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CHAP TER-1

INTRODUCTION



I

1. ntiRappoiioH

1 .1  0 « n T a l  In t ro d u o t lo n

P o l y e l e o t r o l y t e i  a re  a  b road  ■p e o tr iu i  o f  macro> 

n o le o t t la r  ooa^otzadt c a r r y in g  p e a d a n t l o n ie a b le  g ro u p s . 

B io l e g io a l ly  a e t lT o  naeroB olecu loB  ( p r o t t t i n e ,  n a c l« lo  a o i d i ,  

p e o t lB s ) .  s y n t h e t i c  p o ly p e p t id e s  (p o ly  «<-aaino a c id s  saoh 

a s  p o ly  - I r - ly s in e *  p o ly -Ir*g lu te» iio  a c id  e t c . ) t  c o p o ly p e p tid e s  

and sooe s y n t h e t i c  p o ly n e r s  |p o l y ( a c r y l i c  a c i d ) ,  p o ly  

( n e t h a c r y l i c  a c i d ) ,  p o ly C r in y l  su lp h o n ic  a c id )  e tc * ]  can be 

c l a s s i f i e d  a s  p o l y e le c t r o ly t e s *  The l a r g e  n o l e c u la r  w e ig h ts  

and th e  i n t e r a c t i o n s  betw een io n is e d  g ro u p s  im p a rt  unique 

p h y s ic o -c h e m ic a l  p r o p e r t i e s  vrhich p la c e  p o l y e l e c t r o l y t e s  a s  

a  s e p a r a te  e n t i t y ,  a p a r t  f^om b o th  e l e c t r o l y t e s  ( l i k e  sodium 

c h l o r id e  e t c . )  and u n io n is in g  po lym ers [  e . g .  p o ly (a o ry la m id e )» 

poly(H«‘T in y l  p y r r o l i d o n e ) ] , d e s p i t e  d i y e r s i t i e s  i n  t h e i r  

o r i g i n  and s t r u c t u r e .

The f i r s t  Im petus to  th e  s tu d y  o f  p o l y e l e c t r o l y t e s ,  

e s p e c i a l l y  p o ly  am p h o ly te s , a s  s im p le r  a n a lo g u e s  o f  th e  more 

complex b iom acrom oleou les  was p roT ided  by S ta u d in g e r^ .

The b i o l o g i c a l  a c t i T i t i e s  o f  p r o t e in s  and o t h e r  biomaoro>- 

m olficu les were t r a c e d  to  t h e i r  s te r e o c h e m is t ry  and 

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

w hich  h a s  s in c e  becwDe an i n t e r d i s c i p l i n a r y  dom ain, r e v e a l  

t h e i r  aihi^>e and s i s e  t o  b e  sen s i  t i r e  to  th e  s o lv e n t  

e n v iro n m e n t,  pH and hence th e  d eg ree  o f  s id e  c h a in
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i o n i s a t i o n  I io n io  s t m i g t b ,  t tm p e r a tu r e , s h e a r  f o r o t  

f i e l d * ,  s p e c i f i c  and n o n - s p e o i f io  b in d in g  o f  io n s ,  

e l e c t r o s t a t i c ,  hydrogen bonded and hydrophobic i n t e r a c t io n s *  

The an a lo g y  w ith  g lo b u la r  p r o t e i n s  i s ,  how sT er, e x t r e n e ly  

ten ttous  s in c e  th e  s y n t h e t i c  p o l y e l e c t r o l y t s s  (w i th  an 

e s s e n t i a l l y  carbon b ack -b o n e) d i f f e r  from  th e  p r o t e i n s  and 

p o ly p e p t id e s  (w ith  G^-C, -F -C ^  and l in k a g e s )  in

t h e i r  c h a in  f l e x i b i l i t y .  The c o n f o r a a t io n a l  changes in  

s y n t h e t i c  p o l y e l e c t r o l y t e s  a r i s e  m ain ly  th e  s id e  c h a in  

i o n i s a t i o n  and hydrophob ic  I n t e r a c t i o n ,  w h ile  a d d i t i o n a l  

f a c t o r s  l i k e  and bond r o t a t i o n ,  i n t r a a o l e c u l a r  

hydrogen  bond ing  e t c * ,  o o n t r ib u t e  to  th e  c o n f o m a t ic n  o f  

bilMnaeronoleoules* I t  c a n n o t ,  hcw eTer, be ruled o u t  t h a t  

t h e  s y n t h e t i c  p o l y e l e c t r o l y t e s  p a r t i a l ! ^  s e rv e  a s  s i v p l e r  

nsodels f o r  th e  a c re  c<»plex  bioaacroDolecules.

!£he s y n t h e t i c  p o l y e l e o t r o l y t e s  -  p o ly a c id s  c a r r y in g  

a n io n ic  c e n t r e s ,  p o ly b a s e s  c a r r y in g  c a t i o n i c  c e n t r e s  and 

p o ly a io p h o ly te s  c a r r y in g  a  ran d o a  d i s t r i b u t i o n  o f  b o th  -  

i o n i s e  in  aqueous s o l u t i o n s  r e s u l t i n g  in  e l e c t r o - s t a t i c  

i n t e r a c t i o n s  betw een th e  ch arged  c e n t r e s  a t ta c h e d  to  th e  

polyflMr c h a in  and f r e e  io n s  in  th e  s o lu t io n *  The shape 

and nean dimwiisions o f  t h e  f l e x i b l e  oac roT O lecu le  M sune  

t h a t  o f  t h e  lo w e s t  p o t e n t i a l  energy* The n u ab e r o f  

c h a rg e s  on th e  weak p o l y e l e o t r o l y t e s  l i k e  p o ly ( n e th a c r y l i c  

a o i d ) f  p o ly (T in y l  p y r i d i n e ) ,  which i o n i s e  o n ly  p a r t i a l l y ,  

can  be a l t e r e d  by t i t r a t i o n  i>?lth e t ro n g  b a se  o r  a c id .



D ll t t t l o n  i n  io n  trw  w a te r  l e a d s  t o  In e re a M d  lo n iz a t lc m .  

fh e  o o n f o r n a t lo n a l  ohaag9B e f f e o t t d  by  obanges io  i o a l e  

s t r t n / r t h t  o o n o e n tra t io n  o f  aaorcnB oleottle, e l e o t r c s t a t i o t

h y d r o p h i l io  and hydrophob le  i a t e r a o t l o n s  hay« been s tu d ie d
2—10

e x h a u s t iT e ly  by p o t e n t l o s e t r y  and T ls o o s i ty  •

The n a e r o r a d lo a l s  fo m e d  d u r in g  th e  c o u rse  o f  p o ly -

a e r l s a t i o n  of lo n lo  monomers» d i f f e r  trom t h e  p o l y e l e o t r o l y t e s

o n ly  In t h a t  th e y  c a r r y  r e a e t i r e  c e n t r e s  a t  t h e  grow ing end

and hence a r e  In f lu e n c e d  by th e  same e l e c t r o s t a t i c  and

h y d ro p h o b ic  i n t e r a c t i o n s  w hich a f f e c t  p o ly e le c t r o ly t e s *

A d d itio n  o f  i o n i s in g  s p e c ie s  c o n s id e ra b ly  a f f e c t  th e  r a t e

o f  c h a in  g ro w th . K in e t ic  I n Y e s t ig a t io n s o f  p o ly B e r i s a t i e n

11-1^b e h a v io u r  o f  i o n ic  m ononers h a re  r e f l e c t e d  t h i s  t r e n d  • 

fh e  i n f lu e n c e s  o f  t h e  e l e c t r o s t a t i c  and hydrophob ic  

i n t e r a c t i o n s  on th e  h O B o p o ly o e risa tlo n  r a t e  have a l s o  been  

r e f l e c t e d  on th e  c o p o ly B e r ls a t lo a  behaY lour o f  io n l s a b le  

n o n o n e rs .  The r a t h e r  l i m i t e d  ra n g e  o f  I n r e s t i g a t l o n s  in  

t h i s  r e g a r d  have shown th e  in f lu e n c e  o f  ( i )  pH o f  th e

nediuB  In  aqueous s o l u t i o n s  and (1 1 ) d i e l e c t r i c
2 )

c o n s ta n t  o f  th e  s o lv e n t  even under a p o la r  c o n d i t io n s *

on th e  o c p o ly a e r i s a t lo n  k i n e t i c  p a r a n e t e r s ,  naoely*  th e  

DonoBMr r e a c t i T l t y  r a t i o s .

