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i .

ABSTRACT
* * * * * * * *

H y d r o t r o p i c  s o l u t i o n s  a r e  a q u e o u s  s a l t  s o l u t i o n s  

w h ic h  e f f e c t  i n c r e a s e d  s o l u b i l i t y  o f  s u b s t a n e e s  i n s o l u b l e  o r  

s l i g h t l y  s o l u b l e  i n  w a t e r  a t  t h e  same t e m p e r a t u r e .  I t  i s  a  

" s a l t i n g - i n ” e f f e c t  a s  com pared  w i t h  t h e  m ore commonly Known 

" s a l t i n g - o u t ” e f f e c t .  R e l a t i v e l y  c o n c e n t r a t e d  s a l t  s o l u t i o n s  

a r e  r e q u i r e d  t o  e f f e c t  a  m arked  c h an g e  i n  s o l u b i l i t y  o f  t h e  

t h i r d  co m pon en t.  I n  g e n e r a l ,  t h e  t h i r d  com ponent i s  r e p r e ­

c i p i t a t e d  by  d i l u t i n g  w i t h  two t o  t h r e e  v o lum es  o f  w a t e r .  The 

s o l v e n t  may t h e n  b e  made r e a d y  f o r  r e - u s e  b y  r e c o n c e n t r a t i o n  

b y  e v a p o r a t i o n .

C om m ercia l a p p l i c a t i o n s  f o r  t h e s e  s o l v e n t s  a r e  fo u n d  

i n  e x t r a c t i o n  p r o c e s s e s ,  e l e c t r o c h e m i c a l  r e a c t i o n s ,  o r g a n i c  Re­

a c t i o n s  and a s  c r y s t a l l i z a t i o n  m e d ia .  They h a v e  a d v a n ta g e s  o v e r  

o r g a n i c  s o l v e n t s  i n  t h a t  t h e y  a r e  n o n - v o l a t i l e ,  n o n - f la m m a b le ,  

good c o n d u c to r s  o f  e l e c t r i c i t y ,  may b e  u s e d  a t  any  pH, and  

o t h e r s .

T h e re  h a v e  b e e n  many i n v e s t i g a t i o n s  a s  t o  t h e  t y p e s  

o f  s a l t s  t h a t  a c t  a s  h y d r o t r o p e s  and t h e  t y p e s  o f  s u b s t a n c e s  

d i s s o l v e d .  S o l u b i l i t y  d a t a  f o r  s e v e r a l  s y s te m s  h a s  b e e n  pub­

l i s h e d ,  b u t  no c o m p le te  p h a s e  e q u i l i b r i a  d a t a  h a s  b e e n  d e t e r ­

m in e d .

The p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  was t o  d e te r m in e  

p h a s e  e q u i l i b r i a  d a t a  a t  3 0 ° ,  4 0 ° ,  and  60°C . f o r  t h e  s y s te m , 

w a t e r ,  sod ium  o - x y l e n e s u l f o n a t e ,  and  b e n z o i c  a c i d .  The c h o ic e

o f  sod ium  x y l e n e  s u l f o n a t e  was b a s e d  on  t h e  f a c t  t h a t  i t  was
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l i s t e d  i n  t h e  l i t e r a t u r e  a s  b e in g  v e r y  e f f e c t i v e  a s  w e l l  a s  

e c o n o m ic a l .  The o r t h o  i s o m e r  was a r b i t r a r i l y  c h o s e n .  B e n z o ic  

a c i d  was s e l e c t e d  a s  t h e  n o n - e l e c t r o l y t e  b e c a u s e  i t  i s  e a s i l y  

a n a l y s e d  f o r  i n  t h e  p r e s e n c e  o f  n e u t r a l  s a l t s  b y  t i t r a t i o n  

w i t h  s t a n d a r d  sodium  h y d r o x id e  s o l u t i o n .  S o l u b i l i t y  d a t a  a t  

4 0 ° C. was a l s o  d e te r m in e d  f o r  s y s te m s  i n  w h ich  sodium  o - x y l e n e -  

s u l f o n a t e  was r e p l a c e d  b y  sodium  b e n z e n e s u l f o n a t e ,  sodium  m- 

b e n z e n e d i s u l f o n a t e ,  aodium  p - t o l u e n e s u l f o n a t e ,  sodium  m -x y le n e -  

s u l f o n a t e ,  sod ium  p - c y m e n e s u l f o n a te ,  sodium  p -b ro m o b e n z e n e su l ­

f o n a t e ,  and sodium  c in n a m a te .

E x p e r im e n ta l  r e s u l t s  a r e  shown b o t h  i n  t a b u l a r  form  

a n d  g r a p h i c a l l y .  A f t e r  a n a l y s i n g  t h e  d a t a ,  i t  was c o n c lu d e d  

t h a t  t h e  s o l u b i l i t y  o f  b e n z o ic  a c i d  i n  t h e s e  s o l v e n t s  i s  due 

t o  a  " s a l t  e f f e c t "  r a t h e r  t h a n  t o  a  s o l u b i l i z i n g  e f f e c t  due t o  

s i m i l a r i t y  i n  s t r u c t u r e .
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1 .

I  INTRODUCTION

H y d r o t r o p i c  s o l u t i o n s  a r e  aq ueous  s a l t  s o l u t i o n s  

c a p a b le  o f  d i s s o l v i n g  s u b s t a n c e s  n o rm a l ly  e i t h e r  i n s o l u b l e  

o r  s l i g h t l y  s o l u b l e  i n  -w ater a t  t h e  same t e m p e r a t u r e .  The 

h y d r o t r o p i c  s u b s t a n c e ,  a s  w e l l  a s  t h e  s u b s ta n c e  d i s s o l v e d ,  

may b e  e i t h e r  a n  o r g a n i c  o r  a n  i n o r g a n i c  compound. F u r t h e r ,  

a n  o r g a n i c  s a l t  may a c t  h y d r o t r o p i c a l l y  to w a rd  a n  i n o r g a n i c  

compound -  e . g . ,  c a lc iu m  s u l f a t e  s c a l e  d i s s o l v e s  i n  sodium 

b e n z o a te  s o l u t i o n  -  and an  i n o r g a n i c  s a l t  may a c t  h y d ro ­

t r o p i c a l l y  to w a rd  a n  o r g a n i c  compound -  e . g . ,  a n i l i n e  I s  

s o l u b l e  i n  l i t h i u m  c h l o r i d e  s o l u t i o n .  I n  g e n e r a l ,  t h e  

o r g a n i c  compounds w h ich  a c t  a s  h y d r o t r o p i c  s u b s ta n c e s  a r e  

s a l t s  o f  t h e  h i g h e r  m o le c u l a r  w e ig h t  o r g a n ic  a c i d s ,  su c h  a s  

b e n z o ic  a c i d ,  a r y l  s u l f o n i c  a c i d s ,  lo n g  c h a i n  f a t t y  a c i d s ,  

e t c .  Neuberg (23 )  h a s  p r e s e n t e d  e x t e n s i v e  l i s t s  o f  b o th  

h y d r o t r o p i c  s u b s t a n c e s  and s u b s t a n c e s  w h ic h  w ere  d i s s o l v e d .  

I t  i s  t h e  u s u a l  c a s e  t h a t  a  r e l a t i v e l y  c o n c e n t r a t e d  s a l t  

s o l u t i o n  i s  r e q u i r e d  t o  e f f e c t  a  m arked change  i n  s o l u b i l i t y  

o f  t h e  s u b s t a n c e  t o  b e  d i s s o l v e d .  C r e s o l  i s  p r a c t i c a l l y  

i n s o l u b l e  i n  w a t e r ,  b u t  i s  c o m p le te ly  m i s c i b l e  w i t h  a  40 

p e r c e n t  aq u eo u s  sodium  x y l e n e s u l f o n a t e  s o l u t i o n  a t  25°C ( 2 ) .  

The d i s s o l v e d  s u b s t a n c e s  a r e  u s u a l l y  r e p r e c i p i t a t e d  on 

d i l u t i o n  w i t h  w a t e r .

T h e o r i e s  o f  H y d ro t ro n y

H y d r o t r o p ic  s o l u t i o n  i s  o f t e n  d e s c r i b e d  a s  a
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“s a l t i n g - i n 11 e f f e c t  a s  o pp osed  t o  t h e  more commonly known 

" s a l t i n g - o u t "  e f f e c t ,  and s e v e r a l  t h e o r i e s  a r e  b a s e d  upon 

t h i s  l i n e  o f  r e a s o n i n g .  A s tu d y  o f  t h e s e  two e f f e c t s  to g e th e r ,  

c a l l e d  s im p ly  t h e  " s a l t  e f f e c t , "  has  b e en  re v ie w e d  by G ross ( 6 ) .  

He p o i n t s  o u t  t h a t  t h e  i n d i v i d u a l  i o n i c  e f f e c t s  a r e  a d d i t i v e .

To e x p l a i n  t h i s  a  t h e o r y  o f  t h e  c a n t a g o n i s t i c  a c t i o n  o f  t h e  

c a t i o n  and a n io n  i s  p r o p o s e d ,  and  r e a s o n s  a r e  a d v a n c e d  t h a t  

make i t  seem p r o b a b l e  t h a t  t h e  c a t i o n  i s  r e s p o n s i b l e  f o r  t h e  

s a l t i n g  o u t  p o r t i o n  and  t h e  a n io n  f o r  t h e  s a l t i n g  i n  p o r t i o n  

o f  t h e  e f f e c t .  A c c o rd in g  a s  one o r  t h e  o t h e r  p r e d o m in a te s ,  

i n  t h e  c a s e  o f  a  g iv e n  e l e c t r o l y t e ,  a  n e t  o b s e r v e d  s a l t i n g  o u t  

o r  s a l t i n g  i n  o f  a  g iv e n  n o n - e l e c t r o l y t e  w i l l  r e s u l t .

The s a l t i n g  o u t  e f f e c t  o f  c a t i o n s  d e c r e a s e s  w i t h  

i n c r e a s e d  s i z e  i n  t h e  c a s e  o f  a l k a l i n e  e a r t h  m e ta l  c a t i o n s .

The o r d e r  o f  s a l t i n g  i n  o f  a n io n s  i n c r e a s e s  w i t h  s i z e  i n  th e  

c a s e  o f  h a l i d e s ;  c o n v e r s e l y  t h e  s a l t i n g  o u t  e f f e c t  d e c r e a s e s .  

L in d e r s t r o m - L a n g  (1 2 )  fo u n d  t h a t  sodium  and l i t h i u m  c h l o r i d e s  

s a l t e d  o u t  b o r i c  a c i d ,  w h i l e  p o ta s s iu m ,  irubid ium  and  cesium  

c h l o r i d e s  s a l t e d  i t  i n .

G ross  a l s o  s t a t e s  t h a t  s u b s t a n c e s  w h ic h  a r e  most 

p o l a r  a r e  l e a s t  s a l t e d  o u t  from  an e l e c t r o l y t e  s o l u t i o n  o f  

f i x e d  io n  p o p u l a t i o n  and k i n d .

Debye C3) a l s o  t r e a t s  s a l t i n g - i n  and  s a l t i n g - o u t  

a s  o p p o s in g  e f f e c t s .  The f i e l d  a ro u n d  t h e  io n s  o f  t h e  h y d ro ­

t r o p i c  s a l t  may c a u s e  t h e  a g g r e g a t i o n  o f  e i t h e r  w a t e r  m olecules 

o r  m o le c u le s  o f  th e  n o n - e l e c t r o l y t e s  d e p e n d in g  upon w h ich  has
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t h e  g r e a t e r  p o l a r i t y .  The c r i t e r i o n  o f  p o l a r i t y  i s  t h e  

d i e l e c t r i c  c o n s t a n t  o f  s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  t h e  

n o n - e l e c t r o l y t e  r e l a t i v e  t o  w a t e r  a t  t h e  same t e m p e r a t u r e .  I f  

t h e  s a t u r a t e d  s o l u t i o n  h a s  a  d i e l e c t r i c  c o n s t a n t  l e s s  t h a n  

w a t e r ,  w a t e r  m o le c u le s  a g g r e g a t e  a ro u n d  t h e  i o n s .  T h i s  r e s u l t s  

i n  a  r e d u c t i o n  i n  s o l u b i l i t y  o f  t h e  n o n - e l e c t r o l y t e  ( s a l t i n g  

o u t )  d ue  t o  a n  i n c r e a s e  i n  no n - e l e c t r o l y t e - w a t e r  r a t i o  i n  

r e g i o n s  o f  s o l u t i o n .  I f  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  

s a t u r a t e d  s o l u t i o n  i s  g r e a t e r  t h a n  t h a t  o f  w a t e r ,  m o le c u le s  

o f  n o n - e | i c t r o L y t e  a g g r e g a t e  a ro u n d  t h e  i o n s .  T h is  r e d u c e s  

t h e  n o n - e l e c t r o l y t e - w a t e r  r a t i o  i n  t h e  r e g i o n s  o f  s o l u t i o n ,  

t h u s  i n c r e a s i n g  t h e  s o l u b i l i t y  o f  t h e  n o n - e l e c t r o l y t e  ( s a l t i n g  

i n ) . T h is  t h e o r y  seems t o  make h y d r o t r o p i c  s o l u t i o n  d e p e n d e n t  

o n l y  u p o n  t h e  n a t u r e  o f  t h e  n o n - e l e c t r o l y t e  and i n d e p e n d e n t  o f  

t h e  " h y d r o t r o p i c "  s a l t .

Some a u t h o r s  a t t r i b u t e  J a y d ro t ro p ic  s o l u t i o n  t o  t h e  

f o r m a t i o n  o f  a compound s o l u b l e  i n  w a t e r  b e tw e e n  t h e  h y d ro ­

t r o p i c  s a l t  and  t h e  s u b s t a n c e  t o  b e  d i s s o l v e d .  An ex am ple  o f  

t h i s  i s  t h e  i n c r e a s e d  s o l u b i l i t y  o f  i o d i n e  i n  a  p o t a s s iu m  

i o d i d e  s o l u t i o n  due  t o  t h e  f o r m a t i o n  o f  t h e  compound, K Ig .

O th e r  a u t h o r s  r u l e  o u t  compound f o r m a t i o n  a s  a  c a s e  o f  h y d r o ­

t r o p i c  s o l u t i o n .  T h is  seem s t o  b e  q u i t e  l o g i c a l ,  s i n c e  b e n z o i c  

a c i d  a n d  many o t h e r  I n s o l u b l e  a c i d s  a r e  r e a d i l y  " d i s s o l v e d "  i n  

sod ium  h y d r o x id e  s o l u t i o n  due  t o  t h e  f o r m a t i o n  o f  t h e i r  s o l u b l e  

sod ium  s a l t s .  T h e se  n e u t r a l i z a t i o n  r e a c t i o n s  a r e  n o t  c o n s i d e r e d  

t o  b e  c a s e s  o f  h y d r o t r o p i c  s o l u t i o n .  H en ce , compound f o r m a t i o n
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may b e  r u l e d  o u t  a s  an e x p l a n a t i o n  o f  h y d r o t r o p y  by  d e f i n i t i o n .

B a n c r o f t  (1 )  p r e s e n t s  a s  an e x p l a n a t i o n  o f  h y d ro ­

t r o p y  t h a t  t h e  s o l u t i o n  o f  h y d r o t r o p i c  s a l t  i n  w a te r  a c t s  as  

a  m ix ed  l i q u i d  s o l v e n t ,  t h e  d i s s o l v e d  h y d r o t r o p i c  s u b s t a n c e ,  

w h e th e r  i t  be  s o l i d ,  l i q u i d ,  o r  g a s ,  a c t i n g  a s  a  se c o n d  l i q u i d .  

T h is  t y p e  o f  m ixed  s o l v e n t  w ould  be  c o m p a rab le  t o  a l c o h o l -  

w a t e r  m ix tu r e s  w h ic h  a r e  a l s o  u s e d  a s  s o l v e n t s ,  i n  w h ic h  

s o l u b i l i t y  i s  due to  t h e  s i m i l a r i t y  i n  s t r u c t u r e  o r  p o l a r i t y  

o f  a l c o h o l  and  t h e  t h i r d  com ponent.

