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I l l  •
SUMMARY

The main purpose  o f  th e  r e s e a r c h  was to  g a i n  a  b e t t e r  

u n d e r s t a n d i n g  of  th e  s t a t e  o f  dyes when ad so rb e d  by a v a r i e t y  o f  

o r g a n ic  and i n o r g a n i c  s u b s t r a t e s ,  w i th  th e  view to  p r o v i d i n g  a 

s o l i d  e x p e r im e n ta l  b a s i s  f o r  any new q u a n t i t a t i v e  t r e a t m e n t  o f  t h e  

mechanism o f  d y e in g ,  and of  s o l u t i o n  a d s o r p t i o n  i n  g e n e r a l .

Broadly  th e  work i s  c l a s s i f i e d  i n t o  t h r e e  main s e c t i o n s ,  

d e a l i n g  r e s p e c t i v e l y  w i th  a d s o r p t i o n  a t  th e  s u r f a c e  of  an o d ic  

a lum ina  f i l m  and of  a lum ina  powder; a g g r e g a t i o n  i n  a d s o r p t i o n  a t  

o r g a n ic  s u r f a c e s  and by s o l u t i o n  i n  w a te r ,  and th e  r e l a t i o n  be tw een  

th e  s t a t e  of  a g g r e g a t i o n  o f  dyes and t h e i r  l i g h t  f a s t n e s s .

The a d s o r p t i o n  o f  o rg a n ic  dyes from s o l u t i o n  by th e  two forms 

of a lum ina  i s  s t u d i e d  to  f i n d  o u t  w he the r  th e  dyes a r e  ad s o rb e d  a s  

a s s o c i a t e d  p a r t i c l e s .  The s p e c i f i c  s u r f a c e  a r e a  v a l u e s  o f  the  

a lum ina  c a l c u l a t e d  from th e  a d s o r p t i o n  i s o th e r m s  of  v a r i o u s  dyes 

a r e  compared, w i th  th e  va lu e  o b ta in e d  by phenol a d s o r p t i o n ,  and i t  

i s  conc luded  t h a t  a p r o p o r t i o n  o f  dye i s  adso rbed  as  m i c e l l e s .  A 

u n iq u e  e f f e c t  has  been obse rved  i n  th e  a d s o r p t i o n  of  dyes by an o d ic  

a lu m in a :  th e  amount ad so rb e d  v a r i e s  g r e a t l y  w i th  th e  volume o f

s o l u t i o n  u se d ,  i n  a p p a re n t  c o n t r a d i c t i o n  o f  thermodynamic p r i n c i p l e s  

This  i s  d i s c u s s e d ,  and an e x p l a n a t i o n  g iv e n .

S p e c t ro p h o to m e t r ic  t e s t s  have a l s o  been made to  d e te rm in e  

w he the r  dyes ad so rb ed  i n  s o l i d  f i l m s  of  r e g e n e r a t e d  c e l l u l o s e  and 

g e l a t i n  used  as models ,  o f  c e l l u l o s i c  and p r o t e i n  f i b r e s  r e s p e c t -



i v .

i v e l y ,  a r e  m o n o -d isp e rse  o r  h e ta ?o d isp e r se .  The method used  was a  

s tu d y  o f  " B e e r ' s  law cu rv es"  ( o p t i c a l  d e n s i t y  a g a i n s t  c o n c e n t r a t i o n )  

f o r  a l a r g e  number o f  dyes a t  h ig h  dye c o n c e n t r a t i o n ,  w i th  and 

w i th o u t  d i s a g g r e g a t i n g  a g e n t s .

The a b s o r p t i o n  s p e c t r a  i n  th e  v i s i b l e  r e g i o n  o f  a  number o f  

dyes have been examined when i n  s o l u t i o n  and ad so rb ed  i n  t r a n s p a r e n t  

f i l m s ,  and th e  p re se n ce  of  t h e  x and ^  bands i n  n e a r l y  a l l  c a s e s  

has  been d em o n s t ra te d  and u sed  to  d e t e c t  a g g r e g a t i o n  and 

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

The a p p l i c a t i o n  o f  B e e r ' s  law i s  ex tended  to  th e  r e l a t i o n s h i p

between  l i g h t  r e f l e c t a n c e  and c o n c e n t r a t i o n  of  c o lo u r  i n  a mass of

c o lo u re d  p a r t i c l e s  and f i b r e s .  The t h e o r e t i c a l  r e a s o n  f o r  B e e r ' s

law f a i l u r e  i n  t r a n s m i s s i o n  and r e f l e c t i o n  sys tem s i s  d i s c u s s e d  and

i t  i s  shown t h a t  a more g e n e r a l l y  t r u e  r e l a t i o n  i s  o b t a in e d  by

s u b s t i t u t i n g  f o r  £ ,  t h e  c o lo u r  c o n c e n t r a t i o n  f a c t o r  i n  th e  B e e r ' s
c llaw fo rm u la ,  th e  e m p i r i c a l  f a c t o r  ^Jx ; where a and x a r e

c o n s t a n t s  ( x < l ) ,  p ro b a b ly  f u n c t i o n s  o f  th e  r e f r a c t i v e  in d ex  

d if fe rence  between th e  dye and s u r ro u n d in g  medium,and x i s  a  s im p le  

f r a c t i o n .  From an ex a m in a t io n  o f  a b s o r p t i o n  s p e c t r a  and f a d i n g  

r a t e  c u rv e s  o f  many ty p e s  of  dye of  h ig h  l i g h t  f a s t n e s s  i t  was 

found t h a t  m ic e l le s  a r e  p r e s e n t  i n  th e  s u b s t r a t e ,  and t h i s  p ro b ab ly  

a c c o u n ts  f o r  th e  h ig h  l i g h t - f a s t n e s s . The e f f e c t s  o f  v a r i o u s

t r e a t ( ^ e n t s  used  com m erc ia l ly  to  improve th e  l i g h t - f a s t n e s s  p r o p e r t i e s  

o f  d y e s ,  have been s t u d i e d  and i t  i s  shown t h a t  a g g r e g a t i o n  o f  th e



V .

dye i s  t h e  p ro b a b le  cause  of  t h e  improvement.  I t  i s  shown t h a t  

on i r r a d i a t i o n  th e  a g g re g a te s  o f t e n  b r e a k  up ,  p r o b a b ly  because  o f  

t h e  h e a t  o f  th e  lamp. This  phenomenon, which can be m in im ised  by 

k ee p in g  th e  i r r a d i a t e d  p a t t e r n  c o o l ,  a c t u a l l y  has  an o p p o s i t e  

e f f e c t  to  f a d i n g ,  i . e .  i t  te n d s  to  i n c r e a s e  th e  a p p a r e n t  d ep th  o f  

c o l o u r .

Change i n  th e  s u r f a c e  a c t i v i t y  o f  d yes ,  p roduced  by changes 

i n  th e  s i z e  and form of  t h e i r  hyd rophob ic  r e s i d u e s  and th e  

p o s i t i o n  o f  th e  i o n i c  groups i s  shown to  a f f e c t  l i g h t  f a s t n e s s  by 

v i r t u e  o f  an i n f l u e n c e  upon th e  p h y s i c a l  form o f  th e  ad s o rb e d  dye .  

A s t a t i s t i c a l  i n v e s t i g a t i o n  o f  the  r e l a t i o n  between t h e  m o le c u la r  

shape o f  dyes and t h e i r  l i g h t - f a s t n e s s  shows t h a t  t h e r e  i s  a 

ten d en cy  f o r  f a s t n e s s  to  r i s e  w i th  f a l l  i n  a x i a l  r a t i o ,  i . e .  th e  

more n e a r l y  sq u a re  i s  th e  dye m o lecu le  th e  h i g h e r  i s  i t s  l i g h t  

f a s t n e s s .

, VNeSit 7 t h e  e f f e c t  o f  f l u o r e s c e n t  b r i g h t e n i n g  a g e n t s  on th e  

l i g h t  f a s t n e s s  o f  dyed c e l l u l o s e  i s  examined and i t  i s  shown t h a t  

th e s e  a g e n t s  do n o t  u s e f u l l y  a l t e r  l i g h t  f a s t n e s s .

Some work p ro c e e d in g  i s  d e s c r i b e d  i n  which th e  l i g h t  f a s t n e s s  

of  d i s p e r s e  dyes adso rbed  in  hydrophob ic  s u b s t r a t e s ,  e s p e c i a l l y  

p o l y e s t e r s ,  i s  shown to  depend p a r t l y  upon t h e  s t a t e  o f  a g g r e g a t i o n  

of th e  dye ,  b u t  m a in ly  upon th e  low m o is tu re  c o n t e n t  o f  th e  

s u b s t r a t e *  This  low m o is tu re  c o n t e n t  has  th e  e f f e c t  o f  r a i s i n g  

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

This  i s  th e  r e v e r s e  o f  the  normal r u l e  f o r  h y d r o p h i l i c  s u b s t r a t e s .
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INTRODUCTION

At th e  b e g in n in g  of  t h i s  c e n tu r y  a  " c o l l o i d a l  t h e o ry "  was 

f a v o u re d  to  acco u n t  f o r  d y e in g  phenomena. Amongst many 

i n v e s t i g a t o r s ,  K r a f f t ,  Wood, P e l e t - J o l i v e t , and Anderson (q u o te d  

by Y/ood) s t u d i e d  th e  p r o p e r t i e s  o f  dye s o l u t i o n s  and conc luded  

t h a t  w a t e r - s o l u b l e  dyes o f t e n  e x i s t  i n  s o l u t i o n  n o t  a s  s i n g l e  

io n s  o r  m o le c u le s ,  b u t  i n  c o l l o i d a l  a g g r e g a t e s .  They d i s c o v e r e d  

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

e f f e c t s ,  and t h a t  th e  a g g r e g a t io n  i n c r e a s e s  w i th  i n c r e a s e  i n  

c o n c e n t r a t i o n  o r  w i th  a d d i t i o n  o f  an  e l e c t r o l y t e .  These 

e f f e c t s  were supposed to  be c l o s e l y  r e l a t e d  to  t h e  phenomena 

o f  th e  d y e in g  o f  c e l l u l o s e .  But w i th  th e  development o f  

modern p h y s ic o -c h e m ic a l  methods of  s tu d y in g  d y e in g ,  t h e s e  e a r l y  

id e a s  were su p e rse d e d  by more p r e c i s e  ones e x p re s s e d  i n  

m a th em a t ic a l  te rm s ,  i n  which th e  p o s s i b i l i t y  of  a s s o c i a t i o n  

between dye m o le cu le s  was a t  f i r s t  d i s c a r d e d  because  by d o ing  

t h i s  th e  m a th em a t ic a l  t r e a tm e n t  was s i m p l i f i e d *  and th e n  was 

f o r g o t t e n  o r  c o n s id e r e d  d i s c r e d i t e d .  I t  w i l l  be seen  from 

the  a c c o u n t  o f  th e  p r e s e n t  a u t h o r ' s  work g iv e n  i n  t h i s  t h e s i s  

t h a t  " th e  wheel has  come f u l l  c i r c l e " ,  and t h a t  the  e a r l y  

id e a s  o f  th e  p re se n c e  o f  l a r g e  assem blages  o f  dye m o le cu le s  i n  

f i b r e s  must be r e c o n s i d e r e d .  Id ea s  on th e  p h y s i c a l  c h e m is t ry  

of t h e  a d s o r p t i o n  o f  dyes have undergone a g r e a t  change s i n c e  

abou t  1950 , l a r g e l y  as  a  r e s u l t  o f  th e  p io n e e r i n g  work o f  Neale  

and th e  M anches te r  sc h o o l  and R id e a l  and G i l b e r t  a t  Cambridge,



and l a t e r ,  o f  V i c k e r s t a f f ,  R .S ,  P e t e r s  and c o l l a b o r a t o r s  i n  

th e  I . C . l *  M anches ter  l a b o r a t o r i e s .  Neale was th e  f i r s t  

i n v e s t i g a t o r  to  make d e t a i l e d  s t u d i e s  o f  t h e  k i n e t i c s  of  

d y e in g ,  and R id ea l  and G i l b e r t  were t h e  f i r s t  to  a p p ly  

thermodynamic p r i n c i p l e s  to  a s tu d y  o f  th e  e q u i l i b r i u m  s t a t e .  

Neale  worked w i th  d i r e c t  dyes on c e l l u l o s e  and R id e a l  and 

G i l b e r t  w i th  a c id  dyes and w i th  a c i d s  a lo n e  on wool.  G i l b e r t  

and R id e a l  assumed t h a t  adso rbed  a n io n s  a r e  l o c a t e d  a t  s p e c i f i c  

s i t e s  i n  wool.  They assumed t h a t  i f  th e  f i b r e  i s  compact,  t h e  

most l i k e l y  s i t e s  f o r  th e  ad so rb e d  an io n s  a r e  p o s i t i v e l y  

charged  b a s i c  g ro u p s ,  a lm o s t  a l l  o f  which ,  i n  wool k e r a t i n ,  

a r e  u s u a l l y  supposed to  be p a i r e d  w i th  ca rb o x y l  g ro u p s .  A l l  

t h e  p o s i t i v e  groups have i d e n t i c a l  p r o p e r t i e s ,  as  f a r  as  t h e i r  

i n t e r a c t i o n  w i th  an ions  i s  conce rned ,  and a l l  th e  ca rb o x y l  

groups  a r e  a l i k e  i n  t h e i r  a f f i n i t y  f o r  p r o to n s .  An an io n  i s  

f r e e  to  occupy any p o s i t i v e  s i t e  w hether  o r  n o t  th e  s i t e  i s  

n e x t  to  a  c a rb o x y l  group t h a t  has  been n e u t r a l i s e d  by a p r o t o n .  

Ohly one a n io n  can however be adso rbed  by any one s i t e ,  j u s t  as  

th e  a d s o r p t i o n  o f  one p ro to n  makes a c a rb o x y l  s i t e  no lo n g e r  

a v a i l a b l e .  Anions and p ro to n s  a r e  r e g a r d e d  as  b e in g  ad so rb ed  

in d e p e n d e n t ly ;  e x c e p t  i n  so f a r  as  th ey  i n f l u e n c e  one a n o t h e r  

th ro u g h  t h e i r  c o n t r i b u t i o n  to  th e  n e t  cha rge  of  the  f i b r e .

Thus n e a r l y  a l l  th e  an ions  i n  th e  f i b r e  w i l l  be adso rbed  i n  

t h i s  way and may be r e g a rd e d  as  b e in g  adso rbed  upon a l i m i t e d
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number of. p o s i t i v e l y  charged  s i t e s .

The a c t i v i t y  o f  an io n s  i n  th e  f i b r e  i s  r e p r e s e n t e d  by th e  

f r a c t i o n
_x  . e = X /  S 5 where

1 -  e ’ a  x
X

X ^ i s  th e  t o t a l  c o n c e n t r a t i o n  o f  a n io n s  w i t h i n  th e  f i b r e ,  th e  

amount o f  uncommitted an io n  b e in g  r e g a rd e d  as  n e g l i g i b l e ;  and 

S ^ i s  th e  c o n c e n t r a t i o n  o f  an io n  s i t e s , ,  a l s o  w i t h i n  th e  f i b r e .

T h is  th e o ry  o f  G i l b e r t  and R id e a l  p ro v id ed  a  s a t i s f a c t o r y

e x p l a n a t i o n  of  th e  t i t r a t i o n  o f  wool by h y d r o c h l o r i c  a c i d .  For

t h e  purpose  o f  a q u a n t i t a t i v e  t r e a tm e n t  o f  wool d y e in g ,  i t  was

assumed t h a t  a s s o c i a t i o n  o f  dye io n s  w i th  p r o t e i n s  would be

a lm o s t  c o m p le te ,  so t h a t  th e  amount o f  uncommitted dye io n s

w i t h i n  t h e  f i b r e s  might  be n e g l e c t e d .  The a c t i v i t y  o f  a n io n s

w i l l  th e n  be r e p r e s e n t e d  by th e  e x p r e s s i o n  -------  —  , b u t  t h e
1 -

v a l u e  o f  0^ w i l l  depend upon th e  number o f  s i t e s  a v a i l a b l e  f o r  

th e  a n i o n s .

Tfhen wool i s  p la c e d  i n  a d y eb a th ,  th e  hydrogen io n s  a r e  

ad so rb ed  by th e  ca rb o x y l  groups  i n  th e  f i b r e .  This  p ro c e s s  

t a k e s  p l a c e  o n ly  i f  t h e r e  i s  a s im u l ta n e o u s  a d s o r p t i o n  o f  an 

e q u i v a l e n t  number of  a n i o n s .  The dyeba th  however c o n t a i n s  a 

m ix tu re  o f  a n i o n s ,  b u t  i n  g e n e r a l  the  dye an io n s  w i l l  be v e ry  

much l a r g e r  th a n  th e  in o r g a n i c  an io n s  and w i l l  d i f f u s e  much more 

s lo w ly .  Hence i n o r g a n i c  io n s  a r e  ad so rb ed  b e f o r e  th e  dye i o n s .  

Elttd has  examined th e  r a t e  of  a d s o r p t i o n  of  c h l o r i d e ,  hydrogen .
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and dye io n s  by wool from a dyeba th  c o n t a in i n g  th e  sodium s a l t  

o f  th e  dye ,  t o g e t h e r  w i th  h y d r o c h l o r i c  a c i d .  E q u i l i b r iu m  w i th  

hydrogen  io n s  was q u ic k ly  a t t a i n e d ,  b u t  th e  c h l o r i d e  io n s  a f t e r  

r e a c h i n g  a maximum a d s o r p t i o n  th en  l e f t  th e  f i b r e  a s  th e  more 

s lo w ly  moving dye io n s  were a d s o rb e d .  The f a c t  t h a t  th e  dye 

io n s  e n t e r  th e  wool f i b r e ,  which a l r e a d y  c o n t a i n s  e q u i v a l e n t  

q u a n t i t i e s  o f  a n io n s  and c a t i o n s ,  i s  c o n s id e re d  most s i g n i f i c a n t  

by th e  s u p p o r t e r s  o f  t h i s  t h e o r y .

This  work was m ain ly  concerned  w i th  th e  a c i d  wool l e v e l l i n g  

ty p e s  o f  dye,  which a r e  n o t  c o l l o i d a l  i n  aqueous s o l u t i o n .  Acid 

m i l l i n g  dyes a r e  o f t e n  c o l l o i d a l  i n  s o l u t i o n  i n  th e  c o ld .

G o o d a l l ,  i n  e x p l a i n i n g  the  m i g r a t i n g  p r o p e r t i e s  o f  dyes i n  wool, 

c o n s id e r e d  t h a t  a c id  m i l l i n g  dyes a r e  a g g re g a te d  even a t  t h e  b o i l ,  

i n  s o l u t i o n ,  and t h a t  th ey  d i f f e r  c o n s i d e r a b l y  i n  g e n e r a l  k i n e t i c  

b eh a v io u r  from a c i d  l e v e l l i n g  d y e s .  Moreover L. Pe te rs ,  

c o n s id e r e d  t h a t  com bina t ion  o f  u n io n i s e d  dye m o le cu le s  t a k e s  

p la c e  w i th  th e  amide group o f  p r o t e i n ,  l e a d i n g  to  a v e ry  l a r g e  

number o f  s i t e s  f o r  dye i o n s .  Both t h e s e  f a c t o r s  would 

c o m p l ic a te  o r  i n v a l i d a t e  the  t r e a t m e n t  d i s c u s s e d  above.

Speakman and E l l i o t t  examined th e  s e t t i n g  power o f  f i b r e s  

by X -ray  d i f f r a c t i o n ,  and re ac h ed  th e  c o n c lu s io n  t h a t  th e  dye 

m o lecu les  do n o t  as a r u l e  p e n e t r a t e  th e  i n t e r n a l  f i b r e  m i c e l l e s ,  

bu t  rem ain  on th e  s u r f a c e  of  th e s e  m i c e l l e s  i n  numbers e q u i v a l e n t  

to  th e  m i c e l l a r  c h a rg e .  Where th e  m i c e l l e s  a r e  l a r g e ,  th e y
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c o n s id e r e d  t h a t  th e  dye m o lecu le s  may f o r c e  t h e i r  way i n  and 

cause  m i c e l l a r  s u b d i v i s i o n ,  w i th  a r e d u c t i o n  i n  f i b r e  t e n s i l e  

s t r e n g t h ,  b u t  l i t t l e  change i n  th e  X -ray  d iag ram . T h e re fo re  

t h e r e  a r e  some grounds f o r  t h e  b e l i e f  t h a t  i n  wool s a t u r a t e d  w i th  

dye ,  th e  dye io n s  a r e  n o t  a lways i n  c l o s e  p ro x im i ty  to  cha rged  

amino g ro u p s .

V i c k e r s t a f f  s u g g e s t s  t h a t  i n t e r a c t i o n  between amide groups 

i n  wool and th e  n o n - i o n i c  r e s i d u e  o f  a dye m olecu le  must o c c u r ,  

and i n  n e u t r a l  s o l u t i o n  such i n t e r a c t i o n  must be th e  main 

a t t r a c t i o n  between th e  two. In  a c i d  s o l u t i o n  however,  th e  

e l e c t r i c a l  f o r c e s  between dye an io n s  and b a s i c  groups i n  th e  

p r o t e i n  must be h i g h l y  im p o r t a n t ,  f o r  many dyes o f  l e v e l  dye ing  

type  a r e  a d so rb e d  by wool from a c i d  s o l u t i o n ,  b u t  l e a v e  th e  

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

amide com bina t ion  i s  th e  main source  o f  th e  h ig h e r  a f f i n i t y  o f  

a c i d  dyes i n  comparison w i th  i n o r g a n ic  a n i o n s ,  b u t  th e  s i t e s  i n  

the  f i b r e s  a r e  of  two t y p e s ,  namely th o s e  which a r e  a d j a c e n t  to  

p o s i t i v e l y  cha rged  b a s i c  g roups  and th o s e  which a r e  n o t .

P a r a l l e l  w i th  th e  work o f  G i l b e r t  and R i d e a l ,  a  q u a n t i t a t i v e  

th e o ry  f o r  the  dye ing  o f  c e l l u l o s e  was deve loped  by Neale and h i s  

c o l l a b o r a t o r s  to  acco u n t  f o r  th e  dye and e l e c t r o l y t e  

c o n c e n t r a t i o n s  found  i n  th e  f i b r e .  They assumed t h a t  t h e  d i r e c t  

dyes e x i s t  i n  s o l u t i o n  as  f u l l y  d i s s o c i a t e d  s a l t s  o f  ty p e  Na.^D, 

and t h a t  o f  a l l  th e  io n s  p r e s e n t  on ly  th e  dye an io n s  a r e



6.

s p e c i f i c a l l y  ad so rb ed  a t  the  c e l l u l o s e - w a t e r  i n t e r f a c e .  The 

d i s t r i b u t i o n  o f  a l l  o t h e r  io n s  i s  d e te rm in ed  by th e  need  f o r  

e l e c t r i c a l  n e u t r a l i t y  i n  any f i n i t e  volume o f  th e  sys tem . I n  

the  c a s e  o f  c e l l u l o s e ,  u n l i k e  wool,  t h e r e  a r e  no i o n i c  s i t e s  

f o r  a d s o r p t i o n .

Neale has  a l s o  shown t h a t  t h e  maximum amount o f  C h lo ra zo l  

Sky Blue PF ( C . I .  D i r e c t  Blue 1) which i s  ad so rb ed  by c e l l u l o s e  

co r r e sp o n d s  ro u g h ly  w i th  th e  a v a i l a b l e  i n t e r n a l  s u r f a c e  a r e a  

i f  t h e  dye i s  assumed to  form a  u n im o le c u la r  l a y e r  t h e r e o n .

Thus i t  a p p e a r s  t h a t  th e  dye i s  ad so rb ed  upon a  f i n i t e  number 

of s i t e s  of  a  n o n - i o n i c  t y p e .  I t s  a c t i v i t y  would th u s  be
Q

r e p r e s e n t e d  by th e  f r a c t i o n  -—— .

R.H. P e t e r s  and V i c k e r s t a f f  have c a s t  doub t  on th e  above 

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

f i b r e  tow ards  d i f f e r e n t  d i r e c t  dyes, v a r i e s  by a f a c t o r  o f  a t  

l e a s t  f i v e  from dye to  dye,  and i t  has  no a p p a re n t  co n n e c t io n  

w i th  th e  m o le c u la r  s i z e  o r  c o n s t i t u t i o n  o f  th e  dye .  This 

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

dyes on wool,  where th o se  examined g iv e  a lm o s t  e x a c t l y  e q u iv 

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

F u r th e rm o re ,  i n  th e  case  e . g .  o f  t h e  d i r e c t  dye 

Chrysophenine  G on C e l lophane ,  th e  e s t im a t e d  s a t u r a t i o n  v a lu e  

ap p e a r s  to  v a ry  w i th  th e  c o n c e n t r a t i o n  o f  sodium b h l o r i d e  p r e s e n t  

i n  th e  sy s tem .  Consequent ly  i t  i s  n o t  p o s s i b l e  t o  r e p r e s e n t  t h e
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a c t i v i t y  o f  th e  dye an io n s  i n  th e  c e l l u l o s e  f i b r e  a s  a  f u n c t i o n  

o f  th e  f r a c t i o n  o f  s i t e s  occup ied  u n l e s s  i t  i s  assumed t h a t  th e  

ty p e  and number o f  a v a i l a b l e  s i t e s  d i f f e r  from dye to  dye .  The 

c a t i o n s  which must accompany th e  dye i n t o  th e  f i b r e ,  t o  m a in t a in  

e l e c t r i c a l  n e u t r a l i t y ,  s i m i l a r l y  canno t  be r e p r e s e n t e d  by any 

f u n c t i o n  o f  t h i s  t y p e ,  as  no s i t e s  f o r  th e  a d s o r p t i o n  o f  such 

i o n s  e x i s t .

C o nsequen t ly ,  P e t e r s  and V i c k e r s t a f f ,  w h i le  assuming th e  

dye to  be co m p le te ly  d i s s o c i a t e d  i n  s o l u t i o n ,  modify Hanson,

Neale and S t r i n g f e l l o w ' s  arguments  by i n t r o d u c i n g  a  volume te rm  

V ( e x p r e s s e d  as  l i t r e s  p e r  kg .  of  f i b r e )  which r e p r e s e n t s  th e  

volume o f  a  t h i n  l a y e r  o f  s o l u t i o n ,  n e a r  th e  f i b r e - w a t e r  i n t e r 

f a c e ,  which c o n t a i n s  a l l  the  v a r i a t i o n s  i n  i o n i c  c o n c e n t r a t i o n .

A l l  th e  above mentioned arguments  a r e  m o s t ly  i n  f a v o u r  o f  

th e  a s su m p t io n  t h a t  dyes e x i s t  i n  m onodisperse  form i n  s o l u t i o n  

and i n  th e  adso rbed  s t a t e .  However th e  work c a r r i e d  o u t  i n  

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

o rg a n ic  and i n o r g a n ic  s u b s t r a t e s ,  and on l i g h t  f a s t n e s s ,  has  c a s t  

doubt  on th e  c o r r e c t n e s s  o f  t h i s  a s su m p t io n ,  and as  s t a t e d  a t  th e  

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

n e c e s s a r y  to  r e c o n s i d e r  th e  whole t h e o r e t i c a l  b a s i s  of  th e  

c h e m is t ry  of  dye ing  p r o c e s s e s .

The f o l lo w in g  p a rag rap h s  g iv e  a  s h o r t  r ev ie w  of  th e  p r e v io u s
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l i t e r a t u r e ,  m a in ly  d e s c r i b i n g  work i n  t h i s  l a b o r a t o r y ,  i n  which 

i t  i s  s u g g e s te d  t h a t  adsorbed  dyes e x i s t  i n  a h e te ro g e n e o u s  

s t a t e ;  i . e .  t h a t  they  e x i s t  l a r g e l y  a s  m i c e l l e s  o r  a g g r e g a t e s  i n  

a ran g e  o f  s i z e s ,  b u t  pe rhaps  w i th  some m o le c u l a r l y  d i s p e r s e  

m a t e r i a l  a s  w e l l .

A d s o rp t io n  o f  dyes as  m i c e l l e s  has  o f  co u r se  lo n g  been known 

i n  th e  ca se  o f  cyan ine  dyes on s i l v e r  h a l i d e s  ( f o r  a s u rv e y ,  see  

D ic k i n s o n ) .  Pankhurs t  a l s o  has  shown t h a t  m i c e l l a r  complexes a r e  

formed, i n  aqueous s o l u t i o n ,  between g e l a t i n  and lo n g  c h a in  a l k y l  

s u l p h a t e s ,  a sys tem which may be c o n s id e re d  as  a model o f  a c i d  

dyes and p r o t e i n  f i b r e s .

The b a s i c  dye Methylene Blue when adso rbed  on s i l i c a

(All ingham  e t  a l . ,  1958) or  on g e l a t i n  (Campbell and G i l e s )

c l e a r l y  shows th e  p resen ce  o f  an  a g g re g a te d  s t a t e  i n  th e  s u b s t r a t e s .

This dye i s  p a r t i c u l a r l y  a p p r o p r i a t e  f o r  t h i s  ty p e  o f  ex am in a t io n

s in c e  Demin and V i c k e r s t a f f  have shown t h a t  i t s  l i g h t  a b s o r p t i o n  
o 0

peaks a t /o 7 p O  A and 6100 A i n  c o n c e n t r a t e d  aqueous s o l u t i o n s  

co r re sp o n d  w i th  monomeric and po lym eric  forms r e s p e c t i v e l y .  The 

p resence  o f  a g g re g a te d  m a t e r i a l  i s  t h e r e f o r e  r e a d i l y  d e t e c t e d  by 

s p e c t r o p h o to m e t ry .  By t h i s  means All ingham e t  a l . have found t h a t  

a  dye s o l u t i o n  a f t e r  shak ing  w i th  s i l i c a  c o n ta in e d  a  lower  

p r o p o r t i o n  o f  a g g re g a te d  dye th a n  one o f  s i m i l a r  c o n c e n t r a t i o n ,  

which had n o t  been  so t r e a t e d ;  and f u r t h e r ,  th e  r e f l e c t a n c e  o f  t h e  

dyed s i l i c a  i t s e l f  showed th e  a g g r e g a te d  dye waveband. S i m i l a r
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r e s u l t s  have been  o b ta in e d  by t h e  same a u t h o r s  w i t h  s i l i c a  and 

a  cy a n in e  dye .  G e l a t i n  f i l m s  dyed w i th  Methylene Blue a l s o  

show b o t h  monomer and a g g r e g a t e  peaks  i n  th e  a b s o r p t i o n  sp e c t ru m .  

These a r e  g iv e n  by th e  m a t e r i a l  which has  n o t  been  d r i e d  a f t e r  

rem oval  from th e  d y e b a th ,  so t h a t  a g g r e g a t e s  must be formed 

d u r in g  t h e  a c t u a l  d y e in g  p ro c e s s  and n o t  d u r in g  t h e  su b se q u en t  

d ry in g  o u t  o f  w a t e r .  Campbell e t  a l . found  t h a t  d i s a g g r e g a t i n g  

a g e n t s  (ph en o l  o r  u r e a )  added to  t h e  d y e b a th ,  r e d u c e  t h e  

p r o p o r t i o n  of  t h e  a g g r e g a te  p r e s e n t .

I n  t h e  a d s o r p t i o n  o f  b a s i c  dyes by g r a p h i t e  G a l b r a i t h  e t  a l . 

found  t h a t  t h e  maxima o b ta in e d  a r e  much h i g h e r  th a n  can be 

a c c o u n te d  f o r  by a normal monolayer  o f  m onod isperse  dye ,  and th e y  

a t t r i b u t e d  t h i s  to  the  fo rm a t io n  o f  monolayers  o f  i o n i c  m i c e l l e s  

o r  a g g r e g a t e s .

Hansen, Pu and B a r t e l l  g iv e  ev id en ce  o f  m u l t i l a y e r  

a d s o r p t i o n  o f  sm a l l  a ro m a t ic  and a l i p h a t i c  m o le c u le s ,  e . g .  a n i l i n e ,  

p h en o l ,  o r  v a l e r i c  a c i d  on v a r i o u s  forms o f  ca rb o n ,  from aqueous 

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

Cameron, G i l e s  and MacEwan, found  t h a t  a  p a r t i c u l a r  po lyhydroxy  

a n th ra q u in o n e  dye has  a marked Condensing a c t i o n  on a c a s e i n  

m onolayer ;  and G i l e s  and MacEwan found t h a t  m e ta l -co m p lex  dyes 

w i th  s t r o n g  hyd rogen-bond ing  g roups  a t  o p p o s i t e  ends o f  th e  

m o le c u le ,  a l s o  have condens ing  a c t i o n  on m onolayers  o f  t h e  p r o t e i n  

e d e s t i n .  These e f f e c t s  seem to  be much more marked th a n  would be
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ex p ec ted  from th e  s i z e  o f  t h e s e  dye m o le c u le s .  Tannic  a c i d ,  

which behaves  s i m i l a r l y ,  h a s  a v e ry  l a r g e  m o le c u le .  These 

a u t h o r s  su g g e s te d  t h a t  m i c e l l e s  o f  dyes a r e  p r e s e n t  and when 

adso rbed  by the  p r o t e i n  monolayer a r e  r e s p o n s i b l e  f o r  t h e  e f f e c t s  

o b se rv e d .

R e c e n t ly  a b s o r p t i o m e t r i c  measurements o f  dyes i n  aqueous 

s o l u t i o n ,  o r  i n  t r a n s p a r e n t  f i lm s  o f  g e l a t i n  o r  C e l lo p h a n e ,  have 

been made up to  ti igh o p t i c a l  d e n s i t i e s ,  and ev idence  has  been 

found of  th e  m i c e l l a r  n a t u r e  of  m ostof  th e  ad so rb e d  d y e s .  T h i s  

i s  d i s c u s s e d  i n  t h e  I n t r o d u c t i o n  to  P a r t  I I  o f  t h i s  t h e s i s .

Another  l i n e  o f  ev idence  p o i n t i n g  to  s i m i l a r  c o n c lu s io n s  i s  

o b ta in e d  from work on pho tochem ica l  a c t i o n .  Dyes which a r e  

ag g reg a te d  tak e  c o n s i d e r a b l y  l o n g e r  to  f a d e  i n  l i g h t  th a n  th o s e  

which a r e  monomeric.  Thus, B a x te r  e t  a l . have s t u d i e d  th e  

r e l a t i o n s h i p  between  l i g h t  f a s t n e s s  and dye c o n c e n t r a t i o n ,  and 

have drawn c o n c lu s io n s  r e g a r d i n g  th e  p h y s i c a l  s t a t e  o f  dyes i n  

a i r - d r y  s u b s t r a t e s .  They found  t h a t  i n  most s u b s t r a t e s  th e  dye 

ap p e a rs  to  e x i s t  a t  l e a s t  p a r t l y  i n  th e  form of  a g g r e g a t e s .  A

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



11.
PAST I

ADSORPTION AT INORGANIC SURFACES

The a d s o r p t i o n  o f  o rg a n ic  dyes from s o l u t i o n  by two forms 

of  a lu m in a ,  v i z .  t h e  anod ic  ox ide  f i l m  on a luminium and 

a c i d i f i e d  ch rom a tog raph ic  a lum ina  powder i s  nowadays c a r r i e d  

ou t  v e r y  e x t e n s i v e l y .  The aim o f  th e  p r e s e n t  work was to  

f i n d  o u t  w he the r  th e  dyes a r e  ad so rb e d  a s  a s s o c i a t e d  p a r t i c l e s  

as  i n  th e  ca se  o f  th e  o t h e r  i n o r g a n i c  s u b s t r a t e s  m en t ioned  i n  

th e  I n t r o d u c t i o n  above o r  a s  m onod isperse  m o le c u le s .  The 

method employed was to  e s t i m a t e  s p e c i f i c  s u r f a c e  a r e a  v a l u e s  

o f  th e  a lum ina  from th e  a d s o r p t i o n  i s o th e rm s  o f  v a r i o u s  d y es  

and to  compare th e  d a t a  so o b ta in e d  w i th  t h e  s p e c i f i c  s u r f a c e  

a r e a  v a l u e  o b ta in e d  by phenol a d s o r p t i o n ;  i t  b e in g  assumed 

t h a t  pheno l  i s  ad so rb ed  m onom olecu la r ly , so t h a t  th e  v a l u e  

o b t a in e d  i s  a  " t r u e "  s p e c i f i c  s u r f a c e  a r e a .

Any s p e c i f i c  s u r f a c e  a r e a  v a lu e s  h ig h e r  th a n  th o s e  

o b ta in e d  by phenol  were c o n s id e r e d  as  ev id en ce  f o r  dye 

a g g r e g a t e s ,  ad so rb e d  on th e  s u r f a c e  of  th e  s u b s t r a t e s .

EXPERIMENTAL

P r e p a r a t i o n  o f  th e  Oxide F i lm .

(a )  A n od is ing  equipment

The a n o d i s i n g  c e l l  was a  2 1 .  b e a k e r  immersed i n  a  

t h e r m o s t a t .  The ca thode  was a l e a d  p l a t e  (6" x % l /& " )
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and th e  anode a  s t r i p  of  aluminium f o i l  o f  th e  same a rea*

Any v a r i a t i o n  i n  t e m p e ra tu r e  ove r  th e  m e ta l  s u r f a c e  was 

m in im ised  by a g i t a t i n g  th e  e l e c t r o l y t e  w i th  an e l e c t r i c a l l y  

d r i v e n  s t i r r e r .  The c e l l  was connec ted  to  th e  a . c .  m ains  

th ro u g h  a r e c t i f i e r ,  w i th  a  v o l t m e t e r  a c r o s s  t h e  e l e c t r o d e s ,  

an ammeter i n  s e r i e s  w i th  th e  main c i r c u i t  and a  v a r i a b l e  

r e s i s t a n c e  to  a d j u s t  th e  o u tp u t  from th e  r e c t i f i e r .

The e l e c t r o l y t e  used  was a  s o l u t i o n  o f  "A n a la r"  

chromium t r i o x i d e  i n  d i s t i l l e d  w a te r .

(b)  A n o d is in g  p rocedu re

The a lum in ium  f o i l  was c u t  to  s i z e  (6" x  3^ "  ) : a n d  

l i g h t l y  marked i n t o  s t r i p s  (3&" x 1 / 4 " ) .  I t  was d e g re a s e d  

by w ip in g  o v e r  w i th  c o t t o n  wool soaked i n  ca rbon  t e t r a c h l o r i d e .  

A f t e r  r i n s i n g  w i th  w a te r  th e  f o i l  was i n s e r t e d  a s  anode i n  th e  

c e l l .  A n o d is in g  was c a r r i e d  o u t  f o r  two hou rs  a t  c o n s t a n t  

t e m p e ra tu r e  a t  an a p p l i e d  v o l t a g e  o f  45 v .  This  en s u re d  a

c u r r e n t  d e n s i t y  o f  6 a m p s . / s q . f t .  On com p le t io n  o f  a n o d i s i n g

th e  anode was removed from th e  c e l l  and washed w i th  w a t e r .

The a n o d i s i n g  f o i l  was d r i e d  by p r e s s i n g  between two f i l t e r  

papers  to  remove l o o s e  water; f o l lo w e d  by oven d ry in g  a t  130^ 

f o r  one h o u r .  P r i o r  to  u se  i n  a d s o r p t i o n  e x p e r im en ts  th e  

f o i l  was k e p t  i n  a  d e s i c c a t o r ,  b u t  n e v e r  f o r  more th a n  24 h o u r a  

a f t e r  a n o d i s i n g  a s  th e  a d s o r p t i v e  c a p a c i t y  o f  t h e  f i l m  

d e t e r i o r a t e s  i f  a  l o n g e r  p e r io d  i s  a l low ed  to  e l a p s e .

A n a ly s i s  o f  t h e  Oxide Film

The method s u g g e s te d  by Edwards was u se d  to  d e te rm in e  th e
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w eigh t  o f  ox ide  on a  s t r i p  ( 3^ "  % l / 4 ” ) ou t  from th e  anode*

Each s t r i p  was immersed i n  50 ml.  o f  a  b o i l i n g  s o l u t i o n  

c o n t a i n i n g  p h o sp h o r ic  a c i d  (855^; 35 m l . )  and chromium t r i o x i d e  

(20  g .  p e r  l i t r e ) .  By w eigh ing  t h e  s t r i p  b e f o r e  and a f t e r  

im m ers ion ,  th e  amount of  ox ide  p r e s e n t  was o b t a i n e d  by d i f f e r e n c e .  

I n  p r a c t i c e ,  a  3-m inu te  t r e a tm e n t  was found s u f f i c i e n t .  The 

av e ra g e  w eigh t  o f  ox ide  on a  s t r i p  o f  0 .875  s q . i n .  a r e a  was 

c a . 0 .013  g*

A n a ly s is  o f  aluminium i n  aqueous s o l u t i o n .

