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SUMMARY '

The f i r s t  p a r t  o f t h i s  t h e s i s  d e a ls  w ith  a  

s t a t i s t i o a l  su rvey  o f  th e  C olour Index  d a ta  on f a s tn e s s  

p r o p e r t i e s  o f  dyes and i t s  r e l a t i o n  to  t h e i r  m o leo u la r 

o o n e t i tu t io n #  Both w a sh fa s tn e se  and r e s i s t a n c e  to  

m ig ra tio n  o f  a  group o f a c id  dyes on wool r i s e  d i r e c t l y  . 

w ith  th e  m o lecu la r w eig h t o f th e  dye# Chrome m ordant 

dyes# Which may be re g a rd e d  a s  form ing  1#1 •  o r 2#1 •  dye 

m eta l com plex on th e  wool f ib r e #  a ls o  d is p la y  a s im i la r  

tren d #  T h is  may be a t t r i b u t e d  e i t h e r  to  an in c re a s e  in  

m o leo u la r w eigh t by th e  fo rm a tio n  o f th e  dye-m eta l complex# 

o r  to  th e  fo rm a tio n  o f f irm e r  d y e - f ib re  bonds th rough  

c h e la t io n  w ith  chromium.

V ario u s  a t te m p ts  were made to  c o r r e l a t e  l i g h t -  

f a s t r .e s s  w ith  w a sh fa s tn e s s  o f a c id  dyes on wool and of 

d i r e c t  dyes on o o tto n #  b u t th e  r e s u l t s  w ere n o t s i g n i f i c a n t .  

There is#  how ever, a r e l a t i o n  between l i g h t f a s t n e s s  and 

an io n io  w eigh t f o r  a  group o f a c id  d y es .

There i s  an in v e r s e  r e l a t i o n  betw een m o lecu la r 

a x ia l  r a t i o  and l i g h t f a s t n e s s  o f  an th ra q u in o n e  v a t  dyes 

on o o tto n ;  l i g h t f a s t n e s s  d e c re a se s  w ith  in c re a s e  in  th e  

r a t i o  o f m o leo u la r le n g th  to  w id th . The m o lecu la r gecmietry 

o a c id  and d i r e c t  dyes does n o t v a rj ' enou(^  f o r  s i g n i f i c a n t  

tr e n d s  /  . . .



(iv;

t r e n d s  to  be r e v e a le d .  There is#  however# a  s ig n i f io a n t  

c o r r e la t io n  betw een m o leo u la r a x ia l  r a t i o  and th e  

p ro p o r tio n  o f f a d in g  caused  by th e  v i s i b l e  s p e c t r a l  re g io n  

(McLaren*a d a t a ) . Both th e s e  r e s u l t s  a re  a t t r i b u t e d  to  

th e  fo rm a tio n  o f more s t a b l e  a g g re g a te s  w ith  d e c re a se  in  

m o lecu la r a x ia l  r a t io #  th o u ^  th e  r e s u l t  be in f lu e n c e d  

by chem ical f a c t o r s .

The second p a r t  o f  th e  t h e s i s  d e a ls  w ith  s tu d ie s  

in  th e  a s s o c ia t io n  o f dyes a t  in o rg a n ic  s u r f a c e s .  T h e o rie s  

o f  s o lu t io n  a d s o rp tio n  have been a p p lie d  to  i n t e r p r e t  th e  

a d s o rp tio n  r e s u l t s .  The co n cep t o f *co v erag e  fa c to r*  h as  

been f u l l y  developed  and a  d i r e c t  r e l a t i o n  between (log^^Q) 

oovera^Te and ( lo g ig )  io n ic  w eigh t of f u l l y  c o rru g a te d  dyes 

h as  been found# T h is  r e l a t i o n  may be u sed  to  f in d  th e  

s u i t a b i l i t y  o f a  dye f o r  s p e c i f i c  s u r fa c e  a re a  m easurem ent. 

U noonjugated o r im p e r fe c t ly  c o n ju g a te d  dyes do n o t ap p ear 

to  obey th e  r e l a t i o n .  An e m p ir ic a l approach has# however# 

been s o u ^ t  to  f i t  them to  th e  r e l a t i o n  and i t  h as  been 

fihowri t h a t  th e  s iz e  o f th e  m ic e l le s  may be governed by th e  

averag e  s iz e  o f  th e  in d iv id u a l  c o n ju g a te d  system s in  a  dye 

m o le c u le .

These ex p erim en ts  have re v e a le d  t h a t  "co a ted "  

t i t a n i a  ( i . e .  t i t a n i a  t r e a t e d  in  m anufac tu re  w ith  s i l i c a  

and /  . . .
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and aH.umina) a p p e a rs  to  lo s e  i t s  su rfo o e  a re a  and i t s  

hydrogen bonding c a p a c ity  f o r  some dyes# on ag e in g  a t  

room te m p e ra tu re . Unooated t i t a n i a  does n o t do s o . 

l'un til erm ore th e  ag e in g  e f f e c t  on co a te d  t i t a n i a  ap p ears  to  

be p a r t l y  r e v e r s ib l e  and a  p a r t  of th e  l o s t  s u r fa c e  a re a  

can  be re c o v e re d  on h e a t in g  th e  sam ple.

B asic  tr ip h e n y lm e th a n e  dyes d is p la y  an endotherm ie 

a d s o rp tio n  e f f e c t  on eüLumina. T his anom alous e f f e c t  h as  

been e x p la in e d  on th e  b a s i s  o f th e  th e o ry  o f re so n a n c e .

The amount o f a  d^e adso rbed  a t  room te m p e ra tu ie  i s  governed 

by ix s  io n ic  w eight# b u t a t  h ig h e r  te m p e ra tu re  i t  may be 

governed by th e  number o f  r e s o n a t in g  form s by which i t  can  

be r e p r e s e n te d .  The a g g re g a te s  o f dye molec^jLles formed on 

th e  s u b s t r a te  s u r fa c e  a t  a  h ig h e r  te m p e ra tu re  a re  supposed 

to  be o f d i f f e r e n t  s t r u c tu r e  from tn o se  form ed a t  room 

te m p e ra tu re . I t  i s  su g g es ted  th a t  a t  h ig h e r  te m p e ra tu re s  

th e  r e a g g re g a t io n  o f dye m olecu les  on th e  s u b s t r a te  s u r fa c e  

o ccu rs  so as to  re d u c e  th e  f r e e  energy  to  a  minimum. T h is  

fa v o u rs  tfie b u i ld in g  up o f l a r g e r  and more s ta b le  a g g re g a te s .
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SOME STATISTI3AI. RELATIONSHIPS BBTTOEK MOLEOUIiAR 

5B0MBTHV OF DYES MID THEIR FASTNESS



INTRODUCTION

The aim o f th e  p treeent work was to  examine 

s t a t l s t i o a l l y  some p o s s ib le  r e l a t i o n s h ip s  betw een th e  

m o le c u la r  geom etry o f  dyes and t h e i r  f a s tn e s s  p r o p e r t i e s .  

S e v e ra l a t te m p ts  have been made in  th e  p a s t  and in  r e c e n t  

y e a r s  to  c o r r e l a t e  th e  ch em ica l c o n s t i t u t i o n  o f dyes w ith  

t h e i r  f a s tn e s s  p r o p e r t i e s .  Many o u ts ta n d in g  d is c o v e r ie s  

in  th e  f i e l d  o f  o rg a n ic  s y n th e t ic  ch em istry  have le d  to  

th e  developm ent o f  in n u m erab le  c o lo ra n ts  w ith  a  v a r ie ty  

o f  s t r u c t u r a l  f e a tu re s #  and t h i s  e s p e c ia l ly  h a s  made more 

d i f f i c u l t  th e  ta s k  o f a  c o lo u r  ch em ist i n  t r y in g  to  

o o r r e l a t e  ohem ioal c o n s t i t u t i o n  w ith  f a s tn e s s  p r o p e r t i e s .

The d i f f i c u l t i e s  a re  in o re a » e d  by th e  f r e q u e n t  in t r o d u c t io n  

o f  new s y n th e t ic  f i b r e s  w ith  d i f f e r e n t  p r o p e r t i e s .  D if f e r e n t  

f i b r e s  e x h ib i t  d i f f e r e n t  <%^eing p r o p e r t i e s  f o r  a  g iven  group 

o f  dyes and hence th e  f a s tn e s s  p r o p e r t i e s  o f a  p a r t i c u l a r  

group o f dyes may v a ry  w ith  d i f f e r e n t  f i b r e s .

On acco u n t o f th e  g r e a t  co m p lex ity  o f th e  

ch em ica l f a c t o r s  invo lved#  th e r e  i s  g r e a t  d l f f ic u l t^ r  ±n 

re d u c in g  them to  o rd e r  i n  r e l a t i o n  to  any g iv e r f a s tn e s s  

p ro p e r ty ;  a  g c :d  exam ple i s  th e  ap p a ren t im p o s s ib i l i ty  

o f e s ta b l i s h in g  any g e n e ra l  r e l a t i o n  betw eei; m o lecu la r 

c o n s t i tu t i o n  o f dyes and t h e i r  l i^ ÿ h tf a s tn e s s .  I t  was# 

th e r e f o r e  /  . . .



th e re fo re #  th o u g h t t h a t  an e n t i r e ly  new approaoh to  th e  

problem  m ight be w o rth w h ile ; to  a tte m p t to  r e l a t e  mere 

g e o m e trio a l shape o f dye m o lecu les to  l i g h t f a s t n e s s  by 

s t a t i s t i o a l  methods# S t a t i s t i o a l  methods o f a n a ly s is  

have been used  s u c c e s s fu l ly  in  t h i s  laboratoiT,^ in  th e  

p a s t  in  d e te rm in in g  th e  s ifp i i f ic a n c e  o f th e  r e l a t i o n  

between dye c o n c e n tra t io n  to  l ig h t f a s tn e s s # ^  I t  was 

hoped t h a t  th e  p re s e n t work would be o f s im i la r  value#  

in  re v e a lin g #  a t  le a s t#  some o f th e  r e l a t i o n s  in f lu e io in g  

v a r io u s  f a s tn e s s  p ro p e r t ie s #

D iscu ssio n  o f P r io r  Work#

The m ost im p o rta n t dyes f o r  p ro te in  f i b r e s  a re  

th e  so c a l le d  a c id  dyes# ^ i o h  a re  sodium s a l t s  of 

a ro m a tic  su lp h o n ic  a c id s .

The e a r ly  a c id  dyes were s im p le  moroazo ty p e s

w ith  r e l a t i v e l y  low  molecular* w eigh t and sm all m o leou lar

dim ensions# b u t i t  was found  t h a t  po lyazo  dyes gave much
2h ig h e r  wet f a s t n e s s .  U ltim a te ly  i t  was e s ta b l is h e d  t h a t  

t h i s  observed  e f f e c t  was m ain ly  due to  th e  in c re a s e  in  

m o leo u la r w eigh t o r  r a t h e r  d e c re a se  in  s o lu b i l i ty #  f o r  

i f  th e  m o leo u la r w eig h t i s  in c re a s e d  w ith o u t a l t e r a t i o n  

o f th e  number o f s o l u b i l i s i n g  groups# th e  wet f a s tn e s s  

i s  in c re a s e d .  If#  how ever, a  f u r th e r  s o lu b i l i s i n g  group 

iB /  ...



i s  in tro d u ced #  th e  f a s tn e s s  i s  d e c re a se d . The s t r u c tu r e s  

o f th e  Corbolaii dyes ( I . G . l . )  a re  based  or t h i s  p r in c ip le *  

th e  m o lecu la r w eig h t i s  ir io re a se d  and th e  s o l u b i l i t y  i s  

d ec rea sed  by th e  in t r o d u c t io n  o f lo n g  c h a in  a lk y l  g ro u p s .
*3

Meggy^ h as developed  a  th e o ry  su g g e s tin g  t h a t  th e  a f f i n i t y  

o f  a c id  dyes f o r  wool i s  la r g e ly  due to  th e  f a c t  th a t  th e  

b u lk  o f th e  dye and o f th e  f i b r e  i s  hydrophobic# arid t h a t  

on dyeing  th e  two hydrophob ic  s u r fa c e s  can come to g e th e r  

w ith  a  r e d u c t io n  in  p o te n t i a l  en e rg y . T h is  f a c t  i s  

su p p o rted  by Lemin* s^ work; he showed t h a t  th e  a f f i n i t y  

o f  a c id  dyes or wool b e a rs  a  d i r e c t  r e l a t io r i  to  th e  

m o lecu la r  w eigh t and i s  in d ep en d en t o f th e  number' o f 

s u b s t i t u e n t  g ro u p s .

The e f f e c t  o f a  su lp h o n a te  group i s  to  im p art 

s o l u b i l i t y  to  th e  dye m olecu le  arid a s  m eiitioned above# 

w ith  ar; in c re a s e  in  th e  number o f s o lu b i l i s i n g  groups# 

w et f a s tn e s s  i s  im paired# p robab ly  because  o f th e  g r e a te r  

a f f i n i t y  o f th e  s o l u b i l i s i n g  groups f o r  w a te r th an  f o r  

th e  f i b r e .  N io h o lls^  d em o n stra ted  t h a t  u n d er a lk a l in e  

c o n d i t io n s  th e  r a te ^ d e s o r p t io n  o f an a c id  dye in c re a s e s  

w ith  in c re a s e  in  number o f i t s  su lphor a te  g ro u p s , beoauu 

o f  th e  m utual r e p u ls io n  o f th e  a n io r ic  g roups in  th e  f i b r e  

and th e  dye.



The r a t e  o f d y e in g  o f wool and g e l a t in  w ith  

a o ld  dyes d e o re a se s  w ith  in c re a s e  in  th e  number o f 

su lp h o n a te  g roups in  th e  dye m oleoule# ao o o rd in g  to  

T o l ia  e t  glL.^ Thus an in o re a s e  in  su lp h o n a te  groups h a s  

a r e ta r d in g  e f f e c t  on dyeing# su g g e s tin g  t h a t  th e  d ifJ 'u s io n  

r a t e  depends on th e  a f f i n i t y  o f dye f o r  th e  s u b s t r a te ;  th e  

g r e a te r  th e  a f f in i t ; /#  th e  slow er th e  r a t e  o f d if fu s io n #

T h is  r e la t io n #  however# i s  in  an o p p o s ite  sense  to  

G i lb e r t* s ' c a l c u la t io n s ;  ao oo rd ing  to  w hich th e  a f f i n i t y  

d e c re a se s  by abou t 1 K oal./m ole#  f o r  each  su lphoria te  group 

added# The r e s u l t s  o f T o l ia  e t  a l* s  t e s t s  co u ld  be 

e x p la in e d  on th e  ground t h a t  w ith  in c re a s e  in  b a s ic i ty  th e  

s i z e  and m o lecu la r w eig h t o f  th e  dye in c re a s e s  and t h i s  

may outw eigh th e  c o rre sp o n d in g  e f e e t  due to  th e  d e c re a se  

in  a f f in i ty #

S u b s t i tu a n ts  red u ce  th e  d i f f u s io n  r a t e  o f  a  dye# 

th u s  im proving  wet f a s tn e s s  on wool# Many w orkers have 

t r i e d  to  r e l a t e  d i f f u s io n  c o e f f i c i e n t  w ith  m o lecu la r w eigh t 

o r  m o lecu la r s iz e  o f dyes# In  th e  c a se  o f d is p e r s e  dyes 

on p o ly e s te rs#  Sekido found a  r e l a t io n s h ip  between 

m o leo u la r volume and th e  sq u are  ro o t  o f d i f f u s io n  c o e f f i c i e n t  

i n  f ilm s#  mid G lenz and co -w o rk ers^  found a r e l a t i o n  between 

m o leo u la r s iz e  o f d is p e r s e  dyes (a s  ex p re sse d  by th e  maximum 

le n g th  /  • • •



le n g th  X b re a d th  x th ic k n e s s )  and th e  r e c ip r o c a l  o f th e

d i f f u s io n  c o e f f i c i e n t  in  p o ly e s te r  f ib r e s #  b u t in  both

th e s e  o a se s  th e r e  i s  a  wide s c a t t e r  o f r e s u l t s .  Odajima^^

found a l i n e a r  r e l a t i o n s h ip  between th e  lo g a rith m  of th e

d i f f u s io n  c o e f f i c i e n t  and th e  square  r o o t  o f th e  m o leo u la r

w eigh t o f th e  dye# f o r  th r e e  s e r i e s  o f d a ta ;  two f o r

a n th ra q u in o n e  and azo d is p e r s e  dyes on secondary  c e l lu lo s e

a c e t a te  and one f o r  ao ld  dyes in  a  co-po lym er o f 6 -ny lon

and 6#6-nylon# T o l ia  e t  a l^  have r e c e n t ly  o b ta in e d  a

l i n e a r  r e l a t i o n s h ip  between th e  number o f s u b s t i tu e n t  groups

i n  th e  dye# or th e  m o leo u la r volume# and th e  lo g a rith m  o f

a  s im ple  fu n c t io n  o f th e  a d so rp tio n  r a te #  In  each s e r i e s

o f djres u sed  th e  r a t e  d e c re a se s  w ith  in c re a s e  in  m o leo u la r

volume# They concluded  t h a t  th e  geom etry o f th e  dye

m olecu le  and th e  n a tu re  and number o f th e  s u b s t i tu e n t  g roups

a re  th e  r a t e  d e te rm in in g  f a c to r s #

I t  h a s  som etim es been su g g ested  t h a t  th e  h i ^

f a s tn e s s  to  w ashing o f dyes a p p lie d  to  wool w ith  chrome
11 12mordant# i s  due to  wool-ohromium-dye bonding# Race e t  a l # # 

a f t e r  f in d in g  t h a t  th e  la k e s  formed by c e r t a i n  chrome dyes 

in  wool m e  th e  2 ; 1 -  dye m eta l complexes# su g g ested  t h a t  

th e  h i ^  f a s tn e s s  p r o p e r t i e s  o f a l l  chrom e-m ordanted wool 

dyes a re  m ainly  due to  th e  in o re a s e  in  m o leo u la r s iz e  aijd 

n o t  /  # # #



n o t  due to  any a d d i t io n a l  d y e - f ib r e  bond % r o u ^  th e
% %

o h e la te d  ohromium atom . L a te r#  B ax te r e t  a l t  s tu d ie d  

th e  f a d in g  c u rv e s  o f  a  number o f  d y e-m e ta l com plexes 

and auggeeted  t h a t  t h e i r  h ig h  fo e tn e e e  i s  due to  th e  

p re se n c e  o f  ag g reg a te s#  which would a ls o  acco u n t f o r  

t h e i r  h ig h  w et f a s t n e s s .

Most o f  th e  azo d i r e c t  o o tto n  dyes made from  

b e n z id in e  coup led  w ith  su lp h o n a to d  n a p h th a le n e  d e r iv a t iv e s  

have  v e ry  poor f a s tn e s s  p ro p e r t ie s #  in  s p i t e  o f t h e i r  v e ry  

h ig h  s u b s t a n t iv i ty  f o r  e e l l u l o s e .  The p re se n c e  o f 

s o l u b i l i s i n g  g roups i s  r e s p o n s ib le  f o r  th e  poor w et 

f a s tn e e e .  B asic  dyes# # i io h  mt̂ '̂  be re g a id e d  a s  v e ry  

s o lu b le  *onium* compounds a l s o  p o s se ss  v e ry  poor f a s tn e s s  

p r o p e r t i e s .  A f te r  t r e a tm e n t  som etim es changes th e  hue o f 

th e  dye com plete ly#  w hich i s  u n d e s i r a b le .  Also# w h ile  one 

f a s tn e s s  p ro p e r ty  i s  improved# a n o th e r  may be im p a ired ; 

u n d e r  such c iro u m stan o es  a  compromise betw een th e  two 

e f f e c t s  h a s  to  be made. A f te r  t r e a tm e n ts  o f d i r e c t  d y e ings 

w ith  copper suliA iato# form aldehyde# d ia z o t i z a t io n  and 

developm ent# o a t io n io  ag en ts#  r e s in s #  e t c .  have a l l  been 

recommended.

Azoic and v a t  dyes# which a re  o u ts ta n d in g  i n  

a l l - r o u n d  f a s tn e s s  p r o p e r t i e s  a re  a p p lie d  t o  o e l lu lo s i c  

f i b r e s  /  . . .



f i b r e s  in  a  s o lu b le  form and then  in s o lu b i l i s e d  in  s i tu *  

Beoause o f t h e i r  s p e c ia l  s t r u c tu r a l  f e a tu r e s  th ey  a re  

c a p ab le  o f form ing  la r g e  eiggregates which a re  r i g i d ly  

tra p p e d  in  between th e  f i b r e  pol^nmer c h a i n s # a n d  

th u s  t h e i r  a c c e s s i b i l i t y  to  any e x te rn a l  agency which 

would d e s tro y  them# i s  reduced  to  a  minimum* T h is  i s  th e  

re a so n  f o r  t h e i r  h ig h  a l l - ro u n d  f a s tn e s s  p r o p e r t ie s  on 

c e l lu lo s io  f ib r e s *

The f a s tn e s s  o f a  dye to  l i g h t  o r  o th e r  ag en c ie s

does n o t n e c e s s a r i ly  b e a r any r e l a t i o n  to  th e  s t a b i l i t y  o f

th e  pure dye in  th e  s o l id  s t a t e  o r in  so lu tio n #  bu t to  th e  

p r o p e r t ie s  o f a  dyed o r co lo u red  m a te ria l#  such a s  a  

t e x t i l e  f a b r ic  * The a c t io n  o f l i ^ t  on a dyed f i b r e  depends 

on th e  c o n s t i tu t io n  o f th e  dye, th e  n a tu re  o f th e  f ib re #  

th e  p resen ce  o f o th e r  c o n s t i tu e n ts  in  th e  f ib re #  th e  

com position  o f th e  atm osphere and th e  so u rce  of th e  l i r h t *  

The sequence o f o x id a tio n  r e a c t io n s  o f azo dyes^^ 

in  an aqueous medium i s  assumed to  be a s im i la r  one to  t h a t  

in  th e  l i ^ t  fa d in g  mechanism* The p o s s ib le  e x is te n c e  o f a

ta u to m e ric  hydraaone form  o f azo dyes h as  been re p o r te d  by
17 18 16a number o f w o rk ers . '•  G ile s  and D esai have p o s tu la te d

th a t  th e  hydrazone form  i s  th e  im p o rtan t one in  th e  s e r i e s

o f r e a c t io n s  in  l i g h t  fad ing#  and th a t  h y d ro ly s is  of

hydrnzone /  * . .
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hydrazone fo llo w ed  by o x id a tio n  o f th e  p ro d u o te  ta k e s  

p la c e ; and th ey  su g g ested  t h a t  th e re  i s  a  r e l a t i o n  between 

d i f f i c u l t y  o f o x id a tio n  and l ig h t f a s tn e s s #  Thus# th e  

r e s i s t a n c e  to  o x id a tio n  and hence to  l i g h t  fa d in g  would 

be in  th e  fo llo w in g  descen d in g  o rd e r* -  2#4 -  d in i t r o  

a n i l in e  ^  £ - n i t r o  a n i l in e  jg -n itro  a n i l in e  ^  m -n itro  

a n i l in e  ^  a n i lin e #  which was a c tu a l ly  proved  ex p e rim en ta lly #
iq 20A th erto n  and S e l tz e r  and l a t e r  A therton  and P e t e r s '  a ls o  

confirm ed  s im i la r  e f f e c t s  o f s u b s t i tu e n ts  on l ig h t f a s tn e s s #

These e f f e c t s  were s tu d ie d  in  more d e t a i l  in  t h i s  la b o ra to ry
21  22and th e  a u th o rs  * showed t h a t  they  a re  l i n e a r ly  r e l a t e d  

to  th e  Hammet c  -  c o n s ta n t  o f th e  s u b s t i tu e n t  group#

Studying; th e  e f f e c t  o f h y p o c h lo r i te  on dyeings
23w ith  d i r e c t  and v a t  dyes# Datye e t  al#  showed th a t  dyes 

h av in g  an amino group o rth o  to  an azo group in  bo th  th e  end 

components a re  l e s s  s u s c e p t ib le  to  o x id a tio n  th an  th o se  

w ith  an amino group in  a  s im i la r  p o s i t io n  in  e i th e r  o f th e  

two end components# Furtherm ore# they  found t h a t  th e  

£-hydroxyazo  compounds a re  o x id ise d  more e a s i ly  th an  th e  

c o rre sp o n d in g  £-am inoazo dyes# and t h a t  b e n z id in e  dyes a re  

them selv es  l e s s  s u s c e p t ib le  to  o x id a tio n  th a n  th e  

co rre sp o n d in g  £ - s u b s t i tu te d  b e n z id in e  dyes#



P la n a r  dye m oleoules su lp h o n a ted  only  a t  one 

end a re  a u r fa o e -a o t lv e  and te n d  to  have low er l i g h t 

f a s tn e s s  th an  th e  o o rre sp e n d in g  r^Tometrio a l ly  su lp h o n a ted  
Paones# Again an in o re a se  in  su lp h o n a te  groups o f te n

in c re a s e s  th e  l i g h t f a s t n e s s  o f ac id  dyes on wool# p o s s ib ly

due to  tlie  in c re a s e d  s t r e n g th  o f th e  io n ic  dj’̂ e -f ib re  l i n k s

o r to  th e  s t a b i l i z a t i o n  o f th e  dye m ic e l le s  in  th e

s u b s tra te #  A sm all in c re a s e  in  s u r f a c e - a c t iv i ty #  b̂  ̂ th e

in t ro d u c t io n  o f a  s h o r t  a lk y l  ch a in  u s u a l ly  im proves

l ig h t f a s tn e s s #  b u t a  lo n g  a lk y l  chain# which in c re a s e s

s u r f a c e - a c t iv i t y  markedly# seems to  have an ad v erse  e f f e c t .

