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I V

P r e f a c e

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

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

c h e m is t r y  o f  s u r f a c e s ,  e s p e c i a l l y  t h e  m ech an ism  o f  

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

A number o f  m eth od s  h a v e  b e e n  u s e d  t o  s t u d y  t h e  l a t t e r  

phenom ena, e . g .  i n v e s t i g a t i o n  o f  t h e  p h o t o - d e g r a d a t i o n  o f  

d y e s ,  o f  a d s o r p t i o n  o f  d y e s  and o t h e r  s im p le  o r g a n i c  

compounds on v a r i o u s  s o l i d  s u b s t r a t e s  from  s o l u t i o n  o r  

v a p o u r  p h a s e ,  m ea su re m e n ts  on  m o n o la y e r s .

I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  b o th  p o l a r  and n o n - p o l a r  

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

p o l a r  f o r c e s  t h e  im p o r ta n c e  o f  h y d r o g en  b o n d s i s  w e l l  

r e c o g n i s e d ,  y e t  h a r d ly  any a t t e m p t  h a s  p r e v i o u s l y  b e e n  made 

t o  s t u d y  t h e  m o st  l i k e l y  c o n d i t i o n s  f o r  t h e i r  f o r m a t io n  i n  

a d s o r p t i o n ,  p a r t i c u l a r l y  fro m  a q u e o u s  s o l u t i o n .

T h is  t h e s i s  d e s c r i b e s  an  i n v e s t i g a t i o n  o f  h y d r o g e n -  

bonding; p r o p e r t i e s  o f  s im p le  o r g a n i c  compounds made t o  

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

s o r p t i o n .  The t e c h n i q u e  f o r  d e t e c t i n g  h y d r o g e n  b o n d s  

b e tw e e n  p a i r s  o f  s o l u t e s  by t h e  r e f r a c t i v e  in d e x  m ethod  h a s  

b e e n  d e s c r i b e d  by A r s h id  a t  a l . ( 1 9 5 5 ) .  I n  t h e  f i r s t  p a r t  o f  

t h e  p r e s e n t  t h e s i s ,  t h i s  m ethod  i s  r e v ie w e d ,  and w ork on  a



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

and n o n -a q u e o u s  s o l u t i o n s ,  and t h e i r  r e l a t i o n s h i p  w i t h  

a d s o r p t i o n  phenom ena i s  d i s c u s s e d .

I n  t h e  s e c o n d  p a r t  o f  t h e  t h e s i s ,  t h e  a d s o r p t i o n  o f  

t h e  lo g w o o d  c o l o u r i n g  m a t t e r ,  h a e m a t o x y l i n , i s  d e s c r i b e d  and  

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

and v a n  d e r  W aals a t t r a c t i o n .  T h is  d ye  w as c h o s e n  b e c a u s e  

o f  i t s  i n t e r e s t i n g  m o le c u la r  s t r u c t u r e  and b e c a u s e  i t  

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

o f  s u b 8 1 a n t i V i t y  f o r  c e l l u l o s e  a s  w e l l  a s  f o r  c e l l u l o s e  

a c e t a t e ,  n y lo n  and w o o l .  I t  had a l s o  b e e n  u s e d  i n  e a r l i e r  

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

l a k e s .

To c o m p le te  t h e  s t u d i e s  i n  a d s o r p t i o n ,  t h e  p a r t  p la y e d  

b y  i o n i c  f o r c e s  was a l s o  e x a m in ed , t h e  s u b s t r a t e  c h o s e n  

b e i n g  s i l i c a .  The a d s o r p t i o n  o f  b a s i c  d y e s  by s i l i c a ,  

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

s e v e r a l  i n t e r e s t i n g  f e a t u r e s  m e r i t i n g  f u r t h e r  i n v e s t i g a t i o n  

and t h e r e f o r e  a  more e x h a u s t i v e  s t u d y  o f  i t s  a d s o r p t i o n  

p r o p e r t i e s  was u n d e r t a k e n .

The g e n e r a l  a b b r e v i a t i o n s  u s e d  i n  t h i s  t h e s i s  a r e  t h o s e  

c u r r e n t  i n  t h e  J o u r n a l  o f  t h e  C h em ica l S o c i e t y .

(s. K. J a in )
C o lo u r  C h e m is tr y  R e s e a r c h  L a b o r a t o r y ,  
T e c h n i c a l  C h e m is tr y  D ep a r tm e n t ,
R o y a l C o l l e g e  o f  S c i e n c e  and T e c h n o lo g y ,  
G lasgow . C .1 .
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I X

Summary.

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

t i o n  from  s o l u t i o n  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  h y d ro g en  

bonds  and e l e c t r o s t a t i c  a t t r a c t i o n .

I n  t h e  f i r s t  p a r t , t h e  r e f r a c t i v e  i n d e x  m ethod i s  u s e d  

t o  d e t e c t  i n t r a -  a s  w e l l  a s  i n t e r - m o l e c u l a r  co m p lex es ,  

p a r t i c u l a r l y  o f  hyd rogen  bond t y p e ,  be tw een  s i m p le  o r g a n i c  

compounds i n  aqu eou s  and n o n -a q u e o u s  s o l u t i o n .  The r e a l i t y  

o f  t h e  e x i s t e n c e  o f  s u c h  com plexes  i s  d e m o n s t r a t e d  by i n f r a ­

r e d  s p e c t r o p h o t o m e t r y ,  m o l e c u l a r  w e ig h t  d e t e r m i n a t i o n s ,  and 

by v a r i o u s  c o m p a r iso n s  o f  p h y s i c a l  p r o p e r t i e s .  The mechan­

ism  o f  a d s o r p t i o n  of  d yes  by v a r i o u s  f i b r e s  h a s  b ee n  con­

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

i n g  a r e  some o f  t h e  c o n c l u s i o n s  r e a c h e d :  ( i )  W ate r  h a s  a

p r o t e c t i v e  e f f e c t  on c e r t a i n  g ro u p s ,  e . g . ,  on t h e  c a r b o n y l  

g ro u p ,  on h y d ro x y l  g ro u p s  i n  some a l c o h o l s ,  e t c .  so t h a t  

c e r t a i n  t y p e s  o f  h y d ro g en  bond do n o t  fo rm  i n  aq u eo u s  s o l u ­

t i o n .  ( i i ) The h y d ro x y l  g roup  i n  a l c o h o l s  i s  m o n o f u n c t i o n a l  

and when p r e s e n t  on v i c i n a l  c a rb o n  atoms fo rm s  weak f i v e -  

membered c h e l a t e  r i n g s ,  e . g .  i n  e t h y l e n e  g l y c o l  o r  g l y c e r o l ,  

( i i i )  The a ld e h y d e  g roup  can  a c t  b o t h  as  h y d r o g e n - a c c e p t o r  

and h y d r o g e n - d o n o r . ( i v )  C a r b o h y d r a t e s  n o r m a l l y  e x i s t  i n  

t h e  r i n g  fo rm  i n  aqueous  s o l u t i o n  and t h e  h y d ro x y -g r o u p s  

a r e  t h e n  p r o t e c t e d  by t h e  s o l v e n t .  The o p p n - c h a i n  fo rm  

r e a c t s  w i th  p y r i d i n e  o r  t r i e t h y l a m i n e . (v) I n  e t h y l e n e



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

h y d r a t e s  a r e  r e a c t i v e .  ( v i )  The k e t o - g r o u p  b e h a v e s  

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

i v e  i n  w a t e r ,  e t h e r  o r  b e n z e n e .  ( v i i )  The r e a c t i v i t y  o f  

n i t r o g e n - c o n t a i n i n g  compounds s u g g e s t s  t h a t  t h e  u n s u b s t i ­

t u t e d  o r  N - m o n o s u b s t i t u t e d  a m id es  e x i s t  i n  an e n o l - f o r m  i n  

n o n -a q u e o u s  s o l u t i o n ,  b u t  i n  a q u eo u s  s o l u t i o n  t h e  k e t o - f o r m  

p r e d o m in a t e s .  ( v i i i )  I n  s u lp h o n a t e d  azo -co m p o u n d s t h e  a z o -  

group  i s  i n a c t i v e  to w a r d s  a l c o h o l i c  g ro u p s  i n  a q u e o u s  s o l u ­

t i o n .  ( i x )  E s t e r s ,  b e s i d e s  b e i n g  h y d r o g e n - a c c e p t o r s ,  a l s o  

a c t  a s  h y d r o g e n -d o n o r s ,  p r o b a b ly  t h e  h y d r o g en  atom  on  t h e  

0- c a r b o n  b e i n g  t h a t  i n v o l v e d  i n  t h e  com p lex  f o r m a t i o n .  T h is  

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

and T e r y le n e  f i b r e  may d ep en d  on  t h i s  form  o f  b o n d in g .

(x )  The r e a c t i o n s  o f  N - a c e t y l g l u c o s a m i n e  show t h a t  t h e  a d s o r p ­

t i o n  on c h i t i n  i s  i n f l u e n c e d  by t h e  h y d r o g e n -b o n d  f o r m a t io n .

( x i )  I t  h a s  b e e n  c o n c lu d e d  from  t h e  n o n - r e a c t i v i t y  o f  t h e  

h y d r o x y -g r o u p s  o f  c a r b o h y d r a t e s  i n  w a t e r  t h a t  a d s o r p t i o n  on  

c e l l u l o s i c  f i b r e s  fro m  a q u e o u s  s o l u t i o n  c a n n o t  b e  due t o  

h y d r o g e n -b o n d in g .

The r e f r a c t i v e  in d e x  m ethod  was a l s o  u s e d  t o  d e te r m in e  

t h e  im p o r ta n c e  o f  h y d r o g e n -b o n d in g  b y  p h e n o x y a c e t i c  a c i d s ,  

i n  t h e i r  a c t i v i t y  a s  p l a n t  h o rm o n es . U n f o r t u n a t e l y  t im e  

d id  n o t  p e r m it  t h i s  work t o  be c o m p le t e d .  H ow ever, i t  was 

n o t i c e d  t h a t  a h y d r o g en  atom  on t h e  a - c a r b o n  atom  a d j a c e n t  

t o  t h e  o a r b o x y l i c  grou p  i s  r e a c t i v e  and i t s  a b s e n c e  i n  e . g .
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p h e n o x y i  so b u t  y r i  c a c i d  may b e  t h e  c a u se  o f  i t s  i n a c t i v i t y  

a s  a  g r o w th -p r o m o t in g  a g e n t .

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

a n a t u r a l  c o l o u r i n g  m a t t e r  h a s  a l s o  b e e n  m ade. T h is  dye i s  

a d s o r b e d  by many d i f f e r e n t  t y p e s  o f  f i b r e .  The a p p a r e n t  

h e a t s  o f  a d s o r p t i o n  and a f f i n i t i e s  f o r  d i f f e r e n t  f i b r e s  are  

r e p o r t e d .  A d s o r p t io n  on  c e l l u l o s e  i s  p r o b a b ly  due t o  van  

d e r  Waal * s  a t t r a c t i o n ,  w h i l e  on  w o o l ,  n y l o n ,  and c e l l u l o s e  

a c e t a t e  i t  i s  due t o  h y d r o g e n  bond f o r m a t i o n .

The a d s o r p t i o n  o f  b a s i c  d y e s  and o t h e r  compounds on  

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

r e a d i l y  a d s o r b e d ,  t o  a  much g r e a t e r  e x t e n t  th a n  e x p e c t e d  i f  

t h e y  form ed  a  m o n o la y e r  o f  s i n g l e  m o l e c u l e s .  I t  i s  s u g g e s t ­

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

c u l e s ,  a r e  a d s o r b e d .  T h is  i s  c o n f ir m e d  by  a  s t u d y  o f  

s p e c t r a l  a b s o r p t i o n  c u r v e s  o f  s o l u t i o n s  o f  M e th y le n e  B lu e  

and p s e u d o - c y a n in e  c h l o r i d e  b e f o r e  and a f t e r  t r e a t m e n t  w i t h  

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

and t h e  r a t e s  o f  a d s o r p t i o n  a r e  v e r y  h i g h .

Two a c i d  d y e s ,  v i z .  O range I  and I I ,  a r e  a d s o r b e d  by  

s i l i c a  o f  h ig h  s p e c i f i c  s u r f a c e  a r e a .  The r e a c t i o n  a p p e a r s  

t o  b e  e n d o th e r m ie  and r a t e s  o f  a d s o r p t i o n  a r e  v e r y  lo w .

The a d s o r p t i o n  o f  Orange I  i s  p r o b a b ly  due t o  h y d r o g e n -  

b o n d in g ,  and t h a t  o f  Orange I I  t o  an i o n - e x c h a n g e  o r  p h y s i c a l  

p r o c e s s .
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G e n e r a l  D i s c u s s i o n

A d s o r p t io n ,  t h e  p r o c e s s  b y  w h ic h  b o m b a rd in g  m o l e c u l e s  

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

o p e r a t i o n s  and i s  o f  g r e a t  s c i e n t i f i c  i n t e r e s t .  ip yein g  

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

s t u d i e s  o f  i t s  m ech an ism  h a v e  h e lp e d  a g r e a t  d e a l  t o  

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

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

t h e  f o r c e s  i n v o l v e d  i n  a d s o r p t i o n  a s  a  w h o le .  As t h e  

p r e s e n t  i n v e s t i g a t i o n  i s  m a in ly  c o n c e r n e d  w i t h  t h e  f o r c e s  

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

r e v i e w  o f  t h e  e x i s t i n g  k n o w le d g e  o f  t h i s  s u b j e c t  i s  t h o u g h t  

t o  b e  d e s i r a b l e  h e r e .

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

t h e  d y e  from  on e p h a s e ,  t o  a n o t h e r ,  i . e .  fro m  s o l u t i o n  t o  

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

m u tu a l  f o r c e s  o f  a t t r a c t i o n  a r e  now v e r y  b r i e f l y  o u t l i n e d .

I n f l u e n c e  o f  t h e  S u b s t r a t e .

The p o r e  s i z e  o f  a  f i b r e  p l a y s  an im p o r t a n t  p a r t  i n  

d y e i n g .  A l l  f i b r e s  a r e  known t o  b e  c o m p r ise d  o f  

c r y s t a l l i n e  r e g i o n s ,  w here t h e  f i b r e  c h a i n s  a r e  p a ck ed  i n  

a  h i g h l y  o r i e n t e d  f a s h i o n ,  and am orphous r e g i o n s  w here  

t h e y  a r e  d i s t r i b u t e d  more a t  random. A l l  f i b r e s  u n d e r g o
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s w e l l i n g  t o  a  v a r y i n g  d e g r e e  i n  w a te r  and i t  i s  i n  t h i s  

s t a t e  t h a t  t h e  r a t h e r  l a r g e r  dye m o l e c u l e s  ca n  p e n e t r a t e  

t h e  f i b r e ;  e . g .  M orton h a s  fo u n d  t h a t  i t  i s  v e r y  d i f f i c u l t

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

u n s w o l l e n  s t a t e .

The p o r e  s i z e  o f  c e l l u l o s e  h a s  b e e n  fo u n d  by many
o

w o r k e r s  t o  b e  o f  t h e  o r d e r  o f  5 A i n  t h e  d ry  s t a t e  and  
o

20 A i n  t h e  w a t e r - s w o l l e n  c o n d i t i o n .  C e l l u l o s e  a c e t a t e ,

on  t h e  o t h e r  h and , d o e s  n o t  s w e l l  much i n  a q u e o u s  s o l u t i o n

and t h e r e f o r e  t h e  i n t e r m i c e l l a r  c a n a l s  a r e  n a r r o w  and t h e

e n t r y  o f  r a t h e r  b u lk y  d ye m o l e c u l e s  and t h e i r  d i f f u s i o n

i n t o  t h e  f i b r e  i s  v e r y  d i f f i c u l t .  N y lo n  i s  e v e n  m ore

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

a l l  i n  a q u e o u s  s o l u t i o n ,  w h e re a s  t h e  p o r e  s i z e  o f  w o o l  i n
o

t h e  s w o l l e n  s t a t e  i s  a b o u t  40 A

The c h e m ic a l  n a t u r e  o f  t h e  s u b s t r a t e  may a l s o  

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

(a )  by  v i r t u e  o f  io n - e x c h a n g e  p r o c e s s e s ,  w h ic h  can  o c c u r  

w i t h  f i b r e s  e . g .  p r o t e i n s  o r  n y l o n ,  w h ic h  i n  w a t e r  c o n t a i n  

c h a r g e d  b a s i c  o r  a c i d i c  g r o u p s ,  (b )  by h y d r o g e n  b o n d in g ;  

a l l  f i b r e s  c o n t a i n  p o t e n t i a l  hydro  g e n - b o n d in g  g r o u p s ,  and  

i t  was one o f  t h e  p u r p o s e s  o f  t h i s  r e s e a r c h  t o  d i s c o v e r  

how f a r  t h e s e  a r e  l i k e l y  t o  b e  r e a c t i v e  i n  d y e in g ;  ( c )  b y  

a f f e c t i n g  t h e  s i g n  o f  t h e  c h a r g e  i n  w a te r  ( z e t a - p o t e n t i a l ) ;  

t h i s  e f f e c t  i s  p a r t i c u l a r l y  n o t i c e a b l e  w i t h  m i n e r a l s ,  e . g .
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a lu m in a  and s i l i c a *  P a r t  o f  t h i s  r e s e a r c h  was t o  i n v e s t i ­

g a t e  t h e  e f f e c t  o f  t h e  c h a r g e  on  s i l i c a  u p on  i t s  a d s o r p t i v e  

p r o p e r t i e s *

I n f l u e n c e  o f  Dye S t r u c t u r e  and P r o p e r t i e s .

I t  i s  fo u n d  e m p i r i c a l l y  t h a t  a n i o n i c  d y e s  ( i n  p r a c t i c e  

m o st  a n i o n i c  d y e s  a r e  s u l p h o n a t e s )  h a v e  h ig h  a f f i n i t y  f o r  

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

h a v e  c e r t a i n  w e l l - d e f i n e d  s t r u c t u r a l  q u a l i t i e s ,  n a m e ly ,  a  

l o n g  p la n a r  m o le c u le  and an  e x t e n d e d  c o n j u g a t e  s y s t e m ,  

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

c o n t a i n i n g  sod ium  c h l o r i d e  o r  o t h e r  s im p le  s a l t s .  D yes  

w h ic h  h a v e  p o l a r ,  b u t  no i o n i c  g r o u p s ,  and a r e  o n ly  v e r y  

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

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

f i b r e s .

D yes o f  h ig h  m o le c u la r  w e ig h t  a r e  known t o  b e  h i g h l y  

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

h a s  b e e n  s t u d i e d  e . g .  by  V a lk ô  and b y  M o rto n , b u t  t h e  

p r e c i s e  r e l a t i o n s h i p  b e tw e e n  a g g r e g a t i o n  and a d s o r p t i o n  

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

o f  d y e in g  p o s t u l a t e d  t h e  b u i l d i n g - u p  o f  a g g r e g a t e d  d ye  i n  

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

becom e d i s c r e d i t e d  i n  t h e  l a s t  two d e c a d e s ,  b u t  t h e  r e s u l t s  

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



s u p p o r t  t o  i t .

F o r c e s  o f  A t t r a c t i o n  b e tw e e n  Dye and F i b r e .

T h ese  f o r c e s  may b e  sum m arised  a s  f o l l o w s .

P h y s i c a l  f o r c e s :  ( i )  Van d e r  Waal a t t r a c t i o n

( i i )  E l e c t r o s t a t i c  a t t r a c t i o n  

C h em ica l f o r c e s :  ( i )  H ydrogen  bond f o r m a t i o n

( i i )  E l e c t r o v a l e n t  bond f o r m a t io n

( i i i )  C o v a le n t  bond f o r m a t io n

Van d e r  W aals a t t r a c t i o n .

Though n o t  much work h a s  b e e n  done t o  p r o v e  i t s  

im p o r ta n c e  i n  a d s o r p t i o n  from  s o l u t i o n ,  i t  h a s  b e e n  r e c o g ­

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

To b e  s u b s t a n t i v e  t o  c e l l u l o s e ,  a  d ye m ust p o s s e s s  a  l a r g e  

and p la n a r  m o le c u le *  T h is  was f i r s t  s u g g e s t e d  by  H odgson  

and l a t e r  c o n f ir m e d  b y  many o t h e r  w o r k e r s .  V ery  r e c e n t l y  

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

v a r i o u s  d y e s  on c e l l u l o s e  and c h i t i n  and h a s  come t o  t h e  

c o n c l u s i o n  t h a t  a d s o r p t i o n  by c e l l u l o s e  i s  e n t i r e l y  due t o  

v a n  d e r  W aals f o r c e s .

The a d s o r p t i o n  o f  d y e s  on  w o o l and n y l o n ,  th o u g h  

p r i m a r i l y  due t o  s a l t - f o r m a t i o n  ( s e e  b e l o w ) ,  i s  a l s o  

i n f l u e n c e d  t o  some e x t e n t  b y  v a n  d e r  W aals f o r c e s .  Demin  

(q u o te d  b y  V i c k e r s t a f f )  h a s  shown t h a t  t h e  a f f i n i t y  f o r
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w o o l o f  a  s e r i e s  o f  a c i d  d y e s  and o f  c e r t a i n  o r g a n i c  a c i d s  

r i s e s  a lm o s t  l i n e a r l y  w i t h  i n c r e a s e  i n  m o le c u la r  w e i g h t .  

C h i p a l k a t t i  ^  a l .  h a v e  fo u n d  t h a t  d ry  w o o l and n y lo n  u n d e r  

c e r t a i n  c o n d i t i o n s  can  a d s o r b  a p p r e c i a b l e  am ounts o f  c e r t a i n  

a r o m a t ic  compounds fro m  d ry  s o l v e n t s  w h ic h  t h e y  c o n s id e r e d  

m u st b e  a t t r a c t e d  t o  t h e  f i b r e  by  v a n  d e r  W aals f o r c e s .

R e c e n t l y ,  D e r b y s h ir e  and P e t e r s  h a v e  s u g g e s t e d  t h a t  

p o l a r  f o r c e s  a r e  o f  s e c o n d a r y  im p o r ta n c e  i n  a d s o r p t i o n ,  and  

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

i s  fro m  n o n - p o l a r  v a n  d e r  W aals f o r c e s .

E l e c t r o s t a t i c  A t t r a c t i o n .

F i b r e s  a c q u ir e  n e g a t i v e  p o t e n t i a l  when i n  c o n t a c t  w i t h  

a q u e o u s  s o l u t i o n s .  Gee and H a r r i s o n  h a v e  s u g g e s t e d  t h a t  

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

t h i s  c h a r g e .  T h is  t h e o r y  h a s  b e e n  e l a b o r a t e d  by N e a l e ,  

who h a s  s t a t e d  t h a t  t h e r e  a r e  two t y p e s  o f  e l e c t r i c a l
0

f o r c e s ,  s h o r t  r a n g e  o n e s ,  w i t h  a  r a n g e  o f  l e s s  th a n  5 A

w h ic h  a r e  m a in ly  r e s p o n s i b l e  f o r  h y d r o g e n  bond o r  c o v a l e n t

bond f o r m a t io n ;  and l o n g  r a n g e  o n e s ,  e f f e c t i v e  o v e r  a
0

d i s t a n c e  o f  100 A , w h ic h  may b e  c o n s i d e r e d  a s  an e l e c t r i c a l  

a t t r a c t i o n  o r  r e p u l s i o n  b e tw e e n  t h e  d ye and t h e  f i b r e .  T h i s  

t h e o r y  h a s  b e e n  s u p p o r t e d  by  d y e in g  w o o l ,  c o t t o n  and s i l k  

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

P a n e th  and Radu h a v e  s t u d i e d  t h e  a d s o r p t i o n  o f  b a s i c
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d y e s  b y  c e l l u l o s e  a c e t a t e .  They h a v e  a t t r i b u t e d  t h i s  

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

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

c h a r g e d  d y e s .  The a d s o r p t i o n  o f  s u l p h a t o - e s t e r  d y e s  by  

t h e  f i l m  o f  a lu m in a  on  a n o d is e d  a lu m in iu m  h a s  b e e n  

B u g g e s te d  by G i l e s  e t  a l . t o  be due t o  a  s i m i l a r  e f f e c t .

The a d s o r p t i o n  o f  b a s i c  d y e s  by g r a p h i t e  (M a c a u la y ) ,  and 

am ino a c i d s  by  s i l i c a  (W a tso n ) ,  i s  p r o b a b ly  a l s o  due t o  

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

H ydrogen  bond F o r m a t io n .

I n  r e c e n t  y e a r s  t h e  o p e r a t i o n  o f  h y d r o g e n  bond' f o r c e s  

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

i n  c e l l u l o s e  d y e in g  ( s e e  V i c k e r s t a f f  f o r  a s u r v e y ) ,  b u t  i t  

a p p e a r s ,  fro m  work c a r r i e d  o u t  h e r e ,  t h a t  h y d r o g e n  b o n d s  

a r e  o p e r a t i v e  o n l y  when d y e i n g  c e l l u l o s e  fro m  n o n -a q u e o u s  

s o l u t i o n s  ( G i l e s ,  J a i n ,  and H a ssa n ^ 1 9 5 5 ) .  I n  a q u e o u s  

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

p r o t e c t e d  by w a t e r .

The f o r m a t io n  o f  h y d r o g e n  b o n d s  i n  t h e  a d s o r p t i o n  o f  

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

t h e r e f o r e  t h e  a d s o r p t i o n  o f  d i s p e r s e  d y e s  by  t h i s  f i b r e  and  

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

I n  t h e  d y e in g  o f  w o o l fro m  n e u t r a l  s o l u t i o n s ,  V a lk ô  

h a s  s u g g e s t e d  t h a t  h y d r o g e n  b o n d s  a r e  form ed  b e tw e e n  dye
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and f i b r e *  T h is  w ould  a c c o u n t  f o r  t h e  s m a l l  and v a r y i n g  

r e s i d u a l  a f f i n i t y  o f  d e a m in a te d  w o o l f o r  a c i d  d y e s ,  s i n c e  

n o  e l  e c t  r  o v a l  e n t  bond f o r m a t io n  can  o c c u r  w i t h  t h i s  

m a t e r i a l .

S a l t  F o r m a t io n .

The n a t u r e  o f  s a l t  l i n k a g e s  b e tw e e n  d ye  and f i b r e  

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

a c i d i c  and b a s i c  g r o u p s  and t h e  c o m b in a t io n  o f  a c i d  o r  

b a s i c  d y e s  w i t h  t h e  f i b r e  t a k e s  p l a c e  t h r o u g h  t h e s e  g r o u p s .  

T h is  t h e o r y ,  i n  i t s  s im p le  fo r m , was f i r s t  s u g g e s t e d  by  

E h e c h t  and l a t e r  d e v e lo p e d  by Speakm an, Speakman and S t o t t ,  

and F in d .

The d y e in g  o f  w o o l  fro m  a c i d  s o l u t i o n s  may b e  

v i s u a l i s e d  a s  t a k i n g  p l a c e  i n  two s t a g e s .  F i r s t l y ,  t h e r e  

i s  c o m b in a t io n  o f  w o o l  w i t h  t h e  a c i d ,  f o l l o w e d  b y  r e p l a c e ­

m ent o f  a c i d  a n io n s  b y  dye a n io n s  -

+  — +  —

-NHj.OOC- + HCl ;— ^ 01 + HOGG-

-NH^ 01 + NaD ; — ^ -N H ,.D  + NaOl

Bltid e x p l a i n e d  t h i s  r e a c t i o n  on t h e  b a s i s  o f  Donnan 

t h e o r y .  He s t a t e d  t h a t  h y d r o g e n  i o n s  a r e  a d s o r b e d  a t  t h e  

s p e c i f i c  s i t e s  i . e .  com bine w i t h  t h e  o a r b o x y l i c  g r o u p s ,  

w h e r e a s  t h e  a c i d  a n io n s  a r e  t a k e n  up o n l y  t o  m a i n t a i n  t h e  

e l e c t r i c a l  n e u t r a l i t y .
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G i l b e r t  and E i d e a l ' s  l a t e r  t r e a t m e n t  d i f f e r s  from  

t h i s  i n  t h a t  t h e y  assu m e t h a t  t h e  a n i o n s ,  i n  a d d i t i o n  t o  

t h e  c a t i o n s ,  a r e  a d so r b e d  on  s p e c i f i c  s i t e s  i n  t h e  s u b s t r a t e .  

O l o f f s o n ,  who s t u d i e d  t h e  a d s o r p t i o n  o f  a c i d  by w o o l i n  t h e  

l i g h t  o f  t h e s e  two t h e o r i e s  h a s  come t o  t h e  c o n c l u s i o n  t h a t  

t h e  e x p e r im e n t a l  r e s u l t s  f i t  more c l o s e l y  t o  t h e  G i l b e r t  

and B i d e a l  c o n c e p t i o n .

Subram anian  h a s  s u g g e s t e d  an e l e c t r o v a l e n t  l i n k a g e  i n  

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

c o n t a i n s  a  c a t i o n i c  a m id o -g r o u p .

C o v a le n t  Bond F o r m a t io n .

T h is  t y p e  o f  bond f o r m a t io n  i n  d y e in g  i s  e n c o u n te r e d  

when a  dye i s  a p p l i e d  t o  a  f i b r e  c o n t a i n i n g  a  m o rd a n t ,  t h e  

c o v a l e n t  bond b e i n g  form ed  b e tw e e n  t h e  d ye and t h e  m o rd a n t .  

The d i r e c t  c o m b in a t io n  b e tw e e n  d ye and s u b s t r a t e  by  

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

a n o d is e d  a lu m in iu m  w i t h  m o r d a n t in g  d y e s  and s u lp h o n a t e d  

a c i d  d y e s  ( G i l e s  e t  ) ,  and i n  t h e  c a s e  o f  t h e  v e r y  

r e c e n t l y  in t r o d u c e d  P r o c i on d y e s  ( I . C . I . ) ,  w h ic h  a r e  s a i d  

t o  com bine d i r e c t l y  w i t h  t h e  f i b r e ,  b u t  t h e i r  c o n s t i t u t i o n s  

h a v e  n o t  b e e n  d i s c l o s e d .
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The th e r m o d y n a m ic a l  a s p e c t s  o f  d y e in g  w i l l  now be v e r y  

b r i e f l y  d i s c u s s e d .

The K i n e t i c s  o f  D y e in g .

The d y e in g  p r o c e s s  may b e  v i s u a l i s e d  a s  t a k i n g  

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

( i )  D i f f u s i o n  o f  t h e  dye th r o u g h  t h e  a q u eo u s  dye  

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

( i i )  A d s o r p t io n  o f  t h e  d ye on t h e  o u t e r  s u r f a c e  o f  

t h e  f i b r e .

( i i i )  D i f f u s i o n  o f  t h e  dye i n t o  t h e  f i b r e .

The d i f f u s i o n  o f  t h e  dye th r o u g h  t h e  a q u e o u s  s o l u t i o n  

m ust b e  f a s t e r  th a n  t h e  d i f f u s i o n  o f  t h e  dye w i t h i n  t h e  

f i b r e  a s  t h e  dye m o l e c u l e s  a r e  s u b j e c t  t o  much l e s s  m ech a n i­

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

S in c e  o p e r a t i o n  ( i i )  i s  su p p o se d  t o  be v e r y  r a p id  t h e  

f a c t o r  d e t e r m in in g  t h e  d y e in g  r a t e  m ust t h e r e f o r e  be ( i i i ) .

D i f f u s i o n  w i t h i n  t h e  f i b r e ,  w i t h  p a r t i c u l a r  r e f e r e n c e

t o  c e l l u l o s e ,  h a s  b e e n  s t u d i e d  i n  much d e t a i l  by N e a l e ,

who r e g a r d s  t h e  d i f f u s i o n  p r o c e s s  a s  g o v e r n e d  b y  P i c k ' s  Daw

The r a t e  o f  d i f f u s i o n ,  —  , o f  a  d ye  a c r o s s  a u n i t  a r e a  a t
d t

a  g i v e n  p o i n t  i n  t h e  s u b s t r a t e  i s  p r o p o r t i o n a l  t o  t h e

c o n c e n t r a t i o n  g r a d i e n t  —  i . e .
dx

à s  d c
d t  = " ^ ' d i

w here D i s  t h e  d i f f u s i o n  c o n s t a n t .
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N e a le  and S t r i n g f e l l o w  h a v e  a p p l i e d  M c B a in 's  

e q u a t i o n  f o r  d i f f u s i o n  th r o u g h  p la n e  s l a b s  t o  t h e  a d s o r p ­

t i o n  o f  d y e s  by c e l l o p h a n e  d i s c s  and h a v e  fo u n d  t h a t  t h e  

c a l c u l a t e d  and t h e  o b s e r v e d  v a l u e s  a r e  i n  good  a g r e e m e n t .  

F u r t h e r ,  N e a le  and G a r v ie  h a v e  shown t h a t  t h e  e x p e r im e n t a l  

d a t a  f i t  w e l l  t o  t h e  e q u a t i o n

d t  dx

w here D' i s  a  new c o n s t a n t  and c t h e  c o n c e n t r a t i o n  

o f  t h e  d y e .  T h is  m ig h t  be due t o  a  v a r i a t i o n  o f  t h e  

'a p p a r e n t*  d i f f u s i o n  c o n s t a n t  o f  t h e  d ye  fro m  t h e  s u r f a c e  

t o  t h e  c e n t r e  o f  t h e  f i b r e .

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

e n c e  o f  f o r e i g n  e l e c t r o l y t e s .  The c o u r s e  o f  d i f f u s i o n  i n  

s u c h  c a s e s  may be  p r e d i c t e d  b y  D o n n a n 's  e q u a t i o n s .  H e re ,  

t h e  s u b s t r a t e  may b e  c o n s i d e r e d  t o  b e  a  membrane t h r o u g h  

w h ic h  t h e  d i f f u s e d  dye i o n s  may be r e g a r d e d  a s  n o n -p e r m e a b le .

Much f u r t h e r  s t u d y  o f  r a t e s  o f  d i f f u s i o n  o f  d y e s  h a s  

b e e n  made by  Crank and c o - w o r k e r s ,  some o f  t h i s  b e i n g  

sum m arised  i n  V i c k e r s t a f f ' s  m onograph .

D y e in g  E q u i l i b r i a .