The c o n c e n t r a t i o n s  o f  aqueous s o l u t i o n s  c o n t a i n i n g  

aluminium were d e te rm in e d  u s i n g  "a luminon" r e a g e n t .  T h i s  

r e a g e n t  forms a  b r i g h t  r e d  l a k e  w i th  a luminium. I t  was 

p rep a red  by d i s s o l v i n g  0 .2  g .  o f  ammonium a u r i n  t r i c a r b o x y l a t e  

i n  100 m l.  o f  d i s t i l l e d  w a te r .  Small  c o n c e n t r a t i o n s  o f  

a luminium (up to  0 .0 3  g* i n  30 m l . )  g iv e  p in k  to  r e d  c o lo u re d  

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

The method o f  e s t i m a t i o n  u sed  i s  d e s c r i b e d  by V oge l .

8 m l.  o f  2^0 h y d r o c h l o r i c  a c i d ,  10 ml.  o f  25^  a c e t i c  a c i d  and 

5 ml.  o f  t h e  r e a g e n t  were added to  2 ml.  t e s t  s o l u t i o n .  The 

volume was f i n a l l y  made up to  30 m l.  by a d d i t i o n  o f  a  10^  

s o l u t i o n  o f  ammonium c a rb o n a te  i n  305  ̂ aqueous ammonia (0 .880  

S .G .)  s o l u t i o n .  The c o lo u r  p roduced  was compared w i th  t h a t  

o f  s t a n d a r d  s o l u t i o n s  p re p a re d  by d i l u t i o n  o f  an aqueous 

s o l u t i o n  c o n t a i n i n g  1*759 g . / l *  "A na la r"  p o ta s s iu m  aluminium 

s u l p h a t e ,  o f  which 1 ml.  c o n ta in e d  0 .1  ml.  o f  a luminium .
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P r e p a r a t i o n  of  a lum ina  powder

The s u b s t r a t e  was m ain ly  from a  s i n g l e  sample o f  

ch rom a tog raph ic  a lum ina  (Type H, Savory and Moore) ,  b u t  a  few 

t e s t a  were made on a  r a t h e r  c o a r s e r  sample (B .D .H . ) .

The powder was found to  be a l k a l i n e  i n  c h a r a c t e r ,  20 m l.  

o f  d i s t i l l e d  w a te r ,  shaken  up w i t h  1 g .  a t  room t e m p e r a tu r e ,  

had a  piH o f  9*5• A lk a l in e  a lum ina  does n o t  a d s o rb  a c i d  dye§,

a c i d i f i e d  a lum ina  a d s o rb s  them f r e e l y ;  t h e r e f o r e  t h e  powder 

was a c i d i f i e d  b e f o r e  by washing  100 g .  tw ic e  w i th  200 ml.

2 N -h y d ro c h lo r ic  a c i d ,  fo l lo w ed  by s e v e r a l  r i n s i n g s  i n  w a te r .

I t  was th en  d r i e d  i n  an oven a t  150^ f o r  two d ay s .  The pH 

of  t h i s  a lum ina  i n  d i s t i l l e d  w a te r  was 4 * 4 . •

Both samples o f  th e  a lum ina  powder when s t a n d a r d i s e d  were 

found to  c o r re sp o n d  to  Brockmann 's  g rade  I I .  They were k ep t  

i n  s e p a r a t e  d e s i c c a t o r s  d u r in g  th e  c o u rse  of  t h e  work.

Byes e t c .

Pure dye sam ples  p r e p a r e d  by th e  w r i t e r ' s  p r e d e c e s s o r s  

were u se d  i n  t h e s e  e x p e r im e n t s .  A l i s t  i s  g iv e n  i n  T ab le  I . l

A d so rp t io n  p ro ced u re

(a )  Oxide Film

5 ml. o f  a  s o l u t i o n  o f  th e  compound u n d e r  i n v e s t i g a t i o n  

was p la c e d  i n  a t e s t  tube  t o g e t h e r  w i th  a  weighed s t r i p  o f  

an od ised  f o i l .  The tube  was th e n  co m p le te ly  s e a l e d  i n  a  

Bunsen f lame and immersed i n  a t h e r m o s t a t  t a n k  a t  t h e  r e q u i r e d  

ex p e r im en ta l  t e m p e r a tu r e .
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The f o l l o w i n g  dyes were used  f o r  s p e c i f i c  s u r f a c e  a r e a  measurement.

Base Coupling component

Monosulphonat e s

I S u l p h a n i l i c  Acid 1 -n a p h th o l
I I It " (O -m e th y la ted )
I I I II 2 -n a p h th o l
IV 1 -Naphthyla m in e -  

4 - s u l p h o n i c  a c id

B isu lp h o n a te a

It

V A n i l i n e f i -a c id
VI 1-Naphthylam ine II

VII p - n - B u ty l a m i l in e t i

V II I p - n -D o d e c y la n i l i n e II

IX S u l p h a n i l i c  a c i d S c h a e f f e r  a c i d
X 1-N aph thy lam ine-  

4 - s u lp h o n ic  a c id
It

XI A n i l in e L - a c e t y l  H -ac id
XII p - n - B u t y l a n i l i n e II

X II I p - n - D o d e c y la n i l i n e II

XIV A n i l in e H -ac id
XV p - n - B u t y l a n i l i n e II

T r i s u l p h o n a t e s

XVI S u l p h a n i l i c  a c i d R -a c id
XVII 1 - Naphthy lam ine-  

4 - s u l p h o n i c  a c i d
G -ac id

T e t r a s u lp h o n a te

XVIII D ia m is id in e 2g a c i d
XIX L issam ine  Green V

( C . I . 44025 )
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F o r  measurement o f  th e  r a t e  o f  a d s o r p t i o n  s e v e r a l  tu b e s  

c o n t a i n i n g  5 # 1 .  p o r t i o n s  o f  a s o l u t i o n  o f  one c o n c e n t r a t i o n ,  

u s u a l l y  0 . 025'J by w eigh t  o f  s o l u t e ,  were p la c e d  i n  a  t h e r m o s t a t .  

These were removed and t h e i r  c o n t e n t s  a n a ly s e d  a t  v a r i o u s  t im e 

i n t e r v a l s  measured  from th e  i n s t a n t  o f  im m ersion .  The s t a t e  

of  th e  s o l u t i o n / o x i d e  f i l m  system cou ld  th u s  be s p e c i f i e d  a f t e r  

th e  a d s o r p t i o n  p r o c e s s  had c o n t in u e d  f o r  d i f f e r e n t  p e r io d s  of  

t im e .  A n a ly s i s  o f  c o n t e n t s  o f  tu b e s  removed a f t e r  a p e r io d  

of immersion which v a r i e d  w i th  s o l u t e  and e x p e r im e n ta l  

t e m p e ra tu r e  from 2 h r .  to  24 h r .  showed c o n s t a n t  d i s t r i b u t i o n  

o f  th e  s o l u t e  between f i l m  and s o l u t i o n .  T h is  i n d i c a t e s  t h a t  

t h e  sys tem  has  r e a c h e d  th e  eq^ui l ibr ium s t a t e .

A d s o rp t io n  i so th e rm s  were p l o t t e d  from r e s u l t s  o b t a in e d  

by im m ersing  a  number of  tu b e s  i n  t h e  t h e r m o s ta t  each  c o n t a i n i n g  

one o f  a range, o f  c o n c e n t r a t i o n s  o f  th e  s o l u t e ,  u s u a l l y  0 .0 2 ^  

to  0*2̂ 0 by w e ig h t .  The tu b e s  were a l low ed  to  rem ain  i n  th e  

t h e r m o s t a t  u n t i l  e q u i l i b r i u m  was a t t a i n e d .

The amount of  s o l u t e  a d so rb ed  by th e  ox ide  was d e te rm in ed  

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

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

The amount o f  ox ide  f i l m  was c a l c u l a t e d  by w e igh ing  th e  

f i l m  b e f o r e  immersion and th e n  s u b t r a c t i n g  from t h i s  th e  v a lu e  

o b ta in e d  by s t r i p p i n g  th e  o x id e  from th e  f i l m  a f t e r  com p le t io n  

of a d s o r p t i o n .
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(b)  Alumina powder

The a d s o r p t i o n  i n  t h i s  ca se  was found to  be com ple te  i n  

l e s s  th a n  f i v e  m in u te s ,  and hence t h e r e  was no need  to  o b t a i n  

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

0 .1  g .  of  d ry  a c i d i f i e d  a lum ina  was u sed  w i th   ̂ ml» t e s t  

s o l u t i o n ,  g i v in g  a  s o l u t i o n / o x i d e  w e igh t  r a t i o  o f  5 0 s i  compared 

w i th  500:1  i n  th e  ca se  o f  a d s o r p t i o n  e x p e r im en ts  on t h e  a n o d ic  

ox ide  f i l m .

E s t i m a t i o n  o f  c o n c e n t r a t i o n  o f  s o l u t i o n s  o f  compounds s t u d i e d .

The c o n c e n t r a t i o n s  of  s o l u t i o n s  o f  th e  compounds u n d e r

i n v e s t i g a t i o n  were d e te rm in ed  by 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 r y  

a t  t h e  w ave leng th  most h ig h ly  ab so rb ed  by th e  s o l u t e .  The

Unicam SP 500 and 600 i n s t r u m e n t s  were employed.

RESULTS AND DISCUSSION

E f f e c t  of  Change i n  Volume o f  S o lu t i o n

Examination  o f  i so th e rm s  f o r  th e  a d s o r p t i o n  o f  Orange I  

by anod ic  f i l m  ( P i g . I . l ^ h o w s  t h a t  a t  a  g iv e n  t e m p e r a tu r e  th e y  

depend markedly on th e  r a t i o  o f  s o l u t i o n  volume to  f i l m  w e ig h t .  

I t  i s  c l e a r  from th e  d a t a  o b ta in e d  f o r  th e  d y e s ,  Orange I I  (Dye 

I I I ) ,  1-naph th y  lam ine  R a c i d  (Dye V l)  and s u l p h a n i l i c  a c i d  -*

R a c i d  (Dye XYl) a t  v a r i o u s  r a t i o s  ( F i g s . 1 - 5 ) ,  t h a t  t h e  amount 

o f  ad so rb ed  s o l u t e  i n  e q u i l i b r i u m  w i th  e l g iv e n  c o n c e n t r a t i o n  

i n  s o l u t i o n  v a r i e s  c o n s i d e r a b l y  w i th  th e  s o l u t i o n  ; f i l m  w e ig h t
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r a t i o  u s e d .  S te w a r t  has  found  t h a t  th e  e f f e c t  i s  n o t  

c o n f in e d  to  th e  a d s o r p t i o n  o f  s u lp h o n a te d  compounds, because  

i t  i s  a l s o  shown i n  th e  ca se  o f  an aqueous s o l u t i o n  o f  

2 : 4 - d i n i t r o p h e n o l .

An e x p l a n a t i o n  of t h i s  phenomenon i s  s u g g e s te d  by th e  

f a c t  t h a t  t h e  an o d ic  f i l m  was found to  be s l i g h t l y  s o l u b l e  i n  

w a t e r .  A s e r i e s  of  ex p e r im e n ts  was c a r r i e d  o u t  by u s in g  

d i s t i l l e d  w a te r  i n  p la c e  o f  dye s o l u t i o n  i n  o r d e r  to  d e te rm in e  

th e  r e l a t i o n  between th e  amount of  f i l m  d i s s o l v e d  and th e  

s o l u t i o n  : f i l m  w e ig h t  r a t i o .  The a luminium c o n t e n t  o f  th e

w a te r  a f t e r  c o n t a c t  w i th  t h e  a n o d i s e d  f o i l  was d e te rm in ed  by 

means o f  Aluminon r e a g e n t  a s  d e s c r i b e d  above;  and th e  amount 

o f  f i l m  c o r r e s p o n d in g  to  t h i s  was c a l c u l a t e d .  The r e s u l t s ,  o f  

th e s e  e x p e r im e n ts  (Tab le  1 . 2 ) show t h a t ,  as  would be expec ted*  

th e  h i g h e r  t h e  s o l u t i o n  : f i l m  w e ig h t  r a t i o * ,  th e  g r e a t e r  is .

th e  amount o f  f i l m  d i s s o l v e d .  I t  i s  a l s o  e v i d e n t  from Tab le  1 .2  

t h a t  t h e  d i s s o l u t i o n  a p p e a r s  to  be in d e p en d en t  o f  t e m p e r a tu r e ,  and 

to  be v e ry  r a p i d  compared w i th  a d s o r p t i o n .  I n  f a c t  i t  seemsi to  

be com plete  i n  l e s s  th a n  f i v e  m in u t e s .

The f i l m s  were u s u a l l y  d r i e d ,  a f t e r  e l e c t r o l y s i s  and

r i n s i n g ,  a t  150^-140^0 .  I t  was th o u g h t  t h a t  p o s s i b l y  t h e  

d ry in g  p r o c e s s  m ight  p roduce  a  w a t e r - s o l u b l e  s u r f a c e  l a y e r .

Hence t e s t s  were made w i th  u n d r i e d  f i l m s ;  t h e s e  were r i n s e d

and u se d  im m ed ia te ly  f o r  a d s o r p t i o n  o f  Orange I I  (Dye I I I ) .
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TABLE 1 .2

W ater s o l u b i l i t y  of  chromic a c id  anodic f i lm . Means of t r i p l i c a t e  r e s u l t s ,  

i n i t i a l  w t. o f  f i lm ,  0.015 g. ; anod is ing  t en te ra tu r e ,  53 +. 2^, b u t 45 ±  Oi5^ 

f o r  t e s t  marked^*

Liquid: f i lm  weight % O r ig in a l  f i l l #  d isso lved
r a t i o

Temp and time (min. )

30° 40° 59° 60°

15 5 10 25 600 15 300

150:1 0. 49*

300:1 0 .91  0 .96  0 .98  0.93 0.81* 0 .98  0.93

460:1 1.2  

1400:1 2 .19*

■ÎÎ- The f i lm  s o l u b i l i t y  f a l l s  w ith  the  anodising  tem pera tu re , 

c . f .  the  rep o r ted  decrease of f i lm  p o ro s i ty  w ith  f a l l  in  

anod is ing  tem perature , and F ig ,3.
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However, th e  "volume e f f e c t "  was s t i l l  o b se rv e d , a l th o u g h  th e  

s p e c i f i c  s u r f a c e  a r e a  was th e re b y  red u ce d  i n  a l l  l i q u o r  volum es 

to  l e s s  th a n  h a l f  i t s  norm al v a l u e .

I t  a p p e a r s  t h a t  th e  i n c r e a s e  i n  a d s o rp t io n  w ith  i n c r e a s e  

in  s o l u t i o n  : f i lm  w eigh t r a t i o  i s  a  r e s u l t  o f  i n c r e a s e  i n  th e  

s u r f a c e  a r e a  o f  th e  f i lm  due to  some o f  th e  o r i g i n a l  s u r f a c e  

b e in g  d i s s o l v e d .  (The norm al e f f e c t  o f  s o lv e n t s  on c r y s t a l s  

i s  to  i n c r e a s e  th e  s u r f a c e  by e t c h i n g ) .

The d a t a  g iv e n  by G reenberg  f o r  ca lc iu m  h y d ro x id e  

a d s o r p t io n  on s i l i c a  from w a te r  a l s o  show e v id en ce  o f  a  s l i g h t  

i n c r e a s e  i n  amount ad so rb ed  w i th  i n c r e a s e  i n  volume o f  s o l u t i o n .  

T h is  e f f e c t  i s  n o t  obse rved  i n  a d s o r p t io n  on g r a p h i t e  and 

ch ro m a to g ra p h ic  a lu m in a , b o th  w a t e r - i n s o l u b l e .  F ig .L 3show s 

th e  r e l a t i o n  betw een th e  volume o f  s o l u t i o n  and a d s o r p t io n  o f  

s u lp h o n a te d  d y e s .  When th e  lo g a r i th m  o f  l i q u i d  : f i l m  r a t i o

( lo g  v )  and th e  lo g a r i th m  o f  c o n c e n t r a t io n  o f  dye i n  th e  i n i t i a l  

m onolayer ( lo g  G^) a re  p l o t t e d  a g a i n s t  each  o t h e r ,  th e n  th e  

cu rv es  f o r  Dyes VI and XVI a t  th e  a n o d is in g  te m p e ra tu re  o f  4 5 ^ 0 . ,  

ru n  p a r a l l e l .  This  shows t h a t  th e  i n c r e a s e  o f  s p e c i f i c  s u r f a c e  

a r e a  depends o n ly  on th e  volume o f  l i q u i d ,  and does n o t  depend 

on th e  n a t u r e  o f  th e  dye; a g a in  s u g g e s t in g  t h a t  th e  e f f e c t  i s  

due to  w a te r  d i s s o l u t i o n  o f  f i l m  s u r f a c e .  When th e  a n o d is in g  

te m p e ra tu re  i s  in c r e a s e d ,  th e  s p e c i f i c  s u r f a c e  a r e a  a v a i l a b l e  

a t  any g iv e n  l i q u i d  : f i lm  r a t i o  a l s o  in c re a s e s *  Thus i t  i s  

seen  from  F ig .1 .2  t h a t  an in c r e a s e  i n  a n o d is in g  te m p e ra tu re
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( t o  59^ f o r  Orange l )  h a s  th e  same e f f e c t  on a d so rp t io n ,  t h a t  

an in c r e a s e  i n  l i q u i d  : f i lm  r a t i o  d o e s .

* S ea ling*  E f f e c t

The anod ic  f i lm  when p r e t r e a t e d  i n  a l a r g e  volume o f  c o ld  

w a te r  f o r  f i v e  m in u tes  ad so rb e d  more Orange 11 th a n  i t  would 

o th e rw is e  have done ( F i g l .4 ) *  On th e  o th e r  hand, p r e t r e a tm e n t  

i n  h o t  w a te r  ( l 6 6 : l )  a t  60° f o r  two h o u rs  and th e n  dy e in g  

n o rm a l ly ,  red u ce d  th e  a d s o r p t i o n .  T h is  i s  ev idence  o f  th e  

w ell-know n " s e a l i n g "  e f f e c t ,  a slow  p ro c e s s  whereby th e  f i l m  

p o re s  a r e  c lo s e d  by th e  grow th o f  alum inium  h y d ro x id e  c r y s t a l s  

( s e e  e . g .  Spooner, a l s o  G i l e s ,  Mehta e t  a l . ,  1954)* T h is  i s  

u se d  com m ercia lly  to  f i x  dyes a g a i n s t  d e g ra d a t io n  by l i g h t  o r  

by wet p r o c e s s e s .  The t r e a tm e n t  i s  c a r r i e d  o u t i n  h o t  w a te r  

o r  s team . The r a t e  a t  which th e  s e a l i n g  becomes e f f e c t i v e  

depends on te m p e ra tu r e .  That th e  r e s u l t s  o f  th e  normal 

a d s o rp t io n  t e s t s  a r e  n o t  i n f lu e n c e d ,  i s  shown by th e  f a c t  t h a t  

th e  maxima o f  th e  r a t e  cu rv e s  a r e  in d e p e n d e n t  o f  te m p e ra tu re  

(F ig#  1 .4 )*  Some is o th e rm s  a r e  a l s o  in d e p e n d e n t  o f  te m p e ra tu re  

( F ig . .1 ,5 a ) .  The h ig h e r  th e  te m p e ra tu re  th e  more pronounced i s  

th e  s e a l i n g  e f f e c t .  I f  s e a l i n g  d id  i n f lu e n c e  a d s o r p t io n ,  i t

i s  d i f f i c u l t  to  u n d e r s ta n d  how a d s o r p t i o n  iso th e rm s  can g iv e  

maxima t h a t  a r e  in d e p e n d e n t o f  te m p e r a tu r e .  I t  seems t h a t  

a d s o rp t io n  i s  th e  more r a p i d  p ro c e d u re  and i s  c o m p e t i t iv e  w ith  

" s e a l i n g " ; f u r t h e r ,  t h a t  a d s o r p t i o n  a t  c o n s ta n t  l i q u i d  i s o l i d  

r a t i o  can be c o n s id e re d  v i i t u a l l y  u n a f f e c t e d  by th e  much s low er
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su b se q u e n t  s e a l i n g  p r o c e s s .

E s t im a t io n  o f  S p e c i f i c  S u r fa c e  A re a .

Many m ethods a r e  u sed  f o r  e s t im a t in g  th e  s p e c i f i c  s u r f a c e  

a r e a s  o f  powders and p o ro u s  s o l i d s ,  s e v e r a l  o f  them r e q u i r i n g  

u se  o f  complex equ ipm en t. One o f  th e  most r e l i a b l e  m ethods 

i s  gas ( u s u a l l y  n i t r o g e n )  a d s o r p t i o n  a t  low t e m p e r a tu r e s .  The 

s p e c i f i c  s u r f a c e  a r e a  i s  r e a d i l y  c a l c u l a t e d  from  th e  i s o th e r m s .  

L iq u id -p h a s e  a d s o r p t i o n  o f  s o l u t e s  i s  much s im p le r  and o f t e n  

a  more r a p i d  p ro c e d u re .  The a d s o r p t i o n  o f  b a s i c  d y es ,  

e s p e c i a l l y  M ethylene Blue ( C . l . 5 2 0 1 5 ) ,  h a s  been  u se d  f o r  

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

a r e  p ro b a b ly  u n r e l i a b l e  because  o f  th e  e a se  w i th  w h ich  th e  dye 

i s  ad so rb e d  a s  m i c e l l e s ,  th u s  g iv in g  f i c t i t i o u s l y  l a r g e  v a l u e s .  

The u se  o f  any s u b s ta n c e s  h av in g  l a r g e  a ro m a tic  m o le cu le s  i s  

p ro b ab ly  u n d e s i r a b l e ,  u n le s s  th e  e x a c t  mode o f  a t ta c h m e n t  to  th e  

s u r f a c e  i s  known o r  can  be i n f e r r e d  w i th  c o n f id e n c e .

I t  seems t h a t  a  s o l u t e  f o r  s u r f a c e  a r e a  d e t e r m in a t io n  

sh o u ld  have a m o lecu le  w ith  th e  fo l lo w in g  c h a r a c t e r i s t i c s .  

( G i l e s ,  MacEwan e t  a l . ,  I 96O).

a )  R easonab le  s o l u b i l i t y ,  i n  common s o l v e n t s ,

e s p e c i a l l y  w a te r .

b) Sm all s i z e  w i th  no s u r f a c e  a c t i v i t y  (so  t h a t

m ic e l l e  f o rm a t io n  i s  u n l i k e l y ) .

c) P la n a r  sh a p e ,  f o r  e a se  o f  e s t im a t io n  o f  i t s

s u r f a c e  c o v e ra g e .

d) Ease o f  a n a l y s i s .
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In  th e  p r e s e n t  w ork , phenol was chosen f o r  e s t im a t in g  

s p e c i f i c  s u r f a c e  a r e a  m easurem ents o f  b o th  an o d ic  and 

ch ro m ato g rap h ic  a lu m in a , s in c e  a l l  th e  r e q u ire m e n ts  l i s t e d  above 

a r e  met b y ' t h i s  compound.

S p e c i f i c  S u rfa c e  Area o f  Anodic Alumina F ilm .

T h is  d i s c u s s io n  a l s o  co v e rs  work done by th e  w r i t e r ' s  

p re d e c e sso rs ,  a s  i n d i c a t e d  i n  T ab le  1*1.

S in ce  th e  p o s i t i o n  o f  is o th e rm s  i n  a l l  c a s e s  v a r i e s  w i th  

s o l u t i o n  : f i lm  w e ig h t r a t i o  and a l s o  w ith  a n o d i s a t io n  

t e m p e r a tu r e ,  a l l  r e s u l t s  i n  T ab le  1̂ 3 r e f e r  to  e q u i l ib r iu m  d a t a  

o b ta in e d  a t  a  f i x e d  volume : w e ig h t r a t i o  o f  300:1  and an 

a n o d i s a t i o n  te m p e ra tu re  o f  45^C.

The dim ensions, o f  th e  a n io n s  s tu d i e d  were d e te rm in ed  by 

m easu rin g  th e  s id e s  o f  th e  s m a l l e s t  r e c t a n g u l a r  box, i n  w hich  

th e  a n io n  cou ld  be e n c lo s e d ,  u s in g  C a ta l i n  ( S t u a r t  ty p e )  m ode ls .

The s u r f a c e  a r e a  o f  th e  f i l m  a v a i l a b l e  f o r  a d s o r p t io n  o f

th e  a n io n s  was d e te rm in ed  from th e  iso th e rm s  o f  phenol a t  46^0.

I n  th e  f i lm  th e  p h e n o l  m olecu le  may be ex p e c ted  to  be s ta n d in g

norm al to  th e  s u r f a c e ,  fo rm ing  a  c lo s e -p a c k e d  m ono layer . The
o

m o le c u la r  a r e a  i s  th e n  assumed to  be 24 A, a s  f o r  s u r f a c e - a c t i v e

pheno ls  on w a te r .  The s u r f a c e  a r e a  o f  th e  f i l m  was th e n

e s t im a te d  by m u l t ip ly in g  th e  number o f  a n io n s  co m p ris in g  th e

m onolayer by th e  a r e a  o f  th e  an io n ,w h ic h  gave a  v a lu e  o f  
2  —*511 .5  cm . / g .  X lO " . The s p e c i f i c  s u r f a c e  a r e a  was th e n
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c a l c u l a t e d  from a d s o rp t io n  d a t a  f o r  th e  o th e r  compounds, 

t a b u l a t e d  i n  T ab le  The v a lu e s  o b ta in e d  f o r  th e

c r o s s - s e c t i o n a l  a r e a  o f  th e  a n io n ,  m easured  from th e  m odels  i n  

th e  t h r e e  p o s i t i o n s  shown a r e  r e c o rd e d  i n  T ab le  1*3, and a l s o  

th e  v a lu e s  f o r  th e  s u r f a c e  covered  by each  a n io n  assum ing  i t  

i s  ad so rb e d  en d -o n , edge-on  o r  f l a t  r e s p e c t i v e l y .

I t  i s  e v id e n t  t h a t  most o f  th e  compounds a r e  a d so rb e d  a s  

m o n o lay e rs .  The s m a l le r  v a lu e s  g iv e n  by most o f  th e  d i -  and 

t r i - s u l p h o n a t e d  dyes  may be due to  th e  p re se n c e  o f  a s s o c i a t e d  

w a te r  a round  th e  s u lp h o n a te  g ro u p s .

Orange I I  (Dye I I I ) ,  th e  homologue o f  Azo G eran ine  

(Dye X I I I ) and Sky E lu e  FF (Dye XVII) however g iv e  v a lu e s  

r a t h e r  h ig h e r  th a n  p h e n o l .  T h e i r  h ig h  a d s o r p t i o n  v a lu e s  can 

r e a s o n a b ly  be assumed to  i n d i c a t e  t h a t  some a g g re g a te s  o r  

m ic e l l e s  o f  th e s e  dyes a r e  ad so rb ed  on th e  s u r f a c e  o f  th e  f i l m s .

S p e c i f i c  S u rfa c e  Area o f  Alumina Powder

To f i n d  o u t  th e  r e l i a b i l i t y  o f  th e  v a lu e  o b ta in e d  f o r

s p e c i f i c  s u r f a c e  a r e a  measurement by s o l u t i o n  a d s o r p t i o n ,

com parison was made o f  th e  d a ta  o b ta in e d  f o r  th e  s p e c i f i c

s u r f a c e  a r e a  by o th e r  methods u s in g  d i f f e r e n t  sam ples o f  a lu m in a . 

The two d i f f e r e n t  m a t e r i a l s  were ( a )  a  sam ple o f  ch ro m a to g ra p h ic

alum ina (Type H, Savory and Moore) and (b )  a  c o a r s e r  m a t e r i a l

s u p p l ie d  by B.D.H. Three d i f f e r e n t  methods: (a )  phenol

a d s o rp t io n ,  (b) a i r  p e r m e a b i l i ty  t e s t  and (c )  m ic ro s c o p ic  c o u n ts

were employed. The r e s u l t s  a r e  shown i n  T ab le  1.4# S e v e ra l  o f
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th e a e  t e s t s  were made by th e  w r i t e r ' s  p r e d e c e s s o r s .

T ab le  1 .4

Type H C oarse  Powder

Loss on i g n i t i o n  6 .5  5 .9

S ie v e  g r a d in g  (fo) + 100 0 .6  8 .8

-100 , +150 6 7 .0  5 7 .7

-150 , +200 1 4 .5  8 .0

pH o f  55̂  w/v s o l u t i o n  8 .7  9*2

A c t i v i t y  I - I I  I I

Temp, o f  a c t i v a t i o n  

norm al 6OO

maximum
2 —1S p e c i f i c  s u r f a c e  a r e a ,c m .  g~

( a p p r o x . ) ,  b y ; -
5 5p h en o l a d s o r p t i o n  ^»0 x 10 O.5  ^ 10

a i r  p e r m e a b i l i t y  0 .0 2 7  x  10^ O.O4 x 10^

m ic ro s c o p ic  c o u n t  0 .0 5 5  % 10^ O . I 5 x  10^

Thus., a i r  p e r m e a b i l i t y  and m ic ro s c o p ic  co u n t gave s p e c i f i c  

s u r f a c e  a r e a s  l e s s  by f a c t o r s  o f  ca.lOO and 10 r e s p e c t i v e l y ,  

th a n  th o s e  g iv e n  by p h en o l a d s o r p t i o n .  The d i s c r e p a n c i e s  

betv/een th e  v a lu e s  c o u ld  be e x p la in e d  by assum ing  ( a )  t h a t  th e  

H ty p e  powder has. a  much ro u g h e r  s u r f a c e  th a n  th e  o t h e r ,  and 

p e rh a p s  a  h ig h e r  c o n te n t  o f  e x t re m e ly  f i n e  p a r t i c l e s  ( a s  shown 

by f i n e  s i e v e  g r a d i n g ) , (b )  t h a t  i n  th e  a i r  p e r m e a b i l i t y  t e s t
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f i n e  p a r t i c l e s  te n d  to  lo d g e  i n  c r a c k s  i n  th e  rou g h  s u r f a c e  

o f  c o a r s e  ones*

A ll  th e  s u lp h o n a te d  azo  dyes s t u d i e d  w ere fo u n d  t o  be 

s t r o n g l y  a d s o rb e d  on a c i d i f i e d  a lu m in a  from  aqueous s o lu t i o n *  

The amount a d s o rb e d  a t  e q u i l i b r i u m  i s  in d e p e n d e n t  o f  t im e  and 

t e m p e r a tu r e  (F ig ,I* 6 ,6 a )T h e  i s o th e r m s  have w e l l  d e f i n e d  

p la te a u x ,  w h ich , f o r  th e  p u rp o se  o f  s p e c i f i c  s u r f a c e  a r e a  

m easu rem en ts ,  may be ta k e n  a s  r e p r e s e n t i n g  th e  e x i s t e n c e  o f  

m onom olecular l a y e r s  o f  a d s o rb e d  s o l u t e  on th e  s u b s t r a t e *

S p e c i f i c  s u r f a c e  a r e a s  w ere c a l c u l a t e d  a s  i n  th e  c a s e  o f  

t h e  a n o d is e d  a lu m in a ,  se e  T ab le  1.5* The amount o f  th e  dye 

a d s o rb e d  i n  a  few c a s e s  i s  to o  h ig h  f o r  m onom olecular 

a d s o r p t i o n ,  and t h e r e f o r e  m i c e l l a r  a d s o r p t i o n  may be o c c u r r in g *



T ab le  L.5- A d so rp t io n  on a lu m in a  powder

S o lu te A rea of  m ol. o r  a n io n  (A ^)M ax .adsorp . 

End-on Edge-on F l a t  m .m o le /kg .

S u r fa c e  c o v e re d
(cm^g. 1 0 -5 )

Bnd-on Edge-on F l a t

Bye ( I I I ) 50

M onosulphonatea

80 150 166 5 .2 .

Bye ( IT ) 50 75 150 175 5-5 - -

Dye ( ? l ) 65

D is u lp h o n a te s

80 190 104 5 .2

Dye (X) 60 80 190 100 - 5 .0 -

Dye (X I) 60 85 195 80 - 4 .2 5 -

Bye (X II ) 60 85 220 132 - 7 .0 -

Bye ( X I I I ) 60 85 250 124 - 6 .5 -

aOyange 65 140 575 106 - 9 .5 -

Pcnoeau , 55 110 235 62 - 4 .3 -

Dye (XVI) 65 85

T r i s u lp h o n a te s

225 58 8 .1

Dye (XVII) 55 80 190 68 - — 8 ,1

These two dyes a r e  n o t  in c lu d e d  i n  T ab le  I H ;  th e y  a r e  

Congo Orange R ( C . I . 23605 ) and Poncean 6RB ( C . I . 27 I 65 ) 

r e s p e c t i v e l y .
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PART I I

ADSORPTION AT ORGANIC SUBSTRATES AI'̂ D IN SOLUTION.

I IA  BEER'S LAW AND ABSORPTION SPECTRA IviEASÜREIÆSNTS

INTRODUCTION

Lew is and C a lv in  have s u g g e s te d  t h a t  th e  a b s o r p t i o n  

sp ec tru m  o f  a s u b s ta n c e  w i th  a  p l a n a r  o r  a lm o s t  p l a n a r  

m o le cu le  sh o u ld  c o n s i s t  o f  bands c o r r e s p o n d in g  to  e l e c t r o n i c  

o s c i l l a t i o n s  a lo n g  th e  t h r e e  p e r p e n d i c u la r  axes o f  th e  

m o le cu le  r e s p e c t i v e l y .  The s h o r t e r  th e  a x i s  th e  s h o r t e r  th e  

w a v e le n g th  o f  i t s  b an d . T h is  s u g g e s t io n  was co n firm ed  

e x p e r im e n ta l ly  by Lewis and B i g e l e i s e n  i n  th e  c a se  o f  s e v e r a l  

b a s i c  d y e s .  When th e  m o le c u le s  a g g r e g a te ,  th e y  may pack  f a c e  

to  f a c e ,  and th e  a x i s  norm al to  th e  f a c e  i s  l e n g th e n e d .  Thus 

th e  a g g r e g a te s  s h o u ld  have an i n t e n s i f i e d  s h o r t  w ave-band .

T h is  was i n  f a c t  fo u n d  w i th  a  number of dyes w hich d i s p l a y  two 

w e ll  d e f in e d  a b s o r p t i o n  b a n d s .

Lemin and V i c k e r s t a f f ,  s tu d y in g  th e  a g g r e g a t io n  o f  

M ethy lene  B lue ( C . I . 52015); co n firm ed  t h a t  i t s  a b s o r p t i o n  

sp ec tru m  c o n s i s t s  o f  two p e a k s ,  th r o n e  a t  th e  lo w er  w a v e le n g th  

due to  p o ly m er,  and th e  one a t  th e  h ig h e r  w a v e le n g th  due to  

monomer. By making use  o f  t h i s  f a c t  Lemin and V i c k e r s t a f f  

were a b l e  to  e s t im a te  a p p ro x im a te ly  th e  p r o p o r t i o n  o f  monomer 

and a g g r e g a te  p r e s e n t  from  th e  r e l a t i v e  h e i g h t s  o f  th e  p e a k s .
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R e c e n t ly  Campbell and G i le s  have examined th e  a b s o rp t io n  

s p e c t r a  of M ethylene Blue in  v a r io u s  o rg a n ic  s u b s t r a t e s ,  e . g .  

g e l a t i n  and C e l lo f a s  A (e th y lm e th y l  c e l l u l o s e ) .  They co n firm ed  

th e  p re se n ce  o f  th e  a g g re g a te  peak . Phenol and u r e a  a c te d  a s  

d i s a g g r e g a t in g  a g e n t s ,  and low ered  t h i s  peak .

The cyan ine  d y es ,  which have been s tu d i e d  e x h a u s t iv e ly  ( s e e  

e . g .  D ic k in s o n ) ,  show th e  main a b s o r p t io n  band o f  th e  monomeric 

form o f  th e  dye ( o f t e n  te rm ed th e  "M" b a n d ) ,  i n  d i l u t e  aqueous 

s o l u t i o n  o r  i n  n o n -a g g re g a t in g  s o lv e n t s  such a s  p y r i d i n e .  A 

s h o u ld e r  on th e  sh o r t-w a v e  s id e  o f  th e  band becomes more 

pronounced ("D" band) as th e  c o n c e n t r a t io n  i n  w a te r  i n c r e a s e s ,  

and i s  u s u a l l y  a t t r i b u t e d  to  a d im e r ic  form . At h ig h  

c o n c e n t r a t io n s  a  new long-w ave band may a p p e a r .  T h is  i s  known 

as  th e  " J "  band, and i s  a t t r i b u t e d  to  c h a i n - l i k e  a g g re g a te s  i n  

which th e  p la n a r  dye m o le cu le s  a r e  packed f a c e - t o - f a c e  w i th  a  

l a y e r  o f  w a te r  m o le cu le s  betw een each  p a i r  o f  dye m o le c u le s .

K atheder  has  u sed  th e  decay o f  f lu o r e s c e n c e  to  d e te rm in e  

th e  d eg ree  o f  p o ly m e r i s a t io n  o f  m e th in - c y a n in e s . Davey and 

D ick in so n  g iv e  ev id en ce  t h a t  some c y a n in e s  i n  s o l u t i o n  e x i s t  

as  b o th  s i n g l e  and a g g re g a te d  m o le c u le s .

Lewis and B ig e le i s e n  have a l s o  d e t e c t e d  second o rd e r  

x -bands  in  a b s o rp t io n  s p e c t r a  o f  d y e s .  These bands a r e  ab o u t  

h a l f  th e  w av e len g th  o f  th e  f i r s t - o r d e r  b an d s , w hereas th e  y-banda: 

have u s u a l l y  o n ly  s l i g h t l y  s h o r t e r  w av e len g th s  th a n  th e  x -b a n d a .
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Holmes, as  e a r l y  a s  I 924 , s t u d i e d  th e  a b s o rp t io n ,  s p e c t r a  

o f  a  g r e a t  number o f  dyes a t  v a ry in g  c o n c e n t r a t i o n s .  He n o te d  

t h a t  th e  w ave leng th  o f  maximum a b s o r p t io n  changed as  th e  

c o n c e n t r a t io n  changed , b u t  he d id  n o t  a t t r i b u t e  t h i s  change to  

th e  fo rm a t io n  o f  a g g re g a te  a t  h ig h e r  c o n c e n t r a t i o n s .

F o r s t e r  and Konig, by exam ining  th e  c o n c e n t r a t io n  

dependence o f  th e  a b s o r p t io n  s p e c t r a  of  aqueous s o l u t i o n s  o f  

C . I .  Acid Yellow 73> C . I .  Acid Red 87 and C . I .  B a s ic  V i o l e t  10, 

have deduced t h a t  th e  dyes e x i s t  i n  s o l u t i o n  a s  d im e rs .  The 

monomer a b s o rp t io n  band upon d im é r i s a t io n  s p l i t s  i n t o  two b a n d s ,  

one a t  a  s l i g h t l y  lo n g e r ,  th e  o th e r  a t  a p p r e c ia b ly  s h o r t e r  

w a v e le n g th s .

L i t t l e  i s  known ab o u t th e  o c c u rre n c e  o f  th e s e  bands i n  th e  

s p e c t r a  of  o th e r  d y e s ,  e x c e p t  v a t  dyes i n  some s o l v e n t s ,  and 

a p a r t  from i n v e s t i g a t i o n s  upon cy an ine  dyes i n  s i l v e r  h a l i d e -  

g e l a t i n  em uls ions  ( s e e  e . g .  D ic k in s o n ) ,  l i t t l e  p re v io u s  work on 

th e  o c c u rre n c e  o f  x and y -b an d s  i n  s p e c t r a  o f  ad so rb ed  d y es  h a s  

a p p a r e n t ly  been r e p o r t e d .  In  c o n n e c t io n  w i th  th e  s tu d y  o f  th e  

p h o to - te n d e r in g  p r o p e r t i e s  o f  a n th ra q u in o n e  dyes Moran and 

S t o n e h i l l  have d e s c r ib e d  th e  x -  and y -b an d s  i n  s p e c t r a  o f  v a t  

dyes dyed on c e l l u l o s e  f i lm s  b u t  th e y  d id  n o t  d i s c u s s  th e  

e f f e c t  o f  chang ing  th e  c o n c e n t r a t io n s *

D e v ia t io n  from B e e r 's  law
s tu d i e d

S ch u b e r t  and Levine h a v e /d e v ia t i o n s  from  B e e r 's  law . They
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m a in ta in  t h a t  n o t  a l l  d e v i a t i o n s  from B e e r 's  law can be 

e x p la in e d  by dye p o ly m e r i s a t io n .  A ccord ing  to  them th e  

l o c a t i o n  o f  th e  perm anent ch a rg e  o f  t h ^ y e  io n  i s  more im p o r ta n t .  