The p r e s e n t  work in v o lv e s  an i n v e s t i g a t i o n  o f  two o f  

th e  f a c t o r s  (pH, Io n ic  s t r e n g t h )  t h a t  a f f e c t  th e  n o n o aer 

r e a c t i v i t y  r a t i o s  in  b in a ry  c o p o ly n e r l s a t lo n s  o f  i o n i s in g  

m onoaers (e u jry l ic  an<? m e th a o ry l lc  a c id s )  w ith  n e u t r a l



/f.>

w a te r  solttl3l« u n io n is in g  D onoaara ( K - r in y l  p y r r o l i d w *  

and  a o z y la n id e ) .  I t  h a s  a l s o  b««n ehovn t h a t  a  p a r a l l e l  

e x l s t e  betw een th e  h o n o p o ly B erlB a tica  r a t e s  o f  th e  

i o n i s in g  B ononers and t h e i r  nononer r e a o t i r i t j r  r a t i o s  in  

th e  a y s te a s  j jn T e s tig a te d  under s im i la r  e x p e r im e n ta l  

c o n d i t i o n s .

The e o n fo ra a t i im  o f  p o ly a e th a o iy l io  a e id  oha in  a t

low pH i s  th e  subjjeot o f  c o n s id e ra b le  i n t e r e s t  in  th e

92
c o n te x t  o f  c o l la p s e d  s t r u c t u r e  o f  g lo b u la r  p r o t e i n s  •

The compact g lo b u la r  f o r a  a t  low d e g re e s  o f  i o n i s a t i o n  

u n d erg o es  a  c o o p e ra tiT e  t r a n s i t i o n  t o  t h e  expanded 

s t r u c t u r e s  a t  h ig h  pH* To o b ta in  as  i n s i g h t  i n to  t h e  

n a t u r e  o f  hyd rophob ic  i n t e r a c t i o n s  in  t h e  o h a in f  a  s tu d y  o f  

t h e  c o n fo rm a t io n a l  b e h a r io u r  o f  t h e  randcns copolym ers o f  

m e th a o ry l io  a c id  w ith  a  n o n io n ic  h y d ro p h i l i c  monMier w i l l  

b« o f  c o n s id e r a b le  i n t e r e s t .  One such  copolym er i s  

i n r e s t i g a t e d  i n  th e  p r e s e n t  work by p h y s ic o -o h e m ic a l  

t e c h n iq u e s .

1 .2  C o p o lv m erisa tio n  and Monomer R e a c t i v i t i e s

C o p o ly m erisa tio n  r e a c t i o n s  in v o l r e  th e  

s im u l ta n e o u s  in c o r p o r a t io n  o f  two o r  more monomers in  th e  

san e  < ^a ln  d u r in g  p o ly m e r i s a t io n .  The f i r s t  a t te m p t  a t  a  

q u a n t i t a t lT e *  oomprehensiTe th e o ry  o f  c o p o ly m e r is a t io n
qO

was made by D o s ta l  , l a t e r  e s t a b l i s h e d  q u a n t i t a t i r e l y
31

by  Mayo and Lewis *
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In b in a r y  f r e e  r a d i c a l  o o p o ly a se r iz a tio n s  th e  fo l lo w in g

fo u r  p r in c ip g d ,  m u tu a lly  o c n p e t l t i v e t  p ro p a g a t io n  r e a o t io n s

38a r e  w e ll  re c o g n iz e d

^11

^21

H. - - — > ---- (1 )

^12

where Mĵ  and a re  th e  monoisers and —^li^. and <-— N^. 

th e  co rre e p o n d in g  grow ing p o ly n e r  r a d i c a l e  w ith  th e  

te rasilna l g ro u p s  and Mg o a rz y in g  th e  f r e e  r a d i c a l  c e n t r e .  

The d i f f e r e n t i a l  form o f  th e  p o ly n e r  o o a p o e i t lo o  e q u a t io n  

i s  th e n  a r r iv e d  a t t  a s e u s ln g  a  e t e a ^  s t a t e  f o r  th e  f r e e  

r a d i c a l  c o n c e n tra t io n ^ ^

d [Mj_] [m̂ ]+  [Mg] _SC mmmmmmm m i maimi’mmtmtrnmmtm wm
d D^l rg Cb?2^’̂ ̂ 1^ ®2

k ylc
w here th e  nononer r e a c t i y i t y  r a t i o *  r^  ̂ (»  1 1 /  12 ) and

rg C - ^ 2 / ^ 1 )  a r e  th e  k i n e t i c  paraxae te rs  w hich  n eae tire  th e  

r e l a t i v e  r a t e  o f  a d d i t io n  o f  a  r a d i c a l  t o  I t e  own oonomer 

and th e  a d d i t io n  o f  th e  eaoie r a d i c a l  to  th e  oomonOBier.

[Ml] and [M,] a r e  t h e  m o lar c o n c e n t r a t io n a  o f  th e  two 

BionomerB in  t h e  feed  and d [ ^ 1  /  d [j^3 i s  th e  r e l a t i v e

( 2 )



r a t e  o f  a d d i t io n  o f  th e  tw ) monwaere to  t h e  c h a in ,  f o r  

low converflione  th e  l a t t e r  q u a n t i ty  may b e  a p p ro x i» i te d  

to  th e  mole r a t i o  o f  th e  r e e p e o t lT e  vo n o aer in  th e  o o p o ly a e r .  

!The d i f f e r e n t i a l  f o r a  o f  t h e  co p o ly n e r o o a p o e i t io n  e q u a t io n  

h ae  a l s o  been d e r iy e d  on th e  b a a ie  o f  p r o b a b i l i t y  o f  

so n o n e r  a d d i t i o n  • T h is  i s  s u g g e s t iv e  o f  th e  e o r r e o tn e s s  

o f  t h e  fo u r  b a s i c  c o m p e ti t iT e  r e a c t i o n s  assu n ed  in  th e  

k i n e t i c  t r e a tm e n t  o f  b in a ry  c o p o ly m e r iz a t io n s .

The p r o b a b i l i t y  o f  a d d i t io n  o f  aonooer to  a  c h a in  

r a d i c a l  — i s:

K i i  Os*] &?i 3+%2 ^ 2 ^

[Mg]
S im i la r ly  ^12

[Ml]

21
[Uj^]+r2 [Mg]

1*22

(4 )

(5 )

(6)

Ih e  p r o b a b i l i t y  o f  o c c u rre n c e  o f  a  sequence o f  *n* 

m o le c u le s  o f  s p e c ie s  i n  a  copoljroer ch a in  i s :

, n - l

“ l ^11* ^12 (7)

The w e i i^ t  f r a c t i o n  o f  a l l  sequences i s :
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”  *11 - 1 / ^ 1 2  («> 

L ik e w ise t  th e  w e igh t f r a c t i o n  o f  a l l  sequenoea i a :

\  » l / P ^ i

The ooBpoBitioo o f  th e  co p o ly n e r  i s  g i r e n  hy:

\  l/\2

^ Tg [K 2>

5 g  “ D^^l

tia^l D«2^
( 2 )

The b in a ry  c o p o ly m e r is a t io n  e q u a t io n  c o r r e c t l y  

p r e d i c t s  th e  com position  o f  th e  I n i t i a l  copolysier f c m e d ,  

from a  knowledge o f  th e  monomer fe e d s  and monomer 

r e a c t i T i t y  r a t i o s .  The copolym er com position  e q u a tio n  i s  

m o s tly  employed to  d e te rm in e  th e  monomer r e a c t i T i t y  r a t i o s  

f o r  low c o n v e rs io n  c o p o ly m e r ie a t io n s .  Ih e  c o p c ly m e r is a t io n  

sy s tem s a re  c h a ra c te r is e e i  by t h e i r  monomer r e a c t i v i t y  

r a t i o s  under p a r t i c u l a r  s e t  o f  c o n d i t io n s  ( s o l v e n t ,  

te m p e ra tu re  e tc * )*  D i f f e r e n t  m ethods, v a ry in g  in  accu racy  

and e a se  o f  o p e r a t io n ,  have come in to  e x is ta n c e  f o r  t h e i r  

d e t e r m i n a t i o n ^ ^ a n d  e x c e l l e n t  reviews^*^*^^ have 

ap p ea red  r e c e n t l y .  For low c o n v e rs io n s  (< 5 ^ ) t  th e
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d i f f e r e n t i a l  e q u a t io n  i s  a p p ro x in a te d  to ;

riT M i] ^ [ l ^ ]