K uthy (9) s u g g e s t s  t h a t  t h e  a c t i o n  o f  h y d r o t r o p i c  

s u b s t a n c e s  r e s e m b le s  t h a t  o f  e m u l s i f y i n g  a g e n t s  i n  t h a t  th e  

h y d r o t r o p i c  s u b s t a n c e s  a c t  by p r e s e n t i n g  new p h y s i c a l  con­

d i t i o n s  r a t h e r  th a n  new c h e m ic a l  c o m p lex e s .  The d i f f e r e n c e  

i n  b e h a v i o r  o f  h y d r o t r o p i c  s u b s t a n c e s  to w a rd  d i f f e r e n t  chemi­

c a l  s u b s t a n c e s ,  • v a r y i n g  from  s o l u t i o n  and  e m u l s i f i c a t i o n  t o  

s a l t i n g  o u t ,  a r e  a s c r i b e d  t o  d i f f e r e n c e s  i n  s u r f a c e  a c t i v i t y  

o f  t h e  h y d r o t r o p i c  s u b s t a n c e s .  The v a l u e  o f  s u r f a c e  a c t i v i t y  

i s  a  f u n c t i o n  o f  t h e  p o l a r i t y  d i f f e r e n c e  b e tw een  t h e  two 

p h a s e s  a n d ,  h e n c e ,  u l t i m a t e l y  o f  t h e  c h e m ic a l  s t r u c t u r e .

K ru y t  and  R ob inso n  (8) e x p la in e d  t h e  i n c r e a s e d  

s o l u b i l i t y  a s  due  t o  t h e  p o l a r  p r o p e r t i e s  o f  th e  h y d r o t r o p i c  

s o l u t i o n .  L in d a u  (11 ) e x p la in e d  h y d r o t r o p i c  s o l u t i o n  on a 

p h a s e  r u l e  b a s i s  by  c o n s i d e r i n g  th e  s a l t  e q u i v a l e n t  to  a  t h i r d  

m i s c i b l e  l i q u i d .

T here  a r e  many o t h e r  e x p l a n a t i o n s  o f  h y d r o t r o p y ,  

b u t  a t  p r e s e n t  t h e r e  i s  no  one g e n e r a l l y  a c c e p t e d  t h e o r y .
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T h e re  i s  t h e  p o s s i b i l i t y  t h a t  a l l  c a s e s  o f  abnorm al s o l u b i l i t y  

c a n n o t  be  e x p la in e d  by  one t h e o r y .  T hat i s  t o  s a y ,  t h e r e  may 

b e  d i f f e r e n t  ty p e s  o f  h y d r o t r o p i c  s o l u t i o n  d e p e n d in g  upon t h e  

n a t u r e  o f  t h e  n o n - e l e c t r o l y t e  d i s s o l v e d .

C o r r e l a t i o n  o f  H y d r o t r o p ic  D a ta

F r e u n d l i c h  and  S lo t tm a n  ( 5 ) s t u d i e d  t h e  s o l u b i l i t y

i n c r e a s e  o f  b e n z o ic  a c i d  and  p h t h a l i c  a c i d  i n  th e  p r e s e n c e

o f  sod ium  s a l t s  o f  b e n z e n e - ,  p - t o l u e n e - ,  and  p - e t h y l  b e n ze n e

s u l f o n i c  a c i d s , i n  v a r i o u s  c o n c e n t r a t i o n s .  The d e p en d e n ce  o f

t h e  r e l a t i v e  s o l u b i l i t y  i n c r e a s e ,  A * upon t h e  c o n c e n -
o

t r a t i o n  o f  th e  h y d r o t r o p ic a l ly  a c t i v e  e l e c t r o l y t e ,  c ,  can be  

e x p r e s s e d  through  th e  form ula  A = A ,c n , where A, and n are  

c o n s t a n t s ,  th e  v a lu e  o f  th e  l a t t e r  ra n g in g  from 1 . 1  t o  2 .0 .

The c o n c e n t r a t i o n s  o f  t h e  d i f f e r e n t  s a l t s ,  e q u a l ly  e f f e c t i v e  

i n  i n c r e a s i n g  t h e  s o l u b i l i t y  b e a r  a  c o n s t a n t  r e l a t i o n  t o  

e a c h  o t h e r .

D urand (^ )  h a s  s e t  up a  s i m i l a r  e q u a t io n  e x p r e s s i n g  

t h e  r e l a t i v e  i n c r e a s e  i n  s o l u b i l i t y  t o  t h e  n o r m a l i t y  o f  t h e  

h y d r o t r o p i c  s o l v e n t  a s  f o l l o w s :

f> -  AN*3, w here

N = n o r m a l i t y  o f  h y d r o t r o p i c  s a l t

A = in d e x  o f  h y d r o t r o p y

b = e x p o n e n t i a l  c o e f f i c i e n t  o f  h y d r o t r o p y
„ S -S i  P  = ■„ ■■■, w here

' o
S = s o l u b i l i t y  o f  s o l u t e  i n  1 l i t e r  o f  h y d r o t r o p e
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S]_ = s o l u b i l i t y  o f  s o l u t e  i n  1 l i t e r  o f  aqueous  NaCl s o l u t i o n  

o f  t h e  same n o r m a l i t y  

SQ = s o l u b i l i t y  o f  t h e  s o l u t e  i n  1 l i t e r  o f  w a te r

A and  b have  d i f f e r e n t  v a l u e s  f o r  d i f f e r e n t  h y d ro ­

t r o p e s  and  a l s o  f o r  d i f f e r e n t  s o l u t e s  i n  t h e  same h y d r o t r o p e .

An e q u a t io n  p r o p o s e d  by  S e tsc h en o w  (25) h a s  b een  

fo u n d  t o  be  a p p l i c a b l e  t o  t h e  s o l u b i l i t y  o f  n i t r o b e n z e n e  and 

a z o b e n z e n e  i n  aq u eo u s  s o l u t i o n s  o f  a  m ix tu r e  o f  sod ium  and  

p o ta s s iu m  x y l e n e s u l f o n a t e s .  The e q u a t io n  i s  as f o l l o w s :

l o g  4 ^  = l o § f c “ KCs> w here  s

SQ * s o l u b i l i t y  o f  n o n - e l e c t r o l y t e  i n  w e ig h t  u n i t s  p e r  

volum e o f  w a t e r .

S = s o l u b i l i t y  o f  n o n - e l e c t r o l y t e  i n  w e ig h t  u n i t s  p e r  

volum e o f  s a l t  s o l u t i o n .  

cs  = s a l t  c o n c e n t r a t i o n  i n  mols p e r  l i t e r .

K = s a l t i n g  o u t  c o n s t a n t .

f c *  a c t i v i t y  c o e f f i c i e n t  o f  t h e  n o n - e l e c t r o l y t e  i n  concen­

t r a t i o n  u n i t s .

In  t h e  c a s e  o f  s a l t i n g  i n  K t a k e s  on a  n e g a t i v e

v a l u e  -  e . g .  above  K f o r  n i t r o b e n z e n e  i s  - 0 . 5 9  &nd K f o r

a z o b e n z e n e  i s  - 0 . 6 3 .

U ses  o f  H y d r o t r o p ic  S o l u t i o n s

The i n d u s t r i a l  a p p l i c a b i l i t y  o f  h y d r o t r o p i c  s o l u ­

t i o n s  r e s u l t s  f rom  t h e  f a c t  t h a t  t h e y  i n c r e a s e  t h e  s o l u o i l i t y  

o f  a  l a r g e  num ber o f  s u b s t a n c e s ,  w h ich  a r e  n o r m a l ly  e i t h e r
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i n s o l u b l e  o r  s l i g h t l y  s o l u b l e  in  w a t e r .  In  a lm o s t  a l l  c a s e s  

t h e  u s e  o f  h y d r o t r o p i c  s o l u t i o n s  shows d e c i d e d  a d v a n ta g e s  

o v e r  t h e  u s e  o f  o t h e r  s o l v e n t s .

The g e n e r a l  t y p e  p r o c e s s e s  t o  w h ic h  h y d r o t r o p i c  

s o l u t i o n s  a r e  a p p l i c a b l e  a r e :

1 .  s e l e c t i v e  s o l v e n t s  i n  e x t r a c t i o n  p r o c e s s e s ,

2 .  r e a c t i o n  m ed ia  f o r  o r g a n i c  r e a c t i o n s ,

3 .  c r y s t a l l i z a t i o n  m e d ia ,

*!-. s o l v e n t s  i n  e l e c t r o c h e m i c a l  r e a c t i o n s .

T h ere  a r e  many exam p les  o f  e a c h  o f  t h e  above  p r o c e s s e s .  

In  l i q u i f i c a t i o n  o f  g a s e s ,  t h e  g as  i s  d i s s o l v e d  i n  h y d ro t ro p ic

s o l u t i o n  and d r i v e n  o f f  b y  h e a t i n g  p r i o r  t o  l i q u i f i c a t i o n .  (1*0

B o th  U n i t e d  S t a t e s  and C an ad ian  p a t e n t s  have  b e e n  

o b t a i n e d  b y  R. H. McKee (1 5 ,  17 , 1 ^ )  f o r  a  p r o c e s s  f o r  t h e  

e x t r a c t i o n  o f  l i g n i n  from  wood by means o f  h y d r o t r o p i c  s o l u ­

t i o n  t o  y i e l d  a h i g h  g ra d e  p u l p .  Sodium x y l e n e s u l f o n a t e  was 

fo u n d  t o  b e  t h e  m ost e f f i c i e n t  a s  w e l l  a s  t h e  m ost e c o n o m ic a l  

h y d r o t r o p i c  t o  u s e .  A 30- iK)$ s a l t  s o l u t i o n  i s  u s e d  i n  a j f ig e s - to r  

u n t i l  i t  becom es s a t u r a t e d  w i t h  l i g n i n .  The c e l l u l o s e  

m a t e r i a l  c o n t a i n i n g  l i g n i n  i s  cooked  w i t h  t h e  h y d r o t r o p i c  

l i q u o r  a t  150- l 6o°C . f o r  a b o u t  tw e lv e  h o u r s .  The c e l l u l o s e  i s  

f i l t e r e d  and w ashed  w i t h  t h e  h y d r o t r o p i c  s o l u t i o n .  The cook­

i n g  l i q u o r  i s  u s e d  s i x  o r  s e v e n  t i m e s ,  and th e n  t h e  l i g n i n  i s  

r e c o v e r e d  by d i l u t i n g  w i t h  t h r e e  vo lum es o f  w a t e r .  The h y d ro ­

t r o p i c  s o l u t i o n ,  a f t e r  b e i n g  r e c o n c e n t r a t e d ,  b y  e v a p o r a t i o n ,  

i s  u s e d  f o r  s u c c e s s i v e  cooks w i th  no  l o s s  o f  e f f e c t i v e n e s s .
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Lau (1 0 )  s t u d i e d  th e  e x t r a c t i o n  o f  l i g n i n  from 

bamboo p u lp  b y  a  s i m i l a r  m ethod and l i s t e d  t h e  f o l lo w in g  

a d v a n t a g e s :  h i g h e r  y i e l d  th a n  by  o t h e r  p r o c e s s e s ,  r e p e a t e d

u s e  o f  t h e  s o l u t i o n  w i th  s im p le  and c o m p le te  r e c o v e r y ,  no 

e v i l  s m e l l i n g  g a s  e v o lv e d  and no d i f f i c u l t y  i n  d i s p o s i n g  o f  

w a s te  l i q u o r ,  and  no c h e m ic a l s  o t h e r  th a n  t h e  h y d r o t r o p i c  

s o l u t i o n  a r e  n e e d e d .

A n i l i n e  and d im e th y l  a n i l i n e  w h ic h  have  s i m i l a r  

b o i l i n g  p o i n t s  and  w h ic h  a r e  t h e r e f o r e  v e r y  d i f f i c u l t  t o  

s e p a r a t e  by  d i s t i l l a t i o n ,  may be  s e p a r a t e d  b y  e x t r a c t i n g  th e  

a n i l i n e  w i t h  an aq u eo u s  c a lc iu m  c y m e n e s u l f o n a te  s o l u t i o n .  As 

i n  t h e  p u lp  p r o c e s s  ab o v e ,  th e  s o l u t e  may b e  r e c o v e r e d  by  

d i l u t i o n . w i t h  w a t e r  and  t h e  h y d r o t r o p i c  s o l u t i o n  made re a d y  

f o r  r e - u s e  by c o n c e n t r a t i n g .  ( 7 , IS )

A sod ium  c y m e n e s u lfo n a te  s o l u t i o n  may b e  u s e d  t o  

e x t r a c t  p h e n o ls  and  o t h e r  " t a r  a c i d s "  from  " t a r  o i l s . 11 T h is  

e l i m i n a t e s  t h e  u s e  o f  c a u s t i c  so d a  and  i t s  n e u t r a l i z a t i o n .

(13, IS)

A sodium  b i c a r b o n a t e  s o l u t i o n  may be u s e d  t o  e x t r a c t  

b e r y l l i u m  h y d r o x id e  from  a  r e a c t i o n  m ix tu r e  o f  b e r y l  o re  and 

c a u s t i c  s o d a .  T h is  e l i m i n a t e s  t h e  u s e  o f  t r o u b le s o m e  con­

c e n t r a t e d  a c i d s .  (16 )

The f o l l o w i n g  a r e  exam ples  o f  o r g a n i c  r e a c t i o n s  in  

w h ic h  h y d r o t r o p i c  s o l v e n t s  a r e  u s e d .  Amines may b e  p r e p a r e d  

fro m  c o r r e s p o n d in g  h a l i d e s  o f  h y d ro c a rb o n s  and  s u b s t i t u t e d  

h y d r o c a rb o n s  by  r e a c t i n g  t h e s e  h a l i d e s  w i t h  ammonia in  a

' \
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h y d r o t r o p i c  s o l u t i o n .  T h is  in v o lv e s  t h e  p r e p a r a t i o n  o f  a  

h y d r o t r o p i c  s o l u t i o n  c o n t a i n i n g  ammonia t o  w h ich  an o r g a n ic  

h a l i d e  i s  ad d ed . The s o l u t i o n  i s  s u b j e c t e d  t o  h e a t  and 

p r e s s u r e  t o  c a u se  r e a c t i o n  and  y i e l d s  an am ine h y d r o c h l o r i d e .  

E x c e s s  ammonia and  h a l i d e  a r e  rem oved by  d i s t i l l a t i o n  and 

t h e  r e m a in in g  m ix tu r e  i s  c a u s t i s i z e d  and t h e  am ines r e c o v e r e d  

by s u i t a b l e  means ( d i s t i l l a t i o n ,  f i l t r a t i o n ,  e t c . ) .  ( 23 )

I f  i n  t h e  C a n n iz a ro  R e a c t io n  -  c o n v e r s io n  o f  

b e n z a ld e h y d e  to  b e n z o ic  a c i d  and b e n z y l  a l c o h o l  -  a  s a t u r a t e d  

so d iu m  c y m e n e s u lfo n a te  s o l u t i o n  i s  u s e d  r a t h e r  t h a n  a  s t r o n g  

c a .u s t i c  so d a  s o l u t i o n ,  t h e  y i e l d  o f  b e n z o ic  a c i d  i s  72 . 3% o f  

t h e o r e t i c a l  in  th e  fo rm e r  c a s e  a s  com pared to  ^-.3% i n  th e  

l a t t e r  c a s e .  ( IS )

Good y i e l d s  o f  d y es  p r e p a r e d  by  c o u p l in g  r e a c t i o n s  

a r e  o b t a i n e d  by  u s i n g  h y d r o t r o p i c  s o l u t i o n s  i n s t e a d  o f  con­

c e n t r a t e d  s u l f u r i c  a c i d  t o  d i s s o l v e  s o l u b l e  r e a c t a n t s ,  su c h  

a s  d ip h e n y l  ©mine. ( IS )

The s o l u b i l i t y  and  h y d r o l y s i s  o f  m u s ta rd  g as  Doth  w ere  

fo u n d  t o  b e  i n c r e a s e d  by t h e  u s e  o f  h y d r o t r o p i c  s o l u t i o n s .  (2b) 

Aqueous c a lc iu m  c y m e n e s u lfo n a te  s o l u t i o n s  a r e  u s e d  

a s  c r y s t a l l i z a t i o n  m edia  f o r  t h e  p u r i f i c a t i o n  o f  s u l f a n i l i c ,  

s a l i c y l i c ,  and b e n z o ic  a c i d s .  In  a  s i m i l a r  m anner s l i g h t l y  

s o l u b l e  am ines can b e  r e c r y s t a l l i z e d  an d  t h e  s i z e  o f  th e  

c r y s t a l s  s i m u l t a n e o u s ly  c o n t r o l l e d .  ( IS )

T h ere  a r e  num erous a d v a n ta g e s  o f  h y d r o t r o p i c  s o l v e n t s  

o v e r  o r g a n i c  s o l v e n t s  in  e l e c t r o c h e m i c a l  r e a c t i o n s .  T hese  a r e
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a s  f o l l o w s :  (2 0 ,  22)

1 .  They a r e  n o n - v o l a t i l e ,  t h u s  n o t  s u b j e c t  t o  l o s s e s  b y  

e v a p o r a t i o n .  E v a p o ra t io n  o f  w a t e r  w ould  i n c r e a s e  

s o l v e n t  a c t i o n .