In  th o s e  dyes t h a t  conform to  B e e r 's  law th e  ch a rg e  group  i s  

p a r t  o f  th e  chrom ophoric  sy s tem , w hereas  th o s e  t h a t  do n o t  

conform to  B e e r 's  law th e  ch a rged  group  i s  n o t  p a r t  o f  th e  

chrom ophoric  sy s tem .

P re v io u s  ev id en ce  o f  a g g re g a t io n  a t  o rg a n ic  s u b s t r a t e s

B e s id e s  th e  c a se  o f  M ethylene Blue on g e l a t i n  and C e l lo f a s ,  

d i s c u s s e d  above , dyes have p r e v io u s ly  been  found  to  be ad so rb e d  

in  a g g re g a te d  s t a t e s  i n  th e  case  of ( a )  a c id  dyes i n  wool 

(A s tb u ry  and Dawson), and b a s i c  dyes i n  o x id is e d  c e l l u l o s e  and 

a l g i n i c  a c id  (W arw icker) . S ch iebe  has  found t h a t  

" p o ly m e r is a t io n "  o f  c e r t a i n  dyes o cc u rs  more r e a d i l y  a t  s u r f a c e s  

th a n  i n  s o l u t i o n .

E f f e c t  o f  d i s a g g r e g a t i n g  a g e n t s

I t  i s  w e l l  known ( V i c k e r s t a f f )  t h a t  th e  d eg ree  o f  

a g g r e g a t io n  o f  dyes i n  aqueous s o l u t i o n  u s u a l l y  r i s e s  w ith  th e  

a d d i t i o n  o f  e l e c t r o l y t e s  o r  w ith  f a l l  i n  te m p e ra tu r e ,  and f a l l s  

w ith  a d d i t i o n  o f  c e r t a i n  hydrogen  bonding  a g e n ts ,  e . g .  a l c o h o l s ,  

p h e n o l ,  e th y le n e  g l y c o l ,  p y r id in e  o r  u r e a .  Thus A lexander and 

S ta c ey  have shown t h a t  a g g r e g a t io n  o f  B enzopurpu rine  4B ( C . I .  

25500 ) and Coomassie M i l l in g  S c a r l e t  5® ( C . I . 259IO) can be 

s u b s t a n t i a l l y  red u ce d  by th e  a d d i t i o n  o f  h ig h  c o n c e n t r a t io n s  o f
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u re a  and r e l a t i v e l y  s m a l le r  c o n c e n t r a t io n s  o f  p h e n o l .  The 

a g g r e g a t io n  o f  B en z o pur pur i n  was a l s o  examined by M a rtin  and 

S ta n d in g ,  who found  t h a t  sodium c h l o r id e  c au ses  a g g r e g a t io n ,  

b u t  in  th e  p re se n c e  o f  p y r id in e  a g g r e g a t io n  i s  p re v e n te d .

Aryan has  a l s o  s tu d ie d  th e  p r e v e n t io n  o r  d i s p e r s i o n  o f  dye 

a g g r e g a te s .  He examined th e  a b s o r p t io n  s p e c t r a  o f  a  s e r i e s  o f  

dyes i n  m ix tu re s  o f  w a te r  and an o rg a n ic  s o l v e n t ,  e . g .  a l c o h o l s ,  

p y r i d i n e .  The r a t i o  o f  maxima o f  longwave and shortw ave  bands  

i n d i c a t e d  th e  d eg ree  o f  a s s o c i a t i o n ,  which was found  to  depend 

on th e  n a tu r e  o f  th e  s o l v e n t s .

P re s e n t  work

T his  work was c a r r i e d  o u t  to  d e te rm in e  q u a l i t a t i v e l y  th e  

p h y s ic a l  s t a t e  o f  dyes i n  s o l u t i o n  and ad so rb ed  by o rg a n ic  

s u b s t r a t e s .  F i r s t  a d e t a i l e d  e x a m in a tio n  o f  th e  a b s o r p t io n  

s p e c t r a  of  th e  d i r e c t  c o t to n  dye B enzopurpu rin  4® ( C . I . 235OO) 

i n  s o l u t i o n  and i n  ad so rb ed  s o l i d  p h ases  was c a r r i e d  o u t .  The 

s t a t e  o f  a g g re g a t io n  o f  t h i s  dye has. been  s tu d i e d  p r e v io u s ly  by 

o th e r  means (A lexander  and S ta c e y ) .  I t  i s  a l s o  a  dye o f  low 

l i g h t  f a s t n e s s ,  so t h a t  i t  i s  p ro b a b ly  ad so rb ed  by th e  c e l l u l o s e  

i n  m onodisperse  form (due to  s t r o n g  d y e - f i b r e  a s s o c i a t i v e  f o r c e s ) .  

Hence i f  a s t a t e  o f  a g g re g a t io n  i s  found f o r  t h i s  c a s e ,  i t  i s  

r e a s o n a b le  to  assume t h a t  i t  o c c u rs  w i th  m os^b ther d y es .

A lexander  and S ta c e y '’a d a t a  on dye a g g r e g a t io n  a r e  compared w i th  

" B e e r 's  law cu rv es"  ( o p t i c a l  d e n s i ty  a g a i n s t  c o n c e n t r a t io n )  f o r
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t h i s  dye and o th e r s  ( I I ,  I I I )  w i th  th e  aim o f  e s t a b l i s h i n g  th e  

v a lu e  o f  th e s e  c u rv e s  f o r  d e t e c t i n g  m ic e l l e s  i n  s o l i d  s u b s t r a t e s .  

L a te r  a s e r i e s  o f  such  B e e r 's  law cu rv es  f o r  a  number o f  dyes in  

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

r e g e n e r a te d  c e l l u l o s e ,  were o b ta in e d  to  d i s c o v e r  w hether  dye 

a g g re g a te s  e x i s t  i n  th e s e  s o l i d s .

F i n a l l y  th e  a b s o r p t io n  s p e c t r a  i n  th e  v i s i b l e  r e g io n  o f  

a  number of  dyes o f  a v a r i e t y  o f  chem ical c l a s s e s  

( a n th ra q u in o n e ;  monoazo, u n su lp h o n a ted  and su lp h o n a te d ;  d i s -  

and t r i s a z o ,  su lp h o n a te d ;  m e ta l-co m p lex ; r e a c t i v e ;  and 

t r ip h e n y lm e th a n e )  have been  examined i n  s o l u t i o n ,  i n  w a te r  and 

o th e r  s o l v e n t s ,  and ad so rb ed  in  v a r io u s  t r a n s p a r e n t  f i l m s .

From th e  r e l a t i v e  h e ig h t s  o f  th e  x and y a b s o r p t io n  p ea k s ,  a s  

d is c u s s e d  in  th e  I n t r o d u c t i o n  above, th e  c o n c lu s io n  i s  re a c h e d  

t h a t  th e  dyes alw ays e x i s t  b o th  i n  monomeric and a g g re g a te d  

s t a t e s  i n  most s o l u t i o n s  and s u b s t r a t e s ,  and th e  p r o p o r t io n  of  

a g g re g a te  in c r e a s e s  w i th  c o n c e n t r a t i o n .
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EXPERIMENTAL 

P r e p a r a t io n  o f  F ilm s

a) G e l a t i n . -  A 6̂ b aqueous s o l u t i o n  o f  g e l a t i n  (p u re  i n e r t  

p h o to g ra p h ic  q u a l i t y )  was ev e n ly  sp re a d  on a "subbed" p h o to 

g ra p h ic  p l a t e  (4 ” X 2" X 5” ) on a  s c r e w - le v e l l e d  p la t f o r m .

The f i lm  was th e n  a i r  d r i e d  and ha rd en ed  by so a k in g  i n  d i l u t e  

fo rm aldehyde (10 m l, o f  40^  'fo rm a lin *  s o l u t i o n  i n  100 m l . )  

f o r  two h o u r s ,  a f t e r  which i t  was washed w ith  c o ld  w a te r  and  

d r i e d .

F o r  d y e in g ,  th e  h ard en ed  f i lm s  were c u t  to  4*7 x 1 cm ., and 

p la c e d  in  a s e r i e s  o f  t e s t  tu b e s  c o n ta in in g  15 c . c .  o f  g rad ed  

c o n c e n t r a t i o n s  o f  dye (0 .0002  -  0 .0 1  M) i n  d i s t i l l e d  w a te r .

These were h e a te d  to  5 0 -6 0 °C ., u s u a l l y  f o r  15-30 m in u te s .  Where 

phenol was u sed  a  s l i g h t  m olar  ex cess  was added to  each  b a t h .

b) C e l lo p h a n e . -  The r e g e n e ra te d  c e l l u l o s e  f i lm  u sed  was norm al 

com mercial C e llophane o f  0 .001" t h i c k n e s s .  The f i lm  was 

wrapped around  a g l a s s  cage (1 .5 "  x 1 .5 "  x 2 .7 5 " )  and was s e c u r e ly  

f a s te n e d  by means o f  sm all a l l o y  m e ta l  s t a p l e s .  The u n i t  was 

connec ted  to  th e  m otor a s  shown i n  F ig .  I I . 1 .  Th^cage was th e n  

immersed in  a  d y eb a th  c o n ta in in g  500 c . c .  o f  0 . 05^  dye s o l u t i o n .  

The u n i t  r e v o lv e d  i n  th e  d y eba th  a t  20 r . p . m . , th e  te m p e ra tu re

o f  th e  b a th  b e in g  m a in ta in e d  a t  ab o u t 85° , f o r  a p p ro x im a te ly  

one h o u r .  The d i f f e r e n t  d ep th s  o f  c o lo u r  were o b ta in e d  by 

v a ry in g  th e  tim e o f  d y e in g .  A f t e r  d y e in g  th e  g l a s s  cage was
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removed, th e  f i l m  th o ro u g h ly  washed w ith  w a te r  and a l lo w e d  to  

d ry  i n  th e  a i r  s t i l l  a t t a c h e d  to  th e  g l a s s , c a g e .  Phenol o r

ce ty ltr im e th y la m m o n iu m  brom ide (CTAB), where r e q u i r e d ,  were 

added to  th e  d y e b a th  (1 -2  m o l .p e r  m o l .d y e ) .

c) C e l lu lo s e  t r i a c e t a t e . -  F ilm  (O.OO3**) c o n t a in i n g  15^ by 

w e ig h t  o f  t r i p h e n y l  p h o sp h a te  a s  p l a s t i c i s e r  was dyed from  a 

h o t  s u s p e n s io n  o f  d y e .

M ounting o f  t r a n s p a r e n t  f i lm s

The f i lm s  w ere c a r e f u l l y  c u t  to  4*7 x 1 cm. and bound 

betw een  two g l a s s  p l a t e s  o f  th e  same s i z e ,  s u i t a b l e  f o r  d i r e c t  

i n s e r t i o n  i n  th e  c e l l - c a r r i e r  o f  th e  s p e c t ro p h o to m e te r .  I n  

th e  c a s e  o f  g e l a t i n  s l i d e s ,  th e  f i lm  s u r f a c e  was co v e red  w i th  

a second  e q u a l  s i z e d  p o r t i o n  o : ^ i m i l a r  g l a s s .

O p t i c a l  d e n s i t y  and a b s o r p t i o n  s p e c t r a  m easurem ents

These w ere made on a Unicam s p e c t ro p h o to m e te r  (SP 6OO o r  

SP 500 ) .  F o r  a b s o r p t i o n  s p e c t r a ,  r e a d in g s  were ta k e n  a t  

i n t e r v a l s  o f  50 A; f o r  B e e r 's  law c u r v e s ,  th e  o p t i c a l  d e n s i t y  

was m easured  a t  peak  a b s o r p t i o n  w a v e le n g th s .

D i f f e r e n t i a l  A n a ly s is

T h is  i s  th e  name g iv e n  to  th e  method u se d  i n  t h i s  

i n v e s t i g a t i o n  to  e n a b le  h ig h  o p t i c a l  d e n s i t i e s  to  be r e a d  w i th  

good p r e c i s i o n .  I n  p la c e  o f  th e  u s u a l  r e f e r e n c e  b la n k ,  one o f  

a  known s o l u t i o n  o f  th e  s u b s ta n c e  u n d e r  t e s t  i s  u s e d ,  o f
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c o n c e n t r a t io n  c lo s e  ( c a .  0 .5  u n i t  o f  o p t i c a l  d e n s i t y )  to  th e  

unknown. The r e s u l t i n g  o p t i c a l  d e n s i t y  r e a d in g  i s  th e n  added 

to  th e  o p t i c a l  d e n s i t y  o f  th e  c o lo u re d  b la n k  u s e d .  T h is  g iv e s  

th e  o p t i c a l  d e n s i t y  o f  th e  t e s t  s o l u t i o n ,  s in c e  o p t i c a l  d e n s i t i e s  

a r e  a d d i t i v e .  F o r f u l l e r  d i s c u s s io n  o f  th e  method and i t s ;  

th e o ry  se e  e . g .  G i le s  and Shaw.

E x t r a c t io n  o f  d y e s

A f t e r  r e a d in g  th e  o p t i c a l  d e n s i ty  o f  th e  f i lm s  th e  s l i d e s  

( g e l a t i n ,  C e llophane  o r  c e l l u l o s e  t r i a c e t a t e )  were p la c e d  in  a  

t e s t  tu b e  w ith  10 c . c .  o f  Q̂ffo ( v /v )  aqueous p y r id in e  to  e x t r a c t  

th e  dye c o m p le te ly .  A f t e r  e x t r a c t i o n  th e  o p t i c a l  d e n s i ty  o f  th e  

e x t r a c t  was found  by u s in g  a  10 m.m. c e l l  i n  th e  sp e c tro p h o to m e te r

The ex a m in a tio n  o f  wet f i l m s  was made by p la c in g  them i n  

a  10 mm. c e l l  i n  d i s t i l l e d  w a te r  im m ed ia te ly  a f t e r  rem oval from  

th e  d y e b a th ,  and r i n s i n g .

The two s e t s  o f  o p t i c a l  d e n s i t y  v a lu e s  were th e n  p l o t t e d  

a g a i n s t  each  o th e r , ,  f i lm  o p t i c a l  d e n s i ty  on th e  y - a x i s  and 

e x t r a c t  o p t i c a l  d e n s i t y  on th e  x - a x i s .  I f  B e e r 's  law i s  

obeyed i n  th e  f i lm s  a  s t r a i g h t  l i n e  sh o u ld  be o b ta in e d  th ro u g h  

th e  p o i n t s .

The same p ro ced u re  was c a r r i e d  o u t w i th  th e  a d d i t i o n  of 

c e r t a i n  a g e n ts  to  th e  d y e b a th s .  When th e  r e s u l t s  a r e  p l o t t e d  

th e  cu rve  sh o u ld  r i s e  i f  d i s a g g r e g a t io n  ta k e s  p la c e  o r  f a l l  i f
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t h e r e  i s  i n c r e a s e d  a g g r e g a t io n .  T h is  can be seen  from th e  

t e s t s  w i th  dyes i n  th e  known d i f f e r e n t  a g g r e g a t io n  s t a t e s  shown 

by A lexander  and S ta c e y .

To show t h a t  no in s t ru m e n t  e r r o r  was l i k e l y  to  o ccu r  two 

e x p e rim en ts  were c a r r i e d  o u t w i th  Caledon Brown R and D uranol 

B r i l l i a n t  Blue G5OO. These a r e  i n s o l u b l e ,  v e ry  f i n e l y  

powdered, dyes w i th  q u i t e  d i f f e r e n t  a b s o rp t io n  p ea k s .  These 

were u sed  as s u s p e n s io n s  i n  w a te r ,  so t h a t  t h e i r  p a r t i c l e  s i z e  

would be th e  same a t  a l l  c o n c e n t r a t i o n s .  Both s u s p e n s io n s  obeyed
cr'.L , fix. *9

B e e r 's  law up to  th e  h ig h e s t  m easu rab le  d e n s i t i e s  ^ i g , I I . o) 

and in s t ru m e n t  e r r o r  i s  t h e r e f o r e  n e g l i g i b l e .  (These ex p e rim en ts  

were made by th e  w r i t e r ' s  p r e d e c e s s o r s ) .

D yes. -  The l i s t  o f  dyes u sed  i n  t h i s  work i s  g iv e n  below in  

T able  I I . J .  Most o f  th e  dyes were p u r i f i e d  from e th a n o l - w a te r  

m ix tu re .  The b a s i c  dye M a la c h ite  Green ( Q . I . 42000) was 

r e c r y s t a l l i s e d  from  lOÿo aqueous h y d ro c h lo r ic  a c id .



T ab le  I I . I  

Dyes u se d  i n  P a r t  I I

i*  B enzopurpu rin  4B ( C . I . 25500)
i i .  Coomassie M i l l in g  S c a r l e t  5B (C .1 .25910)
i i i .  P o la r  Yellow R
i v .  Orange I I  ( C .1 .15510)

V .  N aphtha lene  S c a r l e t  4S ( C . I . 16255)
v i .  Azogeramine 2G ( C . I . I 8O5O)
v i i • p - n - B u ty la n i l in e ^ N - a c e ty l - E - a c id
v i i i . p - n -D o d e c y la n i l in e ^ N -a c e ty l -E -a c id
i x .  C ib a la n  Red 2 GL
X .  C h lo ra z o l  Sky Blue PP ( C . I . 244IO)
x i .  C hrysophenine G ( C . I . 24895)
x i i .  C h lo ra n t in e  F a s t  Green BLL ( C . I . 54045)
x i i i .  D uranol B r i l l i a n t  Blue CB ( C . I . 645OO)
x i v .  Solway Blue BN ( C . I . 62085)
X V .  Solway Blue RN ( C . I .65010)
x v i .  p -n -D odecy lan iline -»2  n a p h th o l
x v i i .  A n iline -»N aph th ion ic  a c id  
x v i i i  Aniline-»R Acid
x ix .  p -n -D o d e c y la n i l in e -^  R a c id  
X X .  Dye IV, se e  Cameron and G i le s
x x i .  Dye V, " "
x x i i .  Dye V I, " "
x x i i i  Dye V II ,  " "

x x iv  C h lo ra ro l  Azurin e  G ( C . I . 2414O)
X X V .  Copper complex o f  C . I . 24410 
x x v i . D urazo l Blue 40
x x v i i  I r g a n o l  Blue BS (Geigy) 

x x v i  i l  I r g l a n  Orange RL (Geigy) 
x x ix .  C ibacron  Rubine R (C iba)

X X X .  C ibacron  S c a r l e t  2G
x x x i .  P ro c io n  B r i l l i a n t  Blue 7EG ( I . C . I . )

x x x i i  M a ich it e  Green ( C . I . 42000)

5 9 .
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RESULTS and d is c u s s io n

L ig h t  a b s o r p t io n  d a t a  f o r  B e n zo p u rp u rin  4B ( C . I .25500)

The a b s o r p t io n  cu rv e  f o r  t h i s  dye g iv e s  on ly  one n o t i c e a b l e

peak . The p o s i t i o n  o f  t h i s  peak however changes i t s  p o s i t i o n

in  d i f f e r e n t  m edia . In  Pig.IL2 a  s e r i e s  o f  a b s o rp t io n  cu rv es  f o r

B enzopurpurin  4B d e te rm in ed  i n  v a r io u s  s o l u t i o n  and s o l i d  p h ases

a r e  shown. I n  s o l u t i o n  \ moves from  5200 A i n  p y r id in e  to^max
4850 A i n  s a l t  s o l u t i o n .  The maximum peak i n  wet c e l l u l o s e  i s  

a t  5200 A, w h ile  i n  d ry  c e l l u l o s e  i t  i s  a t  5150 A. The maximum 

s h i f t  to  s h o r t  w ave leng ths  i s  i n  th e  c r y s t a l l i n e  s t a t e ,  a t  4^50 A 

(T ab le  The e f f e c t  o f  l i g h t  f a d in g  would p ro b a b ly  be to

d e s t ro y  th e  more d i s p e r s e  dye more e a s i l y ,  and th u s ,  as  e x p e c te d ,  

a f t e r  i r r a d i a t i o n  th e  peak te n d s  to  move to  s h o r t e r  w a v e le n g th s .

When th e  d a t a  from Table  I I . 1  a r e  p l o t t e d  as  w av e len g th  o f  

maximum a b s o r p t io n  y a .  e x t i n c t i o n  r a t i o ,  P i g . I L ^ h e r e  a p p e a rs  to  be 

a  l i n e a r  r e l a t i o n  betw een a l l  s t a t e s .  The p o in t s  f a l l  on two 

l i n e s ,  r e p r e s e n t i n g  s o l u t i o n  and s o l i d  ab so rb ed  phases  r e s p e c t i v e l y .  

I f  th e  p r o p o r t io n  o f  m onod isperse  dye d e c r e a s e s ,  th e  p o in t s  w i l l  be 

f u r t h e r  to  th e  l e f t .  Upward movement a l s o  s u g g e s ts  a  tendency  i n  

th e  same d i r e c t i o n .  The e f f e c t  o f  l i g h t  f a d in g  would be th e  

p r o g re s s iv e  and p r e f e r e n t i a l  d e s t r u c t i o n  o f  m onod isperse  dye , 

which would g r a d u a l ly  s h i f t  th e  peak to  th e  l e f t .

I t  i s  assumed t h a t  t h i s  dye i s  a lw ays and in  a l l  media p r e s e n t  

i n  h e t e r o d i s p e r s e  fo rm , p a r t l y  m o n o d isp e rse ,  p a r t l y  a g g r e g a te d .



TABLE 1 1 ,1  S p e c tra l  Absorption da ta  f o r  Benzopurpurine AB 41.

Solvent max (A^) O p tic a l  d e n s i ty  
(1 cm. c e l l )

R a tio  of d e n s i t ie s  
a t  4650 and $200%

py rid ine 5200 0.360 0 .5 1 :1
pyrid ine 5200 1.020 0 .5 4 :1
p y rid ine 5150 2.010 0.6211
50^ (V/V) aqueous py rid ine 5100 0.604 0 .6 7 :1
1 .0 Î  aqueous phenol 5000 0.734 0 .6 4 :1
0.2M aqueous phenol 5000 0.307 0 .9 0 :1
0.2M aqueous phenol 5000 0.602 0 . 92:1
5.CII aqueous u rea 5000 0.900 0 .8 7 :1
1.3M aqueous u rea 4920 1.100 0 .9 7 :1
Mater 4975 0.255 0 .9 4 :1
w ater 4950 0.762 1 .0 0 :1
■water 4950 3.000 0 .9 7 :1
O.OIM NaCl 4900 1.040 1 .1 1 :1

s o l id  phases

s u b s t ra te

c e l lu lo s e
c e l lu lo s e
c e l lu lo s e
c e l lu lo s e
c e l lu lo s e
c e l lu lo s e
c e l lu lo s e

wet*
wet
wet
dry
dry
dry
dry

c e l lu lo s e  f i lm  a f t e r  
i r r a d i a t i o n  Ô in ,  from 
lOOW Hg-vapour Lamp 
( u n f i l t e r e d )  fo r

1 h 
20 h 
20 h 
93 h 

26Ô h
c e l lu lo s e  (dyed in  1^ 
aqueous CTAB) 
g e la t in  f i lm  (dyed in  
0.00AM phenol so lu t io n )  
g e la t in  f i lm  (no ad d i t io n )  
g e la t in  Æilm (dyed in  
0.2M phenol)
dry c r y s t a l s  (by evapor
a t io n  of EtOH s o lu t io n  on 
g la ss )

5200
5200
5200
5200
5150
5150
5150

5120
5100
5100
5070
5070

5100

5090
4900

4900

4650

0.32Ô
0.500
1 .0 0 0
0.326
0.775
1.190
2.750

0.710
0.620
0.924
0,510
0,373

2.140

1.050
3.276

2.655

0 .6 7 :1
0 , 66:1
0 .6 4 :1
0 . 62:1
0 .70:1
0 .6 9 :1
0 .65 :1

0 .7 5 :1
0 ,6 3 :1
0 .6 3 :1
0 ,6 5 :1
0 .6 5 :1

0 .6 9 :1

0 .7 9 :1
1 .03 :1

1 .1 3 :1

very  high
"^(-examined in  water imme d ia t e lv  a f t e r  removal from dye b a th .
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P o s s ib ly  i n  i t s  most h ig h ly  d i s p e r s e  form i t  g iv e s  a t

5200 A; t h i s  v a lu e  f a l l s  w ith  i n c r e a s e  i n  m ic e l le  s i z e .  Hence 

th e  r e s u l t s  show t h a t  in  dyed c e l l u l o s e  and g e l a t i n  f i lm s  

b e n z o p u rp u r in  i s  p r e s e n t  b o th  as  m onodisperse  and a s s o c i a t e d  

form .

The dye , a n i l i n e  n a p h th io n ic  a c id ,  i s  a homologue o f  th e  

" h a l f  m o lecu le"  of  b en z o p u rp u r in  4-ü* A s e r i e s  o f  a b s o r p t io n  

cu rv es  f o r  t h i s  dye were a l s o  d e te rm in ed  i n  d i f f e r e n t  s o l u t i o n s .

The a b s o r p t i o n  peaks a r e  a t  4550 A and 4620 A r e s p e c t i v e l y .  The 

peak o f  th e  " h a l f  m olecu le"dye  i n  w a te r  i s  b ro a d e r  th a n  i n  

p y r i d i n e .  The peak a l s o  does n o t  s h i f t  w ith  a g g r e g a t io n .  B eer*s 

law i s  n o t  obeyed i n  aqueous s o l u t i o n ,  th e  cu rve  i s  n o n l in e a r  a t  

c o n c e n t r a t io n s  above 0 .001  g m . / l .  T h is  i s  a t t r i b u t e d  to  

a g g r e g a t io n .

The dyes u sed  a r e  l i s t e d  i n  Table I I . t .

E f f e c t  o f  d i s a g g r e g a t in g  a g e n ts  i n  s o l u t i o n  and in  f i l m s .

A lexander  and S ta c e y  made a number o f  t e s t s  on th e  l i g h t  

s c a t t e r i n g  p r o p e r t i e s  o f  d y e s .  They found t h a t  dyes I - I I I  a r e  

h ig h ly  a g g re g a te d  in  aqueous s o l u t i o n s  up to  6 0 ^ u . ,  c o n ta in in g  

low c o n c e n t r a t io n s  o f  s a l t .  a p p a re n t  m o le c u la r  w e ig h ts  were as 

f o l l o w s i  2 .8  X 10"4 ( 0 .05  -  0 .3 0  g . l "  Î 0 .0 1  M. NsCl 2 0 ° u ) ; i i  

2»9 X 10"4 ( 0 .1  -  0 .5  g . l ”^ ;  0 .0 1  M. N aul, 4 ° o . ) ;  i i i

11 X 10-4  (0 .3 8  -  0 .5 0  g . l “^ (0 .05  -  0 .2 0  M. NaCl 20 -  6 0 ° C .) ,

r e s p e c t i v e l y .
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They a l s o  r e p o r t e d  t h a t  th e  a d d i t i o n  o f  a  sm a ll  amount o f  phenol 

o r  u r e a  to  s o l u t i o n s  o f  i  and i i  s u b s t a n t i a l l y  red u ced  a g g r e g a t io n .  

Thus, a  s o l u t i o n  o f  i i  ( o . l 2  g . l " ^ ,  a t  2 0 ^ 0 . ) ,  which was 

c o m p le te ly  f l o c c u l a t e d  by a d d i t i o n  o f  0 .025  M. N aC l., had on ly  a 

sm a ll t u r b i d i t y  i n  p re se n c e  o f  phenol (O.O4 M. However dye i i i  

was n o t  d i s a g g re g a te d  by th e  a d d i t i o n  o f  phenol o r  u r e a .

In  th e  p r e s e n t  work aqueous s o l u t i o n s  of  Dyes i - i i i  were 

examined w i th  and w ith o u t  p h e n o l .  The a p p a re n t  e x t i n c t i o n  o f  i  

and i i  i s  m arkedly  i n c r e a s e d ,  i . e .  th e  d eg ree  o f  d i s p e r s i o n  i s  

in c r e a s e d ,  by pheno l and s t i l l  more so by p y r id in e  ( r i g . I 1.5) 

and t h a t  o f  i l l  i s  in c r e a s e d  on ly  v e ry  s l i g h t l y  ( F i g . I 1 4 ) .  This  

i s  i n  ag reem ent w i th  A lexander and ü t a c e y 's  r e s u l t s ,  o b ta in e d  by 

a t o t a l l y  d i f f e r e n t  method ( l i g h t  s c a t t e r i n g ) .

Dye I  was a l s o  a p p l i e d  to  C ellophane and dyes i i  and i i i ,  

which a r e  a c id  wool d y es ,  were a p p l ie d  to  p r o t e i n  ( g e l a t i n  f i l m ) .  

S im i la r  t e s t s  were th e n  c a r r i e d  o u t  as w ith  s o l u t i o n s .  The 

r e s u l t s  o b ta in e d  i n  each case  a re  q u a l i t a t i v e l y  e x a c t ly  s i m i l a r  

to  th o s e  o b ta in e d  w i th  s o l u t i o n s .  Phenol in c r e a s e s  th e  

a p p a re n t  e x t i n c t i o n  o f  i  and i i  b u t  n o t  (o r  on ly  v e ry  s l i g h t l y )  

t h a t  o f  i i i .  The m ost r e a s o n a b le  e x p la n a t io n  f o r  t h i s  

b e h a v io u r  a p p e a rs  to  be t h a t  the  dyes a re  a g g re g a te d  i n  th e  

a d so rb e d  s t a t e  i n  th e  f i l m s ,  as  th ey  a r e  in  th e  r e s p e c t i v e  

s o l u t i o n s .
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f u r t h e r  i n t e r e s t i n g  com parisons can be made by exam ining 

th e  p o s i t i o n  o f  e q u iv a le n c e  l i n e s  • In  f i g J L 4  a l l  th e  cu rv es  

o f  dyes I  and I I  i n  f i lm s  l i e  below th e  e q u iv a le n c e  l i n e s .

T h is  s u g g e s ts  t h a t  t r a n s f e r e n c e  to  s o l u t i o n  i n  p y r id in e  in c r e a s e s  

th e  a p p a re n t  e x t i n c t i o n .  I n  th e  ca se  o f  dye I I I ,  b o th  cu rv es  

a r e  c o in c id e n t  w i th  th e  e q u iv a le n c e  l i n e ,  so t h a t  phenol o r  

p y r id in e  have no e f f e c t  on th e  e x t i n c t i o n  and p ro b ab ly  n e i t h e r  

i s  v e ry  e f f e c t i v e  a s  a  d i s a g g r e g a t i n g  a g e n t .

E xam ination  o f  o p t i c a l  d e n s i ty  -  c o n c e n t r a t io n  r e l a t i o n s  i n  

o th e r  dyed s y s te m s .

A v a r i e t y  o f  o th e r  dyes were n e x t  examined by s i m i l a r  

methods to  th o se  j u s t  d e s c r ib e d .  These in c lu d e d  su lp h o n a te d  

a c id  wool dyes ( IV -V I I I )  and an u n su lp h o n a ted  m e ta l-co m p lex  dye, 

(1&) a l l  a p p l ie d  to  g e l a t i n ;  t h r e e  s u lp h o n a te d  d i r e c t  c o t to n  

dyes two ( a ,  a I )  o f  low and one ( X I I ) o f  h ig h  l i g h t  f a s t n e s s ,  

a p p l ie d  to  c e l lo p h a n e ,  and a  n o n - io n ic  d i s p e r s e  dye a p p l i e d  to  

c e l l u l o s e  a c e t a t e * * .  R e s u l t s  a r e  shown i n  f ig s . ( l t .5 > 6  

th e  dyes i n  t h i s  s e r i e s  a r e  a f f e c t e d  by d i s a g g r e g a t in g  a g e n t s ,  

h av in g  t h e i r  e x t i n c t i o n  i n  th e  dyed s u b s t r a t e  r a i s e d  by th e

*Dhowing th e  t h e o r e t i c a l  r e l a t i o n  i f  th e  e x t i n c t i o n  
were th e  same in  f i lm  o r  p y r id in e ;  c a l c u l a t e d  
from d im ensions  o f  f i lm  and s p e c t r o m e te r  c e l l ,  and 
volume of e x t r a c t .

XX
A number o f  these curves were determined by Campbell 
and cathcart.
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agents. These dyes include several with small highly 

sulphonated molecules. The evidence therefore suggests that 

all the dyes exist partly in an associated form in the adsorbed 
state.

The one exception in this series is that shown by uibalan 
Red 2üL (laj on gelatin. The behaviour of this dye is 

similar to that of Polar lellow r (ill; discussed above. It 

is unaffected by phenol and belongs to a class of dyes known to 

be highly aggregated in aqueous solution. uiles and McEwan 

have shown that this class of dye is probably adsorbed by proteins 
in the form of stable micelles, held together largely by van der 
waals forces. It appears that adsorbed aggregates of both dyes 

111 and Ijl are stable to phenol.

Absorption sp e c tr a  of dyes.

from a study of figs. 7-9 it is evident that most dyes of 

all classes have two absorption, bands in the visible region.

These bands are tentatively identified with Lewis and Calvin*s 

X and y bands, because they are close together and, with 

increase in dye concentration either in solution or adsorbed in 

solid films, or on changing from a non-associating solvent (e.g. 

methanol or pyridine), to an associating one (e.g. water), the 

band of shorter wavelength almost always increases in height 

relative to that at longer wavelength. In a very few cases it
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a lm ost

rem ains  c o n s t a n t ,  b u t  in^no  c a se  does i t  d e c r e a s e .  I n  a  lew 

c a s e s ,  e . g .  I r g a n o l  Orange itL o r  O ibacron o c a r l e t  2 c ,  th e  bands 

a r e  so c lo s e  as  to  make one o f  them d i f f i c u l t  to  l o c a t e  w i th  

p r e c i s i o n ;  i t  a p p e a rs  as  a  v e ry  s l i g h t  b u lg e  on th e  s h o r t  wave 

s i d e ,  o c c a s i o n a l ly  on th e  lo n g  wave s i d e ,  o f  th e  main p ea k . I n  

r i g J I . D i s  shown th e  method u se d  to  e s t im a te  th e  ap p ro x im a te  

p o s i t i o n  o f  t h i s  ty p e  o f  band .

The azo dyes u sed  a r e  o r th o a minoaao o r  o r th o h ydroxyazo  

compounds, and t h e r e f o r e  can n o t show (a )  a z o -q u in o n e im in e  o r  

(b )  c i s - t r a n s  c h a n g e s .  T h is  was confirm ed  by th e  e x a m in a t io n  

o f  Orange I I  ( S u lp h a n i l i c  a c id  2 -n a p h th o l)  i n  s o l u t i o n .

Here th e  x :y  band r a t i o  d id  n o t  change e i t h e r  w i th  v a r i a t i o n  in  

pH (a )  o r  on p ro lo n g e d  ex posu re  to  h ig h  i n t e n s i t y  i l l u m i n a t i o n  ( b ) .

Both bands p e r s i s t  i n  a l l  m edia , b u t  t h e r e  i s  i n  m ost c a s e s  

a  " s o lv o -c h ro m a t ic "  s h i f t  o f  b o th  bands w ith  change o f  s o l v e n t ,  

a c c o rd in g  to  Kundt*s r u l e .  T h is  r u l e  s t a t e s  t h a t  an i n c r e a s e  

in  r e f r a c t i v e  in d ex  o f  s o lv e n t  c au ses  th e  a b s o r p t io n  waveband 

to  move to  lo n g e r  w a v e le n g th s .  However t h i s  r u l e  i s  n o t  

a lw ays fo l lo w e d  and o p p o s i t e  e f f e c t s  a r e  sometimes found among 

dyes of c l o s e l y  s i m i l a r  s t r u c t u r e .  f o r  exam ple, oky Blue FF 

obeys th e  r u l e  in  w a te r  and p y r i d i n e ,  b u t b e n z o p u rp u r in e  behaves  

i n  th e  o p p o s i te  s e n s e .

The s i m i l a r i t y  i n  b e h a v io u r  o f  each  dye i s  s o l u t i o n s  o r  

ad so rb ed  in  f i l m s ,  w i th  i n c r e a s e  in  c o n c e n t r a t i o n ,  i s  e v id e n c e
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t h a t  th e  ad s o rb e d  dye i s  a t  l e a s t  p a r t l y  a g g r e g a t e d .  The 

r e s u l t  of  t h e  ex a m in a t io n s  o i  " b e e r ' s  law c u rv e s"  o f  dyed 

l i l m  d i s c u s s e d  p r e v i o u s l y  i s  th u s  co n f i rm ed .

The change in the height of the y band relative to the 
X band, with increase in concentration, was quite small, about 
5/^0 for a hundredfold increase in concentration.

K r a s o v i t s k i i  and P e re y a s lo v a  have found t h a t  \ f o r'^max
b en z id in e  c o t t o n  dyes i s  f r e q u e n t l y  much h i g h e r  on r e g e n e r a t e d  

c e l l u l o s e  s h e e t ,  t h a n  i n  s o l u t i o n s .  They a t t r i b u t e d  t h i s  to  

in c r e a s e d  c o n j u g a t i o n  i n  th e  dye m o le c u le s ,  caused  by improved 

p l a n a r i t y .  from th e  d a t a  i n  Table  IL5 ,  i t  i s  e v i d e n t  t h a t  

f o r  many dyes  s h i f t s  t o  l o n g e r  w av e len g th s  when th e  dye i s  

adso rbed  on c e l l u l o s e .  I t  now a p p e a r s  t h a t  i n  t h e  ad so rb ed  

s t a t e ,  th e  dye m o le c u le s  a r e  p ro b a b ly  a l i g n e d  p a r a l l e l  to  th e  

c e l l u l o s e  c h a i n s ,  and s e p a r a t e d  th e re f r o m  by a l a y e r  o f  w a te r  

m o lecu les  ( G i l e s  and H a ss an ) .

R e a c t iv e  d y e s .

These new dyes r e a c t  d i r e c t l y  w i th  th e  f i b r e ,  fo rm ing  

c o v a le n t  bonds ,  and th u s  th e y  d i f f e r  from a l l  o t h e r  ty p e s  o f  dye ,  

which a r e  ad s o rb e d  by r e v e r s i b l e  p h y s i c a l  f o r c e s .  That they  

a r e  a g g r e g a te d  i n  s o l i d  s u b s t r a t e s  has  been s u g g e s te d  p r e v i o u s l y  

by B a x te r  e t  a l . (1957) a f t e r  a s tu d y  o f  l i g h t  f a d i n g  r a t e s .  

F u r t h e r  s t u d i e s  o f  l i g h t  f a d i n g  r a t e s  o f  two r e a c t i v e  (P ro c io n )



Tab le  I I . 5 A b s o rp t io n  s p e c t r a  d a t a  (x  and y -b a n d s )  f o r  dyes 
i n  v a r i o u s  media .

4 8 .

Dye medium max
y

band*
X

O.D a t  max 
(x) i n  1 cm. 
c e l l  conc (g )

O.D Rat; 
y:%

XIV p y r i d i n e : w a t e r  
( 505̂ 0 v / v )

5800 6250 0.602 0 .9 2

p y r id in e  :w a te r  
{3<y/o v /v )

5800 6250 1.500 0 .93

p y r i d i n e ; w a t e r  
( 50^  v / v )

5800 6250 1.460 0 .9 4

0 .2  Ivl-phenol 5800 6200 0 .264 0 .95
0 .2  M-phenol 5800 6200 1 .276 0 .97
Water 5800 6100 0.277 0 .9 6
Water 5800 6100 0 .549 0 .96
Water 5800 6100 O.9I 8 0 .99
Water 5800 6100 1 .259 0 .9 8
g e l a t i n  ; 5850 6250 0.125 0 .92
g e l a t i n 5850 6250 0 .270 0 .96
g e l a t i n 5850 6250 O.8O4 1 .02
g e l a t i n 5850 6250 1 .08 1 .05

XV p y r i d i n e : w a t e r  
( 507Ô v / v )

600 6450 0 .167 0 .91

p y r i d i n e  :w a te r  
( 50^  v / v )

600 6450 0 .749 0.91

g e l a t i n 6100 6500 0.108 0.93
g e l a t i n 6100 6500 0 .250 0 .9 4
g e l a t i n 6100 6450 0.555 0 .95

^Wavelengths a r e  g iv e n i n  p a r e n t h e s i s  where th e  peak i s f l a t

o r  i n  the  form o f  a "1s h o u l d e r " ; a  query i n d i c a t e s  v e ry

u n d e f i n i t e  peak .
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Monoazodye, u n su lp h o n a te d

XVI E th y l  Methyl 4200 4800
c e l l u l o s e  f i l m
C o l lo id o n  f i l m  4200 5000

0 . 5 1 5

0 .920

0.80

0 .6 5

This  dye i s  more h i g h l y  a g g r e g a te d  i n  th e  h y d r o p h i l i c  th a n  

i n  th e  hydrophobic  f i l m .