I t  h a s  been shown th a t  symmetry o f s u b s t i tu t io n

in  d is p e r s e  dyes re d u c e s  t h e i r  s o lu b i l i t y  in  w a te r and

t h e i r  maximum a d s o rp tio n  by c e l lu lo s e  a c e ta te #  p o s s ib ly

because of th e  g r e a te r  in te rm o le c u la r  fo rc e s#  form ing  more

s ta b le  o r j r s t a l l i t e s ? ^  T h is  in c re a se d  s t a b i l i t y  o f th e

c r y s t a l  s t r u c tu r e  o f s y m m e tr ic a lly -s u b s ti tu te d  a n th ra -

qu inones maĵ  be th e  cause  o f t h e i r  h igh  l i f ^ t f a s t n e s s  on
26T ery len e  ( I . O . I . ) . In  th e  c a se  o f a  la rg e  number of d t t t o t

27o o tto n  dyes# Sekido ' observed  th a t  th e  p resen ce  o f f r e e  

am ino-or hydroxy-groups in  th e  dye m olecule te n d s  to  red u ce  

fa s tn e s s #

The e f f e c t  o f p la n a r i ty  on th e  s u b s ta n t iv i ty

of /  • • •
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o f d is p e r s e  dyes on o e l lu lo s e  a o e ta te  and v a t  dyes on
28o e l lu lo s io  f i b r e s  h a s  been s tu d ie d  by D aruw alla  e t  a l#

They sy n th e s is e d  two s e r i e s  o f o o p lan a r dyes from

n ap h th aq u in o n es and o o rresp o n d in g  to  each dye th ey

o b ta in e d  th e  n o n p la n a r compound• They confirm ed  th e

f in d in g s  o f G ile s  e t  @1^5,26 showed t h a t  vAien a

h y d ro p h il ic  group e# g . -  OHg CHgOH i s  p re s e n t  in  a  d is p e r s e

dye m olecu le  th e  a f f i n i t y  and s a tu r a t io n  a b so rp tio n  by

c e l lu lo s e  a c e ta te  d ec rea ses#  Again in  each p a i r  o f dyes

th e  p a r t i t i o n  c o e f f ic ie n t#  a f f i n i t y  and s a tu r a t io n  v a lu e

w ere c o n s id e ra b ly  h ig h e r  f o r  th e  o o p lan ar dye than  f o r

th e  co rre sp o n d in g  n o n p la n a r one# S im ila r ly  the^proved

th e  im portance o f p la n a r i ty  in  le u o o -v a t  dyes f o r  im p a rtin g
29s u b s ta n t iv i ty  to  o e l lu lo s i c  f i b r e s .  P ilip p y o h e v  ^ showed 

t h a t  th e  c o lo u r  o f a  dye w ith  se p a ra te d  co n ju g a te d  system s 

i s  m ainly d e fin e d  b̂ r th e  n a tu i e o f th e  i n s u la t in g  g roup .

I f  i t  i s  weak th e  r e s u l t i n g  c o lo u r  i s  m erely  a d d i t iv e  

beoause o f th e  la c k  o f m utual i n t e r a c t io n  between th e  two 

co n ju g a ted  system s# Such dyes a re  l e s s  s u b s ta n tiv e  and 

l i g h t  f a s t  th a n  th o se  w ith  f u l l y  co n ju g a ted  system s.

Azo dyes w ith  u n in te r r u p te d  co n ju g a tio n  a re  more s u b s ta n tiv e  

th an  r e l a t e d  compounds w ith  in te r r u p te d  c o n ju g a tio n . Among 

th e  s t r a i ^ t  ch a in  po lyazo  dyes th e  most l i g h t  f a s t  

s t r u c tu r e s  /  . . .
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s t r u c tu r e s  a re  th o se  w ith  ^  3 azo groups# Also r e s i s ta n c e  

to  ta u to m e ric  change fa v o u rs  th e  l i g h t  r e  s i  s ta r e  e o f a  

dye m olecule#

The im portance  o f th e  p h y s ic a l s t a t e  o f a  d^^estuff 

on th e  s u b s t r a te  h as  been e x te n s iv e ly  in v e s t ig a te d  in  t h i s  

la b o ra to ry ^ ^ * ^ ^  and i t  h a s  been em phasised a s  one o f th e  

m ost im p o rta n t l i ^ t f a s t n e s s  govern ing  f a c to r s #  Many o f 

th e  dyes# w hether s o lu b le  o r in so lu b le #  a re  p re s e n t in  th e  

f i b r e  a s  h e te ro g en eo u s  c o l l e c t io n s  o f p a r t i c l e s  ra n g in g  

from  a  monom olecular d is p e r s io n  to  la rg e  a g g re g a te s  o f 

d i s c r e t e  p a r t i c l e  s iz e #  S ince fa d in g  of a  dye on th e  

s u b s t r a te  i s  supposed to  ta k e  p la c e  a t  th e  su rface#  th e  

more ag g reg a ted  dye te n d s  to  be f a s t e r  to  l i g h t  th an  th e  

l e s s  ag g reg a ted  one# A ggregates o f th e  dye m oleoules can 

grow more e a s i ly  in  f i b r e s  o f low than  th o se  of h i ^  

o r y s t a l l i n i t y #  so t h a t  h ig h ly  porous f i b r e s  have a g e n e ra l 

tendency  to  show good l ig h t f a s tn e s s #

The most d e f i n i t e  ex p e rim en ta l ev idence  co n n ec tin g

l i ^ t f a s t n e s s  w ith  th e  p h y s ic a l s t a t e  o f th e  dye in  th e
51 52f i b r e  i s  t h a t  o f Bean and Rowe and by W eissbein  and Coven •

Bean and Howe observed  t h a t  a f te r t r e a tm e n ts #  e#g# soap-

b o ilin g #  b o i l in g  in  w ater#  steam ing# e tc#  a p p lie d  to  azo ic

dyes on c e l lu lo s e  caused  c r y s t a l  growth and in c re a s e d  th e

r e s i s t a r c e  /  • • •
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r e s l s ta n o e  to  f a d in g . The in c re a se d  l ig k itf a o tn e s s  o f v a t

dyes on ny lon  a f t e r  s team ing  h as been a t t r i b u t e d  to  a

s im i la r  e f f e c t#  Valko observed  th e  e x is te n c e  o f th e

a g g re g a te s  o f leu o o - v a t  dyes and in d ig o s o l dyes by d i f f u s io n

m easurem ents and a ls o  observed  c r y s t a l l i z a t i o n  phenomenon

o f th e s e  dyes in  th e  f i b r e  by X-ray d i f f r a c t i o n .  The

d i r e c t  and more r e c e n t  ev idence  o f th e  p re sen ce  of
52a g g re g a te s  i s  t h a t  o f W eissbein  and Ooverr. They d e te c te d

ag g reg a ted  p a r t i c l e s  in  c e l lu lo s e  film s#  dyed w ith  dyes o f

good fa s tn e s s #  by e le c t r o n  m icroscopy# b u t none co u ld  be

d e te c te d  in  th o s e  dyed w ith  dyes o f poor f a s tn e s s .

The s t r u c tu r e  o f th e  dye m olecule  c o n t ro ls  th e

u n ifo rm ity  o f th e  s iz e  o f th e  adsorbed p a r t i c le s #  and th e

s t r u c tu r e  o f th e  f i b r e  c o n t ro ls  th e  d i s t r i b u t i o n  and th e

grow th o f th e  p a r t i c l e s .  V at dyes# some f a s t - t o - l i ^ t

d i r e c t  dyes# and n e u t r a l  dyeing  m etcd-com plex dyes seem to
50form  la r g e  p a r t i c l e s  o f  un ifo rm  s iz e ." ^  T h e ir  f a s tn e s s  a t  

low shade d ep th s  i s  g e n e ra l ly  v ery  good. Azoic and su lp h u r 

dyes# however# form a  wide ran g e  o f p a r t i c l e  s izes#  

in c re a s in g  in  s iz e  w ith  c o n c e n tra t io n . Sumner e t  a l .^ ^  

employed a  sp eo tro p h o to m e trio  method w ith  p o la r iz e d  l i g h t  

and found t h a t  so ap in g  oi v a t-d y e d  o e l lu lo s i c  m a te r ia l  

a c c e le r a te s  th e  change o f le u o o -dye to  i t s  o x id ise d  form .

At f  . . .
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At th e  same tim e le u o o -v a t  dye m olecu les o r ig in a l ly  

o r ie n te d  p a r a l l e l  to  th e  f i b r e  a x is  a re  r e - o r ie n te d  in  a  

p e rp e n d ic u la r  d ire c t io n #  Morton found t h a t  c e r t a in  

d i r e c t  dye m oleou les in  a  h ig h ly  c r y s t a l l i n e  o e l lu lo s ic  

f i b r e  (ram ie ) seemed to  be o r ie n te d  as s in g le  m olécu les 

a t ta c h e d  p a r a l l e l  to  th e  c e l lu lo s e  chains#

S e v e ra l authors^^*^*^ have su g g ested  a r e l a t i o n  

betw een l i ^ t f a s t n e s s  and d y e - f ib re  bond s tre n g th #  i . e .  

dye a f f i n i t y .  The s tro n g e r  t h i s  bond# th e  more r e a d i ly  

can th e  dye m olecu le  p a ss  on i t s  absorbed  l i ^ t  energy 

to  th e  s u b s t r a te  and th e r e fo r e  reduce  th e  p o s s i b i l i t y  o f 

th e  prim ary p h o to ly tio  breakdown of th e  dye . I f  t h i s  

h y p o th e s is  were tru e#  th e n  a l l  th e  r e a c t iv e  dyes c o v a le n tly  

l in k e d  to  th e  c e l lu lo s e  would have h ig h  l ig h t f a s tn e s s #  b u t 

t h i s  i s  n o t s o . There are# however# some o ases  in  which 

in c re a s e  in  th e  s t r e n g th  o f th e  dy e - f ib r e  bond mâ  ̂ p e rh ap s 

r a i s e  th e  l i g h t f a s t n e s s .  These system s are* ( i )  b a s ic  

d y e s - p o ly a c r y lo n i t r i le  f i b r e s .  Wegmann h as  p o in te d  o u t 

t h a t  some b a s ic  cb^es# in  a  g iven  s e r ie s#  may show an 

in c re a se d  tendency  to  form  c o v a le n t bonds w ith  th e  f i b r e  

and a ls o  have b e t t e r  li^ tfE U B tn e ss  th an  o th e r s  in  th e  s e r i e s .  

T h is e f f e c t  may n o t be due to  th e  su g g ested  cau^ie# s in c e  

th e re  i s  a reverscQ. o f  f a s tn e s s  ra n k in g  a t  low c o n c e n tra t io n . 

T h is  /  . . .
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T his  can only be e x p la in e d  by ohanges in  th e  p h y s ic a l 

form  of th e  d y es , ( i i )  D ire c t dyes on o o t to n .  G i l l  

su g g ested  th a t  c a t io n ic  a f te r t r e a tm e n t  re d u c e s  l i g h t 

f a s tn e s s  o f d i r e c t  dyes on c e l lu lo s e #  on th e  ground t h a t  

o a t io n io  a g e n ts  lo s e  t h e i r  c lo s e  bond to  th e  f i b r e  m o lecu le . 

The s i tu a t io n #  however# i s  n o t so sim ple as  t h i s  beoause 

fa s tn e s s #  e s p e c ia l ly  in  weak depths# i s  o f te n  im proved by 

th e s e  a g e n ts .  Also d i r e c t  dyes w hile  h av in g  th e  same 

a f f i n i t y  v a lu e  on v is c o s e  rayon  as on c o tto n #  y e t  e x h ib i t  

h ig h e r  f a s tn e s s  g ra d e s  on v is c o s e .^  T his a p p l ie s  to  d ire c t#  

v a t  and r e a c t iv e  d y e s .^ ^  ( i i i )  Acid dyes on p ro te in  

f i b r e s .  I t  h as  been a lre a d y  shown th a t  in c re a s e  in  th e  

number o f su lp h o n a te  g roups in  an a c id  dye m olecule u s u a l ly  

in c re a s e s  l i g h t f a s tn e s s  on w ool. T his may be due to  in c re a s e d  

s tr e n g th  o f io n ic  d y e - f ib re  lin k #  b u t a t  th e  same tim e th e  

e f f e c t  o f change o f p h y s ic a l s t a t e  o f th e  dye produced by 

change in  th e  r e l a t i v e  p o s i t io n s  of su lp h o n a te  groups canr.ot 

be ru le d  o u t .

The phenomenon o f a g g reg a tio n  o f v a t  dyes on th e  

f i b r e  i s  a t t r i b u t e d  to  th e  m o lecu la r a t t r a c t i o n  (n o n -p o la r  

van  d er Waals f o r c e s  as  e x p la in ed  l a t e r )  betw een th e  

c e l lu lo s e  m olecule  and th e  dye m o lecu le . A f te r  o x id a tio n  

th e  monom olecular la y e r  o f th e  dye m o lecu les on th e  w a lls  

o f f  . . .
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of th e  sub:uiorosooplo p o res  o f th e  o e l lu lc s e  beoomes 

u n s ta b le  o r m e ta s ta b le  and# depending upon th e  adhesion  

s t r e n g th  and th e  m agnitude o f th e  tendency  to  c r y s t a l l i s e #  

th e  monomolecular f i lm  w i l l  be d is ru p te d  to  form a g g re g a te s .

The o r ig in  o f a f f i n i t y  fo rc e s  in  v a t  dyes appear ,

to  l i e  in  n o n -p o la r  r a t h e r  th a n  p o la r  fo ro es .^* ^^* ^^* ^^

The m oleou les in  g e n e ra l a re  n o n - lin e a i ' i n  shape and n o t

a l l  o f them oontEdn hydrogen bonding g ro u p s . In  a d d i t io n

to  th e  p o la r  f o r c e s  th e r e  m ust be p re s e n t n o n -p o la r

van d e r Waals fo rc e s#  id iich  can a r i s e  when complex arom atic

m oleou les a re  b r o u ^ t  in  c lo s e  c o n ta c t  w ith  th e  s u b s t r a te .

These s h o r t  range  fo r c e s  a re  a d d i t iv e  and e x te i d over th e

e n t i r e  s u r fa c e  o f th e  m o lecu le . The r e s u l t s  of a f f i n i t y

m easurem ents con firm  th a t  a f f i n i t y  in c re a s e s  w ith  m o lecu la r

com plexity# i . e .  m o leo u la r w eight# and i t  i s  s e n s i t iv e  to

th e  p la n a r i ty  o f th e  m o lecu le . However# p o la r  hydrogen

bonding f o r c e s  can n o t perhaps be t o t a l l y  n eg lec ted #  s in c e
15a s  observed  by P e te r s  and Sumner#^ sim ple an th raq u in o n e  

d e r iv a t iv e s  a re  n o t a t  a l l  s u b s ta n tiv e  to  c e l lu lo s e  w hereas 

1# a ry l  ami do- an t h r  aquinone s a re  s u b s ta n t iv e .  These a u th o rs  

a l s o  p o in te d  ou t th e  p o s s ib le  e x is te n c e  o f  th e  amido group 

in  th e  im ino form# th u s  s e t t i n g  up a  co n ju g a ted  ch a in  

in c lu d in g  th e  ^ o l e  m olecule# which would accoun t f o r  th e  

in c re a se d  /  . . .
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InoreaB ed a f f i n i t y  w ith  in o re a s e  in  o o n jn g a tio n  (S h irm ’ a 

h y p o th e e ia )

The ab& orption o f l i ^ t  by a  m olecu le  i s  r e l a t e d  

to  th e  c o n ju g a tio n  in  th e  m o lecu le . T h e re fo re  th e  

e x t in c t io n  c o e f f i c i e n t  o f th e  band o f lo n g e s t  w avelength  

shou ld  be p ro p o r t io n a l  to  th e  e f f e c t iv e  a re a  o f TT-electrons 

in  th e  m olecule# which in  tu rn  i s  th e  a re a  a v a i la b le  f o r  

th e  van d er Waals a t t r a c t i o n .  T h is was shown to  be t r u e  

f o r  th e  benzamido a n th ra q u in o n e s . The a f f i n i t y  in c re a s e s  

w ith  th e  number o f  condensed r in g s  in  th e  dye# a s  shown 

by th e  large  a f f i n i t y  v a lu e  o f le u c o -Galedon Jad e  Green XI;. 

S ince  c o lo u r  i s  r e l a t e d  to  th e  number o f  rT -e lec trons 

a v a ila b le #  so w i l l  be th e  van der Waals bonding f o r c e s ;  

i t  must then  be assumed t h a t  c o lo u r and a f f i n i t y  a re  

de term ined  by th e  same p r o p e r t ie s  of the  m o lecu le .
. Q

G ile s  and H assan ' found th a t  in  th e  ca se  o f lo n g  

co n ju g a ted  d i r e c t  dye m olecules# th e  a f f i n i t y  v a lu e s  p lo t te d  

a g a in s t  th e  lo g a rith m  o f th e  number o f double bonds gave a 

b e t t e r  r e l a t i o n  th an  th e  above r e l a t io n  shown by P e te r s  and 

Sumner.

The energy a s s o c ia te d  w ith  l i g h t  r a d ia t io n  i s  

g iven  by th e  equation#  E w hv s hS #where h = P lanck*s 

c o n s ta n t ;  v  = freq u en cy  o f l i ^ t ;  o r. v e lo c i ty  o f l i ^ t ;

» w avelength  o f l i ^ ÿ i t .
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I t  oould  be seen from  t h i s  e q u a tio n  th a t  th e  energy 

a s s o o ia te d  w ith  a  quantum of l i g h t  in o re a e e e  w ith  d ec reaee  

in  w avelength  o r w ith  in c re a s e  in  i t s  f re q u e n c y . Any 

photochem ical change brouf^it about by th e  a b s o rp tio n  o f 

l i g h t  by th e  m olecu le  i s  dependent upon th e  energy o f th e  

absorbed  l i ^ t  and hence on th e  w avelength# F ading  o f a 

dye on th e  f i b r e  i s  a  p ro cess  b rought abou t by th e  

a b so rp tio n  o f u l t r a v i o l e t  and v i s i b l e  l i ^ t .  On g e n e ra l 

p r in c ip le s  i t  m ight be ex p ec ted  th a t  th e  e f f e c t iv e n e s s  o f 

l i ^ t  in  fa d in g  would depend upon th e  wavelen^rth o f l ig h t#  

u l t r a v i o l e t  l i ^ t  b e in g  th e  most e f f e c t iv e  and re d  th e  

l e a s t#  In  f a c t  th e  a c tu a l  r e l a t i o n  between w avelength 

and fa d in g  power o f a  r a d ia t io n  of l i g h t  i s  complex#

R ece n tly  M olaren^^ in v e s t ig a te d  th e  r e l a t i v e  

e f f e c t iv e n e s s  in  fa d in g  o f two broad s p e c t r a l  reg io n s#  

th e  b lu e - re d  and th e  u l t r a v io le t#  on over 100 dyes o f a  

v a r i e ty  o f ty p e s  on d i f f e r e n t  s u b s tra te s #  He found t h a t  

w avelength  i s  g e n e ra l ly  r e l a t e d  to  th e  norm al l i g h t f a s tn e s s  

o f th e  dye# There i s  a  c r i t i c a l  w avelength  f o r  each 

p a r t i c u l a r  dye and t h i s  w avelength d e c re a se s  a s  th e  

r e s i s t a n c e  to  fa d in g  in c r e a s e s .  S ince in  d e y l i f ^ t  th e re  i s  

a  p reponderance o f lo n g  wave ra d ia t io n s #  f u g i t iv e  dyes 

a re  m ainly fad ed  by th e  v i s i b l e  range  o f r a d ia t io n s  and 

th o se  /  . . .
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th o se  w ith  h ig h  norm al l i g h t f a s tn e s s  a re  in  g e n e ra l fad ed  

by u l t r a v i o l e t  and v i o l e t  r a d ia t io n s .  Luszczak and 

Z u k rieg e l^ ^  found a  a im i la r  r e la t io n s h ip  betw een f a s tn e s s  

g rade  and w avelength  (A) o f th e  o h a r a o te r i s t io  a b so rp tio n  

wave band o f th e  u l t r a v i o l e t  re g io n i th e  s h o r te r  i s  t h i s  

w avelength# th e  h ig h e r  i s  th e  f a s tn e s s  r a t i n g ;  and fa d in g  

i s  caused  m ainly  by an absorbed  wave band w ith  a  w e ll 

d e f in e d  upper boundary beyond # iio h  th e  absorbed  l i g h t  i s  

i n e f f e c t i v e .

Kobsa and Maerov^^ s tu d ie d  th e  e f f e c t  of s u n l ig h t  

on th e  fa d in g  o f b a s ic  dyes on p o ly e s te r  f i b r e  and found 

t h a t  tlie  m ost e f f e c t iv e  s p e c t r a l  re g io n  l i e s  between 3500 A. 

and 4250 A. l i g h t  below  o r above t h i s  re g io n  i s  l e s s  

e f f e c t i v e .  The main f a c t o r s  re s p o n s ib le  f o r  t h i s  e f f e c t  

a r e :  ( i )  norm al l i g h t  c o n ta in s  a very  low p ro p o r tio n  o f 

r a d ia t io n  below 3500 A. and th e  polymer s tro n g ly  ab so rb s  i t#  

( i i )  above 4250 A. th e  quantum y ie ld  in  fa d in g  i s  v ery  low .

, Bedfordf^^ h av in g  s tu d ie d  th o ro u g h ly  th e  d a y l ig h t 

fa d in g  o f th r e e  dy e in g s under a  s e r i e s  o f  f i l t e r s #  and 

em ploying a la b o r io u s  method o f com putation  f o r  h i s  f i n a l  

r e s u l t s #  a r r iv e d  a t  c o n c lu s io n s  which showed good 

q u a l i t a t i v e  agreem ent w ith  M claren*s r e s u l t s .
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EXPBRIMEI TAL

A ll th e  l i g h t f a s t n e s s  t e s t s  a re  th e  B r i t i s h  (B) 

o r  C o n tin e n ta l (C) t e s t s  f o r  norm al shade d ep th s  tak en  

from  th e  C olour I n d e x é  F o r a  n o te  on w a sh fa s tn e ss  o f 

ao id  dyes and ohrome m ordant dyes on wool -  see  re fe re n o e  

number 48b; th e  f ig u r e s  f o r  "a lte ra tio n * *  a re  u sed  h e re .

F or th e  measurem ent o f m o lecu la r a x ia l  r a t i o  o f a l l  th e  dye 

m o lecu les  in  th e  p re s e n t work# C a ta lin  ( S tu a r t  t 2>pe) 

m o lecu la r  m odels a re  u s e d . The **moleoular a x ia l  r a t i o "  

o f  a  d̂ ê m olecule# in  i t s  most p ro b ab le  o r ie n ta t io n #  h as 

been d e fin e d  a s  th e  r a t i o  o f th e  maximum a x ia l  le n g th  to  

th e  w id th  and i s  deno ted  by x/y# wkieire x s ta n d s  f o r  th e  

GLxial len g th #  and y f o r  th e  a x ia l  w id th . S ince p la n a r i ty  

o f  a  dye m olecule i s  one o f th e  most im p o rta n t f a c to r s  

d e te rm in in g  s u b s ta n tiv ity ^ ®  and th e  p h y s ic a l s ta te ^ ^  o f th e  

dye# a l l  th e  p la n a r  o r n e a r ly  p la n a r  m o lecu les  a re  

examined f o r  l i g h t f a s t n e s s  d a ta  ( F ig s .  lA# B) • A ll 

su lp h o n a te  groups a re  c o n s id e re d  to  be io n is e d .  For o th e r  

p u rp o ses  a l l  th e  dyes f o r  tr^ ich  f u l l  m o lecu la r c o n s t i tu t io n s  

a re  shown in  th e  C olour Index  (volum es I I I  and V) have been 

u s e d . A ll th e  s t a t i s t i c a l  d a ta  an a ly sed  by th e  s ta n d a rd  

method a re  p re se n te d  in  th e  Appendix# and th e  d e t a i l s  of 

th e  C olour Index  numbers# v a r io u s  f a s tn e s s  d a ta  and o th e r  

d a ta  /  . . .
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d a ta  used  f o r  th e  s t a t i s t i o a l  a n a ly s is  a re  g iven  in  

t a b l e s .
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RESULTS Al-D DISCUSSION

R e la t io n  betw een M oleoulag w e i ^ t  and W aahfastneesi

A •  Acid dyes on w ool. A d l r e o t  r e la t io n s h ip  

between m o leou lar volume o f an ao id  dye and i t s  r a t e  o f 

d y e in g  on wool was p re v io u s ly  e s ta b l is h e d  in  t h i s  

la b o ra to ry ^  The la i 'g e r  th e  m olecule th e  s low er i s  th e  

r a t e  a t  which i t  can  p e n e t r a te  th e  f i b r e .  T h is  r e s u l t  

was o b ta in ed  by ex p erim en ts  o f th e  dyeing  r a t e  o f wool 

and g e la t in  w ith  a  l im i te d  number o f ao id  d y es . F em ^^ 

a ls o  showed t h a t  th e re  i s  a  d i r e c t  r e l a t io n s h ip  between 

d i f f u s io n  c o e f f i c i e n t  and w a sh fa s tn e ss  f o r  some ao id  dyes 

on w ool. From th e  above r e s u l t s  we m ight ex p ec t a  d i r e c t  

r e l a t i o n  o f m o lecu la r s iz e  o r w e i ^ t  a g a i i is t  w aah la s tn ess  

and an ad v erse  r e l a t i o n  a g a in s t  ease  o f m ig ra tio n . Thus 

i t  was dec ided  to  study  th e  expected  r e l a t i o n s  s t a t i s t i c a l l y #  

in c lu d in g  a l l  a c id  d y es . F o llow ing  th e  o b se rv a tio n  o f 

I ic h o l ls #  t h a t  u nder a lk a l in e  c o n d itio n  th e  r a t e  o f 

d e so rp tio n  o f a c id  dyes from  wool in c re a s e s  w ith  in c re a s e  

in  th e  number o f su lp h o n a te  groups# because o f th e  n e g a tiv e  

a f l i n i t y  produced by th e  a lk a l in e  so lu tio n #  i t  was dec ided  

to  make th e  p re s e n t com parison by g rou p in g  th e  dyes acco rd in g  

to  t h e i r  degree o f s u lp h o n a tio n . I t  w i l l  th u s  be expected  

t h a t  th e  l a r g e r  th e  dye m olecu le  th e  slow er w i l l  be i t s  

d e s o rp tio n  /  . . .
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d e s o rp tio n  d u rin g  w a sh fa s tn e ss  t e s t s  and th e  h ig h e r  i t s  

w a sh fa s tn e s s .

To t e s t  t h i s  h y p o th esis#  th e  s t r u o tu r e  and 

f a s tn e s s  o f  a  v a r ie ty  o f ao id  dyes were examined w ith  th e  

h e lp  o f th e  C olour In d ex . The w aah fao tness  numbers and 

m ig ra tio n  numbers were oompared w ith  th e  a n io n ic  w eigh ts  

o f a l l  th e  d y e s . W ash fastness v a lu e s  p lo t te d  a g a in s t  

a n io n ic  w eigh t a re  shown in  F ig .  2 . These d a ta  were 

s t a t i s t i c a l l y  analysed#  th e  s t a t i s t i c a l  a n a ly s is  b e in g  

p re s e n te d  in  th e  A ppendix. I t  i s  seen t h a t  th e re  i s  in d eed  

a  r e l a t i o n  between th e  m o lecu la r w eight end w a sh fa s tn e ss i 

th e  w a sh fa s tn e ss  in c re a s e s  w ith  in c re a s e  in  m o lecu la r 

w e i ^ t .  The r e s u l t s  a re  h i ^ l y  s ig n i f i c a n t  s t a t i s t i c a l l y #  

acco u n tin g  f o r  o f  th e  t o t a l  r e g r e s s io n .  The r e s t  o f 

th e  s ig n if ic a n c e  must be due to  o th e r  f a c to r s #  perhaps# 

e .g .#  th e  c r y s t a l l o i d a l  o r c o l lo id a l  n a tu re  o f  th e  dye o r 

i t s  chem ical c o n s t i t u t i o n .