I n  any r e a c t i n g  syw tem , t h e  e q u i l i b r i u m  c o n d i t i o n s  a r e  

g o v e r n e d  by f r e e  e n e r g y  ch a n g e  a cc o m p a n y in g  t h e  r e a c t i o n .
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E q u i l ib r i u m  d y e in g  m ea su r e m e n ts  a r e  e x p r e s s e d  i n  t h e  form  

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

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

and t h e  p r o p e r t i e s  o f  d y e in g  s y s t e m s  i n  th e r m o d y n a m ic a l  

t e r m s  i . e .  a f f i n i t y ,  h e a t  o f  d y e in g  and e n t r o p y  c h a n g e ,  may 

b e  c a l c u l a t e d  fro m  t h e s e  and o t h e r  d a t a .

M ost d y e in g  i s o t h e r m s  com p ly  w i t h  L a n g m u ir 's  

e q u a t i o n  (V i e k e r s t a f f )

_1_ = _ L _  + 1
c^ k S .C g  S

w here c^ and Cg a r e  t h e  c o n c e n t r a t i o n s  (more  

c o r r e c t l y ,  a c t i v i t i e s )  o f  t h e  d ye i n  t h e  f i b r e  and i n  t h e  

d y e b a th  r e s p e c t i v e l y ,  S i s  t h e  c o n c e n t r a t i o n  o f  t h e  dye  

a t  maximum a d s o r p t i o n  and k  i s  a  c o n s t a n t .  T h is  e q u a t i o n  

h a s  b e e n  d e r i v e d  on t h e  a s s u m p t io n s  t h a t  a d s o r p t i o n  t a k e s

p l a c e  a t  s p e c i f i c  s i t e s ,  t h a t  i t  i s  u n i n f l u e n c e d  by  t h e

p r e s e n c e  o f  d ye  m o l e c u l e s  on  a d j a c e n t  s i t e s ,  and t h a t  a  

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

T h ere a r e ,  h o w e v e r ,  a  number o f  o b j e c t i o n s  t o  t h e s e  

p r e m is e s  and a  number o f  a u t h o r s  h a v e  p u t  fo r w a r d  a l t e r ­

n a t i v e  t h e o r i e s .  N e v e r t h e l e s s  t h e  L angm uir e q u a t io n  i s  

s t i l l  w i d e l y  u s e d .

The a f f i n i t y ,  o r  t h e  t e n d e n c y  o f  a  dye m o le c u le  t o  

p a s s  from  s o l u t i o n  t o  s u b s t r a t e ,  may b e  d e f i n e d  a s  t h e  

d i f f e r e n c e  b e tw e e n  t h e  s t a n d a r d  c h e m ic a l  p o t e n t i a l  o f  t h e
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d ye i n  t h e  two p h a s e s .  M a t h e m a t ic a l ly  i t  may b e  e x p r e s s e d  

a s

-  ^ «  RT I n  x^ -  RI I n

w here Ayu® i s  t h e  d i f f e r e n c e  b e tw e e n  t h e  s t a n d a r d

c h e m ic a l  p o t e n t i a l  o f  t h e  dye i n  two p h a s e s  and x̂  ̂ and  

Xg a r e  t h e  a c t i v i t i e s .  Hence t h e  a f f i n i t y  ca n  b e  c a l c u l ­

a t e d  i f  t h e  a c t i v i t i e s  o f  t h e  d y e s  a r e  known. I n  t h e  c a s e  

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

ca n  be r e p l a c e d  by c o n c e n t r a t i o n  a s  a  f i r s t  a p p r o x im a t io n .

A d s o r p t io n  i s  an e x o t h e r m ic  p r o c e s s .  The h e a t

c h a n g e s  a r e  v e r y  s m a l l  and d i f f i c u l t  t o  m easu re  b y  c a l o r i -  

m e t r i c  m e th o d s ,  a l t h o u g h  D e r b y s h ir e  h a s  d e te r m in e d  a  v a l u e  

f o r  a  s u lp h o n a t e d  a c i d  dye on w o o l .  H ow ever, t h e  h e a t  o f  

a d s o r p t i o n  can  b e  d e te r m in e d  fro m  a d s o r p t i o n  i s o t h e r m s  

m ak in g  u s e  o f  t h e  G la u s iu s - C la p e y r o n  e q u a t io n

a h * R ToT I n  c I / o ,

w here c^ and c^ a r e  t h e  c o n c e n t r a t i o n s  o f  t h e  dye  

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

t h e  same c o n c e n t r a t i o n  o f  t h e  d ye  i n  t h e  f i b r e  u n d e r  b o th  

s e t s  o f  c o n d i t i o n s .

A H v a l u e s  t h u s  o b t a i n e d  from  a d s o r p t i o n  i s o t h e r m s  

a r e ,  i n  f a c t ,  o n l y  " a p p a ren t"  h e a t s  o f  a d s o r p t i o n ,  s i n c e  

t h e  a d s o r p t i o n  p r o c e s s  i s  t h e  r e s u l t  o f  tw o s u c c e s s i v e
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o p e r a t i o n s  v i z . ,  t h e  r e m o v a l  o f  t h e  s o l u t e  from  t h e  s o l v e n t  

and i t s  a t ta c h m e n t  t o  t h e  f i b r e .  F o r  a b s o l u t e  v a l u e s ,  a  

k n o w le d g e  o f  h e a t  o f  s o l u t i o n  i s  r e q u i r e d .  H ow ever,  

t h e s e  v a l u e s  a r e  u s e f u l  a s  a  c o m p a r a t iv e  m easu re  o f  t h e  

s t r e n g t h  o f  bond b e t w e e n  f i b r e  and dye when t h e  a d s o r p t i o n  

s y s t e m  i s  v a r i e d  i n  o n e  com ponent o n l y .

The e n t r o p y  c h a n g e  can  b e  c a l c u l a t e d  fro m  a  k n o w le d g e  

o f  t h e  h e a t  ch an ge  and t h e  a f f i n i t y ,  a c c o r d i n g  t o  t h e  

f o l l o w i n g  e q u a t i o n  -

A y u  = A H -  T A s

The u s e  o f  e n t r o p y  v a l u e s  i n  s t u d y i n g  d y e in g  a p p e a r s  

t o  be  o f  l i m i t e d  i n t e r e s t ,  b e c a u s e ,  e i t h e r  two d y e s  a r e  

com pared on a common f i b r e ,  o r  t h e  same d ye  on two f i b r e s .  

E n tro p y  may b e  r e g a r d e d  a s  a m easu re  o f  t h e  d e g r e e  o f  

o r i e n t a t i o n  and r e s t r a i n t  a c h ie v e d  on  f i b r e s  a s  compared  

w i t h  s o l u t i o n .  I f  two d y e s  a r e  a p p l i e d  t o  t h e  same f i b r e  

and on e  1 É  fo u n d  t o  h a v e  a  g r e a t e r  e n t r o p y  c h a n g e ,  t h e n  

i t  may b e  c o n c lu d e d  t h a t  i t  i s  more r i g i d l y  a t t a c h e d  t h a n  

t h e  o t h e r .  A g e n e r a l  c o m p a r iso n  o f  v a r i o u s  d y e s  on  

d i f f e r e n t  f i b r e s ,  h o w e v e r ,  c a n n o t  b e  m ade.
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Part I .

S tu d ies in  Qydrogen-bond. Formation
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P a r t  I . S t u d i e s  i n  H yd rogen -b on d  F o r m a tio n

The H ydrogen  B o n d .

The im p o r ta n c e  o f  h y d r o g e n  b o n d in g  h a s  b e e n  i n c r e a s ­

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

s e r v e s  an  im p o r ta n t  f u n c t i o n  i n  many t e c h n i c a l  o p e r a t i o n s ,  

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

i t  i s  o f  g r e a t  b i o l o g i c a l  s i g n i f i c a n c e .  I t s  im p o r ta n c e  

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

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

w o o l ,  s i l k ,  n y l o n  e t c . ,  t h e  r e a c t i o n s  o f  much l i v i n g  

m a t t e r ,  e . g .  o f  a n t i b i o t i c s  i n  p r e s e n c e  o f  p r o t e i n  o r  

a n t i g e n ,  t h e  t a n n i n g  o f  l e a t h e r ,  c h r o m a to g r a p h ic  a d s o r p ­

t i o n ,  a l l  t h e s e ,  and many o t h e r s  a r e  phenom ena w h ic h  d ep en d  

u p o n  h y d r o g e n  b o n d in g .  M ethods o f  s t u d y  o f  i t s  o p e r a t i o n ,  

h o w e v e r ,  h a v e  b e e n  i n  many c a s e s  t e d i o u s  and c o m p le x ,  and  

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

a q u e o u s  s y s t e m s ,  o f  w h ic h  t h e  b u l k  o f  t e c h n i c a l l y  and  

b i o l o g i c a l l y  im p o r t a n t  p r o c e s s e s  i n v o l v i n g  t h e  bond  a r e  

c o m p r is e d .  A r s h id  a l . h a v e  d e s c r i b e d  a  s im p le  m ethod  

o f  e x a m in in g  h y d r o g e n  bond f o r m a t io n  i n  a q u e o u s  s o l u t i o n s  

by m easu rem ent o f  t h e i r  r e f r a c t i v e  i n d e x ,  and t h i s  h a s  b e e n  

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

The h y d r o g e n  bond r e s u l t s  when t h e  p o s i t i v e  h y d r o g e n  

atom  i s  s i t u a t e d  b e t w e e n ,  and s u f f i c i e n t l y  c l o s e  t o  two
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e l e c t r o - n e g a t i v e  a to m s ,  so  t h a t  i t  may b e  c o n s i d e r e d  t o  

b e  a c t i n g  a s  a  bond o r  b r i d g e  b e tw e e n  them .. F o r  e x a m p le ,  

i n  a  s y s t e m  XH + Y tw o s t r u c t u r e s  a r e  p o s s i b l e  u n d e r  

c e r t a i n  c o n d i t i o n s  -

X — H —  — Y ■ — X —  H — Y •

I t  was a t  on e t im e  t h o u g h t  t h a t  t h e  bond was 

s y m m e tr ic a l  b u t  w i t h  t h e  d e v e lo p m e n t  o f  q u a n tu m -m e c h a n ica l  

t h e o r y  t h i s  h a s  b e e n  d i s p r o v e d .  A h y d r o g e n  atom  c a n n o t  

fo rm  more th a n  on e  c o v a l e n t  bond and t h e r e f o r e  h y d r o g e n -  

bond  f o r m a t i o n  m ust b e  due t o  i o n i c  f o r c e s .  I t  i s  form ed  

b e tw e e n  t h e  m o st  e l e c t r o n e g a t i v e  a to m s ,  and by r e f e r r i n g  

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

s t r e n g t h  o f  t h e  b o n d , i n  f a c t ,  i n c r e a s e s  w i t h  t h e  i n c r e a s e  

i n  e l e c t r o n e g a t i v i t y  o f  t h e  tw o bonded  a to m s .  F o r  e x a m p le ,  

f l u o r i n e  fo r m s  v e r y  s t r o n g  h y d r o g e n  b o n d s ,  o x y g e n  w e a k e r  

o n e s  and n i t r o g e n  s t i l l  w ea k er  o n e s .

The f o r m a t io n  o f  t h e  h y d r o g e n  bond a l s o  d e p e n d s  u pon

t h e  i n t e r a t o m i c  d i s t a n c e s  b e tw e e n  t h e  bonded  a to m s .  The

v a l u e s  f o r  i n t e r a t o m i c  d i s t a n c e s  f o r  c e r t a i n  i n t r a m o l e c u l a r

h y d r o g e n  b o n d s  a r e  g i v e n  by  P a u l in g ;  t h e s e  l i e  b e tw e e n
o

2 . 2 6  and 3 - 5  A- The h y d r o g e n  bond i s  a  w eak bond h a v in g  

an e n e r g y  o f  4 - 8  k c a l . / m o l e .  I t  h a s  a l s o  b e e n  p o i n t e d  o u t  

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

when t h e y  fo rm  p a r t  o f  a  s i x -  o r  seven -m em bered  c h e l a t e
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r i n g ,  t h u s  f o l l o w i n g  t h e  n o rm a l r u l e  o f  r i n g  s t a b i l i t y .

The f i r s t  s u g g e s t i o n  o f  t h e  h y d r o g e n  bond was made b y  

Moore and W in m il l  i n  o r d e r  t o  a c c o u n t  f o r  t h e  w e a k n e s s  o f  

tr im eth y la m m o n iu m  h y d r o x id e  a s  a  b a s e .  L a t e r  P f e i f f e r  

u s e d  i t  t o  e x p l a i n  t h e  d im in i s h e d  c o m b in in g  pow er o f  t h e  

h y d r o x y l - g r o u p  when o r t h o -  t o  t h e  c a r b o n y l - g r o u p ,  a s  

com pared w i t h  i t s  r e a c t i v i t y  i n  t h e  m e t a - p o s i t i o n .  O th e r  

e f f e c t s ,  l i k e  a b n o r m a lly  h ig h  b o i l i n g  p o i n t  and d i e l e c t r i c  

c o n s t a n t ,  a s ,  e . g .  i n  w a te r  and h y d r o g e n  f l u o r i d e ,  t h e  lo w  

i o n i z a t i o n  c o n s t a n t  o f  ammonium h y d r o x id e ,  t h e  l o w e r  w a t e r  

s o l u b i l i t y  o f  o r t h o - n i t r o p h e n o l  th a n  t h e  m e t a -  and p a r a -  

i s o m e r s ,  t h e  a s s o c i a t i o n  o f  a c e t i c  a c i d  e t c . , h a v e  b e e n  

a t t r i b u t e d  t o  h y d r o g e n  bond f o r m a t i o n .  The s o l u b i l i t y  o f  

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

b e tw e e n  them  and t h e  s o l v e n t .

Much l e s s  i s  known a b o u t  t h e  b o n d in g  pow er o f  h y d r o g e n  

b e tw e e n  atom s o t h e r  th a n  f l u o r i n e ,  o x y g e n ,  n i t r o g e n ,  and  

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

c y a n id e  h o w e v e r ,  t o g e t h e r  w i t h  i t s  h i g h  m e l t i n g  p o i n t  and  

b o i l i n g  p o i n t  a s  com pared w i t h  a n a lo g o u s  com pounds, h a s  

b e e n  a t t r i b u t e d  t o  h y d r o g e n  bond f o r m a t i o n  ( P a u l i n g ) .

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

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

c y a n id e  and h e n c e  i t  i s  c a p a b le  o f  f o r m in g  a  h y d r o g e n  bond  

(  H -  0  2  ^  ) • O th er  h y d r o g en  b o n d s  fo rm ed  th r o u g h
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h y d ro g e n  a t t a c h e d  t o  c a rb o n  atom i n  h a l o g e n a t e d  h y d r o ­

c a r b o n s  e . g .  c h lo r o f o r m ,  have a l s o  b e e n  r e p o r t e d  

f r e q u e n t l y  ( s e e ,  e . g .  G l a s s t o n e ) .

D e t e c t i o n  o f  t h e  Hydrogen Bond.

I n f r a - r e d  s p e c t r o p h o t o m e t r y ,  e l e c t r o n  d i f f r a c t i o n  and 

X - r a y  d i f f r a c t i o n  m ethods  have  b e e n  w id e ly  u s e d  f o r  d e t e c t ­

i n g  h y d ro g e n  bonds  ( H u n t e r ) .  I n d i r e c t  m eth od s  i n v o l v i n g  

t h e  s t u d i e s  o f  v a r i o u s  p h y s i c a l  and c h e m ic a l  p r o p e r t i e s  

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

t i o n s ,  o r  d i e l e c t r i c  c o n s t a n t ,  w h ich  a r e  known t o  be  

a f f e c t e d  by h y d ro g e n  bond f o r m a t i o n ,  have  a l s o  b ee n  u s e d .

The d e t e c t i o n  o f  i n t e r m o l e o u i a r  complex f o r m a t i o n  by 

t h e  "method o f  c o n s t a n t  v a r i a t i o n s "  u s i n g  some p h y s i c a l  

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

t o t a l  m o l a r i t y ,  was f i r s t  u s e d  by O s t r o m i s s l e n s k y  and 

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

c a l  a s p e c t s  by D e n s io n .  O s t r o m i s s l e n s k y  u s e d  t h e  m ethod 

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

o r g a n i c  com p lexes .  The r e f r a c t i v e  i n d e x  h a s  a l s o  b e e n  

u s e d  i n  a  s i m i l a r  manner by P u s h in  and c o - w o rk e r s  f o r  

d e t e c t i n g  i n t e r - m o l e c u l a r  com plexes  i n  b i n a r y  m i x t u r e s  o f  

c e r t a i n  o r g a n i c  l i q u i d s .  Spacu  and P o p p e r  a l s o  m easu red  

r e f r a c t i v e  i n d e x  v a l u e s  f o r  b i n a r y  aq u eo u s  s o l u t i o n s  o f  

c e r t a i n  i n o r g a n i c  s a l t s  and s i m i l a r l y  d e t e c t e d  complex
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f o r m a t i o n .  More r e c e n t l y ,  t h e  g e n e r a l  m ethod  h a s  b e e n  

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

m e n ts  and b o t h  i n t r a m o l e c u l a r  and i n t e r m o l e c u l a r  co m p lex  

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

t y p e ,  i n  n o n -a q u e o u s  s o l u t i o n s  ( G i l e s ,  R o s e ,  and V a l l a n c e ) .  

S i n c e  by  t h e  M axw ell l a w ,  t h e  d i e l e c t r i c  c o n s t a n t  i s  e q u a l  

t o  t h e  s q u a r e  o f  r e f r a c t i v e  i n d e x ,  A r s h id  e t  a l .  ( 1 9 5 5 )  i n  

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

d e t e c t i n g  c o m p le x e s .  They d e m o n s tr a te d  i t s  g r e a t  u t i l i t y  

o v e r  o t h e r  m e th o d s  and u s e d  i t  w i t h  s u c c e s s  f o r  t h e  d e t e c ­

t i o n  o f  c o m p le x e s  form ed  b y  p a i r s  o f  s o l u t e s  i n  a q u e o u s  a s  

w e l l  a s  n o n -a q u e o u s  s o l u t i o n .  They a l s o  showed t h a t  i n  

m o st  c a s e s  t h e  c o m p le x e s  form ed  a r e  due t o  h y d r o g e n  bond  

f o r m a t i o n .  T h is  m ethod i s  v e r y  q u ic k ,  r e q u i r e s  o n l y  a  

s m a l l  amount o f  s o l u t i o n  and c o m p le x e s  can  b e  d e t e c t e d  i n  

s o l u t i o n s  o f  a s  lo w  a  c o n c e n t r a t i o n  a s  0 .0 1  M.

P r e s e n t  Work.

The e x a c t  r o l e  o f  h y d r o g e n  b o n d in g  i n  t h e  m ech an ism  

o f  d y e in g  h a s  rem a in ed  l a r g e l y  s p e c u l a t i v e  up t o  now f o r  

two m ain  r e a s o n s .

( i )  A l l  t h e  auxochrom e g r o u p s  n e c e s s a r y  t o  p ro d u c e  t h e

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

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

d i s c o v e r  a d y e  w i t h o u t  a t  l e a s t  on e h yd ro  g e n - b o n d in g  c e n t r e
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T h is  m akes i t  d i f f i c u l t  t o  c a r r y  o u t  d e c i s i v e  c o n t r o l  t e s t s .

( i i  ) H i t h e r t o  m o st  o f  o u r  k n o w le d g e  o f  h y d r o g e n  b o n d in g  h a s

b e e n  o b t a i n e d  by  t h e  s t u d y  o f  n o n -a q u e o u s  s y s t e m s ,  

e . g . ,  c r y s t a l s ,  p ure  l i q u i d s ,  o r  s o l u t i o n s  i n  n o n -a q u e o u s  

s o l v e n t s ,  and l i t t l e  h a s  b e e n  known o f  t h e  b e h a v io u r  o f  

h y d r o g e n -b o n d in g  s y s t e m s  i n  w a t e r .  D y e in g  i s  o f  c o u r s e  

n e a r l y  a lw a y s  c a r r i e d  o u t  i n  w a t e r .

A d e t a i l e d  s tu d y  o f  h y d r o g e n  bond com p lex  f o r m a t i o n  

b e t w e e n  p a i r s  o f  s o l u t e s  r e p r e s e n t i n g  d y e s  and f i b r e s ,  by  

t h i s  m ethod  h a s  t h e r e f o r e  b e e n  u n d e r ta k e n  and t h e  r e s u l t s  

fo rm  a  l a r g e  p a r t  o f  t h e  p r e s e n t  t h e s i s .  Over 3 0 0  p a i r s  

o f  compounds h a v e  b e e n  exam ined  by t h e  p r e s e n t  a u th o r  and 

h i s  c o l l e a g u e s .  F o r  s i m p l i c i t y ,  t h e  r e s u l t s  and t h e i r  

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

f i r s t  s e c t i o n  d e a l s  w i t h  w a t e r  ( i n  n o n -a q u e o u s  s o l u t i o n ) ,  

a l c o h o l s ,  a l d e h y d e s ,  c a r b o h y d r a t e s ,  k e t o n e s ,  p h e n o l s  and  

q u in o n e s ,  t h e  s e c o n d  s e c t i o n  w i t h  a m in e s ,  a m id es  and a z o -  

com pounds, and t h e  t h i r d  s e c t i o n  w i t h  e s t e r s  and a c i d s  i n  

a q u e o u s  and n o n -a q u e o u s  s o l u t i o n .  The r e a l i t y  o f  e x i s t ­

e n c e  o f  t h e  c o m p le x e s  so  d e t e c t e d  h a s  b e e n  d e m o n s tr a te d  by  

a  v a r i e t y  o f  p r o c e d u r e s ,  i n c l u d i n g  m o le c u la r  w e ig h t  d e t e r ­

m i n a t i o n ,  c o m p a r iso n  w i t h  c o m p le x e s  p r e v i o u s l y  r e p o r t e d ,  

and t h e  u s e  o f  i n f r a - r e d  s p e c t r o p h o t o m e t r y .
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E x p e r im e n ta l

M a t e r i a l s .

A l l  t h e  compounds u s e d  w ere e i t h e r  o f  a n a l y t i c a l  

r e a g e n t  q u a l i t y  o r  w ere  p u r i f i e d  i n  t h e  l a b o r a t o r y ,  from  

c o m m e rc ia l  o r  l a b o r a t o r y - p r e p a r e d  p r o d u c t s .

A n i l i d o a c e t y l g l y c i n e  was k i n d l y  p r e p a r e d  by  t h e  

a u t h o r ' s  c o l l e a g u e ,  Mr. A. S . A. H a ss a n ,  by c o n d e n s a t i o n  

o f  a c e t y l a t e d  g l y c i n e  w i t h  a n i l i n e  (G ran ach er  e t  ^ .  ) .  I t  

was r e c r y s t a l l i s e d  from  h o t  w a t e r ,  fo r m in g  c o l o u r l e s s  

f l a k e s ,  m . p . 1 8 9 ^.

D ia c e ta m id o h e x a n e  was p r e p a r e d  by t r e a t i n g  h e x a m e t h y l -  

en e  d ia m in e  w i t h  a c e t i c  a n h y d r id e  i n  t h e  c o l d .  I t  form ed  

c o l o u r l e s s  n e e d l e s ,  m .p .1 2 5 ^ «

H -n -B u ty lp r o p io n a jn id e  was p r e p a r e d  by  t h e  m ethod  

d e s c r i b e d  b y  G i l e s ,  R o s e ,  and V a l l a n c e .  5 7 g .  o f  p r o p io n y l  

c h l o r i d e  w ere  s l o w l y  ad ded  t o  5 8 . 4 g .  o f  n - b u t y l a m i n e , 

c o o l e d  i n  a  b a t h  o f  e t h a n o l  and s o l i d  c a r b o n  d i o x i d e .

A f t e r  t h e  a d d i t i o n  t h e  m ix tu r e  was h e a t e d  t o  8 0 °  , k e p t  

t h e r e a t  f o r  15 m in u t e s  and a l lo w e d  t o  c o o l  o v e r n i g h t .  The 

l i q u o r  was t h e n  sh a k en  w i t h  e q u a l  v o lu m e o f  w a t e r ,  and t h e  

o i l y  l a y e r  t h u s  s e p a r a t e d  was e x t r a c t e d  w i t h  e t h e r .  

C o l o u r l e s s  l i q u i d ,  b . p . 2 5 6 ° / 7 6 0  mm.

F o rm a ld eh y d e  was p r e p a r e d  b y  h e a t i n g  p a r a fo r m a ld e h y d e .
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The g a s  was c o l l e c t e d  i n  w a t e r  and i t s  c o n c e n t r a t i o n  was  

d e t e r m in e d  v o l u m e t r i c a l l y  b y  o x i d a t i o n  w i t h  h y d r o g en  

p e r o x i d e  i n  p r e s e n c e  o f  sod iu m  h y d r o x id e .

Q u in o l d i a c e t a t e  w as o b t a in e d  by  t r e a t i n g  q u in o l  w i t h  

a c e t i c  a n h y d r id e ,  i n  t h e  c o l d ,  i n  p r e s e n c e  o f  a  drop  o r  

two o f  s u l p h u r i c  a c i d .  The p r o d u c t  t h u s  o b t a in e d  was 

r e c r y s t a l l i s e d  fro m  e t h a n o l ,  f o r m in g  p l a t e s ,  m . p . 1 2 1 ° .

C a t e c h o l  d i a c e t a t e  w as p r e p a r e d  by  m ix in g  a c e t y l  

c h l o r i d e  and c a t e c h o l  i n  t h e  c o l d ,  f o l l o w e d  b y  a d d i t i o n  o f  

w a t e r ,  and r e c r y s t a l l i s a t i o n  from  e t h a n o l .  N e e d l e s ,  

m . p . 6 3 .5 ^ .

P e n t a n e - 1 2 5 - d i o l  d i a c e t a t e . P e n ta m e t h y le n e  g l y c o l

( p e n t a n e - 1 : 5- d i o l )  was r e f l u x e d  w i t h  e x c e s s  o f  a c e t i c  

a n h y d r id e  and d ry  p y r i d i n e  f o r  2 h r .  The m ix t u r e  was t h e n  

w ash ed  s u c c e s s i v e l y  w i t h  w a t e r ,  d i l u t e  a c e t i c  a c i d ,  and  

sod iu m  c a r b o n a t e  s o l u t i o n .  The o i l y  l a y e r  was e x t r a c t e d  

w it h  e t h e r  and r e d i s t i l l e d ,  and t h e  d i s t i l l a t e  k e p t  o v e r  

sod iu m  t o  e n s u r e  re m o v a l o f  a l l  t r a c e s  o f  u n e s t e r i f i e d  

d i o l ;  b . p . 2 4 0 ° ,  f . p . 6 ° .

A l l  t h e  s o l v e n t s  w ere  c o m p l e t e l y  d r i e d  b e f o r e  u s e .

The d io x a n  and m e th a n o l  w ere  o f  t h e  " s p e c i a l l y  d r ie d "  

q u a l i t y  ( B .D .H . ) u s e d  f o r  K a r l  F i s c h e r  t i t r a t i o n s .  E t h y l ­

en e  g l y c o l  was f i r s t  f r a c t i o n a t e d  and t h e n  p a s s e d  th r o u g h  a  

colum n o f  a c t i v a t e d  a lu m in a  t o  rem ove a l l  t r a c e s  o f  w a t e r .
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I n s t r u m e n t s .

I n  t h e  e a r l i e r  p a r t  o f  t h e  w ork , t h e  r e f r a c t om et e r s  

u s e d  w ere  t h e  B e l l in g h a m  and S t a n l e y  Abbe t y p e  ( r e a d i n g  

t o  10"^ u n i t )  and t h e  Z e i s s  P u l f r i c h  t y p e  ( r e a d in g  t o  10"^ 

u n i t ) .  T h ese  r e q u i r e  r e s p e c t i v e l y  c a  0 .1  and 1 . 0  c . c .  o f  

t h e  l i q u i d  f o r  e a c h  d e t e r m i n a t i o n .  I n  t h e  l a t e r  p a r t  o f  

t h e  w ork , h o w e v e r ,  a  new m od e l B e l l in g h a m  and S t a n l e y  

P u l f r i c h  r e f r a c t  omet e r  was m a in ly  e m p lo y e d . The s o u r c e  

o f  m o n o c h ro m a tic  l i g h t  u s e d  f o r  m ost  o f  t h e  work w as a  

so d iu m  lam p, e x c e p t  w here  t h e  s o l u t i o n s  w ere  t o o  d e n s e l y  

c o l o u r e d ,  i n  w h ic h  c a s e  m ercu ry  o r  cadmium l i g h t  w as u s e d .  

The P u l f r i c h  t y p e  o f  i n s t r u m e n t ,  p a r t i c u l a r l y  t h e  new  

B e l l in g h a m  and S t a n l e y  m o d e l ,  i s  p r e f e r r e d  b e c a u s e  o f  i t s  

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

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

f o u r t h  d e c im a l  p l a c e .  I n  a l l  c a s e s  a  mean o f  a t  l e a s t  

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

s o l u t i o n .

I n f r a - r e d  s p e c t r a  w ere  r e c o r d e d  i n  1 mm. c e l l s  

( s o l u t i o n s )  on a  P e r k in -E lm e r  m od el 15 in s t r u m e n t  o r  i n  

0 . 0 5  and 0 .0 2 5  mm. c e l l s  (p u re  l i q u i d s )  on  a  G r u b b -P a rso n s  

i n s t r u m e n t ,  b o t h  w i t h  sod iu m  c h l o r i d e  p r i s m .
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P r o c e d u r e .

The s o l u t i o n s  o f  t h e  two s o l u t e s  t o  b e  exam in ed  w ere  

p r e p a r e d ,  t h e n  m ix ed  i n  d i f f e r e n t  p r o p o r t i o n s  g i v i n g  

8 - 1 2  s e p a r a t e  b i n a r y  s o l u t i o n s  o f  d i f f e r e n t  m o la r  r a t i o s ,  

and t h e n  s t o r e d  i n  g r o u n d - g l a s s - s t o p p e r e d  t u b e s .  T h ese  

s o l u t i o n s  w ere  t h e n  m ea su red  i n  q u ic k  s u c c e s s i o n  i n  t h e  

in s t r u m e n t  a t  room t e m p e r a t u r e .  The t h e r m o s t a t i c  tem p e ra ­

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

b e c a u s e  a  c o m p le te  s e r i e s  o f  r e a d i n g s  can  b e made w i t h i n  5 0  

m in u t e s  and any s l i g h t  v a r i a t i o n  o f  t e m p e r a tu r e  d u r in g  t h a t  

t im e  d o e s  n o t  a f f e c t  t h e  r e s u l t s .  A c o n c e n t r a t i o n  o f  0 .1  M 

o r  0 . 2 5  M was n o r m a l ly  u s e d ,  b u t  i n  s p e c i a l  c a s e s  w here  

v e r y  l i t t l e  m a t e r i a l  h a s  b e e n  a v a i l a b l e  0 .0 1  M s o l u t i o n s  

h a v e  b e e n  em p loyed  q u i t e  s a t i s f a c t o r i l y .

I t  h a s  b e e n  fo u n d  i n  some c a s e s  t h a t  t h e  r e s u l t s  show  

l e s s  random e r r o r  i f  t h e  s o l u t i o n s  a r e  e i t h e r  warmed and  

t h e n  c o o l e d  a g a in  o r  l e f t  o v e r n i g h t  b e f o r e  m ea su re m e n t ,  

p r o b a b ly  b e c a u s e  t h e  s o l u t e s  h a v e  a  lo w  r e a c t i o n  o r  

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

Over c e r t a i n  t e m p e r a t u r e  r a n g e s  c e r t a i n  c u r v e s  p a s s  

from  c o n v ex  t o  c o n c a v e ,  r e l a t i v e  t o  t h e  x - a x i s ,  and t h u s  

a t  some i n t e r m e d i a t e  t e m p e r a tu r e  t h e  c u r v e  i s  l i n e a r  and  

t h e r e  i s  no e v i d e n c e  o f  co m p lex  f o r m a t i o n .  T h e r e f o r e ,  t o  

e s t a b l i s h  t h e  r e à l i t y  o f  n e g a t i v e  r e s u l t s ,  t h e  d e t e r m in a ­

t i o n s  w ere  made e i t h e r  a t  more t h a n  one t e m p e r a t u r e ,  o r  a
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v a r i e t y  o f  s e c o n d  s o l u t e s  w ere  u s e d ,  o r  d i f f e r e n t  s o l v e n t s  

w ere  em p lo y e d .

D e t e r m in a t io n  o f  "A pparent M o le c u la r  W e ig h t".

The Beckmann f r e e z i n g  p o i n t  m ethod  was u s e d  f o r  a  

s e r i e s  o f  b in a r y  s o l u t i o n s .  The 'a p p a r e n t*  m o le c u la r  

w e ig h t  i s  t h e  v a l u e  c a l c u l a t e d  on t h e  a s s u m p t io n  t h a t  o n ly  

on e  compound i s  p r e s e n t ,  and i s  e q u a l  t o  t h e  sum o f  t h e  

p r o d u c t s  o f  t h e  t r u e  m o l e c u l a r  w e i g h t s  o f  e a c h  s o l u t e  and  

t h e i r  r e s p e c t i v e  m o la r  f r a c t i o n s .  The r e s u l t s  a r e  e a c h  

t h e  mean o f  two o r  t h r e e  s e p a r a t e  d e t e r m i n a t i o n s . The 

e b u l l i o m e t r i c  m ethod  f o r  t h e  d e t e r m i n a t i o n  o f  m o le c u la r  

w e i g h t ,  w i t h  t h e  a i d  o f  fo a m in g  s u b s t a n c e s ,  u s i n g  a  

Beckmann th e rm o m e ter  ( P o l y d o r o p o u lo s )  was a l s o  t r i e d .  

U n f o r t u n a t e l y ,  t h i s  m ethod  d id  n o t  p r o v e  v e r y  s a t i s f a c t o r y  

f o r  t h e  p r e c i s e  m ea su re m e n ts  r e q u ir e d  f o r  t h i s  w ork  and 

h e n c e  i t  was ab a n d o n ed .
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R e s u l t s  and  D i s c u s s i o n

F o r  e a s e  o f  e x p l a n a t i o n  t h e  r e s u l t s  o f  t h e  p r e s e n t  

work and t h e i r  d i s c u s s i o n ,  w h ic h  f o l l o w s  im m e d i a t e ly ,  a r e  

p r e s e n t e d  h e r e  i n  t h r e e  s e c t i o n s .

S e c t i o n  I .