Monoazodyes, su lp h o n a te d

XVII p y r i d i n e 4400 4750 0 .344 0 .8 9
methanol ( 4200 ) 4600 0 .447 0 .7 6
w a te r ( 4200 ) 4600 0.459 0 .8 0
w a te r ( 4200 ) 4600 1.760 0 .8 5
w a te r ( 4200 ) 4600 2 .4 6 0 .91
IM-Nacl ( 4200 ) 4600 0.557 0 .8 3

V methanol 5100 ( 5500?) 1.150 1 .11
g e l a t i n  (dyed 
i n  0 .25M -phenol)

5150 ( 5450) 1.000 1 .2 8

g e l a t i n  (dyed 
i n  0 .25M -phenol)

5150 ( 5450) 2.910 1 .29

g e l a t i n 5150 ( 5450) 1 .580 1 .3 0

VI w a te r 5050 5300 0.447 1.01

w a te r 5050 5300 0.720 1 .01

w a te r 5050 5300 0.955 1 .01

w a te r 5050 5300 3.048 1 .03

VII w ate r 5150 5450 0 .110 1 .00
w ate r 5150 5450 0.902 1.02

w ate r 5150 5450 3.480 1 .09



g e l a t i n 4950 (5300) 0 .168

CTAB = c e t y l  trimethylammonium bromide;  t h i s  c a t i o n i c  a g e n t  

i n c r e a s e s  th e  a s s o c i a t i o n  o f  th e  dye*

50.
1 .42

D is -  and t r i s a z o  dyes su lp h o n a te d

I I

XXIY

0.2M-phenol 5050 ( 5450) 0 .162 1 .2 3
0.2M-phenol 5050 ( 5450) 0 .730 1 .4 9
w a te r 5100 ( 5450) 0.165 1 .3 4
w ate r 5100 ( 5450) 0 .780 1 .6 0

p y r i d in e ( 5500) 5950 0 .760 0 .7 7
methanol 5500 5750 0 .680 0 .93
c e l l u l o s e 5850 ( 6550) 0 .690 1 .27

p y r i d i n e : w a t e r  
( 50/; v / v )

( 5900) 6300 0 .160 0 .8 3

p y r i d i n e : w a t e r  
(,3 0 fo v / v )

( 5900) 6300 0.771 0 .8 3

p y r i d i n e : w a t e r  
( 50/  v / v )

( 5900) 6300 1 .520 0 .8 4

w ate r ( 5900 ) 6200 0 .061 0 .8 7
w ate r ( 5900 ) 6200 0 .084 0 .8 9
w ate r ( 5900 ) 6200 0 .346 0 .89
w ate r ( 5900 ) 6200 1 .250 0 .89
w a te r ( 5900) 6200 1 .490 0 .9 4
c e l l u l o s e 6100 6600 0 .294 0 .8 0
c e l l u l o s e 6100 6600 0.820 0 .8 0

c e l l u l o s e 6100 6550 1.900 0 .8 9
g e l a t i n ( 6100) 6250 0.165 0 .9 6
g e l a t i n ( 6100 ) 6250 0.552 0 .9 8
g e l a t i n ( 6100 ) 6250 0 .956 0 .9 8
g e l a t i n  (dyed 
i n  2M-phenol)

5200 5550 0.825 1 .1 3
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g e l a t i n 5200 5550 0,081 1 .1 0
g e l a t i n 5200 5550 0 .435 1 .1 6
g e l a t i n 4950 5550 0 .880 1 .23

XVIII methanol 4850 5050 0 .305 1 .0 3
w a te r 4950 5050 0 .580 1 .0 4
g e l a t i n 4950 ( 5150) 0 .280 1 .0 9

XIX methanol 4950 ( 5200) 0 .200 1 .1 2
w a te r 5000 ( 5270) 0 .280 1 .10
0.2M-phenol 4950 ( 5550) 0 .190 1 .1 4
g e l a t i n 5050 ( 5550) 0 .1 9 0 1 .0 8

XX w a te r 4100 ( 4400 ) 0 .349 1 .2 7
w ate r 4000 ( 4400) 0 .569 1 .5 0
g e l a t i n 4000 ( 4400 ) 0 .0 8 6 1 .3 8

XXI w a te r 4050 ( 4400 ) 0 .182 1 .5 9
w a te r 4050 ( 4400 ) 0.445 1 .6 6
g e l a t i n 4000 ( 4400 ) 0 .185 1 .75

XXII p y r i d i n e : w a t e r  
{3<yfo v / v )

4800 ( 5300) 0 .137 2 .31

w a te r 4800 ( 5300) 0.165 2 .5 4
g e l a t i n 4800 ( 5300) 0 .147 2 .56

XXIII p y r i d i n e : w a t e r  
( 50^  v / v )

4900 ( 5300) 0 .078 1 .46

g e l a t i n  (+CTAB) 4800 ( 5300) 0.135 1 .7 4
w a te r 5000 5300 6.211 1 .13
g e l a t i n (6100) 6250 1.800 1 .0 4

XXV p y r i d i n e : w a t e r  
( 50/  v / v )

( 6200) ( 6600) 0 .139 1 .01

p y r i d i n e : w a t e r  
( 3 0 fo v / v )

(6200) (6600) 0 .561 1 .03

p y r i d i n e : w a t e r  
( 50̂ 0 v /v )

( 6200) (6600) 1 .480 1 .07
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XXVI

I I I

w a te r ( 6150 ) ( 6750 ) 0 .133 1 .40
w ate r ( 6250) ( 6750) 0 .424 1 .35
w ate r ( 6250) ( 6750) 1 .260 1 .36
c e l l u l o s e ( 6300) ( 6650) 0 .137 0 .9 9
c e l l u l o s e ( 6300) ( 6650) 0.555 1 .0 0
c e l l u l o s e ( 6300) ( 6650) 0 .678 1 .06

p y r i d i n e  ;w a te r  
( 50^  v / v )

( 5900?) 6400 0 .118 0 .6 7

p y r i d i n e : w a t e r  
(50^4 v / v )

( 5900?) 6500 0 .540 0 .70

p y r i d i n e ; w a t e r  
(5054 v / v )

( 5900?) 6500 1 .49 0 .70

w ate r ( 6000?) ( 6300?) 0 .102 0 .9 0
w ate r ( 6000?) ( 6300?) 0 .554 0 .9 1
w ate r ( 6000?) ( 6300?) 1 .680 0 .9 6
c e l l u l o s e ( 5900?) 6400 0 .218 0 .69
c e l l u l o s e ( 5900?) 6400 1.100 0 .71
c e l l u l o s e ( 5900?) 6400 2 .230 0 .7 9
g e l a t i n ( 5900?) 6350 0 .222 0 .80
g e l a t i n ( 5900?) 6350 0 .355 0.82
g e l a t i n ( 5900?) 6350 1.000 0 .8 6

0.2M-phenol (4100 ) (4400 ) 0 .150 0 .9 7
0.2M-phenol (4100 ) ( 4400) 1 .370 1 .06
c e l l u l o s e ( 4100 ) ( 4400 ) 0 .420 0 .9 8
w ate r ( 4100 ) (4400) 0.245 1 .02
w ate r ( 4100 ) (4400 ) 1 .150 1.02
g e l a t i n ( 4100 ) ( 4400 ) 0.323 1 .0 3
g e l a t i n ( 4100 ) ( 4400) 1 .370 1 .0 6
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I X V I I

XXVIII

XXIX

XXX

w a te r (5750) 6200 0 .091 0 .85
w a te r (5750) 6200 0 .3 6 4 0 .86
w a te r (5750) 6200 1 .400 0 .88
p y r i d i n e (5850) 6250 0 .116 0.85
p y r i d i n e (5850) 6250 0 .414 0 .9 0
p y r i d i n e (5850) 6250 1 .060 0 .91
g e l a t i n (5850) 6250 0 .104 0 .93
g e l a t i n (5850) 6250 0 .310 0 .9 4
g e l a t i n (5850) 6250 1 .430 0 .9 6

w a te r 4800 ( 5300?) 0.062 1.65
w ate r 4800 ( 5300?) 0 .283 1.73
w a te r 4800 ( 5300?) 1.105 1 .7 0
g e l a t i n 4900 ( 5400?) 0 .475 1 .54
g e l a t i n 4900 ( 5400?) 0 .980 1 .54
g e l a t i n 4900 ( 5400?) 1 .720 1 .56
p y r i d i n e 5000 ( 5400?) 0 .590 1 .4 0
p y r i d i n e 5000 ( 5400?) 1 .570 1.43

R e a c t iv e  Dyes f o i • C e l lu l o s e

w a te r 4950 5250 0 .125 0 .76
w a te r 4950 5250 0 .498 0 .8 0
w a te r 4950 5250 0.995 0 .83
w a te r 4950 5250 1 .990 0.86
c e l l u l o s e  ( a f t e r  
a l k a l i  t r e a t m e n t )

( 5050?) ( 5500?) 0 .111 0.91

c e l l u l o s e  ( a f t e r  
a l k a l i  t r e a t m e n t )

(5050?) ( 5500?) 0.545 1.01

c e l l u l o s e  ( a f t e r  
a l k a l i  t r e a t m e n t )

(5050?) ( 5500?) 1.300 1 .08

w a te r 5000 ( 5200?) 0.172 1 .1 0
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w a te r 5000 ( 5200?) 0 .585 1 .1 4
w ate r 5000 ( 5200?) 1 .760 1 .1 4
Zio Na^CO^soln. 
( c o o le d  a f t e r  
b o i l i n g  30 min)

4950 ( 5200?) 0 .204 1 .23

2^0 Na^CO, s o l n .  
( co o le d  a f t e r  
b o i l i n g  50 min)

4950 ( 5250?) 0.541 1 .28

c e l l u l o s e  ( a f t e r  
a l k a l i  t r e a t m e n t )

5100 ( 5550) 0 .068 1 .02

c e l l u l o s e  ( a f t e r  
a l k a l i  t r e a t m e n t )

5100 ( 5550) 0.73 1 .12

c e l l u l o s e  ( a f t e r  
a l k a l i  t r e a t m e n t )

5100 ( 5350) 1.46 1 .12

w a te r 6200 6600 0 .074 0 .45
w a te r 6200 6600 0 .382 0 .6 8

w a te r 6200 6600 1.540 0 .8 1

c e l l u l o s e 6250 6630 0.494 0 .6 5

c e l l u l o s e 6250 6630 1 .460 0 .6 6

Na.COz s o l n .  
( a f t e r  b o i l i n g  
30 m in . )

6300 6630 0.106 0 .6 8

2^0 Na^CO^ s o l n . 6300 6630 0 .410 0.71
( a f t e r  b o i l i n g  
30 m in . )
p y r i d i n e 6070 6700 0.162 0 .2 5

p y r i d i n e 6070 6700 0.632 0 .2 8

p y r id in e 6070 6700 1.300 0 .3 4

Tripheny lm ethane Dye

w a te r ( 5750 ) 6200 0 .098 0 .4 7
w ate r ( 5750) 6200 0.368 0 .4 6

w a te r ( 5750) 6200 2 .460 0 .5 3
c e l l u l o s e ( 5750) 6300 0.790 0 .45
c e l l u l o s e  a c e t a t e ( 5750 ) 6300 0.363 0 .33
g e l a t i n ( 5750) 6300 0 .361 0 .3 9
g e l a t i n ( 5750) 6200 1.080 0 .3 9
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dyes a r e  d i s c u s s e d ,  w i th  th e  same c o n c lu s io n ,  i n  s e c t i o n  I I I  o f  

t h i s  t h e s i s .

The a b s o r p t i o n  s p e c t r a  f o r  th e s e  dyes and th e  change i n  th e  

h e i g h t  o f  th e  y  band r e l a t i v e  to  th e  x band w i th  i n c r e a s e  i n  

c o n c e n t r a t i o n ,  w he the r  i n  s o l u t i o n  o r  i n  a s o l i d  s u b s t r a t e ,  

ap p e a r s  to  con f i rm  th e  e x i s t e n c e  of  a g g r e g a t e s .  T h e i r  i n t e r -  

m o le c u la r  f o r c e s  a r e  t h e r e f o r e  s u f f i c i e n t l y  pow erfu l  t o  cause  

a g g r e g a t io n  even when one p o i n t  on th e  dye m o lecu le  i s  c o v a l e n t l y  

a t t a c h e d  to  th e  f i b r e  m o le c u la r  c h a in .  During  th e  r e a c t i o n  w i th  

th e  l i b r e  t h e  system i s  of  co u rse  i n  an aqueous medium, and th e  

f i b r e  m o le cu le s  a c c e s s i b l e  to  dye w i l l  be s o l v a t e d  by w a te r  and 

q u i t e  f l e x i b l e  enough to  accommodate th e m se lv es  to  th e  p o s i t i o n  

t a k e n  up by th e  a g g re g a te d  dye m o le c u le s .

%
A g e i n g  e f f e c t s

f o r  most o f  the  d y es ,  aqueous s o l u t i o n s  were p r e p a re d  by 

d i s s o l v i n g  th e  dye f i r s t  i n  a minimum o f  co ld  d i s t i l l e d  w a te r ,  

n u t  f o r  a  few dyes o f  d i f f i c u l t  s o l u b i l i t y  such as  m e ta l -com plex

* I t  h as  been  r e p o r t e d  by vhoei  n i t o ,  t h a t  f o r  m ethy lene  
b l u e ,  t h e  spec trum  o f  the  dye adso rbed  on monto- 
m o r i l l o n i t e  changes g r a d u a l l y  w i th  l a p s e  o f  t im e .  I n  
p o ta s s iu m  and ammonium b e n t o n i t e s ,  th e  hand a t  5700a 
d e c r e a s e s  i t s  i n t e n s i t y  rem arkab ly  and th e  b ro ad  bands 
a t  6000-6200a i n c r e a s e  t h e i r  abso rbance  markedly  w i t h  

l a p s e  o f  t im e .  T h i s ,  the  a u t h o r  assumes,  i s  due to  th e  
dyes b e in g  adso rbed  i n  th e  a s s o c i a t e d  form on th e  o u t e r  

s u r f a c e s  o f  the  dye .
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dyes i t  was n e c e s s a r y  to  b o i l  f o r  a  few m inu tes  u n t i l  t h e  s o l u t i o n  

became c l e a r .  The s o l u t i o n s  were th e n  d i l u t e d  as  r e q u i r e d  w i th  

co ld  w a t e r .  Readings  were th e n  ta k e n  a s  soon as  p o s s i b l e ,  

u s u a l l y  w i t h i n  50 m in u te s  of  d i l u t i o n .  Hence t e s t s  were made to  

d e te rm in e  w he the r  t h e r e  a r e  any ag e in g  e f f e c t s ,  by exam ining  th e  

s o l u t i o n s ,  k e p t  i n  a c o l d  p l a c e ,  a t  d i f f e r e n t  p e r i o d s  up to  24 h r .  

a f t e r  d i l u t i o n .  In  th e  ca se  of  th e  s u lp h o n a te d  dyes t h e r e  was no 

change,  e x c e p t  i n  one o r  two c a s e s ,  where ,  over  a p e r io d  of  s e v e r a l  

h o u r s ,  th e  y : x  peak r a t i o  i n c r e a s e d  by c a . 2^ .  The m e ta l -com plex  

dye s o l u t i o n s ,  however,  which had been p r e p a re d  by d i l u t i n g  th e  

h o t  s o l u t i o n s ,  showed a s l i g h t  d e c re a s e  i n  a g g r e g a t i o n  w i th  t im e ;  

th e  w eakes t  s o l u t i o n  changed a t  th e  lo w e s t  r a t e .  Thus a weak 

s o l u t i o n  o f  I r g a l a n  Orange rL w i th  o p t i c a l  d e n s i t y  O . I I 9 a t  4800a 

d e c re a s e d  i n  y : x  r a t i o  abou t  15^  over  24 h r .

TO d i s c o v e r  w h e th e r  any o f  th e  s p e c t r a l  changes r e c o rd e d  

cou ld  be caused  by t r a c e s  o f  m e ta l  i o n s ,  two dyes ( u . I . 18050,24410) 

were examined i n  0 . 1 ^  aqueous e t h y le n e  d iam ine  t e t r a a c e t i c  a c i d  

s o l u t i o n .  The s p e c t r a  were the  same as  i n  w a t e r .

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

The v a r i a n c e  t e s t

A ll  th e  ex p e r im e n ts  i n  th e  above s e c t i o n  were c a r r i e d  ou t  by 

a s i n g l e  p e r s o n  s i n c e  i t  was d i s c o v e r e d  t h a t  th e  r e a d i n g s  o b ta in e d  

on th e  Unicam aP  500 in s t r u m e n t  d i f f e r e d  s l i g h t l y  from p e rso n  t o
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p e r s o n .  F u r the rm ore  th e  o p t i c a l  d e n s i t y  r e a d i n g  f o r  a  dye a t  

any c o n c e n t r a t i o n  was d i f f e r e n t  i n  th e  t h i r d  dec im al  p l a c e  i f  

de te rm ined  s u b s e q u e n t l y .

S ince  th e  s i g n i f i c a n c e  o f  the  o p t i c a l  d e n s i t y  r a t i o  was th e

b a s i s  o f  t h i s  s e c t i o n ,  one dye ( C . I . I 8O50 ) was examined i n  t h r e e

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

two \  f o r  each s o l u t i o n  b e in g  d e te rm in ed  t h r e e  t im e s .  The A max

whole o p e r a t i o n  was r e p e a t e d  by f o u r  o p e r a t o r s .  The w r i t e r  i s  in d e b te i  

to  Mr. David Smith o f  t h i s  D epar tm ent ,  f o r  making th e  s t a t i s t i c a l  

a n a l y s i s ;  d e t a i l s  a r e  g iv e n  i n  the  a p p r o p r i a t e  p u b l i c a t i o n .  I t  

i s  t h e r e  shown t h a t  d i f f e r e n c e s  i n  o p t i c a l  d e n s i t y ,  i f  found by one 

o p e r a t o r ,  a r e  s i g n i f i c a n t  down to  0 .01  u n i t .

2
The a n a l y s i s  o f  v a r i a n c e  g iv e s  <3— = 0.000025 and hence th e  

s t a n d a r d  d e v i a t i o n  f o r  each r a t i o  i s  + O.OO5.

. * .  The average percent error of each ratio is O.O5.

To f i n d  i f  th e  d i f f e r e n c e  (x^ -  Xg) i n  th e  r a t i o  f o r  two con

c e n t r a t i o n s  o f  a dye i s  s i g n i f i c a n t  a t  th e  5ÿo l e v e l ,  when th e  x*s 

a r e  th e  av e rag e  o f  two r e a d i n g s ,  th e  t  t e s t  can be u s e d .

T hus ,

X f -  Xg ^1 “ ^2
t  = —-------— -   —----  w i th  24 d eg ree s  o f  freedom

( f  f )  ^
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O p era to r
C o n c e n t r a t i o n

a

b

c

A
R atio ' Sum

B
R a t io Sum

1 . 067 , 1 . 0 67 , 1 .064  5.198  1 . 058 , 1 . 0 5 9 , 1.062  5.179

0 .9 8 7 ,0 .9 8 5 ,0 .9 8 7  2 .959  0 .9 8 7 ,0 .9 8 7 ,0 .9 8 7  2 .951

0 . 970 , 0 . 955 , 0 .955  2 .880  0 . 969 , 0 . 970 , 0.985  2 .875

a
h

c

1 .0 7 9 ,1 .0 7 9 ,1 . 0 7 9

0 . 9 8 5 ,0 .9 8 5 ,0 .9 8 5

0 . 952 , 0 . 968 , 0.955

5.257  1 . 055 , 1 . 0 5 6 , 1.056  5.167

2.951  0 . 978 , 0 . 9 65 , 0 .970  2.911

2.875  0 . 955 , 0 . 955 , 0.955  2 .865

T o ta l
12.781

11.782

11.542

^o p t ica l  d e n s i t y  r a t i o ,  y -b an d /x -b a n d  maxima.
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An a n a l y s i s  o f  v a r i a n c e s  was c a r r i e d  ou t  on th e s e  d a t a ,  

w i th  th e  f o l l o w i n g  r e s u l t s ;

Source o f  
v a r i a n c e

(1) Between 
c o n c e n t r a t i o n

( 2 ) Between 
o p e r a t o r s  w i t h i n  
c o n c e n t r a t i o n s  o f  
dye

Degree of  
Freedom

—1 =  2 

jo(m-l) = 9

( 5 ) E r r o r

T o ta l

jbm (n- l)  » 24 

n j) m — 1 = 55

Sum o f  Squares  Mean Square

0 . 0 7 1 9 6 5

0.002185

0.000605

0.074751

0.055982

0.000245

0.000025

Component
o f

v a r i a n c e

where

m

n =

number of  c o n c e n t r a t i o n s  = 5 

number o f  o p e r a t o r s  = 4

number o f  r e a d i n g s  of  one c o n c e n t r a t i o n  t a k e n  by 
one o p e r a t o r  = 5

v a r i a n c e  of  e r r o r

v a r i a n c e  between o p e r a t o r s

v a r i a n c e  between c o n c e n t r a t i o n s .
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At th e  5 p e r c e n t  l e v e l  o f  s i g n i f i c a n c e  th e  d i f f e r e n c e  i n  

r a t i o  i s  s i g n i f i c a n t  i f  t 2. 06

. * .  i s  s i g n i f i c a n t l y  d i f f e r e n t  from x^ i f  x^ -  Xg^oTjt 

> 0 . 0 0 5  X 2 .06  ^  0 .01
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l i a  REFLECTIVITY MEASUREMENT 

INTRODUCTION

I n  th e  p r e v io u s  s e c t i o n  i t  has  been shown t h a t  B e e r ' s  law 

i s  s t r i c t l y  n o t  obeyed by dyed f i l m s ,  p ro b ab ly  on ac co u n t  o f  th e  

p r e s e n c e  o f  dye a g g r e g a t e s .  I t  i s  i n  f a c t  on ly  obeyed by t r u e  

s o l u t i o n s  o r  by su s p e n s io n s  o f  p a r t i c l e s  of  c o n s t a n t  s i z e  

d i s t r i b u t i o n .

In  t h i s  s e c t i o n  th e  a p p l i c a t i o n  o f  B e e r ' s  law has  been 

ex ten d ed  to  th e  r e l a t i o n s h i p  between l i g h t  r e f l e c t a n c e  and 

c o n c e n t r a t i o n  o f  c o l o u r  i n  a mass o f  c o lo u re d  p a r t i c l e s  and f i b r e s .

P re v io u s  work

The r e l a t i o n s h i p  between the  i n t e n s i t y  o f  i n c i d e n t  and 

r e f l e c t e d  l i g h t  f o r  d i f f u s i n g  s u r f a c e s  has  been th e  s u b j e c t  o f  many 

i n v e s t i g a t i o n s  from I8 6 0 ,  onwards ( S to k e s ,  uhannon e t  a l . ) .  

A p p a re n t ly  th e  f i r s t  i n v e s t i g a t o r s  to  examine th e  r e l a t i o n s h i p  

between  r e f l e c t e d  l i g h t  i n t e n s i t y  from a c o lo u re d  s u r f a c e  and th e  

c o n c e n t r a t i o n  o f  c o lo u r  were C u n l i f f e  and Lambert i n  I 929 . They 

found  e m p i r i c a l l y  a l i n e a r  r e l a t i o n s h i p  between r e f l e c t i o n  d e n s i t y  

o f  c e r t a i n  dyed f a b r i c s ,  and th e  lo g  of  t h e i r  dye c o n c e n t r a t i o n ,  

b u t  o n ly  up to  c o n c e n t r a t i o n s  o f  1 - 1 . beyond t h i s  th e  curve  

b e n t  tow ards  th e  c o n c e n t r a t i o n  a x i s .  This  o b s e r v a t i o n  was a  sm al l  

p a r t  o f  an e x h a u s t iv e  i n v e s t i g a t i o n  o f  th e  l i g h t  f a d i n g  of  dyes on
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wool.  I t  was l i m i t e d  to  two dyes ( C . I . 15620, I 6I 5O) on one f i b r e  

(w o o l ) .  I t  a p p e a r s  t h a t  no f u r t h e r  exam in a t io n  o f  t h i s  r e l a t i o n  

was made u n t i l  i t  was r e d i s c o v e r e d  by B a x te r  e t  a l . ,  who found a  

l i n e a r  r e l a t i o n  between r e f l e c t i o n  d e n s i t y  and lo g  c o n c e n t r a t i o n  

o f  some d y es ,  on v i s c o s e  r a y o n ,  over  t h e  whole ran g e  of  

c o n c e n t r a t i o n  m easured .  C u n l i f f e  and Lambert had u se d  a v i s u a l  

s p e c t r o p h o to m e te r .  The d e p a r t u r e  from l i n e a r i t y  th e y  obse rved  

may have been  caused  by th e  d i f f i c u l t y  o f  v i s u a l l y  a s s e s s i n g  low 

i n t e n s i t y  r e f l e c t e d  l i g h t .  B a x te r  e t  a l . u sed  a  p h o t o e l e c t r i c  

i n s t r u m e n t .

Meanwhile s e v e r a l  o t h e r  a u t h o r s  (Kubelka and Munk, P in eo ,  

u ue lke  and P i t z s im o n s ,  P r e s to n  and T s ie n ,  A th e r to n )  have examined 

th e  s u b j e c t  t h e o r e t i c a l l y ,  and have produced a number o f  f u n c t i o n s ,  

o f t e n  complex, of  r e f l e c t a n c e  which v a ry  l i n e a r l y  w i th  c o lo u r  

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

r e l a t i o n  f i r s t  s u g g e s te d  by C u n l i f f e  and Lambert seemed however to  

o f f e r  some ad v a n tag e s  over  th e  o t h e r s .  I t  e n a b le s  th e  e f f e c t  o f  

change i n  p h y s i c a l  s t a t e  o f  dyes i n  f a b r i c s  to  be compared d i r e c t l y  

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

u s e s  a  f u n c t i o n  o f  r e f l e c t a n c e  r e a d  d i r e c t l y  on th e  m easur ing  

a p p a r a t u s ,  and i t  can be p l o t t e d  d i r e c t l y .  I t  was t h e r e f o r e  

examined h e r e  more e x h a u s t i v e l y ,  and a  t h e o r e t i c a l  b a s i s  was 

d e r iv e d  by D. bm ith .
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BXPKRimNTAL

Dyes

The f o l lo w in g  normal commercial dyes were u s e d .

C h lo ra n t in e  F a s t  Red BL ( C . I . 35780)

Azo G eran ine  2G ( C . I . I 8O50 )

N aphtha lene  S c a r l e t  4R ( C . I . I 6255)

N aphtha lene  Orange GC ( C . 1 .16230)

C h lo ra z o l  Rose B ( C . I . 29IOO)

C h lo ra zo l  Yellow 6G ( C . I . 13920)

C h lo ra z o l  Sky Blue FF ( C . I . 244IO)

Polar Yellow R

Rayons.
The rayon  f a b r i c s  f o r  d i r e c t  d y es ,  C h lo ra zo l  Yellow 6G 

( C . I . 13920) ,  C h lo ra zo l  Sky Blue FF ( C . I . 24410) and C h l o r a n t in e  F a s t  

Red BL ( C . 1 . 35780) were dyed i n  5 gni. p o r t i o n s  f o r  90 min. a t  

85- 90^C. i n  50-volume b a th s  c o n t a i n i n g  d i f f e r e n t  amounts o f  d y es ,  

and lÔ d G la u b e r ' s  s a l t  was added w h i le  d y e in g .  F i n a l l y  th e y  were 

w e l l  r i n s e d  and d r i e d  i n  a i r .

The amount o f  dye on each of  t h e  samples was measured by 

e x t r a c t i o n  in  pure  p y r i d i n e  o r  ( v / v )  aqueous p y r i d i n e .  The

amount o f  C h lo ra n t in e  F a s t  Red BL (C.1 .35780)  on th e  f a b r i c  was 

d e te rm in ed  d i r e c t l y  from th e  change i n  b a t h  c o n c e n t r a t i o n .
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Wool.

5 gm. p a t t e r n s  o f  scou red  w o rs ted  f l a n n e l  were dyed i n  

d i f f e r e n t  d ep th s  w i th  Naphtha lene  Orange GC ( U . I . I 623O) and P o la r  

l e l l o w  R as  d e s c r i b e d  f o r  r ay o n ,  w i th  1^  a d d i t i o n  o f  a c e t i c  a c i d  

( w /v ) .

The dye on th e  f a b r i c  was e s t i m a t e d  p h o t o m e t r i c a l l y  from th e  

s o l u t i o n  o b ta in e d  by b o i l i n g  0 .1  gm. o f  f a b r i c  i n  50 c . c .  o f  10̂ 6

aqueous sodium h y d ro x id e  s o l u t i o n .  A s i m i l a r  p i e c e  o f  undyed

wool was t r e a t e d  l i k e w i s e  to  be used  as  c o n t r o l .

O p t i c a l  and r e f l e c t i o n  d e n s i t i e s  were measured on th e  Unicam 

s p e c t r o p h o to m e te r s  SP 5OO and SP 6OO. R e f l e c t a n c e s  were

measured u s i n g  f o u r  l a y e r s  of  f a b r i c .  I t  was found t h a t  a d d i t i o n

o f  f u r t h e r  l a y e r s  p roduced no change i n  r e a d i n g s .
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I t  i s  assumed t h a t  any l i g h t ,  d i f f u s e d  o r  p a r a l l e l ,  i l l u m i n a t e s

a mass of  m a t e r i a l  composed o f  c o lo u re d  p a r t i c l e s  o r  f i b r e s .  The

mass may be suspended i n  a l i q u i d  o r  a  s o l i d  medium, o r  l a i d  ou t

on a p l a i n  s u r f a c e  a s  i n  a  p a i n t e d  m a t e r i a l  o r  f a b r i c .  The emergent

l i g h t  c o n s i s t s  o f  a v e ry  l a r g e  number o f  i n d i v i d u a l  r a y s ,  each o f

which a f t e r  s t r i k i n g  a  s i n g l e  p a r t i c l e  i s  e i t h e r  s c a t t e r e d ,

r e f l e c t e d  o r  r e t r a c t e d  a c c o r d in g  to  i t s  an g le  r e l a t i v e  to  th e

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

I n  r igJLIL^step wedge i s  shown as  a model o f  th e  g e n e ra l  sy s tem .  

In  t h i s  system t h e r e  a r e  a v e ry  l a r g e  number o f  v e ry  sm al l  s t e p s ,  

n e a r l y  a l l  c o lo u re d ,  b u t  a  few u n c o lo u re d ,  r e p r e s e n t i n g  l i g h t  which 

h as  been s p e c u l a r l y  r e f l e c t e d  irom th e  o u t e r  s u r f a c e s  and has  n o t  

p e n e t r a t e d  any p a r t i c l e .

The a b s o r p t i o n  o f  l i g h t  s u f f e r e d  by each i n d i v i d u a l  c o lo u re d  

r a y  v a r i e s  w i th  th e  c o n c e n t r a t i o n  o f  c o l o u r i n g  m a t t e r  i n  th e  

p a r t i c l e  i n  acco rdance  w i th  B e e r ' s  law (PigJLE) and i s  in d e p en d e n t  

o f  th e  a c t u a l  p a th  th e  r a y  may have ta k e n  i n  i t s  dev ious  c o u rse  i n t o  

and o u t  of th e  s u r f a c e .

While each i n d i v i d u a l  r a y  o b e y ' s  B e e r ' s  law, th e  emergent r a y  

a s  a  whole does n o t  do so ,  and i n  f a c t  i t s  o p t i c a l  d e n s i t y  -  

c o n c e n t r a t i o n  g raph  i s  a  c u r v e .  T h is  can be seen  s im ply  from a  

n u m e r ic a l  example,  i n  which two em ergent r a y s  a r e  assumed to  have 

Ifo and lO/o o f  the  o r i g i n a l  l i g h t  i n t e n s i t y ,  i . e .  o p t i c a l  d e n s i t i e s
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of  k! and 1 r e s p e c t i v e l y #  The mean t r a n s m i s s i o n  i s  3*5 and 

co r re sp o n d s  to  an o p t i c a l  d e n s i t y  o f  1.26# I f  th e  c o n c e n t r a t i o n  

01 c o l o u r i n g  m a t t e r  i s  d o u b led ,  th e n  th e  o p t i c a l  d e n s i t y  v a l u e s  

become d o u b le ,  i . e .  4 and 2 ,  a c c o r d in g  to  Beer*s law# But th e  

p e r c e n ta g e  t r a n s m i s s i o n s  becomeO.Ol^o and O.l^b# An i n s t r u m e n t  w i l l  

measure mean t r a n s m i s s i o n ,  which i s  now O.O^^o, c o r r e s p o n d in g  t o  an 

o p t i c a l  d e n s i t y  o f  2#4^b# Thus i n  a  sys tem o f  t r a n s p a r e n t  

c o lo u re d  p a r t i c l e s  B e e r ' s  law i s  n e v e r  obeyed# The o p t i c a l  d e n s i t y  

o f  th e  emergent  l i g h t  i s  t h e r e f o r e  i n c r e a s i n g l y  l e s s  th a n  

p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n  o f  c o l o u r i n g  m a t t e r .  T h is  i s  

i l l u s t r a t e d  by Fig#ITJ2, where th e  cu rves  o f  o p t i c a l  o r  r e f l e c t i o n  

d e n s i t y  v s # c o n c e n t r a t i o n  i n  aqueous s o l u t i o n  and i n  v i s c o s e  ray o n  

f a b r i c  a r e  shown.

Q u a n t i t a t i v e  T re a tm e n t .

On th e  b a s i s  o f  th e  s u g g e s te d  model a r a y  can t a k e  an i n f i n i t e

number o f  pa ths#  I n  th e  s t e p  wedge diagram (FigJEJl) t h e  t h i c k n e s s

o f  each  s t e p  ( c l . )  c o r r e sp o n d s  to  th e  l e n g t h  o f  p a th  o f  th e  l i g h t

th ro u g h  a  m a t e r i a l  c o n t a i n i n g  a m onodisperse  c o l o u r i n g  m a t t e r  w i t h
c

m olar  e x t i n c t i o n  c o e f f i c i e n t  (^ )  and in  c o n c e n t r a t i o n ^ a n d  th e  w id th  

( a ) ,  t o  t h e  p r o b a b i l i t y  t h a t  th e  r a y  w i l l  t a k e  th e  r e s p e c t i v e  p a t h ,  

where 1^ i s  th e  p a th  l e n g t h  a t  u n i t  c o n c e n t r a t i o n #  I t  i s  assumed 

t h a t  B e e r ' s  law can be a p p l i e d  to  th e  l i g h t  p a s s in g  th ro u g h  any 

s t e p  o r  p a t h  , and .by  a p ro c e s s  of  i n t e g r a t i o n  over  an i n f i n i t e
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number o f  p a t h s ,  each  o f  which i s  assumed to  be e q u a l l y  p r o b a b le ,  

i t  has  been shown by th e  w r i t e r ' s  c o l l e a g u e ,  Hr.  David Smith,  t h a t

^  ^ 1
I  (cL log  10o e

(1)

where L = oCW = th e  l o n g e s t  p a th  l e n g t h  a t  u n i t  c o n c e n t r a t i o n .

Now the  v a lu e  o f  ^  f o r  o rg a n ic  c o l o u r i n g  m a t t e r s  i s  very  h ig h ,  o f  

th e  o rd e r  o f  10^ ,  and L i s  o f  th e  o r d e r  of  lO” ^ ,  so t h a t  th e  above 

e q u a t io n ,  f o r  a l l  e x c ep t  v e ry  low v a lu e s  o f  c ,  ap p ro x im a tes  to

lo g  —  = - l o g  c + A, . . .  (2)

I f
where A i s  a  c o n s t a n t .  Log —  i s  o f  c o u r se  the  o p t i c a l  d e n s i t y ,

o
i f  th e  l i g h t  i s  measured by t r a n s m i s s i o n ,  and i t  may be c a l l e d  

r e f l e c t i o n  d e n s i t y  i f  measured by r e f l e c t a n c e .

T h e re fo re  t h e r e  shou ld  be a  l i n e a r  r e l a t i o n s h i p  between 

d e n s i t y  and ( l o g )  c o n c e n t r a t i o n  o f  c o l o u r i n g  m a t t e r .

A f t e r  t h i s  t r e a t m e n t ,  th e n  b e l i e v e d  n o v e l ,  had been worked o u t ,  

i t  was d i s c o v e r e d  t h a t  Pineo had used  a s i m i l a r  t r e a t m e n t ,  b u t  had 

o b ta in e d  a more cumbersome f i n a l  e x p r e s s i o n .

Comparison w i th  b road -band  s p e c t r o p h o to m e t r y .

On th e  above r e a s o n i n g ,  t h e r e  sh o u ld  be a re sem blance  between 

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

r e f l e c t i n g  s u r f a c e s  and th e  o p t i c a l  d e n s i t y - c o n c e n t r a t i o n  r e l a t i o n
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f o r  s o l u t i o n s  of  a dye h a v in g  a  sym m etr ica l  a b s o r p t i o n  band,  and

measured w i th  l i g h t  of  c o n t in u o u s  spec trum .

The measured o p t i c a l  d e n s i t y  can be c o n s id e re d  th e  r e s u l t  o f  

an i n t e g r a t i o n  o f  t r a n s m i s s i o n s  th ro u g h  an i n f i n i t e  number o f  

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

band behaves  as  a s t e p  wedge w i th  i n f i n i t e l y  sm a l l  s t e p s .  r i g . 11.13  

shows t h a t  up to  a  d e n s i t y  of  0 .5  t h i s  r e l a t i o n  h o ld s  f o r  w h i te  

l i g h t  m easurem ents .  T h e r e a f t e r  th e  d e n s i t y  r i s e s  more s t e e p l y

w i th  c o n c e n t r a t i o n .  This  co u ld  be due to  th e  v a r i a t i o n  of

s p e c t r a l  s e n s i t i v i t y  o f  th e  p h o t o - c e l l .  The s e n s i t i v i t y  i s  a t  a  

maximum n e a r  th e  m iddle  o f  th e  spec trum , and f a l l s  towards each  

end ;  a t  4500 A and a t  62OO A i t  has  f a l l e n  to  abou t  h a l f  th e

maximum, and a t  4OOO A and 7OOO A to  abou t  30 and 10 p e r  c e n t ,

r e s p e c t i v e l y  ^ O i l e s ) .  h i g h e r  d e n s i t i e s  ^ > 0 . 5J can be o b ta in e d  

w i th o u t  f i l t e r  w i th  h i g h l y  c o n c e n t r a t e d  dye s o l u t i o n .  These 

a lm o s t  co m p le te ly  a b so rb  th e  m id -spec trum  l i g h t  ( t h e  o p t i c a l  

d e n s i t y  i s  too  h ig h  f o r  measurement w i th  th e  optimum f i l t e r ) ,  and 

th e  o p t i c a l  r e s p o n s e  would th e n  i n c r e a s i n g l y  depend on th e  m a rg in a l  

wave-bands a t  each end o f  th e  spec trum , so t h a t  th e  s e n s i t i v i t y  f a l l s  

s t e a d i l y ,  and th e  a p p a re n t  o p t i c a l  d e n s i t y  r i s e s  more r a p i d l y  th an  

i t  would w i th  a  p h o t o c e l l  o f  u n i fo rm  s e n s i t i v i t y  a c ro s s  th e  whole 

sp ec t ru m .  These c o n c e n t r a t e d  s o l u t i o n s  a l s o  show l i g h t  s c a t t e r i n g  

e f f e c t s ,  which w i l l  a l s o  c o n t r i b u t e  to  th e  anomalous i n c r e a s e  o f  

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

F a i l u r e  o f  B e e r ' s  law

Eqn. 2 shows t h a t  th e  g raph  o f  r e f l e c t i o n  d e n s i t y  a g a i n s t  th e  

( lo g )  c o n c e n t r a t i o n  o f  c o lo u r  shou ld  have a s lo p e  o f  u n i t y .  But 

from F i g s . I I , 14-16  i t  i s  e v i d e n t  t h a t  th e  s lo p e  measured a t  maximum 

w ave leng th  i s  l e s s  th a n  u n i t y .  ( i n  th e  F i g s .  u n i t  s lo p e  i s  45°)*

I t  has  been e s t a b l i s h e d  ( see  above) t h a t  s o l u b l e  dyes ad so rb ed  i n  

s o l i d  s u b s t r a t e  a r e  p ro b ab ly  p a r t l y  a g g r e g a t e d .  Hence i t  ap p ea rs  

t h a t  th e  s lo p e  b e in g  l e s s  th a n  u n i t y  may a l s o  be due to  th e  a g g re g a te d  

s t a t e  o f  th e  dye .  From th e  law o f  mass a c t i o n  th e  d eg ree  of 

a g g r e g a t i o n  i n c r e a s e s  w i th  c o n c e n t r a t i o n ,  i . e .  t h e  p r o p o r t i o n  of 

h ig h e r  a g g r e g a t e s  r i s e s .  S ince t h e r e  i s  a d i f f e r e n t  v a lu e  o f  e  f o r  

each s t a t e  of  a g g r e g a t i o n ,  t h i s  l e a d s  to  a  f a i l u r e  o f  B e e r ' s  law .