2 .  They a r e  n o n - f la m m a b le .

3 .  They a r e  good c o n d u c to r s  t h e m s e lv e s ,  t h u s  r e q u i r e

low c e l l  v o l t a g e  and low pow er c o n su m p tio n .

Owing t o  low  v o l t a g e s  t h e r e  i s  l i t t l e  h e a t i n g  o f  t h e

s o l u t i o n  b y  th e  e l e c t r o l y s i s  i t s e l f ,  so  t e m p e r a tu r e  

c o n t r o l  i s  e a s y .

5 . They o f f e r  i n c r e a s e d  y i e l d s  and  c u r r e n t  e f f i c i e n c y  

due  t o  t h e i r  g e n e r a l  s t a b i l i t y  and  p r o p e r t y  o f  d i s ­

s o l v i n g  t h e  d e p o l a r i z e r .

6 .  No s t i r r i n g  i s  r e q u i r e d .

7 . They can  b e  r e u s e d  and o p e r a t e d  i n  a  c o n t in o u o u s  

p r o c e s s e s  S e p a r a t io n  o f  p r o d u c t s ,  d e p e n d in g  upon 

t h e i r  n a t u r e ,  c o u ld  b e  a c c o m p l is h e d  by  d i s t i l l a t i o n ,  

e x t r a c t i o n ,  d i l u t i o n  w i th  w a i e r ,  o r  a  c o m b in a t io n  o f  

t h e s e ,  w i t h  r e c o n c e n t r a t i o n  o f  t h e  s o l v e n t  by e v a p o ra -  

t  i o n .

2 .  The s o l u t i o n s  can be  o p e r a t e d  a t  any pH f o r  e i t h e r

o x i d a t i o n  o r  r e d u c t i o n  w i th o u t  t h e  f o r m a t io n  o f  t3 . r s .

9 .  A b r o a d  c h o ic e  o f  c a th o d e s  and a n o d es  i s  p o s s i b l e .

A common r e d u c t i o n  r e a c t i o n  w h ic h  may be c a r r i e d  o u t  

i n  t n i s  m anner i s  t h e  c o n v e r s io n  o r  a r o m a t i c  n i t r o  compounds 

t o  t h e  c o r r e s p o n d in g  am in es ,  amino p h e n o l s ,  o r  h y d ra z o  compounds. 

The n a t u r e  o f  t h e  f i n a l  r e d u c t i o n  p r o d u c t s  d ep en ds  p r i m a r i l y
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on t h e  pH o f  t h e  c a t h o l y t e .  In  s t r o n g l y  a c i d  s o l u t i o n s  am ino 

p h e n o l s  a r e  fo rm e d ,  in  m o d e r a te ly  a c i d  s o l u t i o n s  t h e  r e d u c t i o n  

p r o d u c t s  a r e  a m in e s ,  and  i n  a l k a l i n e  s o l u t i o n s  h y d ra z o  com­

p o u n d s  a r e  o b t a i n e d .  On i n c r e a s i n g  t h e  c a t h o d i c  c u r r e n t  

d e n s i t y  th e  y i e l d  o f  h y d ra z o  compounds t e n d s  t o  d e c r e a s e  w i t h  

f o r m a t i o n  o f  l a r g e  p r o p o r t i o n s  o f  a m in e s ,  b u t  t h i s  e f f e c t  i s  

c o u n t e r a c t e d  by  i n c r e a s i n g  t h e  f r e e  a l k a l i  c o n t e n t  i n  t h e  

c a t h o l y t e .  (2 1 )

The e l e c t r o l y t i c  o x i d a t i o n  o f  b e n z a ld e h y d e  t o  

b e n z o i c  a c i d  i n  s u l f o n a t e  s o l v e n t s  i s  c a r r i e d  c u t  i n  t h e  

p r e s e n c e  o f  a  c o p p e r  o x id e  c a t a l y s t  a t  a  n i c k e l  a n o d e  w i t h  

h i g h  anode  g a s  a b s o r p t i o n  e f f i c i e n c y  and  w i t h o u t  t a r  fo rm a­

t i o n  u n d e r  a l k a l i n e  c o n d i t i o n s .  (22 )

S t a t e m e n t  o f  t h e  P ro b lem

T h ere  have  b e en  many h y d r o t r o p i c  s a l t s ,  a n d  n o n -  

e l e c t r o l y t e s  d i s s o l v e d  by  aq u eo us  s o l u t i o n s  o f  t h e s e  s a l t s ,  

r e p o r t e d  in  t h e  l i t e r a t u r e .  One o f  t h e  e a r l i e s t  i n v e s t i ­

g a t o r s  in  t h i s  f i e l d  was N e u b e rg  ( 23 ) who i n  1916 p u b l i s h e d  

e x t e n s i v e  l i s t s  o f  t h e s e  com pounds. S in c e  t h a t  t im e ,  t h e r e  

h a v e  been  many more a r t i c l e s  p u b l i s h e d  on v a r i o u s  p h a s e s  o f  

h y d r o t r o p y  i n c l u d i n g  num erous exam ples  o f  s a l t s  and  n o n -  

e l e c t r o l y t e s ,  t h e o r i e s ,  u s e s ,  p h y s i o l o g i c a l  s i g n i f i c a n c e  

s o l u b i l i t y  d a t a ,  e t c .  H ow ever, no c o m p le te  p h a se  e q u i l i b r i u m  

d a t a  o f  any t h r e e  com ponent sy s te m , w a t e r ,  h y d r o t r o p i c  s a l t ,  

an d  n o n - e l e c t r o l y t e  h a s  e v e r  b e e n  p u b l i s h e d .  By c o m p le te  

p h a s e  e q u i l i b r i u m  d a t a  i s  m ean t s o l u b i l i t y  d a t a  a t  v a r i o u s
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t e m p e r a t u r e s  o f  t h e  s a l t ,  t h e  n o n - e l e c t r o l y t e ,  any compounds 

o r  d o u o le  s a l t s  fo rm ed  b e tw ee n  them , a n d /o r  any  h y d r a t e s  in  

e q u i l i b r i u m  w i t h  t h e  aqueou s  s o l u t i o n  o f  t h e s e  compounds.

A c o m p le te  p h a se  d iag ra m  shows t h e  c o m p o s i t io n  o f  

a l l  s a t u r a t e d  s o l u t i o n s  and  t h e  s o l i d s  i n  e q u i l i b r i u m  w i t h  

s a t u r a t e d  s o l u t i o n ,  a s  w e l l  a s  show ing e q u i l i b r i u m  be tw een  

s o l i d s .  Once t h e  d ia g ra m  h a s  been  d e te r m in e d  a t  v a r i o u s  tem­

p e r a t u r e s ,  i t  c an  be  u t i l i z e d  in  show ing  t h e  e f f e c t  o f  

v a r y i n g  c o m p o s i t io n  o r  t e m p e r a t u r e  on t h e  num ber o f  p h a s e s  

p r e s e n t .  T hu s , i t  i s  p o s s i b l e  t o  d e te r m in e  i f  a  t h i r d  

com ponen t w ould  b e  r e p r e c i p i t a t e d  from  h y d r o t r o p i c  s o l u t i o n  

on d i l u t i o n  w i t h  w a t e r .  The amount p r e c i p i t a t e d  c o u ld  a l s o  

be p r e d i c t e d .

I t  was t h e  o b j e c t  6 f  t h i s  r e s e a r c h ,  f i r s t ,  t o  i n ­

v e s t i g a t e  t h e  p h a s e  e q u i l i b r i a  d a t a  f o r  t h e  s y s te m , w a te r ,  

sod ium  o - x y l e n e s u l f o n a t e  and b e n z o ic  a c i d ,  a t  s e v e r a l  tem­

p e r a t u r e s .  Sodium x y l e n e s u l f o n a t e  was ch o sen  a s  t h e  h y d ro ­

t r o p i c  s a l t  b e c a u s e  i t  i s  f r e q u e n t l y  e n c o u n te r e d  in  t h e  

l i t e r a t u r e  a s  an exam ple o f  a  v e r y  e f f e c t i v e  a s  w e l l  a s  

r e l a t i v e l y  i n e x p e n s i v e  h y d r o t r o p e .  The k~ is o m e r  o f  o - x y le n e  

was a r b i t r a r i l y  s e l e c t e d .  3 e n z o ic  a c i d  was c h o se n  a s  t h e  

n o n - e l e c t r o l y t e  b e c a u s e  i t  o f f e r s  an- e a sy  means o f  a n a l y s i s  

in  t h a t  i t  may be  t i t r a t e d  w i t h  sodium h y d ro x id e  s o l u t i o n  

u s i n g  p h e n o l p h t h a l e i n  a s  i n d i c a t o r .  Sodium x y l e n e s u l f o n a t e ,  

a  s a l t  o f  a  s t r o n g  a c i d  and  s t r o n g  b a s e ,  i s  e s s e n t i a l l y  

n e u t r a l ' . a n d  s h o u ld  o i f e r  no  i n t e r f e r e n c e .  T h is  was fo u n d  to
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b e  t r u e .  B e n z o ic  a c i d  i s  o n ly  s l i g h t l y  s o l u b l e  i n  w a t e r ,  

b u t ,  a s  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  i t s  s o l u b i l i t y  i s  i n ­

c r e a s e d  a p p r e c i a b l y  i n  sodium  x y l e n e s u l f o n a t e  s o l u t i o n s .

As a n  a d d i t i o n a l  p a r t  o f  t h e  r e s e a r c h  t h e  s o l u ­

b i l i z i n g  e f f e c t  o f  s e v e r a l  o t h e r  s i m i l a r  s a l t s  on  b e n z o ic  

a c i d  was i n v e s t i g a t e d  w i t h  t h e  i d e a  o f  l o o k in g  i n t o  t h e  

p o s s i b i l i t y  o f  c o r r e l a t i n g  i n c r e a s e d  o r  d e c r e a s e d  h y d ro -  

t r o p i c  e f f e c t  d e p e n d in g  u p o n  t h e  s t r u c t u r e  and  m o le c u la r  

w e ig h t  o f  t h e  s a l t .

B e f o r e  a t t a c k i n g  t h e  p ro b lem  e x p e r i m e n t a l l y ,  i t  i s  

w e l l  t o  lo o k  i n t o  t h e  p o s s i b l e  p h a s e  d ia g ra m s  t h a t  m ig h t  

a r i s e .  The d a t a  i s  r e p r e s e n t e d  on  t r i a n g u l a r  c o o r d i n a t e s  and  

c o n s i s t s  o f  w e ig h t  p e r c e n t a g e s  o f  t h e  t h r e e  com ponents i n  

s o l u t i o n s  o f  v a r i o u s  c o n c e n t r a t i o n s  i n  e q u i l i b r i u m  w i t h  e x c e s s  

s o l i d s  a t  a  g iv e n  t e m p e r a t u r e .  I n  t h i s  m ethod o f  r e p r e s e n t ­

i n g  p e r c e n t a g e s ,  a n  e q u i l a t e r a l  t r i a n g l e i s  u s e d ,  e a c h  v e r t e x  

o f  w h ic h  r e p r e s e n t s  a  p u r e  com ponen t. The s i d e  o p p o s i t e  a  

v e r t e x  r e p r e s e n t s  z e ro  p e r c e n t  o f  t h a t  com ponen t, a r  a l l  

m i x t u r e s  o f  t h e  o t h e r  tw o  com ponents a l o n e .  E q u a l ly  sp a c e d  

l i n e s  p a r a l l e l  t o  t h e  s i d e  r e p r e s e n t  l i n e a r  i n c r e a s e s  i n  

p e r c e n t a g e  o f  t h a t  com ponen t. Any m ix t u r e  o f  t h e  t h f e e  com­

p o n e n t s  may b e  r e p r e s e n t e d  b y  a  s i n g l e  p o i n t  w i t h i n  t h e  

t r i a n g l e .

The f o l lo w in g  f i g u r e s  r e p r e s e n t  t h e  c a s e s  w h ich  

a r e  commonly e n c o u n te r e d .  The Roman num’e r a l s  i n s i d e  t h e  d i a ­

gram  d e n o te  t h e  number o f  p h a s e s  p r e s e n t  i n  t h a t  p a r t i c u l a r
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r e g i o n .  The b o u n d a r i e s  o f  t h e  one p h a se  r e g i o n s  a r e  d e t e r ­

m in ed  b y  a n a l y z i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  s o l u t i o n s  in  

e q u i l i b r i u m  w i t h  e x c e s s  s o l i d s .  The t i e  l i n e s  may be 

d e te r m in e d  by  t h e  11 w e t - r e s i d u e "  m ethod . T h is  c o n s i s t s  i n  

a n a l y z i n g  th e  m o is t  s o l i d s  i n  e q u i l i b r i u m  w i t h  t h e  s o l u t i o n  

a t  two d i f f e r e n t  c o n c e n t r a t i o n s .  The two l i n e s  j o i n i n g  t h e  

p o i n t s  r e p r e s e n t i n g  t h e  c o r r e s p o n d in g  c o n c e n t r a t i o n s  o f  t h e  

s o l u t i o n  and  o f  t h e  m o is t  s o l i d s ,  and  e x te n d e d  p a s t  t h e  l a t t e r  

p o i n t s ,  i n t e r s e c t  a t  a  p o i n t  r e p r e s e n t i n g  t h e  s o l i d s  i n  

e q u i l i b r i u m  w i t h  s o l u t i o n .
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C ase I  -  No compound, d o u b le  s a l t ,  o r  h y d r a t e  f o r m a t i o n .  The 

s o l u t i o n s  a r e  i n  e q u i l i b r i u m  w i t h  t h e  a n h y d ro u s  s o l i d s  o n ly .

A
I  -  U n s a t u r a t e d  s o l u t i o n s  

o f  A and  B i n  HgO.

I I  -  S a t u r a t e d  s o l u t i o n s  
in  e q u i l i b r i u m  w i t h  
s o l i d  A o r  B.

I l l  -  S o l u t i o n  s a t u r a t e d
w i t h  r e s p e c t  t o  A and 
B, i n  e q u i l i b r i u m  
w i t h  s o l i d  A and B.

I I I I I

I I
B

C a se  I I  -  H y d ra te  f o r m a t io n  i n  one s o l i d  p h a s e .

I l l

I I I I I

I I
0

I  -  U n s a t u r a t e d  s o l u t i o n s  
o f  A and  B i n  w a te r .

I I  -  S a t u r a t e d  s o l u t i o n s  
i n  e q u i l i b r i u m  w i t h  
s o l i d  B o r  a  h y d r a t e  
o f  s o l i d  A.

I l l  -  S o l i d  B an d  a  h y d r a t e  
o f  s o l i d  A in  e q u i l i b ­
r iu m  w i t h  s o l i d  *A o r  
s a t u r a t e d  s o l u t i o n  
w i t h  r e s o e c t  to  A and  
B.

B
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C ase  I I I  -  Comoound o r  D ouble S a l t  F o rm a tio n .

I l l

I I

I I II I

I I
2°

I  -  U n s a tu r a te d  s o l u t io n s  
o f  A and 3 in  w a te r .

I I  -  S a tu r a t e d  s o l u t io n s  in  
e q u i l ib r iu m  w ith  s o l i d  
A, s o l i d  B, o r  d o u b le  
s a l t  AB.

I l l  -  S a t u r a t e d  s o l u t io n
and  d o u b le  s a l t  AB in  
e q u i l ib r iu m  w i th  s o l i d  
A o r  s o l i d  B.

B

C ase  IV -  C o m b in a tio n s  o f  th e  above c a s e s .
(E x am p le : System  c o n ta in in g  a  h y d r a te  o f  A, a
d o u b le  s a l t  AB, and  a  h y d r a te  o f  t h e  d o u b le  s a l t . )

I l l  \ I II I
I I

I I I

02 B

I  -  U n s a tu r a te d  s o l u t io n s  
o f  A and  B in  w a te r .

I I  -  S a tu r a te d  s o l u t io n s  in  
e q u i l ib r iu m  w ith  a  
h y d r a te  o f  s o l i d  A, 
s o l i d  A, a  h y d ra te  o f  
d o u b le  s a l t  AB, o r  
s o l i d  B.