®2 iMgl r^ lM gl + l% l

where 0 ^ ]  and [M2I  a re  th e  m olar e o n o e n t r a t io n s  in  t h e

fe e d  and and nig in  th e  e o p o ly n e r .  The d i f f e r e n t i a l  f o r a
31

Of  Mayo and Lewie e q u a t io n  i e  g e n e r a l ly  used in  th e  fo n t:

r ^
[Mil

(10)

i n  v?hich each  e x p e r im e n ta l  p o in t  o f  mononer feed -oopo lym er 

c o a p o B it ic n  y i e l d s  a  s t r a i g h t  l i n e  o f  T2  a s  a  fu n c t io n  o f  

r^^. The c o o r d in a te s  o f  th e  b e s t  w e ig h ted  p o in t  o f  i n t e r ­

s e c t io n  o f  s e v e r a l  e x p e r im e n ta l  l i n e s  r e p r e s e n t  r ^  and T2 »

31
T h is  i s  known a s  th e  i n t e r s e c t i o n  m ethod o f  M ayo-Iewis p l o t  •

The ’b e s t  p o in t  o f  i n t e r s e c t i o n *  i s  i n r a r i a b l y  sp read  o r e r

an a r e a  and l a r g e  u n c e r t a i n i t i e s  l i e  in  th e  e v a lu a t io n  o f
41

and The b e t t e r  known Fineman and Hoss p ro ced u re

l i n e a r i s e s  th e  d i f f e r e n t i a l  e q u a t io n  i n to  th e  fo z n s  (1 1 ) and 

( 12);

^  -  r g  ^  (1 1 )

(12)

where F = ^

I  and f  a r e  computed from th e  monoBer f e e d ,  and
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copolym er o o a p o a l t io n  d a t a  r e s p e o t lT e ly .  P l o t s  o f  ( f - l ) / F  

a g a in e t  (1 1 )  and F ( l - f ) / f  a g a i n r t  P ^ / f  (1 2 ) y i e l d  rg

and r ^ t  and firon s lo p e  and i n t e r c e p t  r e s p e e t l T e l y .

T hese e q u a t io n s  a re  tm s y n a e t r io a l  w ith  r e s p e c t  to  r ^  and T2  

and th e  e x p e r im e n ta l  d a t a  a re  u n eq u a lly  weighlid. The d a t a  

o b ta in e d  under e x t r e n e  e x p e r im e n ta l  c o n d i t i o a s  low

in  (1 1 ) and yery low in  (1 2 ) ]  have th e  g r e a t e s t

in f lu e n o e  on th e  s lc p e s  o f  th e  l i n e s  drawn* An loproTed 

f o m  o f  t h e  d i f f e r e n t i a l  a e tb o d  was p ro y id e d  by th e  7BF 

p ro o e d u re ^ ^ f  w hich e l ia s in a te ^  th e  u n s y n B e tr ic a l  n a tu r e  o f  

th e  F in eo an -R o ss  e q u a t io n s  (11 ) and ( 1 2 ) .  fheTBR n e th o d  

o o n b in es  bo th  th e  u n sy n m e tr ic a l  e q u a t io n s  o f  F ineaan '-F oss  

to  y i e l d  a  ^ f n n e t r i o a l  e q u a t io n :

^  -  7  ^2 ■  7

where 7 and f  have th e  sane s ig n i f i c a n c e  a s  in  F lnenan -R oss

e q u a t io n s .  The method y i e l d s  r^^ and r^  ̂ v a lu e s  iriiich a r e

v e ry  r e l i a b l e  even a t  c o n v e rs io n s  a s  h ig h  a s  20^, i f

'a v e ra g e  raonooer feed* (com puted from th e  i n i t i a l  and

f i n a l  zsonoBier o o n c e n t r a t io n s ,  t h e  copolym er com position  and

46
w eigh t f r a c t i o n  c o n v e rs io n )  i s  used in  t h e  c a l c u l a t i o n  -

The sh c r tc (» g in g s  o f  th e  v a r io u s  d i f f e r e n t i a l  m ethods
47

have been w e l l  b rough t o u t  by T id w e ll  and M ortim er and
47 51

th e  use o f  a  n o n l in e a r  l e a s t  sq u a re s  p ro c e d u re  h a s  

been s u g g e s te d .

The c o p o ly m e r is a t io n  e q u a t io n  h a s  been  in te g r a t e d  by
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R9
Ma,70-L8wi» and Stookmeyer''^ f o r  b in a ry  s y B t r a s ,  l a t e r

•x ta n d e d  t o  t e r n a r y  ayetemB by W alling  and B rigg*^^ and
54

t o  m ultiooB ponen t system s by S k e i s t  • The n u m e ric a l  

o o B p a ta t io n e  in ro lv e d  in  th e  in t e g r a t e d  e q u a t io n  a re  

q u i te  te d io u e  and i t e  use h a s  now ccHse to  p r a c t i c e  v i t h  

t h e  a r a i l a b i l i t y  o f  ooB pu tere  to  h a n d le  th e  naee iire  

o a l o u la t i o n e .  Ifontgoaery  and i l l u e t r a t e d  t h a t  th e

o l a s s i o a l  a e th o d e  o f  d e te rm in in g  th e  aonoam:' r e a c t i r i t y  

r a t i o e  from th e  d i f f e r e n t i a l  o o p o ly ae r o oB poeition  

e q u a t io n  a re  e r r o n e o u i .  The low B o leo u la r  w eigh t sp e o ie e  

fo r a e d  by t e r a i n a t i o n  th ro u g h  e id e  r e a c t i o n s  and i a p u r i t i e B t  

and th e  h a n d l in g  o f  o a a l l  q u a n t i t i e s  o f  t h e  c o p o ly a e r  

m agnify  t h e  e r r o r s .  P u r i f i c a t i o n  by d ie e o lu t io n  and 

p r e c i p i t a t i o n  e n t a i l s  lo s e  o f  th e  low a o l e c u l a r  w e i ^ t  

sp e c ie s*  The p o ly n e r  c o n v e rs io n s  a r e  a l s o  g e n e r a l ly  high* 

T i o l a t i n g  t h e  low c o n r e r s io n  r e q u i r e a e n t .  The d i f f e r e n t i a l  

form o f  th e  copolym er com position  e q u a t io n  does n o t  ta k e  

i n t o  c o n s id e r a t io n  th e  d r i f t  in  th e  ao n o a e r  feed*  due to  

t h e  u nequa l r e a c t i v i t i e s  o f  th e  a o n o a e rs  w ith  conTersion*

The c o p o ly a e rs  o b ta in e d  a t  h ig h  c o n v e rs io n s  a r e  th e  t r u e  

r e p r e s e n t a t i v e s  o f  t h e  r e a c t i o n  d i c t a t e d  by th e  ao n o ae r  

r e a c t i v i t y  r a t i o s *  K b lle  t h e  i n i t i a l  c o p o ly a e rs  a r e  

go v ern ed  t o  a  l a r g e  e x te n t  by th e  ao n o ae r  fe e d .

3XThe i n te g r a t e d  copolym er conspoeition e q u a t io n  i s  

r e a r r a n g e d  as;
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(1 4 )

where and r e f e r  t o  th e  n o l e s  o f  th e  n o n o ae r*  1 and

2 p r e s e n t  i n i t i a l l y ,  and and H2 to  th e  n o l e s  o f  th e  

monoBers r« n a in in g  u n re a o te d  a t  th e  s to p p ag e  o f  th e  r e a c t i o n .

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

monoaer feed  a t  e T e r j  i n s t a n t ,  u s in g  th e  c o n fe r s lo n  d a ta .