This law t h e r e f o r e  does n o t  app ly  to  th e  v a lu e  o f  each  i n d i v i d u a l  

ray  as  i n  eqn .  1 above,  s in c e  i t  has t h e r e  been assumed t h a t  th e  

c o l o u r in g  m a t t e r  i n  th e  dyed f i b r e  i s  m onodisperse  and obeys B e e r ' s  

law.

S ince  th e  o b se rv e d  o r  " a p p a re n t"  molar  e x t i n c t i o n  c o e f f i c i e n t  

( s ee  below) v a r i e s  w i th  th e  s t a t e  o f  a g g r e g a t i o n  of  dye and t h e r e f o r e  

w i th  dye c o n c e n t r a t i o n  (Campbell e t  a l ) the  v a lu e  o f  c£ i n  e q u a t io n

(]) i s  r e p l a c e d  by a te rm c£ .
1 + ac^

The e f f e c t  o f  th e  i n t r o d u c t i o n  of  th e  (~-^ - ^ ^ x) te rm i n  p la c e  o f  

the  s im ple  e x t i n c t i o n  c o e f f i c i e n t ,  i n  th e  normal B e e r ' s  law r e l a t i o n  

i s  now to  be c o n s id e r e d .  With u n i fo rm ly  dyed f i l m s  th e  o p t i c a l
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d e n s i t y  c o n c e n t r a t i o n  cu rves  l i e s  below the  l i n e  to  be exp e c ted  

f o r  a t r u l y  m onodisperse  dye .  The curve  i s  l i n e a r  over  th e  lower 

c o n c e n t r a t i o n  r a n g e ,  b u t  w i th  i n c r e a s e  i n  c o n c e n t r a t i o n ,  i t  becomes 

convex to  th e  c o n c e n t r a t i o n  a x i s . 31 *7),

P robab ly  th e  on ly  l i q u i d  systems t h a t  obey B e e r ' s  law a r e  t r u e  

m onodisperse  s o l u t i o n s  and su s p e n s io n s  o f  p a r t i c l e  s i z e  d i s t r i b u t i o n .

I f  th e  above h y p o t h e s i s  i s  c o r r e c t ,  th e n  a r e d u c t i o n  i n  th e  

degree  of  a g g r e g a t i o n  o f  c o l o u r in g  m a t t e r  shou ld  r a i s e  th e  s lo p e  o f  

th e  l o g .  r e f l e c t i o n  v£ .  lo g  c curve  and an i n c r e a s e  i n  a g g r e g a t i o n  

s h o u ld  low er  i t .  This  was checked by examining two ty p e s  of  

sys tem , b o th  of  which behaved a s  p r e d i c t e d  above .

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

p a r a l l e l  t e s t  was made on wool f a b r i c  dyed w i th  a  dye ( P o l a r  Yellow R) 

which has  p r e v i o u s l y  been shown ( see  above) n o t  to  be d i s a g g r e g a t e d  

by p h e n o l .  C o n s i s t e n t  w i th  t h i s ,  F i g . I I . l 6  shows t h a t  t h e  

r e f l e c t a n c e  curve  o f  t h e  dye on wool i s  u n a f f e c t e d  by p h en o l .

I t  i s  t h e r e f o r e  conc luded  t h a t  the  lower  th an  t h e o r e t i c a l  s lo p e s  

of  a l l  th e  cu rves  o b t a in e d  may r e a s o n a b ly  be a t t r i b u t e d  to  th e  

f a i l u r e  o f  B e e r ' s  law caused  by a g g r e g a t i o n  of  dye.

Conformity  w i th  B e e r ' s  law

I t  ap p e a r s  t h a t  th e  on ly  s o l i d  s u b s t r a t e  systems l i k e l y  to  obey 

B e e r ' s  law and so g iv e  r e f l e c t i o n  d e n s i t y / l o g  c cu rves  o f  u n i t  s lo p e ^ ,  

would be th o s e  p r e p a re d  by a p ro c e s s  n o t  i n v o l v i n g  a d s o r p t i o n ,  e . g .  

by m ix ing  i n s o l u b l e  p igment p a r t i c l e s  so as  to  en su re  c o n s t a n t
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p a r t i c l e  s i z e  d i s t r i b u t i o n  a t  a l l  c o n c e n t r a t i o n s .  I n  p r a c t i c e  

t h i s  c o n d i t i o n  i s  d i f f i c u l t  to  a c h iev e  because  o f  changes i n  

d i s t r i b u t i o n  caused  by c a p i l l a r y  e f f e c t s  i n  th e  d ry in g  p r o c e s s .

I n  t h e  p r e v io u s  s e c t i o n ,  i t  i s  shown t h a t  Benz.op u r p u r in e  

4B ( C .1 . 23500 ) and Goomassie M i l l i n g  S c a r l e t  5B ( C . I . 23910) rem ain  

i n  a g g r e g a te d  form b o th  i n  aqueous s o l u t i o n  and i n  f i l m s  F i g . I I . 4 , 

and t h a t  phenol  a c t s  as  d i s a g g r e g a t i n g  a g e n t  f o r  t h e s e  d y e s .

C e l l u l o s e  f a b r i c s  dyed w i th  th e s e  two dyes show ( F i g . I I . l 6 )  th e  

same r e s u l t ,  on ly  more s a t i s f a c t o r i l y .  In  b o th  c a se s  th e  p re se n ce  

o f  phenol  i n c r e a s e s  th e  s lo p e .

The c a u se s  of  B e e r ' s  law f a i l u r e

The r e a l  e x t i n c t i o n  c o e f f i c i e n t  v a r i e s  from one ty p e  o f  m o lecu le  

to  a n o t h e r ,  b u t  i s  c o n s t a n t  f o r  each ty p e .  But th e  a p p a re n t  m olar  

e x t i n c t i o n  c o e f f i c i e n t  i s  n o t  c o n s t a n t  and i s  a f u n c t i o n  o f  p a r t i c l e  

s i z e .

I t  m ight  seem t h a t  an i n c r e a s e  i n  p a r t i c l e  s i z e  of  a s o l u t e  would 

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

r a i s i n g  th e  o p t i c a l  d e n s i t y  by d i v e r t i n g  some of  the  l i g h t  which 

would o th e rw is e  r e a c h  th e  p h o t o c e l l .

But th e  ex p e r im en ts  d e s c r ib e d  i n  th e  p r e v io u s  s e c t i o n  and shown 

i n  F i g . I I . 4 i n d i c a t e  t h a t  i n s t e a d ,  an i n c r e a s e  i n  p a r t i c l e  s i z e  

d e c r e a s e s  th e  o p t i c a l  d e n s i t y  of  b o th  d i s s o l v e d  and suspended 

m a t e r i a l s .  This  c o n t r a d i c t i o n  can be r e s o l v e d  by assuming t h a t  w i th
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i n c r e a s e  i n  th e  s c a t t e r  o f  th e  l i g h t ,  some o f  th e  t r a n s m i t t e d  r a y s  

ta k e  s h o r t e r  p a th s  th a n  th ey  would o th e rw is e  do, s i n c e  t h e  r a y s  a r e  

more o f t e n  r e f l e c t e d  from th e  p a r t i c l e  s u r f a c e s ,  and whenever th ey  

do so th ey  do n o t  s u f f e r  s e l e c t i v e  a b s o r p t i o n .  The p h o t o c e l l  

r e c e i v i n g  th e  emergent beam r e c e i v e s  b o th  d i r e c t l y  t r a n s m i t t e d  l i g h t  

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

Amount o f  S u r fac e  R e f l e c t i o n  from F a b r i c s

Pineo compared a c t u a l  r e s u l t s  w i th  th e  t h e o r e t i c a l  fo rm u la  

f i r s t  o b t a in e d  f o r  th e  v a r i a t i o n  of  r e f l e c t a n c e  from a d i f f u s i n g  

co lo u re d  m a t e r i a l ,  w i th  c o n c e n t r a t i o n  o f  c o l o u r in g  m a t t e r .  He 

concluded t h a t  lo n g  p a th s  of  th e  r a y s  i n  d i f f u s i n g  m a t e r i a l  must be 

more e f f e c t i v e  th an  he had a t  f i r s t  assumed, i . e .  t h a t  l i g h t  m ight  

perhaps  p e n e t r a t e  some d i s t a n c e  i n t o  th e  s u r f a c e  b e f o r e  b e in g  

r e f l e c t e d  back .  This  would imply t h a t  d i f f u s e  o r  s p e c u l a r  r e f l e c t i o n  

from th e  s u r f a c e  o f  th e  o u te r -m o s t  p a r t i c l e s  o r  f i b r e s  i n  u n im p o r ta n t .

This  h y p o th e s i s  was examined, by m easu r ing  th e  r e f l e c t a n c e  o f  a 

s e r i e s  o f  dyed v i s c o s e  rayon  f a b r i c s  b e f o r e  and a f t e r  w e t t i n g  w i th  

e t h y l  s a l i c y l a t e .  This  l i q u i d  has a lm o s t  th e  same r e f r a c t i v e  index  

as  v i s c o s e  ray o n ,  and th u s  i s  an " o p t i c a l  d i s s o l v i n g  a g e n t " , and so 

would be ex p e c te d  a lm o s t  to  e l i m i n a t e  s u r f a c e  r e f l e c t i o n s .  P i g . I I . i 4 

shows t h a t  th e  r e f l e c t a n c e  o f  most o f  th e  dyed f a b r i c s  u sed  was 

reduced  by some 20 p e r  c e n t .  This  r e d u c t i o n  f a l l s  w i th  dye concen

t r a t i o n ,  u n t i l  f o r  th e  h e a v i e s t  shades  i t  i s  o n ly  abou t  5 p e r  c e n t .
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This  e f f e c t  can be e x p la in e d  by th e  p re se n ce  o f  a g g r e g a t e s  o f  

dye i n  th e  f i b r e .  With r i s e  i n  c o n c e n t r a t i o n  a g g r e g a t e s  i n c r e a s e  

in  s i z e ,  and t h e r e f o r e  t h e i r  r e f r a c t i v e  in d ex  r i s e s .  Thus the  

d i f f e r e n c e  in  r e f r a c t i v e  index  between th e  dyed f i b r e s  and l i q u i d  

i n  c o n t a c t  w i th  i t  i n c r e a s e s  and th e  " o p t i c a l  d i s s o l v i n g  e f f e c t "  

beg in s  to  f a i l .  Thus f o r  t h e  p a r t i c u l a r  f a b r i c  d i s c u s s e d  above,  

abou t  20 p e r  c e n t  o f  i n c i d e n t  l i g h t  a p p e a r s  to  be r e f l e c t e d  from 

th e  s u r f a c e s  o f  t h e  o u te rm o s t  f i b r e s .

R e f l e c t a n c e  measurements a t  v a r i o u s  w ave leng ths

Measurements were made a t  d i f f e r e n t  w av e len g th s  i n c r e a s i n g l y

removed from t h a t  o f  the  a b s o r p t i o n  maximum. The v a lu e  of  the
- € c le x t i n c t i o n  c o e f f i c i e n t  may become so low t h a t  th e  f a c t o r  10

i n  e q n . ( l )  becomes l e s s  th a n  u n i t y  and th e  r e l a t i o n  o f  l o g  —  to
o

lo g  c th e n  would be a c u rv e .  This  would o b v io u s ly  o c c u r  more a t  

low v a l u e s  o f  c th a n  a t  h ig h  v a l u e s .  P i g . 11 .18  shows t h a t  i n  f a c t  

t h i s  i s  so ,  a t  low c o n c e n t r a t i o n s  th e  l i n e s  f o r  w ave leng ths  w e l l  

away from ^ a r e  cu rv ed ,  b u t  a t  h ig h e r  c o n c e n t r a t i o n  v a l u e s  th e  

l i n e s  f o r  a l l  w ave leng ths  a r e  p a r a l l e l .

E f f e c t  o f  f i b r e  o r i e n t a t i o n

The long  axes o f  d i r e c t  c o t t o n  dye m o lecu les  i n  dyed c e l l u l o s e  

a r e  o r i e n t e d  p a r a l l e l  to  the  c e l l u l o s e  m o le c u la r  c h a i n s .  The 

l i g h t  a b s o r p t i o n  o f  a  dye i s  l e s s  i n t e n s e  a c r o s s  th e  m olecu le  th a n  

i n  th e  d i r e c t i o n  a lo n g  i t .  Hence th e  b e t t e r  th e  f i b r e  m o lecu le s
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a re  o r i e n t e d  p a r a l l e l  to  the  f i b r e  l e n g t h  the  weaker t h e  c o lo u r  

ap p e a rs  ( P r e s t o n  and T s ie n ,  F o t h e r g i l l ,  M or ton) .  B a x te r  e t  a l  

( E i g . I I . i 5 ) found t h a t  d i r e c t  c o t t o n  dyes on v e ry  c r y s t a l l i n e  

v i s c o s e  ray o n  f a b r i c s  gave h ig h e r  a p p a re n t  r e f l e c t a n c e  v a l u e s ,  a t  

the  same dye c o n c e n t r a t i o n ,  th a n  on rayon  of  two low er  v a lu e s  of  

c r y s t a l l i n i t y .  (The r e l a t i v e  e f f e c t s  shown on th e  l a t t e r  v a ry  

a l i t t l e  a c c o r d in g  to  c o n d i t i o n  and n a t u r e  o f  d y e ) .

In  some c a s e s  t h e  o r i e n t a t i o n  e f f e c t  ap p ea rs  to  produce  no 

change i n  s lo p e  o f  th e  c u rv e ,  i n  o t h e r s  th e  curve  f o r  more 

c r y s t a l l i n e  f i b r e  has  s l i g h t l y  low er  s l o p e s .  This  shows t h a t  

a t  low c o n c e n t r a t i o n s  t h e  adso rbed  dye m o lecu les  i n  f i b r e s  of 

d i f f e r e n t  c r y s t a l l i n i t i e s  ten d  to  be o r i e n t e d  p a r a l l e l  w i th  th e  

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

th e  amorphous th a n  i n  th e  more c r y s t a l l i n e  f i b r e s .
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PART I I I

R e l a t i o n  between L ig h t  F a s tn e s s  and A gg reg a t io n  o f  Dyes

T h e o r e t i c a l  Background.

I n f l u e n c e  o f  s t a t e  o f  a g g r e g a t io n  o f  d y e .

I f  th e  f a d i n g  r e a c t i o n  in v o lv e s  oxygen a n d / o r  w a te r  vap o u r ,

as  i t  c e r t a i n l y  a p p e a r s  to  do ( see  e . g .  Gumming, e t  a l  ( 1 9 5 6 ) and 

r e f e r e n c e s  t h e r e i n ) ,  th e n  i t  c l e a r l y  must be i n f l u e n c e d  by th e  

s i z e  and th e  n a t u r e  o f  th e  a i r - d y e  i n t e r f a c e .  The s m a l l e r  th e  

s u r f a c e  a r e a  exposed th e  l e s s  r a p i d  sh o u ld  be t h e  f a d i n g .  I t  

has  long  been  r e c o g n i s e d  t h a t  t h i s  must be so i n  a g e n e r a l  way, 

and Bean and Rowe s t a t e d  t h a t  a f t e r t r e a t m e n t a  e . g . ,  s o a p b o i l i n g  

o r  s te am in g ,  which cause  m i c r o s c o p i c a l l y  v i s i b l e  c r y s t a l  growth

o f  i n s o l u b l e  a z o ic  dyes on c e l l u l o s e  f i b r e s ,  and t h e r e f o r e  red u ce

th e  s u r f a c e  a r e a  o f  t h e  dye,  a t  t h e  same time improve t h e  l i g h t  

f a s t n e s s .  G i l e s  and Macaulay have conf irm ed t h i s  r e s u l t ,  u s in g  

an a z o ic  dye on Cellophane  f i l m .

The v e ry  low l i g h t  f a s t n e s s  o f  v a t  dyes on n y lo n ,  compared 

w i th  t h e i r  f a s t n e s s  on c e l l u l o s e ,  has  l i k e w i s e  been  a t t r i b u t e d  

by Smith and Douglas to  t h e i r  much s m a l l e r  p a r t i c l e  s i z e  on th e  

former  s u b s t r a t e ,  o c c a s io n e d  by th e  r e s t r i c t i o n  o f  dye c r y s t a l  growth 

by th e  g r e a t e r  compactness  o f  th e  f i b r e .

Sumner, V i c k e r s t a f f  and Waters  examined t h e  e f f e c t  o f  so a p in g  

on v a t  d y e in g s  on C e l lo p h an e .  No s i g n i f i c a n t  i n c r e a s e  i n  l i g h t  

f a s t n e s s  was o b ta in e d ,  b u t  e l e c t r o n  p h o to -m ic ro g rap h s  o f  aged
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c o l l o i d a l  s u s p e n s io n s  (dyed f i l m  d id  n o t  show th e  e f f e c t )  showed 

t h a t  t h e  t r e a t m e n t  changed th e  dye f rom  amorphous p a r t i c l e s  to  

long  n e e d le - s h a p e d  c r y s t a l s .

A s thu ry  and Dawson, i n  a  s tu d y  o f  th e  s e t t i n g  p r o p e r t i e s  o f  

wool f i b r e ,  examined by X -ray  d i f f r a c t i o n  samples o f  d ry  f i b r e  

dyed w i th  a  few a c i d  d y es ,  and d e t e c t e d  ev id en ce  of  dye (Solway 

Blue ,  C . l .  No.6 2 0 8 5 ) c r y s t a l l i t e s ;  some o t h e r  a c i d  dyes gave no 

p o s i t i v e  r e s u l t .

The i n f l u e n c e  o f  dye c o n c e n t r a t i o n  on l i g h t  f a d i n g .

B a rk e r ,  H i r s t  and Lambert examined th e  f a d i n g  o f  wool c l o t h  

dyed to  d i f f e r e n t  p e r c e n ta g e  d ep th s  o f  shade w i th  a  number of  dyes ,  

m easuring  th e  l o s s  o f  c o lo u r  by th e  Lovibond T in to m e te r .  They 

found i n  each  case  t h a t  when th e  amount o f  dye rem a in in g  a f t e r  th e  

exposure ,  was p l o t t e d  a g a i n s t  th e  amount o r i g i n a l l y  p r e s e n t ,  a 

s t r a i g h t  l i n e  was o b t a i n e d ,  o f  s lo p e  a p p ro x im a te ly  1 . 0 , b u t  no t  

p a s s in g  th ro u g h  th e  o r i g i n .  (The l i n e  o f  no f a d i n g  would be a 

l i n e  of  s lo p e  1 . 0  p a s s in g  th ro u g h  th e  o r i g i n ) . The a c t u a l  l o s s  

o f  c o l o u r  i s  th u s  a p p ro x im a te ly  th e  same w ha teve r  th e  o r i g i n a l  

amount p r e s e n t .  They e x p la in e d  t h i s  by s a y in g  t h a t  a  g iv en  

amount o f  abso rbed  ene rgy  can cause  on ly  th e  same d e s t r u c t i o n  o f  

dye, w ha tever  th e  amount o r i g i n a l l y  p r e s e n t .  T h i s ,  o f  cou rse  

i s  th e  c o n d i t i o n  n o rm a l ly  o b t a i n i n g  i n  pho tochem ica l  r e a c t i o n s  

when th e  whole o f  th e  a c t i v e  r a d i a t i o n  i s  ab s o rb e d ,  th e  number of  

m o lecu les  decomposed th e n  becoming p r o p o r t i o n a l  to  th e  t ime of
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e x p o s u re .  This  i s  known as  a r e a c t i o n  mechanism of  ze ro  o r d e r ,  

so t h a t  i f  the  dyed f a b r i c s  do abso rb  th e  whole o f  th e  a c t i v e  

r a d i a t i o n ,  the  r e l a t i o n s h i p  e s t a b l i s h e d  by B a rk e r ,  H i r s t  and 

Lambert i s  normal.

C u n l i f f e  and Lambert found an e m p i r i c a l  r e l a t i o n s h i p  between 

f a d in g  and th e  s q u a re  r o o t  of  th e  time of  e x p o s u re .  These 

workers  used  th e  G u i ld  t r i c h r o m a t i c  c o l o r i m e t e r .  As a measure o f  

degree  of  f a d i n g  th ey  used  the  p e r c e n ta g e  d e c r e a s e  i n  t h e  d i s t a n c e  

o f  th e  p o i n t  on th e  c o l o u r - c h a r t , r e p r e s e n t i n g  th e  dyed p a t t e r n ,  

from t h a t  r e p r e s e n t i n g  th e  undyed m a t e r i a l .  They d i s c o v e r e d  t h a t  

t h i s  p o i n t  i n  most c a se s  moved s t e a d i l y  towards "w hi te"  w i th  th e  

p r o g re s s  o f  f a d in g .  They o b ta in e d  th e  r e l a t i o n

F a a > / t  + ^  ...................  ( i )

where P = amount of  dye faded  and a and b a r e  c o n s t a n t s ;  t h i a  

a p p l i e d  to  the  s t a g e s  of  f a d i n g  up to  60 ô, and t h e  r e l a t i o n

P = c_ lo g  b + d   ( i i )

where £  and d a r e  c o n s t a n t s ,  a p p l i e d  a l s o  to  th e  f a d in g  a t  about  

23fo l o s s .  In  a d d i t i o n  they  found e m p i r i c a l  e q u a t io n s  o f  o t h e r  

ty p e s  to  h o ld  over  a l i m i t e d  r a n g e .

Sommer s t u d i e d  th e  same s u b j e c t  and n o t i c e d  an e m p i r i c a l  

l i n e a r  r e l a t i o n  between amount o f  f a d in g  and sq u a re  r o o t  of  

exposure  t im e .

E a to n ,  G i le s  and Gordon ( 1 9 5 2 ) have found t h a t  a  l i n e a r
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r e l a t i o n  e x i s t s  between l i g h t  f a s t n e s s  grade  number, and 

l o g a r i t h m  of  dye c o n c e n t r a t i o n  on th e  f i b r e .  The l i n e s  so 

o b ta in e d  were l a t e r  termed " c h a r a c t e r i s t i c  f a s t n e s s  gt&de"

(CFG) cu rves  ( G i l e s ,  1 9 5 7 ) .  The l i g h t  f a s t n e s s  numbers; r e p r e s e n t  

a  g e o m e t r i c a l l y  g rad ed  s e r i e s  o f  p a t t e r n s  o f  i n c r e a s i n g  l i g h t  

f a s t n e s s .  The t e s t  sample i s  g iv e n  th e  g rade  number o f  th e  

s t a n d a r d  which shows th e  same deg ree  o f  fa d e  under  equa l  exposure  

c o n d i t i o n s ,  th e  f a d i n g  b e in g  judged  i n  th e  e a r l y  s t a g e s .  I f  i t  i s  

to  be assumed t h a t  t h e  p e r c e n ta g e  c o lo u r  l o s s  f o r  a  p a t t e r n  t o  be 

judged  "faded"  i s  th e  same no m a t t e r  what th e  g rade  number,  th e n  

i t  f o l lo w s  t h a t  t h e r e  shou ld  be a  l i n e a r  r e l a t i o n  between th e  

lo g a r i t h m  of  t ime ( t ^ )  r e q u i r e d  to  produce a  g iv en  p e r c e n ta g e  l o s s  

o f  any dye and th e  lo g a r i t h m  o f  i t s  i n i t i a l  c o n c e n t r a t i o n  (C^) i . e .

lo g  t ^  = a ’ lo g  C + b* jj — o —

where a '  and ]b' a r e  c o n s t a n t s .  Thus th e  l i n e a r i t y  o f  th e  CFG

cu rv es  i s  e x p l a in e d .

B a x te r  e t  a l  ( 1 9 5 5 ) f i r s t  d e s c r ib e d  th e  method of  p l o t t i n g  

th e  log* o f  th e  t im e ( t ^ )  r e q u i r e d  f o r  a  g iv en  p e rc e n ta g e  l o s s  o f  

dye by f a d i n g  ( c o n v e n i e n t l y  lO^o), a g a i n s t  th e  l o g .  o f  th e  i n i t i a l  

dye c o n c e n t r a t i o n  (C ^) .  The l i n e a r  cu rv es  so o b ta in e d  

( " c h a r a c t e r i s t i c  f a d i n g " ,  o r  "OF" c u rv e s )  were shown by G i le s  ( 1 9 5 7 ) 

to  be e q u i v a l e n t  to  th e  CFG cu rves  j u s t  d e s c r i b e d ,  s i n c e  t ^  i s  

e q u i v a l e n t  to  a f a s t n e s s  grade  on a g e o m e t r i c a l  s c a l e .
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T h e o r e t i c a l  model o f  th e  l i g h t  f a d i n g  of a dye d e p o s i t e d  on a 

s o l i d  s u b s t r a t e ,  as  s e t  ou t  by B a x te r ,  G i l e s ,  McKee and Macaulay .

As m entioned  p r e v i o u s l y  (page 7 5 ) th e  f a d i n g  r a t e  o f  a  dye 

i a  p ro b ab ly  d e te rm in ed  by th e  e x t e n t  of  th e  a i r - d y e  i n t e r f a c e ,  

i . e .  th e  s u r f a c e / w e i g h t  r a t i o  o f  th e  dye.  The dye i s  c o n s id e r e d  

to  be p r e s e n t  i n  the  s u b s t r a t e  as a  s e r i e s  of  d i s c r e t e  p a r t i c l e s  

f r e e l y  exposed to  a i r  and w a te r  vapour  and even ly  i r r a d i a t e d  by 

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

The manner i n  which th e  f a d in g  r a t e  of  th e  dye i n  th e  model 

system now to  be c o n s id e r e d ,  changes w i th  i n c r e a s e  i n  c o n c e n t r a t i o n  

w i l l  be d i s c u s s e d  w i th  r e s p e c t  to  t h r e e  ty p e s  o f  i d e a l i s e d  sys tems 

( E i g . I I I . I A ) .

a)  Uniform P a r t i c l e  s i z e  d i s t r i b u t i o n  sy s tem .

This  system  may c o n s i s t  of  anÿ number o f  s i z e s  o r  shapes  

p rov ided  t h a t  a t  each  c o n c e n t r a t i o n  o f  dye th e  p r o p o r t i o n  o f  

p a r t i c l e s  o f  each  g iven  s i z e  o r  shape rem ains  th e  same. Thua th e  

t o t a l  number o f  p a r t i c l e s  and th e  s u r f a c e  a r e a  b o th  i n c r e a s e  i n  

d i r e c t  p r o p o r t i o n  to  th e  t o t a l  w e ig h t ,  i . e .  th e  s u r f a c e  a r e a / w e i g h t  

r a t i o  i s  c o n s t a n t ,  and hence th e  t ime tak en  f o r  a  g iv en  p r o p o r t i o n  

of  dye to  f a d e  i s  a l s o  c o n s t a n t .  The OF curve  i s  a  h o r i z o n t a l  

l i n e .

b) C o n s tan t  p a r t i c l e  s i z e  s y s t e m .

The dye p a r t i c l e  may expand sy m m e t r ic a l ly  a s  more dye i s  added.
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thus  r e t a i n i n g  th e  same shape ( s a y ,  a  c u b e ) .  The t o t a l  number 

o f  p a r t i c l e s  th u s  rem ains  c o n s t a n t  as  th e  dye c o n c e n t r a t i o n  

i n c r e a s e s ,  b u t  th e  t o t a l  s u r f a c e  a r e a  grows as  th e  2 / 5  power o f  

th e  t o t a l  w e igh t  o f  th e  p a r t i c l e s .

I f  i t  i s  assumed t h a t  th e  t o t a l  l o s s  o f  dye i n  a g iven  

p e r io d  i s  p r o p o r t i o n a l  to  th e  t o t a l  s u r f a c e  a r e a  o f  th e  cube and 

t h a t  th e  pho tochem ica l  r e a c t i o n  a t  th e  s u r f a c e  i s  o f  t h e  f i r s t  

o r d e r ,  t h e  CP cu rve  has  a p o s i t i v e  s l o p e .

c)  Unsymmetrical  p a r t i c l e  growth sy s te m .

In  th e  system each p a r t i c l e  i s  c o n s id e r e d  to  grow w i th  

i n c r e a s e  i n  t o t a l  dye c o n c e n t r a t i o n ,  b u t  o n ly  i n  one d i r e c t i o n .  

In  th e  extreme c a s e ,  where th e  i l l u m i n a t i o n  and th e  oxygen and 

w a te r  vapour  r e a c h  o n ly  th e  s i d e  o f  th e  p a r t i c l e  which does n o t  

i n c r e a s e  i n  s i z e ,  th e  t o t a l  s u r f a c e  a r e a  of  dye b e in g  i r r a d i a t e d  

rem ains  t h e  same a t  a l l  dye c o n c e n t r a t i o n s ,  and hence th e  t o t a l  

amount o f  dye fa d e d  i s  c o n s t a n t ,  and th e  f a d i n g  r e a c t i o n  i s  th e n  

zero  o r d e r .

R e la t i o n  between f a d i n g  and a g g r e g a t i o n .

P i g . 1 1 1 . IB  shows h y p o t h e t i c a l  cu rv es  r e l a t i n g  dye 

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

Let  Cĝ , C^ be two v a lu e s  of  d y e / f i b r e  c o n c e n t r a t i o n  and t ^ ,  t ^ ,  

the  c o r r e s p o n d in g  f a d in g  t im e s .  The curve I ,  drawn th ro u g h  th e  

p o in t  a , b  i s  th u s  c h a r a c t e r i s t i c  o f  t h a t  d y e - s u b s t r a t e  sys tem .
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Now suppose some t r e a t m e n t  i s  a p p l i e d  to  th e  sys tem  which causes  

the  dye to  a g g re g a te  i n t o  l a r g e r  p a r t i c l e s ,  i n  which th e  s u r f a c e  

a r e a  o f  any g iv e n  q u a n t i t y  o f  dye i s  r ed u ce d ,  i n  r e l a t i o n  to  i t s  

w e ig h t .  The f a d i n g  t ime f o r  w i l l  now b e ,  say  t t h e  f a s t n e s s  

b e in g  i n c r e a s e d .  What w i l l  happen to  th e  cu rve  as  a  whole ,  i . e .  

by how much w i l l  t h e  f a s t n e s s  o f  be i n c r e a s e d ?  The answer to

t h i s  q u e s t i o n  w i l l  depend upon what e f f e c t  a g g r e g a t i o n  has. upon 

the  r a t e  of  i n c r e a s e  o f  s u r f a c e  a r e a  o f  dye r e l a t i v e  t o  i t s  t o t a l  

w e ig h t .  I f  th e  a g g r e g a t io n  t a k e s  p la c e  i n  such  a manner t h a t  

th e  s u r f a c e  a r e a / t o t a l  dye w e ig h t  r a t i o ,  though l e s s  th a n  b e f o r e ,  

s t i l l  rem ains  c o n s t a n t  a t  a l l  c o n c e n t r a t i o n s ,  th e  curve  11  w i l l  be 

o b ta in e d ,  which is. p a r a l l e l  to  cu rve  1 . On t h e  o t h e r  hand i f  th e  

t r e a tm e n t  makes t h i s  r a t i o  lower  as  th e  c o n c e n t r a t i o n  i s  r a i s e d ,  

i . e .  i f  t h e  tendency  to  c o a le s c e  becomes g r e a t e r  th e  h i g h e r  th e  

c o n c e n t r a t i o n ,  th en  we may o b t a i n  curve  1 1 1 , w h i le  an o p p o s i t e  

e f f e c t  w i l l  produce cu rve  IV.

In  g e n e r a l ,  t h e p  any form of  a g g r e g a t i o n  which d e c r e a s e s  th e  

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

e f f e c t  on th e  s lo p e  of  th e  cu rve  w i l l  depend upon th e  e x a c t  

p h y s i c a l  n a t u r e  o f  the  a g g r e g a t i o n .  The s lo p e  may r i s e ,  f a l l ,  o r  

remain unchanged.  An e x a c t l y  s i m i l a r  argument may be a p p l i e d  to  

a p ro ces s  which d i s a g g r e g a t e s  th e  dye,  though i n  t h i s  ca se  th e  

f a s t n e s s ,  and hence th e  h e i g h t  o f  th e  curve  w i l l  be lo w ered .

In  th e  f o l lo w in g  ca se s  th e  p o s i t i o n  o f  the  curve  was found by
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B ax te r  a t  a l . to  be r a i s e d : -  *
I

. '
a )  Soaping of, i n s o l u b l e  azo dyes i n  C e l lophane .  This

v i s i b l y  i n c r e a s e s  a g g r e g a t i o n ,  and th e  s lo p e  may be i n c r e a s e d  

or  d e c re a s e d .

b) S u b s t i t u t i n g  v i s c o s e  rayon  f o r  c o t to n  as s u b s t r a t e  w i th  

d i r e c t  c o t t o n  d y es .  V isco se  rayon  i s  l e s s  c r y s t a l l i n e  and would 

a l lo w  l a r g e r  a g g r e g a te s  to  grow.

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

Eaton ,  G i le s  and Gordon have examined a l a r g e  number of  

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

m a n u fa c tu re r s  i n  p a l e ,  medium and heavy shade d ep th s  of  g iv e n  

r e l a t i v e  v a l u e s .  YiThen the  d a t a  f o r  each d y e - f i b r e  system a r e  

ave raged ,  a l i n e a r  r e l a t i o n  a p p e a rs  between (mean) lo g  ( i n i t i a l  

c o n c e n t r a t i o n  on th e  f i b r e )  and (mean) n ,  the  l i g h t - f a s t n e s s  g r a d e .  

F u r th e rm o re ,  th e  cu rves  f o r  each d y e - f i b r e  system d i f f e r  i n  s lo p e  

and the  s lo p e  d i f f e r e n c e s  a re  s t a t i s t i c a l l y  s i g n i f i c a n t .  I t  seems 

p ro b a b le ,  t h e r e f o r e ,  t h a t  each d y e - f i b r e  system has  a c h a r a c t e r i s t i c  

mean s lo p e ,  abou t  which the  s lo p e s  f o r  th e  i n d i v i d u a l  dyes i n  the  

system may be g rouped .
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EXPERIMENTAL

The illuminant for light fastness determination.

An a r t i f i c i a l  l i g h t  sou rce  i s  n e c e s s a r y  f o r  l i g h t  f a s t n e s s  

d e t e r m in a t io n  where r e s u l t s  have to  be o b ta in e d  much more r a p i d l y  

than  i f  exposures  a r e  made on ly  i n  d a y l i g h t ,  which ,  as  a f a d in g  

a g e n t ,  i s  slow and h ig h l y  v a r i a b l e  i n  i n t e n s i t y .

In  th e  p r e s e n t  work, a G enera l  E l e c t r i c  "O s i ra "  h ig h  p r e s s u r e  

mercury vapour  lamp of  power 4OO w. was u sed ,  w i th  th e  a p p r o p r i a t e  

choke i n  s e r i e s ,  b u t  w i th o u t  a  c o n d e n se r .  The lamp was chosen f o r  

i t s  r e l a t i v e l y  c o n s t a n t  em is s io n  over  long  p e r i o d s ,  and low ru n n in g  

c o s t ,  and because  i t  r e q u i r e s  v i r t u a l l y  no a t t e n t i o n .  The lamp i s  

h e ld  i n  a p o r c e l a i n  l a m p -h o ld e r  screwed to  a wooden b a s e -b o a rd  and s u r 

rounded by a c y l i n d r i c a l  s h e e t  a luminium s c r e e n  ( l ? "  d ia m e te r  x 15” 

h i g h ) ,  f i t t e d  a t  vapour  s t ream  l e v e l  w i th  a 5/ 4 ” wide aluminium s h e l f ,  

on which th e  p a t t e r n s  a r e  r e s t e d  d u r in g  exposure  ( s e e  F i g . 1 1 1 . 2 ) .  As 
the  sou rce  of  i l l u m i n a t i o n  i s  a v e r t i c a l  i n c a n d e s c e n t  vapour  th e  

i n t e n s i t y  o f  em iss io n  was c o n s id e r e d  to  be r e l a t i v e l y  c o n s t a n t  i n  

any l a t e r a l  d i r e c t i o n ,  hence th e  c o n s t r u c t i o n  of  a  r o t a t i n g  p a t t e r n  

h o ld in g  d e v ice  was c o n s id e r e d  to  be u n n e c e s s a r y .

The lamp has a weak co n t in u o u s  spectrum  as  a  background w i th  

a number of  superim posed  s t r o n g  monochromatic b an d s .  The f i v e  

major  e m iss io n  l i n e s  i n  i t s  spec trum  a r e  a t  6̂^0 A, 4^47  A, 4 3 5 ® A,

5461 A, and 5 780  A.

The a i r  t e m p e ra tu r e  w i t h i n  th e  s c r e e n  was found to  be c o n s t a n t .
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f o r  c o n t in u o u s  r u n n in g ,  a t  5 6 °C*

For t e s t s  i n  d i f f e r e n t  d eg ree s  of  humidity, ,  th e  s l i d e s  f o r  

exposure  were hung i n  h a rd  g l a s s  t e s t  tu b e s  ( 1 0 " h ig h  and 1 . 5 ” i u  

d ia m e te r )  c o n t a i n i n g  e i t h e r  a  sm al l  amount of  w a te r  o r  ca lc ium  

c h l o r i d e .  The s l i d e s  were h e ld  abou t  1 . 5 ” from th e  s u r f a c e  of  

th e  w a te r  o r  ca lc ium  c h l o r i d e ,  c a re  b e in g  ta k en  n o t  to  wet th e  

f i l m s .  The t e s t  tu b e s  were th en  clamped to  th e  aluminium w a l l  so 

t h a t  the  s l i d e s  always f ace d  towards  th e  lamp ( s e e  F i g . I l I 2 ) .

From time to  time i t  was checked t h a t  th e  s l i d e s  had n o t  moved 

from t h e i r  o r i g i n a l  p o s i t i o n  due to  t o r s i o n  i n  th e  s u p p o r t i n g  

t h r e a d .  For  a c o o l in g  e f f e c t ,  w a t e r - j a c k e t t e d  tu b e s  were u sed  a s  

shown i n  F i g . 1 1 1 . 2 , f e d  w i th  a s t rea m  o f  co ld  mains w a te r .

Some e x p e r im en ts  were a l s o  made by u s in g  a h ig h  p r e s s u r e  Xenon 

a r c  d i s c h a r g e  lamp (Type FA, A . E . l .  Lamp and L i g h t i n g  Co. L t d . )  o f  

150 w. o u t p u t .  The f a d in g  was s low, b u t  th e  p a t t e r n s  a p p e a r  to  

remain a t  room t e m p e r a tu r e ,  whereas i n  th e  more pow erfu l  mercury 

lamp they  become warm. McLai^e^^is  r e c e n t l y  g iv e n  a  f u l l  accoun t  

o f  d i f f e r e n t  ty p e s  o f  Xenon a r c  lamp s u i t a b l e  f o r  f a d i n g .

The v i s u a l  a s se s s m e n t  o f  f a d i n g .