The p lo t  o f m ig ra tio n  number on wool# f o r  ao id  

dyes w ith  two o r more su lp h o n a te  groups in  th e  m olecule# 

a g a in s t  m o lecu la r w eight# i s  shown in  F ig . 3 . As expected# 

th e re  i s  a  r e l a t io n s h ip  betw een th e se  p a ram e te rs : th e  

m ig ra tio n  number d e c re a se s  w ith  an in c re a s e  in  m o lecu la r 

w e i# i t .  S t a t i s t i c a l  a n a ly s is  o f th e  data#  p re s e n te d  in  th e  

Appendix /  . . .
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Appendix, show th a t  th e  r e l a t i o n  aocoun ts f o r  20^ o f th e  

t o t a l  r e g r e a s io n .  The o th e r  groups of a c id  dyes n o t 

Bhown gave no s ig n i f io a n t  r e l a t i o n ;  p robab ly  th ey  c o n ta in e d  

r e l a t i v e l y  to o  few dyes to  g iv e  r e s u l t s  o f any s ig n i f ic a n c e .

B •  Chrome m ordant dyes on w ool. A fte r  a  d i r e c t  

r e l a t io n s h ip  betw een a n io n ic  w eight o f a c id  dyes and t h e i r  

w a sh fa s tn e ss  on wool had been e s ta b lish e d #  i t  was t h o u ^ t  

t h a t  th e  w a sh fa s tn e ss  o f  ohrome m ordant dyes on wool would 

show a  s im i la r  t r e n d .  F or th e  p re s e n t purposes# ohrome 

m ordant dyes a re  in c lu d e d  amongst ao id  dyes by doub ling  th e  

a n io n ic  w e i^ ^ t and add ing  th e  w eight of one ohromitim atom . 

In c lu s io n  of th e  ohrome m ordant dyes in  th e  r e s u l t s  in  t h i s  

way# i s  shown in  F ig .  2 . The s t a t i s t i c a l  a n a ly s is  p re se n te d  

in  th e  Appendix shows t h a t  t h e i r  in c lu s io n  does in  f a c t  

in c re a s e  th e  s ig n if ic a n c e  o f th e  r e g re s s io n  l i n e ,  which 

a cco u n ts  f o r  45^ o f th e  t o t a l  r e g r e s s io n .  For th e  p re s e n t 

in v e s t ig a t io n  only th o se  chrome mordant dyes w i 'h  wash- 

f a s tn e s s  l e s s  th a n  th e  maximum (g rad e  5) a re  included#  

because  th o se  graded 5 m ight in  a  more se v e re  t e s t  have a 

h ig h e r  g ra d in g .

T h ere fo re  th e  p ie se r it  r e s u l t s  a re  q u i te  c o n s is te n t  

w ith  th e  h y p o th e s is  t h a t  th e  h ig h  a l l - ro u n d  f a s tn e s s  

p r o p e r t i e s  o f ohrome m ordanted dyes a re  due to  t h e i r  h ig h  

m o lecu la r /  . . .
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m oleou lar w e l ^ t s .  J u s t  re c e n tly #  however# I t  h as  been 

p o in te d  o u t t h a t  th e r e  i s  no d e f in i t e  ev id en ce  f o r  th e  

fo rm a tio n  o f only  2 % 1 dye-m etal com plexes by ohrome 

m ordant dyes on wool5^ The complex may be e i th e r  2 : 1 -  

o r  1 I 1 -  dye-m eta l complex and th e  hifdi a l l - ro u n d  

f a s tn e s s  p r o p e r t ie s  o f ohrome dyes on wool may be due to  

th e  fo rm a tio n  o f f i rm e r  dy e - f ib r e  bonds t h r o u ^  c h e la t io n  

w ith  chromium. I t  can be seen  from  th e  f i g .  2 t h a t  some 

o f  th e  m eta l complex dyes# in  s p i te  o f h av in g  v e ry  h igh  

w a sh fa s tn e ss  on wool# have co m p ara tiv e ly -lo w  m o lecu la r 

w e ig h t. T h e ir  h igh  w a sh fa s tn e ss  may be a t t r i b u t e d  e i t h e r  

to  an in c re a s e  in  m o lecu la r w e i ^ t  by th e  fo rm a tio n  o f th e  

com plex o r to  th e  fo rm a tio n  o f f irm e r  dy e - f i b r e  bonds.

R e la t io n  between Dye A f f in i ty  and Li r f i t f a s t n e s s :

I t  h as  been suggested#  as s ta te d  above# th a t  

th e re  i s  a  r e l a t i o n  betw een l i g h t f a s tn e s s  o f a  dye cm th e  

f i b r e  and th e  d y e - f ib r e  bond s tre n g th #  i . e . #  th e  a f f i n i t y  

o f  th e  dye f o r  th e  fib re .^^*^*^ I t  i s  suggested  th a t  th e  

energy' absorbed  by th e  dye m olecule can more e a s i ly  be 

t r a n s f e r r e d  to  th e  f ib re #  w ith  an in c re a s e  in  th e  d y e - f ib re
Cl

bond s t r e n g th .  On t h i s  re a so n in g  S c h a e ffe r^  h a s  t r a c e d  

a r e l a t i o n  between w a sh fa s tn e ss  and l ig ^ i t f a s tn e s s  in  a 

v a r i e ty  o f d y e - f ib re  sy stem s.
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In  th e  p re s e n t  in v e s t ig a t io n  s e v e ra l  a tte m p ts

w ere made to  f in d  suoh a r e la t io n #  b u t th e  r e s u l t s  were

q u i te  d is a p p o in t in g . In  f a c t  th e re  was no such r e l a t i o n

found between w a sh fa s tn e ss  and l i£ ^ i t f a s tn e s s  in  a l l  th e

groups o f dyes exam ined. In  one oase# however# th e re  i s

a  s ig n i f i c a n t  r e l a t i o n  betw een l i g h t f a s tn e s s  o f a  group

o f  a c id  dyes on wool# and t h e i r  a n io n ic  w e i ^ t  a s  shown

in  Pig# 4# Some o th e r  g roups o f dyes do n o t show t h i s

r e l a t i o n  ( P ig s .  7 # 8 ).

The h y p o th e s is  i s  n o t confirm ed# however# by

th e  s ig n i f i c a n t  r e s u l t  shown in  P ig .  4# The h i ^

s ig n if ic a n c e #  vdiich acco u n ts  f o r  25^ o f th e  t o t a l  re g re s s io n #
a

m i ^ t  be due t o . h i ^  deg ree  o f dye a g g re g a tio n .A

R e la t io n  betw een M olecu lar shape and L if h t f a s tn e s s *

In  o rd e r  to  examine th e  w orking h y p o th e s is  t h a t

w ith  s h o r te n in g  o f th e  lo n g e s t  m o lecu la r a x is  o f th e  dy##

e i t h e r  (a )  th e  number o f p o s s ib le  p o in ts  of a t ta c k  by an

o x id is in g  ag en t i s  decreased#  o r (b ) th e  c r y s t a l  s t r u c tu r e

i s  s tren g th en ed #  i t  was found n ecessa ry  to  p lo t  m o lecu la r

ax i a l  r a t i o  o f  a  dye m olecu le  a g a in s t  i t s  l i ^ t f a s t n e s s .

S ince  i t  i s  supposed t h a t  th e  dyes a re  p re s e n t a s  a g g re g a te s

i n  th e  f i b r e  th e  e f f e c t  (a )  maĵ  w e ll be masked by ( b ) .
52J e f f r e y s ^  found t h a t  c e r ta in  oyan ine  dĵ ês in  

m ethanol /  . . .
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m ethanol s o lu t io n  fa d e  more r a p id ly  w ith  in o re a a e  in  

le n g th  o f th e  po lym eth in  o h a in ; and th a t  H ayashi and 

S h ib a ta^  showed t h a t  oom paotness and symmetry in  th e  

m o leo u la r s t r u o tu r e  o f v a t  dyes a re  f n o to r s  in  im proving 

t h e i r  l i ^ t f a p t n e s s  on o o t to n .

M oleoular a x ia l  r a t io #  i . e .  th e  symmetry' of 

shape o f th e  dye m oleoule# and l ig h t f a s tn e s s #  f o r  a  v a r ie ty  

o f groups o f dyes# were p lo t t e d .  The g roups in c lu d ed  

d i r e c t  dyes on co tto n #  an th raq u in o n e  and azo a c id  dyes on 

wool# and an th raq u in o n e  and in d ig o id  v a t  dyes on c o t to n .

The r e s u l t s  a re  p re se n te d  in  P ig s .  5# 6# 7# 8# 9 . S t a t i s t i c a l  

a n a ly s is  o f th e  d a ta  shows t h a t  th e re  i s  a  s ig n i f i c a n t  

r e l a t i o n  between symmetry o f shape o f an th raq u ln o n e  v a t  dyes 

and t h e i r  l i ^ t f a s t n e s s  on c o t to n .  The r e g re s s io n  l i n e  

aocoun ts  f o r  26$ o f th e  t o t a l  r e g r e s s io n .

The s t a t i s t i o a l  a n a ly s is  shows t l i a t  th e  g eo m e tric a l 

f a c to r  i s  one o f p o s s ib ly  many o th e r  f a c to r s  in f lu e n c in g  

l i g h t f a s t n e s s .  The chem ical c o n s t i tu t io n  o f a  dye m olecu le  

and th e  n a tu re  o f i t s  s u b s t i tu e n t  groups a re  obv iously  

im p o rta n t f a c t o r s .  The p re s e n t r e la t io n #  however# cou ld  n o t 

be d e te c te d  in  a c id  wool dyes o r in  in d ig o id  v a t  d y es . T h is 

may be because they  show only a l im ite d  range  o f r a t i o s ;  in  

such c a se s  th e  chem ical n a tu re  o f th e  s u b s t i tu e n t  groups 

would /  . . .
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would be more n o t io e a b le .  A nthraqulnone and azo ao id  dyes 

a re  a l l  d e riv e d  from  muoh th e  same b as io  s tru o tu re s #  w ith  

d i f f e r e n t  s u b s t i tu e n t  groups# T h ere fo re  i t  i s  oon o eiv ab le  

t h a t  w ith  a  l im i te d  ran g e  o f r a t io s #  th e  n a tu ie  o f  th e  

s u b s t i tu e n t  group r a th e r  than  m oleou lar s^^mmetry would be 

more im p o rta n t in  a f f e c t in g  l ig h t f a s tn e s s #  In  th e  case  o f 

d i r e c t  c o tto n  dyes th e  absence o f suoh a  r e l a t i o n  cou ld  be 

e x p la in e d  on th e  ground t h a t  they  alm ost a l l  have s im i la r  

b a s io  s t ru c tu re s #  Again h e re  a ls o  th e  chem ical n a tu re  of 

th e  s u b s t i tu e n t  group may w e ll be more im p o rtan t#  in  t h e i r  

e f f e c t  on l ig h t f a s tn e s s #  94 o u t o f 136 b isa z o  d i r e c t  dyes 

and 40 ou t o f 34 t r i s a z o  dyes te s te d  a re  in  f a c t  based on 

benzid ine#  and th u s  have v e ry  s im i la r  m o lecu la r shapes# b u t 

p robab ly  w idely  v a ry in g  chem ical r e a c t i v i t y  due to  th e  many 

d i f f e r e n t  ty p e s  o f s u b s t i tu e n t  group p re se n t#

R e la tio n  betw een M oleoular Geome try  o f J>yea and F ad ing  in  

d i f f e r e n t  Wavebands*

M c L a re n fo u n d #  as  s ta te d #  t h a t  w avelength  i s  

g e n e ra l ly  r e l a t e d  to  th e  norm al l i ^ t f a s t n e s s  o f th e  dye# 

F u g it iv e  dyes a re  m ainly  fad ed  by th e  v i s i b l e  ran g e  o f l i g h t  

and th o se  w ith  h ig h  l i g h t f a s tn e s s  a re  fad ed  m ainly by v i o l e t  

and u l t r a v i o l e t  l i g h t .  The reaso n  f o r  t h i s  may be more 

p h y s ic a l th a n  c h e m ic a l. I t  was decided  to  examine th e  

r e l a t i o n  /  . . .



r e l a t i o n  betw een m o leou lar a x ia l  r a t i o  and p e rcen tag e  

fa d in g  caused  by th e  b lu e - re d  re g io n  of th e  spectrum  

(McLaren*8 r e s u l t s ) #  f o r  a l l  th e  dyee w ith  p la n a r  m olecu les 

o f  g iven  c o n s t i tu t io n #  used  by McLaren. The r e s u l t s  a re  

shown in  P ig .  1 0 . S t a t i s t i c a l  a n a ly s is  p re se n te d  in  th e  

Appendix shows t h a t  th e  r e l a t i o n  i s  h ig h ly  s i g n i f i o a i t  and 

a cco u n ts  f o r  52$ o f th e  t o t a l  r e g r e s s io n .  Thus i t  can be 

seen  t h a t  w ith  an in c re a s e  in  th e  m o lecu la r a x ia l  r a t i o  

o f a  dye m olecule  th e  p ro p o r tio n  o f fa d in g  caused  by th e  

v i s i b l e  re g io n  o f th e  spectrum  in c r e a s e s .

McLaren* s r e s u l t s  show th a t  th e  f a s t  dyes a re  

fa d e d  m ainly by only  a narrow  bar^d in  th e  v i o l e t  and u l t r a 

v i o l e t  re g io n  o f th e  sp ec tru m . This# however# does n o t 

ta k e  in to  accoun t th e  r e l a t i v e  quantum e f f i c i e n c i e s  o f th e  

d i f f e r e n t  w avebands. So i t  i s  very  d i f f i c u l t  to  su^;gest 

any I’undam ental re a so n  f o r  th e  d i f f e r e n c e s .  F a s te r  dyes 

ap p ear to  be more ag g reg a ted  th en  th e  l e s s  f a s t .  Thus i t  i s  

p o s s ib le  th a t  th e  g e o m e tr ic a lly  sym m etrical m o lecu les  come 

i n t o  c lo s e r  c o n ta c t  w ith  each o ther#  a s  a  r e s u l t  o f which 

a  c lo s e r  pack ing  in  th e  c r y s t a l  l a t t i c e  can occur# r e s u l t i n g  

in  g r e a te r  s t a b i l i t y .  I t  i s  h e re  assumed t h a t  such a  c lo s e  

p ack in g  o f th e  dye m o lecu les  a c tu a lly  ta k e s  p la c e  in  th e  

f i b r e ,  how as th e  fa d in g  i s  caused by th e  a b so rp tio n  o f 

energy /  . . .
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energy in  th e  form o f l ig h t#  i t  i s  o o n o e iv ab le  th a t  th e  

b re a k in g  down o f s ta b le  dye c r y s t a l s  re g x iire s  verj^ h ig h  

energy short-w ave r a d ia t io n #  T his i s  a  su g g ested  e x p la n a tio n  

o f  th e  observed  f a c t  t h a t  sym m etrical dye m o lecu les  a re  

fad ed  more by h ig h  energy  short-w ave r a d ia t io n s  and 

un sym m etrical o r  l e s s  sym m etrical m o lecu les a re  fad ed  more 

by th e  low energy v i s i b l e  r a d ia t io n #
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II TRODUCTIOl

A d so rp tio n #^*

The atoms o r m oleou les o o n e t l tu t in g  s o l id s  a re  

h e ld  to g e th e r  by d i f f e r e n t  fo r c e s :  e l e o t r o s t a t i o  or 

ooulom bio fo rc e s#  exchange o r homopolar v a len o e  fo rces#  

van d er Waals fo rc e s#  e tc#  In  most s o l id s  s e v e ra l  o f 

th e s e  a re  o p e ra tiv e #  w ith  one o r th e  o th e r  predom inating# 

b u t an atom lo c a te d  in s id e  th e  body i s  s u b je c te d  to  eq u a l 

f o r c e s  from a l l  d i r e c t io n s  w hereas an atom on th e  s u r fa c e  

o f a  s o l id  i s  s u b je c te d  to  unbalanced  fo rc e s#  i t  i s  

a t t r a c t e d  inw ards and to  each s id e  by i t s  n e i^ b o u r s #  b u t 

th e r e  i s  no outw ard a t t r a c t i o n  to  b a lan ce  th e  inw ard p u ll#  

As a  r e s u l t  o f  th e s e  unbalanced  fo rc e s  th e  s u r fa c e  o f a 

s o l id  i s  in  a  s t a t e  o f  s t r a i n  o r u n s a tu ra t io n #  I t  i s  th e  

e x is te n c e  o f t h i s  u n s a tu r a t io n  a t  a  s o l id  su rface#  which i s  

r e s p o n s ib le  f o r  th e  phenomenon o f a d so rp tio n #  When a  s o l id  

i s  in  c o n ta c t  w ith  any gas o r s o lu te  in  s o lu t io n  a  

c o n s id e ra b le  amount i s  ta k en  up and c o n c e n tra te d  on th e  

s u r fa c e  o f th e  s o lid #  th e re b y  s a tu r a t in g  some o f th e  

u n b alanced  f o r c e s  o f th e  S u rfa c e #  A su b stan ce  i s  s a id  to  

be "adsorbed" i f  th e  c o n c e n tra tio n  o f th e  su b stan ce  in  a  

boundary re g io n  i s  h ig h e r  th a n  in  th e  i n t e r i o r  o f th e  

a d jo in in g  phase (u s u a l ly  a  s o l id )  # The s o l id  t h a t  ad so rb s  

th e  I  # # #
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th e  su b stan o e  i s  c a l le d  th e  "adso rben t"#  th e  su b stan ce  

which i s  ta k en  up th e  " a d s o rb a te " . D uring th e  p ro cess  

o f a d so rp tio n  e i t h e r  o f  two th in g s  may happen; th e re  may 

be e i t h e r  a  weak i n t e r a c t i o n  between th e  a d so rb en t and 

ad so rb a te#  s im i la r  to  condensation#  o r a  s tro n g  i n t e r 

a c tio n #  s im i la r  to  a  chem ical r e a c t io n .  The form er i s  

c a l l e d  p h y s ic a l o r  van der Waals a d s o rp tio n  and th e  l a t t e r  

i s  c a l le d  chem ical a d s o rp tio n  o r ch em iso rp tio n #

I n te r f a o e s t

In  a  system  w ith  an assem bly o f  phases# th e  

boundary between any two adjusoer^t phases com prises an 

in te r f a c e #  The in t e r f a c e  can  be c o n s id e re d  a s  a  tw o- 

d im en sio n a l re g io n  w ith  an accompanying r e s t r i c t i o n  of 

m o lecu la r  m otion w ith in  t h i s  reg ion#  The in t e r f a c e s  form ed 

by two phases may bet l i q u id - g a s ;  l i q u i d - l i q u id ;  s o l id -g a s ;  

s o l id - l i q u id ;  and s o l id - s o l i d  in te r f a c e s #  A ll th e s e  i n t e r 

f a c e s  a re  c h a r a c te r is e d  by m oleou lar th ic k n e ss# *  (i# e#  

o a # 100 A#}# b u t a re  ex tended  in  le n g th  and b read th#  Both 

th e  a re a  and tlie  th ic k n e s s  o f th e  i n t e r f a c e  a re  o f 

importotiCe in  th e  s tu d y  o f a d so rp tio n  phenomenon#

I n te r f a c e s  may be c l a s s i f i e d  as  m obile o r immobile# 

M obile in t e r f a c e s  in c lu d e  l i q u id - l i q u id  and g a s - l iq u id  types#  

These a re  c h a r a c te r is e d  by an e f f e c t iv e  i n t e r f a c i a l  te n s io n  

u n d er /  ###
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u nder which th e  s u r fa c e  alw ays te n d s  to  c o n t r a c t  

spon taneously#^  The m o lecu les a t  a  m obile in t e r f a c e  a re  

f r e e  to  move c o n t in u a l ly  and under th e  in f lu e n c e  o f 

o r ie n t in g  fo r c e s  th e y  s e t  up an eq u ilib riu m #  The phase 

so form ed i s  a  homogeneous one p a r a l l e l  t o  th e  in te r f a c e #  

Immobile in te r f a c e s #  which in c lu d e  s o l id -  

l iq u id #  s o l id -g a s  and s o l id - s o l i d  ty p e s  mâ  ̂ have d i f f e r e n t  

p r o p e r t ie s  from  th o s e  o f m obile in te r f a c e s #  in  p a r t ic u la r #  

p r o p e r t i e s  m ainly  due to  f r e e  m oleou lar m otion a re  more or 

l e s s  a b se n t in  immobile in t e r f a c e s  owing to  th e  r i g i d i t y  

o f  th e  s o l id  su rfa c e #  Thus s o l id  s u r fa c e s  can n o t c o n t r a c t  

spon taneously#  and l i q u id s  do n o t sp read  over s o l id  s u r fa c e s  

a s  e a s i ly  a s  over s u r fa c e s  o f o th e r  l iq u id s #  The im m ob ility  

o f  th e  su rfa c e  p a r t i c l e s  o f a  s o l id  c a u se s  th e  su rfa c e  to  

be v e ry  uneven u n le s s  i t  i s  p o lish ed #  The atoms in  a  s o l id  

s u r fa c e  s ta y  where th ey  a re  when th e  s u r fa c e  i s  formed# I o 

two a d ja sc e n t atoms o r m olecu les  can have th e  same a d s o rp tio n  

c h a r a c te r i s t i c s #  As a r e s u l t  th e  in t e r f a c e  i s  norm ally  

h e te ro g en eo u s #

A dso rp tion  ta k e s  p la c e  in  th e  in te r f a c e #  The 

su b stan ce  adsorbed  may o r ig in a te  in  one o r more co n tin u o u s  

phases# The m o lecu les  o f  a d so rb a te  p ass  from one phase 

in to  th e  in te r f a c e #  where th ey  rem ain f o r  a  p e r io d  o f tim e#

In  /  # # #
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In  a  r e v e r s ib le  p ro c e ss  th e  m o lecu les oan r e tu r n  to  th e  

phase from which th ey  came o r can r e v e r s ib ly  p ass  in to  

a n o th e r  phase# t h e i r  p la c e  in  th e  in te rp h a s e  th en  b e in g  

ta k e n  by o th e r  m olecules#  At e q u ilib r iu m  th e  number o f 

m o lecu les  e n te r in g  th e  in t e r f a c e  in  a  g iven  tim e i s  th e  

same as  th e  number o f m o lecu les le a v in g  th e  in te r f a c e #

The req u irem en t f o r  a d s o rp tio n  is#  acco rd in g  to  th e  

d e f in i t io n #  t h a t  th e  c o n c e n tra tio n  o f th e  su b stan ce  in  

th e  i n t e r f a c e  i s  g r e a te r  th a n  i t s  c o n c e n tra tio n  in  th e  

co n tin u o u s  phase#

FORGES OF ADSORPTION

V/hatever th e  n a tu re  o f th e  fo r c e  h o ld in g  th e  

atoms o r m o lecu les o f a  s o l id  to g e th e r#  i t  can be reg a rd ed  

a s  a  f i e l d  o f fo rc e  around each ion# atom o r moleoule#

S ince  a t  th e  s u r fa c e  o f a  s o l id  th e  atoms o r m olecu les 

a re  s u b je c te d  to  u n b a lan ced  fo rc e s#  th e  f i e l d  o f fo rc e  

re a c h e s  some d is ta n c e  beyond th e  su rface#  a t t r a c t i n g  th e  

m o lecu les  o f a  l i q u id  (w e ttin g  and s o lu t io n  a d so rp tio n )  

o r  th e  atoms# m o lecu les  o r io n s  o f a n o th e r  s o l id  (ad h es io n ) 

o r  gas m o lecu les (g a s  a d so rp tio n )  and u n le s s  th e  m o lecu les 

o f th e  a t t r a c t e d  su b s ta n c e  p o sse ss  a  f i e l d  o f fo rce#  no 

a t t r a c t i o n  co u ld  occur#



The fo ro e e  o f a t t r a c t i o n  in v o lv ed  in  th e  

p h y s ic a l a d so rp tio n  o f  g a se s  o r vapou rs  a re  e l e c t r o s t a t i c  

i n  o rg in#  There a re  th r e e  e l e c t r o s t a t i c  e f f e c t s  which 

jo i n t l y  accoun t f o r  th e  a t t r a c t i v e  van d e r Waals fo rc e s  

a s  fo llo w s :

(a )  The o r i e n ta t io n  e f f e c t # Many uncharged  m o lecu les 

have d ip o le  moments, and i t  was su g g ested  by Kessom^^ t h a t  

i n t e r a c t i o n  between th e  d ip o le s  i s  r e s p o n s ib le  f o r

van  der Waals a t t r a c t i o n  fo rc e s#  The d ip o le  m olecu les 

e x e r t  fo rc e s  upon each o th e r  and ten d  to  o r ie n t  p a r a l l e l  

t o  each o th e r ,  th e  p o s i t iv e  end o f one b e in g  c lo s e s t  to  th e  

n e g a tiv e  end o f th e  o th e r#  On an average th e  a t t r a c t i v e  

fo r c e s  between two u n l ik e  p o le s  o f th e  m o lecu les  predom inate 

over th e  r e p u ls iv e  fo r c e s  between l i k e  p o le s ,  th u s  th e  n e t  

e f f e c t  o f o r ie n t a t i o n  i s  t h a t  o f a t t r a c t i o n  between two 

d ip o le  m olecules#

(b ) The in d u c tio n  e f f e c t # Debye^^ showed t h a t  th e  

o r ie n ta t io n  e f f e c t  a lo n e  can n o t accoun t f o r  van d er Waals 

f o r c e s  o f a t t r a c t i o n ,  because  a l l  th e  a t t r a c t i n g  m olecu les 

can n o t alw a^s be perm anent d ip o le s#  He c o n s id e re d  th e  

in f lu e n c e  of th e  f i e l d  o f a  p o la r  m olecule on th e  f i e l d  o f

a  n o n p o la r one, and depending  upon th e  d eg ree  o f p o la r iz a t io n  

o f th e  l a t t e r ,  he c a lc u la te d  th e  m agnitude o f th e  a t t r a c t i v e  

f o r c e s  /  ###



fo r c e s  between them . S in c e , in  t h i s  c a s e , th e  n o n -p o la r  

m oleoule  i s  p o la r iz e d  under th e  in f lu e n c e  o f th e  f i e l d  o f 

th e  p o la r  m o lecu le , th e  e f f e c t  i s  c a l le d  a  p o la r iz a t io n  

o r in d u c tio n  e f f e c t .

(c )  The d is p e r s io n  e f f e c t . The e l e c t r o s t a t i c  o r ig in  

o f th e  f o r c e s  o f a t t r a c t i o n  between two m o lecu les  w ith o u t 

a  perm anent d ip o le  moment was d isco v e red  by F . L ondon^

In  a  n o n -p o la r  m olecu le  th e  d ip o le  moment i s  

c o n s ta n t ly  f l u c tu a t i n g  in  m agrdtude and d i r e c t i o n .  However, 

th e  average d ip o le  moment i s  z e ro . The f lu c tu a t i n g  d ip o le  

moment c r e a te s  a  f l u c tu a t i n g  e l e c t r i c  f i e l d  around th e  

atom which p roduces a  co rre sp o n d in g  d isp la cem en t o f charge  

in  a  n e i^ b o u r in g  atom . The d isp lacem en t i s  in  phase w ith  

th e  f lu c tu a t io n s  and so le a d s  to  a t t r a c t i o n .  The m agnitude 

o f  th e  fo rc e  o f a t t r a c t i o n  was c a lc u la te d  by London w ith  th e  

a id  o f  quantum m echanics and because o f i t s  c lo s e  resem blance 

to  th e  freq u en cy  o f o p t i c a l  d is p e r s io n , th e  e f f e c t  i s  

c a l le d  d is p e r s io n  e f f e c t .