P i s  an i n t e g r a t i o n  y a r l a b l e ,  e x p re sse d  a s  a  f u n c t io n  o f  

th e  r e a c t i Y i t y  r a t i o s  P « ( l - r u ^ ) / ( l~ r2) • 51ie i n t e g r a t e d  

e q u a t io n  p ro c e d u re  o f  Montgcnery and ?xy h a s  heen  a p p l ie d  

t o  s ty re n e '* n ~ d iv in y l  benzene  and p - d l v in y l  ben sen e  s y s te n s  

c a r r i e d  t o  h ig h  o o n T srs io n s  and t h e  r a r l a t i o n s  in  th e  

monoiaer r e a c t i r i t y  r a t i o s  w ith  conT ers ion  h a s  been  fvell
eg

b r o u ^ t  out"^ .
R e c e n tly  a  l i n e a r  g r a p h i c a l l y  e v a lu a b le  e q u a t io n  

r e p o r t e d  by Kelen and Tudos h a s  been t e s t e d  f o r  a  n tm ber 

o f  c a t i o n i c  c o p o ly n e r i^ a t io n  ^78t e n s  by Kennedy^®* T h is  

sem i-e f lip lr io a l  e q u a t io n  OTercomes th e  s h o r tc o a in g s  o f  th e  

linem an and F oss l i n e a r i s a t i o n  and p ro v id e s  a c c u ra te  

y a lu e s  o f  r-ĵ  and T2 » eq u a tio n  may b e  r e p r e s e n te d  a s :

^  - r g A  ( 15)

w here i s  a  s u i t a b l y  chosen  c o n s ta n t  and

t) a  oA<+F ; ^ » f M f
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With C - and F « ^

Th« X and T a re  th e  stole r a t i o s  o f  th e  Dononpre and

M2 in  t h e  feed  and th e  oopolyner* *1 and ^ a re  T a r la b le s

o b ta in e d  A*oa th e  fe e d  and o o p o ly ae r  ooB ipoeltlon r e s p e c t i v e ly .

I t  was su g g e s te d ^ ^  t h a t  t h e  l i n e a r l t j r  o f  th e  T) r e r s n s  ^

p l o t  t e s t i f i e s  t h e  a p p l l o a b l l l t y  o f  th e  o o p o ly ae r  eo B p o s ltlo n

e q u a t io n  and th e  s im ple  two p a r a a e t e r  n o d e l  I n p U o l t  in

i t  t o  t h e  b in a ry  qretem  under c o n s id e r  a t  ion* P l o t t i n g  ^  a s

a  f u n c t io n  o f  ^ ( 0 , 1 ) ,  a  s t r a i g h t  l i n e  i s  o b ta in e d  n ^ io h

on e x t r a p o la t i o n  to  ^ * 0 and |  * 1 g iv e s  - r 2/'< and r^^ a s

th e  re s p e o t lY e  i n t e r c e p t s .

In  g e n e r a l ,  t h e  Mayo-*Lewis t r e a tm e n t  o f  f r e e  r a d i c a l l y
31

p ro p a g a te d  o o p o ly i^ r lz a t io n  k i n e t i c s  ta lces i n to  acco u n t

on ly  th e  i n t e r a c t i o n s  betw een th e  grow ing polym er r a d i c a l s

and th e  monomers. Ig n o r in g  th e  i n t e r a c t i o n s  betw een th e

f r e e  monomers* I f  th e  r e a c t i n g  mon(»ners a re  p o l a r ,  c a r r y in g

pen d an t e l e c t r o n  d o n a t in g  o r  e l e c t r o n  w ith d raw in g  g ro u p s ,

th e  monomer<~mcnomer I n t e r a c t i o n s  become h ig h ly  s i g n i f i c a n t *

T hus, t h e  fo rm a tio n  o f  a  m o le c u la r  complex betw een aa

e le c t r o n  donor monomer and an e l e c t r o n  a c c e p to r  monomer

h a s  been re c o g n iz e d  in  tres r a d i c a l  c o p o ly m e r ie a tio a  o f
57styr««ne and m a le le  anhydride*^ * The c h a r g e - t r a n s f e r  

complex form ed by one e l e c t r o n  t r a n s f e r  f^om th e  donor 

( s ty r e n e )  t o  th e  a c c e p to r  (m a le ic  a n h y d r id e )  undergoes 

h om opo lym erisa tion  th ro u g h  a d i - r a d i c a l  c o u p lin g  mechanism 

y i e l d i n g  a  e t r lC 't ly  a l t e r n a t i n g  copolymer^®"^^.
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In  syetcDB I lk *  m eth y l n e t h a c r y l a t c ,  s t y r s n a / a l l y l

ooapoundB o r  bu tan e  Is o a e rB , such at I s o b a ty l e n e ,  1 o r  2 -

b u te n o t  t h e  f r e e  r a d i o a l l y  produced o o p o l jn e re  have

g r e a te r  oononoQer co n te n t o f  th e  l a t t e r  type  than 1b

n o ra a l ly  noted* i f  laeta l h a l ld e e  l i k e  ZnCl2 a re  p re s e n t

The n e t a l  h a l id e  Ino reaeeB  th e  e l e c t r o n  a c o e p t o r a b l l l t y  o f

m e th y l m e th a c ry la te  o r  a c r y l o n i t r i l e  a s  a  r e a u l t  o f

c o o p le x a t io n » f a c i l i t a t i n g  th e  fo rm a tio n  o f  ch a rg e* * tran sfe r
62 .63

conp lex  betw een th e  comonfmerB ’ frtiich can undergo 

hoBopolymerlBation* S i m i l a r l y ,  studleB on te rp c ly m e r lE a t io n  

o f  a  monomer p a i r  c a p a b le  o f  fo rm ing  a  m o le c u la r  complex 

synd a  t h i r d  monomer, would Bhow th e  a p p a re n t  change in  

th e  monomer r e a o t i r i t y  r a t i o s  w ith  b o th  d i l u t i o n  and th e



1

6^
n a tu r e  o f  th e  ■o lT e n t  . In  t h e  te rp o ly m e r i® a tlo n  o f  

p - o h lo r o e th y l  v in y l  e th e r - m a le ic  a n h y a r i d e - a c r y l o n i t r i l e , 

th e  d cn c r a c c e p to r  c o n te n t s  in  te rpoX yner o b ta in e d  a re  

foand  t o  be  th e  «ane» r e g a r d le e e  o f  th e  oononer feed« and 

may be t r e a t e d  a s  th e  c o p o l jm e r ls a t io n  o f  a o r y lo n i t r lX e  

w ith  th e  o h arg e  t r a n s f e r  com plex.

The copolym er co m p o sitio n  e q u a t io n t  b ased  on th e  fo u r  

c o n p e t i t iT e  p ro p a g a t io n  r e a c t i o n s » was d ev e lo p ed  i n i t i a l l y  

f o r  H^ee r a d i c a l  ch a in  r e a c t io n s *  I t  h a s  been ex ten d ed  t o  

earboniUB io n  p ro p ag a ted  c a t i o n i c  c o p o l j ra e r is a t io n s ^ ^  

where th e  monomers a re  e l e c t r o n  d o n a t in g  r e l a t i v e  to  th e  

a t t a c k i n g  s p e c ie s  ( e . g .  t h e  s t y r e n e * '^ c h lo r o s ty r e n e - s t a n n ic  

c h lo r id e > c a rb o n  t e t r a c h l o r i d e  sy s tem ). S o lv en t and  c a t a l y s t  

e f f e c t s  a r e  o b se rv e d . Io n ic  c o p o ly m e r is a t io n s  a r e  r e q u i r e d

to  be c a r r i e d  o u t  a t  s u f f i c i e n t l y  low te m p e ra tu re s  to
67 31

a r r e s t  s i d e  r e a c t i o n s  . As p r e d i c te d  by llayo and Lewis ,

t h e  copolym er com position  e q u a t io n  h a s  been  d e c i s iv e  in

d i s t i n g u i s h i n g  between c a t i o n i c ,  a n io n ic  and f r e e  r a d i c a l
6S«*7Q

p ro p a g a t io n s  ( s ty re n e - m e th y l  m e th a c ry la te  egrstem ) .