The H ydrogen  b o n d in g  P r o p e r t i e s  o f  W ater i n  N o n -a q u e o u s

S o l u t i o n  and o f  A l c o h o l s ,  A ld e h y d é s ,  C a r b o h y d r a t e s ,

K e to n e s  and P h e n o l s  i n  A queous and N o n -a q u e o u s

S o l u t i o n s .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  i t  i s  assum ed t h a t  m ost  

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

b o n d s ,  a l t h o u g h  o t h e r  fo rm s  o f  i n t e r m o l e c u l a r  c o m p le x e s  

h a v e  so m e t im e s  b e e n  d e t e c t e d .  The r e s u l t s  a r e  sum m arised  

i n  T a b le  1 and some o f  t h e  t y p i c a l  c u r v e s  a r e  shown i n  

F i g s . 1 - 7 .  Some o f  t h e  r e s u l t s  i n  T a b le  1 ,  p a r t i c u l a r l y  

t h o s e  o b t a in e d  by t h e  d i e l e c t r i c  c o n s t a n t  m eth o d , a r e  

i n c l u d e d  by  c o u r t e s y  o f  D r . F . M. A r s h id .  T h ese  a r e  

s u i t a b l y  d i f f e r e n t i a t e d  fro m  t h o s e  o b t a i n e d  by t h e  w r i t e r .

A number o f  t h e  t e s t s  made by A r s h id  h a v e  a l s o  b e e n  

r e p e a t e d  by  t h e  w r i t e r ,  i n  c o n f i r m a t i o n .

W a ter .

W ater e n t e r s  so  i n t i m a t e l y  i n t o  a lm o s t  a l l  r e a c t i o n s  

i n v o l v i n g  f i b r e s  t h a t  i t s  b o n d in g  p r o p e r t i e s  to w a r d s  a



Table 1 •

Solutes
a

A l c o h o l s

S o l u t i o n

T o t a l  M e th o d î  
S o l v .  m o l .  and  

c o n c n .  tem p.

M o l . r a t i o  
o f  co m p lex  

( a : b )  I

M e th a n o l P h e n o l D 0 . 1 n 2 0 ° 1 : 1

W 0 . 2 5 n 20 1 : 1
E t h a n o l W ater D 0 . 1  £ 2 0 1 : 1

II P h e n o l T 0 . 2 5  e 19 1 : 1

W 0 . 2 5 n 2 0 1: 1
n - P e n t a n o l 11 B 0 . 1 n 21 1 : 1

E t h y l e n e  g l y c o l M e th a n o l D 0 . 1 n 2 0 1 : 1
II P h e n o l D 0 . 1 n 19 1 : 1 ; 1 : 2
11 T r ie t h y la m i n e W 0 . 2 n 1 9 . 7 1 : 1

W 0 . 2 5 n 20 1 : 1 ; ( 1 : 2 )
G l y c e r o l M eth a n o l D 0 . 1 n 20 ( 1 : 1 )

W 0 . 2 5 n 20 §
H P h e n o l w 0 . 2 5 n 20 1 :1  ; 1 :3
w T r ie t h y la m i n e w 0 . 1 n 20 1 : 1
II W ater D 0 . 1 n 2 0 1 : 1

E r y t h r i t o l M e th a n o l w 0 . 2 5 n 21 § XX
11 « Os 0 . 0 5 n 18 1:1 XX
n P h e n o l w 0 . 2 5 n 19 1 : 1  ; 1 : 4 ^

M a n n ito l II w 0 . 2 5 n 19 1 :6  XX
n II EG 0 . 1 n 22 ( 1 : 1 ) ; 1 : 6x x
11 W ater EG 0 . 1 n 18 1:1  XX

B u t a n e - 1 : 4 - d i o l M e th a n o l B 0 . 1 n 1 5 . 5 §
II P h e n o l B 0 . 1 n 1 6 . 5 §

P e n t a n e - 1 : 5 - d i o l M e th a n o l B 0 . 1 n 18 1 : 2
II T r ie t h y la m i n e w 0 . 2 n 1 9 . 7 1 : 2



Table 1 (G o u t*d) 

S o l u t i o n

Solutes
S o l v .

T o t a l
m o l.

M e th o d î  M o l . r a t i o  
and o f  com p lex

a b c o n c n . tem p . ( a : b )  1

A ld e h y d e s
A c e t a ld e h y d e A z o b e n z e n e T 0 . 1 n 20 2:1  XX

« D i e t h y l  am ine W 0 . 2 5 n 20 1:1  XX
M P h e n o l W 0 . 2 5 n 20 ( § )

F o rm a ld eh y d e tt W 0 . 2 n 20 §
tt T r ie t h y la m i n e W 0 . 2 n 20 1:1

m - N i t r o b e n z - P h e n o l T 0 . 2 n 21 1:1 ; 1 : 5
a ld e h y d e

M P y r i d i n e T 0 . 1 n  21 1:1
11 T r i e t h y l a m i n e T 0 . 2 n 21 1:1

o - N i t r o b e n z - P h e n o l T 0 . 1 n 19 1 : 2
a ld e h y d e

H P y r i d i n e T 0 . 1 n 21 §
il T r i  e t h y la m in e T 0 . 1 n 19 §

P r o p io n a ld é h y d e B i e t h y la m in e B 0 . 2 n 15 1 : 1 ;  ( 1 : 2 )
n B i m e t h y l -  

form am id e
0 0 . 2 n 18 1:1

1% tt W 0 . 2 n 18 1:1
« E th a n o l 0 0 . 2 n 17 . 5 1:1
II It w 0 . 2 n 1 7 . 5 (§ )
II P h e n o l 0 0 . 1 n 17 ( 1 : 1 )
II II EG 0 . 2 n 18 1:1
II It W 0 . 2 n 1 7 . 5 §
II P y r i d i n e B 0 . 2 m<► w. 1:1
tt n W 0 . 2 n 1 7 . 5 1:1
tt T r ie t h y la m i n e W 0 . 2 n 1 7 . 5 1:1

C a r b o h y d r a te s
D - C e l l o b i o s e B i e t h y l  am in e w 0 . 2 5 n 19 ( 1 : 1 )

II B im e t h y l -
form am ide

w 0 . 2 5 n 15 1:1  XX

tt P y r i d i n e w 0 . 1 n 18 1:1
II Q u in o l w 0 . 2 5 n 16 ( § )  XX



Table 1 (C o n t* d) 

S o l u t i o n
Solutes

C a r b o h y d r a t e s (o o n t  * d)

S o lv .
T o t a l

m ol.
concn

M eth od î  M o l . r a t i o  
and  o f  complex 

tem p .  ( a : b )  |

D - O e l l o b i o s e T r i  e t h y la m in e W 0 .2 5 n  15 ( 1 : 1 )
D - F r u c t o s e E th a n o l W 0 .2 5 n  20 (§ )  X I

ti P h e n o l W 0 . 2 5 n 21 (§ )  X I
tt T r ie t h y la m i n e W 0 . 2 5 n  20 (§ )

D -G lu c o s e A n i l i n e W 0 . 2 5 n  18 2 :1
tt B i e t h y la m in e w 0 . 2 5 n  19 1 :1
H E th a n o l w 0 . 2 5 n  20 § I I
II M eth a n o l w 0 . 2 5 n 20 §
tt £ - N i  t  r 0 p h en o1 w 0 . 1 0 n  18 1:1  I I
tt P h e n o l w 0 . 2 5 n  20  

m .w.
§

tt tt B u f f e r  
£H 8.4

0 . 2 n  1 7 .5 §

11 tt EG 0 .1 n  20 1 : 6
tt P y r i d i n e W 0 . 2 5 n  19 ( 1 : 1 )
tt T r ie t h y la m i n e W 0 . 2 5 n  20 1:1
tt Q u in o l W 0 . 2 5 n 17 § I I
M TJrea W 0 . 2 n  1 5 §
tf tt W 2 . 0 n  16 §
11 W ater EG 0 .1 n  14 1 : 6 } ( 2 : 1 )

S u c r o s e T r ie t h y la m i n e W 0 . 2 5 n  20 § n

S o l u t i o n s  o f t e r n a r y  m ix t u r e s
D -G lu c o s e  (1 m o l)  
P y r i d i n e  (1 m o l) j P h e n o l ( w 

( w
0 .1
0 . 2

n  19 
m .w.

1 : 6  
1 :6

D -G lu c o s e  (1 m o l)  ) " 
T r i e t h y l a m i n e (1 m o l ) ) j w 0 .1 n  13 1 :1  ; 1 : 6

K e to n e s
A c e to n e P h e n o l E 0 . 2 5 n  20 § X X

tt ft w 0 .1 n  20 §
tt M e th a n o l C 0 . 2 5 n  20 ( 1 : 2 )



T a b le  1 ( C o n t 'd )  

S o l u t i o n

S o l u t e s T o t a l M e th o d î M o l . r a t i o
S o l v . * m o l . and o f  com p lex

a b c o n c n . tem p . ( a : b )  1

K e to n e s  (co n t* d)
A c e to n e M e th a n o l D 0 . 0 5 n  17 1 :2

tt P r o p io n ­ T 0 . 2 n  20 1:1
a ld é h y d e

tt T r i e t h y l a m i n e W 0 . 2 5 n  21 §
tt Q u in o l E 0 . 2 5 n  18 §  X X

B en zo p h en o n e P h e n o l B 0 . 2 5 n  18 §

B i i s o b u t y l tt B 0 . 2 5 e ,n  20 1 :2
k e t o n e

P h e n o l s
C a t e c h o l M e th a n o l B 0 .1 n  1 5 . 5 1:1

tt P h e n o l B 0 . 2 n  16 ( 1 : 1 ; 1 : 2 )

P y r o g a l l o l tt W 0 . 2 5 n 20 ( 1 : 1 ) ; 1 : 3  x x

Q u in o l M e th a n o l B 0 .1 n  20 ( 1 : 2 )
tt P h e n o l W 0 . 2 5 n  19 1 : 2

W ater
W ater A c e to n e B 0 . 2 n  20 1 : 1 ; 2 : 1

tf A n i l i n e B 0 . 2 5 e , n  20 ( 2 : 1 )  XX
" A n i l i n e  — ) 2 - n a p h t h o l B 0 .1 E ,n  20 1 :2
tt A zo b en ze n e B 0 .1 2 0 . 1 : 1 ; 2 : 1
tt B en z o p h en o n e B 0 . 2 € , n  20 ( 1 : 2 )  XX

n  17 1 : 2
" N- n - B u t y lp r o p io n a m id e B 0 . 2 e , n  20 1 : 2  / /
tt B i i s o b u t y l  k e t o n e B 0 .1 £ , n  20 1:1

n  17 1:1 / /
tt P h e n o l B 0 . 2 n  20 1 : 1 ; 1 : 2  x x
It P r o p io n - EG 0 . 2 n 17 1:1

a ld e h y d e

î  S o l v e n t s :  B = b e n z e n e ;  0 = ca r b o n  t e t r a c h l o r i d e ;  Os = " C e l l o -  
s o l v e "  (2—e t h o x y e t h a n o l ) ;  B = d io x a n ;  E = d i e t h y l  e t h e r ;
EG = e t h y l e n e  g l y c o l ;  T = t o l u e n e ;  W = w a t e r .

Î  M eth od s: E = d i e l e c t r i c  c o n s t a n t ;  n  = r e f r a c t i v e  in d e x ;  m.w.
a p p a r e n t  m o l e c u l a r  w e i g h t .



T a b le  1 (O o n t 'd )

J B a ta  i n  p a r e n t h e s e s  d e n o t e  u n c e r t a i n  i n d i c a t i o n s .

§ No e v i d e n c e  o f  co m p lex  f o r m a t i o n .

/ /  T h ese  c u r v e s  show p a r t i c u l a r l y  p ro n o u n ced  ch a n g e  o f  

s l o p e .

XX T h is  r e s u l t  r e p o r t e d  b y  A r s h id .
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num ber o f  t h e  m od e l compounds w h ic h  r e p r e s e n t  f i b r e s  a r e  

o f  s p e c i a l  i n t e r e s t  and f o r  t h e  f i r s t  t im e  t h e  p r e s e n t  

m eth od  h a s  p r o v id e d  an o p p o r t u n i t y  o f  s t u d y i n g  t h e s e  

p r o p e r t i e s .

Prom a  s t u d y  o f  T a b le  1 ,  and a l s o  o f  T a b le  4 ( S e c t i o n  

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

im p o r t a n t  p a r t  i n  d e t e r m in in g  t h e  h y d r o g e n -b o n d in g  

p r o p e r t i e s  o f  o t h e r  s o l u t e s .  F o r  e x a m p le ,  i n  s p i t e  o f  

t h e  p o t e n t i a l  p r o t o n - a c c e p t i n g  g rou p  i . e .  c a r b o n y l - g r o u p ,  

i n  a c e t o n e ,  a c e t a l d e h y d e  o r  p r o p io n a ld é h y d e ,  t h e y  do n o t  

fo r m  any co m p lex  w i t h  p h e n o l  i n  w a t e r  b u t  do so  i n  d io x a n .  

From t h e s e  and o t h e r  e x a m p le s  i t  a p p e a r s  t h a t  w a t e r  i s  

i n h i b i t i n g  com p lex  f o r m a t io n  by p r o t e c t i n g  t h e  c a r b o n y l -  

g r o u p . A g a in ,  a  s i m i l a r  p r o t e c t i v e  e f f e c t  i s  n o t i c e d  i n  

t h e  c a s e  o f  c a r b o h y d r a t e s .  U n s u lp h o n a te d  a zo -co m p o u n d s  

ca n  form  i n t e r m o l e c u l a r  b on d s  b e tw e e n  t h e  a z o - g r o u p  and

( i )  am ide g r o u p s  i n  n o n -a q u e o u s  s o l v e n t s  (T a b le  4 ) ,

( i i )  a l c o h o l i c  g ro u p s  i n  s o l u t e s  i n  t h e  w a t e r  s u b - p h a s e  

when an  azo-com p oun d  i s  s p r e a d  a s  a  m o n o la y e r  t h e r e o n  

( G i l e s  and N e u s t a d t e r ) ,  b u t  s u lp h o n a te d  a zo -co m p o u n d s  do 

n o t  a p p e a r  t o  i n t e r a c t  i n  w a te r  e i t h e r  w i t h  a l c o h o l i c  

g r o u p s  (T a b le  4 )  o r  w i t h  t h e  am ide g r o u p s  o f  a m in o - a c i d s  

( D e r b y s h ir e  and M a r s h a l l ) .  T h ese  f a c t s  show t h a t  t h e  

s u lp h o n i c  a c i d  may b e  p r e v e n t i n g  i n t e r a c t i o n  o f  t h e  a z o -  

grou p  w i t h  o t h e r  s o l u t e s  o f  lo w  a f f i n i t y .  T h is  c o u ld  b e
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a t t r i b u t e d  e i t h e r  t o  t h e  p r o t e c t i v e  e f f e c t  o f  t h e  

s o l v a t e d  w a te r  s u r r o u n d in g  t h e  a n io n  o r  t o  a  r e d u c t i o n  

i n  e l e c t r o n e g a t i v i t y  o f  t h e  a z o - n i t r o g e n  a to m s .  P h e n o l s ,  

h o w e v e r ,  h a v e  en ou gh  a f f i n i t y  t o  i n t e r a c t  w i t h  t h e  

s u lp h o n a t e d  com pounds.

A p a rt  fro m  t h e  a b o v e  e v i d e n c e  o f  t h e  p r o t e c t i v e  e f f e c t  

o f  w a t e r ,  t h e  r e s u l t s  d e m o n s tr a te  t h a t  t h e  m o la r  r a t i o  o f  

t h e  c o m p le x e s  b e tw e e n  g i v e n  s o l u t e s  i s  so m e t im e s  n o t  t h e  

same i n  w a te r  a s  i n  n o n -a q u e o u s  s o l v e n t s .  F o r  e x a m p le ,  i n  

n o n -a q u e o u s  s o l u t i o n  d i e  t h y l  am ine c o m b in es  w i t h  two m o le ­

c u l e s  o f  p h e n o l  b u t  i n  a q u e o u s  s o l u t i o n  w i t h  o n e  m o le c u l e  

o n l y .

W ater a s  a  s o l u t e ,  i n  n o n -a q u e o u s  s o l v e n t s ,  a c t s  

e i t h e r  m o n o f u n c t i o n a l l y  o r  b i f u n c t i o n a l l y  ( F i g . 1)  a s  a  

c r o s s - l i n k i n g  a g e n t ,  b o t h  h y d r o g e n  atom s b e i n g  i n v o l v e d  i n  

b o n d s ,  e . g . ,  w a te r  a c t s  a s  a  c r o s s - l i n k  b e tw e e n  tw o m o le ­

c u l e s  o f  1 - p h e n y l a z o - 2 - n a p h t h o l  t h u s  -
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B rod e a t  a l .  h a v e  a t t r i b u t e d  t h e  a p p e a r a n c e  o f  a  new band  

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

c e r t a i n  a z o -c o m p o u n d s ,  o n  a d d i t i o n  o f  w a t e r ,  t o  a  h y d r o g en  

bond b e tw e e n  t h e  a z o - g r o u p  and w a t e r .

P r o t e c t i v e  I n f l u e n c e  o f  O th e r  S o l v e n t s .

I t  was r e p o r t e d  by G i l e s ,  R ose and V a l l a n c e  t h a t  no  

e v i d e n c e  c o u ld  b e  o b t a in e d  o f  i n t e r m o l e c u l a r  b o n d in g  

i n v o l v i n g  t h e  k e t o n e  g rou p  i n  b e n z e n e  s o l u t i o n  a l t h o u g h  

B a d g er  and B a u er  d e t e c t e d  b o n d in g  b e tw e e n  a c e t o n e  and  

m e th a n o l  by i n f r a - r e d  s p e c t r o p h o t o m e t r y  o f  b i n a r y  m i x t u r e s ,  

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

i n v e s t i g a t i o n ,  i t  h a s  b e e n  n o te d  t h a t  b e n z e n e ,  and a l s o  

d i e t h y l  e t h e r ,  do p r e v e n t  com p lex  f o r m a t i o n  o f  p h e n o l  w i t h  

k e t o n e s .  The e x a c t  n a t u r e  o f  t h i s  p r e v e n t i v e  e f f e c t  i s  

h o w ev er  n o t  v e r y  c l e a r .  A s t u d y  o f  t h e  T a b le s  1 ,  4 

( S e c t i o n  I I )  and 5 ( S e c t i o n  I I I )  r e v e a l s  a number o f  o t h e r  

ex a m p les  o f  t h e  p r o t e c t i v e  e f f e c t  o f  a  s o l v e n t  p r e v e n t i n g  

h y d r o g en  b o n d in g  b e tw e e n  v a r i o u s  i n d i v i d u a l  g r o u p s .  T hese  

a r e  sum m arised  i n  T a b le  2 b e lo w .
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Table 2.
S o l v a t i o n  e f f e c t s  i n  i n t e r m o l e c u l a r  h y d r o g e n  b o n d in g

Groups S o l v e n t  ( s e e T a b le  1)

a b a  R e a c t i v e I n a c t i v e
w i t h  b i n i n

OH ( a l k ) OH ( a l k ) Cs , D W

ft OH (a r ) T,W None

OH ( a r ) OH (a r ) B,T,W None

OHO ( a l k ;  a r ) OH ( a l k , a r ) C,T W

If • N g * , ‘ NRj, e t c . A l l None

0=0 ( k e t o ) A l l C, B, T B,E,W

A l c o h o l s  and P h e n o l s .

M on oh yd ric  a l c o h o l s  w ould  b e  e x p e c t e d  t o  fo rm  o n ly  

o n e  co m p lex  an d , i n  f a c t ,  m e t h a n o l ,  e t h a n o l ,  n - b u t a n o l  

e t c .  do form  o n ly  1 :1  c o m p le x e s  w i t h  p h e n o l  ( P i g . 2 ) .  

P o l y - h y d r i c  a l c o h o l s  h ow ever  fo rm  a d d i t i o n a l  c o m p le x e s ,  

c o r r e s p o n d in g  w i t h  t h e  number o f  h y d r o x y - g r o u p s ,  w i t h  

p h e n o l  b u t  w i t h  m e th a n o l ,  t r i e t h y l a m i n e ,  o r  w a t e r ,  no  

o t h e r  com p lex  b u t  t h a t  o f  1:1  r a t i o  i s  e v i d e n t  ( P i g . 2 ) .  

The m o st  r e a s o n a b l e  i n t e r p r e t a t i o n  o f  t h e s e  o b s e r v a t i o n s  

i s  t h a t  p a i r s  o f  v i c i n a l  h y d r o x y -g r o u p s  i n t e r a c t  t o  form  

weak f iv e -m e m b e r e d  c h e l a t e  r i n g s ,  e . g .  i n  e t h y l e n e  

g l y c o l  o r  g l y c e r o l  -
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GHg --------  OEg CHg   OEg   OEg

0 -  E  0 -  0 -  E ---------- 0 -  E -----------0 -  B*

thus on ly  one hydrogen atom (je) i s  l e f t  fr e e  to  form 

i n t e r m o l e c u l a r  bonds  w i t h  a  weak se c o n d  s o l u t e  l i k e  

t r i e t h y l a m i n e .  P h e n o l ,  b e i n g  a  more p o w e r fu l  h y d ro g e n  

b o n d in g  a g e n t ,  can d i s r u p t  t h e s e  r i n g s  i n  a  s u i t a b l e  

s o l v e n t  and so u n i t e  w i t h  each  h y d r o x y l - g r o u p .

The above i n t e r p r e t a t i o n  i s  s u p p o r t e d  by t h e  work o f  

B a s t i a n s e n ,  who d e t e c t e d  t h i s  fo rm  o f  i n t r a m o l e c u l a r  bond 

i n  e t h y l e n e  g l y c o l  and g l y c e r o l  by t h e  e l e c t r o n  d i f f r a c t i o n  

s e c t o r  m e tho d ,  and p o i n t e d  o u t  t h a t  p u b l i s h e d  h e a t s  o f  

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

f o r  t h e s e  compounds r e s p e c t i v e l y  5*4 and 10*3 k c a l / m o l e .  

l o w e r  t h a n  r e q u i r e d  by t h e o r y ,  i . e . ,  l e s s  by a b o u t  t h e  

v a l u e s  f o r  one and two hy d ro g en  b o n d s .

F u r t h e r  c o n f i r m a t i o n  o f  t h e  e x i s t e n c e  o f  t h i s  i n t r a ­

m o l e c u l a r  bond was o b t a i n e d  by t h e  e x a m i n a t i o n  o f  a  d i o l  

i n  w h ich  t h e  p a i r s  o f  a l c o h o l i c  g ro u p s  a r e  t o o  w id e ly  

s e p a r a t e d  t o  fo rm  su c h  b o n d s .  Thus,  i n  p e n t a n e - 1 : 5 - d i o l  

( F i g . 2) b o t h  g ro u p s  a r e  f r e e  t o  r e a c t  and so i t  fo rm s  a  

1 : 2 - complex w i t h  m e th a n o l .  I n  b u t a n e - 1 ; 4 - d i o l , p r o b a b l y ,  

a  sev en  membered r i n g  e x i s t s ,  b u t  even  so i t  i s  d i f f i c u l t  

t o  a c c o u n t  f o r  t h e  com ple te  u n r e a c t i v i t y  o f  t h i s  compound 

i n  t h e  t e s t s  made h e r e .



3 1 .

A s i m i l a r  i n t r a m o l e c u l a r  bond h a s  b e e n  d e t e c t e d  i n  

p o l y - h y d r i c  p h e n o l s  a s  w e l l .  F o r  e x a m p le ,  W o lf ,  L i d d e l  

and H e n r ic k 8 h a v e  shown t h e  e x i s t e n c e  o f  c h e l a t i o n  i n  t h e  

0 r t h o - h y d r o x y  g r o u p s  o f  c a t e c h o l ,  b y  i n f r a - r e d  s p e c t r o ­

s c o p i c  e x a m in a t io n  o f  i t s  ca r b o n  t e t r a c h l o r i d e  s o l u t i o n .

I n  t h e  p r e s e n t  w ork t h e  e x i s t e n c e  o f  t h i s  l i n k  i s  e v i d e n t  

i n  t h e  1 ; 1 - co m p lex  b e tw e e n  c a t e c h o l  and m e th a n o l  i n  

c o m p a r is o n  t o  t h e  1 : 2 -c o m p le x  b e tw e e n  q u i n o l  and m e t h a n o l .

As m e n t io n e d  e a r l i e r  t h e  p r e s e n c e  o f  h y d r o g e n  b on d s  

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

m e l t i n g  and b o i l i n g  p o i n t s  o f  c e r t a i n  d i o l s  shown i n  

T a b le  3 t h u s  g i v e  e v i d e n c e  o f  c h e l a t i o n  s i n c e  t h e  compounds  

w i t h  v i c i n a l  g r o u p s ,  i . e .  t h o s e  w h ere  t h e  f o r m a t io n  o f  

i n t r a m o l e c u l a r  h y d r o g e n  bonds i s  e x p e c t e d ,  h a v e  lo w e r  

v a l u e s  t h a n  t h e  c o r r e s p o n d in g  i s o m e r s  w i t h  more w i d e l y  

s e p a r a t e d  g r o u p s .
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T a b le  5 >

P h y s i c a l  C on st  a n t s  o f  C e r t a in  C h e la te d  

and U n o h e la t e d  Compounds.

C h e la te d M .p. B .p . Unc h e l a t e d M .p. B .p .

A l c o h o l s  and P h e n o l s

C a te c h o l 1 0 4 ° — Q u in o l 169° -

B u t a n e - 1 : 2 - d i o l — 1 9 1 ° B u t a n e - 1 : 5 - d i o l - 2 0 5 °

B u t a n e - 2 : 3 “ d i o l — 1 8 3 ° P e n t a n e - 1 : 4 - d i o l — 2 1 9 °

P e n t a n e - 2 : 3 - d i o l 1 8 8 ° — P e n t a n e - 1 : 5 - d i o l — 2 3 8 °

P e n t a n e - 2 : 4 - d i o l - 19 7 °

N it r 0 - compoundB

2 - N i t r o p h e n o l 4 4 ° — £ - N i t r o p h e n o l 114° -  -

£ - N i t r o b e n z o i c  a c i d 144° — £ - N i t r o b e n z o i c  a c i d 2 4 1 ° -

o - N i t r o b e n z a ld e h y d e 4 4 ° — p -N i t r o b e n z a ld e h y d e 10 6 ° -
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A ld e h y d e s  and K e t o n e s .

A ld e h y d e s  form  1 ; 1 - c o m p le x e s  w i t h  a lm o s t  a l l  t h e  

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

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

p r o b a b ly  p r o t e c t i n g  t h e  c a r b o n y l - g r o u p .  R a th e r  u n e x ­

p e c t e d l y  a ld e h y d e s  a l s o  form  1 : 1 - c o m p le x e s  w i t h  h y d r o g e n -  

a c c e p t o r s ,  e . g .  t r i e t h y l a m i n e  o r  p y r i d i n e  ( F i g . 3 ) .  The 

r e a l i t y  o f  e x i s t e n c e  o f  s u c h  c o m p le x e s  w as f u r t h e r  

o b t a i n e d  b y  m o l e c u l a r - w e i g h t  e x p e r im e n t s  ( F i g . 3 )  - The 

m o st  l i k e l y  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  i s  t h a t  t h e  

i n t e r a c t i o n  i s  b y  b o n d in g  w i t h  t h e  h y d r o g e n  atom  o f  t h e  

a ld e h y d e - g r o u p ,  w h ich  i s  a c t i v a t e d  by  t h e  a d j a c e n t  ca r b o n y l-  

g r o u p .  T h is  bond i s  co m p a ra b le  t o  t h a t  i n  t h e  h y d r o g e n  

c y a n id e  c r y s t a l  ( P a u l in g )  -

E t  — — — H — C 0 —  — H — C — N — — H — 0 — N ———
5 I -

R
P i p o l e - i n t e r a c t i o n  e f f e c t s  p ro d u c ed  by  h y p e r c o n j u g a ­

t i o n  o f  t h e  a t t a c h e d  a l k y l  group  (C o u ls o n )  m ig h t  b e  t h o u g h t  

p e r h a p s  t o  a c c o u n t  f o r  t h e s e  r e s u l t s .  F o rm a ld eh y d e  was  

t h e r e f o r e  exam in ed  w h ich  c a n n o t  e x h i b i t  s u c h  e f f e c t s ,  y e t  

i t  b e h a v e s  l i k e  i t s  h i g h e r  h o m o lo g u e s ,  s o  t h e  s u g g e s t e d  

h y d r o g e n  bond m ech an ism  i s  c o n f ir m e d .

The n a t u r e  o f  t h e  c o m p le x e s  form ed  b y  p h e n o l  o r  

p y r i d i n e  w i t h  o r t h o -  and m e t a - n i t r o b e n z a l d e h y d e  ( F i g . 4 )
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a l s o  i n d i c a t e s  t h a t  t h e  h y d r o g en  atom  o f  t h e  a l d e h y d e -  

g ro u p  m u st  h e  c a p a b le  o f  f o r m in g  i n t r a -  a s  w e l l  a s  i n t e r ­

m o l e c u l a r  bonds* L u n d gren  and B i n k l e y  h a v e  n o t i c e d  t h a t  

Rhodamine B (C o lo u r  I n d e x  N o.7 4 9 )  g i v e s  a  r e d  c o l o u r  o n l y  

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

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

o - n i t r o b e n z a l d e h y d e  e x h i b i t s  l i t t l e  a c t i v i t y  to w a r d s  t h e  

d y e ,  com pared w i t h  t h e  a c t i v i t y  o f  t h e  m e t a - i s o m e r ,  and  

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

compound. T h e r e f o r e ,  i n  t h e  p r e s e n t  work a l s o ,  Rhodamine  

B was u s e d  a s  a  hydro  g e n -d o n o r  i n d i c a t o r  and i t  w as n o t i c e d  

t h a t  p r o p io n a ld é h y d e  i n  d ry  t o l u e n e  im p a r te d  a  re d  

c o l o u r a t i o n  t o  Rhodamine B.

From T a b le  3 a l s o  i t  i s  e v i d e n t  t h a t  £ - n i t r o b e n z -  

a ld e h y d e ,  l i k e  £ - n i t r o b e n z o i c  a c i d  and £ - n i t r o p h e n o l ,  h a s  

a  lo w e r  m e l t i n g  p o i n t  th a h  i t s  m e t a - i s o m e r ,  f u r t h e r  

e v i d e n c e  o f  c h e l a t i o n .

I n  o r d e r  t o  o b t a i n  f u r t h e r  e v i d e n c e  o f  h y d r o g e n  bond  

f o r m a t io n  th r o u g h  h y d r o g e n  a t t a c h e d  t o  a  ca r b o n  a tom ,  

i n f r a - r e d  s p e c t r o s c o p i c  e x a m in a t io n  o f  s o l u t i o n s  o f

( i )  p h e n o l  ( 0 . 0 5  M) and p r o p io n a ld é h y d e  ( 0 . 0 5  M) and

( i i )  p y r i d i n e  ( 0 . 0 5  M) and p r o p io n a ld é h y d e  ( 0 . 0 5  M) i n  

ca r b o n  t e t r a c h l o r i d e  s o l u t i o n  w ere made and t h e i r  s p e c t r a  

w ere  compared w i t h  t h e  s p e c t r a  o f  0 .1  M p h e n o l ,  0 .1  M 

p y r i d i n e  and 0 .1  M p r o p io n a ld é h y d e  r e s p e c t i v e l y ,  a l l  i n
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c a r b o n  t e t r a c h l o r i d e  s o l u t i o n .  A l s o ,  t h e  s p e c t r a  o f  

i s o - b u t y r a l d e h y de ( p u r e )  and i t s  e g u im o la r  m ix t u r e  w i t h  

p y r i d i n e ,  w ere  r e c o r d e d .  No c o n c l u s i v e  i n f o r m a t i o n  c o u ld  

b e  drawn from  t h e  r e s u l t s  h o w ev er  b e c a u s e  t h e  p r o p io n ­

a ld é h y d e  ( 0 .  1 M) r e f e r e n c e  c u r v e  g a v e  i n d i c a t i o n  o f  t h e  

p r e s e n c e  o f  p r o p i o n i c  a c i d  r e s u l t i n g  fro m  a e r i a l  o x i d a t i o n  

o f  t h e  a ld e h y d e ,  th o u g h  l i t t l e  o r  no  a c i d  was e v i d e n t  i n  

t h e  p y r i d i n e - p r o p i o n a l d e h y d e  s o l u t i o n s .  T h ere  a l s o  

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

p y r i d i n e  m ix t u r e  w h ic h  i n t e r f e r e d  w i t h  e x a m in a t io n  o f  t h e  

a ld e h y d e  b a n d s .  H ow ever, t h e r e  i s  some e v i d e n c e  o f  a  

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

i n  p r e s e n c e  o f  p r o p io n a ld é h y d e ,  t h e  o p t i c a l  d e n s i t i e s  o f  

t h e  f r e e  and b onded  O H - s t r e t c h in g  f r e q u e n c i e s  o f  p h e n o l  

a l o n e  ( 0 .1  M) b e i n g  0 .5 0 5  and 0 .0 9 7  r e s p e c t i v e l y ,  and o f  

p h e n o l  ( 0 . 0 5  M) i n  p r e s e n c e  o f  p r o p io n a ld é h y d e  0 .0 5 1 5  and  

0 .1 0 5 »  r e s p e c t i v e l y .  The bonded  OH band a l s o  b r o a d e n e d  

and s h i f t e d  s l i g h t l y  fro m  5 4 6 0  cm .“  ̂ t o  3 4 4 0  cm."^ Y e t  i n  

s p i t e  o f  t h e  f a c t  t h a t  t h e r e  i s  some e v i d e n c e  o f  i n t e r ­

a c t i o n  b e tw e e n  p h e n o l  and p r o p io n a l d é h y d e ,  t h e r e  w ere no  

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

i n  t h i s  s y s t e m .  A l l  t h a t  can  b e  s a i d  t h e r e f o r e  i s  t h a t  

t h e  s p e c t r o s c o p i c  r e s u l t s  g i v e  no e v i d e n c e  e i t h e r  f o r  o r  

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

a ld e h y d e  g r o u p .
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V ery  f e w  t e s t s  w ere  made w i t h  k e t o n e s ,  th o u g h  i t  was  

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

o r  p h e n o l s .  H ow ever, t h e y  a r e  u n r e a c t i v e  w i t h  o t h e r  

s o l u t e s  i n  b e n z e n e ,  w a t e r  o r  e t h e r  ( d i s c u s s e d  e l s e w h e r e ) .  

T here i s  no e v id e n c e  t h a t  any s y m m e tr ic a l  k e t o n e s  can  a c t  

a s  h y d r o g e n -d o n o r  ( a l s o  s e e  S e c t i o n  I I I ) .

C a r b o h y d r a t e s .