F o rc e s  in v o lv ed  in  S o lu tio n  A d so rp tio n .

S ince m ost o f  th e  work done by th e  a u th o r  has 

in v o lv e d  s o lu t io n  a d s o rp tio n , we s h a l l  now d is c u s s  th e  

f o r c e s  in v o lv ed  th e r e in .
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Van d er Waals f o r c e s # The Im p o rta ro e  of

van der Waals fo r c e s  in  s o lu t io n  a d so rp tio n  and in  th e

dyeing  o f t e x t i l e  f i b r e s  (whioh i s  a  s p e c ia l  c a se  o f

s o lu t io n  a d so rp tio n )  h as  been s tu d ie d  by a  number of

w orkers from  tim e to  tim e#

Van d e r Waarden®^ found th a t  p la n a r  arom atic

hyd rocarbons a re  adso rbed  w ith  f l a t  o r ie n ta t io n  on th e

s u r fa c e  o f carbon  b lack#  S im ila r  r e s u l t s  have been
62o b ta in e d  by G a lb ra i th  e t  a lê  vdio found t h a t  n o n -io n ic  

azo dyes a re  adsorbed  from  an a l ip h a t i c  s o lv e n t by 

g ra p h ite  w ith  f l a t  o r ie n ta t io n #  Benzene as a  s o lv e n t 

re d u c e s  a d s o rp tio n , by i t s e l f  com peting f o r  th e  su rface#  

Acid wool dyes a re  c o n s id e ra b ly  adsorbed  from  w ate r a t  

th e  s u rfa c e  o f g ra p h ite #  In  a l l  th e s e  c a s e s  th e  o r ig in  

o f th e  fo r c e s  o f a t t r a c t i o n  between ch em ic a lly  i n e r t  

s u r f a c e s  o f g ra p h ite  and ohELrooal on th e  one hand and 

n o n - io n ic  and a n io n ic  dyes and arom atic  hyd rocarbons on 

th e  o th e r ,  ap p ears  to  be th e  van der W aals fo rc e s#

Anions o f a c id  dyes a re  adsorbed  to  a  muoh 

g r e a te r  e x te n t  th a n  in o rg a n ic  an ions by wool and ny lon  

from  weakly a c id  s o l u t i o n L e m i n *  h as  shown th a t  th e  

a f f i n i t y  f o r  wool o f a s e r i e s  o f ao id  dyes and o f c e r t a in  

o rg an ic  a c id s  r i s e s  a lm o st l i n e a r ly  w ith  in c re a s e  in  

m o lecu la r /  # # #
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m oleou lar w e i^ t#  T h is must be a t t r i b u t e d  m ainly  to  

van d er Waals a t t r a c t i o n  between th e  a ro m atic  n u c le i  

o f  th e  dye and th e  hydrophobic p a r t s  o f th e  wool p r o te in . 

O h ip c d k a tti e t  a l# ^  have found th a t  6xy wool and ny lon  

un d er c e r t a in  c o n d i t io n s  can adsorb  from  dry  s o lv e n ts  

a p p re c ia b le  amounts o f c e r t a in  arom atic  compounds, e .  g# 

benzene o r e t i l b e n e .  T h is  i s  p robab ly  due to  van d er Waals 

f o r c e s .
a

There are^num ber o f f a c t s  id iich  seem to  in d ic a te  

th e  o p e ra tio n  o f p h y s ic a l  f o r c e s  o f a d s o rp tio n  in  th e  

dyeing  o f c e l lu lo s e  w ith  d i r e c t  and v a t  dyes#^**^^**^*^*

F o r in s ta n c e  th e  a f f i n i t y  o f dyes f o r  c e l lu lo s e  h as  no 

r e l a t i o n  to  t h e i r  c o n te n t  o f p o te n t ia l  hydrogen-bonding  

g ro u p s . I t  h a s  been shown®^ th a t  s u b s ta n t iv i ty  o f d i r e c t  

dyes i s  v e ry  much dependent on th e  le n g th  o f t h e i r  m o lecu les 

and th e  p re sen ce  o f an ex tended  c o n ju g a te  o h ain  th e re in #

In  th e  oase  o f v a t dyes th e re  i s  a  l i n e a r  r e l a t i o n  

betw een a f f i n i t y  f o r  c e l lu lo s e  and th e  lo g a rith m  of th e  

number o f co n ju g a ted  bonds in  th e  lo n g e s t  a x is  o f th e  dye 

m olecule#^ Experim ents made in  absence o f w a te r show th a t  

c e l lu lo s e  ad so rb s  pher.ol from  a  dry s o lv e n t ( i s o -o c ta n e )  ; 

i t  does n o t do so from  w ater#  The rea so n  seems to  be 

t h a t  c e l lu lo s e  can form  ii i te rm o le c u la r  hydrogen bonds only  

i n  /  # # #
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i n  absence o f w a te r; in  p resen ce  of w ate r c e l lu lo s e  i s  

h ig h ly  h y d ra te d  and th e  su rro u n d in g  w ater m o lecu les  

p re v e n t i t  fo rm ing  h^^drogen bonds w ith  p h en o l; and phenol 

m o lecu les  a re  to o  sm all to  produce h igh  van d e r Waals 

a t t r a c t io n #  Dye m o lecu les  a re  la r g e  enough to  produce 

h ig h  van d e r Waals a t t r a c t i o n  even in  p re sen ce  o f w ater 

and so th e y  a re  adsorbed# Acid wool d y es , # i i c h  have no 

a p p re c ia b le  affin it^ '^  f o r  c e l lu lo s e  in  w a te r , dye c e l lu lo s e  

from  a lc o h o lic  s o lu tio n # ^

h o n -p o la r  van d e r Waals fo r c e s  and d ip o le -d ip o le  

f o r c e s  c e r t a in ly  c o n t r ib u te  to  th e  a d s o rp tio n  o f d is p e rs e  

dyes by c e l lu lo s e  a c e ta te  f ib r e s #  The ev id en ce  f o r  

van der Waals f o r c e s  i s  th e  tendency  f o r  Ih e  p a r t i t i o n  

c o e f f i c i e n t  between c e l lu lo s e  a c e ta te  and w a te r to  r i s e  

w ith  m o lecu la r w eight^^

Hydrogen boiid ing# Many a d so rp tio n  p ro c e sse s  

depend on hydrogen bond fo rm ation#  Low m o lecu la r w eight 

n o n - io n ic  s o lu te s  a re  v e ry  l i t t l e  adsorbed  by any in o rg a n ic  

o r  o rg an ic  p o la r  s o l id  u n le s s  th ey  can form  hydrogen bonds 

w ith  i t #  Compouxide such a s  o - n i t r o  p h en o l, in  whioh th e  

p h en o lic  group i s  in tra m o lo c u la r ly  hydrogen-bonded, a re  n o t 

adsorbed  b̂  ̂ th e  anodic ox ide f i lm  on alum inium , w hereas 

o th e r  s o lu te s  w ith  f r e e  hydroxy l o r am ino-groups a re  r e a d i ly  

adso rbed  /  # # #
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adsorbed#^ A d so rp tio n  o f n o r - io n io  a n th r  aquinon e arid 

azo oompounds on alum ina oolumns (ju d g ed  by speed o f 

t r a v e l )  i s  weaker when any am ino-, hydroxy , eto#  groups 

they  c o n ta in  a re  i n t e r n a l l y  bonded, th an  when th ey  a re  

f re e #  P ro to n  d en o rs  a re  r e a d i ly  adsorbed  and p ro to n  

a c c e p to rs  a re  adso rbed  weakly o r n o t a t  a l l# ^  The shapes 

o f  th e  iso th e rm s  a re  a ls o  c o n s is te n t  w ith  th e  h y p o th e s is  

o f  hydrogen bond a d so rp tio n # ^  P o la r  s o lv e n ts ,  e#g# w ater 

and e th a n o l ,  which a s s o c ia te  w ith  th e  s o lu te  by hydrogen- 

bonding , compete w ith  th e  alum ina f o r  th e  s o lu te  and 

fa v o u r e lu tio n #

A ce ta te  dyes have s e v e ra l p o la r  g ro u p s , e#g# 

h y d ro x y l, am ino-, n i t r o ,  c h io r o - ,  e t c # ,  b u t no s tro n g ly  

io n ic  groups in  t h e i r  m olecules#  The a c e ta te  groups o f 

c e l lu lo s e  a c e ta te  can a c t  b o th  a s  p ro to n -d o n o rs  and 

p ro to n -a c c e p to rs  in  hydrogen-bond r e a c t io n s  w ith  p o la r  

groupsT^ Thus a l l  th e  p o la r  groups in  an a c e ta te  dye 

m olecu le  may form  hydrogen-bonds w ith  a c e ta te  groups#

A d so rp tio n  o f phenol and a n i l in e  by ny lon  from 

w ate r ta k e s  p la c e  p ro b ab ly  by hydrogen-bonding#^

P h en o l, w ith  a  pow erfu l hydrogen bonding g roup , h as  more 

a f f i n i t y  f o r  ny lon  from  aqueous s o lu t io n  th a n  benzo ic  a c id  

has# The a d so rp tio n  by p ro te in  and polyam ide f i b r e s  o f 

v a r io u s  /  ###
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v a r io u s  p o la r  s o lu te s  a re  in  th e  fo llo w in g  o rd e r ,  p h e n o l^

benso io  ao id  ^  a n i l i n e ,  a  sequenoe wtiioh i s  in  good

agreem ent w ith  th e  hydrogen bonding a f f i n i t i e s #  Acetone

and p y r id in e  a re  n o t  adsorbed  from  w ater by th e s e  f i b r e s ,

presum ably because o f th e  p r o te c t iv e  a c t io n  o f th e  so lv en t#

There i s  a  l i n e a r i t y  in  th e  s a tu r a t io n  v a lu e s  of

some d is p e rs e  dyes on n y lo n , p o ly e s te r s  and c e l lu lo s e

a c e ta te #  T h is le a d s  u s  to  b e l ie v e  th a t  a  meohai:iom of

hydrogen bond ing , which o p e ra te s  on a c e ta te  f i b r e s ,  may a ls o

o p e ra te  on th e  o th e r  two f ib r e s #

C ovalen t bond fo rm a tio n # S e v e ra l system s a re

known in  which a d s o rp tio n  ta k e s  p la c e  b̂  ̂ fo rm atio n  o f a

c o v a le n t bond betw een a d so rb e n t and ad so rb s  te#  I t  was

shown by G ile s  e t  a l# ^  t h a t  when th e  anodic f i lm  i s  t r e a te d

w ith  chrom ic a o id , th e  a d so rp tio n  of su lp h o n a ted  d^^es i s

te m p era tu re -d e p en d en t and exotherm ic # and w hereas when th e

f i lm  i s  t r e a te d  w ith  h y d ro c h lo r ic  ao id  i t  i s  te m p e ra tu re -

independent#  On th e  o b s e rv a tio n  t h a t  io n  exchange r e a c t io n s

betw een io n s  o f th e  same v a len cy  have v e ry  low tem p era tu re

c o e f f i c i e n t s  and te m p e ra tu re  h as  very  l i t t l e  e r f e c t  on 
72 75them , * ' '  dLlb was su g g ested  t h a t  th e  mechanism o f d^yeing 

o f  th e  chrom ic a c id  t r e a t e d  anodic f i lm  by su lp h o n a ted  dyes 

i s  by th e  fo rm a tio n  o f c o v a le n t bond betw een them#
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C ovalen t bonds a re  formed between m ordaiiting 

m e ta l and m ordant dyes in  th e  f i b r e . When a  w a te r-  

in s o lu b le  d,ye i s  a p p lie d  to  a  n o rd a r te d  f i b r e ,  th e  

fo rm a tio n  of c o v a le n t bond betweeii m etal and dye i s  

r e s p o n s ib le  f o r  th e  a d s o rp tio n  o f th e  dj^e#

One o f th e  m ost im p o rtan t exam ples of a d so rp tio n  

by c o v a le n t bond fo rm a tio n  i s  p rov ided  by dyeing  of 

c e l lu lo s e  w ith  r e a c t iv e  dyesT^ A ll th e s e  dyes c o n ta in  

a  r e a c t iv e  system  cap ab le  of form ing a c o v a le n t bond w ith  

th e  secondary  hydroxy l group of c e l l u lo s e .  T y p ica l 

r e a c t iv e  system s p re s e n t  in  r e a c t iv e  d̂ ’̂ e s tu ff  m o lecu les 

a re  th e  t r i t i z i n y l  group and v in y l  su lphone g ro u p .

Io n  exchange. As d isc u sse d  above, an io n -ex ch an g e  

r e a c t io n  i s  o f te n  te m p e ra tu re - in d e p e n d e n t. A number o f 

exam ples can be g iven  o f io n  exchange a d s o rp tio n  meohaidsms. 

Examples a re :  a d s o rp tio n  o f c a t io n ic  d^^es by g ra p h ite f^  in  

vdiich th e  dyes exchange t h e i r  c a t io n  w ith  hydrogen io n  

in  th e  e l e c t r i c a l  double la y e r  su rro u n d in g  th e  g ra p h ite  

p a r t i c l e s .  A dso rp tion  o f c a t io n  d; es  by s i l i c a  i s  a ls o  by 

c a t io n  exohangej^ a s  ev idenced  by th e  v e ry  low ap p a ren t 

h e a t  o f a d s o rp tio n . O ther exam ples o f a d s o rp tio n  by io n  

exchange a re  th o se  o f s u lp h a te  e s t e r s  by th e  anodic f i lm  

on aluminium^^ and o f  a n io n ic  dyes by p ro te in  and polyam ide

f i b r e s  /
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76f i b r e s  in  p resen o e  o f a o id .

C h e la te  bond ing . When a  s u i t a b le  m ordant dye

i s  a p p lie d  to  alum ina powder o r anodio f i lm  a  marked

ohange in  c o lo u r  o f th e  dye ta k e s  p la c e .  I t  i s  now

re c o g n ise d  t h a t  alum inium  atoms form  a  com plex w ith  th e
77dye m o le c u le s . R ece n tly  K ie l and H e a r t je s ' have shown

t h a t  th e  a l is a r in -a lu m in iu m  complex h as  a  2 t 1 r a t i o .
78Datye and G i le s ' have r e c e n t ly  p u t fo rw ard  a  new 

h y p o th e s is  f o r  th e  a d s o rp tio n  of a l i z a r i n  by alum ina and 

have su g g ested  t h a t  th e  i n i t i a l l y  formed 1 : 1 -  complex 

i s  s e t  f r e e  in to  th e  s o lu t io n  and th en  form s a n e g a tiv e ly  

ch arg ed  2 : 1 -  complex vdiich in  tu rn  form s a n io n ic  

m ic e l le s ,  which a re  s tro n g ly  adsorbed  by th e  p o s i t iv e ly
70

charged  s u r fa c e  o f th e  a lu m in a .

S a l t  fo rm a tio n . A dsorp tion  o f a c id  dyes and s tro n g  

e l e c t r o ly t e s  by wool and n y lon  ta k e s  p la c e  by s tro n g

e le c t r o v a ie n t  l in k a g e s ;  t h i s  h a s  been f u l l y  ex p la in ed
A7 80V ic k e r a ta f f • '  G ile s  and McKay have su g g es ted  an o th e r ty p e

o f TT- e le c t r o n  complex fo rm a tio n  between p o lj 'n u o le a r

hyd rocarbons ( in  non-aqueoua s o lv e n ts )  and charged  aluminium

atom s exposed by m echaijioal damage » a t  th e  s u r fa c e  o f alum ina

pow der. In  th e  a d s o rp tio n  o f o rg an ic  compounds by a lum ina,

a  s im ila r  ty p e  o f m o lecu la r complex fo rm a tio n  mechanism

h as  /  . . .
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QT
h as been su g g ested  by Dasu. Qy th e  a p p l ic a t io n  o f th e  

LCÂO method he c a lc u la te d  th e  energy o f  th e  to p  f i l l e d  

o r b i t a l s  o f f iv e  condensed r in g  arom atic  hydrocarbons 

and fo u r  tcC , d ip h en y Ip o ly en es  and showed th a t  

a d so rp tio n  power in c r e a s e s  w ith  th e  lo w erin g  o f th e  

o r b i t a l  energy # A dsorp tion  i s  favou red  by h ig h  e le c tro n  

a f f i n i t y  o f one component and low io n i s a t io n  p o te n t i a l  

o f  th e  o th e r .

FACTORS AFFEdTHilB ADSORÎ TIOH

S tru c tu re  of S o lu te  and A d so rp tio n :

Chrom atography, vdiich in  many form s i s  a  s p e c ia l

c a se  o f a d s o rp tio n , h as  been developed to  such ar̂  e x te n t

t h a t  i t  h as become th e  most im p o rtan t method f o r  th e

s e p a ra t io n  and i d e n t i f i c a t i o n  o f d i f f e r e n t  c o n s t i tu e n ts

o f h ig h ly  complex s o lu te  m ix tu re s . For th e  a d so rp tiv e

power o f d i f f e r e n t  s o lu te s  by alum ina a  com prehensive
82surve^r i s  g iven  by R oosens. For su lp h o n a ted  azo dyes th e  

a d s o rp tiv e  power in c re a s e s  w ith  in c re a s e  in  th e  number of 

azo g roups; amino -  o r  hydroxy groups in  th e  2- p o s i t io n  

o f  the  n a p h th a le n e  n u c le u s  in  azo dyes a re  more e f f e c t iv e  

th an  in  1- p o s i t i o n ;  £ -hydroxyazo  compounds a re  more s tro n g ly  

adsorbed  th a n  t h e i r  p a ra  iso m ers; dyes w ith  t h i o -  o r hydroxy l 

g roups /  . . .



44

groups a re  more s tro n g ly  adsorbed  th an  dyes w ith o u t th e se  

g roups; a d s o rp tio n  in o re a e e s  w ith  in o re a se  in  number o f 

su lp h o n a te  g roups o r v in y l  groups in  th e  m olecu le  and a ls o  

w ith  in o re a s e  in  m o lecu la r w e ig h t.

A d so rb a b ili ty  o f ch a in  m olecu les h as  been s tu d ie d  

by R ugg li and J e n se n , idio showed t h a t  in  a  chrom atographic  

a n a ly s is  o f v a r io u s  o rg an ic  m olecu les hav in g  a lo n g  carbon  

c h a in  o r a  m u l t i p l i c i t y  o f r in g s  th e  su b s tan ce  o f g r e a te r  

m o lecu la r w e i ^ t  i s  th e  more s tro n g ly  ad so rb ed . liaum and 

hroda^^  and Broda and Mark^^ showed th a t  i n  th e  case  o f 

lo n g  ch a in  m o lecu les  th e  a d s o rb a b i l i ty  te n d s  to  in c re a s e  

w ith  in c re a s e  in  c h a in  le n g th ,  independen t o f  th e  s ig n  o f 

th e  h e a t  o f a d s o rp tio n .

The p o la r i ty  o f  a  m olecu le  i s  im p o rta n t in
86a d s o rp tio n  phenomena, as  shown by R ichard  and A rnold . 

P o la r i ty  d e te rm in es  th e  o rd e r  o f  a d so rp tio n  o f a  m ix tu re  on 

a  p o la r  medium ( a lu m in a ) . P ic r i c  a c id  w ith  th r e e  n i t r o  

g roups i s  more s tro n g ly  euisorbed on alum ina th a n  o - n i t r o -  

phenol o r  4 -m e th y l-2 -n itro p h e n e l. I n te r n a l ly  c h e la te d  

compounds a re  l e s s  s tro n g ly  adsorbed  than  th o s e  w ith o u t 

i n t e r n a l  c h e la t io n .  In  th e  ca se  o f iso m e ric  compounds w ith  

th e  same number and k in d  o f f u n c t io n a l  g ro u p s , th o se  w ith  

l a r g e r  d ip o le s  a re  th e  more s tro n g ly  adso rbed  on p o la r  media. 

S e le c t iv e  /  . . .
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ü e le o t lv e  a d so rp tio n  o f p o la r  o rg an ic  m o leou les on p o la r
87s u r f a o 68 h as  been s tu d ie d  by D in te n fa s s .  He showed th a t

when a number o f  p o la r  oompounds w ith  i d e n t i c a l  p o la r  groups

a re  ad so rb ed , th e  amount o f  each component adsorbed  i s

p ro p o r t io n a l  to  th e  m o lecu la r  c o n c e n tra tio n  o f  th a t

component in  th e  s o lu t io n .  There i s  no p r e f e r e n t i a l

a d s o rp tio n  o f lo n g  c h a in  oompounds; a  lo n g  c h a in  m olecu le

may be re p la c e d  by a  s h o r t  ch a in  one hnv ing  id e n t i c a l

p o la r  g ro u p s . He a ls o  su g g es ted  th a t  s e l e c t iv e  a d s o rp tio n

can ta k e  p la c e  only  when th e  a c t iv e  s i t e s  on th e  a d so rb en t

s u r fa c e  co rre sp o n d  to  th e  p o la r  groups o f th e  a d s o rb a te .

C o n fig u ra tio n  o f an a d so rb a te  m olecu le  may a f f e c t  
88i t s  a d s o rp tiv e  pow er. Thus c i s - azobenzene i s  more s tro n g ly

adso rbed  by alum ina th a n  th e  t r a n s - iso m e r. P la n a r i ty  o f

a  m olecu le  a ls o  fa v o u rs  a d s o rp t io n . In  p o ly n u c le a r  a rom atic

compounds a d s o r b a b i l i ty  in c r e a s e s  w ith  an in c re a s e  in
81number o f a ro m atic  r i n g s .  Basu e x p la in e d  th e  a d s o rp tio n  

o f  p o ly n u c le a r  a ro m atic  compounds by th e  fo rm a tio n  o f 

m o le c u la r com plexes.

S e v e ra l c a s e s  a re  known in  which a  compound i s  

0 a t a l y t i o a l l y  changed , on an a lum ina colum n, o r is o m e r is e d . 

A dsorp tion  c o lo u rs  p ro v id e  a  good example o f t h i s  c a t a l y t i c  

e f f e c t ;  they  a re  e s p e c ia l ly  u s e f u l  as  in d i c a to r s  in  

v o lu m e tr ic  /  . . .
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go
v o lu m etrlo  anELlysis. S p iropy rana   ̂ a re  therm oohrom io, 

b e in g  o o lo u r le s s  i n  c o ld  benzene s o lu t io n ,  b u t co lo u red  

when h e a te d  o r adso rbed  on a lum ina . Both th e s e  e f f e c t s  

a r e  a t t r i b u t e d  to  io n ic  d i s s o c ia t io n  w ith  th e  fo rm a tio n  

o f  a  h e te ro p o la r  m o le c u le . 1 , ) -d ik e to h y d r in d e n e  becomes 

c o lo u re d  on a lum ina; th e  e f f e c t  i s  a t t r i b u t e d  to  é n o l is a t io n

A dso rp tion  o f in o rg a n ic  oompounds h as  been s tu d ie d  
QOby Oden and A nderson, who showed t h a t  in  th e  compounds 

o f a l k a l i s  and a lk a l in e  e a r th s  w ith  th e  same a n io n ic  group 

a d s o rp tio n  on c h a rc o a l in c re a s e s  w ith  th e  incresuse in  

m o lecu la r w eigh t o f th e  c a tio n #  th u s ,  l a  <^K x^Rb <(^lH^<^Os. 

They f u r th e r  showed t h a t  a d so rp tio n  o f th e s e  m eta l compounds 

w ith  th e  same c a t io n  in c re a s e s  in  th e  o rd e r  o f in c re a s in g  

m o lecu la r w e i ^ t  o f th e  a n io n , th u s ,  OH^ I ^  B r ^  C l ^  P . 

E f f e c t  o f S o lv en t on A d so rp tio n :

Amongst v a r io u s  f a c to r s  a f f e c t in g  a d so rp tio n  o f 

a  s o lu te  from  a s o lv e n t by a  s o l id  s u b s t r a te ,  th e  e f f e c t  o f 

th e  s o lv e n t i s  th e  most pronounced. A s o lv e n t  m olecule may 

e i t h e r  i n t e r a c t  w ith  th e  s o lu te  o r w ith  th e  s o l id  s u b s t r a te ,  

o r  b o th .

The e f f e c t  o f th e  s o lu b i l i t y  o f f a t t y  a c id s  in  

pe tro leum  e th e r s  upon t h e i r  a d so rp tio n  by v a r io u s  carb o n s 

h a s  been p o in te d  o u t by H arold  and C a s s id y ^  idio showed 

t h a t  f  . . .
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t h a t  th e  h ig h e r  th e  s o l u b i l i t y ,  th e  low er th e  a d s o rp tio n .

From a  mixed s o lu t io n  o f  a c id s ,  each e x e r t s  an e f f e c t  on
qo

th e  a d s o r b a b i l i ty  o f  th e  o th e r .  B hatnagar e t  a l .  s tu d ie d  

th e  e f f e c t  o f  s o l u b i l i t y  on a d so rp tio n  and found th e  

fo llo w in g  o rd e r f o r  a d so rp tio n  o f benzo ic  a o id  on d r ie d  

pheno l-fo rm aldehyde r e s in  from  d i f f e r e n t  s o lv e n ts :  

m ethanol <^benzene < ^ e th a n o l ace to n e  <Ccarbon t e t r a c h lo r id e  

<^oarbon d ls u lp h id e  <Cw ater. The o rd e r o f  s o lu b i l i t y  o f 

b enzo ic  a c id  in  th e s e  s o lv e n ts  i s ,  m ethanol ^  e th a n o l 

ace to n e  ^  benzene ^  carbon  d i su lp h id e  ^  carb o n  t e t r a c h lo r id e  

%>w a te r . P a t r i c k  and Jo n es^^  found t h a t  a d s o rp tio n  o f 

benzo ic  a c id  and a c e t ic  a o id  on s i l i o a  from  d i f f e r e n t  s o lv e n ts  

a l s o  f a l l s  in  th e  o rd e r  o f  t h e i r  s o lu b i l i ty *  A dsorp tion  

d e c re a se s  in  th e  fo llo w in g  o rd e r ,  k e ro sen e  ^  carbon 

d i s u l p h i d e g a s o l i n e ^  carbon  t e t r a c h l o r i d e '^  t o l u e n e ^  

n i t r o b m z e n e ,  s o l u b i l i t y  d e c re a se s  in  th e  r e v e r s e  o rd e r .

Thus a d so rp tio n  in c re a s e s  a s  s o lu b i l i t y  d e c re a s e s .

I t  h a s  been shown previously®® t h a t  p o la r i ty  o f 

th e  s o lv e n t i s  an im p o r ta i t  f a c to r  in  d e te rm in in g  th e  o rd e r  

o f  a d s o rp tio n  o f a  s o lu te  m ix tu re  on a  p o la r  medium (a lu m in a ) . 

