
CHAPTER I
INTRODUCTION

P o ly m e rs  an d  su rfa c tan ts  a re  o ften  u se d  to g e th e r  in in d u s tr ia l 
fo rm u la tio n s  to  ta k e  a d v a n ta g e  o f  th e ir  c h a ra c te r is tic a lly  d if fe re n t 
p ro p e r tie s . W h e n  p re se n t to g e th e r  th e y  can  in te ra c t to  p ro v id e  b e n e fic ia l 
p ro p e r tie s . S u ch  in te ra c tio n s  can  o c c u r in  b o th  a q u e o u s  an d  n o n a q u e o u s  
sy s te m s . O w in g  to  th e ir  in d u s tr ia l im p o rta n ce , a q u e o u s  sy s te m  h a v e  b een  
s tu d ie d  m u c h  m o re  in  d e ta il th an  n o n a q u e o u s  sy s tem s.

P o ly m e r-su rfa c ta n t c o m b in a tio n s  in a q u e o u s  so lu tio n s  w h ic h  
in te ra c t  w ith  e a ch  o th e r  can  be b ro a d ly  c la ss if ie d  in to  th re e  c a te g o rie s , 
n a m e ly  u n c h a rg e d  p o ly m e r-io n ic  su rfa c tan t, o p p o s ite ly  c h a rg e d  p o ly m e r-  
su rfa c ta n t a n d  h y d ro p h o b e -m o d ifie d  p o ly m e r-su rfa c ta n t sy s tem s . W h ile  th e  
d o m in a n t fo rc e s  re sp o n s ib le  fo r in te ra c tio n s  in th e  la tte r  tw o  sy s te m s  can  b e  
re a d ily  id e n tif ie d , th e  re a so n s  fo r th e  in te ra c tio n  b e tw e e n  n o n io n ic  p o ly m e r 
a n d  c h a rg e d  su rfa c ta n t a re  less c le a r (G o d d a rd  an d  A n a n th a p a d m a n n a b h a n ,
199 3 ). In  a ll c a ses , th e  in te ra c tio n  o f  p o ly m e rs  w ith  su rfa c ta n ts , u n lik e  th a t 
w ith  o th e r  sm a ll m o le c u le s  is m ad e  c o m p le x  b y  th e  k ey  ro le  p la y e d  b y  th e  
s e l f  a g g re g a tio n  o r m ic e lliz a tio n  p ro p e rtie s  o f  th e  su rfa c tan t.

P o ly m e r-su rfa c ta n t c o m p le x e s  h av e  fo u n d  a p p lic a tio n s  in m a n y  
in d u s tr ia l p ro d u c ts , su ch  as fo o d s, p h a m a c e u tic s , c o sm a tic s , d e te rg e n ts  and  
v a r io u s  c h e m ic a l tre a tin g  sy s tem s (G o d d a rd  an d  A n a n th a p a d m a n n a b h a n ,
1993).
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1.1 Surfactant Solutions

1.1.1 C h a ra c te r is tic  F ea tu re s  o f  S u rfa c ta n t
A  fu n d am en ta l p ro p e rty  o f  a su rfa c ta n t is th e  p re se n c e  o f  b o th  

w a te r-so lu b le  an d  w a te r- in so lu b le  g ro u p  in  its m o lec u le . T h e  w a te r-so lu b le  
g ro u p  is k n o w n  as a h y d ro p h ilic  g ro u p , w h ile  th e  w a te r- in so lu b le  is c a lle d  a 
h y d ro p h o b ic  g ro u p . T h e  g e m e ra l s tru c tu re  o f  su fa c ta n t m o le c u le  is sh o w n  in 
F ig u re  1.1. T h e  h y d ro p h ilic  g ro u p  can  be  c h a rg e d  o r p o la r  su c h  as a n io n ic , 
c a tio n ic  o r z w itte r io n ic . O n  th e  o th e r  h an d , th e  h y d ro p h o b ic  g ro u p  is u su a lly  
h y d ro c a rb o n , a lip h a tic  ch a in s , p o ly c y c lic  m o ie tie s  o r a ro m a tic  g ro u p s  th a t 
a re  sp a rin g ly  so lu b le  in w a te r  (L ic h te n b e rg  et al., 1982).

H y d ro p h ilic  H y d ro p h o b ic
g ro u p  g ro u p

Figurel.l T h e  g en e ra l s tru c tu re  o f  su rfa c ta n t m o lec u le .