N o r m a l ly ,  t h e  c a r b o h y d r a t e s  p o s s e s s  t h e  p y r a n o s e  r i n g -  

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

compound b e i n g  p r e s e n t .  T h e r e f o r e ,  i t  w o u ld  b e  e x p e c t e d  

t h a t  c e l l o b i o s e  w i l l  r e a c t  w i t h  t v / i c e  a s  many m o l e c u l e s  o f  

a s e c o n d  s o l u t e  a s  g l u c o s e  d o e s .  On t h e  o t h e r  h an d , i t  

was fo u n d  (T a b le  1) t h a t  t h e s e  c a r b o h y d r a t e s  b eh a v e  mono­

f u n c t i o n a l  l y  w i t h  m ost o f  t h e  s e c o n d  s o l u t e s  and do n o t  

r e a c t  a t  a l l  w i t h  p h e n o l  i n  w a te r  ( P i g . 5 ) .

T h ese  o b s e r v a t i o n s  can  b e  b e s t  i n t e r p r e t e d  i f  i t  i s  

assum ed t h a t  t h e  h y d r o x y -g r o u p s  o f  c a r b o h y d r a t e s  a r e  

c h e l a t e d  o r  s o l v a t e d  by  w a te r  and t h a t  t h e  s e c o n d  s o l u t e ,  

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

group o f  t h e  o p e n - c h a in  s t r u c t u r e ,  w h ich  i s  p r e s e n t  i n  s m a l l  

q u a n t i t y ,  i n  e q u i l i b r i u m  w i t h  t h e  p y r a n o s e  r i n g - f o r m .  As 

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

s h i f t s  i n  f a v o u r  o f  t h e  o p e n - c h a in  s t r u c t u r e  and t h e r e f o r e  

a 1 : 1 - com p lex  i s  o b t a i n e d ,  t h e  a ld e h y d e  g ro u p  a c t i n g  a s  a
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*
h y d r o g e n -d o n o r  • W ith  p h e n o l  no  s u c h  co m p lex  i s  e v i d e n t  

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

p h e n o l  ( s e e  a l d e h y d e s )  a n d , s e c o n d l y ,  i n  t h e  r i n g - f o r m  

t h e  w a t e r - a t t r a c t i n g  pow er o f  t h e  h y d r o x y -g r o u p s  may be  

g r e a t e r  th a n  i n  o p e n - c h a i n  fo r m , and r e a c t i o n  w i t h  p h e n o l  

w i l l  t h u s  b e  p r e v e n t e d .

I n  t h e  o p e n - c h a in  fo rm  t h e  h y d r o x y -g r o u p s  a r e  n o t  so  

s t r o n g l y  s o l v a t e d  b y  w a t e r  a s  t h e y  a r e  i n  t h e  r i n g - f o r m ,  

and t h e i r  a p p a r e n t  u n r e a c t i v i t y  w i t h ,  e . g .  t r i e t h y l a m i n e , 

m u st b e  a t t r i b u t e d  t o  t h e  fo rm  o f  c h e l a t i o n  o b s e r v e d  h e r e  

w i t h  t h e  o p e n - c h a in  a l c o h o l s ,  n o t e  e . g .  t h a t  g l y c e r o l  and  

t r i e t h y l a m i n e  form  o n l y  a  1 : 1 - c o m p le x .  I n  t h e  g l u c o s e  

op e n - c h a in  c h e l a t i o n  r e s t r i c t s  t h e  number o f  f r e e  h y d r o g e n  

atom s t o  o n e ,  a t  t h e  a ld e h y d e  g r o u p .

T h ese  c o n c l u s i o n s  a r e  f u r t h e r  c o n f ir m e d  b y  t h e

e x a m in a t io n  o f  s o l u t i o n s  o f  t e r n a r y  m i x t u r e s .  I f  t h e

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

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

i t s  h ig h  p o t e n t i a l i t y  f o r  fo r m in g  h y d r o g e n  b o n d s ,  w i l l

p e n e t r a t e  t h r o u g h  t h e  s o l v a t e d  h y d r o x y -g r o u p  o f  t h e  o p e n -

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

h y d r o x y - g r o u p s .  I n  f a c t ,  t h e  r e s u l t s  i n  T a b le  1 show t h a t

p h e n o l  d o e s  form  a  6 : 1 -c o m p le x  w i t h  g l u c o s e  i n  p r e s e n c e  o f

e i t h e r  t r i e t h y l a m i n e  o r  p y r i d i n e  ( F i g . 6 ) .  A p p a re n t

3E I f  t h i s  i s  s o ,  t r i e t h y l a m i n e  i n  w a te r  s h o u ld  b e  u n a b le  
t o  form  co m p le x e s  w i t h  k e t o s e s  and i n  f a c t  n o n e  i s  d e t e c t ­
ed w i t h  e i t h e r  f r u c t o s e  o r  s u c r o s e .
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m o l e c u l a r  w e i g h t s  d e t e r m i n a t i o n s  w er e  a l s o  made t o  c o n f ir m  

t h e  r e a l i t y  o f  e x i s t e n c e  o f  t h e s e  c o m p le x e s  ( F i g . 6 ) .

I n  c o n f i r m a t i o n  t h a t  t h e s e  c o m p le x e s  a r e  n o t  form ed  

m e r e l y  by an i n c r e a s e d  r e a c t i v i t y  o f  p h e n o l  p ro d u c ed  by  

t h e  a l k a l i n i t y  o f  t h e  added b a s e ,  t h e  s o l u t i o n s  o f  b in a r y  

m i x t u r e s  o f  g l u c o s e  and p h e n o l  b u f f e r e d  a t  £H 8 . 4  w ere  a l s o  

e x a m in ed  and no c o m p le x e s  w ere  d e t e c t e d .

I t  w as a l s o  n o t i c e d  t h a t  m a n n i t o l  fo r m s  a  1 : 6 - com p lex  

w i t h  p h e n o l  i n  e t h y l e n e  g l y c o l  b u t  o n ly  a  1 ; 1- c o m p le x  w i t h  

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

w a t e r  c a n n o t .  When p h e n o l  o r  w a t e r  a r e  u s e d  w i t h  g l u c o s e  

i n  e t h y l e n e  g l y c o l  s o l u t i o n  b o th  g i v e  6 ; 1 - c o m p le x e s .  

T h e r e f o r e  t h e  r e a c t i o n s  h e r e  m ust b e  w i t h  t h e  r i n g -  

s t r u c t u r e  o f  g l u c o s e ,  w h ic h  i s  u n c h e l a t e d * ,  so  t h a t  e v e n  

w a te r  i s  f r e e  t o  bond w i t h  a l l  t h e  h y d r o x y - g r o u p s .  Even  

th o u g h  t h e r e  may s t i l l  b e  an e q u i l i b r i u m  m ix t u r e  o f  

( c h e l a t e d )  c h a in s  and ( u n c h e l a t e d )  r i n g - f o r m s  o f  g l u c o s e  i n  

t h i s  s o l v e n t ,  t h i s  w ould  c l e a r l y  n o t  p r e v e n t  t h e  r i n g - f o r m  

from  r e a c t i n g  i n  t h e  m anner s u g g e s t e d .

X M o le c u la r  m o d e ls  show t h a t  c h e l a t i o n  i s  n o t  
p o s s i b l e  i n  t h e  r i n g - s t r u c t u r e .
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T h ese  r e a c t i o n s  o f  t h e  c a r b o h y d r a t e s  a r e  b e s t  

s in m a r i s e d  a s  f o l l o w s  -

OH
OHOH

OHH

H

0=0 \

OHOH

GHOH 
\\\

OHOHI 
\

OHOH
I \V

\
CHgOH

R in g  s t r u c t u r e  
( u n c h e l a t e d )

U n r e a c t i v e  i n  w a te r  b e c a u s e  

o f  s t r o n g  s o l v a t i o n  o f  a l l  

-OH g r o u p s .

I n  e t h y l e n e  g l y c o l  s o l u ­

t i o n  a l l  -OH g ro u p s  and - 0 -  

r e a c t  w i t h  p h e n o l  o r  w i t h  

w a t e r .

O p e n -c h a in  s t r u c t u r e  
( c h e l a t e d )

A l l  -OH g r o u p s  a r e  c h e l a t e d

and u n r e a c t i v e .  O H  bond

on a ld e h y d e  grou p  r e a c t s  i n  

w a t e r  w i t h  a  N -a to m , b u t  n o t  

w i t h  an a l c o h o l i c  o r  p h e n o l i c  

g r o u p , i n  an y  s e c o n d  s o l u t e .
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M echanism  o f  A d s o r p t i o n  by C e l l u l o s e .

Prom a  s t u d y  o f  t h e  r e a c t i o n s  o f  c a r b o h y d r a t e s  j u s t  

d i s c u s s e d ,  e x p l a n a t i o n s  ca n  b e  a d v a n ced  t o  a c c o u n t  f o r  

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

N im k ar , by s t u d y i n g  f r e e z i n g - p o i n t  c u r v e s  o f  a d so r b e d  

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

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

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

t a k e s  p l a c e  on m o le c u la r  c h a i n s  i n  n o n - c r y s t a l l i n e  

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

i s  v e r y  l i k e l y  t h a t  t h e s e  a r e  a l s o  su r r o u n d e d  by w a t e r  

m o l e c u l e s  and bound so  f i r m l y  t h a t  o t h e r  s o l u t e s  caumot 

n o r m a l ly  p e n e t r a t e .

T h is  e x p l a i n s  why p h e n o l  i s  n o t  a d so r b e d  on  c e l l u ­

l o s e  (H a ssa n , M arsden and U r q u h a r t )  from  a q u e o u s  s o l u t i o n ,  

w h e r e a s  o t h e r  s u b s t r a t e s ,  e . g .  a lu m in a ,  n y l o n ,  w o o l ,  

c e l l u l o s e  a c e t a t e  e t c .  w h ic h  a r e  c a p a b le  o f  fo r m in g  

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

s o l u t i o n .
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Section II.

The R e a c t i v i t y  o f  A m in e s , A m ides and A zo-com poun ds

i n  A queous and N on -A gueous S o l u t i o n s .

A s t u d y  o f  t h e  r e a c t i v i t y  o f  t h e  a m in o -  and ami d o -  

compound s  u s e d  a s  m o d e ls  o f  p r o t e i n s  and c e r t a i n  s y n t h e t i c  

m a t e r i a l s ,  e . g .  n y l o n ,  w i t h  a z o -c o m p o u n d s ,  u s e d  a s  m o d e ls  

o f  d y e s , i s  o f  g r e a t  i n t e r e s t  i n  h e l p i n g  to w a r d s  an u n d e r ­

s t a n d i n g  o f  t h e  m ech an ism  o f  a d s o r p t i o n  o f  d y e s  by t h e s e  

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

b e e n  sum m arised  i n  T a b le  4 and some t y p i c a l  c u r v e s  a r e  

shown i n  P i g s . 8 - 1 2 .  Some o f  t h e  r e s u l t s  w er e  o b t a in e d  by  

t h e  a u t h o r ’ s  c o l l e a g u e s  and t h e s e  a r e  s u i t a b l y  d i f f e r e n t i ­

a t e d  from  t h o s e  o b t a in e d  by t h e  a u t h o r .

R e a c t i v i t y  o f  A m id e s .

The a lk y la m id e  grou p  r e a c t s  b i f u n c t i o n a l l y , b o t h  a s  

h y d r o g e n  d on or  and h y d r o g e n  a c c e p t o r  i . e .  r e a c t s  b o t h  w i t h  

p h e n o l  and t r i e t h y l a m i n e  ( P i g . 8 ) .  The p r e s e n t  r e s u l t s  

can  b e  m o st  s a t i s f a c t o r i l y  e x p l a i n e d  i f  i t  i s  assu m ed  t h a t  

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

i n  t h e  e n o l  form  ( .C (O H ):N .)  i n  n o n -a q u e o u s  s o l v e n t s ,  and  

i n  t h e  k e t o  form  i n  w a t e r .  The c a r b o n y l  group  s h o u ld  t h u s

be p r e s e n t  i n  w a te r  b u t  may be p r o t e c t e d  by  t h e  s o l v e n t  

( s e e  S e c t i o n  I ) .  C o n s id e r ,  e . g .  q u i n o l ,  w h ic h  fo rm s  a



Table 4
Solution

a

S o l u t e s

b
S o l v î

T o t a l
m o l .

co n c n .

M e th o d î  
and  

, temp

M ol. r a t i o  
o f  co m p lex  

( a : b )  1

A m idee

A c e ta m id e B e n z o q u in o n e T,E1 0 . 0 4 n 2 0 ° 1:1  XX
II II W 0 .1 n 20 2:1
II E t h a n o l B 0 . 2 n 21 ( 1 : 1 )
II H a e m a to x y l in Ac 0 . 3 é —̂ ( 2 : 1 }x x
M P h e n o l W 0 . 2 5 n 22 1:1
n II B 0 . 2 n 21 1:1
wf P y r i d i n e W 0 . 2 n 19 1 : 1
II Q u in o l W 0 . 2 5 n 20 2:1

' Il H B 0 . 2 n 19 1:1
II T r i e t h y l  am ine W 0 . 2 n 19 1:1

N -n -B u t  y  I p  r  o p i  on- 
amide

B L e th y la m in e
E th a n o l
U rea
Q u in o l

T 0 . 2  ( ,n  20
T 0 . 2  t , n  20
E l 0 .1  n  20

E 0 . 1 5  (: —

( 1 : 2 ) x x  
1 :1/ /  
1:1 
1 : 1

B i e t h y l a c e t a m i d e  A zo b en ze n e T 0 .1  n  20 4:1

B i m e t h y la c e t  am ide A z o b e n z e n e  
” B e n z o q u in o n e

T
T

0.1
0.1

n  14 
n  14

4:1
4:1

B im e t h y l f  ormamide A c e to n e B 0 . 2 5 §
II A n i l i n e B 0 . 2 5  (,.n 20 2:1
II B i e t h y la m in e B 0 . 2 5 1:1
II B ip h e n y la m in e C 0 . 0 5 n 17 §  X X

11 H a e m a to x y l in W 0 . 0 5 n 20 4 :1  X X

II P h e n o l B 0 . 2 5 1:1
II M W 0 . 2 5 n 1 9 ,3 5 1:1
II M C 0 .1 n 22 1 : 1 ; 1 : 2



Table 4 (Cont’d)
S o l u t i o n

S o l u t e s

a b
S o lv ^

T o t a l
m o l .

concn*

M ethod?
and  

. temp

M o l. r a t i o  
o f  co m p lex  

( a : b )  1

B i a m id e s

B i a c  e t  ami dome th a n e B i e t h y la m in e W 0 .1 n 17 §
ti 11 E l 0 .1 n 17 1:1
11 P h e n o l E l 0 .1 n 21 1:1
11 11 W 0 .1 n 17 1:1
II P y r i d i n e W 0 . 2 n 22 §
11 T r i  e t  h y la m in e W 0 .1 n 17 §
n M E l 0 .1 n 1 6 .5 1:1

A n i l i d o  g l y c i n e - P h e n o l E l 0 .1 n 17 1 : 2  XX
a c e t y l T r ie t h y la m i n e An 0 . 0 5 n 17 § XX

n 11 E l 0 . 0 5 n 21 ( 1 : 2 ) x x

B ia c e ta m id o h e x a n e n ;-P e n ta n o l W 0 .1 n 19 ( 1 : 2 )
M P h e n o l E l 0 .1 n 21 1 : 2
11 T r ie t h y la m i n e E l 0 .1 n 21 §

A m ines

A n i l i n e A n i s o l e B 0 . 2 5 k § XX
11 B i e t h y la m in e W 0 . 2 5 n 18 1:1
M T r ie t h y la m i n e W 0 . 2 5 n 19 ( 1 : 1 )

B ie t h y la m in e A zo b en ze n e B 0 . 2 5 n 19 1:1
11 o - N i t r o p h e n o l B 0 . 2 5 n 18 1:1  XX
11 P h e n o l B 0 . 2 5 n 19 1:1  .
11 11 B 0 .1 n 20 1 : 1 } ( 1 : 2 )
11 11 T 0 . 0 5 n 17 1 : 1 ; ( 1 : 2 )
11 M W 0 . 2 5 n 1 8 , 2 0  1 :1  / /
11 T r i  e t h y la m in e B 0 . 2 n 22 §11 It W 0 .1 n 17 (§ )11 M E l 0 .1 n 17 §



T a b le  4 ( C o n t ’ d)  

S o l u t i o n

Solutes
a

T r i e t h y l a m i n e
11

A z o - com pounds

PhUHg— > 2 : 3 : 6 -  
C^qH^COH)(SOjN a)

PhHHg— ) 1
.HH,

PbHHg — > 2- 
qH^.NHg

b
S o lv *

T o t a l  
m o l . 

c o n c n .

M ethod? M o l. ra ti<  
and o f  comple; 

tem p. ( a : b )  |

E th a n o l W 0 . 2 5 n 21 §
R e s o r c i n o l T 0 . 2 5 20 2:1

B ie t h y la m in e W 0 . 0 5 n 20 1:2

E th a n o l w 0 . 0 5 n 20 §
G-lycol w 0 . 0 5 n 20 §
P h e n o l w 0 . 0 5 n 20 1:1

P h e n o l T 0.1 6 ,n 20 ( 1 : 3 ; 1 : 4 )

P h e n o l T 0.1 20 1:2

PhHH^— > 2 - A n i l i n e B 0 . 2 5 — 2 : 1  XX

C^oHy-OH P h e n o l B 0 .2 5 ( — 1 : 1 ;  ( 1 : 2 )

« Q u in o l B 0 . 1 n 2 0 1 : 1  ; ( 2 : 1 )

It R e s o r c i n o l E 0 . 2 5 (: — 2 : 1  ; 1 : I x x
t1 CClgZOHCl T 0 . 1 t , n 2 0 1 : 2  XX

A zo b en ze n e A n i l i n e B 0 . 2 5 n 19 2 : 1

ft B e n z o q u in o n e T 0 . 1 n 19 §
t t PhCH^.OH C 0 . 1 n 2 0 1 : 1  XX

It B i e t h y la m in e . B 0 . 2 5 n 19 1 : 1
t t P h e n o l B 0 . 2 5 n 19 1 : 1  ; 1 : 2
tt T r ie t h y la m i n e B 0 . 1 n 18 §

t

Ac = a c e t o n e ;  An = a n i l i n e ;  B = b e n z e n e ;  C = c a r b o n  t e t r a ­
c h l o r i d e ;  p = d io x a n ;  E = d i e t h y l  e t h e r ;  E l  = e t h a n o l  T = 
t o l u e n e . ? 6 = d i e l e c t r i c  c o n s t a n t ;  n  = r e f r a c t i v e  i n d e x .
D ata  i n  p a r e n t h e s e s  d e n o te  u n c e r t a i n  i n d i c a t i o n s .
Ho e v i d e n c e  o f  co m p lex  f o r m a t i o n .  / /  C u rves  show p a r t i c u l a r l y  
p ron ou n ced  ch an ge  o f  s l o p e .  x x  R e s u l t s  r e p o r t e d  by  A r s h id  
and H a ssa n .
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1 : 1 -c o m p le x  w i t h  a c e ta m id e  i n  n o n - a q u e o u s  s o l u t i o n  b u t  a  

1 ; 2 - com p lex  i n  w a t e r  ( P i g . 9 ) .  S in c e  q u i n o l  i s  b i f u n c t i o n ­

a l  and i n  w a te r  i t  i s  assum ed  t h a t  t h e  c a r b o n y l  grou p  i s  

i n a c t i v e ,  q u in o l  may h e r e  be c o m p le x in g  w i t h  on e  a c e ta m id e  

m o l e c u l e  a t  e a c h  end t h u s  f o r m in g  a  1 : 2 - com p lex  ( I ) .  I n  

n o n -a q u e o u s  s o l u t i o n  i . e .  i n  t h e  e n o l i c  fo r m , a  2 : 2 - co m p lex  

w i l l  b e  form ed  a s  shown i n  I I ,  b u t  by t h e  p r e s e n t  m ethod  

t h i s  w ou ld  be  r e g i s t e r e d  a s  a  1 : 1 - c o m p le x .

H^G
O H : g . O ( O H ) =  m  

5 ! !

OH
I

HO

Y V
OH HO

H^C
C H j . C ( O H ) ; =  HH

I  ( i n  w a t e r ) I I  ( i n  n o n -a q u e o u s  
s o l v e n t s )

C om p lexes o f  Q u in o l  and A c e ta m id e

Sim iJ .ar r e s u l t s  h a v e  b e e n  o b t a i n e d  by G i l e s ,  R ose  and  

Y a l la n c e  on t h e i r  s t u d i e s  o f  i n t e r a c t i o n  o f  t h e  ami d o -g r o u p  

by t h e  d i e l e c t r i c  c o n s t a n t  m eth od ; t h e s e  a u t h o r s  s u g g e s t e d
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t h e  t a u t o m e r i c  ch a n g e  i n  t h e  tw o t y p e s  o f  s o l v e n t  a s  

an  e x p l a n a t i o n  o f  t h e  c o m p le x e s  t h e y  o b s e r v e d .  B u s w e l l ,

E o d eb u so h  and Roy o b s e r v e d  (by  i n f r a - r e d  s p e c t r o p h o t o m e t r y )  

t h a t  N - e t h y l a c e t a m i â e  e n o l i s e s  i n  c a r b o n  t e t r a c h l o r i d e  

s o l u t i o n .

The d i s u b s t i t u t e d  a m id e s  a s  e x p e c t e d ,  e x i s t  o n l y  i n  

t h e  k e t o  fo rm . I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e s e  

d i s u b s t i t u t e d  fo r m s  seem  t o  g i v e  4 : 1 - c o m p le x e s  w i t h  a z o ­

b e n z e n e  and b e n z o q u in o n e  ( P i g . 1 0 ) .  I f  i t  i s  assum ed t h a t  

t h i s  c o m b in a t io n  i s  due t o  h y d r o g e n -b o n d  f o r m a t i o n ,  t h e  

h y d r o g e n  atom  m u st b e  d o n a te d  by t h e  -CO.CH^ g rou p  ( o f .  

S e c t i o n  I I I )  and e a c h  n i t r o g e n  atom  o f  a z o b e n z e n e  m ust be  

a c c e p t i n g  two h y d r o g e n  a to m s ,  w h ic h  i s  r a t h e r  u n u s u a l  and  

h a s  a p p a r e n t ly  n o t  b e e n  r e p o r t e d  b e f o r e ,  a l t h o u g h  two  

h y d r o g e n  atom s a r e  r e a d i l y  t a k e n  up by  o x y g e n ,  e . g .

1 : 8 - d ih y d r o x y a n t h r a q u in o n e  h a s  tw o c h e l a t e  r i n g s ,  b o t h  

h y d r o x y -g r o u p s  c o m b in in g  w i t h  t h e  same q u in o n e  o x y g e n  

( P a u l i n g ) .

The r e a c t i v i t y  o f  t h e  a m id o -g r o u p  i n  d ia m id e s  i s  

s i m i l a r  t o  t h a t  i n  a m id e s  i n  g e n e r a l .  D ia c e  t  ami dome t h a n e ,

h o w ev er  p r o b a b ly  e x i s t s  i n  t h e  c h e l a t e d  fo r m s :

Me.O H OH Me.C 'H 0
II i I  -------^ I I II
H N = C.Me  ̂ HN H -  O.Me

^O H g , CHg
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and t h u s  r e a c t s  a s  a  mono ami de ( P i g .  1 1 ) .  S i m i l a r  s t a b l e

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

a n i l i d o a c e t y l g l y c i n e  (Ph.NH.CO.OHg.NHAO) and d i a c e t a m i d o -  

h e x a m in e  (CH^CO.NH. (CHg )̂ * NH.CO CH^), exam ined  and t h u s  t h e y  

b e h a v e  a s  n o rm a l d ia m i d e s .

The b e h a v io u r  o f  a m id e s  may t h u s  b e  sum m arised  -

(a )  The r e a c t i v i t y  o f  t h e  n i t r o g e n  i n  a m id es  i s  s i m i l a r  

t o  i t s  r e a c t i v i t y  i n  a m in e s .

(b ) I n  n o n -a q u e o u s  s o l u t i o n  t h e  un  s u b s t i t u t e d  and mono­

s u b s t i t u t e d  a m id es  e x i s t  p r o b a b ly  i n  t h e  e n o l - f o r m

b u t  i n  w a te r  i n  t h e  k e t o - f o r m  o n l y .

( c )  The r e a c t i v i t y  o f  t h e  c a r b o n y l  group  i n  t h e  k e t o - f o r m ,

and i t s  e f f e c t  on t h e  a d j a c e n t  m e th y l  g r o u p ,  i s

s i m i l a r  t o  i t s  r e a c t i v i t y  i n  a ld e h y d e s  and e s t e r s .

R e a c t i v i t y  o f  A zo -co m p o u n d s; -

A z o - d y e s  a r e  i n  t e r m s  o f  v o lu m e  o f  o u tp u t  much t h e  

m a st im p o r t a n t  c l a s s  o f  d y e s ,  and t h e y  a r e  u s e d  f o r  d y e in g  

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

a d s o r p t i o n  o f  a z o - d y e s  b y  f i b r e s ,  t h e  f o r m a t io n  o f  h y d r o g e n  

b on d s h a s  f r e q u e n t l y  b e e n  s u g g e s t e d .  T h e r e f o r e  a  know­

l e d g e  o f  t h e  h y d r o g en  bond r e a c t i v i t y  o f  a z o -co m p o u n d s  i n  

a q u e o u s  s o l u t i o n  s h o u ld  h e l p  i n  i n t e r p r e t i n g  i t s  im p o r ta n c e  

i n  d y e i n g .  D i r e c t  e x a m in a t io n  o f  many d y e s  by  t h e
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r e f r a c t i v e  i n d e x  m ethod  was n o t  p o s s i b l e  b e c a u s e  o f  t h e  

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

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

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

From T a b le  4 ,  h o w e v e r ,  i t  i s  c l e a r  t h a t  b o t h  t h e  

n i t r o g e n  atom s i n  t h e  a z o - g r o u p  fo rm  h y d r o g e n  b o n d s ,  u n l e s s  

o f  c o u r s e  one o f  them  i s  p r e v i o u s l y  c h e l a t e d .  F o r  e x a m p le ,

t h e  p r e s e n c e  o f  a  c h e l a t e  r i n g  i s  o b v io u s  i n  a n i l i n e  ------>

2 -n a p  h t  h y la m in e  when i t s  c o m b in a t io n  w i t h  p h e n o l  i s  com pared

w i t h  t h a t  o f  a n i l i n e  ------> 1 -n a p h th y l^ a m in e  and p h e n o l .  A

s i m i l a r  c h e l a t e  r i n g  h a s  a l s o  b e e n  o b s e r v e d  i n  O range I I  

(A r s h id  e t  a l .  1 9 5 5 ) .

The f r e e  n i t r o g e n  atom  i n  s u lp h o n a t e d  o _ -h y d ro x y a zo -  

com pounds fo r m s  a  1 : 1 - co m p lex  w i t h  p h e n o l  b u t  no c o m b in a t io n  

i s  e v i d e n t  w i t h  e t h a n o l  ( F i g . 1 2 ) .  T h is  may b e  b e c a u s e  o f  

t h e  p r o t e c t i v e  e f f e c t  o f  t h e  s o l v e n t ,  t h e  bond w i t h  t h e  

a l c o h o l i c  grou p  b e i n g  a  weak one ( c f .  S e c t i o n  I ) .  The 

1 ; 2 - co m p lex  w i t h  d i e t h y l a m i n e  i s  p r o b a b ly  due t o  s a l t -  

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

M echanism  o f  A d s o r p t io n  o f  D yes by Wool and H y lo n ; -

I t  i s  now f a i r l y  w e l l  e s t a b l i s h e d  ( s e e ,  e . g .  Speakm an, 

E lo d ,  G i l b e r t  and R i d e a l )  t h a t  s a l t - f o r m a t i o n  b e tw e e n  t h e  

b a s i c  a m in o -g r o u p 8 o f  t h e s e  f i b r e s  and a c i d  d y e s  i s  o f
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p r im a r y  im p o r ta n c e  i n  a d s o r p t i o n .  H ow ever, V a lk 6 ;  

S t e i n h a r d t ,  F u g g i t t ,  and H a r r i s ;  and V i c k e r s t a f f  h ave  

s u g g e s t e d  t h a t  h y d r o g en  b o n d s may a l s o  b e  fo rm ed  b e tw e e n  

dye and f i b r e .  The p r e s e n t  w ork , a l s o ,  r e v e a l s  t h a t  th e  

a m id o -g r o u p s  i s  f u r t h e r  c a p a b le  o f  a t t r a c t i n g  d y e s  by  

h y d ro  g e n -b o n d  f o r m a t io n  and t h u s  e x p l a i n s  t h e  v e r y  h ig h  

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

t h e  b a s i s  o f  s a l t - f o r m a t i o n .
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S e c t i o n  I l i a

R e a c t i v i t y  o f  E s t e r s

I n  t h e  p r e s e n t  work t h e  h y d r o g e n -b o n d in g  r e a c t i v i t y  o f  

e s t e r s  h a s  b e e n  i n v e s t i g a t e d  w i t h  a v i e w  t o  d e t e r m in in g  i t s  

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

a c e t a t e ,  T e r y le n e  f i b r e ,  and o t h e r  p o ly m e r ic  e s t e r s .  Amongst  

t h e  m odel compounds u s e d  w ere  a l i p h a t i c  e s t e r s  ( f o r  c e l l u l o s e  

a c e t a t e ) ,  H - a c e t y l - B - g l u c o s a m i n e  ( f o r  c h i  t i n  ) ,  and d im e t h y l -  

t e r e p h t h a l a t e  and e t h y l e n e  g l y c o l  d i b e n z o a t e  ( f o r  T e r y l e n e ) .

From T a b le  5 i t  i s  c l e a r  t h a t  e s t e r s ,  b e s i d e s  b e i n g  

h y d r o g e n - a c c e p t o r s , a l s o  d o n a te  h y d r o g e n  t o  fo r m  c o m p le x e s  

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

a z o b e n z e n e  ( F i g . 1 3 ) .  I t  h a s  a lr e a d y  b e e n  p o i n t e d  o u t  i n  

S e c t i o n  I  t h a t  i n  a ld e h y d e s  t h e  h y d r o g e n  a t t a c h e d  t o  t h e  

c a r b o n y l  group  i s  a c t i v a t e d  and r e n d e r e d  c a p a b le  o f  fo r m in g  

h y d r o g e n  b o n d s .  The r e a c t i o n s  o f  t h e  e s t e r s  show t h a t  t h i s  

e f f e c t  can  a p p a r e n t ly  o c c u r  a l s o  a t  a  h y d r o g en  atom  a t t a c h e d  

t o  t h e  a - c a r b o n  atom . I n  e t h y l e n e  g l y c o l  d i b e n z o a t e ,  e . g . ,  

t h e  a c t i v e  -CH group  a p p e a r s  t o  b e  t h a t  a t t a c h e d  a t o  t h e  

- 0 - 0 = 0  g r o u p .

The e f f e c t  o f  a c a r b o n y l  group  on a d j a c e n t  a tom s may be  

s e e n  r e a d i l y  by com p arin g  t h e  i o n i s a b i l i t y  o f  t h e  h y d r o g en  

atom i n  t h e  c a r b o x y l  group  and i n  t h e  a l c o h o l i c  group  

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

ca rb o n  i s  o f  c o u r s e  ev e n  m ore i n c r e a s e d  i f  t h i s  group  i s



Table 5.

R e s u l t s  o f  o o m p l e x - d e t e c t i o n  t e s t s

S o l u t i o n

S o l u t e s T o t a l  M e t h o d ( s ) t  M o l.  r a t i o
S o l v .  m o l .  and 

c o n c n .  tem p .
o f  com p lex  

( a : b )  I

A c e t y l  c h l o r i d e A c e to n e C 0 . 2 n 19® 1:1
M A zo b en zen e D 0 . 1 n 22 2:1

B e n z y l  a c e t a t e A c e to n e T 0 . 1 n 2 2 . 5 §
tt D io x a n T 0 . 1 n 2 2 . 5 §
tt P y r i d i n e T 0 . 1 n 24 §

B - A c e t y l - B - M eth a n o l W 0 . 2 5 n 19 1 : 1  XX
g lu  c o s  am ine tt EG 0 . 1 n 18 1 : 1 ; ( 1 : 4

tt f i-N a p h th o l EG 0 . 0 5 n 18 ( 1 : 1 ) ; 1 : 4
It P h e n o l EG 0 . 0 5 n 1 6 , 1 8 1 : 1 ; 1 : 4
tt tt W 0 . 2 5 n 18 1:1
tt T r ie t h y la m i n e W 0 . 2 5 n 20 1:1
It Q u in o l W 0 . 2 5 n 20 2:1
tt A l i z a r i n - 3 -  

s u l p h o n i c  
a c i d  (so d iu m  
s a l t  )

£H 9 0 . 0 1 n 20 1 : 2

tt A n th r a -  
q u in o n e - 2 -  
s u l  p h o n ic  
a c i d  (so d iu m  
s a l t  )

£H 9 0 . 0 1 2 n 20 1 : 2

tt 2 -H y d r o x y -
a n th r a q u in o n e

£H 9 0 . 0 1 n 20 1 : 3 ; 1 : 1

2 - A c e t y l p y r i d i n e  A c e to n e T 0 . 1 n 21 (§ )
tt T r ie t h y la m i n e T 0 . 1 n 21 1 : 1



T a b le  5 (C o n t ’ d)  

S o l u t i o n

Solutes
T o t a l  M e t h o d ( s ) î  M ol. r a t i o

S o l v .  m o l . and
a b c o n c n . tem p . ( a : b )  T

3 - A c e t y l p y r i d i n e  A c e to n e T 0 .1 n 2 1 . 5 §
ti P e n t y l

a l c o h o l
T 0 .1 n 22 1 : 1

11 A zo b en ze n e T 0 .1 n 1 9 . 5 ( § )
tt D i i s o b u t y l

k e t o n e
0 0 .1 n 21 §

It D ie t h y la m in e T 0 .1 n 21 1 : 1

tt P y r i d i n e T 0 .1 n 1 9 . 5 ( § )
tt T r ie t h y la m i n e T 0 .1 n 2 1 . 5 §

C a t e c h o l A c e to n e D 0 .1 n 21 §
d i a c e t a t e D i i s o b u t y l

k e t o n e
C 0 . 0 5 n 21 1 : 1

tt It T 0 . 1 n 2 2 . 5 1 : 1  ; 1 : 2

tt T r ie t h y la m i n e C 0 . 0 5 n 2 0 . 5 1 : 1

tt ft D 0 . 1 n 21 1 : 1

tt tt T 0 . 1 n 2 2 . 5 ( 1 : 1 )

D im e th y l  t e r e ­ P h e n o l T 0 .1 n 18 1 : 4
p h t h a l a t e T r ie t h y la m i n e T 0 .1 n 18 1 : 4

E t h y le n e  g l y c o l A c e to n e D 0 . 2 n 21 ( 1 : 1 )
d i a c e t a t e D i i s o b u t y l

k e t o n e
D 0 . 2 n 21 1 : 1

It T r ie t h y la m i n e T 0 . 2 n 2 1 1 : 1

E t h y le n e  g l y c o l P h e n o l T 0 .1 n 22 1 : 4  XX
d i b e n z o a t e T r ie t h y la m i n e T 0 .1 n 20 1 : 4

E t h y l  a c e t a t e A c e to n e T 0 . 2 n 21 1 : 1

tt A zo b en ze n e T 0 .1 n 1 7 , 2 1 . 9 4:1
tt 1 - N a p h t h o l - 5 - W 0 . 0 » n 24 §

s u l p h o n i c  
a c i d  ( o x y -L -  

a c i d )



T a b le  5 (C on t*d )  

S o l u t i o n

Solutes
S o lv ?