Amine i n i t i a t e d  a n io n ic  o o p o ly m e risa t io n  o f  Ir> leucine  )Wd

L -g lu ta m a te  N -carb03iyanhydrides in  N ,K -d im ethy l formamide

h a s  a ls o  been t r e a t e d  by th e  b in a ry  copolym er i s  a t  ion 
71

e q u a t io n  •

1»3 P o lv m e r ig a tio n  o f  Io n i s in g  Monoawrs in  Aqueous Mediim

The b e h a v io u r  o f  f r e e  r a d i c a l s  in  aqueous m edia 

i s  o f  c o n s id e r a b le  im portanoe  f o r  b o th  th e  b i o lo g i c a l  and
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p h y e io a l  o hem ist to  ju r ti jP y  I n v e i t ig a t io n B  o f  th e s e  p o ly -

m e r lx a t io n  r e a c t  ions*  d e s p i t e  th e  e x p e r lsa e n ta l  d l f f i o u l t i e t
72—74 7s

InrolY ed • I t  i s  e e s e n t l a l l y  a  f r e e  r a d i c a l  p rooess
76 77

v i t h  p r a c t i c a l l y  no ch a in  t r a n s f e r  * • 3?he ch o ic e  o f

n o n o n e rs t  f o r  th e  i n r e e t i g a t  ion o f  p o l j r o e r i s a t i c n  k i n e t i o s

in  w ate r*  i s  r e s t r i c t e d  t c  a  few u n s a tu r a te d  a c i d s ,  t h e i r

d e r i r a t i T s s  and a  few a a in e e  due to  th e  s o l u b i l i t y  l i n i t a -

t i o n e  o f  t h e  monomer and th e  co z re sp o n d in g  p o ly a e r  in  w ater*

The k i n e t i c  i n v e s t i g a t i o n  n e c e s s i t a t e s  a  p r e l im in a r y

knowledge o f  th e  e le c t ro c h e m ic a l  p r o p e r t i e s  o f  b o th  th e

monomer and th e  polymer* 4 s  compared to  u n io n is a b ls  polym er

s y s t « 0sy a d d i t i o n a l  f a c t o r s  su ch  a s  d i s s o c i a t i o n t  q > e o if ic

and non**speoific  b in d in g  o f  i o n s ,  e l e c t r o s t a t i c  and

hydrophob ic  i n t e r a c t i o n s  come i n t o  p la y .  P o l y e l e c t r o ly t e

r a d i c a l s  p r e s e n t  d u r in g  th e  p o ly m e r is a t io n  o f  th e  io n ic

monomers in  aqueous medium and the  f r e e  r a d i c a l  c e n t r e s

fo rm ing  a  p a r t  o f  th e  p ro p a g a t in g  c o i l  a r e  a l s o  l i a b l e  to

th e  in f lu e n c e  o f  t h e i r  m ic ro s u r ro u n d in g s .  T h u s, a  d i r e c t

r e l a t i o n  betw een th e  p h y s ic o -c h e m ic a l  s t a t e  o f  t h s  m acro-

r a d i c a l  and i t s  t r u e  r e a o t i T i t y  can be env isaged*

The p o ly m e r is a t io n  r a t e  o f  m p th a c ry l ic  a c id  in  ion

f r e e  aqueous s o l u t i o n s » w ith  hydrogen p e ro x id e  a s  th e

i n i t i a t o r ,  h a s  been  found t o  d e c re a s s  (from  an i n i t i a l
- 4  —1

Talus f o r  th e  p ro p a g a t io n  r a t e  c o n s ta n t  kp ■  1*94 x 10 s e c .

a t  pH 2*41) w ith  in c re a s e  in  th e  pH o f  th e  system ^ a t t a i n i n g  

a  n e a r  s e r e  y a lu e  a t  pH 5*5* I t  was re a so n e d  t h a t  

u n io n is e d  moncaaer a lo n e  t a k e s  p a r t  i n  th e  p o ly m e risa t io n ^ ^ *



16

X nT «8tlgatlon  o f  the  same monoEatr, w ith  potaeeiu®

p e rf lu lp lia te  a s  i o l t i a t o r ,  a l s o  showed a  d e o rs a s *  in
12

r s a o t l T l t y  w ith  I n o r t a s s  Ixi pH h u t  p o ly n o r i s a t l o n  was 

ohssTTsd eyen a t  pH 13. 0?ht d e o re a s s  In  th e  r a t e  o f  

p o ly B e r i s a t i c n  was a t t r i b u t e d  to  th e  d e c re a s e  in  th e  

r e a o t l Y l t y  o f  B ie th ao ry la te  a rtlos (pCa o f  n e t h a c r y l i o  a c id  

18 4 .3 2 )  a r i s i n g  from e l e o t r o s t a t i o  e h a rg e  r e p a l s i o n  betw een

th e  n o n o a e r io  a n io n s  a s  w e ll  a s  th e  i c n i s e d  grow ing p o ly n e r
12

r a d i c a l  • She e f f e c t  o f  pH on th e  r a t e  o f  p o ly n e r i s a t i o n

o f  a ^ y l i e  and n e t h a c r y l i o  a c id s  has been  s tu d ie d  in  d e t a i l
i s  1*5

by B la tte r  Ih e  r a t e  o f  p o ly m e r is a t io n  o f  m e th a o ry l io

a c id  was found t o  drop g r a d u a l ly  w ith  in o re a s e  in  pH» 

r e a c h in g  a  minimum betw een pH 6 and 7 .  The ninimum obserTed 

c o r re sp o n d s  t o  l / l 5 t h  o f  th e  r a t e  a t  pH 4 . 0 .  Above pH 7 .0  

th e  p o ly m e r is a t io n  r a t e  r i s e s  s low ly  and n e a r l y  l e v e l s  o f f  

betw een pH 9 and 12 . The r a t e  o f  p o ly m e r is a t io n  o f  a c r y l i c  

a c id  d e c re a s e s  t i l l  pH 7 .0  (pEa o f  a c r y l i c  a c id  I s  4 .2  and 

pKa o f  p o ly a o r y l lc  a c id  i s  6 .4 )  and th e n  r i s e s  s lo w ly  .

Added s a l t s  in o re a s e  th e  r a t e  o f  p o ly m e r is a t io n  o f  b o th  th e  

a c i d s  below  pH 10 b u t  d e c re a s e  th e  r a t e  betw een  11 and 12 .

The in o r e a s e  in  r a t e  a b o re  pH 7 was a t t r i b u t e d  to  th e  

p a r t i a l  d e c re a s e  in  th e  r a t e  o f  te rm in a t io n  due t o  e lec tro * - 

s t a t i c  r e p u l s io n  betw een io n i s e d  grow ing polym er r a d i c a l s .

The eystem  was r e c e n t ly  r e i n r e s t l g a t e d  in  g r e a t e r  d e ta i l^ ^ * ^ ^ .  

I t  was o b se rv e d  t h a t  th e  p resfo ioe  o f  d i f f e r e n t  a l k a l i  m e ta l  

io n s  o f  v a ry in g  io n ic  r a d i i  and charge  d e n s i ty  under 

e im i la r  e x p e r im e n ta l  c fm d lt io n s  have d i f f e r i n g  e f f e c t s  on
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th e  r a te ^ ^ *  IhuS t th e  a l k a l i  a e t a l  i o n f  r a r y  in  t h e i r

a h i l i t y  t o  e h l e ld  e l e o t r o e t a t i o  i n t e r a o t l o n e  by th e

f o m a t i o n  o f  io n  p a i r *  w ith  th e  growing p o l y e l e c t r o l y t e
78

r a d i c a l  • The r a t e  o f  p o ly a e r i e a t io n  o f  a c r y l i c  a c id  in

th e  a l k a l i n e  ra n g e  wae fbund to  be n e a r ly  p a r a l l e l  t o  t h a t

a t  r e r y  low pH w h ile  th e  in c r e a s e  in  th e  r a t e  o f  p o l y s e r i -

e a t i o n  o f  m e th a c ry l ic  a c id  wae o n ly  m a rg in a l  when eod iun
ig

h y d ro x id e  wae used  f o r  pH ad jU E tnen te  • When th e  pH wae

a d ju e te d  w ith  t r i e t h y l a n i n e  th e  enhancement o f  r a t e  in  th e

18a l k a l i n e  ra n g e  wae no re  pronounced f o r  nsethaiorylic a c id

a s  th e  io n  p a i r  can be e t a b i l i e e d  by th e  hydrophob ic  i n t e r -

a c t io n  betw een th e  e t h y l  group o f  t r i e t h y l a a i n e  and th e

a e t h y l  group  o f  th e  grow ing p o ly (m e th a c ry l ic  a c id )  cha in*

th e re b y  red u c in g  th e  e l e c t r o s t a t i c  r e p u ls iT e  in te ra o tlo n e *
16 19

7 h u e , ion  b in d in g  t o  p o l y e l e c t r o l y t e e  i s  s p e c i f i c  * .