B e ca u se  su rfa c tan ts  c o n ta in  b o th  w a te r-so lu b le  an d  w a te r- in so lu b le  
g ro u p s , th e y  ten d  to  ad so rb  a t th e  in te rfa c e  w ith  th e ir  h y d ro p h o b ic  g ro u p s  
a w a y  fro m  w a te r  an d  th e ir  h y d ro p h ilic  g ro u p s  in  so lu tio n . A  c o n se q u e n c e  o f  
th is  is th a t so m e  o f  th e  w a te r  m o le c u le s  a t th e  in te rfa c e  w ill be re p la c e d  by  
h y d ro c a rb o n  o r o th e r  n o n p o la r  g ro u p s. S in ce  th e  in te ra c tio n  fo rce  b e tw ee n  
w a te r  m o le c u le s  an d  n o n p o la r  g ro u p s is le ss  th a n  b e tw e e n  w a te r  m o le c u le s , 
a d so rp tio n  o f  su rfa c ta n ts  a t th e  in te rfa c e  re su lts  in  a  re d u c tio n  in  th e  su rfa c e  
te n s io n  o f  th e  so lu tio n  (G o d d a rd  an d  A n a n th a p a d m a n n a b h a n , 1993; L am ax ,
1996). T h e  dual ten d en c y  is re sp o n s ib le  fo r a d so rp tio n  o f  s u rfa c ta n ts  at 
in te rfa c e s  an d  fo r th e  fo rm a tio n  o f  su ch  a g g re g a te s  as m ic e lle s  (R o se n , 
1989).
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1.1.2  M ic e lle  F o rm a tio n
S u rfa c ta n t m o lec u le s  in a q u e o u s  so lu tio n  a t c o n c e n tra tio n  a b o v e  

th e ir  c r itic a l m ic e lle  fo rm a tio n  (C M C ) a g g re g a te  to  fo rm  fa irly  u n ifo rm e d  
s iz ed  s tru c tu re s  re fe rre d  to  as m ice lle s . T h e  m ic e lle  fo rm a tio n  d e p e n d s  on 
th e  tw o  o p p o s in g  fo rces  o f  in te ra c tio n  b e tw ee n  su rfa c ta n t m o le c u le s  (P o rte r ,
1994).

1.1.2.1 Hydrophilic repulsion
H y d ro p h ilic  re p u ls io n  m ay  be  e le c trica l in  th e  c a se  o f  io n ic  

g ro u p s , o r s te ric  in th e  ca se  o f  n o n io n ic  g ro u p s. T h e  g re a te r  th is  c h a rg e , th e  
la rg e r  is th e  re p u ls io n  an d  th e  less te n d e n c y  to  fo rm  m ic e lle s . I f  la rg e  
n o n io n ic  h y d ro p h ile s  c o m e  in to  c lo se  p ro x im ity , th e re  w ill b e  a te n d e n c y  fo r 
w a te r  m o le c u le s  to  m o v e  to w a rd  th e  lo w e r w a te r  c o n c e n tra tio n  a ro u n d  th e  
c h a in s  o r  a  te n d e n c y  to  h y d ra te  th em . E ith e r  e ffe c t re su lts  in  th e  m o v in g  
a p a r t th e  h y d ro p h ile s . T h en  th e  su rfa c ta n t m o le c u le s  w ill b e  d if f ic u lty  to  
fo rm  m ic e lle s  (L a m a x , 1996).

1.1.2.2 Hydrophobic attraction
H y d ro p h o b ic  a ttra c tio n  is th e  b o n d  a ttra c tin g  o f  h y d ro p h o b ic  

g ro u p s . T h e  re a so n  fo r th is  is c o m p le x  an d  d u e  to  e n th a lp y  an d  e n tro p y  
c h a n g e s  w h e n  an  a lk y l g ro u p  is tra n s fe rre d  fro m  a h y d ro c a rb o n  e n v iro n m e n t 
to  so lu tio n  in  w a te r. T h is  is b a s ic a lly  th e  h y d ro p h o b ic  e ffe c t (L a m a x , 1996).

I f  h y d ro p h ilic  re p u ls io n  is la rg e  c o m p a re d  w ith  h y d ro p h o b ic  
a ttra c tio n , th e  m o le c u le s  w ill n o t a g g re g a te  u n til fo rc e d  to  b y  in c re a se  in 
c o n c e n tra tio n . S u ch  a g g re g a tio n  m a y  be  seen  as m o re  tra n s ie n t an d  less 
s tab le . T h u s  th e  C M C  is h ig h .