There i s  alw ays a  c o m p e titio n  between p o la r  so lv e i t  and 

s o lu te  m o lecu les  f o r  s i t e s  on a  p o la r  s u b s t r a t e .  P henol i s  

n o t adsorbed  a t  a l l  by c e l lu lo s e  from aqueous s o lu t io n ,  b u t 

r e a d i ly  /  . . .
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r e a d i ly  adsorbed  from  o rg an io  n a n -p o la r  s o lv e n ts .  The 

e f f e c t  o f s o lv e n t on th e  a d so rp tio n  can be seen from  th e  

shape of th e  iso th e rm ^ ^  when s o lu te  m o lecu les  m eet s tro n g  

c o m p e titio n  from  s o lv e n t m o lecu les f o r  s u b s t r a te  s i t e s ,  

S -iso th e rm  occurs#  Thus, pheno ls  u s u a l ly  g iv e  S -c u rv e s , 

when adsorbed  on a  p o la r  s u b s t r a te ,  e .g .  a lu m in a , frcxn a 

p o la r  s o lv e n t such a s  w a te r o r e th an o l, b u t n o t  from  a  

n o n -p o la r  s o lv e n t such a s  benzene o r i s o - o c tan e  

( 2 , 2 , 4- t r im e th y Ip e n ta n e ) ,  which does n o t com pete f o r  th e  

a d s o rp tio n  s i t e s .  K ipling® ^ s tu d ie d  a d s o rp tio n  from  b in a ry  

m ix tu re s  on s i l i o a  and found t h a t  a d so rp tio n  o f o rg an ic  

a c id s  i s  r e l a t e d  to  th e  ea se  o f fo rm a tio n  o f a  hydrogen 

bond between th e  oorboxy group and th e  s o l id  s u r f a c e ,  and 

he gave th e  fo llo w in g  o rd e r  f o r  a d s o rp tio n , p a lm it ic  a c id

< ^propior.io  a c id  < ^ e t i c  a c id  <^ormio a c id .  P*urther,
96i t  h a s  been shown t h a t  th e  a d so rp tio n  o f  any one of th e s e  

a c id s  d e c re a se s  a s  th e  hydrogen-bonding  power o f th e  s o lv e n t 

in c r e a s e s ,  v i z .  carbon  t e t r a c h lo r id e  < ^ o lu e n e  < (^ tro b e n z e n e

<^dioxane w a te r .
97D a r te l l ^ ' m easured th e  e f f e c t  o f  ad h esio n  te n s io n  

o f v a r io u s  s o lv e r t s  a g a in s t  carbon a rd  s i l i o a  and showed 

t h a t  a d so rp tio n  shou ld  be a  maximum from  th o s e  so lv e n ts  

which have th e  lo w e s t ad h esio n  te n s io n  a g ed n s t th e  s o l id  

s u r fa c e  /  . . .
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s u r fa c e  » On t h i s  b a s is  he showed th a t  s i l i c a  adso rbs

b e s t  from  o rg an ic  l i q u id s  and carbon  from  aqueous s o lu t io n .
08F i r t h ^  confirm ed  B a r te l l* s  r e s u l t  by showing t h a t  w ate r 

co u ld  be re p la c e d  from  s i l i c a  g e l by a lc o h o l .

E a r l i e r  r e s e a rc h  w orkers showed t h a t  d u rin g  

a d so rp tio n  o f an e l e c t r o l y t e  by a  o h a ro o a l, th e  io n s  a re  

n o t  adsorbed  in  e q u iv a le n t am ounts, and th u s  th e  s o lu t io n  

i s  l e f t  e i t h e r  a c id ic  o r b a s i c .  L a te r  B a r te l l^ ^  from  a  

s e r i e s  o f ex p erim en ts  on a c t iv a te d  a s h - f r e e  c h a rc o a l ,  

dem onstra ted  a  h y d ro ly t ic  mechanism o f a d s o rp tio n  o f 

e l e c t r o ly t e s ;  c o n c lu d in g  t h a t  h y d ro ly s is  i s  a  c o n s id e ra b le  

f a c t o r  i n  th e  a d s o rp tio n , e s p e c ia l ly  o f a o id  and b a s ic  

dyes by a c t iv a te d  a s h - f r e e  c h a rc o a l .  C h arco a l s e le c t iv e ly  

a d so rb s  a c id s  o r  b a se s  s e t  f r e e  by h y d ro ly s is  o f th e  

e l e c t r o ly t e  in  aqueous s o lu t io n ,  th u s  d is tu r b in g  th e  

e q u ilib r iu m  and c a u s in g  more h y d ro ly s is  o f  th e  d is s o lv e d  

s u b s ta n c e . C o n firm atio n  o f th e  h y d ro ly t ic  mechanism o f 

a d s o rp tio n  i s  p ro v id ed  by îd ille rî® ^  He found t h a t  s tro n g  

in o rg a n io  b a se s  a re  n o t adsorbed  by pure  a c t iv a te d  sugar 

c h a rc o a l .  Benzoic a c id  i s  more r e a d i ly  adso rbed  th a n  any 

o th e r  a c id .  F u r th e r ,  d u rin g  a d so rp tio n  o f  a l k a l i  s a l t s  

o f in o rg a n io  a c id s  in  aqueous s o lu t io n  by a c t iv a te d  su g ar 

c h a rc o a l ,  i t  was observed  t h a t  v&ien a l k a l i  i s  s e t  f r e e  in  

s a l t  j  . . .



s a l t  s o lu t io n  d u rin g  a d s o rp tio n  th e re  e x i s t s  on th e  

o h a ro o a l, a f t e r  a d s o rp tio n , an e q u iv a le n t amount o f 

adso rbed  ao id  # The amount o f  h y d ro c h lo r ic  a c id  adsorbedI t
by an a c t iv a te d  c h a rc o a l in c re a s e s  w ith  an in c re a s e  in  

th e  c o n c e n tra tio n  o f  e l e c t r o l y t e  (K OI). A d d itio n  o f  

e l e c t r o l y t e  to  an a lk a l in e  s o lu t io n  does n o t  cause  an 

a l k a l i  to  be adsorbed  by oharooal#

The e f f e c t  o f  i o n i s a t i a n  on th e  a d s o rp tio n  o f 

weak a c id s  by p u re  o h a ro o a l h a s  been s tu d ie d  by P h e lp s  

e t  al#® - A ccording to  them , a d so rp tio n  p ro ceed s  p re 

dom inan tly  t h r o u ^  th e  u n io n is e d  m olecules#  I o n is a t io n  

i s  an im p o rta n t f a c t o r  i n  d e te rm in in g  a d s o rp tio n , b u t 

i t  i s  th e  u n io n is e d  m oleou les t h a t  a re  adsorbed# I f  t h i s  

i s  t r u e ;  i t  i s  p o s s ib le  to  show t h a t  b a s e s  te n d  t o  be 

m ost adso rbed  from  a lk a l in e  so lu tio n #  The a d so rp tio n

r e s u l t s  w ith  two am ines, j^ p ro p y la m in e  and n -b u ty lam in e
*

show t h a t  th e  a d s o rp tio n  does in c re a s e  w ith  in c re a s e  in  

pH, which co n firm s th e  g e n e ra l v iew  th a t  a d s o rp tio n  

in c r e a s e s  w ith  d e c re a s in g  io n is a t io n #

P r o p e r t ie s  o f S o l id s :

Beoouse o f  th e  la c k  o f m o b ili ty  o f  th e  p a r t i c l e s  

o f  s o l i d s ,  s o l id  s u r f a c e s  a re  l i k e l y  to  be v e ry  com plex in  

s t r u c tu re #  Bven in  a  co m p ara tiv e ly  s im p le  m a te r ia l  such a s  

m e ta l /  # # #



m e ta l ,  a  s in g le  o r y s t a l  may have d i f f e r e n t  ti^fpee o f m zrfaoe . 

The v a r io u s  s u r f a o e s ,  edges and c o rn e re  w i l l  a l l  have
1

d i f f e r e n t  p r o p e r t i e s .  U n lik e  amorphous a o i l  d a , o ry s ta U n e  

s o l id s  a re  o h a ra o te r is e d  by a  eharp  m e ltin g  p o in t .  In  an 

u n s tr a in e d  o r y s t a l l i n e  su b s ta a o e  a l l  th e  l a t t i o e  p a ram e te rs  

a re  th e  same a t  a  g iven  te m p e ra tu re , b u t i n  an amorphous 

su b stan o e  a l l  th e  l a t t i o e  p a ram e te rs  a re  l o s t  and ih e  

p a r t i c l e s  show random d is o r d e r .  There i s  much ev idcnoe 

t o  i^ow t h a t  a  p e r f e c t  c r y s t a l  l a t t i c e  i s  r a r e  and most 

c r y s t a l s  show im p e r fe c t io n s . H e te ro g e n e ity  o f  s o l id  

s u r f a c e s  i s  r e v e a le d  by many phenomena o f  a d s o rp tio n  and 

c a t a l y s i s .

As f a r  a s  th e  c a t a l y t i c  a c t i v i t y  o f a  s o l id  i s

co n cern ed , i t  i s  now u n iv e r s a l ly  acce p ted  t h a t  most s o l id

s u r f a c e s  c o n s i s t  o f  p a tc h e s  o f  w idely  d i f f e r e n t  a c t i v i t y .

Only a  v e ry  sm all p a r t  o f  th e  whole s u r fa c e  i s  ver^r a c t i v e ,

r e s p o n s ib le  f o r  any c a t a l y t i c  a c t i v i t y .  A rm strong and 
162H i ld i tc h  p o in te d  o u t t h a t  ti ie  amount o f  p o iso n  r e q u ir e d

to  su p p re ss  c a t a l y t i c  a c t i v i t y  i s  f a r  l e s s  th a n  t h a t

re q u ire d  to  co v er th e  whole o f th e  s u r f a c e .  That some

deg ree  o f i r r e g u l a r i t y  i n  a  s u r fa c e  i s  o f te n  n e c e ssa ry  f o r
105c a t a l y t i c  a c t i v i t y  was e a r l i e r  shown by P alm er? who 

found  t h a t  e l e c t r o l y t i c  copper i s  in a c t iv e  in  th e  

d eh y d ro g en a tio n  /  . . .
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d ehyd ro g en atio n  r é a c t io n  o f  a lc o h o ls  to  a ld e h y d e s , id io reas 

copper form ed by re d u c t io n  o f ox ide io  a c t i v e .  Oie e f f e c t  

o f  s in te r in g  on th e  c a t a l y t i c  a c t i v i t y  o f  a  s o l id  p ro v id e s  

s tro n g  eviydenoe fo i th e  p re sen ce  o f a c t iv e  c e n t r e s  on th e  

s u r f a c e .  Gamer^®^ and h i s  o o -frerk ers  found  t h a t  a  f i lm  

o f  cuprous o x ide  on h e a t in g  was red u ced  i n  a re a  by a  

f a c t o r  o f f i v e ,  b u t i t s  power o f c a ta ly s in g  tb e  r e a c t io n ,

GO + Og GOg d im in ish ed  by a  f a c to r  o f hundred  th o u san d .

A d so rp tio n  p ro v id e s  an o th e r means o f stud^ring

th e  a c t i v i t y  o f  s o l id  s u r fa o e s .  There i s  a  g r e a t  v a r i a t io n

i n  tlie  eriergy o f a d s o rp tio n  o f g a se s  by d i f f e r e n t  p a r te

o f th e  s u r fa c e  of a  s o l i d .  G am er and Blerch^®^ fourni

t h a t  oxygeit ad so rb ed  on c h a rc o a l e v o lv es  up to  220 K cal

p e r  mole f o r  th e  f i r s t  p o r t io n s  adsorbed  and much sm a lle r

am ounts f o r  l a t e r  p o r t io n s .  The e f f e c t  o f  tlie  d i f f e r e n t

o r y s t a l  f a c e s  on p h y s ic a l  a d so rp tio n  h as  been t r e a te d

th e o r e t i c a l l y  by B a r re r^ ®  who c a lc u la te d  t h a t  th e  h e a t

o f a d s o rp tio n  on th e  b a s a l  s u r fa c e s  o f g r a p h i te  i s  l a r g e r
107th a n  on th e  p r is m a tic  s u r f a c e s .  Beebe ' observed  t h a t  an 

a c t iv e  a d so rb in g  oei t r e  f o r  one gas may n o t  n e c e s s a r i ly  be 

an a c t iv e  c e n t r e  f o r  a n o th e r ; d i f f e r e n t  su b s ta n c e s  fav o u r 

d i f f e r e n t  r e g io n s  o f  th e  s u r fa c e  f o r  t h e i r  a d so rp tio r i .

As th e r e  a re  d i f f e r e u c e s  in  h e a t  o f a d so rp tio n  a t  

d i f f e r e n t  /  . . .
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d i f f e r e n t  fa o e e  o f a  o r y s t a l ,  so some fa c e s  msy adso rb

v e ry  much more th a n  o th e r s .  A o r y e ta l  w i l l  sometimes

a d so rb  one dye on one s e t  o f f a c e s  and a n o th e r  on a  second

s e t ,  no a d so rp tio n  o f th e  f i r s t  dye ooorurring on Ihe  seoond

s e t  o f f a c e s ,  and v ic e  v e r s a .  Lead n itra te^® ®  ad so rb s

M ethylene Blue on one s e t  o±' f a c e s  and p io r i c  ao id  on th e

o th e r .  These d i f f e r e n t  a d s o rp tio n s  a re  o f g r e a t  Im portance

i n  d e te rm in in g  th e  h a b i t  o f  013 s t a l o ,  f o r  i f  a  su b stan ce

i s  adsorbed  on a  p a r t i c u l a r  s e t  ol f a c e s ,  growtli o f th e

o i y s t a l s  p e rp e n d ic u la r  to  th e s e  fa c e s  i s  r e ta r d e d .

The s u r fa c e  o f a  s o l id  may be p o ro u s , a s  i s

s i l i o a  g e l ,  o r n o n -p o ro u s , a s  s i l i c a  d u s t .  The a c t i v i t y  
lOq

o f  a  s o l id  depends upon i t s  p o ro s i ty  and so upon i t s  

s p e c i f i c  s u r fa c e  a r e a .  The a c t i v i t y  o i a  s o l id  su rfa c e  

o f te n  v a r ie s  acc o rd in g  to  tlie  tre a tm e n t i t  h as  re c o iv e d .

F o r exam ple, th e  i g n i t i o n  o f a  sample o f c a l o i t e  a t  900^J .  

y i e ld s  h i ^ i l y  a c t iv e  lim e  vdiereas when ig n i te d  a t  1400^0 # 

only an in a c t iv e  lump o f  s to n e  i s  o b ta in e d .

THE ABSORPTIOL ISCTIiimi 

The r e s u l t s  o f s o lu t io n  a d s o rp tio n  con be 

c o n v e n ie n tly  r e p re s e n te d  in  th e  form  o f an iso th e rm , wiiioh 

i s  a  p lo t  o f th e  amount o f  s o lu te  adsorbed  by a  s o l id  

a g a in s t  /  . . .
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a g o in s t  th e  e q u il ib r iu m  o o n o en tra ticm  o f th e  a o lu te  in  

s o lu t io n .  A d so rp tio n  from  s o lu t io n  i s  o f te n  oom plioated  

beoause o f th e  p resen o e  o f more th a n  one component i n  

th e  l i q u i d  p h a se , w hich may be e i t h e r  a  m ix tu re  o f  l i q u id s  

o r  a  s o lu t io n  o f  a  s o l id  i n  a  l i q u id ,  w hich can  i n t e r a c t  

w ith  each o th e r  o r  com pete w ith  each o th e r  f o r  th e  

a v a i la b le  s i t e s  on th e  a d so rb e n t s u r f a c e ,  v/hen th e  l i q u id  

p h ase  o o n ta ii  s two com ponents, e .g .  two m is c ib le  l i q u id s  

A and B, o r a  s o lu t io n  o f  a  s o l id  G in  a  l i q u id  D, b o th  

th e  com ponents w i l l  be adso rbed  to  d i f f e r i n g  e x to r t s  so 

t h a t  th e  o o n o e n tra tio n  o f  one component r e l a t i v e  to  th e  

o th e r  w i l l  ohange in  th e  b u lk  o f  th e  s o lu t io n .  Hence th e  

iso th e rm  o f  an in d iv id u a l  component from  a  b in a ry  system  

i s  an a b s o lu te  one . K ip lin g  end I r i ^ t ^ ®  have shown th a t  

in  s o lu t io n  a d s o rp tio n  a  component o f low s o l u b i l i t y  seems 

to  m eet v e ry  l i t t l e  o r  no c o m p e titio n  from  th e  s o lv e n t ,  and 

i n  d i l u t e  s o lu t io n s  th e  com posite  iso th e rm  co u ld  r e p r e s e n t  

th e  a d s o rp tio n  o f s o lu te  a lo n e , b u t tkie two iso tlie rm s 

d iv e rg e  w ith  in c re a s in g  o o n o e n tra tio n . The p re s e n t work 

i s  c o n fin e d  to  a d so rp tio n  from  d i l u t e  aqueous s o lu t io n s  o f 

d y e s tu f f s .

A 1 th e  iso th e rm s  f o r  vapour phase a d so rp tio n  

were c l a s s i f i e d  i n to  f i v e  main ty p e s  by B runauer e t  a l.^®  

An f  . . .



An o u t l in e  e^^^etem o f  o l a e s i f i o a t i o n  f o r  tl ie  s o lu t io n  

a d s o rp tio n  iso th e rm s  h a s  been g iven  by G ile s  e t  o l . ^  in  

W iioh a l l  th e  a v a i la b le  ty p e s  o f iso th e rm  a re  d iv id e d  in t o  

fo u r  main c l a s s e s  ao o o rd in g  to  tlie  i n i t i a l  s lo p e  o f th e  

iso th e rm  and each  c l a s s  i s  d iv id e d  in to  su b -g ro u p s 

depending  upon th e  shape o f th e  l a t e r  p o r t io n  o f th e  

iso therm #  From th e  ex p e rim e n ta l f a c t s  th e s e  o u th o rs^ ^  

in t e r p r e t e d  a l l  th e  fo u r  c l a s s e s  o f iso th e rm s  and have 

shown how th e y  co u ld  be u sed  to  s tudy  th e  mechanism o f 

s o lu t io n  a d s o rp tio n , o o lv e n t- s o lu te  i n t e r a c t i o n s ,  th e  

n a tu re  o f t h e  s o l id  s u r f a c e ,  and a ls o  f o r  th e  measui'ement 

o f  s p e c i f ic  s u r fa c e  a re a s  o f  p o w d ers# ^  The fo u r  main 

c l a s s e s  a re  d e s ig n a te d  "S " , "L ", "II", and " 0 " .

The L -iso th e m is  a re  th e  norm al Langmuir ty p e .

To s t a r t  w ith  th e  amount o f a  s o lu te  ad so rbed  i s  h i ^  from  

d i l u t e  s o lu t io n ,  b u t p ro g re s s iv e ly  d e c re a se s  w ith  in c re a s e  in  

c o n c e n tra t io n  o f th e  e x te r n a l  s o lu t io n  beoause o f th e  

red u ced  ch an ces o f s o lu te  m oleou les f in d in g  a  s u i ta b le  

a d s o rp tio n  s i t e .  In  t l i i s  c a se  t l ie re  may be l i t t l e  c o m p e titio n  

betw een s o lv e n t and s o lu te  m o leo u les , and tlie  l a t t e r  a re  

norm ally  o r ie n te d  f l a t  (m th e  s u r f a c e .  When s o lu te  m o lecu les  

a re  adsorbed  in  th e  form  o f la r g e  m ic e l le s  o f te n  L -iso th e rm  

i s  o b ta in e d .
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S -iso th erm o  a re  s im i la r  to  Brunauer* s  ty p e s  I I I  

and V. I n i t i a l l y  th e r e  i s  v e ry  l i t t l e  o r  no  a d s o rp tio n , 

b u t i t  in o re a s e s  w ith  in o re a s e  i n  tlie  o o n o e n tra tio n  o f  

th e  e x te r n a l  s o lu t io n .  The more s o lu te  t l ie r e  i s  a lre a d y  

adso rbed  th e  e a s ie r  i t  i s  f o r  an a d d i t io n a l  amount to  be 

a d so rb ed . T h is  i s  c a l l e d  " c o -o p e ra tiv e  a d s o rp t io n " .

There i s  a  s tro n g  c o m p e tit io n  between s o lv e n t and s o lu te  

m o lecu les  f o r  th e  a v a i la b le  s i t e s  on th e  a d so rb e n t s u r f a c e | 

th e  s o lu te  m o lecu les  a re  m onofunctional end have m oderate 

in te rm o le o u la r  a t t r a c t i o n ,  c a u s in g  them to  pack v e r t i c a l l y  

on th e  a d so rb e n t s u r f a c e .

The H -iso th erm  i s  a  s p e c ia l  c a se  o f  th e  Im % pe, 

in  which s o lu te  m o lecu le s  have very  h i ^  a f f i n i t y  f o r  th e  

s u b s t r a te  and in  d i l u t e  s o lu t io n  tlie  s o lu te  i s  co m p le te ly  

ad so rb ed . The s o lu te  m o lecu le s  may be adso rbed  a s  io n ic  

m ic e l le s ,  po lym eric  m o leou les  o r a s  s in g le  io n s .  F in a l ly ,  

C -iso th e rm s a re  o b ta in e d  w ith  n o n -io n ic  o r  some m ono-ionic 

s o lu te s  on hydrophobic polym ers from i n e r t  l i q u i d s ,  i . e .  

th o se  whioh do n o t  sw e ll Idie s u b s t r a t e .  In  t h i s  c a se  

th e  a v a i la b le  s i t e s  may be constan t  a t  a l l  o o n o e n tra tia n s  

up  to  s a tu r a t io n .

Almost a l l  com plete  c u rv e s  have e i t h e r  a  p la te a u  

o r an i n f l e c t i o n  (k n e e ) .  The p la te a u  o r th e  b eg in n in g  o f 

th e  f  . . .
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th e  l i n e a r  p o r t io n  heyoiid tlie  knee co rreep o n d e  to  Brunauer* a 

"P o in t B" Slid r e p r e s e n ts  a  s o - c a l le d  " f i r s t  deg ree  

e a x u ra tio n "  o f th e  s u r f a c e ,  wiien a l l  p o s s ib le  s i t e s  a re  

f i l l e d .  T h is f i r s t  do(%oe of s a tu r a t io n  may co rre sp o n d  

to  th e  fo rm a tio n  o f a  com plete  Icq e r ,  o m onolayer. T h is 

la y e r  may be s o lv a te d  or may c o n s is t  o f  i s o l a t e d  p a tc h e s  

o f s o lu te  m oleou los oi' of io n ic  m io e llo o  eithei*  p&'ckod or 

w e ll s c a t t e r e d .  Borne tim es  th e re  ap p ears  a  second i n f l e c t i o n  

beyond th e  f i r s t  p la te a u .  T h is  ir« d ic a te s  t h a t  a  second 

la y e r  h as  s ta x te d  b u i ld in g  up on th e  f i r s t  one. G encrel^y  

th e  m o lecu les  in  th e  second la^^er a re  o r ie n te d  ac in  th e  f i r s t  

l a y e r ,  b u t sometimes i t  happens t h a t  m o lecu les  fo rm ing  a  

m onolayer o f f l a t  o r i e n ta t io n  a rc  fo ro o d , by th e  e n try  o f  

more o f th e  adso rbed  m o le c u le s , in to  a  v e r t i c a l l y  o r ie n ta te d  

m onolayer id iioh  th a n  a p p e a rs  a s  on i n f l e c t i o n  in  th e  

is o th e rm .
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Qyea. Of th e  su lp h o n a ted  azo dyes l i s t e d  in

T able  IX , some were o b ta in e d  a s  o com ero ia l "b a tch "  sam ples

w ith o u t th e  a d d i t io n  o f d i l u e n t ,  o th e rs  w ere la b o ra to r y -

p re p a re d  sam p les . A ll o f them were p u r i f i e d  by one o f

two m etliodsi e i t h e r  by sodium a o e ta te  method o r by

r e c r y s t a l l i s a t i o n  from  w a te r -e th a n o l m ix tu re , a s  recommended
112by G ile s  and G reczek t Care was ta k en  to  remove any 

f o r e ig n  c o lo u re d  im p u r i t i e s  and to  check t h i s ,  th e  one- 

d im en sio n a l p aper ch rom atog raph ic  tech n iq u e~ ^^  was em ployed.

A m ix tu re  o f e q u a l p ro p o r t io n s  (v /v )  o f  b en zy l a lo c ^ e l ,  

dime th y  I f  ormami de , e th y lm e th y l k e to n e  and w a te r was used  

a s  an e lu e n t .  l i i r t h e r ,  i t  was found n e c e s sa ry  to  p r e t r e a t  

th e  ch rom atograph ic  p ap er w ith  a  m ix tu re  o f b en zy l a lc o h o l ,  

d im ethy lfo rm am ids, and w a te r ( 5 : 2 : 2 ; v / v ) ,  in  o rd e r  to  

red u ce  th e  a f f i n i t y  o f th e  dye f o r  c e l lu lo s e  and to  a s s i s t  

e l u t i o n .  Gry s t a l l i s a t i  on o f th e  dyes was c o n tin u e d  u n t i l  

no  c o lo u re d  im p u r i t i e s  appeared  on th e  chrom atogram . F in a l ly  

th e  dyes were d r ie d  a t  60- 70^0 , and th e n  c o o l ,  in  a  vacuum 

d e s s io a to r  in  preserioe o f  p o tassium  h y d ro x id e , o v e r - n i ^ t .

The m e ta l com plex dye u sed  was an a lre a d y  p u r i f i e d  sam ple.

S u b s tra te  and ads o rp tio n  p ro c e d u re . The g ra p h ite  

sam ple u sed  f o r  th e  ex p e rim en ts  was an e l e c t r i c  fu rn a c e  

m a te r ia l  /  . . .
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m a te r ia l .  I t  was found to  have a  s p e o lf lo  su rfa o e  a re a  

o f  2 .5  m . / g .  a s  o o lo u la te d  by th e  a u th o r* s  o o lle a g u e  

O.G. P a te l  by jg -n ltro p h e n o l a d s o rp tio n . C oated and 

uno o ated  t i t a n i a  sam ples were o b ta in ed  from  B r i t i s h  

T ita n  P ro d u o ts  L td .

Samples (0 .0 5  to  0 .2 5  g .)  o f th e  s u b s t r a te  were 

w e i r e d  in  soda ^ a s s  t e s t  tu b e s ,  a  s e r i e s  o f 10  o .o .  

a l iq u o ts  o f a d so rb a te  s o lu t io n s  o f in o re a s in g  o o n o e n tra tio n  

were in tro d u o e d  and th e  tu b e s  se a le d  in  a  f la m e . The tu b e s  

were th e n  f ix e d  by s p r in g  o l i p s  to  an e l e o t r i o a l l y  d riv e n  

h o r iz o n ta l  s h a f t  re v o lv in g  a t  55 r .p .m . ,  w ith  a  th e rm o s ta t 

a rran g em en t. T h is  a p p a ra tu s  h as  been d e so r ib e d  by G lunie 

and G ile s i^ ^

I t  was found t h a t  50 m inu tes were more th an  

enough f o r  e q u ilib r iu m  to  be e s ta b l i s h e d .  A fte r  

e q u i l ib r a t io n  th e  s o lu t io n s  were s e p a ra te d  from th e  

s u b s t r a te  by c e n t r i f u g in g ,  and d eo an tin g  th e  su p e rn a ta n t 

l i q u o r .