T o t a l  M e th o d ( s ) t  M ol. r a t i o  
m o l.  and o f  co m p lex

c o n c n .  te m p . ( a : b )  |

E t h y l  a c e t a t e o - N i  t  r o p h e n o l P 0 .1 n 20 ( 1 : 1 )
n It T 0 . 1 n 14 1:1
H £ - N i t r o p h e n o l  

s u l p h u r i  c 
e s t e r

W 0 . 0 4 n 24 1:1

E t h y l  t r i - A c e to n e T 0 . 2 n 20 1:1
c h l o r o a c e t a t e A zo b en zen e 0 0 . 2 n 20 1 ; 1 ; 2 : 1

M T r ie t h y la m i n e T 0 . 2 n 20 ( 1 : 1 )

a - D - G lu c o s e A c e to n e T 0 .1 n 21 1 : 1 ; 1 : 3 ; 1 : 5
p e n t a a c e t a t e A n i l i n e T 0 .1  6 , n 20 ( 1 : 1 )

M A n i s o l e T 0 .1  t 20 ( 1 : 1 )  XX
ti A zob en zen e T 0 .1  i 2 0 , 21 2:1  ; 1 : 1
tt B e n z o q u in o n e T 0 .1 20 ( 2 : 1 )
tf D ie t h y la m in e T 0 .1  C,n 22 ( 1 : 1 )
tt £-ITi t  ro pheno 1 D 0 .1 n 20 1:1  XX
tf P h e n o l D 0 .1 n 20 1 : 1 j 1 : 6  XX
tt T r ie t h y la m i n e T 0 .1 n 2 0 , 21 1:1
tf tt D 0 .1 n 20 1 :1 ; 1 : 6

G ly c e r o l A zo b en ze n e T 0 .1 n 2 0 . 5 2:1
t r i a c e t a t e D i i s o b u t y l

k e io n e
T 0 .1 n 21 1 : 1 ;  ( 1 : 2  

o r  1 : 3 )
tt D ie t h y la m in e D 0 .1 n 15 ( 1 : 3 )
tt tt T 0 . 1 n 12 1:1
tt D io x a n T 0 .1 n 2 1 . 5 1 :3
tt 2 : 2 A ] ) ip y r id y l W 0 . 0 2 5 n 18 . 8 ( 2 : 1 )
tt 4 -H y d r o x y a z o ­

b e n z e n e -  4 -  
s u l p h o n i c  a c i d

W 0 . 0 2 5 n 2 0 . 8 §  X X

11 1 - H a p h t h o l - 5 -  
B u lp h o n ic  a c i d

W 0 . 0 5 n 21 ( § )



Solutes

Table 5 (Cont*d)
S o l u t i o n

T o t a l  M e th o d ( s ) î  M ol. r a t i o  
S o l v .  m o l .  and o f  co m p lex

c o n c n .  tem p . ( a : b )  |

G l y c e r o l
t r i a c e t a t e

2 - H a p h t h o l - 6 -  
s u l p h o n i c  a c i d

W 0 . 0 5 n 24 (§)

ft o -N i  t r o p h e n o l T 0 .1 n 2 1 . 5 1:1 XX
n £ - H i t r o p h e n y l  W 

s u l p h u r i c  e s t e r
0 . 0 4 n 1 7 . 5 , 23 1:1

ti P y r i d i n e T 0 .1 n 2 0 . 5 1:1
M S u l p h a n i l i c  

a c i d  —  ̂
1 - n a p h t h o l

W 0 . 0 1 n 22 ( § )  XX

tt T r ie t h y la m i n e W 0 . 2 n 2 0 . 8 1 : 1 ; 1 : 3

M e th y l o x a l a t e A c e to n e c 0 . 2 n 2 0 . 5 1:1  ; 1 : 2
tt P h e n o l D 0 . 0 5 n 1 6 . 5 1 : 2
tt T r ie t h y la m in e C 0 . 2 n 2 0 . 5 1 : 1 ; 1 : 2

P e n ta n e - 1  % 5 -  
d i o l  d i a c e t a t e

D i i s o b u t y l
k e t o n e

T 0 .1 n 21 1 : 2

tt T r ie t h y la m in e T 0 .1 n 21 1 : 2

i s o P r o p y l A n i s o l e D 0 .1 n 20 1:1 XX
a c e t a t e A zo b en zen e D 0 .1 n 19 4:1

ft B e n z o q u in o n e T 0 . 2 20 2:1
tt 3 -M eth o x y -  

b enz a n t  hr on e
D 0 . 0 1 n 20 ( 2 : 1 )  X X

tt £ - N i t r o p h e n o l D 0 .1 n 19 1:1
tt tt T 0 .1 n 20 1 : 1 ;  ( 1 : 2 )
tt P h e n o l T 0 . 2 20 1:1

Q u in o l d i a c e t a t e A c e to n e D 0 .1 n 21 §
tt D i i s o b u t y l

k e to n e
C 0 . 0 5 n 21 ( 1 : 1 ) ; 1 : 2

tt T r ie t h y la m in e C 0 . 0 5 n 2 0 . 5 ( 1 : 2 )
tt tt D 0 . 1 n 21 1 : 2



Solutes

Table 3 (Cont'd)
S o l u t i o n

T o t a l  M e t h o d ( s ) î  M ol. r a t i o  
S o l v .  m o l .  and o f  co m p lex

c o n c n .  tem p . ( a : b )  |

T r i c h l o r o -  A c e to n e
a c e t y l  c h l o r i d e  j^^o^enzene

" D ii s o b u t y l
k e t o n e

c 0 .1 n 2 2 . 5 1:1
D 0 . 1 n 22 (§)
T 0 . 1 n 21 ( 1 : 1  o r

X S o l v e n t s :  B = b e n z e n e ;  C = c a r b o n  t e t r a c h l o r i d e ;  D = d io x a n ;

EG- = e t h y l e n e  g l y c o l ;  P = l i g h t  p e t r o le u m  ( b . p .  

8 0 - 1 0 0 ° ) ;  T = t o l u e n e ;  W = w a t e r .

t  = d i e l e c t r i c  c o n s t a n t ;  n  = r e f r a c t i v e  i n d e x .

I  D a ta  i n  p a r e n t h e s e s  d e n o t e  u n c e r t a i n  i n d i c a t i o n s .

§ Eo e v i d e n c e  o f  com p lex  f o r m a t i o n .

XX T h is  r e s u l t  r e p o r t e d  by A r s h id .
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a d j a c e n t  t o  two c a r b o n y l  g r o u p s ,  a s  i n  a c e t o a o e t i c  e s t e r .

F u r t h e r  o o n f i r m a t i o n  o f  t h e  r e a c t i v i t y  o f  h y d r o g e n  i n  

s u c h  c a s e s  was o b t a in e d  b y  Rhodam ine B t e s t  ( c f .  S e c t i o n  I ) .  

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

a c e t a t e  o r  p e n t a n e - 1 2 5 - d i o l  d i a c e t a t e ,  a  r e d  c o l o u r a t i o n  was 

o b t a i n e d  on a d d i t i o n  o f  Rhodam ine B, i n d i c a t i v e  o f  t h e  p r e s ­

e n c e  o f  a  h y d r o g e n  a v a i l a b l e  f o r  b o n d in g .  E t h y l  a c e t a t e  

h o w e v e r ,  th o u g h  i t  seem s t o  fo rm  c o m p le x e s  w i t h  h y d r o g e n -  

a c c e p t o r s ,  f a i l s  t o  g i v e  t h i s  t e s t .

T r i c h l o r o a c e t y l  c h l o r i d e  fo r m s  c o m p le x e s  w i t h  a c e t o n e  

and d i i s o b u t y l  k e t o n e .  T h ese  c o m p le x e s  seem  u n l i k e l y  t o  b e  

due t o  hydro  g e n - b o n d i n g , b e c a u s e  t h e r e  i s  no  e v i d e n c e  t h a t  

n o rm a l k e t o n e s  can  a c t  a s  h y d r o g e n  d o n o r s ;  t h e y  a r e  p r o b a b ly  

due t o  d i p o l e - d i p o l e  i n t e r a c t i o n  a t  t h e  0=0 b ond , s t r o n g l y  

a c t i v a t e d  by t h e  t r i c h l o r o - g r o u p .  W ith  b a s e s  i n  n o n -a q u e o u s  

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

o f  " l e w i s  s a l t s " .  S i m i l a r  b o n d s  w i t h  h y d r o g e n  a t t a c h e d  t o  

c a r b o n ,  have a l s o  b e e n  d e t e c t e d  b y  o t h e r  w o r k e r s .  F o r  

e x a m p le ,  Earp and O la s s t o n e  d e t e c t e d  b o n d in g  b e tw e e n  e t h e r s  

and a l k y l  h a l i d e s .  The h i g h  s o l u b i l i t y  o f  a l k y l  h a l i d e s  o f  

t h e  t y p e  OHgXg) OHX^, i n  s o l v e n t s  p o s s e s s i n g  h y d r o g e n -  

a c c e p t o r  g r o u p s  com pared w i t h  t h a t  p r e d i c t e d  from  R a o u l t * s  

l a w ,  i s  a l s o  a t t r i b u t a b l e  t o  t h e  same e f f e c t .  To e x p l a i n  t h e  

u n u s u a l  b e h a v io u r  o f  n - b u t y r i c  a c i d  com pared w i t h  i t s  a n a l o ­

g o u s  com pounds. D ip p y  h a s  s u g g e s t e d  t h a t  e v e n  t h e  h y d r o g e n
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a t t a c h e d  t o  t h e  Y -  o r  S - c a r b o n  atom  can  fo rm  h y d r o g e n  

b o n d s .  R e c e n t l y ,  J o n e s  and B a d g er  h a v e  g i v e n  e v i d e n c e  from  

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

b e tw e e n  m e th a n o l  and t h e  h y d r o g e n  o f  a r o m a t ic  r i n g s .  The 

p r e s e n t  i n v e s t i g a t i o n ,  h o w e v e r ,  g i v e s  no e v i d e n c e  t h a t  t h e  

e f f e c t  o f  an a d j a c e n t  c a r b o n y l  g ro u p  o r  o t h e r  e l e c t r o n -  

a t t r a c t i n g  g r o u p s  ca n  b e p r o p a g a te d  b eyon d  t h e  a - c a r b o n  a tom .

C h e l a t i o n  i n  E s t e r s .

The e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  c h e l a t i o n  i n  a d j a c e n t  

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

S e c t i o n  I .  S in c e  e s t e r s  can  a c t  a s  h y d r o g e n  d o n o r s ,  s i m i l a r  

c h e l a t i o n  i n  a d j a c e n t  e s t e r  g ro u p s  m ig h t  be  e x p e c t e d  and  

t h e r e f o r e  a number o f  d i a c e t a t e s  h a v e  b e e n  exam in ed  t o  f i n d  

o u t  i f  c h e l a t i o n  ca n  b e  d e t e c t e d .  E t h y le n e  g l y c o l  d i a c e t a t e ,  

l i k e  e t h y l e n e  g l y c o l ,  fo rm s  o n l y  a  1 ; 1 - co m p lex  w i t h  p r o t o n -  

a c c e p t o r s  e . g . ,  w i t h  t r i e t h y l a m i n e ,  d i i s o b u t y l  k e t o n e  o r  

a c e t o n e .  W ith g l y c e r o l  t r i a c e t a t e ,  h o w e v e r ,  i n  a d d i t i o n  t o  

t h e  1 2 1- c o m p le x ,  a  1 2 3 - com p lex  i s  a l s o  d e t e c t a b l e  ( P i g . 1 4 ) .  

T h is  show s t h a t  c h e l a t e  r i n g s  o f  v e r y  lo w  e n e r g y  e x i s t  i n  

1 2 2 - d i e s t e r s ,  w h ic h  ca n  b e  f o r m u la t e d  t h u s  -

OH, 
1 ^

-  OH, 
1

0 , 0
1 1

0 : 0  \  
1

0 : 0  
\  1

H ,0 'EOHg

S i m i l a r l y  c a t e c h o l  d i a c e t a t e  fo r m s  a  1 2 1- c o m p le x  w i t h
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t r i e t h y l a m i n e  w h e r e a s  a 1 : 2 - co m p lex  i s  form ed  b e tw e e n  q u i n o l  

d i a c e t a t e  and t r i e t h y l a m i n e  ( P i g . 15)*

I n f r a - r e d  s p e c t r a  w ere a l s o  r e c o r d e d  i n  f u r t h e r  c o n f i r ­

m a t io n  o f  t h e  e x i s t e n c e  o f  su c h  c h e l a t e  r i n g s .  The c h a r a c t ­

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

d i a c e t a t e  and q u i n o l  d i a c e t a t e  ( 1 .5 ^  CCl^ s o l u t i o n s ,  0 . 8  mm. 

c e l l s )  a r e  shown i n  T a b le  6 .

T a b le  6 .
C h a r a c t e r i s t i c  A b s o r p t io n  F r e q u e n c i e s

C a te c h o l d i a c e t a t e Q u in o l  d i a c e t a t e

:?c = 0 1776  

and 1727

-1cm.
- 1cm.

1 7 7 6  cm.""'

-CH^ (S y m m e tr ic a l 1443
-1cm. 1439 cm .“ ^

d e f  o r m a t i  on) and 1468 —  1cm.

- 0 - 0  s t r e t c h i n g 1190 - 1cm. 1175 cm .” "' 
and 1205  cm .“ ^p eak ( v e r y  b r o a d )

B o th  c a t e c h o l d i a c e t a t e and q u i n o l d i a c e t a t e  show a

c a r b o n y l  p ea k  a t  1776  cm .“ \  b u t  t h e  a p p e a r a n c e  o f  an  

a d d i t i o n a l  p eak  a t  1727 cm.*”  ̂ i n  t h e  fo r m e r  o n l y ,  i n d i c a t e s  

some i n t e r a c t i o n  i n v o l v i n g  t h i s  g r o u p .  A t t h e  same t i m e ,  

t h e  s l i g h t  d i f f e r e n c e s  i n  t h e  CH  ̂ s y m m e tr ic a l  d e f o r m a t io n  

band and t h e  - 0 - 0  s t r e t c h i n g  p eak  a p p e a r  t o  show t h a t  some 

form  o f  h y d r o g en  bond may b e  a f f e c t i n g  b o t h  t h e s e  g r o u p s .

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

1 25 - d i o l  d i a c e t a t e  (1.5?^ 0 0 1 ^ , 0 . 8  mm. c e l l s ) ,  and t h e  two 

p u re  l i q u i d s ,  w ere  a l s o  ex a m in ed . T h ere  w ere  no  s i g n i f i c a n t
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d i f f é r e n c e s  i n  t h e  0=0 band o f  t h e  two com pounds, b u t  t h e  

c e n t r e  o f  t h e  b road  0 - 0  a c e t a t e  band a t  1070  cm.""  ̂ i n  

e t h y l e n e  g l y c o l  d i a c e t a t e  s h i f t e d  t o  1050  cm.""  ̂ i n  p e n t a n e -  

1 : 5 - d i o l  d i a c e t a t e ;  a l s o  t h e  0 - 0  s t r e t c h i n g  f r e q u e n c y  a t  

1247 cm."^ i n  t h e  fo r m e r  s h i f t e d  t o  1258 cm."^ i n  t h e  l a t t e r .  

I n  t h e  001^  s o l u t i o n s  t h e  OĤ  s y m m e tr ic a l  d e f o r m a t io n  band  

o c c u r s  a t  1581 cm." i n  b o t h  s p e c t r a  b u t  i n  a d d i t i o n  t o  t h i s  

a n o t h e r  band a t  1403 cm. " \  p r o b a b ly  a l s o  a  CĤ  s y m m e tr ic a l  

d e f o r m a t io n ,  a p p e a r s  o n l y  i n  t h e  s p e c tr u m  o f  p e n t a n e - 1 : 5 - d i o l  

d i a c e t a t e .  T h ese  s m a l l  d i f f e r e n c e s  do n o t  g i v e  c o n c l u s i v e  

e v i d e n c e  o f  h y d r o g e n -b o n d in g ,  b u t  i n d i c a t e  t h a t  some i n t e r ­

a c t i o n  o c c u r s  o n ly  when t h e  two a c e t a t e  g r o u p s  a r e  s u f f i c ­

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

The p h y s i c a l  c o n s t a n t s  o f  some o f  t h e  d i a c e t a t e s  a r e  

shown i n  T a b le  7 b e lo w .  The m e l t i n g  o r  b o i l i n g  p o i n t s  o f  

t h e  d i a c e t a t e s  h a v in g  a d j a c e n t  s u b s t i t u e n t  g r o u p s  a r e  

c o n s i s t e n t l y  lo w e r  th a n  t h e  c o r r e s p o n d in g  o n e s  w i t h  t h e  

s u b s t i t u e n t  group  more w i d e l y  s e p a r a t e d ,  w h ic h  i s  a g a in  

c o n f ir m a t o r y  e v i d e n c e  o f  c h e l a t i o n  i n  t h e  fo r m e r .
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Table 7.
P h y s i c a l  c o n s t a n t s  o f  d i a c e t a t e s  o f  

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

D i a c e t a t e
o f

M .p. B .p . D i a c e t a t e
o f

M .p . B .p .

C a t e c h o l 6 3 . 5 ° - Q u in o l 1 2 1 °

B u ta n e -1  : 
2 - d i o l

- 1 9 6 - 1 9 9 ° B u t a n e - 1 : 
3 - d i o l

2 0 8 °

B u t a n e - 2 2 
3 - d i o l

— 1 9 0 ( 2 0 0 ) B u t a n e - 1 1 
4 - d i o l

2 5 0

P e n t a n e - 1 : 
2 - d i o l

— 2 1 6 - 2 1 7 ( 2 1 9 ) P e n t a n e - 1 t 
5 - d i o l

241

H e x a n e -2:  
3 - d i o l

2 1 5 -2 2 0 H e x a n e -1 : 
6 - d i o l

H e x a n e -2: 
5 - d i o l

260

2 2 5 - 2 5 0

A n o th e r  i n t e r e s t i n g  f e a t u r e  o f  t h e  r e a c t i v i t y  o f  t h e  

e s t e r s  i s  t h a t  t h e y  do n o t  com bine w i t h  hydro  g e n -b o n d in g  

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

d o e s  n o t  form  any com p lex  w i t h  e i t h e r  1 - n a p h t h o i - 5 - s u l p h -  

o n ic  a c i d  o r  2 - n a p h t h o l - 6 - s u l p h o n ic  a c i d ,  b u t  i t  d o e s  

com bine w i t h  t h e  l e s s  h i g h l y  i o n i s e d  £ - n i t r o p h e n y l  s u lp h ­

u r i c  e s t e r  ( P i g .  1 6 ) .  T h is  f a c t  may h a v e  some b e a r i n g  on  

th e  a d s o r b t i o n  p r o p e r t i e s  o f  a c e t a t e  f i b r e s .  E x p e r im e n ts
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w i t h  m o n o la y e r s  on w a t e r  (A l l in g h a m  ejt a l ;  C am eron),  

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

a c t i o n  b e tw e e n  a c e t a t e  g r o u p s  and h y d r o g e n -b o n d in g  c e n t r e s  

i n  s u lp h o n a te d  d y e s ,  s o  t h a t  t h e  n e g a t i v e  e v i d e n c e  r e p o r t e d  

h e r e  i s  n o t  c o n c l u s i v e .

R e a c t i v i t y  o f  H - a c e t y l - D v g l u c o s a m i n e .

A k n o w le d g e  o f  t h e  r e a c t i v i t y  o f  t h i s  s u b s t a n c e  i s  

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

phenom enon o f  t h e  n a t u r a l  p o ly m e r ,  c h i  t i n , o f  w h ic h  i t  i s  

t h e  p r i n c i p a l  b u i l d i n g  u n i t .  From T a b le  5 i t  i s  c l e a r  

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

g l y c o l  s o l u t i o n  i t  fo r m s  a  1 : 4 - com p lex  w i t h  p h e n o l  o r  

B - n a p h t h o l  ( P i g . 17 )*  T h ese  r e a c t i o n s  a r e  co m p a ra b le  w i t h  

t h o s e  o f  g l u c o s e  ( S e c t i o n  I ) .  I t  may b e  c o n c lu d e d  t h e r e ­

f o r e  t h a t ,  l i k e  g l u c o s e ,  t h i s  compound h a s  i t s  h y d r o x y -  

g r o u p s  p r o t e c t e d  by w a t e r  and t h e  1 : 1 - c o m p le x  w i t h  p h e n o l  o r  

a l c o h o l s  i s  form ed a t  t h e  n i t r o g e n  a tom . The 1 ; 4 - co m p lex  

w i t h  p h e n o l  i n  e t h y l e n e  g l y c o l  s o l u t i o n  c o u ld  be e x p la in e d  

i f  i t  i s  assum ed t h a t  t h r e e  o f  t h e  h y d r o x y -g r o u p s  com bine  

w it h  t h r e e  m o l e c u l e s  o f  p h e n o l  and t h e  f o u r t h  p h e n o l  m o le ­

c u l e  co m b in es  w i t h  t h e  n i t r o g e n  a tom . The f o u r t h  h y d r o x y -  

group o f  R - a c e t y l - B » g l u c o s a m i n e  i s  p r o b a b ly  c h e l a t e d  t h u s  -
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OH
OH,

OH

H

CH.

T h is  t y p e  o f  c h e l a t e  hond h a s  b e e n  s u g g e s t e d  by Darmon and  

R u d a l l  a s  e x i s t i n g ,  t o g e t h e r  w i t h  f r e e  >HH g r o u p s ,  i n  

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

r e d  and X - r a d i a t i o n .

The com p lex  form ed  w i t h  a l i z a r i n - 5“ s u l p h o n i c  a c i d  i n  

a l k a l i n e  s o l u t i o n  (£H 9)>  w here s a l t - f o r m a t i o n  b e tw e e n  t h e  

a c i d  and t h e  b a s i c  am ide group i s  s u p p r e s s e d ,  f u r t h e r  show s  

t h a t  t h i s  dye m ust be c o m b in in g  w i t h  H - a o e t y l - D - g l u c o s a m i n e  

th r o u g h  h y d r o g e n  b o n d s .
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M echanism  o f  A d s o r p t io n  by C e l l u l o s e  A c e t a t e ,

C h i t i n  and T e r y l e n e .

C e l l u l o s e  A c e t a t e .

T h is  f i b r e ,  u n l i k e  c e l l u l o s e ,  i s  h y d r o p h o b ic ,  i t  d o e s  

n o t  s w e l l  much i n  a q u e o u s  s o l u t i o n  and i s  a lm o s t  u n d yed  by  

t h e  n o rm a l s u lp h o n a t e d  d y e s  u s e d  f o r  c o t t o n  and w o o l .  

" D i s p e r s e ” d y e s ,  i . e .  n o n - i o n i c  d y e s  o f  v e r y  lo w  w a te r  

s o l u b i l i t y  a r e  a lm o s t  e x c l u s i v e l y  u s e d  f o r  i t .  V a r io u s  

i d e a s  h a v e  b e e n  p u t  fo r w a r d  a s  t o  t h e  n a t u r e  o f  a d s o r p t i o n  

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

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

(P a n e th  and R adu); K h o e v e n a g e l ,  who fo u n d  a  c o n s t a n t  p a r t i ­

t i o n  r a t i o  f o r  t h e  d i s t r i b u t i o n  o f  s im p le  o r g a n i c  compounds  

b e t w e e n  c e l l u l o s e  a c e t a t e  and w a t e r ,  was among many a u t h o r s  

who h ave  s u g g e s t e d  a d s o r p t i o n  by " s o l i d  s o l u t i o n " .  M arsden  

and U r q u h a r t ,  h o w e v e r ,  h a v e  shown t h a t  t h e  v e r y  h ig h  s w e l l ­

i n g  a c t i o n  o f  p h e n o l  on  t h e  f i b r e  i s  due t o  t h e  f o r m a t io n  o f  

h y d r o g e n  b ond s w i t h  t h e  h y d r o x y -g r o u p  o f  p h e n o l .  They  

s u g g e s t e d  t h e  c a r b o n y l  o x y g e n  atom  a s  t h e  r e a c t i v e  c e n t r e .  

A ll in g h a m  e t  a l . , on t h e  e v i d e n c e  o f  t h e i r  s t u d i e s  on  mono­

l a y e r s ,  h a v e  s u g g e s t e d  t h a t  t h e  h y d r o g e n  o f  t h e  m e t h y l  

r e s i d u e  m ig h t  b e  t h e  b o n d - fo r m in g  c e n t r e  i n  d y e in g  t h e  

f i b r e .  T h is  w ou ld  e x p l a i n  why many compounds c o n t a i n i n g  

no a c t i v e  h y d r o g e n ,  e . g . ,  a z o b e n z e n e ,  n i t r o a z o b e n z e n e s ,
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e t c .  a r e  a d s o r b e d .

The p r e s e n t  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  e s t e r s  a r e  

a b l e  t o  fo rm  h y d r o g e n  b o n d s  e v e n  w i t h  h y d r o g e n - a c c e p t o r s  

and t h a t  t h e  c a r b o n y l  grou p  i s  i n e f f e c t i v e  i n  w a t e r ,  b e i n g  

s o l v a t e d .  T h ese  o b s e r v a t i o n s  s u p p o r t  t h e  v i e w  p u t  fo r w a r d

b y  A l l in g h a m  e t  a l . The lo w e r  e n e r g y  o f  t h e  - C - H  bond

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

c e l l u l o s e  a c e t a t e .  (A ls o  s e e  S e c t i o n  I ,  P a r t  I I ) .

C h i t i n .

The c h i t i n  m o l e c u l a r  c h a in  c o n s i s t s  m a in ly  o f  H - a c e t y l -  

g lu c o s a m in e  u n i t s .  A l a r g e  amount o f  work on i t s  a d s o r b ­

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

S ub ram anian  (P h .D . t h e s i s ,  G lasgow , 1 9 5 5 )  and by  H assan  

( p r i v a t e  c o m m u n ic a t io n ) .  They h a v e  fo u n d  t h a t  s u l p h o n i c  

a c i d s  a r e  a d so r b e d  by s a l t - f o r m a t i o n  w i t h  t h e  N - a c e t y l  /  

g r o u p s  o f  c h i t i n ,  b u t  i n  s o l u t i o n s  o f  a l k a l i n e  £H v a l u e s ,  

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

p r e s e n c e  o f  h y d r o g e n -b o n d in g  g r o u p s ,  and t h a t  t h e  a d s o r p t i o n  

o f  s im p le  h y d ro x y -co m p o u n d s  i n  n o n -a q u e o u s  s o l u t i o n  i s  due  

t o  h y d r o g e n -b o n d in g .  T h ese  r e s u l t s  a p p e a r  t o  b e  c o n s i s t e n t  

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

s o l u t i o n .  The b e h a v io u r  o f  t h i s  compound s u g g e s t s  t h a t  i n  

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

a d s o r p t i o n  t a k e s  p l a c e  b y  b o n d in g  a t  t h e  a c e t a m id o -g r o u p .
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I n  o r g a n i c  s o l v e n t s  b o th  may b e  r e a c t i v e .

P o l y e t h y l e n e  t e r e p h t h a l a t e  f i b r e  ( " T e r y l e n e " ) .

I t  a p p e a r s  t h a t  t h e  m odel compounds r e p r e s e n t i n g  t h i s  

f i b r e  can  a c t  a s  p r o t o n - d o n o r s  and t h e  a d s o r p t i o n  o f  n on ­

i o n i c  compounds c o u ld  t h e r e f o r e  b e  due t o  h y d r o g e n -b o n d  

f o r m a t io n  by t h i s  f i b r e ,  t h e  m ech an ism  b e i n g  som ewhat t h e  

same a s  f o r  c e l l u l o s e  a c e t a t e .  I n  T e r y le n e  h o w ev er  t h e  

m o l e c u l a r  c h a in  h a s  r e p e a t i n g  b e n z e n e  n u c l e i  and t h e s e  may 

w e l l  e x e r t  c o n s i d e r a b l e  van  d e r  W aals a t t r a c t i o n  on  t h e  

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

p h y s i c a l  a t t r a c t i o n  may w e l l  b e  more im p o r t a n t  h e r e  th a n  

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

S e c t i o n  I l l b

R e a c t i v i t y  o f  C a r b o x y l i c  A c i d s .

The r e f r a c t i v e  in d e x  m ethod  h a s  a l s o  b e e n  u s e d  f o r  an  

e n t i r e l y  d i f f e r e n t  and n o v e l  p u r p o s e ,  v i z .  t o  i n v e s t i g a t e  

t h e  r e a s o n s  f o r  t h e  a c t i v i t y  o f  c e r t a i n  c a r b o x y l i c  a c i d s  

a s  h orm ones i n  p l a n t  g ro w th  p r o m o t io n ,  and t h e  i n a c t i v i t y  

o f  o t h e r s .  Many o f  t h e s e  horm ones a r e  s u b s t i t u t e d  a c e t i c  

a c i d  d e r i v a t i v e s  and s l i g h t  c h a n g e s  i n  t h e  n a t u r e  and  

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

t h e i r  a c t i v i t y .  (For a u s e f u l  s u r v e y  o f  t h e  s u b j e c t , s e e  

WainX I t  ap p eared  from am i n s p e c t i o n  o f  f o r m u la e  t h a t
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t h e r e  m ig h t  b e  some c o n n e c t i o n  b e tw e e n  hormone a c t i v i t y  

and a b i l i t y  t o  fo rm  i n t e r m o l e c u l a r  h y d r o g e n -b o n d  c o m p le x e s ,  

and t h e  p r e s e n t  s e c t i o n  o f  t h e  work i s  c o n c e r n e d  w i t h  t e s t s  

made t o  c h e c k  t h i s  h y p o t h e s i s .  Some o f  t h e s e  t e s t s  w ere  

made e a r l i e r  by A r s h id  (P h .D . t h e s i s ,  G la sg o w , 1 9 5 4 )  and  

W atson .

I t  i s  known (W ain, l o c . c i t . )  t h a t  a  compound t o  b e  

a c t i v e  m ust p o s s e s s  an  u n s a t u r a t e d  r i n g ,  a  c a r b o x y l i c  

g r o u p ,  and a  h y d r o g e n  atom  on t h e  ca r b o n  a d j a c e n t  t o  t h e  

c a r b o x y l  g ro u p . The aim  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  was 

t o  d e t e r m in e  t h e  b o n d in g  a c t i v i t y  o f  t h i s  h y d r o g e n  a tom ,  

w h ic h  i s  su p p o se d  t o  p l a y  an im p o r ta n t  r o l e  i n  t h e  g r o w th -  

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

The r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  h a v e  b e e n  

sum m arised  i n  T a b le  8 and t h e  t y p i c a l  c u r v e  i s  shown i n  

P i g . 1 8 .