I f  h y d ro p h ilic  re p u ls io n  is sm all c o m p a re d  w ith  h y d ro p h o b ic  
a ttra c tio n , th e  m o le c u le s  w ill a g g re g a te  ea s ily  at lo w  c o n c e n tra tio n . T h is  
m e a n s  th a t th e  C M C  is low  (L a m a x , 1996).
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1.1.3 T y p e  o f  S u rfa c ta n ts
S u rfa c ta n t can  be  c la ss if ie d  in to  fo u r c la sse s ; a n io n ic  su rfa c ta n ts , 

c a tio n ic  su rfa c ta n ts , n o n io n ic  su rfa c ta n ts  an d  a m p h o te r ic  su rfa c ta n ts . T h e  
c la s s if ic a tio n  is u se d  on  the  c h e m ic a l s tru c tu re  o f  h y d ro p h ilic  g ro u p  
(G o d d a rd  an d  A n a n th a p a d m a n n a b h a n , 1993).

1.1.3.1 Anionic surfactants
T h e  su rfa c e -a c tiv e  p a r t o f  th e  m o le c u le  c a rr ie s  a n e g a tiv e  

c h a rg e , e .g . C i2H 25C O (y N a +, an d  h as  a lo n g  c h a in  h y d ro p h o b e  c a rry in g  th e  
n e g a tiv e  c h a rg e

1.1.3.2 Cationic surfactants (1
T h e  su rfa c e -a c tiv e  p a r t  o f  th e  m o le c u le  c a rr ie s  a p o s it iv e  

c h a rg e , e .g . c  12H 25N +(C H 3)3C 1\
1.1.3.3 Nonionic surfactants

T h e  su rfa c e -a c tiv e  p a r t o f  th e  m o le c u le  a p p a re n tly  c a rr ie s  no
ch a rg e .

1.1.3.4 Amphoteric surfactants
T h e  su rfa c e -a c tiv e  p a r t  o f  th e  m o le c u le  can  c a rry  a p o s it iv e  

o r  a  n e g a tiv e  c h a rg e  o r b o th , d e p e n d in g  on  th e  c o n d itio n s , e .g . c  12H25N+ 
(C H 3)2-C H 2C O O \

1.1.4  G e n e ra l p ro p e r tie s  o f  a m p h o te r ic  su rfa c ta n ts
1.1.4.1 General

T h e  c h a rg e  o f  a m p h o te r ic  su rfa c ta n t w as  v a r ie d  fro m  
a n io n ic  v ia  z w itte r io n ic  to  c a tio n ic  b y  a d ju s tin g  th e  p H , o r io n iz a tio n  s ta te  o f  
th e ir  m o le c u le s  w h ic h  is d e p e n d  on th e  p H  o f  so lu tio n  (F o lm e r  et al., 1997; 
A la rg o v a  et al., 1996). Z w itte r io n ic  in w h ic h  b o th  its io n ic  g ro u p s  sh o w  
eq u a l io n iza tio n  a t a sp e c ific  p H , is a t th e  iso e le c tr ic  p o in t  o r a rea . T h e  m o s t
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c o m m o n  a n io n ic  g ro u p  an d  ca tio n ic  g ro u p  a re  th e  c a rb o x y l (C O O H ) an d  th e  
a m in e  (N H ), re sp e c tiv e ly  (W in te r , 1989).

W h e n  b u ty lo x y p ro p y la m in e  (B O P A ), d en o te d  b y  A H 2, is s o lu b iliz e d  in 
w a te r  it fo rm s th e  z w itte r io n  H +A H '. W h en  o n e  e q u iv a le n t w e ig h t o f  
a q u e o u s  HC1 is ad d e d  to  th e  la tte r, it fo rm s the  c a tio n  H +A H 2C f .  W h e n  o n e  
e q u iv a le n t w e ig h t o f  a q u e o u s  N a O H  is ad d ed  to  th e  z w itte r io n . it fo rm s  th e  
m o n o a n io n  H +A 2'N a +, an d  w ith  a n o th e r  e q u iv a le n t o f  N a O H  it fo rm s th e  
d ia n io n  A 2'(N a +)2' (M a x  et al, 1998).