The amount o f s o lu te  adsorbed  was o a lo u la te d  

from  th e  d if f e r e n c e  in  i n i t i a l  and f i n a l  o o n o e n tra tio n s  

o f th e  s o lu t io n .  F o r th e  measurement o f  th e  o o n o e n tra tio n  

o f th e  s o lu t io n s  th e  Unioam SP 500 p h o to e le o tr io  s p e c tro 

photom eter was u s e d . For th e  a n a ly s is  o f s o lu t io n s ,  

re a d in g s  /  . . .
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re a d in g s  were ta k en  a t  a  w avelength  o f maxixoum a b so rp tio n  

f o r  th e  s o lu te .  In  o rd e r  to  work to  maximum p ré c is io n  

( i . e .  a t  O.D. between 0 .2  and 0 .7 )  i t  was n e c e ssa ry  to  

d i l u t e  th e  s o lu t io n s  50-100 f o l d .  The c a l ib r a t i o n  curve 

was o b ta in e d  by p lo t t i n g  o p t i c a l  d e n s i t i e s  a g a in s t  

c o n c e n tra t io n s  and t h i s  was used  a s  a  s ta n d a rd  f o r  

a n a ly s in g  th e  t e s t  s o lu t io n s .

In  a l l  o a s e s , th e  a b s c is s a  r e p r e s e n ts  th e  f i n a l  

c o n c e n tra tio n  o f th e  s o lu t io n  in  th e  b a th  in  mmole/1 , and 

th e  o rd in a te  th e  ap p a re n t a d s o rp tio n  in  mm ole/kg.
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RESULTS A1»D DISCUSSIOK

AdBorptlBiii o f A pionio Dyes on G ra p h ite ;

The' g r a p h i te  s u r fa o e  i s  n e g a t iv e ly  ch arg ed  in
62w a te r  and ad so rb s  o a t io n ic  compounds by th e  exchange 

o f  t h e i r  c a t io n s  w ith  hydrogen io n s  in  th e  e l e c t r i c a l  

doub le  l a y e r .  The a d s o rp tio n  o f n o n -io n io  compounds in  

d i l u t e  s o lu t io n  may be by van d e r  Waals f o r c e s  between 

th e  s u r fa c e  o f g ra p h i te  and th e  hydrophobic p o r t io n s  o f 

th e  s o lu te  m o lecu les  o r io n s ;  a n io n ic  compounds m i ^ t  be 

ex p ec ted  to  be adsorbed  s im i l a r ly ,  b u t th e r e  i s  some 

ev id en ce  from  th e  work o f th e  a u th o r and c o l le a g u e s  t h a t  

io n  exchange o f m ic e l le s  i s  in v o lv e d  in  t h e i r  c a s e .

77 - e l e c t r o n  in t e r a c t i o n s  a re  m ain ly  re s p o n s ib le  

f o r  th e  o r ig in  o f  pow erfu l van d er Waals f o r c e s  on th e  

s u r fa c e  o f  g r a p h i te .  The arrangem ent o f carbon  atoms in  

th e  space l a t t i o e  o f  g r a p h i te  i s  s im i la r  to  t h a t  o f 

a ro m atic  h y d ro ca rb o n s , in  which la y e r s  o f six-m em bered 

o a r  bon r in g s  a re  s e p a ra te d  from  one a n o th e r  by a  d is ta n c e  

o f  3 .4 1  A. However t h i s  d is ta n c e  i s  to o  la r g e  to  form 

any chem ical bonding  betw een carbon  atoms o f th e  two 

s u c c e s s iv e  l a y e r s ,  b u t th e y  a re  h e ld  to g e tl ie r  by weak 

van d e r Waals f o r c e s .  Each carbon atom i s  jo in e d  l a t e r a l l y  

to  th r e e  n e ig h b o u rin g  carbon  atoms in  th e  same la y e r  by 

c o v a le n t /  . . .
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c o v a le n t (<r) bonds and a  7 T -e le c tro n  o f each carbon  atom, 

b e in g  m o b ile , form s d e lo c a l is e d  7T -e le c tro n  o r b i t a l s ,  

whioh g iv e  double bond c h a ra c te r  to  th e  C-C bonds. T his 

g r a p h i te  s u r fa c e  w ith  d e lo o a lis e d  T T -e lec tro n  o r b i t a l s  

h a s  a  g r e a t  a f f i n i t 3̂ f o r  th e  arom atic  condensed r in g  

system s w ith  s im i la r  d e lo o a lis e d  tT - o r b i t a l s ,  th e  energy 5,116 

o f  i n t e r a c t i o n  betw een them obeys th e  sim ple  London lawi^^*^^® 

T h is  c l e a r ly  e x p la in s  t h a t  th e  a d so rp tio n  o f  n o n -io n ic  

s o lu te s  by g ra p h ite  i s  p u re ly  p h y s ic a l .

Three o f  th e  fo u r  main ty p e s  o f s o lu tio n  

a d s o rp tio n  iso th e rm s  have been re p o r te d  f o r  a d so rp tio n  

on graphite®® v i z . ,  S - , L - , and H. In  f a c t  L - and H -curves 

have been o b ta in e d  in  th e  p re s e n t work ( F ig s .  1 1 ,1 2 ) .

An in o re a s e  in  th e  hydrophobic n a tu re  o f th e  s o lu te  

in c re a s e s  i t s  a t t r a c t i o n  f o r  th e  g ra p h ite  s u r fa c e  and 

changes th e  shape o f  th e  iso th e rm  in  th e  d i r e c t io n  L-^H.

The tendency  f o r  th e  hydrophobic p o r tio n  o f th e  s o lu te  

m olecu le  to  approach a s  c lo s e ly  as p o s s ib le  to  th e  g ra p h ite  

s u r f a c e ,  which in  tu rn  i t s e l f  i s  hyd ro p h o b ic , w i l l  fav o u r 

f l a t  o r ie n ta t io n  f o r  n o n - io n ic  s o lu te  m oleou les and end-on 

o r ie n ta t io n  f o r  m onosu lphonates, v*ien ad so rbed  m o n o -d isp e rse , 

th e  su lp h o n a te  group b e in g  d ir e c te d  tow ards th e  w ater and 

th e  un su lp h o n a ted  end o f th e  m olecule b e in g  n e a r e s t  to  th e  

g ra p h ite  /  . . .
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g ra p h ite  s u r fa o e . When th e re  a re  two io n io  groups s i tu a te d  

a long  one s id e  o r a t  o p p o s ite  ends of t h e  dye m oleou le , 

i t  i s  o r ie n te d  ed g e-o n , b u t i f  they a re  b o th  a t  one end , 

i t  i s  o r ie n te d  end-on a s  w ith  th e  m onosu lphonates. When 

th e re  a re  more th an  two su lp h o n a te  groups p re s e n t in  a  

m o leo u le , they  a re  mormally s o a t te re d  a long  th e  p e rip h e ry  

o f 'Uie dye m oleoule and Hie o r ie n ta t io n  i s  f l a t .  F u r th e r 

more w ith  a  p o ly su lp h o n a ted  dye th e  h y d ro p h il ic  n a tu re  o f 

th e  io n io  groups c o n s id e ra b ly  red u ces  i t s  a d s o rp tio n , 

th e  van der W aals f o r c e s  a re  n o t s tro n g  enough to  a t t r a c t  

s o lv a te d  dye m o leo u le s . Hence in  th e  oa&e o f a  p o ly -  

su lp h o n a ted  dye th e re  moy be v ery  l i t t l e  o r no a d so rp tio n  

by g r a p h i te .  O r ie n ta t io n  o f c a t io n ic  dyes can a ls o  be 

e x p la in e d  in  a  s im i la r  way.

A few o f th e  a d so rp tio n  is o th e rm s , in s te a d  o f 

showing a f l a t  p la te a u ,  d isp la y  a  maximum ai d th en  a 

minimum, e .g .  F ig .  1 2 . T h is i s  a  b eh av io u r o f some 

d e te rg e n t  so lu tio n s  in  whioh in d iv id u a l  d e te rg e n t  io n s  a re  

p re s e n t  as  s in g le  io n s  up to  th e  C r i t i c a l  M io e lla r  

C o n c e n tra tio n . Thus i t  i s  p o s s ib le  t h a t  th e  d i r e c t  

a d so rp tio n  o f preform ed dye m ic e l le s  w i l l  ta k e  p la c e  a t  

room te m p e ra tu re .

The p la te a u  o r b eg in n in g  o f th e  l i n e a r  p o tio n  

above /  . . .
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above th e  *knee* (P o in t  B ) i n  th e  iso th e rm s  may in  some

o a se s  r e p re s e n t  th e  fo rm a tio n  o f a  com plété monolayer®^.
117R ecen tly  S ing ' h as  shown th a t  c a lc u la t io n  o f s p e c if ic  

s u r fa c e  from th e  P o in t  B in  vapour phase a d so rp tio n  

iso th e rm s  i s  g e n e ra l ly  more c o r r e c t  thai: th e  u se  o f th e  

BET e q u a tio n . Hence from  a  knowledge of th e  o r ie n ta t io n  

o f  th e  s o lu te  m olecu le  on th e  su rfa o e  and i t s  p ro je c te d  

c r o s s - s e c t  ion  EÜ. a re a  in  1hat o r ie n ta t io n ,  i t  shou ld  be 

p o s s ib le  to  c a l c u la t e  th e  su rfa c e  a re a  o f th e  s u b s t r a te .  

However i t  i s  n o t  alw ays t h a t  a  com plete m onolayer w ith  

c lo se -p a c k e d  s in g le  m o lecu les o r io n s  i s  form ed on th e  

s u r fa c e  o f th e  s u b s t r a t e .  G en era lly  th e  la y e r  may c o n ta in ,  

s o lv e n t a s  w e ll  as  s o lu te  m o leo u les , o r c l u s t e r s  o f s o lu te  

m o lecu le s  adsorbed  only  on th e  most a c t iv e  s i t e s ,  o r io n ic  

m ic e l le s ,  e i t h e r  c lo s e ly  packed o r i s o l a t e d . . In  a l l  th e s e  

c a s e s  th e  " f i r s t  dof^ree" s a tu r a t io n  v a lu e s  mâ  ̂ g iv e  only 

a p p a re n t b u t n o t t r u e  s u rfa c e  a re a  v a lu e s .  However, th e
QJ

au th o rs^ ^  have su g g es ted  t h a t  p -n itro p h e n o l and some 

su lp h o n a ted  d y es , e .g .  Solway U l t r a  Blue B (0 .1 .6 2 0 5 5 ) form  

a  c lo s e ly  packed la y e r  on p o la r  s u r fa c e s  and th e  s p e c i f ic  

s u r fa c e  a re a  v a lu e s  a re  in  c lo s e  agreem ent w ith  th o se  

o b ta in e d  by th e  n i t ro g e n  a d so rp tio n  m ethod. Here th e  co n cep t 

o f  "coverage f a c to r "  i s  in tro d u c e d  to  acoount f o r  th e  

d e v ia t io n  /  . . .
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d e v ia tio n  of th e  apparer t  s u r fa c e  a re a  v a in e s  from th e

t r u e  v a lu es*  The h y p o th e s is  u n d e rly in g  t h i s  t a c to r  h as

heeri im p o rtan t in  p re s e n t work, f o r  th e  measurement of

s p e c i f ic  su r fa c e  a r e a ,  f o r  f in d in g  a r e l a t io n s h ip  between

m o lecu la r w eigh t o f an ad a o r b a te  and th e  amour t  ad so rbed ,

and a ls o  f o r  s tu d y in g  th e  e f f e c t  of co n ju g a ted  and

u io o n ju g a te d  system s on ad so rp tio n *  The coverage f a c to r

i s  d e fin e d  as th e  ap p a ren t s p e c if ic  s u r fa c e  a re a  (SSA)

d iv id e d  by th e  t r u e  a r e a ,  i*e*  (a p p a re n t)  ̂ The
3SA ( t r u e )

••true** 3SA may be o b ta in e d  by any one of th e  stan dard

m ethods and th e  **apparert** v a lu e  i s  c a lc u la te d  from e i th e r

th e  f i r s t  ••knee**, th e  P o in t  B, o r th e  maximum o f th e
118iso therm *  G reenland and Q uirk in  a d so rp tio n  t e s t s  

o f o e ty lp y r id ln iu m  brom ide on cle%' fo u id  t h a t  y&iere an 

iso th e rm  w ith  a  maximum i s  o b ta in e d , c a l c u la t io n  o f s p e c i f ic  

s u r fa c e  a t  th e  maximum g iv e s  an a re a  a g re e in g  w ith  n i t ro g e n  

v a lu e s ,  co n seq u en tly  in  th e  presei^t work, where maxima 

a re  o b ta in e d , th ey  a re  taken  to  co rresp o n d  to  a com pleted 

monolayer*

Apai't from  tlie  author*  s own coverage  f a c to r  r e s u l t s  

on g r a p h i te ,  r e s u l t s  from th e  au th o r* s  c o lle a g u e  0*0* P a te l  

and a ls o  from e a r l i e r  w o r k ^ ^ * # 1 2 0 ,1 2 1  ^

v a r ie ty  /  ***
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v a r ie ty  o f s u b a t r a te s ,  v ia #  f ix e d  y e a s t  o e l l s ,  a lum ina, 

s i l l o a ,  and g r a p h i te ,  were in c lu d ed  to  f in d  th e  s t a t i s t i c a l  

s ig n if ic a n c e  of th e  r e s u l t s *  McKay p o in te d  o u t t h a t  u s in g  

a  s e r i e s  o f b a s ic  dyes th e  coverage  f a c t o r  on f ix e d  y e a s t  

c e l l s  in c re a s e d  w ith  in c re a s e  in  m o lecu la r w e i ^ t  o f th e  

dye# The a u th o r  c o n tin u ed  to  work on t h i s  s u b je c t ,  b u t on 

a  d i f f e r e n t  s u b s t r a te  in  o rd e r  to  d is c o v e r  w hether th e re  

e x is te d  th e  same r e l a t i o n ,  and he h as  now observed  th a t  

(w ith  a  few e x c e p tio n s , to  be d is c u s s e d , in v o lv in g  a n io n ic  

dyes on g r a p h i t e ) ,  th e re  e x i s t s  a  l i n e a r  r e l a t i o n  between 

( lo g io )  coverage  f a c t o r  and (log^Q) io n ic  w eight* F i r s t  

o f a l l ,  coverage  f a c t o r  d a ta  f o r  d i f f e r e n t  s u b s t r a te s  

were p lo t te d  s e p a ra te ly  and in  a l l  o a se s  s t r a i g h t  l i n e s  

p a r a l l e l  to  each o th e r  w ith  very  h i ^  s ig n i f ic a n c e  were 

o b ta in e d  (F ig#13) # A n a ly s is  o f v a r ia n c e  re v e a le d  t h a t  th e  

r e g r e s s io n  c o e f f i c i e n t s  and p o s i t io n s  o f th e  s e p a ra te  

r e g re s s io n  l i n e s  f o r  th e  d i f f e r e n t  system s a re  n o t s ig n i 

f i c a n t l y  d i f f e r e n t*  Thus a l l  th e  d a ta  co u ld  be combined to  

g iv e  an o v e r a l l  r e g r e s s io n  l i n e  (F ig*14) w ith  v ery  h igh  

s ig n if ic a n c e #  The r e l a t i o n  may be ex p re ssed  a s ; 

lo S lO ®  =  ^ +-

o r  o =  aw ,

where c i s  th e  coverage  f a c t o r ,  w th e  io n ic  w eigh t o f th e  

s o lu te  /  ###
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s o lu te  and a  and b a re  c o n s ta n ts#  The v a lu e s  o f a  and b 

which f i t  th e  l i n e  a re  shown to  be 1#2  % 10 and 2 #9)  

r e s p e c t iv e ly #  T h ere fo re  i t  i s  h i ^ l y  p ro b a b le  t h a t  th e  

co v erag e  f a c to r  i s  in d ep en d en t o f ihe  n a tu re  o f th e  s u r fa c e  

and r i s e s  w ith  th e  t h i r d  power o f th e  io n ic  w e i^ t#  Thus 

each  s o lu te  h a s  a  c h a r a c t e r i s t i c  coverage f a c t o r  wtiich i s  

in d ep en d en t o f th e  n a tu re  o f th e  su rface#  The s ifp a iiio a n o e  

o f t h i s  r e l a t i o n  i s  t h a t  an)^ dye w ith  a  s in g le  io n ic  group 

can  be u sed  r e a d i ly  f o r  th e  s p e c i f ic  s u r fa c e  a re a  

m easurem ents #

D uring th e  c o u rse  o f th e  p re s e n t  in v e s t ig a t io n ,  

i t  was found t h a t  some v ery  h ig h  m o lecu la r w eigh t a n io n ic  

dyes gave coverage  f a c to r  v a lu e s  which were to o  low to  be 

f i t t e d  in to  th e  observed  r e la t io n #  I n i t i a l l y  i t  was 

t h o u ^ t  t h a t  some f a c t o r s  unknown to  th e  au th o r were 

r e s p o n s ib le  f o r  t h i s  anomalous e f f e c t ,  b u t  a f t e r  a  c lo s e  

exam ination  o f th e  chem ical c o n s t i tu t io n  o f a l l  th e  a n io n ic  

compounds, which were behav ing  anom alously , a  p o s s ib le  

i n t e r p r e t a t i o n  o f th e  observed  e f f e c t  was four d# Exam ination 

o f  th e  fo rm ulae  ( P ig .18) shows th a t  a l l  th e s e  dyes have 

m o lecu les c o n s is t in g  o f two o r more a ro m atic  u n i t s  im p e rfe c tly  

c o n ju g a te d , vdiereas a l l  o th e r  dyes have p e r f e c t ly  co n ju g a ted  

system s# The e f f e c t  o f  c o n ju g a tio n  on th e  s u b s ta n t iv i ty  o f 

d i r e c t  /  ###
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d i r e c t  c o tto n  dyes h as  alread^^ been d is c u s se d  in  th e  f i r s t  

p a r t .  Here th e r e  ap p ea rs  to  be a somevAiat s im i la r  e f f e c t  

o f  c o n ju g a tio n  on th e  a d s o rb a b i l i ty  o f an a c id  dye.

In  th e s e  anom alous o a s e s , th e  m o lecu les  a re

d iv id e d  in to  t h e i r  in d iv id u a l  co n ju g a ted  s e c t io n s ,  th u s

Â-B o r A-c-B, where c i s  a  sm all in s u la t in g  group ( th e

su lp h o n a te  group may be in  any one o f th e  s e c t io n s ) ,  and

th e  io n ic  w e i ^ t  i s  assumed to  be ^  ^ ^ . A fte r  ap p ly in g
2

t h i s  c o r r e c t io n  to  a l l  th e  im p e rfe c tly  co n ju g a te d  system s, 

th e  v a lu e s  o f io n ic  w eigh t a re  in  good agreem ent w ith  th e  

r e l a t i o n  e s ta b l is h e d  f o r  th e  f u l ly  c o n ju g a te d  system s 

( F ig .1 5 ) .  From t h i s  i t  ap p ea rs  t h a t  th e  e f f e c t iv e  io n ic  

w eigh t i s  app rox im ate ly  2 -  2 .5  tim es  l e s s  th an  th e  f u l l  

m o lecu la r  w e i ^ t .  I t  th u s  ap p ears  t h a t  th e  s i s e  o f th e  

m ic e l le s  can be governed by th e  average s iz e  o f th e  

in d iv id u a l  co n ju g a te d  sy stem s. T his q u a l i t a t i v e  tre a tm e n t 

i s  e n t i r e ly  e m p ir ic a l ,  b u t th e  r e s u l t s  must have some 

p h y s ic a l  c a u s e . The coverage  f a c to r  i s  a  m easure o f th e  

tendency  o f th e  dye to  a s s o c ia t e .  There i s  a  dynamic 

e q u ilib r iu m  betw een s in g le  io n s  and m ic e l le s  in  s o lu t io n  

o r on th e  ad so rb en t s u r f a c e ,  and c o l l i s i o n s  cause  c o n t in u a l  

fo rm a tio n  and breakdown o f m ic e l le s .  The maximum number o f 

io n s  f  . . .
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io n s  which can combine to  form  a  m ic e lle  depends upon th e  

b a len o e  o f a t t r a c t i v e  f o r c e s  and d is ru p t iv e  ( s o lv a t io n )  

f o r c e s  on each io n .  The in te rm o le o iila r  a t t r a c t i v e  fo rc e s  

a r i s e  from  TT-bond i n t e r a c t i o n  and in c re a s e  w ith  th e  s iz e  

o f co n ju g a ted  m o lecu le i^^*^^^  Goulson and D avis have 

c a lc u la te d  th e  lo n g  ran g e  in t e r a c t io n  energy  between p a i r s  

o f co n ju g a ted  polym er m o lecu les  o f d i f f e r e n t  le n g th s  and 

a t  d i f f e r e n t  r e l a t i v e  p o s i t i o n s .  They found t h a t  a t  la rg e  

d is ta n c e s  compared w ith  th e  le n g th  o f th e  m olecule  th e  t o t a l  

i n t e r a c t i o n  energy obeys th e  norm al London law , i . e .  

i n t e r a c t i o n  energy i s  in v e r s e ly  p ro p o r t io n a l  to  th e  s ix th  

power o f th e  d is ta n c e ,  and a ls o  to  th e  f i f t h  power o f th e

le n g th  o f th e  m o lecu le . However a t  s h o r t  d is ta n c e s  as

compared w ith  th e  m o lecu la r l% ig th , th e  London law i s  

b eg in n in g  to  b reak  down and th e  in t e r a c t io n  energy becomes 

n e a r ly  p ro p o r t io n a l  to  th e  le n g th  o f th e  m o lecu le . î 'u r th e r -  

more th ey  c a lc u la te d  th e  c o n t r ib u t io n  o f T T -e le c tro n s  to

th e  t o t a l  energy a s  compared to  th o se  o f <r - e le c t r o n s  and

found  t h a t  th e  TT - e l e c t r o n  c o n tr ib u t io n  in c re a s e s  w ith  th e  

sq u are  o f th e  le n g th  o f c o n ju g a te d  m o lecu le . These r e s u l t s  

c l e a r ly  in d ic a te  t h a t  lo n g  ch a in  m o lecu les  have powei*ful 

in t e r a c t io n  energy iidiich in c re a s e s  w ith  in c re a s e  in  th e  

c h a in  le n g th .  Here i t  mâ  ̂ be assumed t h a t  in  a  lo n g  ch a in  

m olecule  /  . . .
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m olecu le  formed by th e  u n ion  of two c o n ju g a te d  m olecu les 

by an in s u la t in g  g roup , th e  in t e r a c t io n  energy  between 

two such m o lecu les  w i l l  be dependent on th e  le n g th  o f th e  

in d iv id u a l  c o n ju g a ted  system s and n o t th e  le n g th  o f th e  

whole m o lecu le . C a lc u la t io n s  by D avis^^^ f o r  th e  

p o lo r i s a b i l i t y ,  o f lon^; c h a in  m olecu les a re  com parable to  

th e  coverage f a c to r  d a ta .  He shoïkéd t h a t  p o l a r i z a b i l i t y  

o f lo n g  ch a in  m o lecu les  i s  p ro p o r t io n a l  to  th e  t h i r d  power 

o f  th e  m o lecu la r le n g th ,  i . e .  w ith  ap p ro x im ate ly  th e  t h i r d  

power o f t h e i r  m o lecu la r w e i ^ t ,  s in c e  tiie  c r o s s - s e c t io n  i s  

c o n s ta n t .  î 'u rth e rm o re  he showed th a t  c o n t r ib u t io n  by 

e le c t r o n s  to  th e  t o t a l  p o la r iz a t io n  e f f e c t  i s  v ery  g re a t  

and t h e i r  freedom  of movement i s  m ainly r e s p o n s ib le  f o r  

la r g e  p o la r i z a t io n  e f f e c t .  T h ere fo re  any f a c to r  t h a t  re d u c e s  

th e  m o b ility  o f T T -e le c tro n s  red u ces  i t s  p o l a r i z a b i l i t y  

and 80 th e  energy o f i n t e r a c t i o n .  From th e s e  c a lc u la t io n s  

i t  ap p ears  t h a t  th e re  i s  some r e l a t i o n  betw een th e  

p o l a r i z a b i l i t y  o f lo n g  c h a in  m olecu les and s iz e  o f th e  

adso rbed  m ic e l le s ,  i . e .  th e  coverage f a c t o r ,  bo th  b e in g  

p ro p o r t io n a l  to  th e  t h i r d  power o f m o lecu la r w e i ^ t .  The 

lo n g  ran g e  fo r c e s  em anating  from  th e  a d so rb e n t s u r fa c e  may 

be r e s p o n s ib le  f o r  th e  p o la r iz a t io n  o f th e  bombarding 

s o lu te  m o le c u le s , and th e  g r e a te r  th e  p o l a r i z a b i l i t y  o f a 

s o lu te  /  . . .
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s o lu te  m oleoule th e  e a s ie r  f o r  i t  to  be r e a d i ly  adsorbed*

The p o la r iz e d  s o lu te  m oleou les may th e n  i n t e r  s o t  w ith  o th e r  

s o lu te  m oleoules to  form  m io e lle s  and beoome adsorbed  o r 

may9 a f t e r  b e in g  adso rbed  s in g ly #  form m io e lle s  on th e  

s u r fa c e  in t e r a o t in g  w ith  o th e r  bombarding s o lu te  m o leo u les . 