I f  t h e  enhanoement in  th e  r a t e  o f  p o ly m e r is a t io n  a t  h ig h  

pH Y alM S i s  due t o  a  d e c re a s e  in  th e  r a t e  o f  'te rm in a tio n

( th e re b y  an in c r e a s e  in  t h e  r a t i o  k p /14) gib th o u g h t o f
*5

by e a r l i e r  w o rk ers  th en  in t r o d u c t io n  o f  n e u t r a l

e t ro n g  e l e c t r o l y t e s  i n to  th e  s y s t m  sh o u ld  enhance th e  

r a t e  o f  t e rm in a t io n  and d e c re a s e  th e  o v e r a l l  r a t e  o f  

p o ly m e r is a t io n  (Table<*l). HoweTer* th e  i n t r o d u c t io n  o f  

l a r g e  c o n c e n t r a t io n  o f  a  s t ro n g  e l e c t r o l y t e  was shown to  

enhance th e  r a t e  f u r t h e r t  i n d ic a t in g  t h a t  th e  v a r i a t i o n  

i n  th e  r a t e  o f  p o ly m e r is a t io n  i e  due to  a  T a r i a t i o n  in  

t h e  r a t e  o f  p ro p a g a t io n  w ith  pH. D e te rm in a tio n  o f



Fig.  :1 R e l a t i v e  p o l y me r i z a t i o n  rate  ( R p /  Rpf^in ) versus pH f i xed by 

Na OH for  AA ( I )  and MA ( 2 )  pol y m e r i z a t l o n  at  6 0 ®C ,



Rp min

Fi g. :  2 P o l y m e r i z a t i o n  of A A ( I )  a n d  M A ( 2 )  in a q u e o u s  s o l u t i o n  

of  T ” ! e t h y I  a m i n e  .
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i n d iv i d u a l  r a t e  o o n s ta n ts  kp and by r o t a t i n g  » e c to r  

neasu rttm en ta  haye Bheimn t h a t  kp Tari«i w ith  pH w h ile  k;̂  

i s  i n v a r i a n t^ ^  ( I a b l e ~ l ) ,  Tha«t th e  ion  paire^^*^*^ p r e s e n t  

m a in ly  in f lu e n c e  th e  r a t e  o f  p ro p a g a t io n .

T a b le -1 : E lem en tary  R ate  C o n e tan ts  f o r  P o ly m e r is a t io n

o f  A czy la te  (AA) and M e th a c ry la te  (Uk) an ione '^

[a a ] -  1 .2  M 8 .3 x l0 ” ^  M.A365 nM, 23^C

Aqueoue e o l u t i o n » pH ad ju e tm en t « KaOlt

pH RpXlO^ 

M 3ec"̂

k^xlO"®

Io n  f r e e , 7 .9 0 .51 650t 85 2 .6 + 0 .2 7

1 .5  M H aCl, 7 .9 2 .5 0 31502:140 2 .6 + 0 .2 6

Ion f r e e t  1 1 .0 5 .0 0 6600^925 2.7+C.29

Ion f r e e *  13 .6 2 .1 0 250(^380 2.8H;0.26

[ma] «  0 .92  M, ^ IB nJ -  2 .5x10"^  M,A365 nM, 23®0

Aqueoue e c lu t io n * pH ad ju8 tm en t » NaOH

Ion f r e e *  8 .6 0 .42 670+ 80 2 .1 + 0 .2 0

Ion  f r e e *  13*6 1 .2 0 1950^160 2 .25+ 0 .23

1 .4  C epo lyB ieriga tion  o f  lo n io  Monomere

P r im a r i ly  th e  i n t e r e c t  in  p o l y e l e o t r o ly t e e  grew 

from t h e i r  abnorm al c o n fo rm a tio n s  and hydrodynam ic b e h s v io u r  

in  aqueoue e o l a t i o n  under o o n d i t io n e  in f lu e n c in g  th e  

i o n i s a t i o n  o f  th e  p en d an t p o l a r  g ro u p e ^ ^ ® ^ . A m photeric
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p o l y a l e o t r c l j t e s  « e r«  B tud i«d  a s  B y n th e tio  a n a lo g u es  o f

83
th e  Bore ooaplesc b lo isao ro iio leo u l« e  • I n t e r e s t i n g  

f e a t u r e s  were o b se r re d  d u r in g  b in a ry  o o p o ly n e r i s a t io n s  o f

i o n i s i n g  Bonoaiers le a d in g  to  t h e  p r e p a r a t i o n  o f  th e  p o ly -
20

a n p h c ly te s .  A lfrey *  O verberger and P in n e r  ob se rv ed  t h a t  

th e  o o n p o s i t io n  o f  th e  o o p c ly n e r s y e te n  o e t h a o r y l i e  a o id -  

d i e t h y l  amine e t h y l  m e th a c ry la te  depends m arkedly  on th e  

pH o f  th e  m e d iu n (T a b le -2 ) .

zo
Table~2: V a r ia t io n  in  R e a c t iT i ty  H a tio  w ith  pH

pH D ie th y l  amino e th y l M eth ao ry lio  a o id
m e th a c ry la te

^1 ^2

1 ,2 0 .90+ 0 .23 0 . 9 ^ 0 .  16

7 .2 0.63+0*03 0 .08+0.015

Ih tis»  a  r e r e r s a l  in  th e  nononer r e a o t lY i t y  r a t i o s  was 

o b s e r r e d  due t o  th e  i o n i s a t i o n  o f  th e  oarbo :q rl group  in

m e th a o ry l io  a c i d .  Ih e  syatem  a o r y l io  a o id h a o r y lw id e  was
22 21 

i n r e s t i g a t e d  in d e p e n d e n tly  by  B o a rd a is  and Staets e t  a l

i n  aqueous and o rg a n ic  medium re sp e o tlT e ly *  fhe  o b s e r re d

r a l u e s  o f  r e a o t i r i t y  r a t i o s  a r e  p re s e n te d  in  Table~3.

C o p o ly m erisa tio n  i n  aqueous medium was a l s o  i n r e e t i -

g a te d  r e c e n t l y  by Kabanor e t  a l  * f o r  th e  m e th a o x y lie  a o id -

H -v ln y l  p y r r o l id o n e  and m e th a c ry l ic  a c id -a c ry la m id e  system s



Tatolq-3: Monomer R e a c t iy l t y  R a t io ■  of th e  3y8tem

A c ry l ic  ac id -A o ry lam id e

20

C o n d it io n
A o i^ l ic  a c id A oiylam lde

^2

Low pH^^ 1 .43+ 0 .03 0.6C>t0.02

High pH^2 0 .35+ 0 .03 1 .10+ 0 .05
21

Bensene 1 .3 8 0.36

t o  p « rce lT «  w h e th ar a  p a r a l l e l  e x i s t s  betw een th e  r a r l a t i o n s  

i n  hoB O poIyBerlB ation r a t e  and monomer r e a c t i r l t y  r a t i o s  in  

b in a r y  c o p o ly m e r ls a t lo n s  (w ith  n o n io n io  monomers) w ith  

r a r l a t i o n s  in  pH. The q re te n  m e th a o ry lio  a o ld -N -v in y l  

p y r ro l i f io n e  was a l s o  i n r e e t l g a t e d  in  DM? by C hapiro  e t  a l '  

T h e ir  r e s u l t s  a re  p r e s e n te d  in  T a b le -^ .

,134

Table~4t Monomer R e a o t lT l ty  R a t io s  o f  th e  stem s 

M eth ao ry lio  a o id -N « v in y l ]py rro lldone  and 

M e th a o ry lio  ao ld -A cry lam ld e

a

System Medium

M A (l)-inrP(2)^^^ DMF 4 .7 iO l

MA(1)-HVP(2) Ion iSree pH 8 .0  0 .65+ 0 .02

14A(1)-HVP(2) 2M HaCl pH, 8 .0  0.9CH:0.04

MA(1)-NVP(2) Ion f r e e  pH, 1 0 .0  1 .40+0.02

MA(1)-AM(2) Icn f r e e  pH, 8 .0  0 .25+ 0 .03

MA(1)-Ai;.(2) 2M HaCl pH, 8 .0  1 .36+ 0 .02

0.07 tool 

0 . 3 ^ 0 . 0 1  

0 .3 0 ^0 .0 3  

0 .3 0 t0 .0 1  

0.12+0.02 

0 .1 8 + 0 .C l
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Ih e  a y s te n  a o r y l io  a c i d - a c r y l a a id e  wa» in T e a t ig a te d  in  

th «  a o id io  pH ran g «  by ' - t  a l ^  and a  g ra d u a l

r e f e r s a l  In  th e  r e a o t l v i t y  r a t i o s  o f  b o th  t h e  mononere 

was ob se rT ed . S h e lr  r e s u l t s  a r e  p re s e n te d  in  Table-^*

T a b le t s : P e a c t i r l t y  R a t io s  o f  A c ry lic  a c id  ( r ^ )  and