A f e w  o f  t h e s e  a c i d s  w ere  k i n d l y  s u p p l i e d  b y  P r o f e s s o r  

R. L. Wain o f  Wye C o l l e g e  and w ere  exam in ed  (T a b le  8 ) .  The 

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

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

r a t i o  w i t h  d i i s o b u t y l  k e t o n e  o r  t r i e t h y l a m i n e  ( P i g . 1 8 ) ,  

c o u ld  i n  some c a s e s  b e  i n t e r p r e t e d  a s  due t o  a  r e a c t i o n  

w i t h  a  h y d r o g e n  atom  on t h e  ca rb o n  a d j a c e n t  t o  t h e  

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

h y d r o g e n  i s  o f  some im p o r ta n c e  i n  t h e  g r o w t h - r e g u l a t i n g



Table 8

Solutes
Solution

T o t a l  M ethod ( s )  ÎM o l.  r a t i o  
S o lv ?  m o l .  and o f  com p lex  

concn-r tem p . ( a : b ) |

A c e t i c  a c i d
P h en oxy  a c e t i c  

a c i d

a c e t i c  a c i d

p h e n o x y  a c e t i c  
a c i d

p h en o x y  a c e t i c  
a c i d

a c i d

a -  ( 2 : 4 - D i c h l o r o -  
p h e n o x y )  p ro p ­
i o n i c  a c i d

a - (2 Î 6 - D i c h l o r o -  
p h e n o x y )  p r o p ­
i o n i c  a c i d

a - ( 2 : 4 : 5 - T r i -
r * h l  n  " r n A m m n r  ^

T r ie t h y la m i n e D 0 .1 n 20 1:1

D i i s o b u t y l
k e t o n e

D 0 .1 n 22 1:1

T r i  e t h y la m in e D 0 .1 n 22 1 : 2

D i i s o b u t y l
k e t o n e

D 0 .1 n 1 9 .5 1:1

T r i  e t h y la m in e D 0 .1 n 1 9 .5 1 :3

D i i  s o b u t y l  
k e t o n e

D 0 .1 n 2 2 .5 ( 1 : 1 )

T r i  e t h y la m in e D 0 .1 n 1 9 . 5 1:1

D i i s o b u t y l
k e t o n e

D 0 .1 n 21 ( 1 : 1 )

T r i  e t h y la m in e D 0 .1 n 21 ( 1 : 1 )

D i i s o b u t y l D 0 .1 n 2 1 .7 (§ )
P h e n o l D 0 . 0 5 n 21 1:1
T r ie t h y la m i n e D 0 .1 n 22 1 :2

D i i s o b u t y l
k A ton e

D 0 . 0 5 n 19 1:1

D i i s o b u t y l
k e t o n e

D 0 . 0 5 n 19 1:1

D i i s o b u t y l
k e to n e

D 0 .1 n 21 1:1

T r i e t h y la m in e D 0 .1 n 20 1 :1



T a b le  8  (C on t*d )  

S o l u t i o n

S o l u t e s T o t a l M ethod ( s  ) ÎM o l. r% tio
S o lv ? m o l . and o f  co m p lex

a  b c o n c n .. tem p . ( a : b ) |

a - ( 2 : 4 ; 6 - T r i -  D i i s o b u t y l D 0 .1 n  2 1 .5 1:1
c h lo r o p h e n o x y )  k e t o n e
p r o p i o n i c  a c i d  e t h y la m in e D 0 .1 n  2 1 . 5 1 :2

a - ( 4 - O h lo r o p h e n -  D i i s o b u t y l D 0 .1 n 19 (§ )
o x y )  b u t y r i c  k e t o n e

P h e n o l D 0 . 0 5 n  25 1:1
" T r i  e t h y la m in e D 0 .1 n  20 1 :2

a ~ ( 4 - C h lo r o p h e n -  D i i s o b u t y l D 0 . 0 5 n 19 ( 1 : 1 )
o x y )  i s o b u t y r -  k e t o n e
i c  a c i d  ‘ T r ie t h y la m i n e D 0 . 0 5 n 25 1:1

2E S o l v e n t ;  D = d io x a n ;  

î  n  = r e f r a c t i v e  in d e x ;

I  D a ta  i n  p a r e n t h e s e s  d e n o te  u n c e r t a i n  i n d i c a t i o n s ;  

§ Fo e v i d e n c e  o f  co m p lex  f o r m a t i o n .
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p r o p e r t i e s  o f  p l a n t  h o rm o n e s . P o r  e x a m p le ,  t r i e t h y l a m i n e  

fo rm s  1 : 1 - e o m p le x e s  w i t h  a c e t i c  a c i d  and 4 - c h lo r o p h e n o x y -  

i s o h u t y r i c  a c i d ,  h u t  w i t h  4 - o h lo r o p h e n o x y p r o p io n ic  o r  

4 - c h l o r o p h e n o x y a c e t i o  a c i d  an a d d i t i o n a l  2 ; 1 - c o m p le x  i s  

a l s o  e v i d e n t  ( P i g . 1 8 ) .  I f  t h e  f i r s t  t r i e t h y l a m i n e  m o l e c u l e  

r e a c t s  w i t h  t h e  c a r b o x y l i c  group  t h e n  t h e  s e c o n d  m o le c u le  

i n  t h e  c a s e  o f  t h e  l a t t e r  two com pounds m ust be r e a c t i n g  

w i t h  a  h y d r o g e n  (x )  atom  a t o  t h e  c a r b o x y l  g r o u p .

CĤ

0 -  C -  COOH

H »

Cl
S i n c e  no  f r e e  h y d r o g e n  i s  a v a i l a b l e  i n  t h e  i s o h u t y r i c  

a c i d  d e r i v a t i v e ,  no c o m p le x e s  o t h e r  th a n  t h e  1 : 1 - c o m p le x  

ca n  be fo rm ed . P re su m a b ly  a c e t i c  a c i d  i s  n o t  r e a c t i v e  a t  

t h e  a -OH grou p  b e c a u s e  o f  t h e  a b s e n c e  o f  t h e  p h en o x y  

s u b s t i t u e n t .  Wain s t a t e s  t h a t  b o t h  4 - c h l o r o p h e n o x y a c e t i c  

and 4 - c h l o r o p h e n o x y p r o p i o n i c  a c i d s  a r e  a c t i v e  a s  g r o w th -  

p r o m o t in g  s u b s t a n c e s  w h e r e a s  4 - c h lo r o p h e n o x y i s o b u t y r i c  a c i d  

i s  a lm o s t  i n a c t i v e ;  t h u s  t h e r e  a p p e a r s  t o  b e  some p a r a l l e l ­

i s m  b e tw e e n  hormone a c t i v i t y  and t h e  a v a i l a b i l i t y  o f  a  

h y d r o g e n  atom .

U n f o r t u n a t e l y ,  t im e  d id  n o t  p e r m it  f u r t h e r  i n v e s t i g a ­

t i o n s  t o  b e  made on t h i s  s e r i e s  o f  com pounds.
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Flo. I. Itflatinn between the square of 
the refractive index and the component 
ratio in solutions of binary mixtures 
containing water.

I : a, Azobenzene ; b, water. Solvent : 
(tioxan.

I I  : a, Di/vN'obutyl ketone ; b, water. 
Solvent : dioxan.
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F i g .  2 .  Relation between the square of 
the refractwe index and the component 
ratio in solutions of binary mixtures 
containing methanol.

I : a, Hicnol ; b, methanol. Solvent : 
water.

I I :  a. Methanol; 6, erythritol. Sol­
vent : 2-ethoxyethanol.

I l l :  a. Methanol; b, pentane-1 : â- 
dk>1. Solvent : dioxan.

F i g .  3 .  Relation between the mdar 
ratio, square of the refractive index, 
and apparent molecular weight in 
solutions of binary n i  ixtnres conta in iiig 
propionaldéhyde.

a, Fropkmaldehytle ; b, pyridine. Sol­
vent : I, dioxan; II. water.
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F i g ,  4 .  Relation between molar ratio 
and the square of the refractive indexes 
in solutions of binary mixtures con­
taining nitrohenzaldehydes.

I : a, Pyridine ; b, o-nitrobenzaldehydc. 
Solvent : toluene.

11 : a, Pyridine ; 
liyde. Solvent

b, wf-nitrobenzalde- 
toluene.

F i g .  5 .  Relation between molar ratio, 
square of refractive index at 2 0 '’,  and 
apparent molecular weight of solutions 
of binary mixtures

a. Phenol; b, gtncosfe,. Solvent : 
water.
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F i g . ’ 6 .  Relation between square of re­
fractive index and component ratio in 
solutions of binary mixtures.

I : a. Phenol ; b, glucose. Solvent : 
ethylene glycol.

II : a. W ater; b, glucose. Solvent : 
ethylene glycol.
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FIG. 0 —

a , ACETAMIDE

b, PHENOL

SOLVENT : DIOXAN.

Q, ACETAMIDE 

b , TRIETHYLAMINE 

SOLVENT : WATER.
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FIG. 9 —

a ,  ACETAMIDE

b . QUINOL 

SOLVENT : DIOXAN.

a ,  ACETAMIDE

b, QUINOL 

SOLVENT : WATER.

FIG. lO  "

0 ,  DIMETHYL ACETAMIDE 

b , QUINONE 

SOLVENT : TOLUENE.
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o . PHENOL 

» , ANILINE-éRACID 

SOLVENT: WATER

o ,  ETHANOL 

» .  ANILINE-bRACID 

SOLVENT: WATER
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# , TMETHYLAMINC

b, e t h y l e n e  g l y c o l  «ACETATE

SOLVENT : TOLUENE
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O, N-ACETYL- D -  GLUCOSAMINE 

b> PHENOL

SOLVENT : ETHYLENE GLYCOL.
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b , PHENOL 
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Ad s  0 r p t i  on S t u d i  e s

S e c t i o n  l a  The A d s o r p t i o n  o f  Logwood C o lo u r in g  M a t t e r s  

b y  F i h r e s *

S e c t i o n  l b  A d s o r p t i o n  S t u d i e s  on  C e l l u l o s e  T r i a c e t a t e .

S e c t i o n  I I  S t u d i e s  o f  t h e  A d s o r p t i o n  o f  D y e s  and  

R e l a t e d  Compounds b y  S i l i c a .
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Part II

S e c t i o n  l a .

The A d s o r p t io n  o f  Logwood O o lo u r in g  M a t t e r s  by  F i b r e s .

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

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

l i t t l e  o r  no a t t e n t i o n  h as  b e e n  p a id  t o  n a t u r a l  c o l o u r i n g  

m a t t e r s .  A s t u d y  o f  t h e  d y e in g  p r o c e s s  o f  a  n a t u r a l  

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

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

m a r k e d ly  from  t h o s e  o f  m ost s y n t h e t i c  d y e s ,  and a l s o  b e c a u s e  

i t  i s  t h e  o n ly  n a t u r a l  d ye s t i l l  w i d e l y  u s e d .  I t s  m o le c u ­

l a r  s t r u c t u r e  b e a r s  some r e s e m b la n c e  t o  t a n n i n s  and when 

u s e d  w i t h  chromium, i r o n ,  c o p p e r ,  t i n  o r  a lu m in iu m  a s  

m o rd a n t ,  i t  g i v e s  a v a r i e t y  o f  d ark  b l u e  and b l a c k  s h a d e s ,  

some o f  w h ic h  h ave  n o t  b e e n  s u r p a s s e d  f o r  q u a l i t y  by any o f  

t h e  s y n t h e t i c  d y e s .  Chromium p r o d u c e s  v e r y  a t t r a c t i v e  d eep  

b l u e - b l a c k  s h a d e s  w h ic h  a r e  v e r y  f a s t  t o  w a s h in g ,  b u t ,  

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

s y n t h e t i c  p r o d u c t s .

Logwood i s  t h e  h ea r tw o o d  o f  t h e  t r e e  H a em a to x y lo n  

cam pechianum  and t h e  c o l o u r i n g  p r i n c i p l e  o f  lo g w o o d  i s  

h a e m a t o x y l in  ( I  ) ( C . I . N o . 1 2 4 6 )  w h ic h  i s  i t s e l f  c o l o u r l e s s  

b u t  i s  r e a d i l y  o x i d i s e d  t o  t h e  d ark  brown h a e m a te in  ( l ^ ) .

I t  was f i r s t  i s o l a t e d  by C h e v r e u l  who h a d , e a r l i e r ,  a l s o
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i s o l a t e d  b r a z i l i n  fr o m  b r a z i l w o o d .  S u b s e q u e n t  s t u d i e s  

b y o t h e r  a u t h o r s  e s p e c i a l l y  P e r k in  and R o b in so n  h a v e  

e s t a b l i s h e d  t h e  c l o s e  r e l a t i o n s h i p  b e tw e e n  lo g w o o d  and  

I ^ )  and B r a z i lw o o d  c o l o u r i n g  m a t t e r s  (Hg^ and 1 1 ^ )  a l t h o u g h  

t h e s e  com pounds h a v e  n e v e r  b e e n  s y n t h e s i s e d .

H 0 - .

\

HO

HO—

H O .

OH

—— OH

H 0 _

H a e m a to x y l in  -  I H a e m a te in  -  I

HO OH

OH

HO

OH.

Eo-\y
HO

OH,

0

H O -\X
II
0

B r a z i l i n  -  I I a B r a z i l e i n  -  I I b
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The p r e s e n t  work d e s c r i b e s  t h e  a d s o r p t i o n  p r o p e r t i e s  

o f  h a e m a t o x y l i n  on  w o o l ,  n y l o n ,  c e l l u l o s e  and c e l l u l o s e  

t r i a c e t a t e .  A d s o r p t i o n  o f  h a e m a te in  by  t h e s e  f i b r e s  was  

s t u d i e d  b y  J .  N. D e s a i  ( 1 9 4 8 )  and t h e  s t r u c t u r e s  o f  t h e  

m e t a l l i c  l a k e s  w er e  d e te r m in e d  by  A r s h id  ejt a l .  ( 1 9 5 4 ) .
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E x p e r im e n ta l

P u r i f i c a t i o n  o f  M a t e r i a l s .

C e l l u l o s e  A c e t a t e . Pow dered c e l l u l o s e  a c e t a t e  

( a c e t y l  v a l u e  a s  a c e t i c  a c i d  6 2 .2 ^ )  w as k i n d l y  s u p p l i e d  by  

B r i t i s h  C e la n e s e  L t d . , D erby and was u s e d  a s  s u c h .

W ool. The raw m a t e r i a l  was L i n c o l n  F l e e c e .  R oot

e n d s ,  a b o u t  1 . 5  i n .  t o  2 i n .  i n  l e n g t h  w ere  c u t  o f f .  T h is  

m a t e r i a l  was t h o r o u g h ly  combed t o  rem ove d i r t  and e x t r a n e o u s  

m a t t e r  and was t r e a t e d  w i t h  m e t h y le n e  c h l o r i d e  i n  a  S o x h l e t  

a p p a r a t u s  f o r  24 h o u r s  and a f t e r  b e i n g  s t e e p e d  o v e r n i g h t  i n  

r u n n in g  w a t e r ,  i t  was r i n s e d  i n  d i s t i l l e d  w a te r  and d r i e d .

R y lo n . The f i b r e  was l i g h t l y  s c o u r e d  a t  6 0 ^ 0 . f o r  

a b o u t  3 0  m in u t e s  i n  a  0 .  5?̂  s o l u t i o n  o f  t h e  n o n - i o n i c  d e t e r ­

g e n t  L i s s a p o l  R ( I . C . I . ) ,  t h o r o u g h ly  w ash ed  i n  r u n n in g  

w a t e r ,  r i n s e d  i n  d i s t i l l e d  w a te r  and d r i e d .

V i s c o s e  R ayon . C ourt a i d s  " F ib ro  s t a p l e  f i b r e  was 

u s e d .  I t  w as s c o u r e d  i n  weak L i s s a p o l  R s o l u t i o n ,  and  

t h e n  w e l l  r i n s e d  i n  d i s t i l l e d  w a te r  and d r i e d .

A l l  t h e  f i b r e s  w ere  f i r s t  o v e n - d r i e d  a t  1 0 0 - 1 1 0 ^ 0 . ,  

t h e n  a l lo w e d  t o  c o n d i t i o n  i n  a i r  f o r  24 h o u r s  and s t o r e d  

i n  s t o p p e r e d  b o t t l e s .  B e f o r e  u s e  t h e y  w ere a g a i n  ( S o x h l e t )  

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

t e s t  t o  b e  m ade, and d r i e d  o v e r n i g h t .
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H a e m a t o x y l in . The c o m m e r c ia l  p r o d u c t ,  a  h u f f - c o l  cu red  

p o w d e r ,  w as s u p p l i e d  b y  t h e  B r i t i s h  Dyewood Company L t d . ,  

G la sg o w  and o n e  c r y s t a l l i s a t i o n  w as s u f f i c i e n t  t o  p r e p a r e  

i t  i n  i t s  p u r e  fo r m .

A 5 0 g .  s a m p le  o f  t h e  c o m m e r c ia l  p r o d u c t  w as d i s s o l v e d  

i n  5 0 0  c . c .  o f  b o i l i n g  w a t e r  c o n t a i n i n g  tw o o r  t h r e e  

c r y s t a l s  o f  s o d iu m  h y d r o s u l p h i t e  ; 2 0 g .  o f  a c t i v a t e d  c h a r ­

c o a l  w as t h e n  a d d ed  and t h e  s o l u t i o n  w as s t i r r e d  w e l l ,  t h e n  

f i l t e r e d ,  c o o l e d  and l e f t  o v e r n i g h t  t o  c r y s t a l l i s e .  The 

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

w a t e r  and d r i e d  i n  a  vacuum  d e s i c c a t o r .  The p r o d u c t  t h u s  

o b t a i n e d  i s  a  mono h y d r a t e , w h ic h  l o s e s  w a t e r  on  h e a t i n g  and  

m e l t s  a t  1 4 0 ° C. On s l o w  h e a t i n g  an  a n h y d r o u s  fo r m  i s  

o b t a i n e d ,  w h ic h  m e l t s  w i t h  d e c o m p o s i t i o n  a t  2 4 0 ĵC.

A d s o r p t i o n  E x p e r i m e n t s .

F o r  m o st  o f  t h e s e  e x p e r i m e n t s ,  a  1 . 0 ^  s o l u t i o n  o f  

h a e m a t o x y l i n  w as p r e p a r e d ,  w h ic h  was f u r t h e r  d i l u t e d  t o  

make f i v e  o r  s i x  d i f f e r e n t  c o n c e n t r a t i o n s ;  t h e  f i b r e  

s a m p le s  ( 0 . 5  -  1 #0 g . ) ,  w e r e  t h e n  t r e a t e d  w i t h  2 0  c . c .  o f  

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

s p r i n g  c l i p s  t o  a  s h a f t  m e c h a n i c a l l y  r o t a t e d  a t  5 5  r . p . m .  

u n d e r  w a t e r  i n  a  t h e r m o s t a t  t a n k  i n  o r d e r  t o  g i v e  a  c o n ­

s t a n t  and r e g u l a r  e n d - o v e r - e n d  a g i t a t i o n  ( C l u n i e  and G i l e s ,  

1 9 5 7 ) .  F o r  l o o s e  f i b r e s ,  w h ic h  t e n d  t o  s t i c k  a s  a  lum p on
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t h e  s i d e  o f  t h e  t e s t  t u b e s ,  a  p e r f o r a t e d  g l a s s  t u b e  f i b r e -  

h o l d e r ,  o f  * c a t e r p i l l a r *  s h a p e ,  w as u s e d ,  d e v i s e d  by  

A r s h id  (A r s h id  e t  , 1 9 5 4 a ) .

I t  was n o t i c e d  t h a t  h a e m a t o x y l in  u n d e r g o e s  o x i d a t i o n  

d u r in g  a d s o r p t i o n  e x p e r im e n t s ,  p a r t i c u l a r l y  i n  t h e  p r e s e n c e  

o f  w o o l o r  n y l o n ,  u p  t o  t h e  e x t e n t  o f  c a  5^ . T h e r e f o r e  a l l  

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

a g e n t ,  h y d r o x y la m in e  s u l p h a t e  ( 2 . 5g . / l i t r e ) .

E s t i m a t i o n  o f  H a e m a t o x y l in .

The f o l l o w i n g  two m eth o d s  w ere  u s e d .

( i )  C o l o r i m e t r i c  M eth o d . H a e m a to x y lin  fo r m s  a  d e e p  b l u e  

w a t e r - s o l u b l e  l a k e  when t r e a t e d  w i t h  t h e  t h e o r e t i c a l  amount  

o f  p o t a s s iu m  c h r o $ a t e  a t  6 0 ° £ .  On d i l u t i o n  t h e  s o l u t i o n s  

w ere  e s t i m a t e d  on  a H L lg er  S p e k k er  p h o t o e l e c t r i c  a b s o r p t i o -  

m e t e r ,  u s i n g  I l f o r d  S p ectru m  f i l t e r  R o .6 0 7  ( o r a n g e ) .  T h is  

m ethod w h ic h  g a v e  i n  m o st  c a s e s  c o n s i s t e n t l y  r e l i a b l e  

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

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

l a k e  f o r m a t i o n .  Where d i f f e r e n t  r a n g e s  o f  j^H v a l u e s  w ere  

u s e d ,  i t  was n e c e s s a r y  t o  a d j u s t  t h e  s o l u t i o n s  t o  £H 5 . 9 , 

w h ic h  i s  t h e  optimum £H f o r  l a k e  f o r m a t i o n ,  by c a u t i o u s  

a d d i t i o n  o f  ammonia# £H m ea su re m en ts  w ere  made on a  M arcon i  

g l a s s  e l e c t r o d e .
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( i l )  R ef r a c t  orne t r i e  M eth o d .

T h is  m ethod  p ro v ed  more s a t i s f a c t o r y .  The s q u a r e  o f  

t h e  r e f r a c t i v e  i n d e x ,  when p l o t t e d  a g a i n s t  c o n c e n t r a t i o n  

g i v e s  a s t r a i g h t  l i n e  c a l i b r a t i o n  c u r v e ,  w h ic h  can  b e  

u s e d  t o  d e te r m in e  t h e  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 s  a f t e r  

t e s t .  The r e s u l t s  a r e  q u i t e  r e p r o d u c i b l e  and do n o t  seem  

t o  b e  a f f e c t e d  e i t h e r  by  t h e  p r e s e n c e  o f  t r a c e s  o f  h a e m a t in  

o r  r e d u c i n g  a g e n t .  The m ea su re m e n ts  w ere  made on  a  Z e i s s  

P u l f r i c h  r e f r a c t o m e t e r .

Load E x t e n s i o n  T e s t s .

T h ese  t e s t s  w ere made on  a  Cambridge I n s t r u m e n t  Co. 

e x t e n s o m e t e r  m a in t a in e d  i n  a  c o n t r o l l e d  a tm o sp h e r e  a t  20^C. 

and 65^ R.H. S i n g l e  f i b r e s ,  2 i n .  i n  l e n g t h ,  fro m  t h e  

p u r i f i e d  L i n c o l n  F l e e c e  w ere  u s e d .  U n t r e a t e d  f i b r e s  w ere  

s o a k e d  i n  d i s t i l l e d  w a te r  b e f o r e  u s e ,  and a  d ro p  o f  w a te r  

w as ru n  on t o  them  when t h e y  w ere c lam ped i n  t h e  a p p a r a t u s .  

S i m i l a r l y ,  t r e a t e d  f i b r e s  w ere  t a k e n  s t r a i g h t  fro m  a d s o r p ­

t i o n  e x p e r im e n t s  w here t h e y  had b e e n  t r e a t e d  w i t h  t h e  

r e q u i r e d  s o l u t i o n s  f o r  24 h o u r s  a t  60^C. They c o n t a in e d  

280  mmol, o f  h a e m a t o x y l in  and 8 5 0  mmol, o f  p h e n o l  r e s p e c t ­

i v e l y  p e r  k i lo g r a m ,  and b e f o r e  e x t e n s i o n  t e s t s ,  t h e  f i b r e s  

w e r e  w e t t e d  by p i p e t t e  w i t h  t h e  r e s p e c t i v e  s o l u t i o n s .
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The A p p a ren t  H eat o f  A d s o r p t i o n .

T h is  h a s  b e e n  c a l c u l a t e d  by  a  d e r i v a t i o n  o f  t h e  V a n ' t  

H o ff  e q u a t i o n ,  w h ic h  r e l a t e s  t h e  ch a n g e  o f  h e a t  o f  a  

r e a c t i o n  w i t h  t e m p e r a tu r e  t o  t h e  e q u i l i b r i u m  c o n s t a n t  k  o f  

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

^  ^ / r i  = C -  I n  k

I f  m ea su rem en ts  a r e  t a k e n  a t  two t e m p e r a t u r e s  T  ̂ and  

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

we h a v e

"  -  " % T ,  -  -  m  .P  .  1 »  .P

w here e t c .  a r e  t h e  c o n c e n t r a t i o n s  ( s t r i c t l y  t h e

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

F i s  t h e  a c t i v i t y  o f  t h e  f i b r e  i t s e l f .  I f  d i l u t e  s o l u ­

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

s e l e c t e d  fro m  t h e  i s o t h e r m s  su c h  t h a t  t h e  c o n c e n t r a t i o n  o f  

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

we h a v e :

C a l c u l a t i o n  o f  A f f i n i t i e s .

RTgTi/
(T, -  T-i)

I n  ° B 2 / „

D i r e c t  c a l c u l a t i o n s  o f  t h e  a f f i n i t i e s  w er e  made u s i n g  

t h e  f o l l o w i n g  fo r m u la
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»  RT I n  ^ / cb • 7

w h ere  i s  t h e  d i f f e r e n c e  b e tw e e n  t h e  s ta n d a r d  c h e m ic a l

p o t e n t i a l  o f  t h e  s o l u t e  i n  t h e  two p h a s e s  an d , i h  t h e  

p r e s e n t  c a s e ,  i s  t h e  q u a n t i t a t i v e  m ea su re  o f  t h e  a f f i n i t y  

o f  t h e  dye f o r  t h e  f i b r e ,  V i s  t h e  ♦♦volume” te r m , r e p r e s e n t ­

i n g  t h e  e f f e c t i v e  v o lu m e  o f  w a t e r  i n  t h e  f i b r e s  ( i n  l i t r e s /  

k g . ) .  F o r  v i s c o s e  r a y o n  t h e  v a l u e  o f  0 . 4 5  f o r  V, a s  

em p lo y ed  by M a r s h a l l  and P e t e r s ,  was u s e d ;  f o r  c e l l u l o s e  

t r i a c e t a t e ,  0 . 1 ,  a s  u s e d  by F o w le r  and M ic h ie  f o r  c e l l u l o s e  

d i a c e t a t e ,  th o u g h  i t  i s  n o t  c e r t a i n  t h a t  i t  i s  c o r r e c t  f o r  

t r i a c e t a t e ;  and 0*5 f o r  w o o l .  Ro v a l u e  f o r  n y l o n  i s  

a v a i l a b l e  b u t  t h e  a r b i t r a r y  f i g u r e  o f  0 . 0 5  h a s  b e e n  u s e d  

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

a c e t a t e .
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R e s u l t s  and D i s c u s s i o n .

The a t t r a c t i o n  r e s p o n s i b l e  f o r  a d s o r p t i o n  o f  d y e s  by  

f i b r e s  c o n s i s t s  o f  b o t h  p o l a r  and n o n - p o l a r  f o r c e s .  The 

o p e r a t i o n  o f  n o n - p o l a r  f o r c e s  i . e .  v a n  d e r  W aals a t t r a c t i o n  

and t h e  h y d r o g e n  bond p o l a r  f o r c e s  a r e  n o t  a s  c l e a r l y  

i d e n t i f i e d  a s  i s  t h e  o p e r a t i o n  o f  i o n i c  f o r c e s .  H aem atoxy­

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

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

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

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

may e x h i b i t  a p p r e c i a b l e  v a n  d e r  W aals a t t r a c t i o n  f o r  t h e  

f i b r e s .  The a d s o r p t i o n  o f  h a e m a t o x y l in  by t h e  s e v e r a l  

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

a .  N a tu r e  o f  i s o t h e r m s

b .  A f f i n i t y  and a p p a r e n t  h e a t s  o f  a d s o r p t i o n

c .  E f f e c t  o f  £H

d . N a tu r e  o f  b o n d s .

0L. N a tu r e  o f  I s o t h e r m s .

The a d s o r p t i o n  i s o t h e r m s  o f  h a e m a t o x y l in  on  w o o l ,  

n y l o n ,  c e l l u l o s e  a c e t a t e  and c e l l u l o s e  a r e  shown i n  P i g .  1 

and P i g . 2 .  I t  w i l l  b e  s e e n  t h a t  c e l l u l o s e  and c e l l u l o s e  

a c e t a t e  g i v e  q u i t e  r e p r o d u c i b l e  r e s u l t s  w h e r e a s  t h e  i s o ­

th e r m s  f o r  w o o l  and n y lo n  w ere  n o t  d e t e r m in a b l e  w i t h  an y
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h i g h  p r e c i s i o n ,  p e r h a p s  b e c a u s e  b o t h  t h e s e  s u b s t r a t e s  a r e  

more a c t i v e  i n  p r o m o t in g  o x i d a t i o n .

The i s o t h e r m s  f o r  c e l l u l o s e  a r e  S -s h a p e d  w h ic h  i s  

c h a r a c t e r i s t i c  o f  h ig h  a f f i n i t y  o f  t h e  s o l v e n t  f o r  t h e  

s u b s t r a t e  and c o m p a r a t iv e ly  lo w  a f f i n i t y  o f  t h e  s o l u t e  

( G i l e s  and McEwan). On t h e  o t h e r  h a n d , t h e  i s o t h e r m s  f o r  

t h e  o t h e r  t h r e e  s u b s t r a t e s  i . e .  n y l o n ,  w o o l and c e l l u l o s e  

t r i a c e t a t e  a r e  o f  t y p e  ( G i l e s  and McEwan), w h ic h  a r e

v e r y  common and r e p r e s e n t  h i g h  a f f i n i t y  o f  t h e  s o l u t e  f o r  

t h e  s u b s t r a t e .

The i s o t h e r m s  f o r  c e l l u l o s e  t r i a c e t a t e ,  w o o l  and n y lo n  

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

T h is  show s t h a t  h a e m a t o x y l i n ,  b e s i d e s  b e i n g  a b l e  t o  com bine  

w i t h  t h e  f a v o u r a b l e  g r o u p s  i n  t h e  am orphous r e g i o n s  o f  t h e s e  

f i b r e s  may e v e n  a c t  a s  a  p o w e r f u l  s w e l l i n g  a g e n t ,  t h u s  

r e s u l t i n g  i n  v e r y  h ig h  a d s o r p t i o n .

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

n y l o n  o n l y ,  w h ic h  i s  p r o b a b ly  due t o  i t s  s w e l l i n g  a c t i o n  on  

t h i s  f i b r e .

b. A f f i n i t y  and A p p a re n t  H e a ts  o f  A d s o r p t i o n .

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

t i o n  m ea su r e m e n ts  f o r  h a e m a t o x y l i n  c a l c u l a t e d  fro m  t h e  

a d s o r p t i o n  i s o t h e r m s  a r e  shown i n  T a b le  1 .  The a p p a r e n t
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h e a t s  o f  a d s o r p t i o n  o f  p h e n o l ,  from  w a t e r ,  on c e l l u l o s e  

t r i a c e t a t e  (C am eron), n y l o n  and w o o l  ( O h i p a l k a t t i  e t  a l .  ) 

a r e  - 3 * 0 ,  - 4 . 5 ,  and - 4 . 0  k c a l / m o l e  r e s p e c t i v e l y ,  w h ic h  a r e  

co m p a ra b le  t o  t h o s e  o f  h a e m a t o x y l in  (T a b le  1 ) .

The a f f i n i t y  o f  h a e m a t o x y l in  d e c r e a s e s  m a r k e d ly  i n  

e t h a n o l - w a t e r  ( 5 0 : 5 0 )  a s  s o l v e n t :  c e l l u l o s e  l o s e s  a lm o s t

a l l  i t s  a d s o r p t i v e  pow er and t h e  a d s o r p t i o n  by  o t h e r  f i b r e s  

i s  much lo w e r  th a n  from  w a t e r  (T a b le  2 ) .

T a b le  1 .
A p p a ren t  H e a ts  o f  A d s o r p t io n  and A f f i n i t i e s  o f  H a e m a to x y l in

S u b s t r a t e
Op

( m m o le /k g . )
AHa  

( k c a l / m o l e )  
50 -  60°C .

( k c a l / m o l e )
6 0 ° 0 .

V i s c o s e  r a y o n 25 - 5 . 5 - 1 . 2 5
50 - 5 - 1 . 5
70 - 2 . 5 -

C e l l u l o s e  t r i a c e t a t e 25 - 7 . 5 — 2 . 6
35 - 7 . 5 —2 . 5

N y lo n * 25 ( - 1 0  ) - 5 . 3
45 - - 5 . 3
60 ( - 1 0  ) -

Wool 25 — - 2 . 7
50 -1 1 —

1 0 0 -1 1 - 2 . 4
150 - 8

No a d d i t i o n  o f  r e d u c i n g  a g e n t  t o  b a t h
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T a b le  2 .

A d s o r p t io n  o f  H a e m a to x y l in  from  509& A q u eou s E th a n o l  

Cg = E q u i l ib r iu m  b a t h  o o n c n . (m m ole/1  )

Op = E q u i l ib r iu m  o o n cn . i n  f i b r e  (m m o le /k g .)

Temp. 6 0 ^ 0 . ; t im e  24 h r .  ; 0 . f i b r e I n  10 c . c .  s

F ib r e Cb Op

C e l l u l o s e  ( V i s c o s e  r a y o n 6 . 7 - 2 6 . 5 N i l

C e l l u l o s e  t r i a c e t a t e 1 . 0 c a . 1 . 0

2 . 5 25

N y lo n 0 . 9 4 0

2 .5 40

W ool* 0 . 9 45

2 . 0 33

2 . 6 25

3E The f a l l  i n  a d s o r p t i o n  on w o o l w i t h  i n c r e a s e  i n  b a t h  

c o n c e n t r a t i o n  i s  an  e f f e c t  a t t r i b u t a b l e  t o  a s s o c i a t i o n  

i n  t h e  s o l v e n t .

c .  E f f e c t  o f  £H.

P i g . 5  shows t h e  e f f e c t  o f  £H on t h e  a d s o r p t i o n  o f  

h a e m a t o x y l i n ,  h a e m a te in  and b r a z i l e i n  on w o o l .  The a d s o r p ­

t i o n  o f  h a e m a t o x y l in  i s  a lm o s t  in d e p e n d e n t  o f  t h e  a c i d i t y  

b e c a u s e  o f  i t s  n e u t r a l  c h a r a c t e r  and i s  m a r k e d ly  d i f f e r e n t  

from  t h a t  o f  h a e m a te in  and b r a z i l e i n .  H a em a te in  i s  w e a k ly
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a c i d i c ,  t h e  £%a v a l u e  b e i n g  6 .5  and £Eb 1 0 .3  (A r s h id  e t  

a l .  1 9 5 4 )  and t h e  e f f e c t  o f  £H i s  v e r y  s i m i l a r  t o  t h a t  

fo u n d  by  S t e i n h a r d t  e;t f o r  o t h e r  weak a c i d s .

d . N a tu r e  o f  B o n d s .

(a )  W ith c e l l u l o s e .

P r e s t o n  and Nimkar by s t u d y i n g  t h e  f r e e z i n g -  

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

h a v e  shown t h a t  t h e  n o n - c r y s t a l l i n e  p a r t s  o f  t h e  f i b r e ,  

w here a d s o r p t i o n  p r o b a b ly  t a k e s  p l a c e ,  a r e  i n  a  s t a t e  

r e s e m b l in g  s o l u t i o n  i n  t h e  w a t e r .  They p r o b a b ly  t h e r e ­

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

b o n d in g  a f f i n i t y .  The s t u d i e s  on  t h e  h y d r o g e n -b o n d in g  

p r o p e r t i e s  o f  c a r b o h y d r a t e s  show ( s e e  P a r t  I ,  S e c t i o n  I )  

t h a t  w a t e r  i s  f i r m l y  h e l d  by g l u c o s e  h y d r o x y  g r o u p s ,  

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

h y d r o g e n  b on d s  w i t h  o t h e r  h y d r o g e n -b o n d in g  a g e n t s .

i i i r t h e r ,  p h e n o l ,  a  v e r y  p o w e r f u l  h yd ro  g e n - b o n d in g  

a g e n t ,  i s  n o t  a d so r b e d  b y  c e l l u l o s e  (H a ssa n , M arsden and  

U r q u h a r t ) .  From t h i s  i t  may b e c o n c lu d e d  t h a t  h y d r o g en  

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

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

g r o u p s .  T h e r e f o r e ,  p r o b a b ly  t h e  o n ly  f o r c e  w h ic h

t a k e s  p a r t  i n  a d s o r p t i o n  o f  h a e m a t o x y l in  by c e l l u l o s e  i s  

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

f o r  c e l l u l o s e  o f  a s e r i e s  o f  a m in o a n th r a q u in o n e  v a t  d y e s  on  

t h e i r  m o le c u la r  w e i g h t ,  g i v e n  by V i c k e r s t a f f  ( 1 9 5 3 ) ;  w h ic h  

show s t h a t  t h e  v a l u e  o b t a in e d  h e r e  f o r  h a e m a t o x y l in  (m o l.  

w t ,  3 0 2 ; a f f i n i t y  - 1 . 2 5  k c a l / m o l e . )  f a l l s  a lm o s t  e x a c t l y  on  

t h i s  l i n e .  V i c k e r s t a f f  s t a t e s  t h a t  i n  t h e  c a s e  o f  t h e s e  

and o t h e r  v a t  d y e s  t h e  a f f i n i t y  f o r  c e l l u l o s e  m ust be  

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

t h e  m o l e c u l a r  a r e a ,  and t h e  c o n f o r m ity  o f  h a e m a t o x y l in  w i t h  

t h e  same r e l a t i o n  s u g g e s t s  t h a t  i t s  a f f i n i t y  a l s o  a r i s e s  

fro m  t h e  same c a u s e .