I t  i s  assumed th a t  in  th e  o ase  o f f u l l y  o o n ju g a ted  m oleoules 

th e  in te rm o le o u la r  fo ro e s  oause any bombarding m oleoule 

(sa y  A) whioh i s  r e ta in e d  by a  m ioe lle#  to  a l ig n  i t s e l f  

oom ple te ly  a lo n g s id e  a m oleoule a lre ad y  in  th e  m ic e lle  

su rfao e#  th u s  g iv ing#  e .g .  th e  dim er AA# and la r g e r  m io e lle s  

However# im p e rfe o tly  o o n ju g a ted  m oleoules behave somevdiat 

d i f f e r e n t l y ;  if -b o n d  in to r a o t io n  ta k e s  p liice  m ainly between 

l i k e  u n i t s  o f th e  i n t e r a o t in g  m oleoules# so t h a t  s e v e ra l  

p o s s ib le  m io e lla r  form s may r e s u l t#  depending on th e  

o r ie n ta t io n  o f  th e  bom barding m oleoules r e l a t i v e  to  th o se  

i n  th e  m io e l le .  Thus a  d^ ê m olecule w ith  th r e e  d iv is io n s #

A# B# axid C may g iv e  th e  d im ers I  o r I I

I I
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and o o rreapond ing  la r g e  m ic e l le e .  In  th e  p re s e n t  oase# 0# 

i s  alw ays in  th e  c e n t r a l  p o r t io n :  (0 and 0 do n o t oomhine 

f o r  s t e r i o  r e a s o n s ) .  The coverage f a c to r  i s  th en  a  mean 

v a lu e • determ ined  by th e  p o r t io n s  A and B in d iv id u a l ly *

The p re s e n t r e l a t i o n  h o ld s  only  f o r  a d so rp tio n  

where no bond i s  form ed w ith  th e  su rface*  I f  a  bond i s  

formed th en  th e  ooverage oarinot be g r e a te r  th a n  u n ity #  An 

example i s  p ro v id ed  by th e  a d so rp tio n  o f Solway U l t r a  Blue B 

(0*1*62055) on alumina# s i l i c a  and t i t a n i a ;  th e  coverage i s  

u n i ty  assum ing end-on o r ie n ta t io n  w ith  th e  fo rm a tio n  o f a  

hydrogen bond to  th e  su rface* ^ ^  On g ra p h ite #  t h i s  dye

can n o t form  such a  bond# and th e  coverage v a lu e  o f 5*6 a g re e s

w ith  i t s  a n io n ic  w eigh t o f 593* The r e l a t i o n  a ls o  f a i l s  to

h o ld  where# even though no bond i s  formed to  th e  su rface#

pow erfu l in te rm o le o u la r  fo ro e s  fav o u r f a c e - to - f a c e  p ic k in g  

o f dye m olecules# fo r c in g  them to  o r i e n t  v e r t io e d ly  on th e  

su rfa c e *  T h is g iv e s  a  coverage  o f u n ity *  Examples a re  two 

Rhodamine dyes on alum ina ~ and many oyan ine  dyes on s i l v e r  

h a lid e s *

A dsorp tion  o f a  Oyanine Dye on G rap h ite  and Alumina:

A dso rp tio n  o f a  oyanine dye ( l# l* -d ie th y l# 2 # 2 * -  

cy an in e) on g ra p h ite  p ro v id e s  a  very  good example o f 

p r e f e r e n t i a l  a d s o rp tio n  by van der Waals fo ro es#  even from  

a  /  * * *
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a  v e ry  d i l u t e  aqueous so lu tio n *  The oyan ine dye m oleoule 

i s  f u l l y  o o n ju g a ted i th e  ch arg e  i s  n o t lo c a l is e d #  b u t 

o s o i l l a t e s  between two n i t ro g e n  atoms# so g iv in g  r i s e  

to  abnorm ally  h ig h  van d e r Waals fo rc e s*  The e x t r a 

o r d in a r i ly  h ig h  affinit^*^ of oyan ine dye m oleou les from  a  

ver^ d i l u t e  so lu tio n #  f o r  th e  g ra p h ite  su rface#  becomes 

e v id e n t from  th e  shape o f th e  iso th e rm  (H- o r h i ^ i  a f f i n i t y  

type# Fig*16A)« The dye m oleou les a re  o b v io u sly  o r ie n te d  

f l a t  on th e  su rfa c e  w ith  th e  com pletion  o f a  monolayer# 

th e  coverage v a lu e  b e in g  1*4 c a lc u la te d  from  th e  h o r iz o n ta l  

p o r t io n  o f th e  iso th e rm  and ta k in g  136 sq*A* as  th e  a re a  

o f each m olecule* From th e  g e n e ra l r e la t io n #  i f  t h i s  dye 

were adsorbed  a s  c a t io n ic  m ic e lle s#  i t s  co v erag e  f a c to r  

would be 4 .

F a c e - to - fa c e  o r ie n ta t io n  i s  fav o u red  by pow erfu l 

in te rm o le o u la r  fo rc e s*  Oyanine dye m oleou les p o sse ss  very  

h i ^  a t t r a c t i o n  f o r  th em selv es  and in  absence o f more 

pow erfu l van d e r Waals fo rces#  th e  d̂ ’̂e m o lecu les  a re  fo rc e d  

to  o r ie n t  v e r t i c a l l y  w ith  a  c lo s e  f a c e - to - f a c e  packing# on a 

p o la r  su rface#  where th e  a d so rp tio n  i s  by io n  exchange* 

A dsorp tion  o f a  oyan ine dye on alum ina p ro v id e s  an example 

o f f a c e - to - f a c e  pack ing  w ith  v e r t i c a l  o r ie n ta t io n *  The 

i n i t i a l  p o r t io n  o f th e  iso th e rm  as shown in  th e  Fig*16B i s  

o f /  * * *



74

of S -shape# I n d io a t in g  v e r t i c a l  o r ie n ta t io n *  The l a t t e r  

p o r t io n  o f th e  iso th e rm  co u ld  n o t be s tu d ie d  because o f 

th e  l im i te d  s o lu b i l i t y  o f  th e  dye in  w ater*

Ageing o f T itan ium  D io x id e :

The s u r fa c e  o f t i ta n iu m  d iox ide#  l i k e  s i l i c a #  i s  
122n e g a t iv e ly  charged  and ad so rb s  o p p o s ite ly  charged  io n s  

by on io n  exchange mechanism* However# i t  h a s  been shown
1 ont

t h a t  even an a n io n ic  dye# Qolway U l t r a  B lue B (3 .1*62055) # 

i s  r e a d i ly  adso rbed  by t i t a n i a #  b u t by hydrogen bonding* 

Solway U l t r a  Blue B a p p e a rs  to  form a m onolayer w ith  f a c e -  

to - f a c e  pack ing  and v e r t i c a l  o r i e n ta t io n  and th e  m easured 

s u r fa c e  a re a  v a lu e  from  th e  iso th e rm  i s  ver^^ c lo se  to  th e  

n i t ro g e n  value*

In  o rd e r to  co n firm  th e se  f a c ts #  fo u r  sam ples o f 

t i t a n i a #  u sed  h e re  by th e  p re v io u s  w orkers# ^ and th r e e  more 

new sam ples were u sed  f o r  th e  p re s e n t work* Out o f th e s e  

seven samples# two g iv e  S -iso th e rm s  (F ig*17) w ith  Solway 

U l t r a  Blue B# th u s  co n firm in g  th e  p re v io u s  r e s u l t s *  The 

s u r fa c e  a re a  v a lu e s  o f th e s e  two sam ples c a lc u la te d  from th e  

iso th e rm s  a re  in  c lo o e  agreem ent w ith  th e  n i t ro g e n  v a lu es*  

The rem a in in g  f iv e  samples# u n lik e  th e  f i r s t  two# behave 

q u i te  abnorm ally w ith  v ery  l i t t l e  o r no ad so rp tio n *  A ll o f 

them seem to  have l o s t  t h e i r  p o te n t i a l  hydrogen-bonding  

power /  •**
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power w ith  th e  dye# A lso t h e i r  s u r fa c e  a re a  v a lu e s  by th e  

b a s ic  dye a d s o rp tio n  method show a  c o n s id e ra b le  re d u c tio n  

i n  a r e a  (m easured by G#0# P a t e l ) .

T ech n ica l d e t a i l s  g iven  by th e  m anufactu rer#  f o r  

a l l  th e s e  sam ples show t h a t  th e  f i r s t  two a re  "unooated" 

t i ta n iu m  d iox ide#  w hereas th e  l a t t e r  f iv e  a re  "co a ted "  w ith  

sm all p e rc e n ta g e s  o f s i l i c a #  alum ina and o th e r  oxides# to  

im prove th e  d u r a b i l i ty  o f th e  pigm ents# From th e  h is to r y  

o f  a l l  th e  samples# i t  ap p ea rs  t h a t  s in c e  none o f them i s  

a  f r e s h  one# th ey  have undergone an age ing  e f f e c t#  a s  co u ld  

be seen  from th e  r e d u c t io n  in  t h e i r  su rfa c e  area#  T h is 

ag e in g  e f f e c t  seems to  be s p e c i f i c  and only th e  c o a te d  

sam ples have been a f fe c te d #  w hereas un co a ted  sam ples have 

r e ta in e d  t h e i r  o r ig in a l  s u r fa c e  p ro p e r tie s #  At t h i s  s ta g e  

i t  i s  very  d i f f i c u l t  to  propose any th e o r e t i c a l  e x p la n a tio n  

f o r  t h i s  ag e in g  e f f e c t  a t  room tem peratu re#  th e  ex p e rim en ta l 

ev id en ce  i s  f a r  to o  l im i t e d .  However# th e  a u th o r* s  co lleag u e#  

G#C# P a te l#  h a s  shown t h a t  t h i s  ag e in g  e f f e c t  i s  p a r t ly  

r e v e r s ib l e  and a f t e r  h e a t in g  th e  sam ples a t  v a r io u s  

te m p e ra tu re s  f o r  v a r io u s  p erio d s#  th e  s u r fa c e  area# as 

m easured by b a s ic  dye ad so rp tio n #  in c re a s e s  g ra d u a lly #  b u t 

i t  n ev e r re a c h e s  i t s  o r ig in a l  value#  The unooated  sam ples 

a re  n o t a f f e c te d  by h e a t in g  trea tm en t#  a t  l e a s t  up to  200^0# 

F u r th e r  /  . . .
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l* 'urther work on t h i s  problem  may p ro v id e  a  u s e f u l  method 

f o r  d is t in g u is h in g  o o a ted  t i t o n i a  sam ples from  u n co a ted  

ones and a ls o  f o r  d e te rm in in g  t h e i r  approxim ate d a te  o f 

p re p a ra t io n .

Anomalous A dsorp tion  o f T riphenylm ethane Dyes on Alumina:

A dso rp tion  i s  an exotherm ic r e a c t io n  and so th e

amount adsorbed  shou ld  d e c re a se  w ith  in c re a s e  in  te m p e ra tu re .

Ion-exchange a d s o rp tio n  re a c t io n s #  however# which have a

v e ry  low h e a t  o f ad so rp tio n #  s in c e  no chem ical bonds a re

formed# u s u a lly  show no change in  th e  amount adsorbed  a t

two te m p e ra tu re s . Very l i t t l e  i s  known of system s showing

a  re v e rs e d  tm p e r a tu r e  e f f e c t#  i . e .  where r i s e  in  te m p e ra tu re

in c re a s e s  th e  s a tu r a t io n  a d s o rp tio n . R ecen tly  s e v e ra l

anom alous r e s u l t s  have been re p o r te d  in  whioh ion-exchange

a d so rp tio n  was shown to  in c re a s e  w ith  in c re a s e  in  
1 2 0  1 2 ^te m p e ra tu re s  '  * ^ I t  was su g g ested  t h a t  t h i s  anomalous

beh av io u r was p e c u l ia r  to  s o lu te s  id iich  form la rg e  a g g re g a te s . 

At h ig h e r  te m p e ra tu re  th e r e  i s  a  la r g e  p ro p o r tio n  o f 

monomers# whioh th e n  b u i ld  up in to  la rg e  agg rega tes#  on o r 

im m ediately  a f t e r  ad so rp tio n #  p o s s ib ly  w ith  a  d i f f e r e n t  

s t r u c t u r e .

More r e c e n t ly  a  s im i la r  anomalous endotherm ie 

a d so rp tio n  e f f e c t  h as  been re p o r te d  by th e  au thor*  s 

c o lle a g u e  /  . . .
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co lleag u e#  I .A . Eaaton# in  whioh a  a e r ie e  o f t r ip h e n y l

m ethane dyes on alum ina were adsorbed  more a t  60^0. th an  

a t  room te m p e ra tu re . He su g g ested  th a t  th e s e  anom alies 

are a r e s u l t  o f a g g re g a tio n  e f fe c ts #  and s in c e  th e  

s t r u c tu r e  o f th e  a g g re g a te s  in  s o lu tio n  and a t  th e  su rfa c e  

i s  unknown# no p re d ic t io n  co u ld  be made as  re g a rd s  th e  

m agnitude o f th e  h e a t  o f a d s o rp tio n .

Y/hen on ly  tr ip h en y lm e th an e  b a s ic  dyes were shown 

t o  behave anom alously# i t  was th o u f^ t  t h a t  a  p o s s ib le  

e x p la n a tio n  o f th e  observed  e f f e c t  co u ld  have been sought 

from  th e  s p e c ia l  s t r u c t u r a l  f e a tu r e s  p o sse ssed  by th e  

tr ip h en y lm e th an e  d y e s . Here in  t h i s  p a r t  o f th e  d is c u s s io n  

an a tte m p t i s  made to  e x p la in  t h i s  anomaly on th e  ground 

o f  th e  fundam ental th e o ry  o f resonance

Any co n ju g a ted  system  which i s  a  reso n an ce  h y b rid  

o f  a  number o f e q u iv a le n t forms# shows a  chromophorio e f f e c t .  

T h is  chrom ophorio e f f e c t  i s  i n t e n s i f i e d  (bathoohrom ic e f f e c t )  

w ith  an in c re a s e  in  th e  number o f e q u iv a le n t r e s o n a tin g  

fo rm e.

A m olecu le  o f M alach ite  Green has  been shown to  

be a  reso n an ce  h y b rid  o f th e  fo llo w in g  two s tru c tu re s #  in  

whioh th e  ch arg e  i s  d e lo c a l is e d  and o s c i l l a t e s  between two 

n it ro g e n  atoms#
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vAiereas a  m oleoule o f E th y l V io le t  h as  been shown to  be 

a  h y b rid  of th e  fo llo w in g  th re e  s t r u o tu r e s i

X

+  A/ ( C i H y  Cl

(Only sym m etrioally  s u b s t i tu te d  arom atio  r e s id u e s  o f a 

T .F .M #  dye m oleoule can  e n te r  in to  re s o n a n c e ) . T his 

reconanoe e f f e c t  i s  m ainly re s p o n s ib le  f o r  h i ^  i n t e r 

m o leo u la r fo ro e s  and so f o r  th e  a g g re g a tio n  o f th e  dye 

m oleou les in  s o lu t io n .  Even a t  room tem p era tu re  th e se  

dyes a re  h ig h ly  ag g reg a ted  as shown by th e  ver}' h i ^  

coverage  /  . . .



coverage  f a c to r  v a lu e .  At higgler te m p e ra tu re  a  g r e a te r  

p ro p o r tio n  of dye i s  p re s e n t m onod isperse . In  a  monomeric 

m oleoule th e  p ro c e ss  o f  ch arg e  t r a n s f e r  i s  g r e a t ly  in c re a s e d  

and makes th e  io n ic  groups more a c t iv e  | th u s  th ey  a re  more 

a c t iv e  a t  h ig ^  te m p e ra tu re  th a n  a t  norm al tem peratu re#  and 

a re  th e n  cap ab le  o f exchanging  t h e i r  c a t io n s  w ith  th o se  o f 

th e  alum ina s u r f a c e .  Once a  dye m olecule i s  adsorbed  by 

c a t io n  exchange# i t  a r ra n g e s  i t s e l f  and a ls o  fo ro e s  th e  

bom barding m o lecu les  a f t e r  th ey  a re  adsorbed  to  a rran g e  

th em se lv es  on th e  s u r fa c e  in  such a  way a s  to  form a g g re g a te s  

whioh a re  very  s t a b l e .  T h is  would accoun t f o r  v ery  h igh  

a d so rp tio n  even a t  h igh  te m p e ra tu re . The re -a rran g em en t o f 

th e  ind iv iducü . m o lecu les to  form  s ta b le  a g g re g a te s  on th e  

s u r fa c e  co u ld  be e x p la in e d  a s  fo llo w s :

C onsider a  compound system  formed by th e  co u p lin g  

o f  two re so n a to rs#  r e s o n a t in g  w ith  th e  same frequency  b u t 

o u t o f p h ase . The r e s u l t a n t  frequency  + 6 o f  t h i s  system  

w i l l  be g r e a te r  th a n  ir .  When th e  two r e s o n a to r s  a re  in  th e  

same phase th e  r e s u l t a n t  frequency  u- - e w i l l  be l e s s  th an  

\j m In  th e  fo rm er c a se  th e  energy o f th e  compound system  

in c re a se s#  w^iareas in  th e  l a t t e r  case  i t  d e c re a s e s . A ccording 

to  th e  law s o f  therm odynam ics th e  l a t t e r  o ase  w i l l  be more 

s t a b le  in  t h a t  th e  f r e e  energy o f th e  system  i s  reduced  to  a 

minimum /  . . .
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minimum. A ccord ing ly  we may c o n s id e r  t h a t  a g g re g a tin g  

dye m o lecu les a rra n g e  th em selv es in  such a  way th a t  they  

r e s o n a te  in  th e  same phase which red u ces  th e  f r e e  energy 

to  a  minimum and fa v o u rs  th e  b u ild in g  up of even l a r g e r  

a g g re g a te s .

The ex p e rim en ta l r e s u l t s  have been reproduced
121h e re  and some p r e d ic t io n s  have been made. From th e  

ta b le  (T ab le  X) i t  i s  seen  t h a t  th e  r a t i o  of th e  coverage 

f a c t o r  a t  two te m p e ra tu re s  in c re a s e s  w ith  an in c re a s e  in  

th e  number o f r e s o n a t in g  form s in  a m o lecu le . In  th e  ca se  

o f  Magenta P# th e  number of r e s o n a tin g  form s i s  th e  same 

a s  in  E th y l V io le t#  b u t th e  r a t i o  in c re a s e s  from 2 to  3 .

T h is can be ex p la in e d  on th e  ground th a t  in  Magenta P , 

th e  e x t r a  m ethyl group in  one o f th e  n u c le i  o f i t s  m oleou le , 

may e n te r  in to  reso n an ce  and in c re a s e  th e  number of 

r e s o n a t in g  fo rm s. T h is su g g e s tio n  can be su p p o rted  by th e  

f a c t  t h a t  a  m ethyl group in  a phenyl nu c leu s^^^  can donate  

an e le c tr o n  arid assume th e  fo llo w in g  s t r u c tu r e :

H
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i n  th e  phenomenon c a l l e d  hs :ieroon .iw :ation . whereby th e  

m ethyl group a c t iv a t e s  th e  phenyl rin g #  T h is  can e x p la in  

th e  in c re a s e d  a c t i v i t y  o f M agenta P a t  h ig h e r  tem p era tu re



APPI3NDIX

S t a t l s t i o a l  A nalyslB  o f R e s u lts  p re se n te d  In  P a r t  I t

I .A . R e la tio n  between an io n io  w eight nrd  w a sh fa s tre s s

on wool# of d ie u lfo n a te d  ao id  and m orosulphonated ohrone 

dyes (F ig# 2 ) #

n = 173, E X - 108792, e  y = 542#5, xxy = 359062#0, 

r  73052308, £y^=  1854.75 

b = 3 .8615  X 10“ ^ 

y = 3.8615 X 10” \  + 0 .7072 

Souroe o f v a rian o e#  Degree o f Sum o f Mean square#

freedom# squares#

1) Due to  r e g re s s io n  1 69.156 69.156

2) About r e g re s s io n  171 84 .4018 0#4936

3) T o ta l 172 153.5578

F = 140#11 w ith  1 and 171

T h ere fo re  th e  s t r a i g h t  l i n e  i s  h ig h ly  s ig n i f io a n t  f o r  th e  

r e g re s s io n  and acco u n ts  f o r  45% of th e  t o t a l  re g re s s io n #  

I#B#

n = 1 5 9 ,  EX =80255, r y  = 5 9 9 .5 , Exy =238949,

5: x^= 48278743, z y ^ =  1248.75 

b =4 .2687  X 10"^ 

y = 4 .2687 x lO '^X  + 0.4095



Source o f v a ria n ce#

1) Due to  r e g re s s io n

2) About r e g re s s io n

3) T o ta l

Degree o f 

freedom#

1
137

138

Sum of 

sq u a res  

35 .38  

65 .17 

100#55

Mean square#

35.38

0#476

P = 7 4 .3  w ith  1 and Mg = 137 

T h ere fo re  th e  s t r a i ^ t  l i n e  i s  h ig h ly  s ig n i f i c a n t  f o r  th e  

r e g re s s io n  and aocoun ts  f o r  35.2% of th e  t o t a l  re g re s s io n #  

II#  R e la tio n  betw een a n io n ic  w eight and m ig ra tio n  number

(Pig. ) ) .
n  = 62 , r x  =36886, x y = 1 6 0 .5 , zx y  = 9 1 9 9 8 .5 , 

r  x^= 22796286, z y ^ =  483.75 

To = -4 .0 9 7 0 8  X 10” ^ 

y = -4 .0 9 7 0 8  x 10"^X + 5.0262

Source o f v a ria n ce#

1) Due to  r e g re s s io n

2) About re g re s s io n

3) T o ta l

Degree o f 

freedom#

1
60

61

Sum of 

squares#

14 .29  

54.97 

69.26

Mean square#

14 .29

0#92

P= 15 .53  w ith  1 and } g= 60 

T h ere fo re  th e  s t r c d g h t  l i n e  i s  h ig h ly  s ig n i f i c a n t  f o r  th e  

r e g re s s io n  and aocoun ts  f o r  20% o f th e  t o t a l  re g re s s io n #



I I I .  R e la tio n  between l l r i i t f a s tn e B S  and axilonlo w elrfit ~ 

(F ig .  4 ) .

n = 4 7 ,  z  X = 20101, z y = 199, z x y  = 8 7 5 0 6 .5 ,

£X^= 8917201, z y ^ =  919 

b = 7 .7344  X 10"^ 

y = 7 .7344 X 10“ ^X + 0.9262 

Source o f v a rian ce#  Degree o f sum o f Mean square#

freedom# square#

1) Due to  r e g re s s io n  1 19.1659 19.1659

2) About r e g re s s io n  45 57.2596 1#2724

3) T o ta l 46 76#4255

P =15 .06  w ith  1 and Ng = 45 

T h ere fo re  th e  s t r a i g h t  l i n e  i s  h i ^ l y  s ig n i f i c a n t  f o r  th e  

r e g re s s io n  and aocoun ts f o r  25% o f th e  t o t a l  re g re s s io n #

IV # R e la tio n  between t o t a l  number o f atoms and 

l i g h t f a s tn e s s  on c o t to n  o f t r i -  and te tr a s u lp h o n a te d  d i r e c t  

dyes (P ig .  8 ) .

n = 65 , z X = 5301, z y = 1 8 2 ,  z x y =  1 5 1 5 6 .5 ,

z  436743, r y ^ =  666 .5

b -  7 .0876 X 10"^

y = 7 .0876 x 10“ ^X -  2.9802



Source o f v arian o e#

1) Due to  r e g re s s io n

2) About r e g re s s io n

3) T o ta l

Degree of 

freedom#

1
63

64

Sum of 

squ&re # 

22#23 

134.67  

156#90

Mean square#

22 #23 

2#14

P = 10#4 w ith  -  1 and Mg ^5 

T h e re fo re  th e  s t r a i g h t  l i n e  i s  h ig h ly  s ig n i f i c a n t  f o r  th e  

r e g r e s s io n ,  b u t i t  aoooun ts f o r  only 14.2% of th e  t o t a l  

re g re s s io n #

V# R e la tio n  betw een m o lecu la r a x ia l  r a t i o  and l i g h t -

(P iff , 8 ) .

n = 6 5 ,  EX = 1 7 6 .6 9 , z  y = 182, z. xy = 490.32

£ x ^ =  498.4857, z y ^  = 666 #3

b = -2 .4 2 5 8 X 10"^

Source o f v a ria n ce# Degree o f Bum o f

freedom . e q u a re .

1) Due to  r e g re s s io n 1 1 .0 7

2} About r e g re s s io n 63 154.83

3) T o ta l 64 156.90

Mean square#

1 .0 7

2#46

P = 0#43 w ith  1 and P g - 63 

T h ere fo re  th e  s t r a i ^ t  l i n e  i s  i n s ig n i f i c a n t  f o r  th e  

re g re s s io n #



V I. K e la tio r  between m o leo u la r a x ia l  r a t i o  and l i g h t -  

faatnBBS o f a iith raq u in o n e  v a t  dyes or o o tto n  ( P ig .9 ) . 

n  = 50, EX = 1 0 4 .8 4 , x y = 3 2 5 .5 , z  xy 668.355#

2 x ^  = 235.2016, j ; y ^ =  2168.75 

b =. —0.92066 

y = -0.92066X  + 8 .4404 

Source o f v a r ia n o e . Degree o f

1) Due to  re g re a s io n

2) About r e g re s s io n

3) T o ta l

freedom .

1
48

49

Sum o f 

sq u a re . 

13.0304 

36.7146 

49.7450

Mean sq u are

13.0304

0.7649

P = 1 7 .3  w ith  R^= 1 and Mg = 48 

T h ere fo re  th e  s t r a i g h t  l i n e  i s  h ig h ly  s ig n i f io a n t  f o r  th e  

r e g re s s io n  and aooounts f o r  26.19% of th e  t o t a l  r e g re s s io n  

V I I .  R e la tio n  between e f f e o t iv e n e s s  o f b lu e -re d  s p e c t r a l  

re g io n  in  c a u s in g  fa d in g  and m o lecu la r a x ia l  r a t i o  o f dyes 

w ith  p la n a r  m o lecu les  ( P ig .1 0 ) . 

n  = 31 , z  X = 6 2 .4 6 , x y = 1 0 7 5 .0 , zxy =-2505.42 , 

z x^= 134.8504, r y ^ =  6188.5  

b = 37.7037

y = 37.7037X -  41.289



Source of v a r ia n c e . Mean sq u a re .

12799.2016

407.1576

Degree o f Sum o f 

freedom . s q u a re s .

1 12799.2016

29 11007.5725

30 24606.7741 

P - 3 1 .4  w ith  N^= 1 and Mg -  29

T h ere fo re  th e  e t r a i ^ t  l i n e  i s  h ig h ly  s ig n i f i c a n t  f o r  th e  

r e g re s s io n  and aooounts f o r  52% o f th e  t o t a l  r e g r e s s io n .

1) Due to  r e g re s s io n

2) About r e g re s s io n

3) T o ta l



TABLE I

C olour In d ex  Mumbers and V a rio u s F a s tn e s s  D ata f o r  

M onosulphonated Acid D yes.

O . I .
D esig n a tio n

dumber.

Anionio
W eight.

L .P .
lu m b er.

W.P.
lu m b er.

x /y H lg ra t:
I'umbe:

Y ellow  4 357 5 .5
6 442 3 2
7 381 2 1

11 357 5 .5 1 .5
12 371 5 2 .5
14 425 5 .5
21 341 5 .5 2 .5 2 .05
25 527 5 .5 2 4 .5
29 547 6 .5 2 3 .5
36 352 3 2 4
40 561.5 4 .5 2 .5 — 3 .5
41 439 6 2
53 490 .5 4 .5 2
65 535 4 3 2
66 270 4 3 1 .7
76 527 5 3 .5

Orange 5 352 3 1 .5
6 293 4 .5 3
6 341 3 1 1 .6 1 .5

23 372 4 2 .5 1 .6
25 397 2 .5 3 2 .15
30 418.5 5 3 2 .2

Red 4 357 5 2 .5 1 .65
6 488 4 3
9 376 2 3 •

10 377 3 2 .5 1 .9
32 582 6 3 4 .5
42 482 6 2 1 .85
68 531 4 .5 3 _
80 445 5 .5 3 1 .55
81 431 5 .5 3 1 .45
83 466 .5 6 .5 2 .5 1 .4 5
88 377 2 .5 1 1 .6 1 .5

104 457 5 4 1 .8 1 .5
135 355 3 3 1 .8
141 377 2 .5 2 1 .8 1 .5
148 459 4 .5 3 .5 2 .4
151 431 4 4 2.35



c  • I  •
D esig n a tio n

liuaber.