A s e r i e s  o f  b lu e  p a t t e r n s  deve loped  by th e  S o c i e ty  o f  Dyers 

and C o l o u r i s t s  has  been  adop ted  by th e  B r i t i s h  Standards I n s t i t u t i o n  

as l i g h t - f a s t n e s s  s t a n d a r d s .  The s t a n d a r d s  i n c r e a s e  i n  f a s t n e s s  

from No.1 - 8  and a r e  spaced  even ly  on a  g eo m etr ic  s c a l e  from N os .1 - 6 , 

each one f a d i n g  a t  abou t  h a l f  th e  r a t e  o f  th e  one low er  i n  th e
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s c a l e .  S ta n d a rd s  7 and 8 a r e  more w ide ly  spaced .  The change

which o ccu rs  i n  a l i g h t  f a d i n g  t e s t  may be a change i n  d ep th  of

c o l o u r ,  a  change i n  hue ,  a change i n  b r i g h t n e s s  o r  any com bina t ion

of t h e s e .  The l i g h t - f a s t n e s s  e v a l u a t i o n  i s  based  upon th e

c o n t r a s t  between th e  o r i g i n a l  m a t e r i a l  and the  fad ed  specimen,

r e g a r d l e s s  o f  th e  c h a r a c t e r  o f  th e  change.  A v i s u a l  comparison

of  c o n t r a s t  can be made w i th  u se  o f  th e  f i v e  p a i r s  o f  n e u t r a l  shade

p a t t e r n s  i n  th e  S ta n d a rd  Grey S c a l e ,  deve loped  by th e  S o c ie ty  o f

Dyers and C o l o u r i s t s ,  f o r  e v a l u a t i n g  th e  changes of  c o lo u r  i n

t e x t i l e s ,  l e a d i n g  to  a  more a c c u r a t e  and r e p r o d u c i b l e  e v a l u a t i o n

of  l i g h t  f a s t n e s s ,  

work
In  th e ^ d e s c r ib e d  below, on th e  e f f e c t  o f  f l u o r e s c e n t  

b r i g h t e n i n g  a g e n t s  on fad in g ,  some f a b r i c s  were t e s t e d  by t h i s  

s t a n d a r d  p ro c e d u re ,  i n  th e  l a b o r a t o r i e s  o f  Hickson and Welch L t d . ,

C a s t l e f o r d ,  Y o rk s . ,  by lÆr. D .J .  St^mp.

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

I t  was found t h a t  i n i t i a l  f a d in g  i n  l a r g e  numbers of  c a se s  

( e s p e c i a l l y  p igments  and a z o ic  d y e s ) ,  was r a t h e r  i r r e g u l a r ,  and 

i t  i s  assumed t h a t  t h i s  i s  due to  p u r e ly  p h y s i c a l  changes ,  pe rhaps  

to  some form o f  r e a r r an g em e n t  o f  dye p a r t i c l e s  o c cas io n ed  by h e a t  

and some l o s s  o f  m o i s t u r e .  Changes o f  t h i s  s o r t  may perhaps, 

accoun t  f o r  the  i r r e g u l a r i t i e s  n o t i c e d  i n  p r a c t i c e  i n  the  e a r l y  

s t a g e s  o f  f a d i n g  of  some dyed f a b r i c s  when u n d e r  t e s t  f o r  l i g h t -  

f a s t n e s s .  C onsequen t ly ,  the  d e c re a s e  i n  c o n c e n t r a t i o n  A D, was
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measured over  an i n t e r v a l  of  time T from to  , th e  s e l e c t e d

i n i t i a l  and f i n a l  c o n c e n t r a t i o n  r e s p e c t i v e l y ,  b e in g  t a k e n  a s

th e  f i r s t  s u i t a b l e  p o i n t  on th e  f a d i n g  curve a f t e r  th e  dye

assumes a s te a d y  r a t e  of  f a d i n g .  The t ime f o r  e q u i v a l e n t  fade

t p  was tak en  a s  t im e o f  ex p o su re ,  c a l c u l a t e d  on th e  mean of

f a d in g  between and , r e q u i r e d  to  g iv e  a  10$  ̂ d e c r e a s e  i n  v a lu e

of  D , . The v a lu e  o f  t _  i s  o b t a in e d  f o r  a  number o f  o p t i c a l  1 £
d e n s i t y  v a l u e s  and i s  th en  p l o t t e d  on a  l o g .  lo g  g raph  w i th  o p t i c a l  

d e n s i t y  as  x - a x i s  and t ^  as y - a x i s .  The curve  p a s s in g  th ro u g h  

th e s e  p o i n t s ,  u s u a l l y  a s t r a i g h t  l i n e ,  i s  r e f e r r e d  to  as  a  CF 

cu rv e ,  as a l r e a d y  m en t ioned .
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RESULTS AND DISCUSSION

a) High f a s t n e s s  t o  l i g h t  i n  c o l o u r i n g  m a t te rs .

I n  t h i s  s e c t i o n  some o f  th e  f a c t o r s  c o n t r i b u t i n g  to  th e  

improvement o f  l i g h t  f a s t n e s s  o f  o rg a n ic  c o l o u r in g  m a t t e r s  a r e  

examined i n  d e t a i l .  P r e v io u s ly  (B ax te r  e t  a l . ,  1 9 5 5 > 1 9 5 7 ,

G i l e s  1957))  I t  has  been  emphasised t h a t  th e  f a s t n e s s  i s  l a r g e l y  

d e te rm in ed  by th e  p h y s i c a l  form of  th e  dye, and r e s u l t s  have 

su g g e s te d  t h a t  dyes o f  h ig h  l i g h t - f a s t n e s s  a r e  l i k e l y  to  be more 

h ig h ly  a g g re g a te d  th a n  th o s e  o f  low f a s t n e s s .  This  s u g g e s t io n  has  

been confirm ed by W e is sb e in  and Coven i n  e l e c t r o n  m ic ro s c o p ic  t e s t s  

on a  number of  d i r e c t  c o t t o n  dyes i n  r e g e n e r a t e d  c e l l u l o s e  f i l m ;  

th e y  found t h a t  dyes o f  h ig h  f a s t n e s s  a r e  p r e s e n t  a s  a g g r e g a t e s ,  b u t  

th o s e  o f  low f a s t n e s s  a r e  n o t ,  o r  a t  l e a s t  i f  a g g r e g a t e s  a r e  p r e s e n t ,

th ey  a r e  too sm all  to  be s e e n .  In  th e  p r e s e n t  work a number of

l i g h t - f a s t  dyes o f  d i f f e r e n t  ty p e s  a r e  examined to  d e te rm in e  w hethe r  

a g g r e g a t io n  i s  r e s p o n s i b l e  f o r  t h e i r  f a s t n e s s ;  and f a c t o r s  o t h e r  

th a n  a g g r e g a t io n  which i n f l u e n c e  f a s t n e s s  a r e  a l s o  c o n s id e r e d .

Three g e n e ra l  methods a r e  h e re  used  to  d e t e c t  q u a l i t a t i v e l y  

the  p re se n ce  o f  p a r t i c u l a t e  dye.

( i )  S p e c t ro p h o to m e t r ic  a b s o r p t i o n  t e s t s : t h e  a b s o r p t i o n  s p e c t r a

o f  most dyes show two b an d s ,  th e  sh o r t -w av e  (y)  band r e p r e s e n t i n g  

a s s o c i a t e d  dye,  and th e  long-wave (x)  band, r e p r e s e n t i n g  m onodisperse  

dye.  An in c r e a s e  i n  t h e  r a t i o  o f  th e  y / x  e x t i n c t i o n s  r e p r e s e n t s  an

i n c r e a s e  i n  degree  o f  a s s o c i a t i o n .
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(ü) Exam inat ion  o f  CF c u r v e s ; The s lo p e  o f  th e  CF 

( C h a r a c t e r i s t i c  Fad ing)  curve  g iv e s  q u a l i t a t i v e  in f o r m a t i o n  on 

the  s t a t e  o f  a s s o c i a t i o n  o f  dyes i n  t h e  s u b s t r a t e ,  as  d i s c u s s e d  

above ( p . 78) .

(ni) Exam inat ion  o f  f a d in g  r a t e  c u r v e s ; The s lo p e  of  th e  

f a d i n g  r a t e  curve  i s  a l s o  i n f o r m a t iv e  upon th e  p h y s i c a l  s t a t e  of  

th e  dye. (B a x te r  e t  a l . . 1 9 5 7 )* Thus i f  th e  r a t e  d e c re a s e s  

e x p o n e n t i a l l y  w i th  t im e ( F i g . 1 1 1 . 3a) t h e r e  i s  a  f i r s t  o r d e r  

r e a c t i o n  and th e  dye i s  p ro b ab ly  m o le c u l a r l y  d i s p e r s e d .

Harashima e t  a l . ( p r i v a t e  communication) have obse rved  t h a t  some 

d i r e c t  c o t to n  dyes fad e  a c c o rd in g  to  t h e  second o r d e r  law ( l i n e a r  

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

c o n s t a n t  c u r v a t u r e  of  t h e  g raph  o f  o p t i c a l  d e n s i t y  a g a i n s t  t ime ) 

( F i g . 1 1 1 . 3 c ) • Few f a d i n g  cu rves  o f  t h i s  ty p e  were obse rved  i n  

th e  p r e s e n t  work. A p o s s i b l e  cause  o f  t h i s  type  o f  fad e  may be 

t h a t  the  d e s t r u c t i o n  of  a r a p i d l y  f a d i n g  m o le c u l a r l y  d i s p e r s e  dye 

i s  r e t a r d e d  by a low m o is tu re  c o n te n t  o f  th e  s u b s t r a t e .  A 

c o n s t a n t  r a t e ,  i . e .  a  ze ro  o r d e r  r e a c t i o n ,  r e p r e s e n t s  a  dye 

p r e s e n t  i n  l a r g e  p a r t i c l e s  ( P i g . l l l . 3 b ) .

In  p r a c t i c e  the  type  of  cu rve  shown i n  F i g . 1 1 1 . 3d i s  o f t e n  

o b ta in e d .  Here t h e r e  i s  dye b o th  i n  m o le c u la r  d i s p e r s i o n ,  

g iv in g  th e  i n i t i a l  r a p i d  f a d e ,  and a l s o  i n  l a r g e r  a g g r e g a t e s ,  

g i v i n g  the  subsequen t  c o n s t a n t  r a t e  of  f a d e .  An i n i t i a l  

" n e g a t iv e  fad e"  i n  which th e  e x t i n c t i o n  a t  f i r s t  i n c r e a s e s ,  i . e .
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th e  amount o f  dye a p p a r e n t l y  i n c r e a s e s  ( P i g * I I I . 3 ©) i s  sometimes 

o b se rv e d .  This  a l s o  r e p r e s e n t s  dye p r e s e n t  as l a r g e  p a r t i c l e s , .

The i n c r e a s e  i n  e x t i n c t i o n  i s  p ro b ab ly  due to  th e  s p l i t t i n g  up o f  

p a r t i c l e s  i n  th e  h e a t  of  t h e  i l l u m i n a t i o n .  ( E x t i n c t i o n  r i s e s  

w i th  d e c re a s e  i n  p a r t i c l e  s i z e  o f  dyes (Campbell e t  a l . ,  1 9 5 9 ))* 

Indeed  t h i s  ty p e  o f  curve  i s  p ro b ab ly  a more c e r t a i n  i n d i c a t i o n  

o f  th e  p re se n c e  o f  l a r g e  a g g r e g a t e s  o f  dye th a n  i s  ( b ) ;  because  

a f a d in g  curve  o f  f i r s t  o r d e r  w i th  a  very  slow r a t e  ( ty p e  a )  might 

be d i f f i c u l t  t o  d i s t i n g u i s h  from a t r u e  z e r o - o r d e r  c u rv e .

P igm en ts .

G i le s  (1957) p o in t e d  ou t  t h a t  th e  CP o r  CFG cu rves  of  a  

pigment shou ld  be h o r i z o n t a l ,  i . e .  th e  l i g h t - f a s t n e s s  shou ld  be 

the  same a t  a l l  d e p t h s ,  because  th e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  

c o n s t a n t .  F i g . 1 1 1 . 4 a shows t h a t  i n  p r a c t i c e  a  c o l o u r i n g  m a t t e r  

a p p l i e d  as a  pigment g iv e s  a  CF curve which ,  w h i le  n o t  a c t u a l l y  

h o r i z o n t a l ,  has  a lower  s lo p e  th an  t h a t  g iv e n  when i t  i s  a p p l i e d  

from a s o l u t i o n  and a f t e r w a r d s  i n s o l u b i l i s e d  on th e  s u b s t r a t e  ( c f .  

a l s o  F i g . 4 ,  B a x te r  e t  a l . ,  1 9 5 5 )*

The same p r i n c i p l e  ap p e a rs  i n  many ca se s  to  app ly  to  t e c h n i c a l  

sy s tem s .  Thus CFG cu rv es  f o r  f a d in g  o f  f a b r i c s  c o lo u re d  w i th  

com m ercia l ly  r e s in - b o n d e d  p igments  have lower  s lo p e  th a n  th o s e  f o r  

f a d i n g  of  f a b r i c s  dyed w i th  i n s o l u b l e  dyes of  th e  same m a n u fa c tu r e r ,  

( c f .  F i g . 19, G i l e s ,  1 9 5 7 ) .  O ther  s i m i l a r  i n f o r m a t io n  ( s u p p l i e d  i n  

co n f id e n ce  by a n o th e r  m a n u fa c tu r e r )  i s  g iven  i n  Table 1 1 1 . 1 . One
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Table  I I I . l .  C h a r a c t e r i s t i c  F a s t n e s s  Grade (CFG) curve  
S lopes  o f  an I d e n t i c a l  S e r i e s  o f  C o lo u r in g  M a t te r s  A pplied  
to  C e l l u l o s e  by D i f f e r e n t  Methods.

A p p l i c a t i o n  by

Padding and r e s i n  bonding  

Dyeing by v a t  method

Exposure by 
Fadometer  D a y l ig h t

0 . 5

1 . 3y

1 . 9 ( ? )

1.1 j

0 .25

B rac k e te d  d a t a  a r e  from th e  t e s t s  ru n

s i m u l t a n e o u s l y .



91.

d a y l i g h t  f i g u r e  i n  t h e s e  d a t a  appeals  to  be anomalous.  T h is  may 

be th e  r e s u l t  o f  changes i n  a tm o sp h e r ic  h u m id i ty  (which was n o t  

c o n t r o l l e d ) .  I n  the  a u th o r* s  t e s t  however th e  CF cu rve  s lo p e  

f o r  v a t  d y e in g s  was n o t  s i g n i f i c a n t l y  a f f e c t e d  by change i n  

h u m id i ty .

C a p i l l a r y  e f f e c t s  and pigment f a s t n e s s .

The meaning o f  th e  p o s i t i v e  s lo p e  o f  t h e  CF curve  f o r  

p igments  i s  t h a t  th e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  n o t  c o n s t a n t  

over  a l l  c o n c e n t r a t i o n s ;  th e  p r o p o r t i o n  o f  l a r g e r  p a r t i c l e s  

i n c r e a s e s  w i th  c o n c e n t r a t i o n .  The a u t h o r ' s ex p e r im en ts  show 

t h a t  the  p ro b ab le  cause  i s  c a p i l l a r y  a t t r a c t i o n  between pigment 

p a r t i c l e s .  This  draws t o g e t h e r  i n d i v i d u a l  p a r t i c l e s  t o  form 

c l u s t e r s  b e f o r e  th e  s u b s t r a t e  has s e t  s o l i d ,  and o b v io u s ly  the  

n e a r e r  th e  p a r t i c l e s  a r e  t o g e t h e r  a t  f i r s t ,  i . e .  the  h ig h e r  th e  

c o n c e n t r a t i o n ,  th e  g r e a t e r  i s  the  tendency  f o r  t h i s  to  happen 

( F i g . I l l , 5 ) .  This  was conf irm ed  by t e s t s  w i th  an a z o ic  pigment 

exposed i n  c a s t  f i l m s  of  d i f f e r e n t  m o b i l i t i e s  ( F i g , I I I . 6 ) .  For

f i lm s  of  e t h y l m e t h y l c e l l u l o s e  th e  curve i s  s t e e p e s t ;  t h i s  

m a t e r i a l  does n o t  s e t  u n t i l  q u i t e  d ry ,  and t h e r e f o r e  t h e  pigment 

p a r t i c l e s  have th e  l o n g e s t  p e r io d  o f  time to  m ig ra t e  and have th e  

b e s t  chance o f  fo rm ing  c l u s t e r s .  For g e l a t i n  f i lm s  th e  curve  i s  

l e s s  s t e e p .  These f i lm s  s e t  r a p i d l y  a f t e r  p o u r in g  o u t ,  and 

remain as g e l s  while  b e in g  d r i e d ,  th u s  m ig r a t io n  i s  r e t a r d e d  and 

c l u s t e r i n g  i s  r ed u ce d .  When th e  g e l a t i n  f i l m s  a re  f r o z e n ,  however.
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im m ed ia te ly  a f t e r  p o u r in g ,  so t h a t  th e  p a r t i c l e  m ig r a t io n  i s  a lm ost  

p r e v e n te d ,  the  CF cu rve  i s  n e a r l y  h o r i z o n t a l .  The CF curve f o r  

normal g e l a t i n  f i l m  a t  low c o n c e n t r a t i o n s  a p p e a r s  to  f a l l  below t h a t  

f o r  f r o z e n  f i l m s .  This  may be due to  slow p e n e t r a t i o n  o f  g e l a t i n  

s o l u t i o n  between compressed masses o f  p a r t i c l e s ,  which a r e  th e re b y  

w e t t e d  and p a r t l y  s e p a r a t e d .  Thus t h e r e  a r e  two oppos ing  e f f e c t s  

t e n d in g  to  a l t e r  p a r t i c l e  s i z e  d i s t r i b u t i o n  and c o m p l ic a te  th e  

l i g h t  f a d i n g  e f f e c t s  i n  system s o f  t h i s  ty p e .

Complex l a k e s  o f  b a s i c  d y e s .

B a x te r  e t  a l . ( 1 9 5 5 ) have s u g g e s te d ,  on the  ev id en ce  of  CF 

c u r v e s ,  t h a t  the  improvement i n  f a s t n e s s  of  b a s i c  dyes produced by 

l a k i n g  them w i th  c e r t a i n  complex i n o r g a n ic  a c i d s ,  may be due to  a 

r e s u l t a n t  i n c r e a s e  i n  p a r t i c l e  s i z e .  This  p r o c e s s ,  which i s  of  

c o n s i d e r a b l e  t e c h n i c a l  im por tance  i n  e n a b l in g  th e  b r i g h t  shades  o f  

b a s i c  dyes to  be ta k e n  advan tage  o f  i n  p r e p a r i n g  p r i n t i n g  i n k s ,  

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

i s  now conf irm ed  by ex am ina t ion  o f  a b s o r p t i o n  s p e c t r a  ( F i g . I I I . 7 ) 

and by f a d in g  r a t e  measurements ( F i g . I I I . 8 ) .  A f t e r  l a k i n g  th e  

e x t i n c t i o n  of  th e  y -band  o f  the  spec trum  i s  i n c r e a s e d  r e l a t i v e  to  

t h a t  o f  th e  x -band ,  i n d i c a t i v e  o f  i n c r e a s e d  a s s o c i a t i o n  of the  dye 

m o l e c u l e s .

The f a d in g  r a t e  cu rves  o f  th e  l a k e s  show the  r i s e  i n  o p t i c a l  

d e n s i t y  c h a r a c t e r i s t i c  of  some p a r t i c u l a t e  d y es .  The f a d in g  r a t e  

c u rv e s  a r e  n o n - l i n e a r  f o r  th e  uncomplexed dye,  i n d i c a t i n g  th e
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p re s e n c e  o f  some m onodisperse  dye; and m ain ly  l i n e a r  f o r  com pleted  

dye ,  i n d i c a t i n g  th e  p re se n c e  o f  a g g r e g a te d  m a t e r i a l .

W a te r - s o lu b le  dyes o f  h ig h  l i g h t  f a s t n e s s

M eta l-com plex  d y e s .

These a r e  o f  c o n s i d e r a b l e  im p o r tan ce  f o r  wool and f o r  c o t t o n  

d y e in g ,  and u s u a l l y  have very  good l i g h t  f a s t n e s s .  G i l e s  and 

MacEwan have g iv e n  e v id e n c e ,  from l i n e a r  f a d i n g - r a t e  c u r v e s ,  and 

o th e r  t e s t s  t h a t  th e  n e u t r a l - d y e i n g  type  o f  m e ta l -com plex  dyes f o r  

wool a r e  h i g h ly  a g g re g a te d  when a d s o rb e d .  W eisbe in  and Coven 

have co n f i rm ed ,  by e l e c t r o n  m ic rog raphy ,  t h a t  t h e r e  a r e  a g g r e g a t e s  

o f  th e  copper  complex o f  th e  c o t t o n  dye Sky Blue FF (C.1 . 2 4 4 1 0 ) i n  

dyed r e g e n e r a t e d  c e l l u l o s e  f i l m .  In  th e  p r e s e n t  work t h i s  

o b s e r v a t i o n  i s  su p p o r te d  by the  c h a r a c t e r i s t i c  shape o f  th e  f a d i n g  

r a t e  cu rve  of t h i s  dye ( P i g . I I I . 9 )> i n  comparison w i th  t h a t  o f  i t s  

uncomplexed form. The t r u e  z e r o - o r d e r  curve  i s  o b ta in e d  when th e  

dye i s  f i r s t  g iv e n  a s e v e re  a f t e r - t r e a t m e n t  w i th  copper  s u l p h a t e ;  

i f  t h i s  i s  n o t  done, t h e r e  i s  a sm a l l  r a p i d  i n i t i a l  f a d e ,  presumably  

due to  th e  p re sen ce  o f  a sm all  p r o p o r t i o n  o f  uncomplexed dye.

L i ^ h t - f a s t  d i r e c t  c o t t o n  dye, n o t  o f  m e ta l -com plex  t y p e .

A t y p i c a l  dye o f  t h i s  c l a s s .  S o l a r  Green BL ( C . I . 5 4 0 4 5 )» shows 

a f a d i n g  curve c h a r a c t e r i s t i c  o f  a g g re g a te d  d y e ( F i g . I I I . l O ) .

Acid wool d y e s .

Fad ing  r a t e  curves f o r  two a n th ra q u in o n e  a c i d  wool dyes were
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g iv e n  e l s e w h e re  ( P i g , 7, B a x te r  e t  a l . ,  1 9 5 7 ) and show ev idence  o f  

a g g r e g a t e d  p a r t i c l e s .  X -ray  d i f f r a c t i o n  ex am in a t io n  o f  some dyes 

of  t h i s  c l a s s  i n  wool (A s tbury  and Dawson) a l s o  showed the  p re sen ce  

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

R e a c t iv e  dyes i n  c e l l u l o s e

I n  P a r t  I I ,  S e c t io n  I ,  above,  i t  was shown t h a t  th e  a b s o r p t i o n

s p e c t r a  of  r e a c t i v e  dyes on r e g e n e r a t e d  c e l l u l o s e  ( P i g . I I , g )

have th e  g / x  band e x t i n c t i o n  r a t i o  i n c r e a s e d  w i th  i n c r e a s e  i n

c o n c e n t r a t i o n  (T ab le  I I I , % ) .  This  a lm os t  c e r t a i h l y  i n d i c a t e s  t h a t

t h e s e  dyes e x i s t  i n  a s s o c i a t e d  form i n  c e l l u l o s e .  B a x te r  e t  a l .

(1955,  P i g s . 1 4 ,1 5 )  have a l s o  re a c h e d  th e  same c o n c lu s io n  by

s tu d y i n g  f a d i n g  r a t e  c u r v e s .  I n  th e  p r e s e n t  work f a d i n g  r a t e
B r i l l i a n t

c u rv es  f o r  t h e  r e a c t i v e  dyes P ro c io n  Blue HB and Proc io i^  Blue 7hB 

have been o b ta in e d  ( P i g . I l l . 1 1 ) and th e s e  a l s o  show t h a t  

p a r t i c u l a t e  dye i s  p r e s e n t .

The i n f l u e n c e  o f  te m p e ra tu r e  and h u m id i ty  on l i g h t  f a d i n g .

A r e d u c t i o n  i n  m o is tu re  c o n t e n t  o f  a dyed f i b r e  d e c r e a s e s  the  

f a d i n g  r a t e ,  hence th e  im por tance  o f  th e  te m p e ra tu r e  and hum id i ty  

o f  th e  a tm osphere  i n  d e te rm in in g  l i g h t  f a s t n e s s  (an  i n c r e a s e  i n  

t e m p e r a tu r e  d e c r e a s e s  the  m o i s tu re  c o n t e n t  o f  th e  f i b r e )

Hedges,  who was p ro b ab ly  th e  f i r s t  i n v e s t i g a t o r  to  s tu d y  th e  

e f f e c t  q u a n t i t a t i v e l y ,  exposed dyed f a b r i c s  u n d e r  a tm ospheres  

h av in g  v a r i o u s  h u m id i ty  v a l u e s ,  by p l a c i n g  aqueous s o l u t i o n s  o f  

g l y c e r o l  o r  c e r t a i n  s a l t s  i n  sm a l l  boxes c o n t a i n i n g  h o r i z o n t a l l y
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Change of  absorp t ion  sp ec t ra  o f  dyes when faded

a .  W ater-so luble  dyes

Dye Time of e ^ o s u r e  
( h r s . )

max (x-band)
o p t i c a l
d e n s i ty

y / x  ex t  in  cl 
r a t i o

B enz opurpurine 0 5200 0 .7 7 5 0.70
23500) 1 . 0 5120 0.710 0 .7 5

20 5100 0 .6 2 0 0.83
93 5070 0.$16 0 .8 5

288 5070 0.373 0.85

Methylene Blue 0 6300 0.690 0 . 8 1
2B ( C . I . 52015) 0 .5 6300 0.750 0 .61

1.0 6300 0.580 0 . 6 3
2.0 6300 0.460 0 . 7 1
3 .0 6300 0.380 0 .83

Chlorazol  Azurine 0 6300 0 .6 8 4 1.24
G ( C . I . 24140) 0.17 6300 0.649 1.29

0.50 6300 0.649 1.29
4Ô 6300 0,272 1.51

V ic to r ia  Pure Blue 0 6250 0.276 1.15
BO (C.I .4259) 2.0 6250 0.226 1.19

4 .0 6250 0 .1 8 4 1.22
6.0 6250 0.142 1.26

Chlorazol Sky Blue 0 6600 1.440 0.89
FF ( C . I . 24410) 0 .8 6600 1.36 0 .93

5 .0 6600 1.15 1 .0 8
46.0 6600 1.01 1.12

Chlorazol Sky Blue 0 6600 0.800 0 .60
FF ( C . I . 24410) 5 . 0* 6600 0.770 0 .60

I5.OÎ" 6600 0.740 0.65
25.0* 6600 0.725 0 .76

Azogeranine 0 5400 0.162 0 .9 5
2G ( C . I . 1 8 0 5 ) 24 5400 0.157 0 .9 5

4Ô 5400 0.154 0 .9 7
96 5400 0 .1 5 8 0.98



b.  Water-insoJ.nble d^/es 9 6 .

Base 2  + Naphthol 4 0 5400 0.31 1,16
35 5400 0.32 1,14
55 5400 0.295 1 .2 0

Base 2  -  Naphthol 10 0 5300 0 .2 6 1 1.17
1 8 .5 5300 0.271 1.17
42.0 5300 0.260 1.16
7 5 .0 5300 0.248 1.14

165.0 5300 0.177 1.13

Base 2  + Naphthol I9 0 5300 0 .1 8 1 1 .2 1
1 8 .5 5300 0,194 1 .2 1
4 8 .5 5300 0 .1 8 5 1.23

Base 2  + Naphthol 4 0 5300 0.258 1.17
24.0* 5300 0 .2 6 1 1.17
4 8 . 0* 5300 0.263 1.17

Acridine Orange 0 5150 0.67 1 .0 8
a  ( 0 . 1 . 46005) 2 . 3* 5150 0 .54 1.17
(Phospho-molylidic lake ) 1 1 . 6* 5150 0 . 5 1 1.17

V ic to r ia  Pure Blue 0 6250 0.757 1 . 2
BO ( C . I . 42595) 24* 6250 0 .8 4 1.09
(Phospho-tungstic lake) 72* 6250 0 . 8 4 1 .0 6

*Xenon lamp; a l l  o th e r  exposed to  mercury vapour lamp,

TBase =t C .I .  Azoic Diazo Component;
Naphthol = C . I ,  Azoic Coupling Component.
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f i x e d  dyed p a t t e r n s  beh ind  a V i t a - g l a s s  window, f o r  exposure  to  a 

"Hanovia" q u a r t z  mercury vapour  lamp. The d eg ree  o f  f a d i n g  waa 

de te rm in ed  by a  Lovibond T in to m e te r .  The m o is tu re  c o n t e n t  and 

th e  e f f e c t  o f  te m p e ra tu r e  change a t  v a r i o u s  h u m i d i t i e s  were 

obse rv ed  and th e  t e m p e ra tu r e  c o e f f i c i e n t s  c a l c u l a t e d  a t  v a r io u s ,  

t e m p e r a tu r e s  over  th e  range  1 0 - 50^ C. The v a lu e s  o b t a in e d  were 

s m a l l ,  l y i n g  between 1 .03  and 1 . 1 2 .

Fad ing  was found to  be a c c e l e r a t e d  by a r i s e  i n  h u m id i ty  i n  

a l l  c a s e s ;  a  l i n e a r  r e l a t i o n s h i p  ap p e a red  to  h o ld  between 

p e r c e n ta g e  l o s s  o f  dye and th e  m o i s tu re  c o n te n t  o f  t h e  sam ple ,  a t  

l e a s t  down to  3^  m o is tu re  c o n t e n t ,  f o r  a  number o f  dyes on c o t t o n  

o r  wool.  Evidence o f  sh a rp  change i n  t h e  r e l a t i o n s h i p  f o r  dyes 

on s i l k  was n o t e d ,  a t  ab o u t  XQfJo m o i s tu r e  c o n t e n t ,  beyond which th e  

curve  o f  c o lo u r  l o s s  a g a i n s t  m o is tu re  c o n t e n t  becomes much more 

s t e e p .

Hedges p roposed  th e  fo rm u la  F = t (R + C ) ' ^ means o f

p r e d i c t i n g  f a d i n g  u n d e r  d i f f e r e n t  c o n d i t i o n s .  (F = p e r c e n ta g e  

l o s s  of  dye;  K, C a r e  c o n s t a n t s ,  T i s  t h e  t e m p e r a tu r e ,  and E i s  

th e  r e g a i n  o f  th e  f a b r i c ) .  I t  has  however been p o in t e d  o u t  by 

Lead t h a t  th e  m o is tu re  c o n t e n t  o f  exposed f a b r i c  canno t  d i r e c t l y  

be de te rm in ed  from th e  hum id i ty  of  th e  s u r ro u n d in g  a tm osphere .

This  has  been conf irm ed  by Nordhammer, who found t h a t  th e  

te m p e ra tu re  o f  t h e  samples i n  t h e  Fadeom eter  f l u c t u a t e d  a round  a  

t e m p e ra tu re  as h ig h  as  9 0 ° C . ,  w i th  a  f a b r i c  h u m id i ty  much low er  

than  to  be e x p e c te d  from th e  c o n d i t i o n  o f  th e  a tm osphere  i n s i d e
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th e  lamp.

L a t e r  M orr is  e t  a l  s t u d i e d  th e  e f f e c t ,  on a v a r i e t y  of  f i b r e s ,  

and McLaren ( 1 9 5 9 ) has  r e c e n t l y  examined th e  e f f e c t  i n  t h e  f a d i n g  

of  dyes on c e l l u l o s e ,  and has found t h a t  t h e  f a d i n g  o f  some a z o i c  

dyes i s  markedly  a c c e l e r a t e d  by a  r i s e  i n  h u m id i ty .

I n  g e n e ra l  t r e n d  t h e s e  o b s e r v a t i o n s  a g re e  w i th  e x p e c t a t i o n .

They may s im ply  be due to  a  m a s s - a c t io n  e f f e c t .  I t  i s  known t h a t  

w a te r  t a k e s  p a r t  i n  f a d i n g  r e a c t i o n s  ( s e e  e . g .  Gumming e t  a l . ,  1 9 5 6 ) 

and t h e r e f o r e  t h i s  r e a c t i o n  shou ld  o ccu r  more r a p i d l y  a t  h ig h  

h u m id i ty  th an  low. U n f o r tu n a t e ly  th e  d a t a  g iv en  by t h e  e a r l i e r  

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

h y p o t h e s i s .

T e s t s  made i n  the  p r e s e n t  work show t h a t  r e d u c t i o n  o f

h um id i ty  a f f e c t s  f a d in g  r a t e  i n  two ways: ( a )  i n  most c a s e s  i t

r ed u ce s  f a d i n g  to  a c o n s t a n t  deg ree  th ro u g h o u t  th e  p e r i o d  o f  t e s t ,

no doubt a  normal mass a c t i o n  e f f e c t  ( F i g s . 1 1 1 . 1 2 , 1 3 ) ;  (b )  i n

c a s e s  where an i n i t i a l  i n c r e a s e  i n  d e n s i t y  o ccu rs  due to  breakdown

of a g g r e g a t e s ,  th e  i n c r e a s e  i s  g r e a t e r  u n d e r  d ry  c o n d i t i o n s  th a n
( F i g . I I I . 1 2 a , b ) .

under  wet;  and i t  i s  f a v o u red  by h eay .  (Bean and Rowe n o t i c e d  

t h a t  h e a t  b reak s  down a z o ic  dye a g g r e g a t e s ) .  Dry c o n d i t i o n s  

t h e r e f o r e  improve l i g h t - f a s t n e s s  by a tw o - fo ld  a c t i o n ,  v i z .  by 

r e t a r d i n g  a c c e s s  of  m o is tu re  to  th e  dye, and by f a c i l i t a t i n g  

breakdown of  l a r g e  dye a g g r e g a t e s ,  whereby the  a p p a re n t  d ep th  o f  

c o lo u r  te n d s  to  i n c r e a s e .  Not a l l  a g g re g a te d  dyes however a r e
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a f f e c t e d  i n  th e  second manner, t h u s  th e  d i r e c t  b lu e  C .1 . 2 4 4 1 0  

( s e e  above.  P i g . I I I . 9 ) i s  n o t  so a f f e c t e d .

Ev idence  o f  n a t u r e  o f  f a d i n g  from a b s o r p t i o n  s p e c t r a .

I t  has a l r e a d y  been d e s c r ib e d  i n  P a r t  I I ,  S e c t io n  I ,  how 

n e a r l y  a l l  w a t e r - s o l u b l e  dyes i n  t r a n s p a r e n t  dyed s u b s t r a t e s  g iv e  

an i n c r e a s e d  y / x  band e x t i n c t i o n  r a t i o  w i th  i n c r e a s e  i n  

c o n c e n t r a t i o n .  This  was a t t r i b u t e d  to  a g g r e g a t i o n .  I f  

m onodisperse  dye fades; more r a p i d l y  th a n  a g g re g a te d  o r  m i c e l l a r  

dye,  th en  th e  y / x  band r a t i o  shou ld  i n c r e a s e  when th e  dye i s  

f a d e d .  Data i n  Table  I I I . 2 show t h a t  i t  does so ,  w i th  w a te r -  

s o l u b l e  d y es .  With i n s o l u b i l i s e d  dyes th e  o p p o s i t e  e f f e c t  

u s u a l l y  o c c u r s ,  th e  y / x  band r a t i o  f a l l i n g  w i th  e x p o s u re .  

Presumably t h i s  i s  th e  r e s u l t  o f  th e  breakdown, i n  the  h e a t  o f  th e  

i l l u m i n a t i o n ,  o f  some o f  the  l a r g e  dye c r y s t a l s  to  g iv e  a  sm al l  

p r o p o r t i o n  o f  m onodisperse  dye,  p o s s i b l y  a  v a p o r i s a t i o n  o r  

s u b l i m a t io n  p r o c e s s .

Mordanted d y e s .

The h ig h  l i g h t  f a s t n e s s  which most mordanted dyes have ,  

might  be due e i t h e r  to  h ig h  pho tochem ica l  r e s i s t a n c e  o f  dy e -m e ta l  

c h e l a t e  m o le cu les  i n  g e n e ra l  o r  to  a marked tendency  f o r  them to  

a g g r e g a t e .

The l i g h t  f a s t n e s s  of  mordanted dyes has n o t  p r e v i o u s l y  been 

examined i n  d e t a i l ,  b u t  i t  seems r e a s o n a b le  to  en v isag e  th e  

b u i l d i n g  up o f  l a r g e  a g g r e g a te s  o f  mordanted d yes ,  because  o f  th e
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p o s s i b i l i t y  o f  p o ly m e r i s a t i o n  o f  th e  dye-mordant  complex 

( A rsh id ,  D e s a i ,  e t  a l . ) .

I n  th e  p r e s e n t  work, f a d in g  r a t e  cu rves  o f  some a c i d  mordant 

dyes on g e l a t i n ,  and a f t e r - c o p p e r e d  d i r e c t  dyes on c e l l u l o s e ,  show 

t h a t  th e  dye i s  p a r t l y  m onodisperse  b e f o r e  t r e a tm e n t  w i th  the  

m e ta l ,  b u t  a f t e r  t r e a t m e n t  i t  i s  a lm o s t  c e r t a i n l y  a g g re g a te d  

( F i g . I I I . 14>1 6 )•  The y e l lo w  mordant dye i s  improved i n  f a s t n e s s  

by a f t e r t r e a t m e n t  w i th  a luminium, and i t s  a b s o r p t i o n  spec trum  

g iv e s  ev idence  o f  i n c r e a s e d  a g g r e g a t i o n  ( P i g . I I I . l 5 ') by th e  r i s e  

i n  y / x  band e x t i n c t i o n  r a t i o .  ( i t  i s  assumed t h a t  c h e l a t i o n  

a lone  does n o t  a f f e c t  t h i s  r a t i o ) .  Not a l l  mordanted  dyes 

behave i n  t h i s  way however. In  t h e  case  o f  A l i z a r i n  Red S 

(C.I .58OO5) i n  g e l a t i n ,  unmordanted o r  mordanted w i th  aluminium o r  

w i th  chromium, f a d i n g  r a t e  cu rves  d e m o n s t ra te  t h a t  some 

m onodisperse  dye i s  p r e s e n t .  Moreover, th e  CP cu rv es  show t h a t  

t h i s  dye i s  a c t u a l l y  l e s s  f a s t  to  l i g h t  when chromed th a n  when 

unmordanted.  This  seems to  show t h a t  c h e l a t i o n  w i th  a m e ta l  

does n o t  n e c e s s a r i l y  i n c r e a s e  l i g h t  f a s t n e s s .  In  t h i s  ca se  th e  

hues of  th e  mordanted and th e  unmordanted dye were d i f f e r e n t ,  

and monochromatic l i g h t  (mercury^ l i g h t )  was u sed  f o r  e x p o s u re .

This might  accoun t  f o r  some of  th e  d i f f e r e n c e  i n  f a s t n e s s ,  bu t  by 

no means a l l ,  because  th e  e x t i n c t i o n  o f  th e  dye i n  th e  two forms 

d i f f e r s  ve ry  l i t t l e  i n  th e  r e g i o n  o f  maximum e m iss io n  o f  th e  lamp.^
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(b) Improvement i n  l i g h t  f a s t n e s s  by changes i n  t h e  s u r f a c e

a c t i v i t y  o f  dyes

The e f f e c t  of  A l k y l a t i o n  and S u l p h o n a t io n  p a t t e r n .

This  work, a c o n t i n u a t i o n  o f  t h a t  o f  th e  a u t h o r  * s 

p r e d e c e s s o r s ,  was d es ig n ed  to  examine the  i n f l u e n c e  on l i g h t  

f a s t n e s s  o f  changes i n  th e  s u r f a c e  a c t i v i t y  o f  d y e s ,  produced by 

a l t e r a t i o n  i n  th e  s i z e  and form of  t h e i r  hydrophob ic  r e s i d u e s ,  

and th e  p o s i t i o n  o f  t h e i r  i o n i c  g ro u p s .  The dyes used  were 

s e l e c t e d  i n  s e r i e s  o f  two or  more of  th e  same fundam enta l  

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

the  hydrophobic  p o r t i o n  o f  t h e i r  m o le c u le s ,  and th u s  i n  s u r f a c e  

a c t i v i t y .  I n  c e r t a i n  ca ses  a s u r f a c e  a c t i v e  c a t i o n i c  a g e n t  waa 

added to  th e  dye,  to  a c t  as  a  d i s a g g r e g a t i n g  a g e n t .

The complete  s e r i e s  of dyes used  by the  w r i t e r  and h i s  

p r e d e c e s s o r s  i s  shown in  Table 1 1 1 . 3.
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Effect o f  increase in length of an attached paraffin chain.

The addition of an alkyl chain to any dye present wholly in 

monodisperse form in a substrate would be expected either to have 

no effect on fading, if fading depends only on the photochemical 

reactivity of the dye molecule, or to retard it, by more effectively 
blocking the pores of the substrate against entry of air and 

moisture, if physical state is important. The blockage would 

either be a result of increased molecular size or perhaps of the 

enhanced hydrophobic properties of the dye, the retardation of 

fading then becoming progressively more noticeable with increase 

in length of the alkyl chain. If however the dyes are present 
in the substrate as discrete particles, then addition of a 

hydrophobic residue might have a different effect on fading rate. 

Thus e.g., a small tesidue might increase the tendency to 

aggregate and a larger one might decrease it, by increasing the 

tendency for the dye to spread as a monolayer.

From the present results (Figs.nr.lŶ lG,;]̂ ; dyes of series 

II-VI and XVII-XXl)* there appears to be a general tendency for the 

fastness of anionic dyes to increase with chain length from up 

to about Ĉ , and then to fall. In some cases t^e high surface 

activity conferred by a very long chain markedly reduces fastness.