A c ry la a id e  ( r 2) a t  d i f f e r e n t  pH a t  60®C
2-4

pH ^1 ^2

2 .1 7 1 .7 3 + 0 .2 1 0 .48+ 0 .06

3 .7 7 0 .56+ 0 .09 0. 56+0.09

4.25 0.45+0.03 0 .67+ 0 .04

4 .7 3 0 .42+ 0 .02 C. 95+0.03

6.25 0 .35+0.03 1 .3 2 + 0 .1 2

I h e s e  i n r e s t i g a t l o n s  have* in  g e n e r a l ,  be tti  c a r r i e d  o u t  

i n  a  n arrow  pH ra n g e  to  show t h a t  monomer r e a c t i r i l y  r a t i o s  

o f  i o n i s i n g  n o n o a e rs  a r e  d r a s t i c a l l y  in f lu e n c e d  by th e  

r e a c t i o n  Dediiao. The s t u ^  o f  r e a c t i r i t y  r a t i o s  o f  th e s e  

s y s te m s t  o y e r  a  wide pH r a n g e ,  in c lu d in g  th e  a l k a l i n e  e id e  

would e n a b le  a  more com prehensiTe u n d e rs ta n d in g  o f  th e  

monomer r e a o t i T i t i e s  in  te rm s  o f  e l e c t r o s t a t i c  and o th e r  

secondary  i n t e r a c t i o n s  betw een th e  r e a c t i n g  s p e c ie s .

1.5 P o l y e l e c t r o ly t e s

P o l y e l e c t r o l y t e s ,  th e  m acrom olecales c a r r y in g
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p«ndant lo n lK ab ls  g ro u p s , undergo Icn lE a tlo n  in  d i l u t t  

aqueouB eo lu tlo n s*  Th« degree o f  io n lK a tio n  i e  

determ ined  by th e  pH o f  th e  e o lu t lo n .

Por weak p o 3 y e le c t ro ly te « :

^  -  »A ’,

w here l e  th e  t o t a l  number o f  i o n i s a b l e  g ro u p s  p r e s e n t  

i n  th e  p o l y e l e o t r o ly t e  and N i e  t h e  nu n b er o f  i o n i s e d  g roups 

a t  a  g iv en  pH. For a  weak p o ly a o id  X >> 0 and f o r  a  weak 

p o ly b ase  -x ->  1 a t  low pH. F o r p o ly a o id s  and p o ly b a e e s ,  ' 

r a r l a t i o n  o f  pH by th e  a d d i t i o n  o f  a  t i t r a n t  (b ase  o r  a c id )  

p ro g re sB lT e ly  changes ^  and th e  pen d an t g ro u p s  o f  th e  macro-* 

m o lecu le  a re  s u b je c te d  to  r e p u l s i v e  e l e c t r o s t a t i c  ch arg e  

i n t e r a c t i o n s .  In p o ly a iap h o ly te s  and p r o t e i n s « r e p u l s i v e  and 

a t t r a c t i v e  i n t e r a c t i o n s ,  s h o r t  and lo n g  ran g e  a re  o p e r a t iv e .  

These a r e  de te rm in ed  by th e  number and sequence d i f r t r ib u t io n  

o f  th e  d i f f e r e n t  ty p e s  o f  ion iscA ile  g ro u p s .  P o ly a o id s  and 

p o ly b a s e s  p ro g r e e s iv e ly  undergo t r a n s i t i o n  to  expanded 

c o n fo rm a tio n s  w ith  in c re a s e d  d e g ree  o f  i o n i s a t i o n  due to  th e  

r e p u l s i v e  i n t e r a c t i o n s  betw een th e  i o n i s e d  g ro u p s .  The 

charged  m o le c u le s  ad o p t t h e  s i z e  and shape  governed by th e  

p o t e n t i a l  energy  o f  th e  m olecule* In  many p o l y e l e c t r o l y t e s  

t h e  in te r m o le c u la r  e l e c t r o s t a t i c  i n t e r a c t i o n s  can l a r g e ly  be 

su p p re sse d  by s h ie ld in g  th e  c h a rg e s  by t h e  a d d i t io n  i n  

l a r g e  exoeBs (1  to  2 m c le s )  o f  a  s t ro n g  e l e c t r o l y t e  (N aC l). 

The co n fo rm atio n  and th e  s i s e  th e n  te n d s  to w ard s  t h a t  in  

t h e  n o n io n is in g  s i t u a t i o n .
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The oonfo rB Jational t r a n s i t i o n  w hich ©ould be f r o a  

a  g lo b u le  ->  random o o l l  ->  r i g i d  (o r  f l e x i b l e )  ro d  o r  

h e l i x  ->  o o i l  can be fo llo w e d  by th e  p h y s ico -ch e iB io a l 

m eaea ren en te  l i k e  T ie c o s i t y t  l i g h t  e o a t t e r i n g t  potentio>* 

o e tr io  t i t r a t io n *  e tc *  In  proteins and p o ly p e p t id e s  th e  

c o n fo rm a t io n a l  t r a n s i t i o n  can a l e c  be fo llo w ed  by o i r o u l a r  

d ioh ro ism »  o p t i c a l  r o t a t o r y  d i s p e r s io n  and g e l  permeation 

chromatography. For s y n t h e t i c  p o l y e l e c t r o l y t e s  l i k e  p o ly  

(m e th a c r y l ic  a c id )  t h e  s im p le e t  m ethods o f  c o n fo rm a tio n a l  

s t u d y ,  namely* p o te n t io m e t r ic  t i t r a t i o n  and Tiscoeity ar9 

f r e q u e n t ly  fitdopted.

1 .6  P o te n t io m e t r ic  N i t r a t i o n

The p o te n t io m e t r ic  t i t r a t i o n  c u r r e s  o f  p o ly m eric

a c i d s  can be  d e s c r ib e d  by th e  g e n e r a l i s e d  Itendersoa-

79H a s s e lb a lc h  e q u a t io n  •

pH «* p K j^ p -n ’ lo g  ]  (16 )

w here ^  I s  th e  d eg ree  o f  I o n i s a t io n *  lor a o n o b a s io  a c id  

n* * 1 and lo g  [ ^ ^ 3  i s  approx im ate ly  p r o p o r t io n a l  to  

OTSr a  w ide range o f  'X (0*2 to  0 .8 )  s ln c e i

” 7:3753 C (l-2"<)+(l-2’<)®/3 ♦  (1 -2^)® /5  +

=  (1 7 )

S q u a tio n  (1 6 )  may b e  tra n s fo rm e d  to :

pH « pK„-n» + 2n*^ (18)
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The b a s i c i t y  o f  th a  a c i d ,  n * , e s t l n a t e d  fsron th e  s lo p e

84
o f  th e  t i t r a t i o n  ourye a t  t h e  m idd le  re g io n  i w i l l  b e  

[jflpH/d'<]/2. P o r a  n o n o b as io  a c id  th e  H enderson -H aese lba loh  

e q u a t io n  fo l lo w s  from th e  law  o f  naBe a o t lo n .  For p o ly a e r lc  

a c i d s  o f  DP > 2 0 , t h e  d s T la t lo n  firon th e  t i t r a t i o n  behaT lonr 

o f  m onobasic a o ld e  i s  due to  th e  e l e c t r o s t a t i c  work expended 

in  th e  reiB oral o f  p ro to n  f ro n  th e  f i e l d  c f  th e  io n is e d  

o a rb o ity l groups*  She Render8on-~Ha8selbaloh e a a a t io n  m o d if ie d

to  acco u n t f o r  t h e  a d d i t i o n a l  e l e c t r o s t a t i c  work f o r  th e
85

i o n i z a t i o n  in  d i l u t e  s o l u t i o n s  i s  g iven  by

pH p K - l o g f e n  + * 6  / M  (19)

where /kT  i s  th e  e l e c t r o s t a t i c  work t e r n ,  t h e  e l e c t r o ­

s t a t i c  f r e e  energy  p e r  u n i t  ch a rg e  b e in g :

w ith  th e  d eg ree  o f  i o n i s a t i o n .  '< «  ̂ and Hco a r e  th e

number o f  c h a rg e s  a t  a  d eg ree  o f  i o n i z a t io n  ■< and th e  t o t a l  

n iasber o f  c h a rg e s  and 0^ I s  th e  Gibbe f r e e  e n e rg y .