I l l  -  ( a )  S a tu r a te d  s o l u t io n  
and  s o l i d  A in  e q u i l i b ­
r iu m  w i th  a  h y d ra te  o f 
s o l i d  A o r  a  h y d ra te  o f  
d o u b le  s a l t  AB.
(b ) D ouble s a l t  A3, a  
h y d r a te  o f  d o u b le  s a l t  
AB in  e q u i l ib r iu m  w i th  
s o l i d  A o r  s o l i d  B.
(e )  E q u i l ib r iu m  b e tw e e n  
s o l i d  B , a  h y d r a te  o f  
d o u b le  AB, and
s a t u r a t e d  s o l u t i o n .
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The p r e c e d in g  d ia g ra m s  r e p r e s e n t  t h e  g e n e r a l  c a s e s  

w h e re  t h e  s o l u b i l i t y  o f  b o th  s o l i d s  i n  w a te r  i s  a v e ra g e .  In  

t h e  c a s e  o f h y d r o t r o p ic  s o l u t i o n  th e  fo l lo w in g  ty p e  o f  d iag fam  

m ig h t b e  e x p e c te d , t h e  p u re  n o n - e l e c t r o l y t e  b e in g  a lm o s t i n ­

s o l u b l e  in  w a te r  w ith  i t s  s o l u b i l i t y  i n c r e a s in g  w i th  added 

h y d r o t r o p ic  s u b s ta n c e .  T h is  d ia g ra m  shows th e  c a s e  in  w h ich  

no h y d r a te s  o r  compounds a r e  in  e q u i l ib r iu m  w i th  th e  s a t u r a t e d  

s o l u t i o n .  T h is  was a r b i t r a r y  and sh o u ld  n o t  i n f e r  t h a t  t h e s e  

o t h e r  c o n d i t io n s  c an n o t e x i s t .

H ydrotrooe

I I

I I I

I I

Non-
- E l e c t r o l y t e0■2

A f te r  d e te r m in in g  th e  p h a se  e q u i l i b r i a  f o r  a  g iv e n  

s y s te m , s e v e r a l  p r e l im in a r y  i n t e r p r e t a t i o n s  may be made depend ­

in g  upon  th e  num ber o f  p o r t i o n s  o f  th e  c u rv e  b o u n d in g  th e  one 

p h a s e  r e g io n .  Two p o r t i o n s  o c c u r  when t h e r e  e x i s t s  two a n h y d ro u s  

s u b s ta n c e s ,  an an h y d ro u s  s u b s ta n c e  and a  h y d r a te ,  o r  two h y d r a te s  

a lo n g  w i th  w a te r .  T h ree  p o r t i o n s  i n d i c a t e  th e  p o s s i b i l i t y  o f
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d o u b le  s a l t  o r  compound fo rm a tio n  in  a d d i t i o n  to  t h e  p u re  

s u b s ta n c e s  o r  t h e i r  h y d r a t e s .
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I I  EXPERIMENTAL

P h a s e  e q u i l i b r iu m  d a t a  w as o b ta in e d  f o r  t h e  

s y s te m , w a t e r ,  b e n z o ic  a c i d ,  an d  sodium  o - x y e l e n s u l f o n a t e  

a t  30 °C , 40°C , and  60°C . T h is  c o n s i s t e d  i n  d e te rm in in g  

t h e  s o l u b i l i t y  o f  b e n z o ic  a c i d  i n  a q u eo u s  s o l u t i o n s  o f  v a r ­

io u s  c o n c e n t r a t i o n s  o f  sod ium  o - x y l e n e s u l f o n a t e ,  a s  w e l l  a s  

t h e  s o l u b i l i t y  o f  sodium  o - x y l e n e s u l f o n a t e  i n  a q u eo u s  s o l ­

u t i o n s  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  b e n z o ic  a c i d ,  and  t h e  

c o m p o s i t io n  o f  t h e  s o l i d  p h a s e  i n  e q u i l ib r iu m  w i th  t h e s e  

s o l u t i o n s .

A d d i t i o n a l  d a ta  was o b ta in e d  a t  40°C f o r  t h e  

s o l u b i l i t y  o f  b e n z o ic  a c i d  i n  a q u eo u s  s o l u t i o n s  o f  v a r i o u s  

c o n c e n t r a t i o n s  o f  t h e  f o l lo w in g  s a l t s :  sod ium  b e n z e n e s u l -

f o n a t e ,  sod ium  p - t o l u e n e s u l f o n a t e ,  sod ium  m - x y le n e s u l f o n a te ,  

sod ium  p -e y m e n e s u lf o n a te ,  sod ium  p -b ro m o b e n z e n e s u lfo n a te ,  

sod ium  p —p h e n o l  s u l f o n a t e ,  sod ium  m -b e n z e n e d i s u l f o n a t e ,  and  

sod ium  c in n a m a te . C. p .  b e n z o ic  a c id  w as u s e d  and  t h e  h y d ro ­

t r o p i c  s a l t s  w e re  t h e  b e s t  g r a d e s  o b t a i n a b l e  fro m  E astm an  

Kodak Co. and  W y an d o tte  C h e m ica ls  C o rp .

The d e te r m in a t io n s  f o r  t h e  sy s te m  in v o lv in g  sodium  

o - x y l e n e s u l f o n a t e  w e re  m ade i n  t h e  f o l lo w in g  m anner.

P ro c e d u re  f o r  m aking  ut> s o l u t i o n s * S a tu r a t e d  s o l d -  ' c 

t i o n s  o f  b e n z o ic  a c i d  i n  a q u eo u s  sod ium  o - x y le n e s u l f o n a t e  s o lu ­

t i o n s ,  and  o f  sod ium  o - x y l e n e s u l f o n a t e  i n  aq u eo u s b e n z o ic  a c i d  s o l ­

u t i o n s  w e re  made up by  h a v in g  b e n z o ic  a c i d  and  sodium  o - x y l e n e s u l -
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f o n a t e  i n  e x c e s s ,  r e s p e c t i v e l y .

The i n g r e d i e n t s ,  r o u g h ly  w e ig h ed  o u t and  enough 

t o  make up a b o u t 100 gram s o f  s o l u t i o n ,  w e re  p la c e d  i n  a 

s to p p e r e d  125 m l. e r le n m e y e r  f l a s k .  T h is  m ix tu r e  w as 

h e a t e d  t o  a  te m p e r a tu r e  ab o v e  t h a t  o f  t h e  d e te r m in a t io n ,  

b u t  n o t  t o  b o i l i n g ,  i n  o r d e r  t o  d i s s o l v e  a l l  o r  n e a iy  a l l  

o f  t h e  s o l i d  m a t e r i a l .  The s o l u t i o n  w as t h e i c o o l e d  and 

p l a c e d  i n  a  c o n s ta n t  te m p e r a tu r e  b a t h  and a llo w e d  t o  come 

t o  e q u i l i b r i u m . '

T he  s o l u t i o n  w as S t i r r e d  from  t im e  t o  t im e ,  and 

24  -  48  h o u rs  w e re  a llo w e d  t o  i n s u r e  e q u i l i b r iu m .  I f  ex­

c e s s  s o l i d  m a t e r i a l  d id  n o t  s e p a r a t e  o u t  o n  c o o l in g ,  a d d i ­

t i o n a l  m a t e r i a l  w as added  an d  t h e  a b o v e  p ro c e d u re  r e p e a t e d .

T he b a th  c o n s i s t e d  o f e f i v e  g a l l o n  b a t t e r y  j a r  

f i l l e d  w i t h  d i s t i l l e d  w a te r .  The te m p e r a tu r e  was c o n t r o l l e d  

t o  *  0 .2 °C  w i th  a n  A m erican  I n s t ru m e n t  Co. b i m e t a l l i c  t h e r ­

m o s t a t i c  c o n t r o l  d e v ic e ,  and was m e a su re d  by  m eans o f  a 

m e rc u ry  th e rm o m e te r  g r a d u a te d  to  0 .2 ° C . A t f i r s t ,  some 

t r o u b l e  w as e n c o u n te re d  i n  c o n t r o l l i n g  t h e  te m p e r a tu r e  

w i t h i n  t h e  d e s i r e d  ra n g e  b e c a u s e  o f  a  d e c r e a s e  i n  w a te r  

l e v e l  due  t o  e v a p o r a t io n .  T h is  p ro b le m  w as a lm o s t c o m p le te ly  

e l im in a te d  by  t h e  u s e  o f  a l a y e r  o f  m in e r a l  o i l  on  t o p  o f  

t h e  w a te r .

A f t e r  e q u i l i b r iu m  was c o n s id e r e d  to  h av e  b e e n  

r e a c h e d ,  f i v e  p o r t i o n s  o f  s u p e r n a ta n t  s a t u r a t e d  s o l u t i o n
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o f  3 -  5 m l. each  w ere  draw n o f f  b y  m eans o f  a  p i p e t t e ,  

t h e  f l a s k  re m a in in g  i n  t h e  c o n s ta n t  te m p e r a tu re  b a t h .

A f t e r  rem o v a l o f  t h e s e  s a m p le s , a n  a d d i t i o n a l  am ount o f  sodium  

o - x y le n e s u l f o n a t e  ( o r  b e n z o ic  a c id )  w as ad d ed  t o  t h e  r e ­

m a in in g  m ix tu re  t o  p ro d u c e  t h e  d e s i r e d  in c r e m e n ta l  i n c r e a s e  

i n  c o n c e n t r a t i o n ,  and t h e  a b o v e  p r o c e d u re s  r e p e a t e d .  I n  t h e  

d e te r m in a t io n  o f  t h e  s o l u b i l i t y  o f  b e n z o ic  a c id  i n  aq u eo u s 

sod ium  o - x y le n e s u l f o n a t e  s o l u t i o n s  t h e  i n i t i a l  c o n c e n t r a t i o n  

o f  t h e  s a l t  u se d  w as 10 -  15#  an d  i t s  c o n c e n t r a t i o n  w as i n ­

c r e a s e d  i n  in c re m e n ts  o f  5  -  10# u n t i l  t h e  s o l u t i o n  becam e 

s a t u r a t e d  w i th  b o th  s u b s ta n c e s .  I n  t h e  d e te r m in a t io n  o f  

t h e  s o l u b i l i t y  o f  sodium  o - x y le n e s u l f o n a t e  I n  b e n z o ic  a c id  

s o l u t i o n s  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  b e n z o ic  a c id  w as 5# 

o r  l e s s  and  t h e  in c r e m e n ts  o f  I n c r e a s e  w ere  s m a l le r  t h a n  

a b o v e . T h e s o l u b i l i t y  o f  p u r e  sodium  o - x y le n e s u l f o n a t e  i n  

w a te r  was d e te rm in e d  a t  3 0 ° ,  4 0 ° , and  6 0 °C, and t h e  s o lu ­

b i l i t y  o f  b e n z o ic  a c id  i n  w a te r  was d e te rm in e d  a t  6 0 ° . The 

s o l u b i l i t y  o f  b e n z o ic  a c id  i n  w a te r  a t  30° and  40° w as ob­

t a i n e d  from  t h e  l i t e r a t u r e ( 2 6 ) .

P ro c e d u re  f o r  a n a ly z in g  s o l u t i o n s  -  The p o r t i o n s  

o f  s a t u r a t e d  s o l u t i o n  w ere  t r a n s f e r r e d  t o  g round  g l a s s  c o v e re d  

t a r e d  w e ig h in g  b o t t l e s .  The e v a p o r a t io n  o f  w a te r  was c o n s id ­

e re d  t o  b e  n e g l i g i b l e  d u r in g  t r a n s f e r  and  th e  w e ig h t o f  s a t ­

u r a t e d  s o l u t i o n  was o b ta in e d  by  d i f f e r e n c e .

B e n z o ic  a c id  w as d e te rm in e d  b y  t i t r a t i o n  w i th  s t a n ­

d a rd  sodium  h y d ro x id e  s o l u t i o n .  V a lu e s  o f  n o r m a l i ty  o f  t h e
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d i f f e r e n t  sod ium  h y d ro x id e  s o l u t i o n s  u s e d  ra n g e d  b e tw e e n  

.0 4 9 8  and  .1 3 3 1 . T h ese  s o l u t i o n s  w e re  s t a n d a r d i z e d  a g a i n s t  

w e ig h ed  sa m p le s  o f  p u re  d ry  p o ta s s iu m  b i p h t h a l a t e  w i th  a  

p r e c i s i o n  o f  2 p a r t s  p e r  th o u s a n d .  Two l i t e r s  o f  s o l u t i o n  

w e re  made up  a t  a  t im e ,  and  s in c e  t h i s  w as n o t  consum ed f o r  

s e v e r a l  w e e k s , t h e  n o r m a l i ty  was c h e c k e d  from  t im e  t o  t im e .  

T h re e  p o r t i o n s  w e re  t i t r a t e d  d i r e c t l y  i n  t h e  w e ig h in g  b o t t l e s ,  

u s in g  p h e n o lp h th a l e in  a s  i n d i c a t o r .  T h is  i s  t h e  s ta n d a r d  me­

th o d  f o r  t h e  d e te r m in a t io n  o f  t h e  n e u t r a l i z a t i o n  e q u iv a le n t  

o f  w eak a c i d s  su c h  a s  b e n z o ic  a c i d .  A b la n k  d e te r m in a t io n  

w as p e rfo rm e d  o n  a n  a q u eo u s  sodium  o - x y l e n e s u l f o n a t e  s o lu ­

t i o n .  Ona d ro p  o f  b a s e  w as s u f f i c i e n t  t o  p ro d u c e  a  p in k  

c o lo r  w i th  p h e n o lp h th a l e in .

A f i f t y  m i l l i l i t e r  b u r e t  g r a d u a te d  i n  t e n t h s  o f  

a m i l l i l i t e r  and  r e a d  t o  h u n d re th s  o f  a  m i l l i l i t e r  w as u se d  

i n  t h e  t i t r a t i o n s .  The c a l c u l a t e d  v a lu e s  o f  p e r c e n t  b e n z o ic  

a c i d  w e re  c o n s id e r e d  to  b e  i n  good a g re e m e n t i f  t h e y  d i f f e r e d  

b y  no m ore t h a n  .0 2  -  .0 3  p e r c e n t .  F o r  a  sam p le  c o n ta in in g  

a p p ro x im a te ly  f i v e  p e r c e n t  b e n z o ic  a c i d ,  t h i s  d i f f e r e n c e  -would 

mean a  p r e c i s i o n  o f  4  -  6 p a r t s  p e r  th o u s a n d .  A f i v e  gram 

sa m p le  c o n ta in in g  f i v e  p e r c e n t  b e n z o ic  a c id  r e q u i r e s  20 m l. o f

0 . IN b a s e  t o  n e u t r a l i z e  t h e  a c i d .  T h e r e f o r e ,  t h e  a b o v e  p r e ­

c i s i o n  i s  o b ta in e d  by  r e a d in g  t h e  b u r e t  w i th  an  a c c u ra c y  o f  

1 .0 5  m l . ,  o r  a  ra n g e  o f  a t b n t h  o f  a  m i l l i l i t e r .

M ost sa m p le s  t i t r a t e d  w e ig h e d  b e tw e e n  t h r e e  and
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s i x  g ra m s . The h i g h e r  t h e  b e n z o ic  a c i d  c o n te n t ,  t h e  s m a l l e r  

t h e  sam p le  u s e d  i n  o r d e r  t o  k e e p  t h e  t i f c r a t i o iS  l e s s  th a n  

40 m l. S in c e  t h e  vo lum e o f  b a s e  r e q u i r e d  i n c r e a s e s  d i r e c t ­

l y  w i th  p e r c e n t  b e n z o ic  a c i d ,  t h e  p r e c i s i o n  r e q u i r e d  i n  a l l  

t i t r a t i o n  w ou ld  b e  e x p e c te d  t o  re m a in  a p p ro x im a te ly  t h e  

sam e a s  ab o v e  -  i . e .  a n  a c c u ra c y  o f  r e a d in g  th e  b u r e t  t o  

t . 0 5  m l. sh o u ld  g iv e  p e r c e n ta g e s  o f  b e n z o ic  a c id  w h ich  

c h e c k  t o  .0 2  -  .0 5  p e r c e n t  f o r  a l l  r a n g e s  o f  c o n c e n t r a t i o n  

o f  b e n z o ic  a c i d .  A c t u a l ly  g r e a t e r  p r e c i s i o n  was o b ta in e d  

f o r  t h e  lo w e r  p e r c e n ta g e s  o f  b e n z o ic  a c i d  s in c e  l a r g e r  sam­

p l e s  w e re  u s e d .

The re m a in in g  tw o p o r t i o n s  o f  s a t u r a t e d  s o l u t i o n  

w ere  p l a c e d  i n  a  d ry in g  o v e n  a t  a  t e m p e r a tu r e  o f  110 -  120°C . 