1.1.4.2 A dsorption
T h e  a d so rp tio n  g iv es  rise  to  a  d e c re a se  in  su rfa c e  te n s io n  

b e c a u se  su rfa c ta n ts  c o n ta in  b o th  w a te r-so lu b le  an d  w a te r- in s o lu b le  g ro u p s , 
th e y  te n d  to  ab so rb  a t in te rfaces . P a c k in g  o f  m o le c u le s  a t th e  in te rfa c e  
d e p e n d s  o n  th e ir  a b ility  to  re m a in  in c lo se  p ro x im ity . S in c e  a m p h o te r ic  
su rfa c ta n ts  c o n s is t o f  an io n  an d  ca tio n , the  c a tio n ic  g ro u p  g iv e s  r ise  to  
d e c re a se  re p u ls io n  b e tw e e n  n eg a tiv e  c h a rg es , w h ile  th e  a n io n ic  g ro u p  can  
a c t to  d e c re a se  re p u ls io n  b e tw ee n  p o s itiv e  c h a rg e s , p ro m o tin g  c lo se r  
p ac k in g . P a c k in g  v a r ie s  w ith  p H  b e c a u se  th e  e ffe c t o f  p H  on  th e  s ize  o f  h e a d  
g ro u p  o f  a m p h o te r ic  su rfa c ta n t (L a m a x , 1996).

1.1.4.3 Solubility
W a te r so lu b ility  d ep e n d s  on  th e  p re se n c e  o f  w a te r  so lu b le  

g ro u p s  in  th e  m o lec u le s . T h e  so lu b ility  is v e ry  s lig h t u n til a c r itic a l 
c o n c e n tra tio n  is re a c h e d  a t w h ic h  th e  so lu b ility  in c re a se s  a p p ro x im a te ly  
lin e a r ly  w ith  th e  c o n c e n tra tio n  o f  su rfa c ta n t (R o se n , 1989). M ix tu re  o f  
s u rfa c ta n t an d  w a te r  is g en e ra lly  a  liq u id  w ith  a  h ig h  v isc o s ity  b e c a u se  
fo rm e d  m ic e lle  a t and  ab o v e  C M C .

L in  et al. (1 9 9 4 ) s tu d ie d  th e  v isc o s ity  o f  so d iu m  d o d e c y l su lfa te  
(S D S ) in  w a te r  as fu n c tio n  o f  its  c o n c e n tra tio n . T h e y  fo u n d  th a t th e  
v isc o s ity  o f  a q u e o u s  so lu tio n  is c o n s ta n t u n til c r itic a l m ic e lle  c o n c e n tra tio n  
is re a c h e d  a t w h ic h  th e  v isc o s ity  in c re a se s  w ith  c o n c e n tra tio n  o f  S D S .
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T h e  so lu b ility  o f  th e se  su rfa c ta n ts  d ep e n d s  on  the  re la tiv e  s tre n g th  o f  
a n io n ic  an d  c a tio n ic  g ro u p s. A m p h o te r ic  su rfa c ta n ts  h av e  b o th  a n io n ic  and  
c a tio n ic  g ro u p s  so  w ill b e  so lu b le  o v e r w id e  p H  b e c a u se  o f  th is  a b ility ; th e re  
is a g ro w in g  d e m a n d  fo r th is  k in d  o f  su rfa c ta n t (M ax , 1996).

Iso e le c tr ic  a re a  o r p o in t in a  c o n d itio n  in  w h ic h  m o le c u le  h a s  e q u a l 
p o s itiv e  a n d  n e g a tiv e  c h a rg e s , th e  so lu b ility  sh o w s m in im u m  in  th is  a re a  
b e c a u se  in te ra c tio n  b e tw e e n  th e ir  a n io n ic  an d  c a tio n ic  g ro u p s  is o f  e q u a l 
s tre n g th . Iso e le c tr ic  a re a  o r p o in t o f  a m p h o te r ic  su rfa c ta n ts  a re  n eu tra l p H .