(b )  C e l l u l o s e  A c e t a t e .

C e l l u l o s e  a c e t a t e ,  th o u g h  d e r i v e d  fro m  c e l l u l o s e ,  

d i f f e r s  from  i t  m a rk ed ly  i n  i t s  d y e in g  b e h a v i o u r .  T here  

seem s no r e a s o n  t o  d o u b t  t h a t  i t  can  a d so r b  s o l u t e s  by  

h y d r o g e n  b o n d s .  P h e n o l  i s  a d so r b e d  r e a d i l y  b y  t h i s  f i b r e  

and i t  h a s  b e e n  s u g g e s t e d  (M arsden and U r q u h a r t )  t h a t  i t

fo r m s  0  H 0 b on d s  w i t h  t h e  c a r b o n y l  o x y g e n  atom  o f  t h e

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

t h a t  a  s i m i l a r  m echan ism  i s  i n v o l v e d  i n  t h e  a d s o r p t i o n  o f  

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

number o f  s u c h  d y e s  h a v e  no  h y d r o g e n  atom  f r e e  t o  form  a  

h y d r o g e n  bond w i t h  t h e  c a r b o n y l  g r o u p . F u r t h e r ,  s t u d i e s  

on t h e  h y d r o g e n  b o n d in g  p r o p e r t i e s  o f  a c e t a t e s  (P a r t  I ,  

S e c t i o n  I I I )  and t h e  s o l v a t i o n  e f f e c t  o f  w a te r  i n  i n t e r -
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m o l e c u l a r  h y d r o g en  b o n d in g  (P a r t  I ,  S e c t i o n  I )  show t h a t  

t h e  c a r b o n y l  grou p  i s  more o r  l e s s  p r o t e c t e d  by w a t e r  and i s  

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

w a t e r .

R e c e n t l y  h o w e v e r ,  C am pbell e t  a l .  h a v e  shown t h a t  an  

e t h e r  o x y g e n  atom  can  form  an i n t e r m o l e c u l a r  h y d r o g e n  bond  

w i t h  a  h y d r o x y  g r o u p ,  i n  w a t e r ,  and i t  seem s l i k e l y  t h e r e ­

f o r e  t h a t  i t  i s  t h e  e t h e r  o x y g e n  a d j a c e n t  t o  t h e  a c e t y l  

grou p  t h a t  o p e r a t e s  i n  a d s o r b in g  h a e m a t o x y l in  and o t h e r  

p h e n o l s .  T h is  i s  p r o b a b ly  a  weak b o n d , i n  a g r e e m e n t  w i t h  

t h e  lo w  v a l u e  f o r  t h e  a f f i n i t y  o f  h a e m a t o x y l in  f o r  c e l l u l o s e  

a c e t a t e  ( - 2 . 6  k c a l / m o l e ) ( T a b l e  1 ) .

The -OH  bond on  t h e  m e t h y l  r e s i d u e  o f  t h e  a c e t y l

g r o u p ,  s u g g e s t e d  by  A l l in g h a m  e;t a l .  i s  t h o u g h t  now t o  

o p e r a t e  o n ly  w i t h  a  n i t r o g e n  atom  i n  t h e  a d so r b e d  s o l u t e ,  

and n o t  w i t h  a h y d r o x y -g r o u p .

( c )  N y lo n  and W ool.

H a e m a to x y l in  i s  a  n e u t r a l  m o l e c u l e ,  t h e r e f o r e  i t s  

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

c h a r g e  on t h e  f i b r e s .  O nly  v a n  d e r  W aals f o r c e s  and 

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

H a e m a to x y l in  fo r m s  a  1 : 5 - co m p lex  w i t h  p h e n o l  ( i n  

d io x a n ,  by d i e l e c t r i c  m e a su r e m e n ts )  and à  1 : 4 - co m p lex  w i t h  

d im e th y lfo r m a m id e  ( i n  w a t e r ,  by  r e f r a c t i v e  in d e x  m e a s u r e -
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m e n t ) .  I t  i s  e x p e c t e d ,  t h e r e f o r e ,  t h a t  i t  i s  c a p a b le  o f

a c t i n g  a s  a  c r o s s - l i n k i n g  a g e n t  f o r  w o o l  by c o m b in a t io n  w i t h  

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

r e p l a c e  r a t h e r  w ea k er  a l i p h a t i c  i n t e r c h a i n  b o n d s ,  t h u s  

i n c r e a s i n g  t h e  t e n s i l e  s t r e n g t h  o f  t h e  f i b r e .  A l s o ,  b y  t h e  

i n t r o d u c t i o n  o f  t h e  r a t h e r  b u lk y  h a e m a t o x y l in  m o l e c u l e ,  t h e  

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

l o n g i t u d i n a l  f r e e d o m  o f  m ovem ent, w h ic h  m eans t h a t  t h e  

s t r e t c h i n g  o f  t h e  f i b r e  w i l l  be  f a c i l i t a t e d .  To v e r i f y  

t h i s  a  f e w  l o a d - e x t  en s i  on t e s t s  w ere  made on w o o l  f i b r e  

c o n t a i n i n g  ( i )  a d so r b e d  h a e m a t o x y l in  i n  e q u i l i b r i u m  w i t h  t h e  

a d s o r p t i o n  l i q u i d ,  ( i i )  a d so r b e d  p h e n o l  i n  e q u i l i b r i u m  w i t h  

i t s  s o l u t i o n  i n  t h e  b a t h  and ( i i i ) w e t t e d  i n  w a t e r  a l o n e .

The r e s u l t s  a r e  shown i n  T a b le  5* The m e a su r e m e n ts  

a r e  i n s u f f i c i e n t  f o r  any  p r e c i s e  q u a n t i t a t i v e  c o n c l u s i o n ,  

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

s t r e n g t h  a s  w e l l  a s  t h e  e x t e n s i b i l i t y  a r e  m a r k e d ly  i n c r e a s e d  

i n  b o t h  t h e  p h e n o l - t r e a t e d  and t h e  h a e m a t o x y l i n - t r e a t e d  

s a m p le s .  The l e s s e r  e f f e c t  o f  p h e n o l  on  e x t e n s i b i l i t y  may 

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

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

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

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

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

p h e n o l  m o l e c u l e s  i s  g r e a t e r  th a n  t h e  s t r e n g t h  o f  t h e  c r o s s -
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l i n k s  n o r m a l ly  p r e s e n t .

T a b le  5 >

M e c h a n ic a l  C h a r a c t e r i s t i c s  o f  T r e a te d  and U n t r e a t e d

S i n g l e  Wool F i b r e s .

(2 0 °C . and 65^ R .H .)

O r i g i n a l  f i b r e  l e n g t h  5 0 .5  mm. R a te  o f  l o a d i n g  4 3 - 5 g . / m i n .

U n t r e a te d

Mean

B r e a k in g  1 2 .7  9 . 8  1 4 .2  1 1 .9  1 1 .3  1 2 .1  1 2 .1
l o a d ,  g .

E x t e n s i o n  a t  17 12 10 8 6 6 9 . 8
b r e a k ,  ^

T r e a t e d  w i t h  P h e n o l

B r e a k in g  1 9 .8  1 8 .4  1 7 . 0  2 2 .5  1 4 .2  1 8 .4  1 9 . 8  1 8 .6
l o a d ,  g .

E x t e n s i o n  a t  30  25 20 30  22 22 26 25
b r e a k ,  ^

T r e a te d  w i t h  H a e m a to x y l in

B r e a k in g  2 4 . 0  2 5 . 5  3 1 . 0  2 8 . 4  2 4 . 0  2 5 . 5  2 6 .4
l o a d ,  g .

E x t e n s i o n  a t  34  31 37 57 26 28 3 2 . 2
b r e a k ,  ^
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C o n c l u s i o n s .

1 .  H a e m a to x y l in  i s  a d so r b e d  by s t r o n g  h y d r o g e n  b o n d s  on  

n y l o n  and w o o l ,  and p e r h a p s  a c t s  a s  a  c r o s s - l i n k i n g

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

t e n s i l e  s t r e n g t h  and e x t e n s i b i l i t y  o f  w o o l f i b r e s .

2 .  I t s  a d s o r p t i o n  on c e l l u l o s e  a c e t a t e  i s  due t o  weak  

h y d r o g e n  b o n d s p r o b a b ly  th r o u g h  t h e  e t h e r  o x y g e n  atom

a d j a c e n t  t o  t h e  a c e t y l  g r o u p .

3 . A d s o r p t io n  on c e l l u l o s e  i s  due t o  v a n  d e r  W aals

f o r c e s  and n o t  t o  h y d r o g e n  b o n d in g .

4 . The a d s o r p t i o n  o f  h a e m a t o x y l in  on w o o l i s  u n a f f e c t e d

by t h e  ch a n g e  i n  £H on t h e  a c i d  s i d e  o f  n e u t r a l i t y

b e c a u s e  i t  i s  t h e n  an u n i o n i s e d  m o le c u le .
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Section Ib.

A d s o r p t io n  S t u d i e s  on  C e l l u l o s e  T r i a c e t a t e .

F o l l o w i n g  t h e  e x a m in a t io n  o f  h y d r o g e n -b o n d in g  

p r o p e r t i e s  o f  t h e  a c e t a t e s ,  i t  was d e s i r e d  t o  c o r r e l a t e  t h e  

r e s u l t s  w i t h  a d s o r p t i o n  t e s t s  on c e l l u l o s e  a c e t a t e  i n  sub­

s t a n c e .  S in c e  i t  i s  known t h a t  p h e n o l  i s  s t r o n g l y  a d so r b e d  

by t h i s  f i b r e ,  p r o b a b ly  th r o u g h  h y d r o g e n -b o n d  f o r m a t io n  

(M arsden and U r q u h a r t ) ,  and t h a t  e v e n  t h e  h y d r o g e n  atom  i n  

t h e  m e th y l  r e s i d u e  o f  e s t e r s  i s  a v a i l a b l e  f o r  b o n d in g ,  i t  

was a t  f i r s t  p r o p o s e d  t o  exam in e t h e  a d s o r p t i o n  o f  a l c o h o l s ,  

f o l l o w e d  by some p h e n o l s  and l a t e r  some h y d r o g e n - a c c e p t o r  

com pounds. U n f o r t u n a t e l y ,  l i t t l e  t im e  was a v a i l a b l e  and 

o n l y  p r e l i m i n a r y  t e s t s  w ere made. A d s o r p t io n  o f  m e t h a n o l ,  

e t h a n o l ,  and n - p r o p a n o l  by c e l l u l o s e  t r i a c e t a t e  was s t u d i e d  

from  b e n z e n e  s o l u t i o n  and o f  q u in o l  and e t h y l e n e  g l y c o l  from  

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

C e l l u l o s e  t r i a c e t a t e  was u s e d  b o th  i n  pow der and f i b r e  

form  ( a c e t y l  v a l u e  a s  a c e t i c  a c i d  6 2 . 2 ^ ) ,  s u p p l i e d  by  

B r i t i s h  C e la n e s e  L t d . ,  D erb y . I t  d i f f e r s  from  s e c o n d a r y  

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

v e r y  l i t t l e  i n  a q u e o u s  s o l u t i o n .  The powder fo rm  was u se d  

f o r  e x p e r im e n t s  i n  a q u e o u s  s o l u t i o n  and t h e  f i b r e  form  i n  

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

r e a g e n t  q u a l i t y  and t h e  e s t i m a t i o n  o f  t h e  s o l u t e s  was c a r r i e d
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o u t  by t h e  r e f r a c t i v e  in d e x  m ethod ( f o r  d e t a i l s  s e e  S e c t i o n  

l a ) .

The r e s u l t s  a r e  shown i n  T a b le s  4» 5 ,  and 6 . The work  

done i s  t o o  l i m i t e d  f o r  any p r e c i s e  g e n e r a l i s a t i o n ,  b u t  th e  

f o l l o w i n g  p o i n t s  a r e  c l e a r .

( i )  M eth a n o l i s  s t r o n g l y  a d so r b e d  (T a b le  4 ) ,  and t h i s  m ust  

a lm o s t  c e r t a i n l y  b e  due s o l e l y  t o  h y d r o g e n  bond form a­

t i o n .  The bond i s  p r o b a b ly  form ed  t h u s  -

— 0 — C — CH?

i Ï
I

H^C.OH

b e c a u s e  t h e  0=0 group  a p p e a r s  t o  b e  p r o t e c t e d  i n  b e n z e n e  

( s e e  S e c t i o n  I ,  P a r t  I ,  a b o v e ) .

( i i )  Prom w a t e r ,  e t h y l e n e  g l y c o l  i s  u n a d s o r b e d ,  b u t  q u in o l  

(and p h e n o l )  a r e  b o t h  s t r o n g l y  a d so r b e d  (T a b le  5 ) .

T h e r e f o r e  t h e  "^0 HO -  bond m ust b e  much w ea k er  when

t h e  h y d r o x y l  group  i s  a l c o h o l i c  th a n  when i t  i s  p h e n o l i c ,  

and i n  t h e  fo r m e r  c a s e  t h e  c o m p e t i t i o n  o f  t h e  w a t e r - a l c o h o l  

bond p r e v e n t s  a d s o r p t i o n .

( i i i )  O nly  m e th a n o l  and n o t  t h e  o t h e r  two a l c o h o l s  i s  

a d so r b e d  by t h i s  s u b s t r a t e  from  b e n z e n e  s o l u t i o n .

T h is  show s t h a t  i n  dry  c o n d i t i o n s  t h e  p o r e  s i z e  o f  t h e  f i b r e  

i s  l a r g e  en ou gh  t o  a d m it  t h e  m e th a n o l  m o le c u le  and n o t  t h o s e



81.

T a b le  4 .
A d s o r p t io n  o f  M e th a n o l on  C e l l u l o s e  T r i a c e t a t e  

fro m  B e n z e n e  S o l u t i o n

T em p eratu re  2 5 •5 ^ ; Time 24 h r . ; 0 . 4 g . f i b r e  i n  5 c . c .

I n i t i a l  Ooncn. 
g . m o l e / 1 .

E q u i l .  Ooncn. 
g .m o l  e / 1 .

A d s o r p t io n  
g .m o l  e / k g .

0 .2 4 7 6 0 .1 4 6 3 1 .2 6 5
0 .4 9 5 2 0 .2 8 7 2 2 .5 8 1

0 .7 3 2 8 0 .4 5 4 8 3 .4 5 8

0 .9 9 0 4 0 .6 3 6 4 4 . 4 0

1 .2 3 8 0 .8 2 4 5 .1 5
T em p era tu re  59^

0 .2 4 7 6 0 .2 0 8 0 .4 8 7
0 .4 9 5 2 0 .4 3 1 0 0 . 8 0 0
0 .7 3 2 8 0 .6 5 1 1 .0 1 2

0 .9 9 0 4 0 .8 9 4 0 1 .2 0 0
1 .2 3 8 0 1 . 2 1 0 0 . 4 ( ? )

No m e a s u r a b le  a d s o r p t i o n  o f  e t h a n o l o r n - p r o p a n o l  from
b e n z e n e .

T a b le  5 .
A d s o r p t io n  o f  Q u in o l on  C e l l u l o s e  T r i a c e t a t e  from  W ater

T em p eratu re  6 0 ° ; Time 24 h r . ; 0 . 4g , , f i b r e  i n  10 c . c .

I n i t i a l  Ooncn. 
g . m o l e / 1 .

E q u i l .  Ooncn. 
g .  m o le /1

A d s o r p t io n  
g .m o l / k g .

0 . 0 5 0 .0 2 6 8 0 . 5 8
0 . 1 0 0 . 0 7 4 0 . 6 5
0 . 1 5 0 . 1 1 6 0 . 8 5
0 . 2 0 0 . 1 5 8 1 . 0 5
0 . 2 5 0 . 2 0 0 1 . 2 5
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o f  e t h a n o l  o r  n - p r o p a n o l .

( i v )  The a p p a r e n t  h e a t  o f  a d s o r p t i o n  c a l c u l a t e d  from  t h e

i s o t h e r m s  u s i n g  t h e  C la u s iu s - O la p e y r o n  e q u a t i o n  f o r  

m e th y l  a l c o h o l  i s  - 1 0 . 5  0 . 5  k . c a l / m o l e .  I t  i s  i n t e r e s t ­

i n g  t o  compare t h i s  r e s u l t  w i t h  o t h e r s  o b t a in e d  i n  t h i s  

l a b o r a t o r y  ( O h i p a l k a t t i  ejb ^ .  ) (T a b le  6 ) .  The c o n s i s t e n c y  

o f  t h e  r a t i o s  o f  t h e  h e a t s  o f  a d s o r p t i o n  b e tw e e n  t h e  two  

s u b s t r a t e s ,  w o o l and c e l l u l o s e  t r i a c e t a t e ,  f o r  p h e n o l  and  

m e t h y l  a l c o h o l ,  s u g g e s t s  t h a t  b o th  t h e  s o l u t e s  a r e  a d s o r b e d  

on  s i m i l a r  s i t e s  i n  t h e  r e s p e c t i v e  s u b s t r a t e s .

I t  may be  m e n t io n e d  t h a t  t h e  i s o t h e r m s  f o r  m e th a n o l  and  

q u i n o l  a r e  o f  t h e  n orm al ( ♦ ! ♦ )  s h a p e ,  t h e  q u in o l  c u r v e  show­

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

p h e n o l  g i v e s  a  l i n e a r  (*LN*) i s o t h e r m  (Cam eron, p r i v a t e  

c o m m u n ic a t io n ) . T h ese  f a c t s  s u g g e s t  ( c f .  G i l e s  and McEwan): 

(a )  t h a t  q u i n o l  i n  d i l u t e  s o l u t i o n  i n  w a te r  h a s  r a t h e r  l e s s  

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

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

p h o b ic  g r o u p s  g i v e  i t  more a f f i n i t y  f o r  w a te r ;  and (b )  t h a t  

m e th a n o l  s w e l l s  t h e  s u b s t r a t e  l e s s  t h a n  b e n z e n e ;  t h i s  i s  

a n o t h e r  i n d i c a t i o n  o f  t h e  w e a k n e ss  o f  t h e  a l c o h o l i o - e t h e r  

bond form ed  i n  t h i s  a d s o r p t i o n .
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Table 6>

A p p aren t H e a ts  o f  A d s o r p t io n  ( K > o a l /m o le Q

Wool C e l l u l o s e
T r i a c e t a t e

P h e n o l  fro m  oa -  4 -  2 . 5 *
w a te r

M eth a n o l fro m  c a - 1 5  - 1 0 . 5
b e n z e n e

X Cameron, p r i v a t e  c o m m u n ic a t io n .
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Part II.

Section II.

S tu d ies o f the A dsorption o f Dyes and 

R elated Compounds by S i l i c a .

In tr o d u c tio n .

A dsorption s tu d ie s  on in organ ic  su r fa c e s , e .g .  

carlDorundum, sulphur, carbon, g la s s ,  and v a r i e t ie s  o f 

s i l i c a ,  have been made f a i r l y  e x te n s iv e ly , a lthough l i t t l e  

i s  reported upon the a c tu a l mechanism o f ad sorp tion  from 

s o lu t io n . In  the p resen t in v e s t ig a t io n , the mechanism of 

adsorption  o f  arom atic s o lu te s ,  e s p e c ia l ly  dyes, by s i l i c a  

has been s tu d ied .

The in f lu e n c e  o f th e  charge which a su rfa ce  p o sse sse s  

in  a p a r t ic u la r  so lv en t i s  o f  great im portance in  ad sorp tion . 

I t  i s  now w e ll recogn ised  th a t , a t a l iq u id / s o l id  in te r fa c e ,  

th ere  i s  a la y e r  o f firm ly  held  p o s i t iv e ly  or n e g a t iv e ly  

charged io n s  a t the s o l id  su rface and a lso  th ere  i s  a d if fu s e  

la y e r  o f  such io n s  extend ing in to  th e bulk o f th e s o lu t io n .  

The p o te n t ia l  across th ese  two la y e r s ,  known as the Z eta- 

p o te n t ia l ,  p la y s an im portant part in  ad sorp tion .

S i l i c a  in  con tact w ith  w ater p o sse sse s  a n eg a tiv e  

charge. I t  i s  now g e n e r a lly  b e lie v e d  th a t the s i l i c a  

su rface  i s  covered w ith  a c id ic  -SiOH groups (see  e .g .  Jones 

and Wood; H e r ;  Greenberg; Shapiro and W eiss) in  aqueous
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solution» which dissociate thus -

SiOH ;  SiO~ + H'*'

O’ Connor and B uchanan h a v e  d e te r m in e d  t h e  z e t a - p o t e n t i a l  o f  

v a r i e t i e s  o f  s i l i c a  u n d e r  d i f f e r e n t  c o n d i t i o n s  and h a v e  come 

t o  t h e  c o n c l u s i o n  t h a t  th o u g h  t h e  p o t e n t i a l  can  he r e d u c e d  

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

c a n n o t  b e  made t o  ch an ge  i t s  s i g n .

The a d s o r p t i o n  o f  c a t i o n i c  d y e s  on s i l i c a  i s  a lm o s t  

c e r t a i n l y  due t o  t h i s  n e g a t i v e  c h a r g e .  P l e s c h  and R o b e r t ­

s o n  b e l i e v e  t h a t  t h e  a d s o r p t i o n  o f  b a s i c  d y e s  on m o n t m o r i l l -  

o n i t e  t a k e s  p l a c e  i n  two s t a g e s .  F i r s t  t h e r e  i s  i r r e v e r s i b l e  

i o n - e x c h a n g e ,  and t h e n  p h y s i c a l  a d s o r p t i o n .  O 'Connor and 

B u ch an an , f o l l o w i n g  a  s t u d y  o f  c h a n g e s  i n  s u r f a c e  c h a r g e ,  

c o n s id e r e d  t h a t  i n o r g a n i c  o r  o r g a n i c  a n io n s  a r e  a d s o r b e d  by  

q u a r tz  by a  p r o c e s s  o f  p h y s i c a l  a d s o r p t i o n ,  t h e  a c c o m p a n y in g  

c a t i o n s  b e i n g  a d so r b e d  b y  i o n - e x c h a n g e .  F r e u n d l i c h ,  B u s l i n

and B in d au o b s e r v e d  t h a t  a f t e r  a d s o r b in g  t h e  b a s i c  dye  

C r y s t a l  V i o l e t  t h e  s u r f a c e  o f  q u a r tz  becam e much more h y d r o -  

p h o b ic  th a n  b e f o r e .  A l s o ,  H a l l e r  and D u e ck er  d e t e c t e d  an  

i r r e v e r s i b l e  r e a c t i o n  o f  £ - n i t r o b e n z y l  b ro m id e  w i t h  g l a s s ,  

t o  p r o d u c e  a  p erm an en t h y d r o p h o b ic  s u r f a c e ,  w h ic h  t h e y  

a t t r i b u t e d  t o  r e a c t i o n  o f  t h e  b ro m in e  atom  w i t h  h y d r o g e n  o f  

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

K oizum i h a v e  fo u n d  t h a t  t h e  amount o f  t h e  d y e ,  Rhodam ine 6G, 

a d s o r b e d  by  s i l i c a  g e l  i s  l e s s  fro m  a  b a t h  w h ich  was
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i l l u m i n a t e d  th a n  from  on e  k e p t  i n  t h e  d a r k , w h ic h  may i n d i ­

c a t e  some d i f f e r e n c e  i n  t h e  a rra n g e m e n t  o f  c h a r g e s  on  t h e  

a d so r b e d  s p e c i e s .  Gibb and R i t c h i e  exam in ed  t h e  r a t e  o f  

a d s o r p t i o n  o f  M e th y le n e  B lu e  on  L och  A l i n e  s a n d ,  powdered  

q u a r t z ,  and pow dered  V i t r e o s i l ,  b o t h  b e f o r e  and a f t e r  

r e m o v a l  o f  t h e  d i s t u r b e d  (am orphous) s u r f a c e  l a y e r ,  and 

fo u n d  t h a t  t h e  d i s t u r b e d  l a y e r  a d s o r b s  more dye f o r  a  g i v e n  

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

s t u d i e d  t h e  a d s o r p t i o n  o f  a m in o - a c id s  on  s i l i c a  and f i n d s  

t h a t  i o n i c  a t t r a c t i o n  i s  o f  f i r s t  im p o r ta n c e  i n  a d s o r p t i o n ,  

f o l l o w e d  by  h y d r o g e n -b o n d  f o r m a t io n .  I n  t h i s  l a b o r a t o r y  

p r e l i m i n a r y  t e s t s  w ere c a r r i e d  o u t  by C u l l e n ,  A ll in g h a m  and  

Wood on a d s o r p t i o n  o f  d y e s  by d i f f e r e n t  v a r i e t i e s  o f  s i l i c a .

S e v e r a l  a u t h o r s  h ave  o b s e r v e d  t h a t  s i l i c a  h a s  l i t t l e  o r  

no a d s o r p t i v e  p r o p e r t i e s  f o r  a n i o n i c  d y e s  ( B a le  and K in g ) ,  

th o u g h  Haldeman and Emmett h a v e  r e c e n t l y  p r e p a r e d  s i l i c a  

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

K a y se r  and B lo c h  i n  t h e i r  s t u d i e s  on a d s o r p t i o n  o f  b a s i c  and 

a z o - d y e s  by m o n t m o r i l I o n i t e  fo u n d  t h a t  a z o - d y e s  a r e  a d so r b e d  

much l e s s  th a n  b a s i c  d y e s .  They s u g g e s t e d  t h a t  t h e  p o s i t ­

i v e  n a t u r e  o f  t h e  a z o - g r o u p  d o m in a te s  t h e  n e g a t i v i t y  o f  t h e  

s u l p h o n i c  a c i d  g ro u p .

A d s o r p t io n  s t u d i e s  h a v e  a l s o  b e e n  u t i l i s e d  by many 

a u t h o r s  t o  d e te r m in e  t h e  s u r f a c e  a r e a  o f  t h e  a d s o r b e n t .  

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

o f  a d so r b e d  m o l e c u l e s  i s  n o t  e x c e e d e d  and on t h i s  b a s i s  d e t ­

erm in ed  t h e  s u r f a c e  a r e a s  o f  c r y s t a l l i n e  p o w d e r s .  D i f f i c u l ­

t i e s  w e r e ,  h o w e v e r ,  e n c o u n te r e d  when i t  was fo u n d  t h a t  d i f f e r ­

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

w h ic h  may b e  e x p l a i n e d  by  d i f f e r e n t  o r i e n t a t i o n s  o f  t h e  dye  

m o l e c u l e  on t h e  s u r f a c e .  J o p l i n g  h a s  d e te r m in e d  t h e  s u r f a c e  

a r e a  o f  b arium  s u l p h a t e  pow ders by d i f f e r e n t  m eth o d s  and h a s  

fo u n d  t h a t  t h e r e  i s  good  a g r e e m e n t  b e tw e e n  dye a d s o r p t i o n  and  

a i r  p e r m e a b i l i t y  m e th o d s .  S u i t o ,  Arakawa and Arakawa have  

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

p ow d ers  from  t h e  a d s o r p t i o n  d a t a  o f  s t e a r i c  a c i d  from  d i f f e r ­

e n t  s o l v e n t s ;  t h e y  fo u n d  t h a t  t h e  r e s u l t s  o b t a in e d  from  

b e n z e n e  s o l u t i o n  a r e  i n  good a g r e e m en t  w i t h  t h o s e  o b t a in e d  by  

o t h e r  p h y s i c a l  m e th o d s .  H ow ever, i t  may be  p o i n t e d  o u t  t h a t  

t h e  s o l u b i l i t y  o f  t h e  s o l u t e  i n  t h e  s o l v e n t  and a l s o  t h e  

e f f e c t  o f  t h e  s o l v e n t  on t h e  s u r f a c e  m ust be c o n s id e r e d  

b e f o r e  any a t t e m p t  i s  made t o  d e te r m in e  a b s o l u t e  v a l u e s  o f  

s u r f a c e  a r e a  by a d s o r p t i o n  s t u d i e s  from  s o l u t i o n .

P r e s e n t  Work.

The a d s o r p t i o n  h a s  b e e n  s t u d i e d  o f  a  number o f  a r o m a t ic  

com pounds, m a in ly  d y e s ,  by v a r i e t i e s  o f  s i l i c a .  S p e c i f i c  

s u r f a c e  a r e a s  have b e e n  c a l c u l a t e d  a s su m in g  t h a t  a  m o n o la y e r  

i s  form ed  and t h e  r e s u l t s  have b e e n  com pared w i t h  t h o s e  

o b t a in e d  by p h y s i c a l  m ea n s .
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E x p e r im e n t a l .

The s u b s t r a t e s  u s e d  w er e  -

(a )  L och  A l i n e  san d  ( 9 9 - 8 ^  S iO g) ( s p e c i f i c  s u r f a c e  a r e a ,  

0 .0 0 9  X 10^ cm .^ p e r  g . ) ;

(b )  P ure ground  q u a r tz  ( s p e c i f i c  s u r f a c e  a r e a ,  0 .0 0 8  x
C P

10 cm. p e r  g . ) ;

( c )  Ground V i t r e o u s  s i l i c a  ( " V i t r e o s i l " ) , ( s p e c i f i c  s u r f a c e
c  p

a r e a ,  0 .0 0 5  x  10 cm. p e r  g . ) ;

(d )  A co m m e r c ia l  s i l i c a  d u s t  "MSC", 98^  S iO g , ( s p e c i f i c
C  p

s u r f a c e  a r e a ,  0 .1 1  x  10 cm. p e r  g . ) .

The s p e c i f i c  s u r f a c e  a r e a s  o f  a ,  b ,  and c ,  w ere  

e s t i m a t e d  from  c o u n t s  o f  p a r t i c l e s  and m easu rem en t o f  

d im e n s io n s  by m ic r o s c o p e ;  t h e  v a l u e  f o r  ( d ) ,  a s  s u p p l i e d  

by t h e  m a n u f a c t u r e r s ,  was o b t a in e d  by a i r  p e r m e a b i l i t y  

m e a su r e m e n t .

D y e s ,  e t c .

The d y e s  u s e d ,  e x c e p t  tw o ,  w ere  p u re  s a m p le s ,  e i t h e r  

o b t a i n e d  i n  t h i s  s t a t e  o r  r e c r y s t a l l i s e d  fro m  e t h a n o l  o r  

d i l u t e  h y d r o c h l o r i c  a c i d .  Rhodamine B and M a la c h i t e  Green  

w ere u s e d  i n  t h e  form  o f  c o m m erc ia l  p r o d u c t s  s u p p l i e d  w i t h o u t  

a d j u v a n t s . A l l  o t h e r  r e a g e n t s  w ere p u r i f i e d  by n orm al  

m e th o d s ;  d i s t i l l e d  w a te r  was u s e d  f o r  t h e  a d s o r p t i o n  t e s t s .

The names o f  t h e  d y e s  u s e d  and t h e i r  c o n s t i t u t i o n s  a r e  

shown b e lo w .
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M o le c u la r  s i z e s  w ere  e s t i m a t e d  by  u s e  o f  S t u a r t - t y p e  

m o d e ls  ( G a t a l i n  L t d . ) and t h e  f i g u r e s  q u o te d  i n  T a b le  1 

r e f e r  i n  e a c h  c a s e  t o  t h e  d im e n s io n s  o f  t h e  s m a l l e s t  

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

I  p - a m in o a z o b e n z e n e  h y d r o c h lo r id e
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VI Rhodamine 6GB.

OOOOgH^

V II P s e u d o - C y a n in e  C h l o r id e .

=  CH
UCCgHç) N (C a H 5 ) j C l

V I I I  M e th y le n e  B lu e  B . 0 . 1 . 9 2 2

S_
Cl

N(CH5)2

IX ,X  Orange I  and I I

NaO,S< OH

Orange I

HO

Orange I I



91.

A d s o r p t io n  and a n a l y t i c a l  p r o c e d u r e .

W eighed q u a n t i t i e s  o f  s i l i c a  ( 0 . 1 - 1 . 0 g . )  and 10 c . c .  

o f  t h e  t e s t  s o l u t i o n s  w ere  p la c e d  i n  g l a s s  t u b e s  w h ic h  w ere  

c o m p l e t e l y  s e a l e d  by f u s i o n  and tu m b led  e n d - o v e r - e n d  i n  a  

t h e r m o s t a t  (C lu n ie  and G - i l e s ) .

n o r m a l ly  t h e  amount o f  s o l u t e  a d so r b e d  was c % lc u la te d  

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

t i o n ,  m ea su red  a b s o r p t i o m e t r i c a l l y  on one o r  o t h e r  o f  t h r e e  

i n s t r u m e n t s ,  v i z .  a  H i l g e r  S p ek k er  a b s o r p t i o m e t e r , an EEL 

c o l o r i m e t e r ,  o r  a Unicam  SP500 p h o t o e l e c t r i c  s p e c t r o p h o t o ­

m e t e r .  I n  o r d e r  t o  q v o id  e r r o r s  due t o  l o s s  o f  d y e s  by  

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

o f  v o l u m e t r i c  a p p a r a tu s  and t h e  o p t i c a l  c e l l s  o f  t h e  s p e c t r o ­

p h o to m e te r  w ere f i r s t  f i l l e d  w i t h  a  d i l u t e  s o l u t i o n  o f  a  

c a t i o n i c  s u r f a c e - a c t i v e  a g e n t  ( L i s s o la m i n e  A ( I . C . I . )  and  

t h e n  r i n s e d  o n ce  w i t h  c o l d  w a te r  B e f o r e  u s e  w i t h  b a s i c  dye  

s o l u t i o n s .  T h is  p r o c e d u r e  was fo u n d  t o  b e  u n n e c e s s a r y ,  

h o w e v e r ,  f o r  t e s t s  w i t h  t h e  s i l i c a  o f  g r e a t e s t  s p e c i f i c  

s u r f a c e  a r e a .
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R e s u l t s  and D i s c u s s i o n .