A t t h i s  t e m p e r a tu r e  t h e  w a te r  w as d r iv e n  o f f  by  e v a p o r a t io n  

and  b e n z o ic  a c id  w as rem oved  by  s u b l im a t io n .  The sa m p le s  

w ere  l e f t  i n  t h e  o v e n  u n t i l  a  c o n s ta n t  w e ig h t  was o b ta in e d  

on  tw o s u c c e s s iv e  w e ig h in g s .  The w e ig h in g s  w ere  made a t  

a b o u t  48  h o u r  i n t e r v a l s .  The sa m p le s  r e a c h e d  c o n s t a n t  w e ig h t  

w i t h i n  4 - 6  d a y s  a s  a  r u l e .

S in c e  p u r e  c h e m ic a ls  w ere  u s e d ,  t h e  d r i e d  r e s i ­

due w as assum ed t o  b e  o n ly  so d iu m  o - s y l e n e s u l f o n a t e ,  t h e  

am ount o f  w a te r  was o b ta in e d  by  d i f f e r e n c e ,  ^ h e  r e s u l t s  

a r e  e x p re s s e d  a s  w e ig h t  p e r c e n t  o f  e a c h  com ponen t.
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Sam ple D a ta  S h e e t

W eigh ing  b o t t l e
W t. em pty
W t. p l u s  sam ple
W t. o f  sam p le
M l. o f  NaOH
% B e n z o ic  A c id  (BzOH)

1
3 1 .5 5 8 3
3 6 .6 5 2 3

5 .0 9 4 0
2 5 .8 0

5 .6 0

2
3 3 .9 3 6 8
3 7 .8 7 2 3

3 .9 3 5 5
1 9 .9 6

5 .6 0

3
3 0 .5336
3 5 .7 3 9 2

5 .2 0 5 6
2 6 .4 3

5 .6 1

A ve. % BzOH = 5 .6 0
M o l.w t. BzOH

% BzOH = m l. NaOH x  N»NaOH x  1QQQ_____
w e ig h t  o f  sam ple

x  100

W eig h in g  b o t t l e  4  5
W t. em pty 3 1 .8 5 1 3  3 1 .6 6 3 2
W t. p l u s  sam p le  3 7 .5 1 7 8  3 8 .4 4 6 4
W t. o f  sam p le  5 .6 6 6 5  6 .7 8 3 2
W t. p l u s  d r i e d  sam p le  3 4 .2 8 3 8  3 4 .5 7 7 3

3 4 .2 8 1 9  3 4 .5 7 4 1
t o  c o n s t a n t  w t .  3 4 .2 8 1 9  3 4 .5 7 3 8

W t. o f  d r i e d  sam p le  2 .4 3 0 6  2 .9 1 0 6
% sod ium  o - x y le n e s u l f o n a t e  4 2 .8 9  4 2 .9 1

A ve. % sodium  o - x y le n e s u l f o n a t e  = 4 2 .9 0

% sod ium  o - x y l e n e s u l f o n a t e  = w t .  o f  d r i e d  sam p le  , nn
w t .  o f  sam ple  x

% w a te r  = 100 -  (^ b e n z o ic  a c id  +$gsodi£um o - x y le n e s u l f o n a te )  

P ro c e d u re  te s t A n a ly z in g  Wet R e s id u e s : The com posi­

t i o n  o f  s o l i d  sodium  o -2s y le n e s u l f o n a te  i n  e q u i l ib r iu m  w ith  

s a t u r a t e d  s o l u t i o n  was d e te rm in e d  b y  t h e  w et r e s i d u e  m eth o d , 

( s e e  p a g e  1 4 ) .  The m o is t  s o l i d s  w e re  r e c o v e re d  and  sam pled  

u s  f o l lo w s :  a s  much s u p e r n a ta n t  s a t u r a t e d  s o l u t i o n  w as r e ­

m oved a s  p o s s i b l e  by  m eans o f  a  p i p e t t e ,  t h e  f l a s k  re m a in in g  

i n  t h e  c o n s t a n t  t e m p e r a tu r e  b a t h .  I n  o r d e r  t o  o b t a i n  u n i ­

fo rm  s a m p le s ,  th e  s to p p e r e d  f l a s k  c o n ta in in g  t h e  m o is t  s o l i d s
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w as h e a te d  o v e r  a  b u n se n  f la m e  u n t i l  a l l  w en t i n t o  s o lu ­

t i o n .  Sam ples w e re  t h e n  p o u re d  o f f  i n t o  w e ig h in g  b o t t l e s  

and  a n a ly z e d  a s  a b o v e .

T h e re  i s  no known h y d r a t e  o f  b e n z o ic  a c i d ,  h e n c e  

i t  was n o t n e c e s s a y  t o  d e te rm in e  t h e  c o m p o s it io n  o f  s o l i d  

b e n z o ic  a c id  i n  e q u i l ib r iu m  w i th  s a t u r a t e d  s o l u t i o n .

A n a ly s is  o f  o t h e r  s y s te m s : The same ty p e  o f

a n a l y s i s  was a p p l i c a b l e  i n  t h e  c a s e  o f  a l l  o th e r  h y d ro -  

t r o p i c  s a l t s  u s e d .  O nly  s o l u t i o n s  s a t u r a t e d  w i th  r e s p e c t  

t o  b e n z o ic  a c id  w ere  a n a ly z e d .  H ence , i t  was n o t  n e c e s s a r y  

t o  a n a ly z e  any  s o l i d  r e s i d u e s .

The f o l lo w in g  s a l t s  w ere  u se d  i n  t h e s e  d e te rm in ­

a t i o n s :  sodium  b e n z e n e s u l f o n a te ,  sodium  p - t o lu e n e s u l f o n a t e ,

sod ium  m -x y le n e s u lf o n a te ,  sodium  p -c y m e n e s u lfo n a te ,  sodium  

p -b rc m o b e n z e n e s u lfo n a te ,  sod ium  m -b e n z e n e d is u lfo n a te  aid 

sodium  c in n a m a te .

. S o l u b i l i t y  d a ta  f o r  t h e  sy s te m  b e n z o ic  a c i d ,  sod­

ium  p -b ro m o b e n z e n e s u lfo n a te ,  w a te r  was d e te rm in e d  i n  t h e  

-a b o v e  m anner. H ow ever, a f t e r  c o m p le tio n  o f  t h i s  w ork , i t  

w as fo u n d  t h a t  t h e  o r i g i n a l  sod ium , p -b ro m o b e n z e n e s u lfo n a te  

w as n o t  p u r e .  I t  c o n ta in e d  a n  a c id  im p u r i ty  a s  i n d i c a t e d  b y  

t h e  f a c t  t h a t  i t  was n e c e s s a r y  t o  add a  c o n s id e ra b le ^ v o lu m e  

o f  a p p ro x im a te ly  O*^sodium  h y d ro x id e  s o l u t i o n  t o  a n  aqueous 

s o l u t i o n  o f  t h e  s a l t  t o  p ro d u c e  a  p in k  c o lo r  w i th  p h e n o l-  

p h t h a l e i n .  R a th e r  th a n  d i s c a r d  th e  above d a t a ,  i t  was d e -
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cd d ed  to  d e te rm in e  i f  t h e  a c i d i t y  o f  th e  im p u re  s a l t  was 

c o n s t a n t  th ro u g h o u t  t h e  l o t  o f  i t .  T h is  a c i d i t y  a f f e c t e d  

th e  b e n z o ic  a c id  d e te r m i n a t i o n ,  s i n c e  th e  t o t a l  a c i d i t y  

w as assum ed t o  b e  b e n z o ic  a c i d .

The volum e o f  s t a n d a r d  sodium  h y d ro x id e  s o l u t i o n  

r e q u i r e d  t o  n e u t r a l i z e  a  gram  o f  s e v e r a l  sa m p le s  o f  t h e  

s a l t  was fo u n d  to  b e  c o n s t a n t  ( 2 .4 2  m l. o f  .1 3 3 1  N b a s e ) .

The vo lum e o f  sodium  h y d ro x id e  w as c o n v e r te d  to  m i l l i -  

e q u iv a le n t s  o f  sod ium  h y d ro x id e  ( o r  f r e e  a c i d ) . b y  m u l t i ­

p ly in g  b y  t h e  n o r m a l i ty  o f  t h e  sodium  h y d ro x id e  s o l u t i o n  

u s e d .  The p e r c e n ta g e  o f  b e n s o ic  a c id  was c o r r e c t e d  a s  f o l lo w s :

% BzOH =

\ ( w o l .  o f  NaOH
T t o  n e u t r a l i z e  m eg. NaOH L
/ h y d r o t r o n ic  % ,, „  Q f
L s o l n . )  ~ x  (NxNaOH)-wt. sam p le  xNaBrBS x  ^  n

W eig h t sam p le

BzOH 

x  100

T h u s , th e  h y d r o t r o p ic  e f f e c t  w as n o t  d e te rm in e d  

f o r  p u re  sodium  p -b ro m b e n z e n e s u l fo n a te ,  b u t  f o r  th e  s a l t  w i th  

f r e e  a c id  p r e s e n t .  C a lc u la t e d  a s  p -b ro m o b e n z e n e s u lfo n ic  a c i d ,  

t h e  s a l t  c o n ta in e d  7 .6 3  p e r c e n t  f r e e  a c id  by  w e ig h t .  T h is  v a lu e  

w ou ld  b e  lo w e r  i f  t h e  a c id  p r e s e n t  was o f  lo w e r  m o le c u la r  w e ig h t .

I n  t h e  d e te r m in a t io n  o f  th e  s o l u b i l i t y  o f  b e n z o ic  

a c id  i n  aq u eo u s sod ium  p -c y m e n e s u lfo n a te  s o l u t i o n s  th e  a n a l y s i s  

f o r  th e  s a l t  p ro v e d  to  b e  s l i g h t l y  u n c e r t a i n .  The t im e  r e q u i r e d  

f o r  e v a p o r a t in g  a  sam p le  to  d ry n e s s  and  t o  c o n s t a n t  w e ig h t was
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much lo n g e r  t h a n  t h a t  f o r  t h e  o t h e r  s a l t s .  As much a s  a  

m onth  was r e q u i r e d  i n  t h e  c a s e  o f  sam p les  h ig h  i n  b e n z o ic  

a c id  . T h is  i n d i c a t e s  t h a t  b e n z o ic  a c id  i s  m ore d i f f i c u l t  

t o  rem ove b y  s u b l im a t io n  from  t h e s e  s o l u t i o n s  t h a n  from  th e  

o t h e r s .  T h e re  was a l s o  a  g r a d u a l  d a rk e n in g  o f  t h e  s a l t  d u r in g  

t h i s  t im e ,  a n  i n d i c a t i o n  t h a t  d e c o m p o s it io n  was t a k in g  p l a c e .  

T h is  w as f u r t h e r  i n d i c a t e d  b y  th e  f a c t  t h a t  a f t e r  c o n s t a n t  

w e ig h t  was r e a c h e d ,  th e  r e s i d u e  w as a c i d  to  p h e n o p h th a le in .

The o r i g i n a l  s a l t  was n e u t r a l ,  a s  e v id e n c e d  b y  th e  f a c t  t h a t  

o n ly  one  d ro p  o f  a p p ro x im a te  0 .1  N orm al b a s e  ad d ed  to  a n  

a q u eo u s  s o l u t i o n  o f  t h e  s a l t  w as r e q u i r e d  to  p ro d u c e  a  p in k  

c o lo r  w i th  p h e n o lp h th a l e in .

A lth o u g h  t h i s  d a ta  i s  n o t  a s  p r e c i s e  a s  t h a t  o b ta in e d  

i n  m o st o f  th e  o t h e r  d e te r m i n a t i o n s ,  i t  g iv e s  a  good i n d i c a t i o n  

o f  t h e  h y d r o t r o p ic  e f f e c t  o f  sodium  p -c y m e n e s u lfo n a te  to w a rd  

b e n z o ic  a c i d .
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I l l  RESULTS AND CONCLUSIONS

T he p h a s e  e q u i l i b r i a  d a ta  f o r  t h e  sy s tem  h e n z o ic  

a c i d ,  sodium  o - x y le n e 3u l f o n a t e ,  and  w a te r  a t  3 0 ° , 40® an d  

60°C a s  a b ta in e d  fro m  t h e  a n a l y t i c a l  p ro c e d u re  I s  e x p re s s e d  

a s  w e ig h t  p e r c e n t  o f  e a c h  o f  t h e  c o m p o n en ts . T h is  d a ta  was 

a l s o  t r a n s fo r m e d  b y  m a th e m a tic a l  m a n ip u la t io n  so  a s  t o  ex ­

p r e s s  t h e  s o l u b i l i t i e s  i n  v a r i o u s  w ay s . The e x p e r im e n ta l  

r e s u l t s  a r e  t a b u l a t e d  n u m e r ic a l ly  i n  t h e  a p p e n d ix  an d  a r e  

show n g r a p h i c a l l y  i n  f i g u r e s  1 ,  2 ,  3 ,  and  4 .

F ig u r e  1 show s a  p l o t  o f  w e ig h t  p e r c e n t  b e n z o le  

a c id  v e r s u s  w e ig h t  p e r c e n t  sod ium  o - x y le n e s u l f o n a t e  o n  

r e c t a n g u l a r  c o o r d i n a t e s .  E x p e r im e n ta l  p o i n t s  a r e  show n on  

t h i s  p l o t ,  ,b u t  h a v e  b e e n  o m it te d  o n  a l l  su b s e q u e n t d e r iv e d  

p l o t s .

The sam e ty p e  o f  d a ta  i s  p l o t t e d  on  a  t r i a n g u l a r  

d ia g ra m  i n  f i g u r e  2 . I n  f i g u r e  3 c o m p le te  p h a se  e q u i l i b r i a  a t  60° 

C i s  shown w i th  t h e  v a r i o u s  r e g io n s  l a b e l e d .  E x p e r im e n ta l ly  

d e te rm in e d  t i e  l i n e s  i n  t h e  sod ium  o - x y le n e s u l f o n a t e - w a te r  

r e g i o n  a r e  shown i n  f i g u r e  4 .

Upon i n s p e c t i o n  o f  t h e s e  p l o t s ,  t h e  f o l lo w in g  ob­

s e r v a t i o n s  w e re  m ade:

1 .  T h e re  i s  a  p ro n o u n c e d  i n c r e a s e  i n  h y d r o t r o p ic  

e f f e c t  w i th  i n c r e a s e  i n  t e m p e r a tu r e .  T h is  seem s t o  c o r r e s ­

pond  w i th  t h e  r e l a t i v e  i n c r e a s e  i n  s o l u b i l i t y  o f  b e n z o ic  a c i d  

i n  w a te r  w i th  t e m p e r a tu r e .  A p l o t  o f  t h e  r a t i o  o f  t h e  s o lu ­

b i l i t y  o f  b e n z o ic  a c i d  i n  sod ium  o - x y le n e s u l f o n a t e  s o l u t i o n
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(w e ig h t  p e r c e n t  "benzo ic  a c i d  i n  s o l u t i o n )  t o  t h e  s o l u b i ­

l i t y  o f  b e n z o ic  a c i d  i n  w a te r  (w e ig h t  p e r c e n t  b e n z o ic  

a c i d  i n  s o l u t i o n )  a t  t h e  same t e m p e r a tu r e  v e r s u s  c o n c e n t r a ­

t i o n  o f  so d iu m  o - x y l e n e s u l f o n a t e  (w e ig h t  p e r c e n t  s a l t  i n  

s o l u t i o n )  b e a r s  o u t  t h e  s t a t e m e n t ,  i n  t h a t  t h e  t h r e e  c u rv e s  

p r a c t i c a l l y  c o i n c i d e .  (S e e  f i g u r e  5 ) .

2 .  T he  maximum c o n c e n t r a t i o n  o f  b e n z o ic  a c i d  i n  

s a t u r a t e d  s o l u t i o n s  a t  60® C i s  2 0 .3 9 $ . I n  t h i s  s o l u t i o n  

t h e r e  i s  a b o u t 1 1 /3  t im e s  a s  much sod ium  o - x y l e n e s u l f o n a t e  

p r e s e n t  a s  t h e r e  i s  w a t e r .

3 .  T he maximum c o n c e n t r a t i o n  o f  b e n z o ic  a c i d  i n  

s a t u r a t e d  s o l u t i o n s  a t  40® C i s  9 .5 4 $ .  I n  t h i s  s o l u t i o n  

t h e r e  i s  a lm o s t  a s  much sod ium  o - x y l e n e s u l f o n a t e  p r e s e n t  

a s  t h e r e  i s  w a t e r .