Z w itte r io n ic  su rfa c ta n ts , w h o se  h y d ro p h ilic  p o la r  h e a d s  c a rry  b o th  a 
p o s itiv e  o r n e g a tiv e  c h a rg e , a re  in te re s tin g  in sev era l re sp e c ts . T h ey  e x h ib it  
p H  d e p e n d e n t b e h a v io r , d isp la y  a h ig h  fo am  s ta b ility , an d  a re  less  irr ita tin g  
to  sk in  th a n  m a n y  ion ic  su rfa c ta n ts  (S h ilo a c h  an d  B la n k sc h te in , 1997). 
B e c a u se  o f  th e se  u se fu l c h a ra c te r is tic s , z w itte r io n ic  su rfa c ta n ts  a re  o fte n  
c o m b in e d  w ith  a n io n ic  o r c a tio n ic  su rfa c ta n ts  in  m an y  c o n su m e r p ro d u c ts , 
su c h  as sh a m p o o  an d  d e te rg en ts . M ix tu re s  o f  z w itte r io n ic  a n d  io n ic  
su rfa c ta n ts  a lso  e x h ib it  in te re s tin g  rh e o lo g y  b eh a v io r.

1.1.5 C o c a m id o p ro p y l d im e th y l g ly c in e  (C A D G )
C o c a m id o p ro p y l d im e th y l g ly c in e  o r c o c a m id o p ro p y l b e ta in e  is o n e  

ty p e  o f  a m p h o te r ic  su rfa c tan ts . S u rfa c e -a c tiv e  b e ta in e s  d if fe r  fro m  o th e r  
a m p h o te r ic  su rfa c ta n ts  o w in g  to  th e  p re se n c e  o f  th e  q u a te rn a ry  n itro g e n  
w h ic h  p re v e n ts  th e  m o le c u le  fro m  e x is tin g  as an  a n io n ic  su rfa c ta n t in 
a lk a lin e  so lu tio n s . T h ey  th e re fo re  e x is t o n ly  in  th e  z w itte r io n ic  o r c a tio n ic  
fo rm  (M ax , 1996). T h e  a d v a n ta g e  o f  th is  ty p e  o f  a m p h o te r ic  s u rfa c ta n t is 
th a t  it is s ta b le  w h e n  e x p o se d  to  a ir. T h e  d isa d v a n ta g e  is th e  a lle rg y  to  sk in . 
T h e  s tru c tu re  o f  C A D H  is sh o w n  in F ig u re  1.2.
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C H 3 c h 3

C ,,H 23C O N H (C H 2)3 — N +— C H 2C O O N a C ,,H 23C O N H (C H 2)3 —  N + —  C H 2C O C T

Figure 1.2 C h e m ic a l s tru c tu re  o f  c o c a m id o p ro p y l d im e th y l g ly c in e  
(C A D G ): (a ) in  so lid  fo rm , (b ) in a q u e o u s  so lu tio n .

1.2 Polymer Solutions

W a te r  p la y s  a  k ey  ro le  in  d e te rm in in g  th e  p ro p e r tie s  o f  a q u e o u s  
so lu tio n s . S o lv a tio n  o f  p o ly m e r  c h a in s  m ay  re su lt  fro m  th e  in te ra c tio n  o f  
io n ic , p o la r , o r  h y d ro g e n -b o n d e d  h y d ro p h ilic  se g m e n ts  w ith  w a te r. S o m e  
w a te r-s o lu b le  p o ly m e rs  c o n ta in  m o n o m e rs  th a t h a v e  a m p h ip h ilic  c h a ra c te r  
th e m s e lv e s . In  th is  ca se , so lv a tio n  o f  th e  p o ly m e r  m a y  in v o lv e  th e  
h y d ro p h o b ic  in te ra c tio n , in  w h ic h  th e  lo ca l s tru c tu re  o f  w a te r  in  th e  
n e ig h b o rh o o d  o f  th e  h y d ro p h o b ic  p o r tio n  o f  th e  s e g m e n t is th o u g h  to  p la y  a 
ro le  (G o d d a rd  an d  A n a n th a p a d m a n n a b h a n , 1993).

P o ly m e r u se d  in  th is  s tu d y  is n o n io n ic  w a te r-so lu b le  p o ly m e r. In  
g e n e ra l, w a te r  so lu b ility  in  n o n io n ic  p o ly m e rs  d e r iv e s  fro m  s tro n g  p o la r ity  
o r  h y d ro g e n -b in d in g  fu n c tio n a lity  in  th e  m o n o m e r u n its , le a d in g  to  
fa v o ra b le  in te ra c tio n s  w ith  w a te r  m o le c u le s . A d d itio n  o f  o th e r  so lu tio n  
c o m p o n e n ts , su c h  as sa lt, c o so lv e n ts , o r  su rfa c ta n ts , o r c h a n g in g  th e  
m o le c u la r  w e ig h t o f  th e  p o ly m e r, can  e f fe c t th e  s o lu b ility  s tro n g ly  (G o d d a rd  
a n d  A n a n th a p a d m a n n a b h a n , 1993).