E x p e r im e n ts  w i t h  a l l  t y p e s  o f  s i l i c a  show  t h a t  a l l  

b a s i c  d y e s  a r e  r e a d i l y  a d s o r b e d  from  a q u e o u s  s o l u t i o n  b u t  

t h e  amount o f  a c i d  d y e s  a d so r b e d  i s  h a r d ly  d e t e c t a b l e  f o r  

a l l  t y p e s  o f  s i l i c a  e x c e p t  s i l i c a  MSC, w h ic h  h a s  a  l a r g e  

s p e c i f i c  s u r f a c e  a r e a .

The p r e s e n t  t e s t s  show t h a t  t h e  a d s o r p t i o n  o f  b a s i c  

d y e s  h a s  t h r e e  marked c h a r a c t e r i s t i c s ,  v i z .  r a p id  a t t a i n ­

m ent o f  e q u i l i b r i u m ,  v e r y  h ig h  a d s o r p t i o n  v a l u e s ,  and lo w  

a p p a r e n t  h e a t  c h a n g e s .  On t h e  o t h e r  hand , t h e  a d s o r p t i o n  

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

t i o n  v a l u e s  a r e  lo w ,  t h e  r e a c t i o n  e n d o th e r m ie ,  and r a t e  

o f  a d s o r p t i o n  v e r y  lo w .

Some o f  t h e  p r e l i m i n a r y  e x p e r im e n t s  w ere  c a r r i e d  o u t  

by e a r l i e r  w o r k e r s  i n  t h i s  l a b o r a t o r y .  The r e s u l t s  h a v e  

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

d i f f e r e n t i a t e d  from  t h o s e  o b t a i n e d  by t h e  a u t h o r .

R a te s  o f  A d s o r p t i o n .

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

t o  any p r e c i s e  d e s c r i p t i o n  o f  t h e  n a t u r e  o f  a d s o r p t i o n ,  g i v e s  

some u s e f u l  g e n e r a l  i n d i c a t i o n s .  When a d s o r p t i o n  t a k e s  

p l a c e  i n  t h e  i n t e r n a l  am orphous r e g i o n  o f  a s o l i d  ( e . g .  i n  

f i b r e s )  o r  i n  m i c r o - p o r e s ,  e . g .  i n  t h e  a n o d ic  f i l m  o f  alum­

in iu m  ( c f .  S t e w a r t ) ,  t h e  p r o c e s s  i s  v e r y  s lo w  and i n  m ost
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c a s e s  r e q u i r e s  many h o u r s  o r  e v e n  d a y s  f o r  i t s  c o m p l e t i o n .

I n  t h e  p r e s e n t  e x p e r im e n t s ,  a d s o r p t i o n  o f  b a s i c  d y e s  w as  

fo u n d  t o  r e a c h  e q u i l i b r i u m  i n  a f e w  m i n u t e s ,  e v e n  a t  room  

t e m p e r a t u r e .  T h is  i s  an i n d i c a t i o n  t h a t  a d s o r p t i o n  i s

t a k i n g  p l a c e  on t h e  e x t e r n a l  s u r f a c e  o f  t h e  s i l i c a .  I t  may

be n o t e d  h e r e  t h a t  t e m p e r a tu r e  h a s  h a r d ly  any e f f e c t  e i t h e r  

on t h e  r a t e  o r  on t h e  amount o f  a d s o r p t i o n  ( s e e  P i g . 1 ) .

I n i t i a l  r a t e s  c o u ld  n o t  be d e te r m in e d  a c c u r a t e l y  f o r  t h e  

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

a t e  i t  c e n t r i f u g a l l y  from  t h e  l i q u i d ,  b u t  an i n s p e c t i o n  o f  

P i g . 1 show s t h a t  a v e r y  r a p id  i n i t i a l  a d s o r p t i o n  p r o b a b ly  

o c c u r s  a l s o  w i t h  t h i s  m a t e r i a l .

The a d s o r p t i o n  o f  an a c i d  d y e ,  Orange I ,  h o w e v e r ,

( P i g . 7 )  t a k e s  a lm o s t  48  h o u r s  t o  r e a c h  e q u i l i b r i u m  p r o b a b ly  

b e c a u s e  t h e  a d so r b e d  a n io n  h a s  t o  p e n e t r a t e  a  b a r r i e r  a t  

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

a n io n ;  t h u s  o n l y  a  s m a l l  p r o p o r t i o n  o f  h ig h  e n e r g y  a n i o n s

may g e t  th r o u g h  t o  t h e  s u r f a c e .

I s o t h e r m s  f o r  B a s i c  L y e s .

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

d y e s  b y  t h e  s e v e r a l  v a r i e t i e s  o f  s i l i c a  a r e  shown i n  P i g . 4 

and 5 . T h ese  i s o t h e r m s  a r e  o f  t h e  *Langmuir* s h a p e ,  

n o r m a l ly  a s s o c i a t e d  w i t h  m o n o la y e r  a d s o r p t i o n .  The s p e c i f i c  

s u r f a c e  a r e a s  o f  d i f f e r e n t  v a r i e t i e s  o f  s i l i c a  h a s  b e e n
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c a l c u l a t e d  on t h e  a s s u m p t io n  t h a t  a  m o n o la y e r  i s  fo rm ed .

I n  T a b le  1 t h e  r a t i o  o f  t h e  c a l c u l a t e d  s p e c i f i c  s u r f a c e  a r e a  

t o  t h e  s u r f a c e  a r e a  d e te r m in e d  b y  p h y s i c a l  m eans ( m ic r o s c o p e ,  

a i r  p e r m e a b i l i t y  o r  N i t r o g e n  a d s o r p t i o n )  i s  g i v e n .  I t  i s  

e v i d e n t  fro m  t h e  d a t a  t h a t  t h e  amount o f  t h e  dye a d so r b e d  i s  

f a r  t o o  h ig h  f o r  a m o n o la y e r  and c a n n o t  be a c c o u n te d  f o r  by  

any e r r o r s  i n  s u r f a c e  a r e a  m e a su r e m e n ts .  A l s o  i t  seem s  

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

t o  su c h  an e x t e n t .

T a b le  1 .

C overage  o f  S i l i c a  S u r f a c e s  by  D yes

Type o f  S i l i c a L och
A l i n e

Sand

Q u artz V i t r e o u s
S i l i c a

( V i t r e o s i l )

S i l i c a
MSC

S p e c i f i c  s u r f a c e  
a r e a  cm? / g .

9 0 0 8 0 0 500 10 , 8 0 0

No Dye M olec^  
a r e a (A  )

X XX
Max. Cov . Max. Cov . Max. Cov. Max. C ov.

CATIONIC DYES

1 .A m in o a z o b e n z en e  
h y d r o c h l o r i d e  

P l a t  
E n d -on

96
25

— — — — — —
2 0 .0

1 2 .0
3 . 0

2 . J a n u s  Red B 
P l a t  
E d g e -o n  
E n d -on

180
1 0 0

45

— —

0 . 1 7 1 * * *  
1 . 7  
1 . 0  
0 . 4

— —

7 5 . 0
7 5
4 1 . 5
1 8 .7

3 . M a l a c h i t e  Green  
P l a t  
E d g e -o n  
E n d-on

180
75
60

o . 5 ÿ “ *
2 . 8
1 . 6
1 . 3

0 .8 2 3
1 0 . 9

4 . 5
3 . 6

0 . 8 2
1 7 . 7

7 . 4
5 . 9

— —
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Type o f  S i l i c a

S p e c i f i c  s u r f a c e  
a r e a  cm^. / g .

T a b le  1 . (O ont*d)  

Q uartzL och
A l i n e

Sand
900 8 0 0

V i t r e o u s
S i l i c a

( V i t r e o s i l )
500

S i l i c a
MSC

1 0 ,8 0 0

No Dye M olec^^
a r e a (A  )

CATIONIC DYES(Cont * d)

X  X X
Max. Cov. Max. Cov. Max. Cov. Max. Cov.

4 . M agenta  P 
P l a t  
E d g e-o n

— — — —
0 .1 8 * * *

3 - 9
1 . 5

-

5 . C r y s t a l  V i o l e t  
P l a t  
E d g e -o n

164
90

2 .3
2 7 .6
1 5 .2

0 . 9
1 7 .7

9 . 7

4 2 . 0
3 8 .3  
2 1 .1

6 . Rhodamine 6GB 
P l a t  
E d g e-o n  
E nd-on

160
96
60

— — -
—

3 0 . 0
3 5 . 9
1 6 .0
1 0 .0

7 .  P s  eudo -  c y a n in e  
P l a t  
E d g e-o n

c h l o r i d e
120

88
— — —

:  :

4 0 . 0
2 6 .6
1 9 .6

8 . M e th y le n e  B lu e  
P l a t  
E d g e-o n

B
120

88

0 .1 3 * * *
1 .1
0 . 8

0 .1 2 5
1 .1
0 . 8

0 . 2 5 l-J4 8 . 0
3 2 . 0
2 3 . 4

ANIONIC DYES

9 . Orange I  
P l a t  
E d g e-o n  
E nd-on

150
80
50

— — —

—
— —

5 . 0
4 . 5
2 . 4
1 . 5

1 0 . Orange I I  
P l a t  
E d g e-o n  
E nd-on

150
80
50

— — — —

— —

0 .4 9 1
0 . 4
0 . 2
0 .1

X Max. = Maximum a d s o r p t i o n  (mmole d y e / k g . S i 0 2 )
XX Cov. = * B o v e r a g e  f a c t o r * ,  i . e .  r a t i o  o f  maximum amount o f  

d ye  a d so r b e d  t o  c a l c u l a t e d  c a p a c i t y  o f  s u r f a c e  
m o n o la y e r .

X X X  R e s u l t s  r e p o r t e d  by e a r l i e r  w o r k e r s  i n  t h i s  l a b o r a t o r y .
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M o r e o v e r ,  an i n i t i a l  *hump» i n  t h e  i s o t h e r m s ,  r e p r e s ­

e n t i n g  t h e  f i r s t  m o n o la y e r  w ould  h e  e x p e c t e d  a s  e . g .  i n  t h e  

i s o t h e r m s  o f  some c y a n in e  d y e s  by s i l v e r  h a l i d e  (Sh ep p ard  

and Crouch; W est , C a r r o l l  and W h itco m b e), i f  t h i s  w ere  t h e  

c a s e ,  b u t  i t  i s  n o t  o b s e r v e d  w i t h  any o f  t h e  d y e s  u s e d .  I t  

i s  t h e r e f o r e  s u g g e s t e d  t h a t  t h e  h ig h  a d s o r p t i o n  v a l u e s  and  

t h e  h ig h  a f f i n i t y  t y p e  i s o t h e r m s  ( G i l e s  and McEwan) i n d i c a t e  

t h a t  a  m o n o la y e r  o f  a g g r e g a t e s  o r  m i c e l l e s  o f  dye c a t i o n s  

a r e  a d so r b e d  on t h e  s u r f a c e .

I t  i s  known t h a t  t h e  m o b i l i t y  o f  s m a l l  i o n i c  m i c e l l e s  

i n  a q u e o u s  s o l u t i o n  i s  h i g h e r  th a n  t h a t  o f  t h e  c o r r e s p o n d in g  

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

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

r a d i u s  and w i t h  i n c r e a s i n g  a g g r e g a t i o n  num ber, t h e  m i c e l l a r  

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

c l e  (M cB a in ). Now, when s i l i c a  i s  added  t o  a  dye s o l u t i o n ,  

i t  i s  t o  b e  e x p e c t e d  t h a t  t h e  a g g r e g a t e s ,  b e c a u s e  o f  t h e i r  

h i g h  m o b i l i t y ,  w i l l  h a v e  a  g r e a t e r  ch a n ce  t o  r e a c h  t h e  

s i l i c a  s u r f a c e  th a n  s i n g l e  dye m o l e c u l e s ,  and t h u s  t h e y  w i l l  

be p r e f e r e n t i a l l y  a d s o r b e d .

T h is  h y p o t h e s i s  h a s  b e e n  c h e c k e d  by t e s t s  w i t h  M e th y l­

en e  B lu e  a s  d e s c r i b e d  b e lo w .

l e m in  and V i c k e r s t a f f  h ave  shown t h a t  t h e  two l i g h t
o o

a b s o r p t i o n  p e a k s  a t  6670  A and 6 1 0 0  A i n  a q u e o u s  s o l u t i o n s  
X I n  t h e  p r e s e n t  t e s t s ,  t h i s  p ea k  was l o c a t e d  a t  6570  2 .
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o f  t h i s  dye c o r r e s p o n d  w i t h  m onom eric and p o ly m e r ic  fo rm s

r e s p e c t i v e l y .  W ith  i n c r e a s e  i n  c o n c e n t r a t i o n  t h e  r e l a t i v e

i n t e n s i t y  o f  t h e  p o ly m e r  p e a k  r i s e s  and t h a t  o f  t h e  monomer

p e a k  f a l l s .  T h e r e f o r e  i f  s i l i c a  i s  added  t o  t h e  s o l u t i o n

and t h e  a b s o r p t i o n  sp e c tr u m  m e a su r e d ,  t h e  p o ly m e r  p e a k  a t  
o

61 0 0  A s h o u ld  f a l l  more r a p i d l y  th a n  t h a t  o f  t h e  monomer p eak  
0

a t  6 6 7 0  A i . e .  t h e  r a t i o  o f  t h e  h e i g h t  o f  p o ly m e r  p ea k  t o  

monomer p ea k  w i l l  be  lo w e r  a f t e r  a d d i t i o n  o f  s i l i c a  th a n  

b e f o r e ,  i f  s o l u t i o n s  o f  t h e  same c o n c e n t r a t i o n  a r e  com p ared .  

The a b s o r p t i o n  s p e c t r a  o f  two s o l u t i o n s  o f  d i f f e r e n t  c o n c e n ­

t r a t i o n  a r e  shown i n  P i g . 6 .  I t  i s  c l e a r  from  P i g . 6 t h a t  

t h e  p o ly m e r  p ea k  i s  more a f f e c t e d  t h a n  t h e  monomer p eak  by  

a d d i t i o n  o f  s i l i c a .

T h is  m ethod i s  s u b j e c t  t o  some e x p e r im e n t a l  l i m i t a t i o n s .  

Thus c o m p a r a t iv e ly  weak s o l u t i o n s  m ust be u s e d  e v e n  w i t h  a  

t h i n  (1 mm.) s p e c t r o m e t e r  c e l l ,  and t h e s e  w i l l  n o t  b e  r i c h  

i n  p o ly m e r ;  and e v e n  i f  t h e  p o ly m er  i s  a d s o r b e d ,  i t  may be  

q u i c k l y  re fo r m e d  t o  r e e s t a b l i s h  t h e  m on om er-p o lym er e q u i l i ­

b r iu m . N e v e r t h e l e s s ,  t h e  r e s u l t  o f  t h e  t e s t  i s  p o s i t i v e .  

(The c u r v e s  a r e  p l o t t e d  on  a l o g a r i t h m i c  o r d i n a t e ,  so t h a t  

ch a n g e  o f  c o n c e n t r a t i o n  w i t h o u t  ch a n g e  i n  t h e  n a t u r e  o f  t h e  

s o l u t e  h a s  no e f f e c t  on  t h e i r  s h a p e . )

P s e u d o - c y a n in e  c h l o r i d e  was u s e d  i n  a  s i m i l a r  t e s t ;  

t h e  r e s u l t s  a r e  su m m arised  i n  T a b le  2 . The r e s u l t s  show a  

d e f i n i t e  t r e n d  i n  t h e  same d i r e c t i o n  a s  t h o s e  f o r  M e th y le n e
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Tablé 2.
A d s o r p t io n  o f  p s e u d o - C yan ine C h lo r id e

o
R a t i o ,  o p t i c a l  d e n s i t y  o f  dye s o l u t i o n  a t  5240 A

o 3E
and 4 9 2 0  A .

W ith o u t S i l i c a  W ith S i l i c a

1 .5 5 5  1 .4 5 2

1 .4 7 6  1 .4 2 0

1 .4 7 5  1 -3 9 6

1 .4 7 0  1 .4 2 0
o

X A lo w e r  r a t i o  i n d i c a t e s  t h a t  t h e  p o ly m e r  p ea k  a t  5240  A
o

h a s  d e c r e a s e d  more t h a n  t h e  monomer p ea k  a t  4 9 2 0  A.

B l u e .  I t  i s  assum ed t h e r e f o r e  t h a t  o t h e r  b a s i c  d y e s  

b e h a v e  i n  a  s i m i l a r  f a s h i o n ,  w h ich  e x p l a i n s  t h e  v e r y  h ig h  

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

sp e c tr u m  o f  d ry  dyed (M e th y le n e  B lu e )  s i l i c a  MSC was a l s o  

r e c o r d e d  ( P i g . 6 ) .  The i n t e n s i t y  o f  t h e  monomer p ea k  i s  

lo w  i n  c o m p a r iso n  w i t h  t h a t  o f  t h e  p o ly m e r  p e a k ,  w h ic h  a l s o  

s h i f t e d  t o  s t i l l  lo w e r  w a v e le n g t h .  T h is  p r o b a b ly  s lo w s  

t h a t  M e th y le n e  B lu e  i s  p r e s e n t  on  t h e  s i l i c a  s u r f a c e  i n  a  

much h i g h e r  s t a t e  o f  a g g r e g a t i o n  th a n  i n  s o l u t i o n .

E f f e c t  o f  S o l i d - L i q u i d  R a t i o .

T h e o r e t i c a l l y ,  t h e  amount o f  s o l u t e  a d so r b e d  d ep e n d s  

u p on  t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  i n  c o n t a c t
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w i t h  t h e  s u b s t r a t e ,  and i s  q u i t e  in d e p e n d e n t  o f  e i t h e r  t h e  

v o lu m e  o f  t h e  s o l v e n t  o r  t h e  amount o f  t h e  s u b s t r a t e .  I n  

t h e  p r e s e n t  c a s e  h o w ev er  i t  h a s  b e e n  n o t e d  t h a t  t h e  v o lu m e  

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

i n c r e a s e  i n  l i q u i d - s o l i d  r a t i o  ( P i g . 2 and 5 ) .  T h is  may be  

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

s o l v e n t .  I t  i s  known (Gibb and R i t c h i e )  t h a t  f i n e  s i l i c a  

pow der h a s  an am orphous l a y e r  w h ic h  can  b e d i s s o l v e d  (Gibb  

and R i t c h i e ;  A le x a n d e r ,  H e s to n  and H e r )  away by a q u e o u s  

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

t h e  p r e s e n t  t e s t s  t h a t  t h e  e f f e c t  o f  vo lu m e o f  s o l u t i o n  i s  

more p ro n o u n ce d  i n  t h e  c a s e  o f  a d s o r p t i o n  o f  £ - a m in o a z o -  

b e n z e n e  h y d r o c h lo r id e  ( P i g . 2) w here  t h e  s i l i c a  was l e f t  i n  

c o n t a c t  w i t h  t h e  s o l u t i o n  f o r  24 h o u r s ,  th a n  i n  t h e  c a s e  o f  

C r y s t a l  V i o l e t  ( P i g . 5 )  w here t h e  p e r i o d  o f  c o n t a c t  was much 

s h o r t e r .

A s i m i l a r  e f f e c t  o f  s o l u t i o n  vo lu m e h a s  a l s o  b e e n  n o t e d  

i n  t h e  c a s e  o f  a d s o r p t i o n  o f  a n i o n i c  d y e s  by t h e  a n o d ic  

o x id e  f i l m  on  a lu m in iu m , w h ic h  i s  a l s o  s l i g h t l y  s o l u b l e  i n  

w a t e r  ( S t e w a r t ) .  The d a t a  g iv e n  by G r een b erg  f o r  c a lc iu m  

h y d r o x id e  a d s o r p t i o n  on  s i l i c a  from  w a t e r  a l s o  shows e v id e n c e  

o f  a s l i g h t  i n c r e a s e  i n  amount a d so r b e d  w i t h  i n c r e a s e  i n  

v o lu m e o f  s o l u t i o n .

T h e r e f o r e ,  t h e  i s o t h e r m s  o b t a in e d  h e r e  m ust r e p r e s e n t  

p s e u d o - e q u i l i b r i a ,  b e c a u s e  th o u g h  t h e  r a t e  c u r v e s  ( P i g . 1)
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show  an a p p a r e n t  maximum a f t e r  a s h o r t  p e r i o d ,  t h e  o u t e r  

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

Low A p p a r e n t - h e a t  o f  A d s o r p t i o n .

I n  t h e  p r e s e n t  s t u d i e s  t h e  h e a t  ch an ge  f o r  a d s o r p t i o n

o f  b a s i c  d y e s  i s  t o o  s m a l l  t o  m e a su r e .  T h is  a p p l i e s  a l s o

t o  t h e  p r o c e s s e s  o f  i o n  ex c h a n g e  on r e s i n s  ( c f .  G i l e s ,

M eh ta , e t  ) ,  t o  t h e  a d s o r p t i o n  o f  c a t i o n i c  compounds by

g r a p h i t e  ( H a s s a n ) ,  o f  s u l p h a t e  e s t e r s  by a n o d ic  a lu m in iu m

o x id e  ( G i l e s  e t  a l . )  and s u l p h o n a t e s  by c h r o m a to g r a p h ic

a lu m in a  ( S t e w a r t ) .  I n  m o st  o t h e r  c a s e s ,  i n  t h e  a d s o r p t i o n

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

lo w  b u t  q u i t e  m e a s u r a b le  a p p a r e n t  h e a t s  o f  t h e  o r d e r  o f

5 - 1 0  k c a l / m o l e ,  h a v e  b e e n  o b s e r v e d .  The m ost l i k e l y

e x p l a n a t i o n  o f  t h e  a b s e n c e  o f  m e a s u r a b le  h e a t  ch an ge i n  t h e

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

t h e  r e p la c e m e n t  o f  on e s e t  o f  w a t e r - s o l v a t e d  c a t i o n s  (H^G) 

b y  a n o t h e r  (d y e  c a t i o n s ) .  I n  su c h  c a s e s  no b on d s a r e  

b r o k e n  o r  fo r m e d .

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

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

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

i n  t h e  s o l u t i o n  c a n n o t  b e  c o n s t a n t  and m ust i n  f a c t  f a l l  

w i t h  r i s e  i n  t e m p e r a t u r e .  The a d s o r p t i o n  d e p en d s  upon  t h e  

s u r f a c e  c h a r g e  on  t h e  s i l i c a ,  w h ic h  i s  known t o  be a lm o s t  

in d e p e n d e n t  o f  t e m p e r a tu r e  (O’ Connor and B u c h a n a n ) , and on
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t h e  s i z e  and sh a p e  o f  t h e  dye m i c e l l e s ,  w h ic h  a f f e c t s  t h e i r  

a b i l i t y  t o  p a ck  t o g e t h e r  i n  t h e  m o n o la y e r ,  i t  may b e  t h e r e ­

f o r e  t h a t  e v e n  a t  t h e  h i g h e s t  t e m p e r a tu r e  u s e d  i n  t h e  

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

s i z e  i n  s o l u t i o n  t o  form  an a d so r b e d  m o n o la y e r ;  o r  a l t e r ­

n a t i v e l y  some m i c e l l e s  may b e  form ed  by a g g r e g a t i o n  a t  t h e  

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

E f f e c t  o f  A lum inium  C a t i o n .

0* Connor and Buchanan h ave  s t u d i e d  t h e  e l e c t r o k i n e t i c  

p r o p e r t i e s  and s u r f a c e  r e a c t i o n  o f  q u a r tz  and h a v e  come t o  

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

i n f l u e n c e d  by c a t i o n  e x c h a n g e ,  b u t  h a r d ly  e v e r  c h a n g e s  i t s  

s i g n .  Thus t h e  z e t a - p o t e n t i a l  i s  more a f f e c t e d  b y  m u l t i -  

v a l e n t  c a t i o n s  th a n  by m o n o v a le n t  o n e s .  The a d s o r p t i o n  o f  

a b a s i c  dye ( C r y s t a l  V i o l e t )  i n  t h e  p r e s e n c e  o f  a lu m in iu m  

s u l p h a t e  was t h e r e f o r e  s t u d i e d .  T h is  s a l t  w i l l  p r o b a b ly  

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

r e d u c i n g  t h e  a d s o r p t i o n  o f  t h e  b a s i c  d y e .  F i g . 2 shows  

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

c o n d i t i o n s .

The a d s o r p t i o n  o f  a n i o n i c  d y e s  w ould  b e  e x p e c t e d  t o  be  

h i g h e r  i n  p r e s e n c e  o f  a lu m in iu m  s u l p h a t e .  I n  f a c t  i t s  

p r e s e n c e  d o e s  i n c r e a s e  t h e  amount o f  Orange I  a d so r b e d  

( P i g . 8 ) .
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A d s o r p t io n  o f  A n i o n ic  Compounds.

S i l i c a  b e i n g  n e g a t i v e l y  ch a rg ed  i n  a q u e o u s  s o l u t i o n  i s  

n o t  e x p e c t e d  t o  a d s o r b  a n i o n i c  d y e s  r e a d i l y ,  th o u g h  a d s o i p -  

t i o n  m ig h t  o c c u r  t h r o u g h  h y d ro g en  bond f o r m a t io n  o r  v a n  d e r  

W aal8 a t t r a c t i o n .  T h e r e f o r e ,  t h e  a d s o r p t i o n  o f  t h e  a n i o n i c  

d y e s  Azo G e r a n in e ,  B e n z o a z u r in e ,  S o lw ay  B l u e ,  Orange I  and 

I I  fro m  a q u e o u s  s o l u t i o n s ,  and t h e  n o n - i o n i c  p o l a r  com pounds, 

a z o b e n z e n e ,  f i - n a p h t h o l ,  a n t h r a q u i n o n e , and ^ - n a p h t h y la m i n e , •

fro m  n o n - p o l a r  s o l v e n t s  was s t u d i e d .  I n  a lm o s t  a l l  c a s e s  

t h e  a d s o r p t i o n  on  v i t r e o u s  s i l i c a ,  q u a r tz  and l o c h  A l i n e  

ia n d  was e i t h e r  n i l  o r  so  l i t t l e  t h a t  i t  c o u ld  n o t  be  

m ea su re d  w i t h  s u f f i c i e n t  a c c u r a c y .  The a d s o r p t i o n  o f  

O range I  and O range I I  on s i l i c a  MSC was fo u n d  h o w ev er  t o  be  

m e a s u r a b le  and was s t u d i e d  i n  some d e t a i l .

The a d s o r p t i o n  i s o t h e r m s  and r a t e  c u r v e  ( F i g . 7 and 8 )  

show some f e a t u r e s  d i f f e r e n t  from  t h o s e  o f  b a s i c  d y e s .

T h ese  may b e  sum m arised  t h u s  :

( i )  The r a t e  o f  a d s o r p t i o n  i s  lo w .

( i i )  The a d s o r p t i o n  o f  Orange I  i s  g r e a t e r  i n  p r e s e n c e  o f  

a lu m in iu m  s u l p h a t e .

( i i i ) T h e  amount o f  Orange I  a d so r b e d  i s  g r e a t e r  th a n  t h a t  o f  

O range I I ,  a l t h o u g h  i t  i s  a d so r b e d  much l e s s  th a n  b a s i c  

d y e s .

( i v )  T h ere  i s  h i g h e r  a d s o r p t i o n  a t  h ig h  t e m p e r a t u r e  th a n  a t  

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

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

show s t h a t  m i c e l l a r  a d s o r p t i o n  i s  v e r y  u n l i k e l y ,  t h e  d y e s  

a r e  p r o b a b ly  a d so r b e d  a s  s i n g l e  i o n s  by s h o r t  r a n g e  p o l a r  

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

a d s o r p t i o n  o f  O range I  compared w i t h  Orange I I ,  s i n c e  t h e  

fo r m e r  h a s  a f r e e  h y d r o x y l  group w h i l e  t h e  h y d r o x y l  group  

i n  t h e  l a t t e r  i s  c h e l a t e d  (A r sh id  ^  a l ) .

The e x i s t e n c e  o f  a  s u g g e s t e d  Z w i t t e r i o n  c o n f i g u r a t i o n  

i n  t h e  r e s o n a t i n g  s t r u c t u r e  o f  0; -h y d ro x y a zo -co m p o u n d s

NiNPh

A
+

H:NHPh

— OH A A A—  O'

T

N.NHPh

A 0

(Euhn) m ig h t  a l s o  a c c o u n t  f o r  t h e  a d s o r p t i o n  o f  Orange I I ,  

b e c a u s e  i n  t h e  z w i t t e r i o n  form  t h e r e  i s  one p o s i t i v e l y  

c h a r g e d  c e n t r e  w h ic h  m ig h t  be  a t t r a c t e d  t o  t h e  s i l i c a  

s u r f a c e ,  b u t  h e r e  t h e  a t t r a c t i o n  i s  l e s s ,  e . g .  th a n  f o r  

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

The a d s o r p t i o n  o f  O range I  i s  a p p a r e n t ly  e n d o th e r m ie .

I t  h a s  b e e n  s u g g e s t e d  by D e r b y s h ir e  t h a t  Orange I I  i s  

l a r g e l y  d im e r i s e d  i n  s o l u t i o n .  Orange I  may a l s o  be  

d i m e r i s e d ,  b u t  i f  s o ,  i t s  h y d r o x y l -g r o u p  w i l l  be i n a c t i v a t e d  

and t h e  d im er m ust d i s s o c i a t e  b e f o r e  a d s o r p t i o n  can  o c c u r .

At h i g h e r  t e m p e r a t u r e s  t h i s  d i s s o c i a t i o n  o c c u r s  more
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r e a d i l y .  An a l t e r n a t i v e  e x p l a n a t i o n  i s  t h a t  t h e  d i s t u r b e d  

l a y e r  on  s i l i c a  h a s  b e e n  d i s s o l v e d  away c a u s i n g  t h e  h ig h e r  

a d s o r p t i o n  a t  h i g h e r  t e m p e r a t u r e s .  S i m i l a r  r e s u l t s  h ave  

b e e n  n o t e d  by G r een b erg  i n  t h e  a d s o r p t i o n  o f  c a lc iu m  

h y d r o x id e  on s i l i c a .  He s u g g e s t e d  t h a t  t h e  c h e m ic a l  

r e a c t i o n  w i t h  m a t r ix  s i l i c a  b e g i n s  o n ly  a t  t h e  h i g h e r  

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

A d s o r p t io n  o f  Jan u s Red E .

P r e l i m i n a r y  e x p e r im e n t s  u pon  t h e  a d s o r p t i o n  o f  Janus  

Red B on s i l i c a  r e v e a l e d  s e v e r a l  i n t e r e s t i n g  f e a t u r e s  

m e r i t i n g  f u r t h e r  s t u d y .

T h is  dye a p p e a r s  t o  be h i g h l y  c o l l o i d a l ,  and c o n c e n ­

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

i s  p l a n a r ,  w h ich  may l e a d  t o  t h e  f o r m a t io n  o f  l o n g  t h i n  

m i c e l l e s  i n  w h ic h  t h e  dye c a t i o n s  a r e  a r r a n g e d  w i t h  t h e i r  

l o n g  a x i s  a t  r i g h t  a n g l e s  t o  t h e  l e n g t h  o f  t h e  m i c e l l e .

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

( i )  An i n i t i a l  h ig h  r a t e ,  f o l l o w e d  by a  much lo w e r  r a t e ;  

t h e  s e c o n d  p h a se  may b e  due t o  t h e  lo w  m o b i l i t y  o f

v e r y  l a r g e  m i c e l l e s .

( i i )  V ery  h i g h  c o v e r a g e  (T a b le  1 ) ;  t h i s  may be t h e  r e s u l t  

o f  a h i g h  a g g r e g a t i o n  num ber, and b e c a u s e  t h e  l o n g

t h i n  m i c e l l e s  can  p a ck  t i g h t l y  a t  t h e  s u r f a c e .  The amount
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o f  t h e  dye a d so r b e d  d e c r e a s e s  i n  p r e s e n c e  o f  p y r i d i n e - w a t e r  

( 1 : 3 )  a s  s o l v e n t  ( F i g . 9 )  p r o b a b ly  b e c a u s e  o f  d i s a g g r e g a t i o n .

( i i i )  An a p p a r e n t ly  e n d o th e r m ie  r e a c t i o n ;  t h i s  may be t h e  

r e s u l t  o f  d i s a g g r e g a t i o n .
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O o n o lu s io n s

(a )  The a d s o r p t i o n  o f  b a s i c  d y e s  on a l l  t y p e s  o f  s i l i c a  

t a k e s  p l a c e  by e l e c t r o s t a t i c  a t t r a c t i o n .  T h is  i s  

c o n s i s t e n t  w i t h  t h e  t e s t s  made i n  p r e s e n c e  o f  

a lu m in iu m  s u l p h a t e .

(b )  The am oun ts  o f  b a s i c  dye a d so r b e d  a r e  much h i g h e r  th a n  

c o r r e s p o n d  w i t h  a  n orm al m o n o la y e r ,  and t h e  a d s o r p t i o n  

o f  m i c e l l e s  r a t h e r  th a n  s i n g l e  i o n s  m ust b e  t a k i n g  

p l a c e .

( c )  No e n e r g y  c h a n g e s  a r e  a p p a r e n t  i n  a d s o r p t i o n  o f  b a s i c  

d y e s ,  b u t  t h e  r e a c t i o n  w i t h  a n i o n i c  d y e s  i s  e n d o th e r m ie ,  

p r o b a b ly  b e c a u s e  o f  i n c r e a s e  i n  c o n c e n t r a t i o n  o f  monomer 

a t  lov / t e m p e r a t u r e s ,  t h i s  s p e c i e s  b e i n g  p r e f e r e n t i a l l y  

a d s o r b e d .

(d )  The a d s o r p t i o n  i n c r e a s e s  w i t h  i n c r e a s e  i n  l i q u i d - s o l i d  

r a t i o ,  p r o b a b ly  b e c a u s e  t h e  am orphous l a y e r  on  t h e  

s i l i c a  i s  e t c h e d  away by w a t e r ,  t h u s  i n c r e a s i n g  i t s  

s u r f a c e  a r e a .

( e )  The a d s o r p t i o n  o f  t h e  a n i o n i c  d y e s ,  Orange I  and I I ,  i s  

p r o b a b ly  due t o  i o n  e x c h a n g e  and h y d r o g e n -b o n d  

f o r m a t i o n .
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