0 , 5 .

This  agrees  w i th  the  theore t ica l  paper  [6 ] .

I f  the  so lu t ion  tha t  en ters  the  two-Phase s ta te  1s  v i -gorous ly  s t i r red ,
then the  v iscos i ty  o f  the  resu l tan t  f ine ly -d ispersed sys tem cont lnues  to  in -
c rease w i th  inc reas ing  d is tance f rom the  c r i t i ca l  po in t  ln  the  two-phase
reg ion ,  assuming va lues  exceed. ing  the  c r i t i ca f  va lue  by  two or  th ree  t imes.

As  the  s lze  o f  the  second-phase bubb les  inc reases  w i th  t ime,  the  v iscos i ty
drops  to  va lues  cor respond ing  to  the  homogeneous reg lon .  T l r i s  i s  i l l us t ra ted
hrr ni  o ? whi n\  shows the experimental  v iscosity data cont lnued j-nto the two-
v J  ! r 6 .  J t

p f i ase - reg ion .  I t  i s  a l so  seen  f rom th i s  f i gu re  t ha t  t he  va lues  o f  t he  v i s -

Los i t y  measu red  immed ia te l y  a f t e r  i n tense  s t i r r i ng  o f  t he  two -phase  so lu t i ons
and 1 and 5 minutes la ter  decreases in  t ime wi th i -ncreasing s ize of  the
bubb les .  Th i s  suEses ts  t he  r " . easb i r s  f o r  t he  i - nc rease  o f  t he  v i scos i t y  i n  t he

homogeneous regio i  namely that  the, f l -uctuat ing format ions wi th d imensions on

the  6 rde r  o f  t he  co r re la t i on  rad ius .  can  be  rep resen ted  as  a  ce r ta in  co l - l o l da l -

so lu t i on  whose  v i scos i t y  exceeds  the  v i scos i t y  o f  t he  b ina ry  m ix tu re  o f  t he

same tempera tu re  w i t hou t  f l uc tua t i . ons .  S ince  the  expe r imen ta l l y  measu red  v i s -
cos i t y  g6es  ove r  con t i nuous l y  i n to  t he  two -phase  reg ion  a t  t he  c r i t i ca l  po ln t ,
t h i s  i n r l i n a + . p s  a s  d o e s  t h e  a n a l y s i s  o f  t h e  a p p r o x l m a t i o n  f u n c t i o n s ,  t h a t  t h e

v q v v v  t

v i s c o s i t y  i s  f i n i t e  a t  t h e  c r l t i c a f  p o i n t .  '
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