C H 3 c h 3

(a) (b )
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1.2.1 H y d ro x y p ro p y lc e llu lo se  (H P C )
H y d ro x y p ro p y lc e llu lo se  is an in te re s tin g  in m an y  c o m m e rc ia l 

a p p lic a tio n s . It is a w a te r-so lu b le  e th e r  o f  n a tiv e  ce llu lo se . It is so lu b le  in 
m a n y  so lv e n ts , in c lu d in g  w a te r, at ro o m  tem p e ra tu re . N e v e rth e le s s , it is a 
la rg e ly  h y d ro p h o b ic  p o ly m e r. It p re c ip ita te s  w h e n  a q u e o u s  so lu ito n  o f  H P C  
is h e a te d  a b o v e  4 0 ° c .  In  n o n p o la r  so lv e n ts , th is  p o ly m e r te n d  to  e x te n d  
in tra m o le c u la r  h y d ro g e n  b o n d in g  w h e re  as in w ate r, h y d ro g e n  b o n d in g  w ith  
so lv e n t p re d o m in a n t. T h e  g en e ra l s tru c tu re  o f  H P C  is sh o w n  in  F ig u re  1.3.

O R  C H 2O R

R  =  C H 2-C H (O H )-C H 3

Figure 1.3 C h e m ic a l s tru c tu re  o f  h y d ro x y p ro p y lc e llu lo se  (H P C ).

1.3 Polymer-Surfactant Interactions

T h e  m e c h a n is m s  fo r  th e  fo rm atio n  o f  s tab le  p o ly m e r-su rfa c ta n t 
c o m p le x e s  m a y  in c lu d e  o n e  o r a few  o f  th e  fo llo w in g  : m in im iz a tio n  o f  th e  
free  e n e rg y , e le c tro s ta tic  in te ra c tio n  b e tw e e n  c h a rg e d  p o ly m e rs  an d  c h a rg e d  
su rfa c ta n ts , h y d ro p h o b ic  in te ra c tio n , d isp e rs io n  fo rces , h y d ro g e n  b o n d in g , 
h y d ra tio n  o f  th e  p o ly m e r an d  th e  h ea d  g ro u p s , s te ric  re p u ls io n , an d  
e le c tro s ta tic  e ffe c t b e tw e e n  su rfa c ta n t h ea d  g ro u p s  (G o d d a rd  an d  
A n a n th a p a d m a n n a b h a n , 1993).
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1.3.1 D riv in g  fo rces
T h is  fo rce  in p o ly m e r-su rfa c ta n t sy s tem s c o m es  from  the  

h y d ro p h o b ic  in te ra c tio n s  b e tw ee n  su rfa c ta n t m o lec u le s . B e ca u se  o f  
e n e rg e tic a lly  d e lica te  b a la n c e , ev en  q u ite  sm all m o d if ic a tio n s  o f  th e  free  
e n e rg y  o f  n o rm a l m ic e lliz a tio n  an d  sm all c o n tr ib u tio n s  fro m  th e  o th e r  
in te ra c tio n s  can  h av e  d ra m a tic  in flu e n c e s  on th e  se lf-a sse m b ly  an d  in d u c e  
im p o r ta n t su rfa c ta n t-p o ly m e r in te rac tio n . In te ra c tio n  b e tw e e n  io n ic  
su rfa c ta n ts  an d  p o ly m e rs  is s tro n g e r th an  in te ra c tio n  o f  n o n io n ic  su rfa c ta n ts  
w ith  p o ly m e rs  b e c a u se  e le c tro s ta tic  in te ra c tio n  in io n ic  su rfa c ta n ts  (G o d d a rd  
a n d  A n a n th a p a d m a n n a b h a n , 1993).

1 .3 .2  B in d in g  Iso th e rm s

a  fix ed  p o ly m e r  c o n c e n tra tio n  can  be  o b ta in e d  an d  is u su a lly  p re se n te d  as a 
b in d in g  iso th e rm . A  ty p ica l b in d in g  iso th e rm  is sh o w n  in F ig u re  1.4. T h e  
iso th e rm  in d ica te d  o f  c o o p e ra tiv e  b in d in g , an d  th e  o n se t o f  su rfa c ta n t 
b in d in g  o fte n  o cc u rs  a t a c ritica l a g g re g a tio n  c o n c e n tra tio n  (cac ) (G o d d a rd  
an d  A n a n th a p a d m a n n a b h a n , 1993).