^Footnote. A number of these tests were made by the author * s 

predecessors.
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These e f f e c t s  a r e  p ro b ab ly  caused  by change i n  th e  r a t i o  o f  

m o l e c u l a r l y  d i s p e r s e d  and a g g re g a te d  dye.  Dye m o lecu les  w i th  

s h o r t  c h a in s  may be p r e s e n t  m a in ly  as  a g g re g a te d  p a r t i c l e a  o r  

m i c e l l e s ,  which i n c r e a s e  i n  s i z e  and t h e r e f o r e  i n  l i g h t  f a s t n e s s ,  

w i th  i n c r e a s e  i n  c h a in  l e n g t h .  When the  ch a in  i s  l e n g th en e d  

beyond ab o u t  i t  can form n o t  on ly  m i c e l l e s ,  b u t  a l s o  a

condensed u n im o le c u la r  film,^ which becomes more s t a b l e  and more 

u n i fo rm ly  s p r e a d  i n  th e  s u b s t r a t e  as  the  c h a in  l e n g t h  i n c r e a s e s  

( s e e  Table  I I I . 4 ) .  The dye i n  t h i s  u n im o le c u la r  f i l m  f a d e s  more 

r a p i d l y  th a n  i n  th e  m i c e l l e s . Hence the  f a s t n e s s  te n d s  to  be low 

w i th  lo n g  c h a in  d yes ,  becau se  o f  s t a b i l i t y  of th e  condensed 

monolayer  on th e  i n t e r n a l  s u r f a c e  o f  th e  s u b s t r a t e .  Whether th e  

tendency  to  a g g re g a te  would i n c r e a s e  o r  d e c re a s e  w i th  change i n  

s u r f a c e - a c t i v i t y  i n  any g iv e n  s e r i e s  o f  dyes would perhaps  depend 

on th e  geom etry  o f  th e  b a s i c  c o n s t i t u t i o n  o f  th e  dye m o lecu le .

N o n - io n ic  d y e s .

A s e r i e s  o f  t e s t s  made by th e  w r i t e r * s  p r e d e c e s s o r  N. Macaulay 

w i th  w a t e r - s o l u b l e  m ero-cyan ine  dyes ( s e r i e s  l )  i n  f i lm s  formed 

from c o l l o d i o n  s o l u t i o n s ,  showed t h a t  th e  f a d i n g  r a t e  i s  n o t  

i n f l u e n c e d  by th e  l e n g t h  o f  th e  a t t a c h e d  a l k y l  c h a in ,  th u s  

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

o f  th e  dye .  This  b e l i e f  i s  a l s o  s u p p o r te d  by a s tu d y  o f  th e  

v i s i b l e  l i g h t  a b s o r p t i o n  cu rves  o f  th e  dyes i n  th e  f i l m s .  They 

each  have a s i n g l e  r a t h e r  b road  sym m etr ica l  peak a t  abou t  4 5 5 0  A.
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TABLE I I I . 4

M onolayer-form ing  Data  f o r  S u lphona ted  Dyes (from Cameron and

G i l e s ,  1 9 5 7 )

Dye M olecu la r  c r o s s - s e c t i o n a l  Area(A^)

found on; -

C a lc ,  from model Water a lo n e  4M*NaCl s o l u t i o n

IVa 65 n . f . n . f  •

IVb 65 n . f . n . f .

IVc 65 17 55

XlXa 1 2 0 n . f . 42

XIXc 65 n . f . 61

*The n e a r e r  the measured v a lu e  i s to  the  c a l c u l a t e d

the more s t a b l e i s  th e  m onolayer ; low measured

v a lu e s  r e p r e s e n t  p a r t i a l  s o l u t i o n  o f  f i l m  molecules. ,  

n . f .  = no f i l m  formed.
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I n  g e l a t i n  d i s p e r s i o n  however t h e r e  a r e  two peaks ,  a  b road  one 

a t  4500 A and a s h a rp  one a t  50OO A p ro b ab ly  due to  p re se n c e  of  

a g g r e g a t e d ,  as  w e l l  as  m o le c u l a r l y  d i s p e r s e d  dye .  The f a d in g  

r a t e s  a r e  v e ry  h ig h .

E f f e c t  o f  p o s i t i o n  and number of  s u lp h o n a te  g r o u p s .

I t  i s  e v i d e n t  from P ig . I I I . ^ C j^ ^ o b ta in e d  by ex am in a t io n  o f  a l l  

r e l e v a n t  d a t a  f o r  a c i d  dyes on wool i n  t h e  Colour Index   ̂ .

t h a t  l i g h t  f a s t n e s s  i s  u s u a l l y  improved by a l t e r i n g  th e  

o r i e n t a t i o n  o f  su lp h o n a te  g ro u p s ,  so as  to  reduce  s u r f a c e  a c t i v i t y  

o f  th e  dye ,  i . e .  by p l a c i n g  them more s y m m e t r ic a l ly  a round th e  

p e r i p h e r y  o f  th e  dye m o le cu le .

I t  a l s o  a p p e a rs  t h a t  a mere i n c r e a s e  i n  number o f  su lp h o n a te  

g roups  can improve l i g h t  f a s t n e s s .  I n  some ca se s  t h i s  i n c r e a s e  

can re d u c e  s u r f a c e  a c t i v i t y  ( c f .  XVIa -► XVa; XVIIIa b)  b u t  i n  

o t h e r  c a s e s  th e  i n c r e a s e  cannot  r ed u ce  s u r f a c e - a c t i v i t y  ( e . g .

XVII a b ) ; b ecause  n e i t h e r  dye i n  th e  p a i r  can be s u r f a c e - a c t i v e .

These e f f e c t s  o f  a l t e r i n g  th e  p o s i t i o n  o f  s u lp h o n a te  groups 

canno t  be due o n ly  to  v a r i a t i o n s  i n  s u s c e p t i b i l i t y  o f  th e  dye 

m o lecu le s  to  pho tochem ica l  d e g r a d a t i o n ;  i f  th e y  were ,  th e  r a n k in g  

of  th e  dye i n  each  case  would be r e v e r s e d  as  between th e  two 

s u b s t r a t e s  ( e t h y l m e t h y l c e l l u l o s e  and g e l a t i n  (Gumming e t  a l . ) ) .

I t  must be assumed t h a t  i n c r e a s e d  s u lp h o n a t io n  improves th e  s t a b i l i t y  

o r  th e  s i z e  o f  the  dye m i c e l l e s  i n  th e  s u b s t r a t e .  I t  i s  p ro b ab le
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t h a t  th e  m i c e l l e s  have w a te r  a s s o c i a t e d  w i th  i o n i c  g ro u p s ,  as  

i n  th e  **J - a g g r e g a t e s ” o r  g i a n t  m o lecu les  o f  p h o to g ra p h ic  s e n s i t i s i n g  

dyes ( s e e  e . g .  D ic k in s o n ) ,  b u t  have n o t  th e  c h a i n - l i k e  s t r u c t u r e  o f  

t h e  ” J - a g g r e g a t e s ” . A r e l e v a n t  f a c t  i n  t h i s  c a s e ,  i s  t h a t  l a y e r s  

o f  b a s i c  dyes d e p o s i t e d  by s u b l i m a t i o n  i n  vacuo a r e  u s u a l l y  

amorphous, b u t  th e y  ap p ea r  to  t a k e  up more o rd e re d  a r rangem ent  i n  

p re s e n c e  o f  w a te r  vapour (Lyz ina  and V a r t a n i a n ) .

E f f e c t  o f  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 .

B a x te r  e t  a l . ( 1 9 5 5 ) have r e p o r t e d  t h a t  the  c a t i o n i c  a g e n t ,  

c e t y l p y r i d i n i u m  bromide,  r ed u ce s  th e  f a s t n e s s  o f  d i r e c t  c o t t o n  

dyes on Ce l lophane  f i l m .  The change was a t t r i b u t e d  to  monolayer 

f o r m a t io n ,  th e  c a t i o n i c  ag e n t  t e n d in g  to  form mixed monolayers  w i th  

th e  d y es ,  which a r e  s u lp h o n a te d  and hence a n i o n i c .  L a t e r ,  Cameron 

and G i le s  showed t h a t  ce ty l t r im ethy lam m onium  bromide (CTAB) does 

promote th e  fo rm a t io n  o f  mixed m onolayers  o f  s u lp h o n a te d  dyes on 

w a te r ,  by a s s o c i a t i o n  between s u r f a c e  a c t i v e  c a t i o n s  and th e  

s u lp h o n a te d  g ro u p s .  Some dyes th u s  form monolayers  which would 

n o t  o th e rw is e  do so .  I t  i s  a l s o  w e l l  known i n  t e c h n i c a l  p r a c t i c e  

t h a t  any a f t e r t r e a t m e n t  o f  d i r e c t  c o t t o n  dyes on c e l l u l o s i c  f i b r e s  

w i th  c a t i o n i c  a g e n ts  i s  v e ry  l i a b l e  to  reduce  t h e i r  l i g h t  f a s t n e s s .

The r e s u l t s  h e re  ( F i g s . I I I . 1 7 , 1 8 ) show t h a t  th e  e f f e c t  o f  

CTAB i s  n o t  always th e  same. I n  g e n e r a l  i t  may be s a i d  t h a t  t h i s  

a g e n t  r e d u c e s  th e  f a s t n e s s  i n  low dye c o n c e n t r a t i o n s ,  presumably 

by a c t i n g  as  d i s a g g r e g a t i o n  a g e n t .  At h ig h  dye c o n c e n t r a t i o n s  i t
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sometimes decreases and sometimes increases fastness, i.e. the CF 

curve in the latter cases steepens, which indicates that there is 

an aggregation tendency as well.
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( c )  A R e l a t i o n  between M olecu la r  Shape and L ig h t  F a s t n e s s  o f  

Dyes and i t s  b e a r i n g  on A d so rp t io n  Mechanisms.

E s t a b l i s h m e n t  of  R e l a t i o n s h i p

T h is  i n v e s t i g a t i o n  was made to  examine a p r e d i c t i o n  t h a t  th e  

l i g h t  f a s t n e s s  o f  dyes might  be r e l a t e d  to  t h e i r  m o le c u la r  geom etry .  

Measurements have been made o f  the  a x i a l  r a t i o  o f  each p l a n a r  dye 

m o lecu le  where th e  d y e ' s  l i g h t  f a s t n e s s  i s  g iv en  i n  th e  Colour  

Index  • The r a t i o  i s  d e f in e d  as  t h a t  of l e n g t h  to  b r e a d t h  o f  t h e  

s m a l l e s t  r e c t a n g l e  e n c lo s in g  th e  m o le cu la r  model ( C a t a l i n ,  S t u a r t  

p a t t e r n ,  see  F i g . 1 1 1 . 2 0 , 2 1 ) .  The su lp h o n a te  group was n o t

in c lu d e d  i n  t h e  measurements .  When i t  was in c lu d e d ,  s l i g h t l y  

more s c a t t e r  was e v i d e n t  i n  th e  d a t a ,  p ro b ab ly  because  th e  

d im ens ions  to  be a s s ig n e d  to  t h i s  i o n i s e d  group ,  when i t  h a s  

a s s o c i a t e d  w a te r  a r e  u n c e r t a i n .  A l l  markedly n o n - p la n a r  dyes were 

e x c lu d ed ,  because  n o n - p l a n a r i t y  a l s o  i n t r o d u c e s  f u r t h e r  u n c e r t a i n t y  

i n t o  th e  measurements u se d .

The r a t i o s  were th e n  p l o t t e d  a g a i n s t  th e  r e s p e c t i v e  (C o lour  

Index)  l i g h t  f a s t n e s s  f i g u r e s  f o r  th e  s t a n d a r d  shade d e p t h .  I n  

the  ca se  of  d i r e c t  and v a t  dyes on c e l l u l o s e ,  and monoazo a c i d  

dyes on wool t h e r e  i s  a s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  

between m o le c u la r  a x i a l  r a t i o  and l i g h t  f a s t n e s s .  ( F i g s . I I I . 2 2 , 2 5 ) .  

L ig h t  f a s t n e s s  i n c r e a s e s  w i th  f a l l  i n  a x i a l  r a t i o ,  i . e .  as  th e  

m olecu le  becomes more n e a r l y  s q u a re  i n  p la n .  Moreover, th e

*The com plete  l i s t  o f  dyes and a x i a l  r a t i o s  w i l l  be 
g iv e n  i n  a paper  which i t  i s  hoped w i l l  be p u b l i s h e d  l a t e r .
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r e s p e c t i v e  r e g r e s s i o n  l i n e s  a r e  a lm o s t  i d e n t i c a l ,  and th e  i d e n t i t y  

i s  h i g h l y  s i g n i f i c a n t  ( s ee  b e low ) .

I n  t h e  ca se  o f  d i s a z o  a c i d  dyes and a n th ra q u in o n e  dyes  on 

wool, and d i s p e r s e  dyes on c e l l u l o s e  a c e t a t e ,  t h e r e  a r e  n o t  

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

d a t a  f o r  a z o i c  dyes on c e l l u l o s e  gave a  random r e s u l t  w i th  no 

s t a t i s t i c a l  s i g n i f i c a n c e  ( F i g . I I I . 2 5 ) .

Cause o f  R e l a t i o n s h i p

The cause  cou ld  be e i t h e r  chem ica l  o r  p h y s i c a l  i n  o r i g i n .

The l o n g e r  i s  th e  c o n ju g a te  c h a in  i n  a molecu le  th e  more p o i n t s  

a r e  t h e r e  a t  which pho tochem ica l  a t t a c k  can o c c u r ,  t h e r e f o r e  th e  

lower  i s  i t s  pho tochem ica l  s t a b i l i t y .  Thus J e f f r e y s  found t h a t  

c e r t a i n  cyan ine  dyes d i s s o l v e d  i n  m e thano l ,  f a d e  more r e a d i l y  a s  

th e  l e n g t h  of  t h e i r  po lym eth in  c h a in  i s  i n c r e a s e d .  I n  m ethanol  

th e s e  dyes a r e  l a r g e l y  m o nod ispe rse ,  whereas i n  a f i b r e  most dyes 

a r e  p a r t l y  a s s o c i a t e d ,  so t h a t  the  s im p le  r e l a t i o n  ob se rv ed  by 

J e f f r e y s  w i l l  be marked by e f f e c t s  due to  th e  p h y s i c a l  s t a t e  o f  the  

dye. Dyes w i th  c o n ju g a te  ch a in s  o f  s i m i l a r  l e n g t h  ( c f . F i g . 1 1 1 . 2 0 , 2 1 ) 

o f t e n  a p p e a r  to  have q u i t e  d i f f e r e n t  f a s t n e s s .

S i g n i f i c a n c e  i n  r e l a t i o n  to  a d s o r p t i o n  mechanism

I t  can be shown* t h a t  th e  r e g r e s s i o n  l i n e s  f o r  d i r e c t  c o t t o n

*The s t a t i s t i c a l  a n a l y s i s  o f  t h e  p r e s e n t  d a t a ,  made by th e  
w r i t e r ' s  c o l l e a g u e ,  Mr. D. Smith ,  i s  too long  to  qu o te  h e r e ,  
b u t  i t  w i l l  be g iv e n  i n  a  p ap e r  to  be su b m i t ted  f o r  p u b l i c 
a t i o n  soon.
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dyes on c o t t o n  and monoazo a c i d  dyes on wool a r e  c o n c u r r e n t .

T h is  a p p e a r s  to  show t h a t  th e  form of  th e  dye a g g r e g a t e s  or  

m i c e l l e s  depends on ly  upon th e  shape o f  th e  dye m olecu le  r a t h e r  

th a n  on th e  n a t u r e  o f  th e  s u b s t r a t e .  There i s  a l r e a d y  ev idence  

( P a r t  I I )  t h a t  th e  dye m o lecu les  a s s o c i a t e  d u r in g  th e  a c t u a l  

a d s o r p t i o n  p r o c e s s .  The c o n c lu s io n  to  be drawn from t h e  p r e s e n t  

r e s u l t s  i s  t h a t  th e  s u b s t r a t e  m olecu le  a c t s  as a t e m p la te  on which 

l a r g e  ad so rb ed  o rg a n ic  s o l u t e  m o lecu les  b u i l d  up sm a l l  m i c e l l e s ;  

bu t  f i r s t  t h e r e  must be a  mutual a t t r a c t i o n  between s u b s t r a t e  and 

s o l u t e  m o lecu le s  to  t r i g g e r  o f f  th e  p r o c e s s .  ( P i g . I I I . 2 4 ) .

Azoic dyes ,  a s  s t a t e d ,  g iv e  a  random r e s u l t  i n  t h e  p r e s e n t  

ex a m in a t io n  ( P i g . I I I . X 5 ) .  The shape of  t h e i r  m o lecu les  i s  

co m p le te ly  a l t e r e d  by th e  c o u p l in g  and i n s o l u b i l i s a t i o n  p ro ce s s  

a f t e r  d y e in g ,  and as  i t  i s  th e  f i n a l  form of  t h e  p a r t i c l e s  t h a t  

d e te rm in e s  t h e  f a s t n e s s ,  th e  r e l a t i o n  between th e  o r i g i n a l  

m o le c u la r  shape and th e  f a s t n e s s  no lo n g e r  h o l d s .  The v a t  dyes 

a r e  n o t  a p p r e c i a b l y  a l t e r e d  i n  m o le cu la r  shape i n  the  

i n s o l u b i l i s a t i o n  p r o c e s s ,  and th e  r e l a t i o n  does h o ld  f o r  them. 

Indeed th e  r e g r e s s i o n  l i n e  i s  s i g n i f i c a n t l y  p a r a l l e l  w i th  t h a t  f o r  

the  d i r e c t  c o t t o n  and a c id  wool d y e s .

Interrelation of Present effect with effect of spectral regions, 

upon fading.

This  work e s t a b l i s h e s  a r e l a t i o n  between l i g h t  f a s t n e s s  and
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t h e  shape of  dye m o le cu le s ;  McLaren ( I9 5 6 )  has  e s t a b l i s h e d  a  

r e l a t i o n  between l i g h t  f a s t n e s s  and th e  e f f e c t i v e n e s s  of  c e r t a i n ,  

wavebands o f  l i g h t  i n  c a u s in g  f a d i n g .  Are th e  two e f f e c t s  i n t e r 

r e l a t e d ?

McLaren showed t h a t  t h e r e  i s  a ro u g h ly  l i n e a r  i n v e r s e  

r e l a t i n g  between th e  normal l i g h t  f a s t n e s s  o f  a dye on a f i b r e ,  

and th e  p r o p o r t i o n  o f  f a d in g  caused  by th e  v i s i b l e  ( b l u e - r e d )  

r e g i o n  o f  th e  spec trum  ( F i g . I I I . 2 6 ) .  Thus f u g i t i v e  dyes a r e  

f a d e d  m a in ly  by abso rbed  r a d i a t i o n  i n  t h i s  v i s i b l e  r e g i o n ,  and f a s t  

dyes m a in ly  by abso rbed  r a d i a t i o n  i n  th e  u l t r a - v i o l e t  and v i o l e t  

r e g i o n .  No e x p l a n a t i o n  f o r  t h e s e  o b s e r v a t i o n s  has  h i t h e r t o  been  

o f f e r e d .  McLaren a l s o  found t h a t  dyes a r e  faded  by abso rbed  

r a d i a t i o n  up to  a c e r t a i n  c r i t i c a l  w av e len g th ,  above which 

r a d i a t i o n  i s  n o t  e f f e c t i v e  even i f  s t r o n g l y  ab s o rb e d .  This  

c r i t i c a l  w ave leng th  d e c re a s e s  as  th e  f a s t n e s s  i n c r e a s e s .  These 

o b s e r v a t io n s  were made a f t e r  t e s t s  on w e l l  over  one hundred d y es .  

These form a random s e l e c t i o n  and i t  seems u n l i k e l y  t h e r e f o r e  t h a t  

th e  e f f e c t  can be r e l a t e d  to  any s y s t e m a t i c  change i n  pho tochem ica l  

p r o p e r t i e s  o f  th e  dye m o le c u le s .  This  i s  e s p e c i a l l y  so because  

the  d eg ree  of  l i g h t  f a s t n e s s ,  as a l r e a d y  m entioned ,  ap p e a r s  t o  be 

a  f u n c t i o n  of  th e  p h y s i c a l  s t a t e  o f  th e  dye,  and n o t  o f  th e  

pho tochem ica l  s t a b i l i t y  of  i t s  i n d i v i d u a l  m o le cu le .  I t  has  

r e c e n t l y  been shown, e . g .  t h a t  dyes of  h ig h  l i g h t  f a s t n e s s ,  o f  

s e v e r a l  c l a s s e s ,  i n c l u d i n g  r e a c t i v e  dyes on c e l l u l o s e ,  a r e  p r e s e n t
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i n  a  h i g h l y  a s s o c i a t e d  s t a t e  i n  th e  s u b s t r a t e ,  and t h e i r  h ig h  

f a s t n e s s  i s  a t t r i b u t a b l e  to  t h i s  ( s e e  a b o v e ) .

Th is  would a t  f i r s t  su g g e s t  t h a t  th e  r e l a t i o n  e s t a b l i s h e d  

by McLaren i s  f u n d a m e n ta l ly  one between th e  p h y s i c a l  s t a t e  o f  dye ,  

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

r e g i o n s ,  b u t  i t  i s  d i f f i c u l t  to  u n d e r s t a n d  how t h i s  cou ld  be th e  

c a s e :  m oreover ,  i f  i t  were ,  a change i n  degree  o f  a g g r e g a t io n  o f

a dye would be ex p e c te d  to  change i t s  r e l a t i v e  s e n s i t i v i t y  to  

d i f f e r e n t  wavebands o f  th e  spec trum ; y e t  some p r e l i m i n a r y  

e x p e r im e n ts  h e r e  a p p e a r  to  show t h a t  t h i s  does n o t  o c c u r .

I t  must t h e r e f o r e  be concluded  t h a t  t h e r e  i s  an i n d i r e c t  

c o n n e c t io n  between th e  p r e s e n t  r e l a t i o n  and t h a t  e s t a b l i s h e d  by 

McLaren^ i . e .  a  low m o le c u la r  a x i a l  r a t i o  i n  a dye f a v o u r s  b o th  a 

h ig h  d eg ree  o f  a s s o c i a t i o n  and s e n s i t i v i t y  to  sh o r t -w a v e  r a d i a t i o n .  

I t  sh o u ld  be p o s s i b l e  to  make a d i r e c t  t e s t  of  t h i s  h y p o th e s i s  by 

p l o t t i n g  McLaren*s d a t a  f o r  th e  r e l a t i v e  s p e c t r a l  s e n s i t i v i t y  o f  

dyes a g a i n s t  t h e i r  r e s p e c t i v e  m o le c u la r  a x i a l  r a t i o s .  When t h i s  

i s  done (Table  I I I . 5 ) i t  i s  c l e a r  t h a t  t h e r e  i s  a  d i r e c t  r e l a t i o n  

between th e s e  two p a ra m e te rs  ( F i g . I I I . 2 7 ) ,  th e  r e l a t i o n  i s  in d eed  

h ig h ly  s i g n i f i c a n t .  We may t h e r e f o r e  s u g g e s t  t h a t  " s q u a re n e s s "  i n  

p la n  o f  a p l a n a r  dye m olecu le  f a v o u r s  two, p o s s i b l y  in d e p e n d e n t ,  

e f f e c t s .  I t  f a v o u r s  s e n s i t i v i t y  to  sh o r t -w a ^ e  r a d i a t i o n  and i t  

a l s o  f a v o u r s ,  d u r in g  a d s o r p t i o n ,  a form of a s s o c i a t i o n  t h a t  ensures,  

h ig h  r e s i s t a n c e  to  pho tochem ica l  breakdown.
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Table  I I I . 5 R e l a t i o n  between Fad ing  caused  by Blue-Red 

Wavebands ( d a t a  o f  McLaren) and M olecu la r  A x ia l  R a t i o .

A. Azo Dyes

C . I .  Number

B as ic  Brown 1 
Acid V i o l e t  I  
D i r e c t  V i o l e t  22  
D is p e rs e  Black 1 
Acid B lack  24  
D i r e c t  Blue 1 
D i r e c t  Blue 138  
D i r e c t  Blue l 6 
D i r e c t  B lack  51  
Acid Green 19  
D isp e rse  B lack  2 
Acid Orange 10  
D i r e c t  Red 1 2 ?

Fading Caused 
by Blue-Red Region

65 
4

84
66 
11 
87
65 
84
66 
76 
20  
15 
64

M olecu la r  
A x ia l  R a t io

2.92
1 .5 8
2 . 8 0
2 . 0 0
1 . 8 2
2 . 8 8
2 . 6 3
2 .68
2 .48
2 .48
2 . 2 0
1 . 4 9
2 . 4 1

B. A nthraquinone  Dyes

Vat Blue 5 
Vat V i o l e t  2 
Vat Brown 5 
Vat V i o l e t  17 
Vat V i o l e t  14  
Vat V i o l e t  9 
Vat Green 9 
D isp e rse  Blue 7 
D is p e rs e  V i o l e t  8 
D is p e rs e  Blue 3 
Acid V i o l e t  41  
Vat Brown 3 
D is p e rs e  Blue 24  
D isp e rse  V i o l e t  4  
Vat Red 1 
Vat Red 10  
Vat Green 1

8
56
74
15 

2
48
448
26
16

7
11
22
18
56
27
24

2 .06  
2 . 0 0
2 .44
2 .36 
1.12 
2.46
2 . 3 7  

1 . 1 3  
1 .50  
1.21 
1 .67
1 .05
1 .07  
1 . 2 2
2 .06
1.45 
1 . 8 2
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(d) A ttem pted  improvement o f  l i g h t  f a s t n e s s  by u se  o f  f l u o r e s c e n t  

b r i g h t e n i n g  a g e n t s  w i th  dyed c e l l u l o s e .

The use  o f  f l u o r e s c e n t  b r i g h t e n i n g  a g e n t s  f o r  im prov ing  th e  

w h i te n es s  o f  f a b r i c s  i s  now common p r a c t i c e ,  and most soap  powders 

and s y n t h e t i c  d e t e r g e n t s  have such an a g e n t  i n c o r p o r a t e d .  The 

chemical  and p h y s i c a l  p r o p e r t i e s ,  and th e  a p p l i c a t i o n  o f  t h e s e  

ag e n ts  have been d i s c u s s e d  e . g .  by Adams, b u t  no d e t a i l e d  accoun t  

o f  t h e i r  e f f e c t  on l i g h t  f a s t n e s s  has p r e v i o u s l y  ap p e a re d ,  though 

some c o n f l i c t i n g  s t a t e m e n t s  on t h e i r  v a lu e  have been r e p o r t e d .

They would presumably  r e t a r d  dye f a d i n g ,  b ec au se  o f  t h e i r  s t r o n g  

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

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

by I . e . I .  c la im  th e  use  o f  th e s e  compounds f o r  im prov ing  th e  l i g h t  

f a s t n e s s  o f  co lo u re d  p h o to g rap h s ,  and t h e i r  u s e  f o r  t h i s  purpose  

i n  p l a s t i c s  and v a r n i s h e #  has  been r e p o r t e d  by B rad le y .

The a u t h o r ,  i n  a  t h e s i s  f o r  th e  P o s t -G ra d u a te  Diploma o f  t h i s  ■ 

Col lege  (1957) d e s c r ib e d  work on th e  e f f e c t  of  th e s e  a g e n t s  upon 

th e  l i g h t  f a s t n e s s  o f  dyed c e l l u l o s e .  He has  c o n t in u e d  t h i s  work 

and w i th  th e  com ple t ion  of s t a n d a r d  f a d i n g  t e s t s  on f a b r i c s ,  k in d ly  

made by Hickson and Welch L td .  (Mr. D . J .  S tam p) ,  a f i r m  c o n c lu s io n  

can now be g iv e n .  In  t h e o ry ,  th e  e f f e c t i v e n e s s  of  f l u o r e s c e n t  

b r i g h t e n i n g  a g e n t s  on f a b r i c s  i s  red u ced  by c o m p l i c a t in g  f a c t o r s .

I f  th e  a g e n t  f a d e s  q u ic k e r  th an  th e  dye i t s e l f ,  th en  i t  w i l l  c l e a r l y  

n o t  have much e f f e c t .  (Most o f  t h e s e  a g e n t s  have a l i g h t  f a s t n e s s
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between g ra d e s  1 and 4 ) .  On th e  otjher hand too  slow f a d i n g  o f  th e  

a g e n t  m igh t  a l s o  reduce  i t s  e f f e c t i v e n e s s *  The dyed shade a p p e a rs  

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

e f f e c t  i n c r e a s e s  as  th e  p r o p o r t i o n  of  a g e n t  r i s e s *  T h e re fo re  i f  

th e  a g e n t  f a d e s  more s low ly  th a n  th e  dye,  i t s  p r o p o r t i o n  r i s e s  

d u r in g  i r r a d i a t i o n ,  and the  weakening e f f e c t  on th e  shade becomes 

n o t i c e a b l e .  This  might mask and even r e v e r s e  t h e  improvement i n  

f a s t n e s s  due to  a r ed u ced  f a d i n g  r a t e  o f  th e  dye .  The c o lo u r  o f  

the  f a d i n g  p ro d u c t  o f  t h e  a g e n t  may a l s o  t e n d  to  d i s g u i s e  any 

improvement i n  f a s t n e s s .  L ig h t  f a s t n e s s  t e s t s  were made by th e  

normal method a g a i n s t  th e  B .3 . I  s t a n d a r d s  on a s e r i e s  of  s t a n d a r d  

v i s c o s e  ray o n  f a b r ic s ,  dyed i n  medium d ep th s  w i th  th e  f o l lo w in g  dyea 

of d i f f e r e n t  l e v e l s  o f  l i g h t  f a s t n e s s  G . I .  D i r e c t  Yellow, 8 , 1 2 , 

B e d s , 2 , 2 5 , 7 5 , 8 0 , Blues  1 , 8 , 6 6 , Greens 8 , 2 2 , Vat  Yellow 2 6 , and 

Orange 5 * Four s e t s  of  dyed f a b r i c s  f o r  each dye were p r e p a re d  

a)  u n t r e a t e d , ( b  and c)  dyed w i th  a d d i t i o n  o f  G . I .  F l u o r e s c e n t  

B r i g h t e n i n g  Agents I5  and 18  t o  t h e  d y eb a th  (O.lÿ^) and (d)  padded, 

a f t e r  d y e in g ,  w i th  (O.l^o) o f  G . I .  F lu o r e s c e n t  B r ig h te n in g  Agent I 7 . 

Exposures  were made u n t i l  s t a n d a r d  4 f a d e d .  The ex a m in a t io n  th en  

showed t h a t  w i th  two e x c e p t io n s  no n o t a b l e  change had been produced 

by the  a g e n t s .  I n  a few ca se s  a  s l i g h t  improvement ( 1 g rad e )  and 

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

of  th e  f a d i n g  o n ly .  The two excep t ions ,  were d i r e c t  r e d s .  Red 2 

had i n  a l l  c a se s  c o n s id e r a b ly  d e t e r i o r a t e d  i n  f a s t n e s s ;  Red 2 $ had 

d e t e r i o r a t e d  a f t e r  t r e a tm e n t  w i th  two a g e n t s .
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F lu o re s c e n c e  of  th e  f a b r i c

The a d d i t i o n  of th e  b r i g h t e n i n g  a g e n t s  u s u a l l y  changed th e  

ap p ea ran ce  of  th e  f a b r i c ,  and sometimes c o n s i d e r a b l y .  I n  g e n e r a l  

th e  shade became b r i g h t e r ,  r e d d e r ,  and weaker ,  w i th  th e  e x c e p t io n  

o f  C . I .  D i r e c t  Reds 75  &nd 80  and Greens 8 and 2 8 . F lu o re s c e n c e  

was t e s t e d  (by Hickson and Welch L t d . ) ,  by u s i n g  th e  H a r r i s o n  

F l u o r i m e t e r .  The r e s u l t s a r e g i v en i n  Table  I I I » 1 0 ■ The f i g u r e  

o b t a i n e d  showed t h a t  th e  amount o f  f l u o r e s c e n c e  v a r i e d  from dye to  

dye and a l s o  from a g e n t  to  a g e n t .  D i r e c t  Red 75  when t r e a t e d  w i th  

F l u o r e s c e n t  Agent 18  showed no f l u o r e s c e n c e  a t  a l l ,  and i t  was a t  

f i r s t  s u s p e c te d  t h a t  no b r i g h t e n i n g  a g e n t  had been ad so rb ed  by th e  

f a b r i c .  Hence a r a t e  t e s t  was made to  measure t h e  u p t a k e .  From 

th e  cu rve  o b ta in e d  i t  ap p ea red  t h a t  d e s p i t e  th e  f i n a l  d u l l  a p p e a r 

a n c e ,  th e  a g e n t  i s  i n  f a c t  ad so rb ed  by th e  f a b r i c .  The dye ap p e a r s  

to  have th e  p r o p e r t y  of  quench ing  th e  f l u o r e s c e n c e  of  th e  a g e n t .

A r e c e n t  i n v e s t i g a t i o n  by Hayashi showed t h a t  t h e r e  i s  a  " c r i t i c a l  

quench ing  c o n c e n t r a t i o n "  o f  a g e n t  i n  c e l l u l o s e  above which changes  

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

f l u o r e s c e n c e .  There a p p e a r s  to  be no r e l a t i o n  between th e  f i g u r e s  

g iv e n  by th e  H a r r i s o n  F l u o r i m e t e r ,  and th e  l i g h t - f a s t n e s s  o f  th e  

dye o b ta in e d  by exposure  u n t i l  s t a n d a r d ^ f a d e d .
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( e )  Anomalous l i g h t  f a s t n e s s  e f f e c t s  i n  h ig h l y  hydrophob ic  

s u b s t r a t e s .

This  s e c t i o n  d e s c r i b e s  work which was p ro c e e d in g  a t  th e  t im e 

o f  w r i t i n g .  Because o f  th e  s h o r t a g e  o f  time and th e  in c o m p le ten e s s  

o f  some of th e  d a t a ,  o n ly  th e  main c o n c lu s io n s  a r e  g iv e n .  F u l l  

d e t a i l s  o f  th e  ex p e r im e n ta l  d a t a ,  and f i g u r e s ,  w i l l  be in c lu d e d  i n  

a p ape r  to  be su b m i t te d  f o r  p u b l i c a t i o n  when th e  work i s  com ple te .

Many b u t  n o t  a l l ,  dyes on th e  h i g h l y  hydrophobic  f i b r e s  ( i . e .  

t h e s e  w i th  a  r e g a i n  o f  < c a  5 ^̂ ) have much h i g h e r  l i g h t  f a s t n e s s  

th a n  on o t h e r  f i b r e s  of  h ig h e r  r e g a i n .  T h is  a p p l i e s  p a r t i c u l a r l y  

to  a number o f  (a )  d i s p e r s e  d y es ,  which have h i g h e r  f a s t n e s s  r a t i n g  

on p o l y e s t e r  f i b r e s  than  on c e l l u l o s e  a c e t a t e ,  and (b )  b a s i c  d yes ,  

which have h ig h e r  f a s t n e s s  on p o l y a c r y l o n i t r i l e  f i b r e s  th a n  on 

c o t t o n ,  s i l k ,  o r  wool ( G i l e s ,  1 9 5 7 ; Schwen and S ch m id t ) .  This 

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

f i b r e s .  On th e s e  th e  g e n e ra l  r u l e  i s  t h a t  l i g h t  f a s t n e s s  r i s e s  

w i th  f i b r e  r e g a i n .  This i s  p resumably  because th e  f i b r e s  w i th  

h ig h e r  r e g a i n  have th e  lo n g e r  i n t e r m o l e c u l a r  spaces  and c o n s e q u e n t ly  

d u r in g  a d s o r p t i o n  the  dye m o lecu les  can form l a r g e r  a g g r e g a te s  i n  

them. In  g e n e ra l  th e  l a r g e r  th e  a g g r e g a t e s ,  th e  h ig h e r  t h e i r  

l i g h t  f a s t n e s s .  This  a p p l i e s  p a r t i c u l a r l y  t o  d i r e c t  dyes on 

r e g e n e r a t e d  c e l l u l o s e  ( v i s c o s e )  o f  d i f f e r e n t  d eg ree s  of  c r y s t a l l i n i t y , 

e i t h e r  i n  f i b r o u s  or  f i l m  form (B a x te r  e t  a l , 1 9 5 5 ) .
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The s u g g e s t io n  was made ( G i l e s ,  1 9 5 7 ) t h a t  on h y d rophob ic  

f i b r e s  th e  anomalous e f f e c t  i s  due to  f a d i n g  b e in g  r e t a r d e d  becau se  

o f  th e  low m o is tu r e  c o n t e n t  o f  th e  f i b r e ,  o r  to  th e  low r a t e  o f  

t r a n s p o r t  o f  m o is tu re  to  th e  s i t e  of  f a d i n g .  The r e g a i n  i n s t e a d  

o f  the  p a r t i c l e  s i z e  o f  th e  dye,  th u s  becomes th e  r a t e - c o n t r o l l i n g  

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

might of  co u rse  be due to  a r e v e r s a l  i n  th e  case  of  th e  more 

hydrophobic  f i b r e s  o f  the  a p p a r e n t l y  normal a g g r e g a t i n g  b e h a v io u r  of  

d yes ,  i . e .  th ey  may perhaps  a g g re g a te  more as  th e  f i b r e  r e g a i n  f a l l s .

The p r e s e n t  i n v e s t i g a t i o n  was made to  examine th e s e  s u g g e s t i o n s  

f o r  which no d i r e c t  e x p e r im e n ta l  ev idence  had p r e v i o u s l y  been a v a i l 

a b l e .  Three t y p i c a l  d i s p e r s e  dyes were chosen ,  two h av in g  h i g h e r  

r a t e d  f a s t n e s s  on T ery lene  p o l y e s t e r  f i b r e  th a n  on c e l l u l o s e  a c e t a t e ,  

and one th e  r e v e r s e .  They were a p p l i e d  to  p o l y e s t e r  f i b r e s  and 

f i lm s  of d i f f e r e n t  d eg ree s  of  c r y s t a l l i n i t y ,  judged  by m o is tu r e  

a d s o r p t i o n ,  and to  ( s e c . )  c e l l u l o s e  a c e t a t e  f i l m .  A lso ,  some t e s t s  

on r e g e n e r a t e d  c e l l u l o s e  f i lm s  of  d i f f e r e n t  d eg ree s  o f  c r y s t a l l i n i t y  

were in c lu d e d  f o r  com parison .

The dyes used  were:

C . I . 12770» D isp e rse  Yellow $G ( l . G . I . ) . ,  an i l ine -> 2 , 4 -q .^ in o l in e  d i d

G . I . 61100, Duranol V i o l e t  2R, 1 , 4 -d ia m in o an th raq u in o n e

G . I . 61105, Duranol B r i l l i a n t  V i o l e t  B, 1 , amino-4 , m e th y la m in o an th ra -
quinone

E f f e c t  of n a t u r e  o f  medium

The p r e s e n t  r e s u l t s  show t h a t  -  ( a )  l y r i d i n e  does n o t  co m p le te ly  

d i s a g g r e g a t e  any o f  th e  d i s p e r s e  d y es .  This  i s  shown by th e  f a c t  t h a t
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t h e  minimum y / x  r a t i o ,  i . e .  minimum a g g r e g a t i o n ,  f o r  th e  y e l lo w  

dye a p p e a r s  i n  th e  p o l y e s t e r  f i l m ,  and n o t  i n  p y r i d i n e .  T h e r e f o r e  

t h e r e  must be some a g g r e g a t io n  i n  p y r i d i n e ,  even though t h e  y / x  

r a t i o  does n o t  i n c r e a s e  s i g n i f i c a n t l y  w i th  c o n c e n t r a t i o n .  (The 

r a t i o s  f o r  th e  v i o l e t  dyes i n  p y r id i n e  do i n c r e a s e  w i th  c o n c e n t r a t i o n ) .

(b)  In  a l l  c a se s  where th e  y / x  r a t i o  f o r  a dye i s  compared on 

s u b s t r a t e s  i d e n t i c a l  ex cep t  i n  deg ree  of  c r y s t a l l i n i t y ,  t h e  deg ree  

of  dye a g g r e g a t io n  r i s e s  w i th  f a l l  i n  c r y s t a l l i n i t y .  This  would be 

e x p e c te d :  a g g r e g a t e s  can grow more r e a d i l y  i n  a s u b s t r a t e  as  th e  

s u b s t r a t e  m o lecu les  become l e s s  h ig h ly  o r d e r e d .  The d i f f e r e n c e  i s  

v e ry  marked i n  th e  c e l l u l o s e  f i l m s ,  I t  i s  much l e s s  so i n  t h e  

p o l y e s t e r  f i l m s ,  p ro b ab ly  because  th e  d e g ree  of  a g g r e g a t i o n  i n  

t h e s e  i s  low even in  th e  r e c r y s t a l l i s e d  f i l m .