A nionio
W eif^ t.

L .P .
Humber.

W.P.
Humber.

x /y M igrât:
Kumbe]

V io le t  11 540 5 3 2
14 553 6 3 .5 1 .75 4
27 385 3 2 .5 1 .45
36 387 6 2 1 .4 2
39 446 5 3 1 .5 5
41 409 5 2 .5 1 .8
43 408 5 1 1 .7 5 4
63 544 5 .5 3 2 .3

Blue 25 416 5 .5 3 .5 1 .6 _
27 421 4 .5 2 .5 1 .5
40 450 6 1 1 .9 3 .5
41 465 5 .5 1 1 .9 4 .5
43 349 5 2 1 .3 3
47 421 5 2 1 .7 3 .5
51 465 6 2 .5 1 .9
53 404 5 .5 2 .5 1 .6 —
55 401 5 .5 3 1 .35 3
62 399 5 2 .5 1 .6
78 480 5 .5 3 1 .7

111 569 5 .5 4 2
117 570 5 3

Brown 2 493 5 .5 3 2
3 341 2 2 1 .7 5
4 342 3 3 .5 1 .9
6 377 2 2 .5 1 .6
8 361 4 .5 3 1 .9 -

20 547 4 3 -
Blaok 31 493 6 3
14675 355 4 3 1 .7



TABLE I I

C olour Index Rumbers and V ariou s F a s tn e s s  Data  

f o r  D isu lp h o n a ted  Aoid Dyes.

a . i .
D esig n a tio n

Number.

Anionio
W eight.

L .P .
Number,

W.P.
Number.

V y tiig ra t:
Number

Y ellow  9 555 5 1 1 .9 2
17 505 7 2 4
18 484.5 6 2 -
44 746 4 5 .5 1
55 554.5 4 .5 5

Orange 9 491 6 5 2 .1
10 574 4 .5 1 1 .45 4 .5
14 406 4 2 1 .45 > 5
27 465 5 .5 1 .5 2 .2
28 545 4 .5 5 .5 2
45 725 4 . 4 .5 1
49 784 4 .5 4 —
51 799 6 4 .5 — 1
79 715 4 5 .5 —

Red 1 465 5 5 1 .7 4
5 456 5 2 1 .9 5
5 456 5 2 1 .8 4 .5
7 465 4 2 2 .55 4
8 454 5 2 .5 2 .05

12 456 5 4 1 .85 5
15 456 5 2 .5 1 .7 5
14 580 5 2 1 .85 5 .5
16 456 4 2 .5 2 .25
17 456 5 5 1 .5
19 450 5 5 2
21 456 5 .5 1 1 .6
22 450 4 4 1 .65
25 465 5 2 .5 1 .7
24 420 1 .5 2 1 .45
25 456 5 .5 1 1 .55
29 422 4 .5 2 1 .95
50 478 6 2 .5 1 .6 4
51 422 4 2 1 .75
55 421 2 2 .5 1 .9 5 —
54 456 6 .5 2 .5 1 .8
55 477 4 .5 2 1 .75 5



C.T.
D e s ig ra tlo n  

: umber.

Amlonlo
Weighty

L .P .
Number.

W.P.
Number.

V y L 'igrat;
humbe:

Red 37 478 5 .5 2 2 3
44 456 3 2 .5 1 .7
54 452 • 6 4 1 .65
66 510 3 .5 4 2 .35
70 510 4 2 .5 2 .4 •
71 538 5 .5 2 .5 2 .4 -

73 510 6 3 2 .2 2
76 588 4 4
82 510 6 3 1 .4 5
85 756 4 .5 3 1
86 912 2 3 .5 2 .25 •

89 680 4 3 2 .45 1
97 652 4 3 2 .6 1
99 680 5 3 .5 3 1

102 456 3 3 2 .1 3
111 770 5 4 1
114 784 3 4 —

115 536 4 .5 3 1 .95 -
128 816 5 4 mm •

133 722 4 .5 4 - 1 .5
142 510 4 4 2
150 510 4 1 .5 1 .9
157 664 5 3
161 675 4 .5 3 .5
164 713 4 3 .5 -

173 680 4 4 2 .65
V io le t  1 466 4 .5 1 1 .85 3

3 437 2 3 2.05 2 .5
6 479 4 3 2 .15 -

7 520 4 2 1 .9 4 .5
12 493 4 2 1 .55
13 472 4 2 1 .9 5
15 624 1 .5 2 2
17 738 1 3 .5 2
20 479 4 .5 2 2.15
34 576 6 3 2 .5
34 576 6 3 1 .7 5
42 580 6 3 1
49 710 1 .5 3



G .I . A nionio L .P . W.P. x /y  M ig ra tio n
D e s ig n a tio n  W e i ^ t . dumber, dumber. Humber,

îîumber.

B lue

Green

1 543 1 2 — 5
3 559 1 2 .5 —
4 451 2 2 2,05 2
6 481 3 2 .5 1 .95 —
7 665 1 3 3

13 608 1 3 3 .5
15 752 1 3 .5 2
18 733 3 3 3
23 529 6 2 1 ,8 2 .5
29 556 6 2 2 ,3

■ 34 606 1 .5 2 _
35 658 5 .5 3 1 ,0 3 _
45 428 5 .5 2 1 ,3 -
49 499 5 3 1 ,7 2
56 396 5 .5 1 .5 1 ,3
59 647 3 2 3
61 676 4 2 3 .5
80 632 6 3 1 1
83 602 2 .5 4 2
87 523 3 .5 2 .5 2 ,15
90 630 3 3 - 2
96 565 6 .5 3 1 .7 —
98 729 5 2 - 2

102 676 3 .5 3 3
113 635 5 3 2
114 669 .5 5 3 2
116 655 5 3 .5
118 649 5 3 — 1
120 649 5 3 .5 —
128 720 ,5 4 .5 3 .5
135 547 4 .5 3 .5
145 486 5 .5 3 1 .7
147 515 2 2 — 4
150 782 6 .5 4 .5 2 .7 —

3 667 2 1
7 571 2 2 3 .5
9 701 .5 2 2 3

11 608 6 .5 3 1 ,2
19 643 3 3 2 ,35 2
20 540 4 3 2 ,25 4
25 576 6 3 1 ,1 2



C . l .
D esig n a tio n

N um ber^

A nionio 
W eigh t.

L .P .
Numbera

W.P,
Number.

x /y M igra 
I umbi

(îreen 27 660 6 5 1 .35
36 702 6 4 1 .2 5
38 592 6 3 1 .25
42 698 6 3 .5 1 .5 5
44 742 6 4 .5 1 .2
50 553 2 .5 2 3

Brown 9 480 4 3 2
15 526 3 3 2 .4
16 623 4 3 .5
26 587 6 4 .5 3

Blaok 1 570 5 3 2 .3 3
5 576 6 .5 3 2 .2

16 570 6 3 2 .4
17 575 5 .5 3 2 .35
21 699 6 5
24 685 6 3 .5 2
26 651 4 3 .5 3
26A 665 4 3 .5 3
28 582 5 3 2 .3

14955 5 1 .5
19145 414 4 3
19180 434.5 4 3
61135 826 4
61550 581 4 3 1 .6



TABLE I I I

C olour Index  Humbere and V ario u s F a s tn e s s  Data f o r  

Aoid Dyes w ith  Three or more Su lphonate Groups,

G .I .
D esig n a tio n

Number.

A nionio 
W e i ^ t ,

L .P .
Dumber.

W.P.
Number •

x /y M ig ra tio n  
1 um ber.

Y ellow  13 465 6 2
23 465 4 2 3

Red 18 534 4 2
41 613 4 .5 2 .5
47 732 4 2 .5
60 551 4 .5

112 668 3 .5 2 .5 —

145 863 5 5
152 879 4 3 .5 —

V io le t  2 672 2 2 .5
Blue . 89 640 5 3 »

, 92 626 5 1 1 .5
Brown 32 732 3 .5 4
Blaolc 3 768 6 3

. 18 654 6 .5 4
32 785 4 4
41 649 5 2 3



TABLE IV

A nionio W eight (A nionio  W eight x 2 52 ) and

C olour Index  D ata  f o r  Chrome Mordant Dyea.

0 ,1 .  D es ig n a tio n  
Number,

A nionio W eight. W ashfastnesa

M ordant Y ellow  3 790 4
9 856 4 .5

10 690 4 .5
14 646 4
18 552 4 .5
32 790 4 .5
33 904 4 .5

M ordant Orange 2 692 4
14 620 4 .5
26 774 4 .5
37 796 . 4

M ordant Red 15 912 3 .5
27 1030 4
34 916 4 .5

M ordant V io le t  11 1016 4 .5
15 920 4 .5
27 978 4
41 732 4 .5

M ordant Blue 14 706 4
24 592 4
29 1152 4
50 623 3

M ordant Green 12 1194 4
24 756 4 .5
28 992 4 .5

M ordant Brown 11 868 3 .5
18 938 4
25 936 4
48 756 4 .5
69 962 4 .5

M ordant Blaok 10 1076 4 .5
15 826 4 .5
19 758 4
56 838 4 .5



TABLE V

M olecu lar  A x ia l R a t io s  and C olour In d ex  Data  

f o r  Mono- and D isu lp h o n a ted  D ir e c t  Dyes#

G .I .
D e s ig n a tio n

Number.

L .P .
Number.

T o ta l Number 
o f Atoms.

x /y

Y ellow  1 4 52 3 .1
2 5 58 2 .9 4

10 4 55 3 .5
12 4 . 70 3 .3
14 2 65 3 .0
15 4 .5 63 2 .86
17 2 .5 68 3 .05
20 3 58 2 .7 7
24 1 .5 54 2 ,83
26 4 .5 58 3 .4 4
33 6 98 4 .3
48 5 64 2 .77
49 4 64 3 .0 5

Orange 3 3 69 3 .3 3
4 3 64 2 ,6 3
6 1 65 2 .8
6 1 65 2 .7
7 2 68 2 .7
6 1 60 2 .94

10 1 .5 72 2 .7
13 3 73 2 .3 4
17 2 55 2 .7 5
18 2 56 2 .55
25 1 .5 61 2 .95
29 2 74 3 .4 4
30 3 72 3 .1
31 3 69 3 .1
33 4 72 2 .9

Red 1 3 60 2 ,27
2 1 74 3 .1
3 2 59 2 .2
7 1 76 2 ,95
8 4 59 3.06

10 2 67 3 .1
13 2 .5 69 2 .45



0 .1 .
D esig n a tio n

Number,

L .P .
Number,

T o ta l Number 
o f  Atoms,

x/y

Red 14 3 78 3 .44
16 2 58 2.88
17 1 .5 67 2 .9
18 1 .5 61 2.13
20 2 52 2 .4
21 1 74 2 .52
22 1 74 2 .3
23 3 79 3.66
24 2 .5 82 3.15
26 1 68 3 .1
33 3 60 3 .05
37 2 70 2 .57
39 2 72 2 .8
45 2 52 2 .5
47 3 52 2 .25
50 2 61 2 .9
51 2 58 2 .25

■ 52 3 59 3 .0
' 53 2 60 3 .05

59 4 69 3 .2 8
61 1 68 3 .1
64 3 61 2 .45
65 3 .5 60 2 .65
67 1 .5 74 2 .4
68 1 .5 65 2 .95
69 2 64 3 .22
70 1 .5 64 2 .6
77 5 62 3 .06
81 4 .5 63 3 .47
85 5 69 3 .47
88 4 66 2 .9
90 4 .5 66 3 .47

108 4 .5 63 3 .47
110 5 .5 75 3 .42

V io le t  1 3 70 2 .52
4 3 70 2.45
5 3 61 1.83

10 2 65 1 .9 2
12 1 70 3 .1
13 1 72 2 .52
21 2 73 3 .1



G .I .
D esig n a tio n  

Number.

L#P #
Number,

T o ta l Number 
o f Atoms ,

x/y

V io le t  28 1 72 3 .1
32 1 .5 75 2 .95
38 3 ■ 80 3 .9
39 1 .5 72 3 .1
42 2 68 2 .4
43 1 66 3 .1
63 5 67 3 .2 7
64 5 76 3 .1

Blue 3 1 74 3
8 1 74 2.95

12 2 76 2.95
19 1 68 2 .9
22 1 76 2 .7
42 1 68 2 .9
45 1 76 2 .6
50 1 .5 74 3 .0
58 2 .5 70 2 .85
60 2 76 2 .95

Green 1 1 .5 74 2 .75
6 1 .5 76 2 .9
7 1 .5 77 2 .82
8 3 76 2 .9
9 2 78 2 .8

10 2 74 2 .75
11 3 69 2
12 4 .5 74 2 .85
19 2 80 2 .9
22 3 81 2 .7

Brown 1 1 68 3 .15
IK 1 71 3 .0
2 3 60 2 .8
5 3 65 3 .3
6 2 .5 65 3 .1
7 2 75 2.95

17 2 75 2 .8
21 3 71 3 .15
27 4 81 2.15
32 3 72 2 .9
56 3 62 3
57 1 75 2 .85
58 3 66 2 .62



c . l .
D ésig n a tio n  

Number.

L.F.
Number.

T o ta l Number 
o f  Atoms .

x /y

Brown 60 1 60 2 .27
61 1 76 3 .15
68 3 80 2.85
79 2 71 3 .15
80 2 71 3 .35
86 2 61 2 .94
99 4 .5 78 2 .6

101 5 73 2,75
154 2 .5 74 2.85
158 2 .5 71 3 .0

Blaok 3 3 54 2 .1
4 3 80 2 .8

11 3 77 2 .8
. 17 5 57 2 .37

20 3 101 3 .05
21 2 .5 81 • 3 .15

. 29 3 .5 70 2 .75
38 3 77 2 .7 4
40 2 77 3 .10
48 3 71 2 .4 8
49 3 78 2 .44



TABLE VI

M olecu lar  A x ia l R a tio a  and C olour In d ex  Data  

f o r  T r i-  and T e tr a  Sulphonated  D ir e c t  T^ea»

G#I*
D e sig n a tio n

Number.

L .F .
Number.

T o ta l Number 
o f  Atom s,

x /y

Y ellow  34 6 .5 90 2 .65
50 6 .0 82 2 .9
51 5 .0 86 2 .77

Orange 24 2 76 3 .1
49 5 90 2 .3

Red 4 2 .5 75 3 .72
15 2 77 2 .3
26 2 85 3 .15
34 1 77 2 .3
36 2 .5 90 3 .95
42 1 72 2 .54
43 2 72 2.26
46 2 76 2 .26
49 3 86 2 .16
54 2 90 3
56 2 80 2 .3
60 1 72 2 .35
62 2 81 3 .1 5
75 4 82 2 .45
79 6 92 2 .6

101 4 .5 82 2 .34
103 4 .5 75 2.05
113 5 78 3.82

V io le t  3 1 69 3 .22
22 1 69 2 .75
27 2 .5 71 3 .1
36 1 69 2 .6
45 2 72 2.65
62 5 84 2.45

Blue 1 1 84 3.16
2 1 73 2 .9
6 1 76 3.05
9 2 77 2 .3

10 3 82 3
11 2 88 3 .1
14 1 82 3 .2
16 1 71 2 .67



G #I. L.P# T o ta l lumber x /y
D e s ig n a tio n  Humber. o f  Atoms.

Number.

Blue 21

Green

21 1 77 2 .9
25 2 80 3 .2
26 2 . . 96 2 .7
27 1 75 2 .9
30 3 98 2.95
31 2 76 3 .05
35 2 77 3 .1
36 2 . 77 2 .9
37 1 .5 80 3 .1
39 2 96 2 .85
43 2 89 2 .75
48 3 73 3
49 1 .5 74 3 .2
51 4 85 3
53 1 .5 82 3 .1 6
63 3 96 2 .95
65 4 79 2 .7
71 5 87 2 .3
72 5 .5 78 2
82 5 81 2 .1
96 5 63 2 .25

3 4 101 3 .05
20 2 85 2 .9
33 5 98 2.35
69 3 80 2 .85
14 3 .5 87 3 .05
15 2 79 3 .2
24 3 95 2 .95
27 3 86 2 .9
74 5 90 1 .9



TABLE V II

M olecu lar A x ia l R a t io s  and C olour In d ex  Data

f o r  V at ])ye8.

0#I#
D esig n a tio n

Number.

L .P .
Number.

x /y O .I ,
D eeig t.a tion

Number,

L .P .
Number.

x /y

A nthragulnone Blue 4 7 .5 2 .15
6 7 .5 1 .6 5

Y ellow  1 5 .5 1 .7 5 11 7 .5 1 .6 5
3 6 2 .0 13 7 1 .9
4 5 .5 1 .7 20 6 .5 2 .3

12 5 3 .3 21 6 .5 1 .4
13 4 .5 3 .3 22 6 .5 2 .3
20 7 1 .7 5 26 6 .5 1 .6
23 5 3 .3 32 7 1 .5
26 5 .5 2 .1 5 33 7 .5 1 .5 5
29 6 1 .4 5 Green 1 7 1 .8 5
31 6 1 .6 5 3 8 2 .3

58950 4 2 .8 4 7 1 .7 5
65400 5 .5 2 .2 9 6 2 .5 5
65435 4 .5 2 .85 11 7 .5 1 .8
Orar ge 3 7 .5 1 .2 5 69515 8 2 .45

9 5 .5 1 .7 Brown 31 6 2 .05
13 7 .5 2 .8 5
16 7 2 .1 5 In d ig o id
17 7 .5 2 .1

Red 18 6 .5 3 .05 Orange 5 4 .5 3 .05
19 7 1 .4 73640 5 1 .5
21 7 2 .25 Fed 1 5 2 .4
29 6 3 .2 5 2 5 2 .0
32 5 3 .05 5 6 2 .4
33 7 2 .0 5 6 6 .5 2 .4
35 8 1 .8 0 26 4 .5 3 .05
39 7 .5 1 .7 0 41 6 .5 2 .2
42 7 1 .5 45 5 1 .65

61655 7 1 .5 47 5 .5 2 .55
V io le t  9 5 .5 2 .3 73330 4 2 .5

13 7 2 .3 73345 3 .5 3 .3
14 8 1 .7 0 73625 3 2 .0
15 6 2 .0 73650 5 1 .3 5
17 6 .5 1 .9 73680 6 1 .75



G .I .
D esig n a tio n

Number

L .P .
Number,

x/y

In d ig o id

V io le t 2 5 2 .05
4 5 .5 2 .1

18 5 1 .9 5
73570 4 1 .8 5
73380 5 2 .25
73390 5 2 .7
73595 • 5 .5 2 .05
73810 5 1 .8 5
Blue 1 4 2 .0

2 3 .5 2 .2
3 4 2 .2
5 4 .5 2 .0 5
8 5 .5 1 .6 5

35 4 .5 2 .4
36 5 .5 1 .7 5
37 4 1 .9 5
40 5 1 .8 5
41 4 .5 2 .05
48 4 1 .7 5

73030 5 2
73315 5 .5 1 .9 5
73420 , 4 .5 2 .4
73425 5 1 .8
73815 5 1 .8 5
73820 4 2 .2
73825 3 .5 2 ,2
73840 3 2 .0
73845 3 .5 2 .3 5
73850 4 .5 2 .0
Greei!
73415 4 2 .95
Brown 5 6 .5 1 .9 5

42 6 2 .05
73655 3 1 .4 5
Blaok 1 6 .5 2 .05



TABLE V III

R e la t io n  betw een P er cen ta g e  F ading cau sed  by Blue-Red  

r e g io n  o f  th e  Spectrum  (McLaren* s  d a ta ) and M olecu lar

A x ia l R atio#

C#I# D e s ig n a tio n  (ÿ )  F ad ing  by x /y

Number# B lue-R ed reg io n #

Aoid Dyes
V io le t 1 3 1 .83
Blaok 24 12 1 .95
Blue 78 20 1 .6 8
Green 19 75 2 .5
Green 20 32 2.26
Orange 10 17 1 .45
Blue 113 75 1 .96
V io le t 41 5 1 .82
Blue 40 3 1 .9
Blue 27 29 1 .5 2
Green 27 17 1 .3 7

D ire c t
Green

Dyes
68 2 .9

V io le t 22 83 2.75
B lue 1 87 3.16
Blue 10 83 3
Blaok 38 68 2 .74

V at
V io le i

Dyes
17 16 1 .92

V io le t 9 46 2 .3
Green 9 39 2 .53
Green 1 20 1.86
V io le t 13 1 2 .3
V io le t 2 55 2 .06
Brown 5 71 1 .95
V io le t 14 1 1 .6 8
Red 1 53 2 .4

D isp erse  Dyes 
Blue i 8 1 .1 8
V io le t 8 26 1 .3
Blue 3 16 1 .2 8
Blue 24 22 1 .4 3
V io le t 4 18 1 .2 8
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TABLE X

O cverege F a c to r  and R eso n a tin g  Form B ata  f o r

O a tio n lo  D y es .

0*1# Lo* O atlo n io  ■ 
W s i ^ t .

0overage F a c to r  o 
20®0 60®0 ^

. f . 6 0 ^

.f.20® 0

Number o f 
R eso n a tin g  

Forma.

42595 478 11 16 .2 1 .5 2

42600 456 6 .9 14 .2 2 3

42510 302 1 .9 5 .3 3 3 1

42555 372 6 12 2 3

44045 470 11 16 1±5 2

42000 329 2

U n d erlin ed v a lu e a  in th e  ta b le a re

p r e d io te d  v a lu e s .



LBGBtiDS TO F IG .I

M olecu lar m odels o f two p la n a r  dyea

A. D ire c t  Red 28 ( C . l .  22120).

B. V at Green 1 ( C . l .  59825).



A. D ire c t  Red 28 ( C . l .  22120).

B« V at Green 1 ( C . l .  59825).



LEGENDS TO F IG .2

R e la tio n  between an io n io  w eight and w aahfaatneaa 

on w ool, o f d isu lp h o n a te d  ao id  dyea ( o i r o l e s )  

and mono su lp h o n a ted  ohrorae d^^ea ( s q u a r e s ) .

A. For a l l  d y e s .

B. Only d isu lp h o n a te d  a o id  d y e s .
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A N I O N I C  W E I G H T

P i g . 3 . R e la t io n  between an ion ic  w eight and

m ig ra t io n  number on wool, of an id  dyes 

w ith  two or more su lphona te  g roups.



LEGENDS TO FIG#4

R e la t io n  between l i ^ t f a e t n e s B  and an io n io  

w e i ^ t  o f ao n o su lp h o n a ted  ao id  dyea on wool
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LKGEMDS TO P IG .5

P lo t s  o f  l l g h t f a s t n e s s  on w ool a g a in s t  

m o lecu la r  a x ia l  r a t i o  f o r  a o id  dyes#

A# M onosulphonated azo dyes#

B# D isu lp h on ated  azo  dyes#
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M O L E C U L A R  A X I A L  R A T I O  X / Y

F i g . 6 . P lo t  of l i g h t f a s t n e s s  on wool a g a in s t

m o lecu la r  a x i a l  r a t i o  f o r  an th raqu inone  

dy es .



LEG^IBS TO PIG .7

P lo t s  o f l i ^ t f a s t n e s B  on o o tto n  

a g a in s t  m o lecu la r a x ia l  r a t i o  and 

t o t a l  number o f  atoms in  th e  dye 

m oleou les f o r  mono- and d i -  

su lp h o n a ted  d i r e c t  dyes#
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IBGENDS TO F ia> 8

P lo t s  o f l i ^ t f a s t n e s a  on c o t to n  

a g a in s t  m o le c u la r axicG. r a t i o  and 

t o t a l  number o f atoms in  th e  dye 

m olecu le  f o r  t r i -  and t e t r a -  

su lp h o n a ted  d i r e c t  dyea#
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LEasr.DS TO F ig  >9

P lo t s  o f n o le o u la r  a x ia l  r a t i o  

a g a in s t  l i g h t f a s t n e s s  o f v a t  

dyes on o o t to n •
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LSSEIiPS TO FIG #10

R e la tio n  between e f f e o tiv e n e e e  o f th e  b lu e -  

re d  s p e c t r a l  re g io n  in  oausixig fa d in g  and 

(A) l i g h t f a s tn e e s ,  McLaren*a d a ta ,  o m ittin g  

ex p e rim en ta l p o in ts  and (B) m o lecu la r a x ia l  

r a t i o  o f dyes w ith  p la n a r  m olecules*
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P i g . l l . A dsorp tion  iso th e rm  of D ire c t  Brown 158 

( C . I .  31500) on g r a p h i t e .



LEGENDS TO FIG.12

A d so rp tio n  iso th e rm s  o f im p e rfe o tly  

o o n jn g a tsd  dyes on g r a p h i t e .

a .  D ire o t Orange 90 (0 .1 .2 8 6 6 0 )•

b .  D ire o t Green 28 (0 .1 .1 4 1 5 5 ) .

0 .  D ire o t 13T0W1 58 ( 0 .1 .2 2 5 4 0 ) .

d . D ire o t Brown 59 (0 .1 .2 2 5 4 5 ) .
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LEG^-PS TO FIG >15

P lo t s  o f  (log^Q> ooverage a g a in s t  ( lo g ,Q ) 

lo n io  w e i ^ t  f o r  c a t io n io  dyes ( a t  20^0 

ex o ep t f o r  B ).

A# y e a s t ;  B. s i l i c a ;  C# oalo ium  

o a rb o n a to ; D* alum ina a t  20^0;

B. Alumina a t  60^0; P . t i ta n iu m -  

d io x id e ; G# g ra p h ite #
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P i g . 1 4 . R e la t io n  between (log^g) coverage

and ( lo g ^g )  io n ic  w eight f o r  c a t io n ic  

and a n io n ic  s o lu te s  on v a r io u s  s u b s t r a t e s .
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F i g . 1 5 . R e la t io n  between (log^Q) coverage and

io n ic  w eigh t f o r  an io n ic  s o lu te s  on g ra p h i te  

and alum ina a t  20°G ( l e a s t  square  l i n e ) .  For 

th e  im p e r fe c t ly  co n ju g a ted  s o lu te s ,  th e  coverage 

i s  p l o t t e d  a g a in s t  bo th  a c tu a l  and c o r re c te d  

io n ic  w eigh t as in d ic a te d  by a rro w s.
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P i g . 1 6 . A dsorp tion  iso th e rm s  of a cyan ine  dye on

(A) g r a p h i te  and (B) alum ina.
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P ig .1 7 . A dsorp tion  iso th e rm s  of Solway U l t r a  Blue B 

( G . I . 62055) on t i ta n iu m  d io x id e .

(A) Sample R-SM.

(B) Sample 10863•
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