4 .  A t 30®C an d  40®C t h e  c o n c e n t r a t i o n  o f  so d ­

ium  o - x y l e n e s u l f o n a t e  i n  s a t u r a t e d  s o l u t i o n s  i n c r e a s e s  

w i t h  i n c r e a s e d  b e n z o ic  a c i d  c o n c e n t r a t i o n .  H ow ever, t h e  

c o n c a v i ty  o f t h e  c u r v e s  r e p r e s e n t i n g  t h e s e  s o l u t i o n s  i s  r e ­

v e r s e d  a t  t h e  tw o t e m p e r a t u r e s .  A t 6 0 °C t h e r e  i s  a  max­

imum i n  t h e  c u rv e  r e p r e s e n t i n g  t h e  c o n c e n t r a t i o n  o f  sod ium  

o - x y l e n e s u l f o n a t e  i n  s a t u r a t e d  s o l u t i o n s .  H ow ever, a s  

show n i n  f i g u r e  7 ,  b y  e x p r e s s in g  t h e  c o n c e n t r a t i o n s  o f  

sod ium  o - x y l e n e s u l f o n a t e  and  b e n z o ic  a c i d  i n  m o ls . p e r  

1000 gram s o f  w a t e r ,  t h e  s o l u b i l i t y  o f  sod ium  o - x y le n e ­

s u l f o n a t e  i n c r e a s e s  w i th  i n c r e a s i n g  c o n c e n t r a t i o n  o f  b e n ­

z o ic  a c i d .
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5 . The r a t e  o f  i n c r e a s e  o f  s o l u b i l i t y  o f  sod ium  

o - x y l e n e s u l f o n a t e  i n  b e n z o ic  a c id  s o l u t i o n s  w i th  i n c r e a s i n g  

t e m p e r a tu r e  d e c r e a s e s  w i th  i n c r e a s i n g  t e m p e r a t u r e .  T h is  i s  

a l s o  t r u e  f o r  a q u e o u s  s o l u t i o n s .

6 .  The a d d i t i o n  o f  w a te r  t o  a n  a q u e o u s  m ix tu r e

i s  r e p r e s e n t e d  g r a p h i c a l l y o o n  a t r i a n g u l a r  d ia g ra m  b y  a  l i n e  

j o i n i n g  t h e  p o i n t s  r e p r e s e n t i n g  t h e  c o m p o s i t io n  o f  t h e  s o l u ­

t i o n  and  t h e  w a te r  v e r te x : . . .  The m ore w a te r  a d d e d , t h e  c l o s e r  

t h e  p o i n t . r e p r e s e n t i n g  t h e  r e s u l t i n g  c o m p o s i t io n  a p p ro a c h e s  

t h e  w a te r  v e r t e x .  A d d i t io n  o f  w a te r  t o  t h e  v e r y  c o n c e n t r a t e d  

s o l u t i o n s  o f  b e n z o ic  a c i d  i n  a q u e o u s  sod ium  o - x y l e n e s u l f o n a t e  

s o l u t i o n  p r o d u c e s  c o m p o s i t io n  i h  t h e  tw o p h a s e ,  b e n z o ic  a c i d -  

w a t e r ,  r e g i o n .  T h u s , b e n z o ic  a c id  i s  p r e c i p i t a t e d  o u t  b y  d i ­

l u t i o n  w i th  w a t e r .

. 7 .  S in c e  t h e r e  a r e  o n ly  tw o p o r t i o n s  t o  t h e  c u rv e  

b o u n d in g  t h e  o n e  p h a s e  r e g i o n  , t h e r e  i s  no compound f o r m a t io n  

i n d i c a t e d  b e tw e e n  b e n z o ic  a c i d  and  sod ium  o - x y l e n e s u l f o n a t e .

8 .  At 60° a n h y d ro u s  sod ium  o - x y l e n e s u l f o n a t e  e x i s t s  

i n  e q u i l i b r i u m  w i t h  s a t u r a t e d  s o l u t i o n s .  R e f e r r in g  t o  f i g u r e  

4 ,  i t  c a n  b e  s e e n  t h a t  i n  o r d e r  f o r  t h e  l i n e s  d raw n c o n n e c t in g  

t h e  e x p e r im e n ta l  p o i n t s  t o  i n t e r s e c t  a t  an y  o f  t h e  p o i n t s  r e ­

p r e s e n t i n g  h y d r a t e s  o f  t h e  s a l t ,  i t  w o u ld  b e  n e c e s s a r y  t o  

r o t a t e  them  t h r o u g h  l a r g e r  a n g le s  t h a n  a r e  w a r r a n te d  b y  ex ­

p e r i m e n t a l  a c c u r a c y .  T h u s , t h e  p o s s i b i l i t y  o f  t h e  e x i s t e n c e  

o f  a  h y d r a t e  o f  t h e  s a l t  a t  60° C. i s  e l i m i n a t e d .
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A t 30° an d  40° a g r a p h i c a l  a n a l y s i s  w ou ld  b e  i n ­

a c c u r a t e ,  s i n c e  l i n e s  j o i n i n g  p o i n t s  r e p r e s e n t i n g  com pos­

i t i o n s  o f  s a t u r a t e d  s o l u t i o n  and  w e t r e s i d u e s  w ould  n e c e s ­

s a r i l y  a p p ro a c h  t h e  z e r o  p e r c e n t  b e n z o ic  a c id  l i n e  a t  a  v e ry  

s m a l l  a n g le .  T h u s , b y  s h i f t i n g  th e  l i n e  o n ly  a  s m a l l  am o u n t, 

t h e  a n h y d ro u s  s a l t ,  o r  a n y  o f  t h e  lo w e r  h y d r a t e s  m ig h t b e  i n ­

d i c a t e d .

T he d e r i v e d  p l o t s  a r e  a s  f o l lo w s :

1 .  S o l u b i l i t y  o f  b e n z o ic  a c i d  v e r s u s  s o l u b i l i t y  

o f  sod ium  o - x y l e n e s u l f o n a t e ,  b o th  e x p r e s s e d  a s  m o ls  p e r  

1000  grains o f  s o l u t i o n ,  ( f i g u r e  6 ) .

2 .  S o l u b i l i t y  o f  b e n z o ic  a c i d  v e r s u s  s o l u b i l i t y  

o f  sod ium  o - x y l e n e s u l f o n a t e ,  b o th  e x p r e s s e d  a s  m o ls  p e r  

1000  g ram s o f  w a t e r .  ( f i g u r e  7 ) .

3 .  S o l u b i l i t y  o f  b e n z o ic  a c i d  i n  gram s p e r  1000 

g ram s o f  sod ium  o - x y l e n e s u l f o n a t e  s o l u t i o n  v e r s u s  c o n c e n t r a ­

t i o n  o f  sod ium  o - x y l e n e s u l f o n a t e  i n  m o ls  p e r  1000 g ram s o f  

sod ium  o - x y l s n e s u l f o n a t e  s o l u t i o n ,  ( f i g u r e  l l )  •

4 .  S o l u b i l i t y  o f  b e n z o ic  a c i d  i n  gram s p e r  1000 

g ram s o f  sod ium  o - x y l e n e s u l f o n a t e  s o l u t i o n  v e r s u s  w e ig h t  

p e r c e n t  sod ium  o - x y l e n e s u l f o n a t e  i n  sod ium  o - x y l e n e s u l f o n a t e  

s o l u t i o n  ( f i g u r e s  13  an d  1 4 ) .

5 .  Grams o f  b e n z o ic  a c i d  p e r  gram  o f  sod ium  o -  

x y l e n e s u l f o n a t e  c o r r e c t e d  f o r  th e  am ount o f  b e n z o ic  a c i d

d i s s o l v e d  i n  t h e  w a te r  p r e s e n t  v e r s u s  c o n c e n t r a t i o n  o f  so d ­

ium  o - x y l e n e s u l f o n a t e  i n  m o ls  p e r  1000  g ram s o f  w a t e r . sf i g . 1 5 ) .
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R e s u l t s  o f  t h e  d e t e r m i n a t i o n s  o f  t h e  s o l u b i l i t y  

o f  b e n z o ic  a c i d  i n  a q u e o u s  s o l u t i o n s  o f  sod ium  b e n z e n e s u l -  

f o n a t e ,  sod ium  p - t o l u e n e s u l f o n a t e ,  so d iu m  n i~ x y le n e s u lf o n a te ,  

sod ium  p - b r o m o b e n z e n e s u l f o n a te ,  so d iu m  p - e y m e n e s u l f o n a te ,  

so d iu m  m - b e n z e n e s u l f o n a te  an d  so d iu m  c in n a m a te  a t  40 °  a r e  

t a b u l a t e d  i n  t h e  a p p e n d ix .  T h e re  w as fo u n d  t o  b e  a  s l i g h t  

d e c r e a s e  i n  t h e  s o l u b i l i t y  o f  b e n z o ic  a c i d  i n  t h e  sod ium  

m - b e n z e d i s u l f o n a t e  an d  so d iu m  c in n a m a te  s o l u t i o n s  a s  com­

p a re d  t o  i t s  s o l u b i l i t y  i n  w a te r  a t  4 0 ° .  ^ e n c e ,  e x te n s i v e  

d a t a  w as n o t  o b t a i n e d  f o r  t h e s e  s a l t s  and  t h e s e r u n s a r e  

n o t  r e p r e s e n t e d  g r a p h i c a l l y .

T he r e s u l t s  o f  t h e  d e t e r m i n a t i o n s  in v o lv in g  t h e  

o t h e r  s a l t s  a r e  show n g r a p h i c a l l y  i n  c o m p a r is o n  w i th  t h e  

s o l u b i l i t y  o f  b e n z o ic  a c i d  i n  a q u e o u s  sod ium  o - x y l e n e s u l ­

f o n a t e  a t  40° i n  f i g u r e s  8  a n d  9 .  The r e s u l t s  f o r  t h e  f i r s t  

t h r e e  s a l t s  a b o v e  w e re  r e c a l c u l a t e d  i n  te r m s  o f  m o ls  o f  b e n ­

z o ic  a c i d  p e r  1000 g ram s o f  w a te r  a n d  m o ls o f  s a l t  p e r  1000 

g ram s o f  w a te r  an d  p l o t t e d  a s  o r d i n a t e  and a b 'c i s s a ,  r e s p e c ­

t i v e l y .  T h is  p l o t  a l s o  i n c l u d e s  t h e  c o r r e s p o n d in g  c u r v e  f o r  

so d iu m  o - x y l e n e s u l f o n a t e  and  i s  show n i n  f i g u r e  1 0 . S in c e  

t h e r e  w as a q u e s t i o n  a s  t o  t h e  a c c u r a c y  o f  t h e  a n a l y s i s  f o r  

sod ium  p - b r o m o b e n z e n e s u l f o n a te  and  so d iu m  p - c y m e n e s u l f o n a te ,  

S i m i l a r  r e c a l c u l a t i o n s  w e re  n o t  c a r r i e d  o u t  f o r  t h e s e  s a l t s .

O f t h e  s i x  s a l t s  sh o w in g  a h y d r o t r o p ic  e f f e c t  t o ­

w a rd  b e n z o ic  a c i d ,  sod ium  p - c y m e n e s u l f o n a te  w as fo u n d  t o  b e
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FIG URE  9 ; S O L U B I L I T Y  OF' BENZOIC A C I D ( U z O i i )  

•• IN HYChOThOi .IC S A L T  SOLUTIONS  

: y;-,: AT 4 0 ° C .  . L

\  ( WEIGHT PERCENT;£OF EACH COMPONENT) ; ■' .'■
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t h e  m o s t  e f f e c t i v e .  A l i s t  o f  t h e  o t h e r s  i n  b r d e r  o f  d e ­

c r e a s i n g  e f f e c t i v e n e s s  i s  a s  f o l l o w s :  so d iu m  o - x y l e n e s u l -

f o n a t e ,  so d iu m  m - x y l e n e s u l f o n a t e ,  so d iu m  p - b r o m o b e n z e n e s u l ­

f o n a t e ,  so d iu m  p - t o l u e n e s u l f o n a t e ,  a n d  so d iu m  b e n z e n e s u l f o n ­

a t e .  I n  t h e  a b s e n c e  o f  f r e e  a c i d  i t  i s  e n t i r e l y  p o s s i b l e  

t h & t  sod ium  p - b r o m o b e n z e n e s u l f o n a t e  w o u ld  b e  m ore e f f e c t i v e  

t h e n  sod ium  m - x y l e n e s u l f o n a t e .

T h u s ,  f o r  t h e  h o m o lo g o u s  s e r i e s  o f  d e r i v a t i v e s  o f  

so d iu m  b e n z e n e s u l f o n a t e ,  t h e  h y d r o t r o p i c  e f f e c t  t o w a r d  b e n z o i c  

a c id ? ,  i n c r e a s e s  w i t h  i n c r e a s e d  num ber and  i n c r e a s e d  s i z e  o f  

a l x y l  g r o u p s  o n  t h e  b e n z e n e  r i n g .  T h a t  i s  t o  s a y ,  t h e  e f f e c t  

i n c r e a s e s  w i t h  i n c r e a s i n g  m o l e c u l a r  w e ig h t  an d  i n c r e a s e i n g  s i z e  

o f  t h e  m o l e c u l e .  The p r e s e n c e  o f  a  b ro m in e  a tom  o n  t h e  r i n g  

y i e l d s  a  m o le c u l e  o f  a p p r o x i m a t e l y  t h e  same s i z e  a s  i f  a 

m e th y l  g ro u p  was p r e s e n t .  H ow ever ,  t h e  m o l e c u l a r  w e i g h t  i s  

l a r g e r  a n d  t h e  h y d r o t r o p i c  e f f e c t  to w a r d  b e n z o i c  a c i d  i s  g r e a t ­

e r .  The p r e s e n c e  o f  a  s e c o n d  s u l f o n a t e  g ro u p  on  t h e  r i n g  e l i m ­

i n a t e s  t h e  s a l t i n g - i n  e f f e c t  to w a rd  b e n z o i c  a c i d  a n d  c a u s e s  a 

s l i g h t  d e g r e e  o f  s a l t i n g  o u t  t o  o c c u r .

An a q u e o u s  so d iu m  p - b r o m o b e n z e n e s u l f o n a t e  s o l u t i o n  

s h o u l d  maxe a n  e x c e l l e n t  medium f o r  r e a c t i o n s  i n v o l v i n g  t h e  

o x i d a t i o n  o f  com pounds ( c a p a b l e  o f  b e i n g  h y d r o t r o p l c a l l y  d i s ­

s o l v e d )  w i t h  s t r o n g  o x i d i z i n g  a g e n t s  s u c h  a s  p e rm a n g a n a te  o r  

d i c h r o m a t e ,  s i n c e  t h e  s a l t  i s  v e r y  s t a b l e  t o  o x i d a t i o n  i t s e l f .
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54.
The d a t a  f o r  t h e  s o l u b i l i t y  o f  b e n z o i c  a c i d  i n  

a q u e o u s  sod ium  o - x y l e n e s u l f o n a t e  s o l u t i o n s  was t e s t e d  i n  

S e t s c h e n o w Ts E q u a t i o n  ( s e e  p a g e  6 . )

S a
l o g  g -  KC .

T h i s  c o u ld  b e  d o n e  o n l y  i n  a n  a p p r o x im a te  m anner s i n c e  i n  

t h i s  e q u a t i o n  S an d  SQ a r e  s o l u b i l i t i e s  i n  w e i g h t  u n i t s  o f  

n o n - e l e c t r o l y t e  p e r  l i t e r  o f  s o l u t i o n  an d  C i s  t h e  c o n c e n ­

t r a t i o n  o f  s a l t  i n  xnols p e r  l i t e r  o f  s o l u t i o n s .  I t  was 

i m p o s s i b l e  t o  e x p r e s s  t h e  s o l u b i l i t y  d a t a  i n  t h e s e  t e r m s ,  

s i n c e  no d e n s i t i e s  o f  t h e  s o l u t i o n s  w e re  d e t e r m i n e d .  How­

e v e r ,  a s  a n  a p p r o x i m a t i o n ,  t h e  s o l u b i l i t i e s  w e re  e x p r e s s e d  

p e r  1000 gram s o f  s o l u t i o n  r a t h e r  t h a n  p e r  l i t e r  o f  s o l u t i o n .  

S t r a i g h t  l i n e s  w e re  o b t a i n e d  f o r  c o n c e n t r a t i o n s  o f  sod ium  

o - § y l e n e s u l f o n a t e  up  t o  1 . 3  i n o la l  b y  p l o t t i n g  s o l u b i l i t y  o f  

b e n z o i c  a c i d  a t  t h e  t h r e e  t e m p e r a t u r e s  a g a i n s t  m o l a l i t y  o f  t h e  

s a l t  o n  s e m i - l o g  c o o r d i n a t e s .  The v a l u e  o f  w as fo u n d  t o  

b e  - 0 . 6 3  a t  e a c h  t e m p e r a t u r e .