Figure 1.4 A  ty p ic a l b in d in g  iso th e rm  fo r th e  b in d in g  o f  a  su rfa c ta n t to  a 
P o ly m e r  (c a c  =  c ritic a l a g g re g a tio n  c o n c e n tra tio n )

T h e  c h a ra c te r iz a tio n  o f  th e  su rfa c ta n t b in d in g  to  th e  p o ly m e r a t

F re e  su rfa c ta n t c o n c e n tra tio n  
(m M )
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1.3.3 S tre n g th  o f  In te rac tio n
T h e  free  e n e rg y  o f  m ic e lliz a tio n  can  be  w ritte n  as (G o d d a rd  

an d  A n a n th a p a d m a n n a b h a n , 1993).

A G m ^  R T  In cm c  (1 .1 )

w h e re  A G m is th e  free  e n e rg y  o f  su rfa c ta n t m ic e lliz a tio n , R  is  th e  gas 

c o n s ta n t, T  is th e  a b so lu te  tem p e ra tu re , and  cm c  is th e  c ritic a l m ic e lle  
c o n c e n tra tio n . T h e  free  e n e rg y  o f  su rfa c ta n t b in d in g  to  a  p o ly m e r  is 
e x p re sse d  as (G o d d a rd  an d  A n a n th a p a d m a n n a b h a n , 1993),

AGb =  R T  In cac  ( 1.2)

w h e re  AGb is th e  free  e n e rg y  o f  p o ly m e r-b o u n d  m ic e lle  an d  c a c  is th e  
c ritic a l a g g re g a tio n  c o n c e n tra tio n . T h e re fo re , th e  free  e n e rg y  p e r  m o le  
s u rfa c ta n t fo r  th e  re a c tio n  : free  m ice lle  - p o ly m e r-b o u n d  m ic e lle  , c a n  b e  
d e r iv e d  as (G o d d a rd  an d  A n a n th a p a d m a n n a b h a n , 1993).

A G ps =  AGb -  A G m =  R T  In (cac  /  cm c) (1 .3 )

T h is  q u a n tity  is a m e a su re  o f  th e  s tre n g th  o f  the  in te ra c tio n  b e tw e e n  th e  
s u rfa c ta n t an d  th e  p o ly m e r. In  p a r tic u la r , it is p o in te d  o u t th a t  it is 
im p o ss ib le  to  h a v e  a cac  w h ic h  is h ig h e r th an  the  cm c  o f  th e  s u rfa c ta n t in 
th a t c a se  th e  su rfa c ta n t m o le c u le s  w o u ld  p re fe r  to  fo rm  free  m ic e lle s  in s te a d  
o f  p o ly m e r-b o u n d  o n es  an d  su rfa c ta n t b in d in g  to  th e  p o ly m e r w ill n o t o ccu r. 
I f  th e  p o ly m e r p re fe re n tia lly  in te rac ts  w ith  a m ice lle , th e  free  e n e rg y  o f  th e  
m ic e lle , an d  th u s  th e  cm c, sh o u ld  be  lo w ered .
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T h e  s tre n g th  o f  th e  in te ra c tio n  v a rie s  b e tw ee n  th e  d if fe re n t ty p e  o f  
p o ly m e r-su rfa c ta n t sy s tem s. G en e ra lly , the  in te ra c tio n  b e tw e e n  a 
p o ly e le c tro ly te  an d  an  o p p o s ite ly  c h a rg e d  su rfa c ta n t is v e ry  s tro n g  (G o d d a rd  
a n d  A n a n th a p a d m a n n a b h a n , 1993).

1.4 Polymer-Surfactant Structures

T h e  in te ra c tio n  b e tw ee n  p o ly m e r an d  su rfa c ta n t c o u ld  tak e  o n e  o r  m o re  
o f  th e  fo llo w in g  fo rm s (H o lm b e rg  e t a l., 1992): (a ) re d is tr ib u tio n  o f  th e  
su rfa c ta n t m o le c u le s  b e tw ee n  the  b u lk  so lu tio n  an d  th e  p o ly m e r  co il 
re g io n s ; (b ) su rfa c ta n t m o le c u le s  b o u n d  a lo n g  th e  p o ly m e r c h a in ; (c ) 
s u rfa c ta n t m o le c u le s  s ta rt to  b in d  as a c lu s te r  o r m ic e lle  o n  th e  h y d ro p h o b ic  
s ite s  o f  th e  p o ly m e r ch a in ; an d  (d ) p o ly m e r se g m e n ts  p e n e tra te  an d  w ra p  
a ro u n d  th e  p o la r  h ea d  g ro u p  re g io n s  o f  su rfa c ta n t m ice lle s .