(c )  Two adso rbed  d i s p e r s e  dyes ( C . I . 1 2 7 7 0 , 6IIO5) a r e  l e a s t  

a g g re g a te d  i n  M elinex f i l m ,  th e  t h i r d  (C .I .6 I IO O )  i s  a p p a r e n t l y  

l e a s t  a g g re g a te d  i n  c e l l u l o s e  a c e t a t e  f i l m ,  and a l s o  shows v e ry  

l i t t l e  d i f f e r e n c e  between Melinex and r e c r y s t a l l i s e d  f i l m .

The r e a s o n s  f o r  t h e s e  e f f e c t s  a r e  n o t  ob v io u s ,  b u t  i t  may be 

connec ted  i n  some way w i th  th e  f a c t  t h a t  th e  anomalous dye (C . I .6 I IO O )  

i s  th e  most sy m m e tr ic a l ly  s u b s t i t u t e d ,  and i t  has  r e c e n t l y  been  

p o in t e d  o u t  ( G i l e s ,  I 9 6 I )  t h a t  t h i s  c o n d i t i o n  f a v o u r s  low aqueous 

s o l u b i l i t y  and low a d s o r p t i o n  i n  c e l l u l o s e  a c e t a t e .  P o s s i b l y  

symmetry o f  s u b s t i t u t i o n  i n  the  a ro m a t ic  n u c l e i  of  th e  dye ,  i n  some
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way f a v o u r s  a d s o r p t i o n  and a g g r e g a t io n  on th e  a ro m a t ic  n u c l e i  o f  

the  p o l y e s t e r  f i b r e .

(d)  The monomer dye a b s o r p t i o n  peak o f  two d i s p e r s e  dyes 

(C .1 .12770 ,  61105) i s  a t  a  h ig h e r  w ave leng th  on p o l y e s t e r  th a n  on 

c e l l u l o s e  a c e t a t e ,  i n  each c a s e .  This  p ro b a b ly  i n d i c a t e s  a  c l o s e r  

a l ig n m en t  o f  dye and s u b s t r a t e  m o lecu les  i n  th e  p o l y e s t e r  th a n  i n  

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

c o n ju g a t i o n  in  th e  dye m o le cu le .  A s i m i l a r  s h i f t  o f  monomer 

waveband o c c u rs  when d i r e c t  c o t t o n  dyes a r e  t r a n s f e r r e d  from w a te r  

to  c e l l u l o s e ,  as  mentioned i n  P a r t  I I ,  p ro b ab ly  f o r  th e  same r e a s o n .

There i s  no such change w i th  C .I .6 I IO O .  This  f a c t  conforms 

to  th e  h y p o th e s i s  advanced above, t h a t  on th e  p o l y e s t e r  f i b r e  

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

The g e n e r a l  im p re s s io n  g iv en  by th e  r e s u l t s ,  i s  t h a t  th e  degree  

o f  a g g r e g a t i o n  of  th e  d i s p e r s e  dyes i n  th e  hydrophobic  s u b s t r a t e s  i a  

p ro b ab ly  q u i t e  low, and i s  g e n e r a l l y  more u n i fo rm  over  a r a n g e  o f  

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

Light Fastness Effects^

The hypothesis that light fading of dyes on very hydrophobic 

fibres is retarded by the very low moisture adsorption of the fibre 

is now confirmed by two facts:

*At the time of writing, the tests on polyester fabric 

are not complete.
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(a )  On a l l  th e  p o l y e s t e r  s u b s t r a t e s ,  f a s t n e s s  r i s e s  w i th  f a l l  i n  

m o i s tu r e  a d s o r p t i o n .

(b )  F a s tn e s s  f a l l s  on a l l  t h e  f i l m s  when th e  a tm o sp h e r ic  h u m id i ty

i s  r a i s e d ,  i . e .  when a  more abundant  supp ly  o f  m o i s tu r e  i s  a v a i l a b l e ,
g

b u t  th e  f a l l  i s  much more marked on Melinex f i l m  th a n  on c e l l u l o s e  

a c e t a t e  and on r e c r y s t a l l i s e d  p o l y e s t e r ,  presumably  because  i n  th e  

l a s t  two, t h e r e  i s  n o rm a l ly  n e a r l y  enough m o is tu re  f o r  f a d i n g  n o t  

to  be r e t a r d e d .

(c )  I n  a l l  c a ses  th e  monomeric dye f a d e s  more r a p i d l y  th a n  th e  

a g g re g a te d  dye, as  would be e x p e c te d .

(d) Fad ing  r a t e  cu rves  of  th e  v i o l e t s  have th e  shape c h a r a c t e r i s t i c

of  a g g re g a te d  dye,  i n  th o s e  of th e  Yellow t h e r e  i s  more ev idence  o f
XX /monomeric dye , as indeed  t h e r e  i s  i n  th e  low y / x  r a t i o .

* In  t h e  I . C . I .  p u b l i c a t i o n ( 9 5 4  EHU) th e  l i g h t  f a s t n e s s  f ig u re s ,  
f o r  d i s p e r s e  dyes on T e ry len e  f i b r e  a r e  a l l  much lower  f o r  
Fadeometer  exposure  th a n  f o r  d a y l i g h t .  Presumably a 
h u m id i f i e d  and coo led  lamp was u se d ,  g i v i n g  h ig h e r  m o is tu re  
r e g a i n  i n  th e  f i b r e  th an  i s  o b ta in e d  i n  d a y l i g h t  ex p o s u re .

In  a l l  c a s e s ,  though the  shape of th e  f a d i n g - r a t e  curve  i s  
v e ry  s i m i l a r  f o r  b o th  monomer and a g g re g a te  p ea k s .  T h ia  
i s  a t t r i b u t e d  to  th e  o v e r l a p  o f  the  two a b s o r p t i o n s  i . e .  the
o p t i c a l  d e n s i t y  a t  each peak i s  th e  sum of  v a lu e s  f o r  the
two fo rm s ,  th e  monomer form p re d o m in a t in g  a t  t h e  h ig h e r  
w ave leng th  ( c f .  Campbell and G i l e s ) .  Thus i t  i s  n o t  
p o s s i b l e  i n  th e s e  cases  to  o b t a i n  a f a d i n g  curve  c h a r a c t e r i s t i c  
o f  t r u l y  monomeric dye,  i n  a l l  c a ses  what i s  measured i s  th e  
f a d i n g  o f  a m ix tu re  o f  monomer and a g g r e g a t e .
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( e )  In  a l l  c a s e s ,  f a s t n e s s  i s  h ig h e r  on c e l l u l o s e  a c e t a t e  th a n  on 

b o th  p o l y e s t e r  f i l m s .  This  i s  i n  acco rdance  w i th  th e  normal r u l e  

t h a t  f a s t n e s s  r i s e s  w i th  r e g a i n ,  f o r  f i b r e s  w i th  a r e g a i n  above 

ç a .  5/u ( G i l e s ,  1 9 5 7 ) .  I t  shows t h a t  g e n e r a l l y  th e  a g g r e g a t e d  dye 

i n  c e l l u l o s e  a c e t a t e  i s  i n  l a r g e r  p a r t i c l e s  th an  i t  i s  i n  th e
Xp o l y e s t e r  f i l m s  .

I t  seems p o s s i b l e  from an i n s p e c t i o n  o f  th e  r e s u l t s  t h a t  when 

th e  d a t a  f o r  th e  f a b r i c s  a r e  a v a i l a b l e ,  th ey  w i l l  show t h a t  dyes i n  

T ery lene  f i b r e ,  which i s  more hydrophobic  th an  Melinex f i l m  have 

h ig h e r  f a s t n e s s  th an  on th e  f i l m .  Thus C . I . 6 1 1 0 0  may th e n  be 

r a t e d  h ig h e r  on T ery lene  th a n  on c e l l u l o s e  a c e t a t e ,  as  i n  th e  

commercial l i t e r a t u r e .

The r e s u l t s  conf i rm  t h a t  i n  h ig h ly  hydrophobic  f i b r e s ,  t h e  

r e v e r s a l  o f  th e  u s u a l  r u l e  t h a t  h ig h e r  f i b r e  r e g a i n  p roduces  h ig h e r  

l i g h t  f a s t n e s s  (because  o f  h ig h e r  deg ree  of  a g g r e g a t io n )  i s  due to  

th e  "m o is tu re  d i f f u s i o n  r e s t r i c t i o n  e f f e c t " ,  i . e .  to  th e  i n s u f f i c i e n t  

supp ly  of w a te r  to  m a in ta in  th e  f a d i n g  r e a c t i o n .

* C .1 . 6 1 1 0 0  f a d e s ,  a t  f i r s t ,  much more r a p i d l y  on c e l l u l o s e  

a c e t a t e  th an  on p o l y e s t e r .  This  i s  c o n s i s t e n t  w i th  i t s  

y /x  r a t i o ,  which i s  lo w er ,  i n d i c a t i n g  a h ig h e r  p r o p o r t i o n  

of monomer, on th e  a c e t a t e  f i l m .  The CP cu rves  show th e  

r e v e r s e ,  i . e .  h ig h e r  f a s t n e s s  on a c e t a t e ,  because  th ey  a r e  

c a l c u l a t e d  from d a t a  f o r  th e  l a t e r ,  s low, f a d i n g ,  d e te rm in ed  

by th e  s t a t e  of  th e  main b u lk  of  a g g re g a te d  dye.
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CONCLUSIONS

All normal dye-substrate systems in the air-dry state or the 

dyes in concentrated aqueous solution, contain some aggregated dye.

Beer's law is seldom strictly obeyed by a dye either in 

solution or when adsorbed by an organic substrate, at high concen

tration. This is attributed to aggregation.

High light-fastness exibited by water-soluble dyes is 

attributed to the presence of large aggregates of the dye in the 

substrate. The theoretical model described is shown to represent 
qualitatively the capillary effect causing dye particle growth 

during drying-out processes with pigment particles suspended in a 
liquid film.

Those substrate systems prepared by adsorption of a soluble 

dye from solution, whether it is subsequently insolubilised or not, 

are heterogeneous, and contain a small proportion of molecularly 

dispersed dye, presumably adsorbed as a monolayer, with the 

remainder as aggregates in a range of sizes.

The fading rate of these systems varies with concentration in a 

manner characteristic of a range of distribution of particle sizes 

of dye present.
Bye-substrate systems obeying the normal photochemical laws for 

ideal systems are comparatively rare.
In highly hydrophobic fibres high light fastness of dyes is 

attributable to the very low moisture content.
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Fig. 1.1 Adioràtion isoUurmi of sulpkon^td dyr$ on 
anodic film  ai varions liquidjsolid raiios 

Dye I. 52°. a 150:1, b 3 0 0 :I ,  c 600 :1
D veV I,45”. d 135:1 . e 833:1 . 1 1666:1
DvreXVI.45°. g 133 : I. h 833 : I. i 1666 :1

}
1.2 Effect o f various treatmenis on adsorption ai 

59* by Dye I I I  by the anodic film  
(anodisation temp. 52°) 

a pretreated in 1666 ; 1 bath ol water a t 60* 
for 2h., then dyed normally in 300 :1 bath 

b normal dyeing at 300 : 1. no pretreatment 
c us a, but pretreated in cold water lor 5 min.

lOO
to
to

SOLUTIOn / ^ M  «EIGKT RATIO. »1
FigJ*3. RtlatioH between voltmte o f soiniion ## 

adsorption o f sulpkonaied dyes by the anodic fUm 
' a Dye XVI a t 59* (45®). • point obtained by 

interpolation from isotherms in Fig. 5 
b Dye VI at 59* (45*). c Dye J a t 60* (52*) 
(figures is parenthesis are anodisation temp.)
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TIME,h
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FicJ[4. Rate of adsorption o f sulphate ester dye / •  
by the anodic film  

Solution/film ratio 333 ; 1, Initial concentra
tion 1-072 mmoles/1, a at 30“ c at 60“ b a s e  
but film pretreated in water at 60“ for 2 h. 

(333 : 1 ratio)



FigX5. AétarptUm isoUurms of su lp h o m a ted  dyes 
cm mmodie fibm

(«H 300 :1  ratio except where otherwiM stated)
Left: AUaria: a #  31°. o  39°. Dye VIII: 
b 6 (r ,c3 0 * . Dye V: d 52°. e 40°. Dye XIX:
I 36>3*. c  57°. 2 : 4-dinitropbeaol at 39°;

i h 3 0 0 : l , i 6 6 6 : l
Centra: Dye XVI: a 66°. c 50°. Dye XVII: 
b30°. Dye X I:d  60°. e 30°. Dye XIII: f 50°. 

#33°. Dye I : h 30°. Dye III : i 60°. j 50°
Right: Dye XVTII: a 60°, b 30°. Dye IX: 

c30*. I ^ X : d 3 0 ° .  D y e IV :e 59°. 150“
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300  
200

80

lOO

0 2 4 4 8 0 1  2 3 4 0  I O 2 0  3 0



' fSOi
Ail

: /oo

5 0I

2(111
/ D O

5 0 XXI

?o / J o / ?

Fig, 1.6, Adsorption isotherms of snlphonated azo-dyes from water on chromatographic 
alumina. Temperatures III,33° XI,50^,60°;
X II ,51° , 61° ; X I I I ,50° , 60° ; XX,4 9  , 61° ;  XXI,4 9° , 61° ; XVI,4 9° , 60° ;
V II ,26° ,  For c l a r i t y  the  p o in ts  fo r  in d iv id u a l tem peratures a re  n o t 
d i f f e r e n t ia te d  in  se v e ra l ca se s . Roman numerals r e f e r  to  dyes.



I'm. isotlurMs of moK-iomie sotutfs ou rkromaloffrapkic ahmiua.

oos

4 0

4 0 0t o

to J-O 4 0

20

9 0to

4 0O O 2 0  4 0
C.

«,* Nitrobenzene in ethanol-w ater ( 1 : 1  v/v), 20°.
if. ri5-Bis|phenylazo)benzene in ethanol w ater (4 : I v v ) . 30°.
c. 2 ; 4-Diacetoxyazobenzcne in benzene. 44°.
d, 4-.\minoazobenzene in dioxan, M “. 
e *  Terephthalaldehyde in benzene, 20°.
/ ,  l*henul in water, 58°.
g. l*henylaz»-2-naphthyiafnine in dioxan. AN°. 
k,  Resiffcinol in water, 58°.
i.* 4-Xitroaniline in ethanol water ( 1 : 1  v/v), 20°.
}, f ir  Azobenzene in ethanol water (4 : I v/v), 30°. 
k. Cellolnose in water, 53°

Ca is th e  equilibrium concentration on the  alumina (mnKile/kg.) and ( ,  tha t In the bath (mmole I.K 
* O tarser alum ina; all o thers chromatograpliic alumina



Fig.II, 1 Device for dyeing CeU.ophane filin. The film is 
bound round the lacquered brass wire frame and rotated in 
the dyebath by slow-speed motor.
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F igD-2.—Absorption spectra of Bcnzopurpurin 4B in various media.

Media : (a) wet cellulose film ; (A) dry cellulose film (as (r/)) after irradiation (2Ü h) ; 
(c) gelatin film, with phenol ; (cl) dry cellulose film ; (e) water ; ( f  ) 0-2 M phenol st'lution ; 
(g) pyridine.
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wavelength (A) of maximum absorption
Fic^.J.—Relation between ratio of extinctions of Benzopurpurin 4B at 4650 and 5200 A 

and wavelength of maximum absorption (data from table I).
Black circles, solid films ; open circles, solutions.
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scale for <#-/

1-0
optical density of aqueous pyridine extract

Flog^.—Comparison of optical density against concentration relations for dyes in 
solutions and adsorbed at solid surfaces.

Top curves : aqueous solutions aged 3 days, cold; bottom curves: solid films.
(a) (i) water alone; (ii)0-25 M phenol; (iii) SO % aqueous pyridine (w/w). densities 

at A 5000 A.
(b) (i) water alone : (ii) 0-2 M phenol. Densities at A 49S0 A.
(c) black circles, water alone ; open circles, 0-2 M phenol. Densities at A 4300 A.
<d) Cellophane films : film densities at A 4*XX) A ; pyridine extracts at A 5150 A.
(e) gelatin films. Densities at A 4950 A.
( f i  selatin films. Densities at A 4.300 A.

Dyes : left, I ; centre, II ; right. III.
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optical density of aq. pyridine extract 

F105.6 .—Optical density against concentration curves for films dyed with Chrysophcnine 
G(XI>, with and without disaggregating agent, {a) dye alone; (/j) phenol in dycbaih ; 

(c) film pretreated with phenol before dyeing.



¥ \c .] \ .7- Absorption spectra oj a {direct 
cotton) disazo-dyc {C.I. 24,410, S ky  
Blue J 'l  ) in various media.
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Wov«l#mgth(Â)

a. Water \ b, dyed regenerated cellulose film .



Fig. & Absorption spectra of a (direct 
cotton) disazo-dye (C.I. 24,140) in various 
media.
I O

0 8  -

o\
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CL

0 25
5500 6000 6500

Wavelength (Â)
a, Methanol ; b, pyridine ; c, dyed regenerated 

cellulose film.



jf.f.
J'lG Absorption spectra of a reactive dye (Procion 

Prilliant lilttc H7(i) in various media.
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6500 67506000 6250
Wa ve l eng t h  ( a )

a, Water : b, dyed regenerated cellulose film : c, alkaline 
solution, after boiling: d, pyridine.



tio.
Fig. 4 . Illustrating the method of estimating 

the position of a subsidiary absorption 
peak. The peak is at the intersection of 
the curve with the perpendicular p. This 
method was checked by graphically adding 
peaks of different heights.
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P ig . I I , 11 Schematic diagram of eq u iv a len t p a th s  of a  l i g h t  beam 
tran sm itte d  o r r e f le c te d  by a mass o f  co loured p a r t i c l e s .
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CONCENTRATION

F ig * II . 12 R eflec tance  ( a t  X5400A) and tran sm iss io n -co n c en tra tio n  curves 
fo r  a d i r e c t  co tto n  red  dye ( C .I .357^0 ) (a ) on v isco se  rayon fa b r ic  
( re s id u a l dyebaths measured a t  5300A) and (b) in  aqueous so lu tio n  
( a t  A 5300A). Beer*s law  i s  obeyed in  s o lu t io n . (The wide d if fe re n c e  
in  len g th  of l ig h t  p à th  in  th e  two cases accounts f o r  the  d if fe re n c e s  in  
concen tra tion  ran g e).
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F i g . I I , 13 O p tic a l d e n s ity - lo g , co n cen tra tio n  r e la t io n  fo r  aqueous dye 
so lu tio n s  measured u sing  whole v is ib le  wave-band (H ilg er Spekker 
ab so rp tim ete r, no f i l t e r ;  1  cm. c e l l s ) ,  showing s im ila r i ty  to  
r e la t io n  fo r  d if fu s e ly  r e f le c t in g  su rfa c e s .

(a) C .I . Acid Red 1 Ô (16 2 5 5 ) ,  r e c r y s ta l l i s e d  sample.
(b) C .I . Acid Red 1  (1 8 0 5 0 ) ,  commercial sample.

I n s e r t  shows re sp e c tiv e  ab so rp tio n  sp e c tra : a ,  0 .0 4 9  g . / l . ,
b , 0*28  g . / l . (1 cm. c e l l s ) .
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F ig .I I . 14 R e flec tan ce -c o n ce n tra tio n  curves fo r  dyed f a b r ic s ,  (a) d i r e c t  
co tto n  red  dye ( C .I .35 7 0 0 ) on v isco se  rayon f a b r ic ,  t r e a te d  w ith  
o p tic a l  d is s o lv in g  agen t ( e th y l  s a l i c y l a t e ) ( ^ r f , 5400A, re s id u a l  
dyebaths measured a t  5300A); (b) th e  same on u n trea ted  f a b r ic ;  (c)
a c id  wool orange dye ( C .I ,1 6 2 3 0 ) on wool f la n n e l f a b r ic ,  / \ r f ,  4950A, 
D iffe re n t symbols on curves b ,c  re p re se n t r e p l ic a te  experim ents.

/ \ r f Wavelength o f minimum r e f le c t io n  of f a b r ic ,
W avelength o f maximum ab so rp tio n  o f e x tra c te d  dye so lu tio n  
(see  below ).
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c o n c e n t r a t io n

AS OPTICAL DENSITY OF PYRIDINE EXTRACT

F ig .1 1 . 1$ D irec t co tto n  red  dye ( C .I .2 9 1 0 0 ) on v isco se  rayon fa b r ic s  of 
( a ,b ,c )  d i f f e r e n t  c r y s t a l l i n i t y ,  A rf ,  A ex, $400A; A r f  i s  th e  same fo r  

a l l  th ree  types of dyed f a b r ic ,  (a) normal f ib r e ,  (b) s trong  
(Tenasco) f ib r e ,  (c) low sw ellin g  (h ig h ly  c ry s ta l l in e )  f ib re .
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Fig*II, 16 Reflectance-concentration curves for fabric dyed with and 
without disaggregating agent (phenol), (a,b) Direct cotton yellow 
(C,1,13920) on viscose rayon, /\rf, = 4200A,\ex 4100A; (c,d) Direct
cotton blue (C.I,24410) on viscose rayon, Xrf 6250,Aex 6600; (e)
acid wool dye (Polar Yellow R) on wool flannel fabric,Arf,Aex 4300A; 
(O), Phenol in dyebath; (#) No phenol present. There is no 
change in Xrf in presence of phenol, in any of these cases.
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F ig ,II*  17 P lo t of th e  fim ctio n  ^  (p ro p o rtio n a l to  o p t ic a l  d en s ity )
a g a in s t c f o r  v a rio u s values o f a and x* Values o f  a and x  

re s p e c tiv e ly  ( i )  1 *0 , 0 *7 5 ; ( i i )  1 . 0 , 0 , 5 ; ( i i i )  1 . 0 , 0 , 2 5 ; ( iv )  0 *5 , 
0 , 5 ; (v) 0 .5 , 0 . 7 5 ; (v i)  1 . 0 , 0 , 5 ; ( v i i )  a = o*
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P ig .I I . 18 R e flec tan ce -co n cen tra tio n  curves fo r  v iscose  rayon fa b r ic s  dyed 
vd-th a d ir e c t  co tto n  yellow  dye (C*I«1 3 9 2 0 ) ,  R eflectance measured a t ;  
(a) 4900A ( Xmax), (b) 4500A, (c) 4100A, (d) 3900A.
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X I  x 2
Concentration 

A  Uniform particie-*iie distribution system 
B Constant par t ide-concentrât ion system
C Unsymmetrical particle-frowth system

—» Direction of incidence of light in C

I d t a l  > i > j t i ' t n s o r  G r o w  I h  o f  D y e  P a r t i e l r s  w i t l i  I n c r e a s e  i n  
t o L i l  C o n s e n t i  a  G o  i n  i n  J l a t i o  1 : 2:4
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FiQ. Ml J e .  CL F



F i g . I I I . 2 Setup of i r r a d ia t io n  ap p ara tu s .

The coloured. fLljns, a tta c h ed  to  g lass  s l id e s  cu t to  f i t  the 
spectrophotom eter o p t ic a l  c e l l  housing, are  suspended by th reads 
in  the  ja c k e tte d  tubes e q u id is ta n t from th e  a rc .  Cooling w ater
may be c irc u la te d  through the  ja c k e ts , as shown. S o lid  calcium

ch lo rid e  o r w ater may be p laced  a t  th e  bottom of each tube to  give 
lovr or h igh hum idity co n d itio n s . I f  tem perature or hum idity 
co n tro l i s  no t req u ired , th e  s l id e s  a re  re s te d  on th e  ledge 
(shown) around the  in s id e  o f the  c y l in d r ic a l  aluminium sh ie ld .

A 400w. mercury vapour lamp is  shown: when a source of continuous
ra d ia tio n  i s  req u ired  a xenon a rc  lamp i s  used.
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F i g . I I I . 3 Types o f f a d in g  r a t e  cu rve  g iv e n  by dyes and p igm en ts

a . F i r s t - o r d e r  cu rv e -d y e  in  m o le c u la r  d i s p e r s io n .
b . Z e ro -o rd e r  curve -  dye o r  pigm ent in  l a r g e  p a r t i c l e s .
c . S eco n d -o rd e r cu rv e  -  (dye in  m o le c u la r  d i s p e r s io n ,  

s u b s t r a te  d ry  ( ? ) ) •
d. F i r s t - o r d e r ,  fo llo w ed  by zero  o rd e r  cu rv e  -  dye p a r t l y  in  

m o le c u la r  d is p e r s io n  and p a r t l y  in  la r g e  p a r t i c l e s .
e . Z e ro -o rd e r  cu rve  w ith  maximum -  dye o r  p igm ent in  la rg e  

p a r t i c l e s :  p a r t l y  d is a g g re g a t in g  in  h e a t  o f i l l u m in a n t .
N o te . In  some c a s e s  th e  f i r s t  p a r t  o f th e  f a l l i n g  s e c t io n  
o f th e  cu rv e  may be o f  f i r s t  o r  s e c o n d -o rd e r  ty p e .
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F i g . I I I . 4  CF and CFG cu rv es  f o r  p igm en ts and d y e in g s .

à. Azoic dyes applied by normal method.
b. Azoic dyes applied as resin-bonded pigments.
Data for a. and b. supplied by the same manufacturer.

c. Vat dyes applied by normal method.
d. Vat and phthalocyanine dyes applied as resin-bonded pigments 
Data for c. and d. supplied by the same manufacturer, 
liicrofix Blue RN (Ciba) applied to gelatin films.

e. By vatting and dyeing on hardened gelatin.
f. By incorporation in gèlatin solution as a pigment, with 

binder, and baking. (Gelatin solution was used because 
it was found impracticable to obtain even colouration by 
using a Cellophane film).



BEFORE DRYING AFTER DRYING

LOW CONCENTRATION

BEFORE DRYING AFTER DRYING

HIGH CONCENTRATION

P i g . I I I . 5 D iagram  show ing su g g e s te d  a g g re g a t io n , hy c a p i l l a r y  
a c t io n ,  o f  pigm ent p a r t i c l e s  suspended  in  a v is c o u s  f l u i d  
d u r in g  d ry in g . B efo re  th e  f l u i d  s e t s  s o l i d ,  p a r t i c l e s  more 
r e a d i ly  a g g re g a te  i n  h ig h  th a n  in  low c o n c e n tr a t io n s .  ( i n  
r e a l  c a s e s  a g g re g a tio n  w i l l  ta k e  p la c e  i n  th r e e  d im e n s ic n s , 
n o t i n  two a s  shown h e r e ) .
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INITIAL OPTICAL DENSITY

F i g . I I I . 6 C h a r a c t e r i s t i c  Fading  (GF) cu rves  f o r  t h e  pigment 
C . I .  Azoic Diazo Component ^-*C.I. Azoic Coupling  Component 5 
i n c o r p o r a t e d  i n  f l u i d  s u b s t r a t e s  o f  d i f f e r e n t  s e t t i n g  t i m e s .
a .  E t h y l m e t h y l c e l l u l o s e  s o l u t i o n ,  d r i e d  by h e a t .
b .  G e l a t i n  s o l u t i o n ,  s e t  and d r i e d  by h e a t .
c .  G e l a t i n  s o l u t i o n ,  f i r s t  s e t  by f r e e z i n g ,  th e n  d r i e d  by h e a t
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F i g . I I I . 7 A b so rp t io n  s p e c t r a  o f  b a s i c  dyes i n  C e l lophane  f i l m s .
a .  Methylene Blue ( C . I .  B as ic  Blue 9)>
b . A c r id in e  Orange ( C . I .  B as ic  Orange 14)* F u l l  l i n e s ,  
u n t r e a t e d :  broken l i n e s ,  a f t e r t r e a t e d  w i th  phosphomolybdic
a c i d :  d o t t e d  l i n e s ,  a f t e r t r e a t e d  w i th  p h o s p h o tu n g s t i c  a c i d .
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F ad ing  r a t e  cu rves  of  G,I .  B a s ic  Orange I 4 on Ce l lophane  

f i l m ,  (a )  u n t r e a t e d ,  (h)  a f t e r t r e a t e d  w i th  phosphomolybdic a c i d .
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F i g . I I I . 9 Fad ing  r a t e  cu rves  of  d i r e c t  c o t t o n  dyes  i n  Ce l lophane ,  
(a )  C . I .  D i r e c t  Blue 1 a t  h ig h  h u m id i ty  ( i n s e r t  shows th e  same 
curve on an e n la rg e d  s c a l e ) ,  (h) C . I .  D i r e c t  Blue 66 (copper  
complex o f  D i r e c t  Blue l )  a t  h ig h  h u m id i ty ,  ( c )  aa  ( h ) ,  a t  low 
h u m id i ty ,  (d)  a s - ( h ) ,  h u t  dyed f i l m  a f t e r t r e a t e d  a t  h . p .  f o r  
1 h r .  w i th  copper  s u l p h a t e  (9$  ̂ on f i l m  w e i g h t ) .

H a l f - f i l l e d  c i r c l e s  on curve  a ( i n s e t )  show r e s u l t s  i n  
coo l  a tmosphere  ( lO ^ C .) :  a l l  o t h e r s  were o b t a in e d  w i th o u t
c o o l in g  (95^C).
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F i g . I I I . 9 A .  E l e c t r o n  m ic ro g rap h s  o f  dyed u l t r a - t h i n  v i s c o s e  f i l m  
(from W eissb e in  and Coven).

( i )  C . I .  D i r e c t  Blue 1. No marked a g g r e g a t i o n .
( i i )  C . I .  D i r e c t  Blue 66 (co p p e r  complex o f  C . I .  D i r e c t  Blue l). 
marked a g g r e g a t i o n  v i s i b l e .

The sm a l l  dense  s p o t s  may be s u r f a c e  dye p a r t i c l e s  o r  d i r t ,  th e  
l a r g e r  shadowy o b j e c t s  i n  ( i i )  were shown, by W eissbe in  and 
Coven, u s in g  uranium shadowing, to  be t r u e  i n t e r n a l  a g g r e g a t e s .
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F i g . I I I . 10 Fad ing  r a t e  cu rves  of  C . I .  D i r e c t  Green 26 i n  

C e l lo p h a n e ,  (a )  a t  low h um id i ty ,  (h)  a t  h ig h  h u m id i ty .
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F i g . 111*11 F a d i n g  r a t e  c u r v e s  o f  Ilcoclon ( l . G . I . )  r e a c t i v e  

dyes in  Cellophane#
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F i g . I I I . 12 ï 'ad ing  r a t e  cu rves  f o r  a z o i c  com bina t ions  i n  C e l lo p h an e .

Top: C . I .  Azoic Diazo Component l l ^ C . I .  Azoic Coupl ing
Component 4»

Bottom: C . I .  Azoic Diazo Component l ^ ^ G . I .  Azoic Coupling
Component 4#
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F i g , I I I . 1 2 a  E f f e c t  of  am bient  te m p e ra tu r e  on o p t i c a l  d e n s i t y  o f  
a g g re g a te d  dyes i n  Cel lophane f i l m s .

a .  C . I .  Azoic Diazo Component 13 -+ C . I .  Azoic Coupling 
Component 4*

b .  C . I .  D i r e c t  Green 26.

Films h e a te d  i n  th e  d a rk  20 min. a t  th e  g iv e n  t e m p e ra tu r e  b e f o r e  
measurement.  Ra te  measurements showed t h a t  th e  i n c r e a s e  i n  
d e n s i t y  was i n  a l l  c a s e s  com plete  i n  ca . lO  min.
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F i g . I l l , 1 2 b  E f f e c t  on dyed Cellophane f a d i n g  r a t e s ,  o f  a l t e r n a t i n g  
i r r a d i a t i o n  and s t o r a g e  i n  t h e  d a rk .

Top: C . I .  D i r e c t  Green 26 ( ç a .  5 5 ° C . ) .
-M id d le :  C . I .  D i r e c t  Green 26 ( c a . l O ^ C . ) .

Bottom; C . I .  Azoic Diazo Component 11 C . I .  Azoic Coupl ing  
Component 4 (£§.• 55 C . ) .

Hatched a r e a s  show t im es  d u r in g  which th e  lajnp was sw i tc h ed  o f f .  

Ambient t e m p e ra tu re s  i n  p a r e n t h e s i s .  Open c i r c l e s ,  low h u m id i ty ;

I  b la c k  c i r c l e s ,  h igh  h u m id i ty .
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F i g . 111 .1$  Fading  r a t e  cu rv e s

a p p l i e d  by p ig m e n ta t io n  o r  d y e in g .

for Microfix Blue - in gelatin,
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F i g . I I I , 14 CF cu rv es  f o r  mordant dyes i n  g e l a t i n  f i l m s :
(a )  u n t r e a t e d ,  (b) a f t e r t r e a t e d  w i th  aluminium, (c )  a f t e r -  
t r e a t e d  w i th  chromium,

Top c u rv e s :  C , I ,  Mordant Yellow 20,
Bottom c u rv e s :  C . I .  Mordant Red 3 ( s o l u b l e  a l i z a r i n ) .
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F i g . I I I . 15 A b so rp t io n  s p e c t r a  of  C . I .  Mordant Yellow 20;
(a )  u n t r e a t e d ,  (b)  a f t e r t r e a t e d  w i th  aluminium, (c )  a f t e r t r e a t e d  
w i th  chromium. F u l l  l i n e s ,  dye i n  g e l a t i n  f i l m s ;  b roken  l i n e s ,  
dye i n  aqueous p y r i d i n e  e x t r a c t s  ( i n  which a g g r e g a t i o n  i s  assumed 

to  be m in im ise d ) .
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Fig.I l l , 16 Fading rate curves of  C.I, '  Direct Hed 173 i n
Cellophane films, (a) direct, (b) aftercoppered, irradiated 
at high humidity, and lO^C,
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RELATIVE s h a d e  DEPTH

Fig.<€r CFG (characteristic fastness grade [12])  curves 
for (a )  “unsymmetrically" and (b) “symmetrically’ sul- 
fonated acid dyes on wool. C.I. da ta : mean values from 
Table IV. Note : in the Colour Index  the weakest depths 
are given as “A-i ” of the standard. H ere they are assumed 
to be A of standard depth.
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Fi* . ^  C F  curvM for a io  and 

am hnquinone d y n  in various films. 
Mhns : E  =  cthylmrthylcellulosc :
D =  dyed gelatin ; G =  cast gela
tin : N = d y c d  nylon, x x :  CTAB 
added; low-powcr m.v.
lamp. —  : xenon lamp. All other 
tests made with 400 w.m.v. lam p; 
t r  values are for 10% lost of dye, 
except ••here shown. All experi
mental points are omitted, for 
clarity.



IS-ft.
F ig . $  C F  ctirvej fo r  axo dyes 

in ethylm ethylcellu lose  and  ge la
tin , F ilm s : EM  C =  e thy lm ethy  I- 
ce llu lose ; G  =  gelatin  ( c a s t ) ,  — :
C urves fo r  5%  loss o f  dye, ------- :
C urves fo r  10% loss o f  dye, x x :  
C T A B  added. F o r  X V Ib , read  
X V I Ib ;  v ertica l scale X lO"' for 
X V lIa ,  bE .

C o
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rourw vary a litllr with ilir |taniru1ar valor of ('. rlawn.
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F i g . I I I . 20 M o le c u la r  m oael i^ (w ithou t  s u lp h o n a te  g ro u p s )  o f  

B en zo p u rp u r in  4B ( C . 1 .2 5 5 0 0 ) ,  a x i a l  r a t i o ,  5*2; l i g h t  
f a s t n e s s ,  g rad e  1.
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F i g . I I I . 21 M o le cu la r  Model ( w i th o u t  s u lp h o n a t e  g ro u p s )  o f  

G . l .  D i r e c t  Yellow 27 ( C . 1 .15950)»  a x i a l  r a t i o ,  1 . 6 ;  
l i g h t  f a s t n e s s ,  g rad e  5*



F i g . I I I . 22 R e l a t i o n  between l i g h t  f a s t n e s s  ( s t a n d a r d  d e p th  on 
c o t t o n )  and M olecu la r  A x ia l  R a t io  o f  D i r e c t  Cot ton  and Vat 

Dyes. The l e a s t - s q u a r e s  r e g r e s s i o n  l i n e s  a r e  shown.
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MOLECULAR AXIAL RATIO

O AZO DYES
X INDIGOID VAT. DYES 
•  ANTHRAOUINONE VAT. DYES
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MOLECULAR AXIAL RATIO

F i g . I I I . 25 R e l a t i o n  be tvæ en  L ig h t  F a s t n e s s  ( s t a n d a r d  d e p th  on

wool)  and M o le c u la r  A x ia l  R a t io  o f  Monoazo Acid Dyes. The 

l e a s t - s q u a r e s  r e g r e s s i o n  l i n e  i s  shown.



F i g . I I I . 24 Diagram showing hovf dye m o lecu le s  may te n d  to  a s s o c i a t e  
when adso rbed  a t  th e  s u r f a c e  o f  a  s o l i d  s u b s t r a t e .
( a )  Two dye m o lecu les  i n  d i l u t e  aqueous s o l u t i o n  a r e  su r ro u n d ed  
by l a y e r s  o f  s o l v a t e d  w a te r  m o le c u le s ,  which a r e  p a r t l y  h e l d  by 
mutua l  a t t r a c t i o n  (shown by a r ro w s )  e x e r t e d  a c r o s s  th e  dye 
m o le cu le .
(b)  A dye m olecu le  a d so rb e d  from s o l u t i o n  by a  s p e c i f i c  a t t r a c 
t i o n  a t  a  s u r f a c e ,  l o s e s  some o r  a l l  (d epend ing  on th e  n a t u r e  o f  
th e  s u r f a c e )  o f  i t s  l a y e r s  o f  s o l v a t e d  w a te r  on th e  s i d e  n e x t  t o  
th e  s o l i d .  This l o s s  vfeakens th e  f o r c e s  h o ld in g  th e  s o l v a t e d  
w a te r  lay e rs  on th e  o u t e r  s u r f a c e ,  and t h e r e f o r e  a  second  dye 
m o lecu le  can now more e a s i l y  a s s o c i a t e  w i th  t h e  f i r s t ,  as  a t  ( c ) .  
Thus t h e  s u b s t r a t e  a c t s  as  a t e m p la te  on which a s s o c i a t e d  dye 
p a r t i c l e s  may grow and th e  form th e y  ta k e  w i l l  depend more upon 
th e  dye-dye f o r c e ,  i . e .  upon th e  geom etry  o f  th e  dye m o le c u le ,  
th a n  upon th e  n a t u r e  o f  th e  d y e - s u b s t r a t e  f o r c e .  This  e x p la in s ,  
th e  ten d en cy  of  th e  r e g r e s s i o n  l i n e s  f o r  dyes on c e l l u l o s e  and 
on wool ( F ig s 2 ,5 )  to  have t h e  same s l o p e .
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P i g . I I I . 25 R e l a t i o n  b e tw een  L i g h t  F a s t n e s s  and M o le c u la r  A x ia l  
R a t io  o f  Azoic Dyes on C o t to n .

L ig h t  f a s t n e s s  d a t a  from I . C . I .  p a t t e r n  c a r d s .  Random 

s e l e c t i o n  o f  e i g h t  c o u p l i n g  com ponen ts^ tw e lve  d i a z o  com ponents ,  

a l l  shade  d e p th s  r e d u c e d  to  e q u i v a l e n t  v a l u e s ,  b a s e d  on 

m o l e c u l a r  v /e ig h ts .
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F i g . I I I . 2 6  R e l a t i o n  between  llormal L ig h t  F a s t n e s s  o f  Lyes and 

th e  e f f e c t i v e n e s s  o f  t h e  Blue-Red Region o f  t h e  Spectrum i n  

c a u s in g  F ad in g .  From McLaren, eEBrt -t i n g - i n d i v i d u a l ■ poi-n-ts^, 
on ly  ab o u t  20 o u t  o f  t h e  t o t a l  o f  117 dyes g iv e  p o i n t s  l y i n g  
o u t s i d e  th e  shaded band.



F i g . I I I . 27 R e l a t i o n  be tw een  M o le cu la r  A x ia l  R a t io  o f .D y es  and 

th e  E f f e c t i v e n e s s  o f  t h e  B lue-Red Region o f  t h e  Spectrum i n  

c a u s in g  F ad in g .  (V a lues  f o r  e f f e c t i v e n e s s  t a k e n  from 

McLaren. The l e a s t - s q u a r e s  r e g r e s s i o n  l i n e s  a r e  shown.
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O AZO DYES 
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