S t r a i g h t  l i n e s  w e re  a l s o  o b t a i n e d  b y  p l o t t i n g  t h e  

a n a lo g o u s  d a t a  f o r  so d iu m  b e n z e n e s u l f o n a t e ,  sod ium  p - t o l u -  

e n e s u l f o n a t e ,  a n d  sod ium  m - x y l e n e s u l f o n a t e .  H ow ever, t h e s e  

s t r a i g h t  l i n e s  d i d  n o t  e x te n d  i n t o  t h e  d i l u t e  s o l u t i o n s ,  b u t  

r e s u l t e d  b e tw e e n  c o n c e n t r a t i o n s  o f  1 .6  -  2 .6  m o la l  sod ium  

b e n z e n e s u l f o n a t e ,  1 . 0  -  1 . 8  m o la l  sod ium  p - t o l u e n e s u l f o n a t e ,  

and  0 . 8  -  1 . 4  i n o la l  so d iu m  m - x y l e n e s u l f o n a t e .  (.see f i g u r e  1 2 . ) .
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3 5 .

B a n c r o f t  ( l )  h a s  s t a t e d  t h a t  h y d r o t r o p i c  s o l v e n t s  

may b e  com pared  t o  m ix ed  l i q u i d  s o l v e n t s  i n  t h e i r  a c t i o n .  The 

a c t i o n  o f  m ix ed  l i q u i d  s o l v e n t s  i s  b a s e d  o n  s i m i l a r i t y  i n  

s t r u c t u r e  b e tw e e n  o n e  o f  t h e  l i q u i d s ,  an d  t h e  s u b s t a n c e  d i s ­

s o l v e d .  The g r e a t e r  t h e  p e r c e n t a g e  o f  t h i s  l i q u i d  p r e s e n t ,  t h e  

m ore  t h e  s u b s t a n c e  i s  d i s s o l v e d .  I n  t h e  i d e a l  c a s e  t h e  s o l u ­

b i l i t y  o f  t h e  t h i r d  com ponen t i n  t h e  m ix e d  s o l v e n t  i n c r e a s e s  

l i n e a r l y  w i t h  t h e  w e i g h t  f r a c t i o n  o f  s o l u b i l i z i n g  l i q u i d  i n  

t h e  m ix e d  s o l v e n t .  T h u s ,  a  p l o t  o f  s o l u b i l i t y  o f  t h e  t h i r d  

co m p o n en t v e r s u s  c o m p o s i t i o n  o f  m ix ed  s o l v e n t  w i l l  y i f e ld  a  

s t r a i g h t  l i n e .

T h i s  l i n e  o f  r e a s o n i n g  w as a p p l i e d  t o  t h e  s y s te m ,  

w a t e r ,  b e n z o i c  a c i d ,  a n d  so d iu m  o - x y l e n e s u l f o n a t e .  The s o l u ­

b i l i t y  d a t a  was f i r s t  r e c a l c u l a t e d  a s  s o l u b i l i t y  o f  b e n z o i c  

a c i d  i n  g ram s p e r  1000  gram s o f  so d iu m  o - x y l e n e s u l f o n a t e  

s o l u t i o n ,  and  w e i g h t  p e r c e n t a g e  o f  so d iu m  o - x y l e n e s u l f o n a t e  i n  

t h e  sod ium  o - x y l e r e s u l f o n a t e  s o l u t i o n .  T h e se  w e re  p l o t t e d  

a s  o r d i n a t e  an d  a b c i s s a ,  r e s p e c t i v e l y .  I t  w as t h o u g h t  t h a t  

t h e r e  m ig h t  a r i s e  a  s t r a i g h t  l i n e  w h ic h  c o u ld  b e  e x te n d e d  t o  

t h e  so d iu m  o - x y l e n e s u l f o n a t e  a x i s  an d  g i v e  a  f i c t i t i o u s  s o l u b i l ­

i t y  o f  b e n z o i c  a c i d  i n  p u r e  so d iu m  o - x y l e n e s u l f o n a t e .

P l o t s  o f  t h i s  d a t a  o n  r e c t a n g u l a r  c o o r d i n a t e s  and 

o n  s e m i - l o g  c o o r d i n a t e s  a r e  shown i n  f i g u r e s  13 an d  1 4 .  As 

show n , a n  e x p o n e n t i a l  t y p e  o f  c u r v e  r a t h e r  t h a n  a  s t r a i g h t  

l i n e  i s  o b t a i n e d  o n  r e c t a n g u l a r  c o o r d i n a t e s .  I t  i s  i n t e r e s t -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T IGrUHE 1 3 : SOLUB XL ITY OF BENZO IC?. ACID CBzOH) IN  “AQ.UJEOUS 

SODIUM o-XTLS^ESUJLFONATiE ( NaXS) SOLUTIONS

2 5 0

8 0 0

£Q

100

3 0  °C

. 20 3 0 .  • ■ 40

W.t» . 0/ d  HaX3 - in N&XS -ao La Lion
2,0 60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



o~a
FIGURE 14

(RaX3) SDL.UT.IOKa

60 °C

1QQ

tn

o
o

6030  30 40
Wt. o / o  NaXS i n  NaXS s o l u t i o n

10

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



3 6 .

i n g  t o  n o t e  t h a t  o n  t h e  s e m i - l o g  p l o t  t h e r e  i s  o b t a i n e d  a  

s t r a i g h t  l i n e  a t  c o n c e n t r a t i o n s  u p  t o  15  p e r c e n t  b y  w e ig h t  

o f  sod ium  o - x y l e n e s u l f o n a t e ,  and  t h a t  t h e  s t r a i g h t  l i n e  p o r  

t i o n s  f o r  t h e  t h r e e  t e m p e r a t u r e s  a r e  p a r a l l e l .  E x p r e s s i n g  

t h i s  m a t h e m a t i c a l l y ,

T h i s  m eans t h a t  t h e  r a t e  o f  c h a n g e  o f  s o l u b i l i t y  o f  b e n z o i c  

a c i d  i n  sod ium  o - x y l e n e s u l f o n a t e  s o l u t i o n  w i t h  t h e  c o n c e n t r a ­

t i o n  o f  so d iu m  o - x y l e n e s u l f o n a t e  s o l u t i o n  i s  a  l i n e a r  f u n c t i o n  

o f  t h e  s o l u b i l i t y  o f  b e n z o i c  a c i d  i n  so d iu m  o - x y l e n e s u l f o n a t e  

s o l u t i o n .  The p r o p o r t i o h a l i t y  c o n s t a n t ,  K, i s  i n d e p e n d e n t  o f  

t e m p e r a t u r e .

S e t s c h e n o w f s e q u a t i o n  ( s e e  p a g e  6 ) .  H o w ever ,  t h e  v a l u e  o f  K 

i s  d i f f e r e n t ,  b e c a u s e  t h e  s o l u b i l i t y  o f  b e n z o i c  a c i d  and  con­

c e n t r a t i o n  o f  sod ium  o - x y l e n e s u l f o n a t e  a r e  e x p r e s s e d  d i f f e r e n t l y .

m ig h t  b e  a  f i c t i t i o u s  s o l u b i l i t y  o f  b e n z o i c  a c i d  i n  sodium  

o - x y l e n e s u l f o n a t e ,  i t  i s  l o g i c a l  t o  a ssu m e  t h a t  t h e  s o l u b i l i t y  

o f  b e n z o i c  a c i d  i n  a q u e o u s  so d ium  o - x y l e n e s u l f o n a t e  s o l u t i o n s  

i s  d u e  t o  one  o f  t h e  t h r e e  f o l l o w i n g  r e a s o n s :

1) S i m i l a r i t y  i n  s t r u c t u r e  o f  b e n z o i c  a c i d  and  

so d iu m  o - x y l e n e s u l f o n a t e ,  a l o n e .

2) A " s a l t  e f f e c t "  ( s e e  p a g e  2) i n  a d d i t i o n  t o  s im ­

i l a r i t y  i n  s t r u c t u r e .

a  s BzOH = K. 
d CNaXS

The i n t e g r a t e d  fo rm  o f  t h i s  e q u a t i o n  c o r r e s p o n d s  t o

F o l lo w in g  f ro m  t h e  a b o v e  l i n e  o f  r e a s o n i n g  t h ® t t h e r e

3) A " s a l t  e f f e c t "  a l o n e .
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E ach  o f  t h e s e  w i l l  h e  c o n s i d e r e d  i n d i v i d u a l l y .

I f  s i m i l a r i t y  i n  s t r u c t u r e  a l o n e  i s  t h e  c a u s e  o f  t h e  s o l u ­

b i l i z i n g  a c t i o n ,  t h e  r a t i o  o f  g ram s o f  b e n z o i c  a c i d  e x c l u s i v e  

o f  t h e  am ount d i s s o l v e d  i n  t h e  w a t e r  t o  g ram s o f  sod ium  o -  

x y l e n e s u l f o n a t e  i n  t h e  s o l u t i o n  s h o u l d  b e  c o n s t a n t  a t  a l l  con­

c e n t r a t i o n s  o f  sod ium  o - x y l e n e s u l f o n a t e .  I n  o t h e r  w o r d s ,  t h i s  

i s  c o n s i d e r e d  t o  b e  a n  i d e a l  c a s e  o f  a  m ix ed  l i q u i d  s o l v e n t .

I f  t h e r e  i s  a  s a l t  e f f e c t  i n  a d d i t i o n  t o  t h e  s o l u b i l ­

i z i n g  e f f e c t  du e  t o  s i m i l a r i t y  i n  s t r u c t u r e ,  t h e  ab o v e  r a t i o  

w o u ld  no l o n g e r  b e  c o n s t a n t ,  b u t  w o u ld  b e  e x p e c te d  t o  i n c r e a s e  

w i t h  i n c r e a s e d  s a l t  c o n c e n t r a t i o n .  H o w ever, a n  i n d i c a t i o n  o f  

t h e  s o l u b i l i z i n g  e f f e c t  du e  t o  s i m i l a r i t y  i n  s t r u c t u r e  c a n  be  

d e t e r m i n e d  b y  e x t r a p o l a t i n g  t h e  c u r v e  t o  z e r o  s a l t  c o n c e n t r a ­

t i o n ,  w h e re  t h e  s a l t  e f f e c t  i s  z e r o .

I f  t h e  s o l u b i l i t y  o f  b e n z o i c  a c i d  i n  sod ium  o - x y l e n e s u l ­

f o n a t e  s o l u t i o n  I s  due  o n l y  t o  a  s a l t  e f f e c t  t h e  e x t r a p o l a t i o n  o f

t h e  a b o v e  c u r v e  s h o u l d  i n t e r s e c t  t h e  w a t e r  a x i s  a t  a  r a t i o  v a l u e

o f  z e r o .

I n  f i g u r e  15 i s  shown a  p l o t  o f  t h i s  r a t i o  v e r s u s  

m o ls  o f  sod ium  o - x y l e n e s u l f o n a t e  p e r  1000 gram s o f  w a t e r  f o r  

t h e  t h r e e  t e m p e r a t u r e s .  The c u r v e s  a t  3 0 ° ,  40° and  60°C ex ­

t r a p o l a t e  t o  z e r o .  I t  i s  t h e r e f o r e  c o n c lu d e d  t h a t  t h e  s o l u ­

b i l i t y  o f  b e n z o i c  a c i d  i n  so d iu m  o - x y l e n e s u l f o n a t e  s o l u t i o n  i s

du e  s o l e l y  t o  a  s a l t  e f f e c t .

The same t y p e  o f  c u r v e s  a r e  shown f o r  s o l u t i o n s  i n ­

v o l v i n g  sod ium  b e n z e n e s u l f o n a t e ,  sod ium  p - t o l u e n e s u l f o n a t e ,

a n d  so d iu m  m - x y l e n e s u l f o n a t e  i n  f i g u r e  16% T h e s e  c u r v e s  a r e
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F IGURE 1 6 :  JIATIO OF BENZOIC A C I D  ( B z O H )  TO HYDBOTHCPIC SALT CORh ECTED F OR'

BENZOIC A C I D  IN VYATEii PRESENT AT 4 0 ° C .

VERSUS

IO LS  SALT /  1000  GBS. HgO

. i ’.r  SODIUM D -XYLENESULFONATE  ̂ '

2 -  SODIUM a - X n . E N E F U L F O N A T E  . .

3 -  SODIUM p-TOLUENESULFONATE

4-  SODIUM BENZENE3ULF0NITE

03 •  

B '«
d d

o . :

0 . .

■3---------------r.------------- 5------------

Mol8. salt / 1000 Gas. HgO



a l s o  e x t r a p o l a t e d  t o  z e r o ;  th u .s  i n d i c a t i n g  t h a t  t h e  s o l v e n t  

a c t i o n  o f  t h e s e  a q u e o u s  s a l t  s o l u t i o n s  to w a rd  b e n z o i c  a c i d  

i s  d u e  o n l y  t o  a  " s a l t  e f f e c t " .
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V APPENDIX
** * * * * * * * * * *

D e f i n i t i o n s  o f  t e r m s

BzOH = B e n z o ic  a c i d .

H y d r o t r o p i c  s a l t s

NaXS = so d iu m  d - x y l e n e s u l f o n a t e  
NamXS = so d iu m  m - x y l e n e s u l f o n a t e  
NaBS = so d iu m  b e n z e n e s u l f o n a t e  
NaBDS = so d iu m  m - b e n z e n e s u l f o n a t e  
NaTS = so d iu m  p - t o l u e n e s u l f o n a t e  
NaCS = so d iu m  p - c y m e n e s u l f o n a t e  
NaBrBS = so d iu m  p - b r o m o b e n z e n e s u l f o n a t e  
N aC in  = so d iu m  c in n a m a te

W t. % BzOH N a°H x  Norm. NaOH x  Bz0H
w t .  o f  s a m p le

w t .  o f  d r i e d  s a l t  
W t. % s a l t  = w t .  o f  sa m p le  x

W t. % Hg0 = 100  -  ( w t .  % BzOH + w t .  % s a l t ) .

„  „  M ols BzOH  -  w t .  % BzOH x 10
a .B z O n  -■ i o OO gm s. s o l n .  M ol. w t .  BzOH

-.t c i t  -  Ivlo l s  s a l t  = w t .  % s a l t  x  10
~a 1000  gm s. s o l n  M ol. w t .  s a l t

M .* BzOH = M ols  BzOH = _M» BzOH__
10 00  gm s. Hg0 w t .  % E 2 0

t
M. s a l t  m M ols s a l t

1 0 0 0  Hg 0  w t >  % g g 0

x  100
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Gms. BzOH____________  — w t . #  BzOH x 1000
S .  BzOH -  1000 gms. NaXS s o l n .  100  -  w t .  % BzOH

W t. £  NaXS _  XaXs_ x  1Q0
i n  NaXS s o l n .  “  w t .  % BzOH

,s __-i ^ _  M ols NaXS_________M o l a l i t y  s a l t  s o l n .  1 0 0 0  gmg NaZS so ln>

w t .  #  s a l t  x  ______ 1000 _______
M ol. w t .  s a l t  100  -  w t .  % BzOH

Gms. BzOH 
Em. s a l t

c o r r .