T h e  in te ra c tio n  ty p e s  (c ) an d  (d ) a re  ca lle d  s ite  c lu s te r in g  an d  m ix ed  
m ic e lle , re sp e c tiv e ly . T h e  (c ) s tep  is fa irly  s im ila r  to  th e  (d ) s tep . H o w e v e r, 
th e re  a re  c o n c e p tu a l d if fe re n c e s  in th e  in itia l s tep  b e tw e e n  th e m . T h e  s ite  
c lu s te r in g  an d  m ix ed  m ic e lle  in te ra c tio n  a re  sh o w n  in  F ig u re  1.5. T h e  s ite  
c lu s te r in g  c h a ra c te rs  im p lie s  a s tro n g ly  c o o p e ra tiv e  su rfa c ta n t-p o ly m e r  
in te ra c tio n , s ta r tin g  b e lo w  th e  n o rm a l th e  C M C  an d  o c c u rrin g  o v e r  a ra n g e  
o f  su rfa c ta n t c o n c e n tra tio n .

T h e  m ix e d  m ic e lle  c h a ra c te r  is th e  fo rm a tio n  o f  m ic e lle  in  th e  
n o rm a l fa sh io n , a lth o u g h  a t a b u lk  c o n c e n tra tio n  lo w e r th a n  th e  C M C  o f  
m a g n itu d e  as th a t o f  a  n o rm a l m ice lle .
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Figure 1.5 S c h e m a tic  d ia g ra m  o f  p o ly m e r-su rfa c ta n t c o m p le x ; (a ) s ite  
c lu s te r in g  an d  (b ) m ix ed  m ice lle .

1.5 Applications of Polymer-Surfactant Systems

A  g re a t n u m b e r  o f  p o ly m e r-su rfa c ta n t c o m p le x e s  a re  v e ry  u se fu l in 
b io lo g ic a l sy s tem s , e .g ., m e m b ra n e s , c a rrie rs  an d  a v a r ie ty  o f  o th e r  sy s te m s  
in c lu d in g  fo o d s , p h a m a c e u tic s , co sm e tic s , d e te rg en ts , v a r io u s  c h e m ic a l 
tre a tin g  sy s te m  su c h  as v isc o s ity  e n h a n c e m e n t, rh e o lo g y  c o n tro l, se p e ra tio n  
an d  p u r if ic a tio n  (G o d d a rd  an d  A n a n th a p a d m a n n a b h a n , 1993).

W h e n  an  u n c h a rg e d  p o ly m e r b in d s  w ith  an  io n ic  su rfa c ta n t, th e  
p o ly m e r  w ill  a c q u ire  a  c h a rg e  an d  th e re fo re , on  th e  b a s ic  o f  p o ly e le c tro ly te  
e ffe c t, an  in c re a se  in v isc o s ity  w o u ld  be a n tic ip a te d . A n  in te re s tin g  
a p p lic a tio n s  o f  th e  p o ly m e r-su rfa c ta n t co m p le x s  a re  a se p e ra tio n  an d  
p u r if ic a tio n  su c h  as se p e ra tio n  su c ro se  fro m  en z y m e  lip ase  (R o se n , 1989).

T h e  c o m b in a tio n  o f  n o n io n ic  p o ly m e r an d  v a r io u s  a n io n ic  
su rfa c ta n ts  a re  a lso  u se d  as a m e d iu m  fo r d ru g  re le a se . T h e  p re s e n c e  o f  
su rfa c ta n ts  to  p ro lo n g  th e  re le a s in g  tim e  o f  d ru g  fro m  a  ta b le t. T h e  
m e c h a n is m  o f  p ro lo n g a tio n  is a ttr ib u te d  to  in c re a se  v isc o s ity  o f  a  g e l la y e r  
w h ic h  fo rm s on  th e  su rfa c e  o f  the  ta b le t w h e n  it c o n ta c ts  an  a q u e o u s  
m e d iu m .
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