0 .4 1
w t .  #  BzOH -  9 9 .5 1  x  w t .  #  HgO 

Wt? % s a l t

0 . 5 5
w t .  #  BzOH - 9 9 . 4 5  x  w t .  #  H20 

m V  J  s i l t

l . i e
= w t .  #  BzOH -  9 8 .8 2  x  w t .  .#  HgO 

W t. % s a l t

a t  50° C.

a t  4 0°  C.

a t  60 °  C.
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Table 1 (Continued)

A 3
B 3 0 °
C NaXS
D 3 1 . 4 5 1 2 3 1 . 5 1 1 7 3 3 . 9 3 6 7 5 1 . 4 5 0 7
E 3 8 . 1 9 4 ? 3 6 . 3 4 4 9 4 0 . 2 4 9 7 3 5 . 8 4 6 0
F 6 . 7 4 3 1 4 . 8 3 3 2 6 . 3 1 3 0 4 . 3 9 5 3
r . 2 6 . 1 8 1 8 . 7 2 2 4 . 4 5 2 2 . 3 5
II . 0 4 9 8 . 0 4 9 8 . 0 4 9 8 . 0 4 9 8
T 2 . 3 6 2 . 3 6 2 . 3 6 3 . 0 9

J 3 1 . 4 5 1 1 3 3 . 9 3 7 1 3 2 . 0 6 9 0
y 3 7 . 0 2 8 2 3 9 . 4 4 3 3 3 8 . 2 6 5 9
I 5 . 5 7 7 1 5 . 5 0 6 2 6 . 1 9 6 9
M 3 2 . 9 1 5 0 3 5 . 3 8 0 7 3 3 . 7 5 6 4

1 . 4 6 3 9 1 . 4 4 3 6 1 . 6 8 7 4
0 2 6 . 2 5 2 6 . 2 2 2 7 . 2 3

p 2 . 3 6
Q 2 6 . 2 3
T> 7 1 . 4 1
s BzOH

4 5
3 0 ° 3 0 c

NaXS NaXS
3 1 . 5 1 1 7 3 3 . 9 3 6 4 3 1 . 5 1 1 1 3 3 . 9 3 6 8
3 4 . 7 8 6 1 3 8 . 2 1 3 7 3 5 . 6 7 1 4 3 7 . 2 2 4 6

3 . 2 7 4 4 4 . 2 7 7 3 4 . 1 6 0 3 3 . 2 8 7 8
1 6 . 6 7 2 1 . 7 5 2 9 . 7 1 2 3 . 4 2
. 0 4 9 8 . 0 4 9 8 . 0 4 9 8 . 0 4 9 8
3 . 1 0 3 . 0 9 4 . 3 4 4 . 3 3

3 1 . 5 8 5 1 3 1 . 5 1 1 1 3 3 . 9 3 6 7
3 7 . 5 0 4 0 3 5 . 6 3 1 1 3 8 . 2 4 9 3

5 . 9 1 8 9 4 . 1 2 0 0 4 . 3 1 2 6
3 3 . 1 9 2 9 3 8 . 8 6 6 3 3 5 . 3 5 5 2

1 . 6 0 7 8 1 . 3 5 5 2 1 . 4 1 8 5
2 7 . 1 7 3 2 . 8 9 3 2 . 8 9

3 . 0 9 4 . 3 4
2 7 . 2 0 3 2 . 8 9
6 9 . 7 1 6 2 . 7 7
BzOH Pzoir

3 1 . 4 5 0 7
3 5 . 2 3 2 3

3 . 7 8 1 6
2 7 . 1 0
. 0 4 9 8
4 . 3 6

*t
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Table 1 (Continued)

k 9
B 3 0 °
C NaXS
D 3 1 . 4 4 8 4 3 1 . 5 1 0 8 3 2 . 1 9 8 6 3 1 . 4 4 8 0
E 3 7 . 4 5 7 0 3 7 . 4 7 8 1 3 7 . 2 0 6 3 3 5 . 4 9 8 1
p 6 . 0 0 8 6 5 . 9 6 7 3 5 . 0 0 7 7 4.0501
G *• 2 5 . 5 6 2 5 . 3 7 2 1 . 3 0 2 1 . 9 0
II . 0 4 9 4 . 0 4 9 4 . 0 4 9 4 . 0 4 9 4
I 2 . 3 6 2 . 3 6 2 . 3 6 2 . 9 9

J 3 1 . 8 5 0 4 3 1 . 6 6 2 8 3 2 . 0 6 0 7
K 3 6 . 7 8 2 4 3 6 . 3 2 2 3 3 7 . 5 3 1 0
L 4 . 9 3 2 0 4 . 6 5 9 5 5 . 4 6 2 3
K 3 3 . 4 1 0 3 3 3 . 1 3 5 6 3 3 . 8 4 0 2
11 1 . 5 5 9 9 1 . 4 7 2 8 1 . 7 7 1 5
0 3 1 . 6 3 3 1 . 6 1 3 2 . 4 3

p 2 . 3 6
Q 3 1 . 6 2
R 6 6 . 0 2
$ NaXS

1 0 11
5 0 ° 3 0 °
NaXS NaXS

3 1 . 5 1 0 4 3 2 . 1 9 8 2 3 1 . 4 4 8 0 3 1 . 5 1 0 4
3 5 . 2 0 8 0 3 5 . 5 5 2 3 3 4 . 7 4 - 6 4 3 5 . 4 9 3 0

3 . 6 9 7 6 3 . 3 5 4 1 3 . 2 9 8 4 3 . 9 8 2 6
1 9 . 9 4 1 8 . 1 0 2 1 . 8 0 2 6 . 3 7
. 0 4 9 4 . 0 4 9 4 . 0 4 9 4 . 0 4 9 4
2 . 9 9 2 . 9 9 3 . 6 6 3 . 6 7

3 1 . 5 8 3 9 3 1 . 8 5 1 0 3 1 . 6 6 3 2
3 7 . 5 1 3 2 3 7 . 6 0 5 6 3 6 . 8 9 9 1

5 . 9 2 9 3 5 . 7 5 4 6 5 , 2 3 5 9
3 3 . 5 0 7 7 3 3 . 7 6 5 0 3 3 . 4 0 4 8

1 . 9 2 3 8 1 . 9 1 4 0 1 . 7 4 1 6
3 2 . 4 5 3 3 . 2 6 3 3 . 2 6

2 . 9 9 3 . 6 6
3 2 . 4 4 3 3 . 2 6
6 4 . 5 7 6 3 . 0 8
NaXS NaXS

3 2 . 1 9 7 7
3 5 . 2 8 3 9

3 . 0 8 6 2
2 0 . 3 7
.04-94
3 . 6 6

Ol
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Table 1 (Continued)

A 12
E

OOto

nV NaXS
D
771Hj

F
fi

H
I 0 . 0 0

J 3 1 . 6 6 3 0 3 2 . 8 7 3 0
K 3 7 . 7 6 7 1 3 7 . 3 5 7 1
L 6 . 1 0 4 1 4 . 4 8 4 1
7' 3 3 . 4 1 6 9 3 4 . 1 6 3 0
n 1 . 7 5 3 9 1 . 2 9 0 0
0 2 8 . 7 3 2 8 . 7 7

P 0 . 0 0
Q 2 8 . 7 5
R 7 1 . 2 5
S NaXS

3 1 . 8 5 0 4
3 7 . 2 5 1 2

5 . 4 0 0 8
1 2 . 1 7
. 0 5 0 0
1 . 3 8

3 2 . 0 6 8 7  
3 7 . 3 8 3 3  

5 . 3 1 4 6  
3 2 . 7 8 7 3  

0 . 7 1 8 6  
1 3 . 5 2

13 14
4 0 ° 4 0 °

NaXS NaXS
3 1 . 5 1 0 6 3 3 . 9 3 6 2 3 1 . 8 5 0 3 3 1 . 5 1 0 8 3 3 . 9 3 6 3
3 6 . 2 7 9 1 4 0 . 0 9 3 8 3 7 . 0 6 0 5 3 5 . 9 2 9 3 3 8 . 5 7 4 6

4 . 7 6 8 5 6 . 1 5 7 6 5 . 2 1 0 2 4 . 4 1 8 5 4 . 6 3 8 3
1 0 . 7 7 1 3 . 9 3 2 0 . 5 8 1 7 . 4 7 1 8 . 5 5
. 0 5 0 0 . 0 5 0 0 . 0 5 0 0 . 0 5 0 0 . 0 5 0 0
1 . 3 8 1 . 3 8 2 . 4 1 2 . 4 1 2 , 4 4

3 1 . 5 8 4 3 3 2 . 8 7 3 0 3 1 . 6 6 2 6
3 6 . 7 2 0 8 3 7 . 8 9 1 3 3 7 . 7 5 4 4

5 . 1 3 6 5 5 . 0 1 8 3 6 . 0 9 1 8
3 2 . 2 7 9 5 3 3 . 8 7 7 8 3 2 . 8 8 2 2

0 . 6 9 5 2 1 . 0 0 4 8 1 . 2 1 9 6
1 3 . 5 3 2 0 . 0 2 2 0 . 0 2

1 . 3 0 2 . 4 1
1 3 . 5 2 2 0 . 0 2
8 5 . 2 0 7 7 . 5 7
BzOH BzOH
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Table 1 (Continued)

A 18
p , 4 0 °
C 1'IaXS
D 3 1 . 8 5 0 5 3 1 . 5 5 7 4
E 3 5 . 8 4 8 5 3 5 . 1 8 4 4
F 3 . 9 9 8 0 3 . 6 2 7 0
0 2 2 . 2 5 2 0 . 2 2
H . 1 0 2 4 . 1 0 2 4
I 6 . 9 6 6 . 9 7

J 3 2 . 8 7 3 3 3 1 . 6 6 2 8
K 3 8 . 0 1 0 0 3 7 . 1 5 1 3
L 5 . 1 3 6 7 5 . 4 8 8 5
V. 3 4 . 7 5 0 3 3 3 . 6 6 8 3
r.T 1 . 8 7 7 0 2 . 0 0 5 5
n 3 6 . 5 4 3 6 . 5 4

P 6 . 9 7
Q 3 6 . 5 4
P. 5 6 . 4 9
s B z OH

3 1 . 8 5 0 6  
3 5 . 8 8 4 6  

4 . 0 3 4 0  
3 1 . 0 6  
. 0 9 6 3  
8 . 5 1

2 1 . 5 5 7 8
3 7 . 2 9 5 4

5 . 7 3 7 6
3 4 . 0 5 1 5

2 , 4 9 3 7
4 3 . 4 7

19 2 0
4 0 ° 4 0 °

NaXS NaXS
3 2 . 0 6 8 7 3 1 . 5 8 5 0
3 5 . 8 9 4 1 3 5 . 7 0 9 2

3 . 8 2 5 4 4 . 1 2 4 2
2 9 . 5 3 3 1 . 8 5
. 0 9 6 3 . 0 9 6 3
8 . 5 3 8 . 5 3 0 . 0 0

3 3 . 9 3 1 7 3 2 . 8 7 3 4 3 1 . 6 6 2 8
3 9 . 9 6 4 0 3 8 . 3 0 7 0 3 6 . 8 0 5 0

6 . 0 2 7 4 5 . 4 3 3 6 5 . 1 4 2 2
3 6 . 5 5 5 3 3 5 . 0 5 1 4 3 3 . 7 2 4 6

2 . 6 1 9 1 2 . 1 7 7 0 2 . 0 6 1 8
4 3 . 4 5 4 0 . 0 8 4 0 . 1 0

8 . 5 3 0 . 0 0
4 3 . 4 6 4 0 . 0 9
4 8 . 0 1 5 9 . 9 1
NaXS NaXS
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Table 1 (Continued)

A 2 1
B 4 0 °
C MaXS
D 3 1 . 8 5 0 6 3 2 . 8 7 3 4 3 1 . 6 6 2 8 3 1 . 5 5 8 3
E 3 8 . 0 9 9 3 3 9 . 2 5 3 6 3 8 . 6 7 8 4 3 6 . 6 5 2 3
Tn 6 . 2 4 8 7 6 . 3 8 0 2 7 . 0 1 5 6 5 . 0 9 4 0
G 1 5 . 1 7 1 5 . 6 2 1 7 . 1 2 2 5 . 8 0
II . 0 9 6 3 . 0 9 6 3 . 0 9 6 3 . 0 9 6 3
T 2 . 6 8 2 . 7 0 2 . 6 9 5 . 6 0

J 3 2 . 0 6 8 9 3 1 . 5 8 4 7 3 1 . 8 5 1 3
K 3 7 . 8 6 8 3 3 6 . 9 1 9 0 3 7 . 5 1 7 8
L 5 . 7 9 9 4 5 . 3 3 4 3 5 . 6 6 6 5
I! 3 4 . 4 9 5 3 3 3 . 8 1 8 3 3 4 . 2 8 1 9
II 2 . 4 2 6 4 2 . 2 3 3 6 2 . 4 3 0 6
0 4 1 . 8 4 4 1 . 8 7 4 3 . 8 9

P 2 . 6 9
Q 4 1 . 8 5
R 5 5 . 4 6
S MaXS

22 23
4 0 ° 4 0 °

NaXS NaXS
3 3 . 9 3 6 8 3 0 . 5 3 3 6 3 1 . 5 5 8 1 3 0 . 5 3 3 1
3 8 . 8 7 2 3 3 5 . 7 3 9 2 3 6 . 3 5 4 6 3 4 . 9 5 9 4

3 . 9 3 5 5 5 . 2 0 5 6 4 . 7 9 6 5 4 . 4 2 6 3
1 9 . 9 6 2 6 . 4 3 2 6 . 0 3 2 3 . 9 2
. 0 9 6 3 . 0 9 6 3 . 0 9 6 3 . 0 9 6 3
5 . 6 0 5 . 6 1 6 . 0 0 5 . 9 8

3 1 . 6 6 3 2 3 2 . 0 6 9 0
3 8 . 4 4 6 4 3 7 . 9 5 0 0

6 . 7 8 3 2 5 . 8 8 1 0
3 4 . 5 7 3 8 3 4 . 5 9 2 7

2 . 9 1 0 6 2 . 5 2 3 7
4 2 , 9 1 4 3 . 0 1

5 . 6 0 5 . 9 9
4 2 . 9 0 4 3 , 0 1
5 1 . 5 0 5 1 . 0 0
MaXS MaXS

C D
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Table 1 (Continued)

A 2 7
B 5 0 °
C NaXS
D 3 1 . 8 5 0 3 3 2 . 8 6 2 7 3 1 . 5 7 8 5 3 1 . 8 5 0 8
S 3 4 . 8 7 8 2 3 5 . 9 7 9 1 3 3 . 8 8 0 9 3 3 . 8 2 9 5
F 3 . 0 2 7 6 3 . 1 1 6 4 2 . 3 0 2 4 1 . 9 7 8 7
G 3 5 . 7 0 3 6 . 7 1 2 7 . 1 6 3 9 . 6 2
H . 0 8 1 3 . 0 8 1 3 . 0 8 1 3 . 0 8 2 1
I 1 1 . 7 1 1 1 . 6 9 1 1 . 7 1 2 0 . 0 6

J 3 2 . 0 6 9 1 3 1 . 5 8 4 2 3 2 . 0 6 9 0
K 3 7 . 3 5 4 8 3 7 . 6 0 8 9 3 6 . 6 6 2 0
L 5 . 2 8 5 7 6 . 0 2 4 7 4 . 5 9 3 0
jr 3 4 . 2 4 7 8 3 4 . 0 6 8 3 3 4 . 1 7  74
N 2 . 1 7 8 7 2 . 4 8 4 1 2 . 1 0 6 4
0 4 1 . 2  2 4 1 . 2 2 4 5 . 9 1

P 1 1 . 7 0
Q 4 1 . 2 2
P. 4 7 . 0 8
S Bn OH

28 29
6 0 ° 6 0 °

NaXS NaXS
3 0 . 5 3 1 6 3 2 . 8 6 2 9
3 2 . 6 1 6 4 3 4 . 8 4 5 6

2 . 0 8 4 8 1 . 9 8 2 7
4 1 . 7 2 3 9 . 7 0
. 0 8 2 1 . 0 8 2 1
2 0 . 0 5 2 0 . 0 6 0 . 0 0

3 1 . 5 8 4 0 3 1 . 5 7 8 4 3 3 . 8 6 9 1
3 4 . 8 9 4 9 3 6 . 3 9 0 4 3 8 . 7 9 6 1

3 . 3 1 0 9 4 . 8 1 2 0 4 . 9 2 7 0
3 3 . 1 0 5 3 3 3 . 8 1 7 6 3 5 . 1 6 2 2

1 . 5 2 1 3 2 . 2 3 9 2 2 . 2 9 3 1
4 5 . 9 2 4 6 . 5 3 4 6 . 5 3

2 0 . 0 6 0 . 0 0
4 5 . 9 2 4 6 . 5 3
3 4 . 0 2 5 3 . 4 7
B z ™ NaXS

cnH
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Table 2

A S olid s in  Equilibrium v/ith Run Number

B height o f Weighing B ottle
C Weight Plus Sample
D Weight o f Sample
E Ml. o f NaOII Solu tion
F Normality o f NaOH Solu tion
G % BzOH

H Weight o f Weighing B ottle
I Weight Plus Sample
J Weight of Sample
K Weight Plus Dried Sample
L Weight of Dried Sample
M % S a lt

N Average % BzOH
0 Average % S a lt
P % h20

A nalysis of Wet Residues

23

31.5333 33.9369
36.8605 38.1076

5.3022 U.1707
26.05 20.1+2
.0963 .0963
5.U3 5.1+1

30.5332
38.8187

8.2855
3U.5972

lu 061+0
1*9.05

5.U2
1*9.05
1*5.53

26

32.7783 31.6619
35.5901* 33.3110

2.8121 1.61*91
38.91 22.75
.0813 .0813
13.71* 13.70

31.5838 31.5577
38.51+13 36.21+02
6.9575 1+.6825

3U.9816 33.81*55
3.3978 2.2878
1*8.85 1*8.87

13.72
U8.86
37.U2
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