For f l e x i b l e  p o l y e l e c t r o l y t e s  an e x p re s s io n  due to  

K a tc h a ls lc y ^  d e s c r ib e s  th e  e l e c t r o s t a t i c  f r e e  energy:

, _ _ r l - x i  . r , 6 h  s Q*21T<6Yl
pH * pK - lo g L -s ^ J  + T ra p  l o g ( l » -—S " )  -  ----- 2-------

o X mKi  L  K<h^>+6h -■
0 o

2
where <h^> l e  th e  mean sq u are  end-t&~end d i s ta n c e  o f  th e  

po lym er in  t h e  uncharged  r e f e r e n c e  s t a t e ,  6 i s  th e  

e l e c t r o n i c  c h a rg e ,  K i s  th e  Pebye~Huokel p a ra m e te r

(21)
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[k^>4irI/D K7j, D»K,T a re  th e  d i e l v o t r l o  c o n i t a n t t  th e  

B c ltz n a n n  o o n s t a n t ,  and th e  a b e o lu te  t e n p e r a tu r e .  X« th e  

i o n i c  s t r e n g t h  » *̂ 1 ®i r a le n c y

and nuaiber o f  th e  1 th  ion*

fh e  in c r e a s e  in  t h e  e l e o t r o s t a t i c  flree en e rg y  Fq ('̂ ) 

c o rre sp o n d in g  to  th e  c h a rg in g  p ro c e se  o f  th e  f l e x i b l e
86

c h a in  p o ly o e r  i e  g i r e n  by a n o th e r  e x p re s s io n  used by Wada :

] (22)

w here h^ and ĥ  ̂ a re  th e  r o o t  mean square  end~to~end d i s ta n c e  

o f  s e p a r a t i o n  o f  th e  c o i l  in  th e  absence  and p re sen ce  o f  

e l e c t r o s t a t i c  i n t e r a c t io n s *  e i s  th e  e l e c t r o n i c  charge*

For r i g i d  ro d  p o l y e l e c t r o l y t e s t  a se u n in g  a  c y l i n d r i c a l  

o o d e l  w i th  s a s a re d  o u t ch arg e  d i s t r i b u t i o n  on i t s  s u r f a c e

('< > hellx  in  th e  case  o f  p o ly p e p t id e s )*  t h e  e l e c t r o s t a t i c
87

f r e e  energy  h as  been shown t o  b e  :

F^(-c) » C 4irV l^/l3)kjj(kb)/kbk^(kb) (23)

w here 1^ i e  th e  seg n en t len g th *  b th e  r a d i u s  o f  th e  c y l in d e r*  

k^* k^ a r e  t h e  B a s se l  f u n c t io n s  o f  th e  second kind* )

th e  ch a rg e  d m s l t y  o f  th e  h e l i x  s u r f a c e  and k th e  i n r e r s e  

r a d i u s  o f  t h e  ion  a tn o s o h e re .  I f  t lw  ro d  l i k e  a o d e l i s  

a p p l ic a b le *  th e  e l e c t r o s t a t i c  p o t e n t i a l  o r  th e  io n  d i s t r i ­

b u t io n  around  th e  ro d  can  be  c a l c u l a t e d  by th e  P o ls so n -  

Boltsm ann e q u a t io n :

^2,1, .  - ^ A a  (2 4 )

2) 10^
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w ith  ^ '( r )  t h e  e l e c t r o e t a t l o  p o t e n t i a l  a t  t h e  p o s i t i o n  r  

from th e  c e n t r e  o f  th e  rod»  e t h e  e l e o t r c n i o  c h a rg e » k  th e  

BoltzBiann o o n s ta n t t  t h e  e o n o e n t ra t lo n  of th e  uni<*
QQ

u n iv a le n t  e l e c t r o l y t e  (fflolea l i t r e  ) .

I f  t h e  Bebye^Huckel a p p ro x in a t io n  i e  a p p l ic a b le :

e/̂ >(r)/kS! «  1 and eq u a tio n  (2 4 )  re d u c e s  to :

^2^, -  k ^ '. (2 5 )

Where « 8we^

The p a r a n e t e r s  pH, t h e  d eg ree  o f  i o n i s a t i o n  «<, th e  

n e g a t iv e  lo g a r i th m  o f  th e  d i s s o c i a t i o n  c o n s ta n t  pK^^j^ 

d e s c r ib in g  th e  hydrcgen  Ion  t i t r a t i o n  ourve a re  th e n  r e l a t e d  

byj

PKapp -  pH ♦  lo g  E ^ ]  (27)

PKapp ”  P*o * 0 -« 4 (« " '/1 c I )  (2 8 )

K ^ere pK^ i s  th e  n e g a t iv e  l o g a r i t h o  o f  th e  i n t r i n s i c  

d i s s o c i a t i o n  c o n s ta n t  o f  th e  l o n i s a b l e  group  in  t h e  p o ly -  

e l e c t r o l y t e  and (e*l’) i s  th e  work done by th e  i o n i s in g  p ro to n  

a g a i n s t  th e  a t t r a c t i v e  fo r c e  o f  c h a rg e s  on th e  r o d .

I f  t h e  e l e c t r o s t a t i c  p o t e n t i a l  7, a t  t h e  s u r f a c e  o f  

t h e  ro d  o r  sp h e re  i s  g iv e n  a s  a  fu n c t io n  o f  t h e  nunber o f  

c h a rg e s  o f  th e  n o le o u le *  th e  • « e l ’ ( th e  e l e c t r o s t a t i c  f r e e  

e n e rg y )  o f  th e  m o lecu le  can b e  c a l c u la t e d  by v a ry in g  th e  

c h a rg e  o f  th e  m o lecu le  from z e ro  t o  t h a t  o b ta in e d  f i n a l l y ,

6,1 -  «<’ a* ( 2̂ )
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w here H 10 th e  number o f  io n lz a b le  g ro u p s  in  th e  p o ly e le o t r o -  

ly te *  The e q u a t io n  d e s c r ib in g  th e  hydrogen Ion  t i t r a t i o n  

o f  p o ly a o ld s  and p o ly b a s e s  l s »  In  g e n e r a l t  re p re s« D te d  ast

pH -  l o g { ^ ]  -  PK. ♦  . 2 : ^  (3 1 )

w here ^  i s  th e  deg ree  o f  i o n i s a t i o n » th e  i n t r l n s l e  

d i s s o c i a t i o n  c o n s ta n t  and th e  e l e c t r o s t a t i c  and oonfo2r~ 

m a t lo n a l  e n e rg y . At h ig h  e l e c t r o l y t e  c o n c e n t ra t io n s *  th e  

▼ a l u e  o f  t h e  Debye-Huckel p a ra m e te r  K becom es l a r g e .  

C o r re i^ o n d ln g ly t  th e  e l e c t r o s t a t i c  f r e e  energy  t e r n  v a n is h e s  

and  e q u a t io n  (3 1 )  re d u c e s  t o  t h e  s im p le  Henderson-lEteisselbaloh 

e q u a t io n :

pH * pK^ + lo g  (32)

1 .7  g l t r a t i o n  B ehav iour o f  S y n th e t ic  P o l y e l e c t r o l y t e s

The s y n t h e t i c  p o l y e l e c t r o l y t e s t  ^ I t h  an e s s e n t i a l l y  

carbon  b a c k b o n e , do n o t  e x h i b i t  heliX '-’COil c o n fo n s a t lo n a l  

t r a n s i t i o n s  u n l ik e  p r o t e i n s  and p o ly p e p tid e s*  The t i t r a t i o n  

c a r r e  o f  a  s im p le  p o l y e l e c t r o l y t e  l i k e  p o l y ( a c r y l l c  a c id )  

l 8  e s s e n t i a l l y  f e a t u r l e s s *  e s p e c i a l l y  a t  <  v a lu e s  below  0 .3 ,  

Im p ly in g  th e  ab sen ce  o f  any con fo rm at 1cm a l  t r a n s i t i o n .  

P o ly (m e th a o ry l lc  a c id )  on th e  o th e r  h an d , e x h i b i t s  a  

c o n fo rm a t io n a l  t r a n s i t i o n  in  th e  ran g e  0 .1  < -  ̂ < 0 .3 .  The 

m o lecu le  a t  a  low pH i s  c h a r a c t e r l e e d  by a  co o p a c t  g lo b u la r
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B t r u o ta r e ,  whioh th«n  expands to  a  o o i l  a t  h ig h e r  pH

▼a lu e s y  w ith  a  f r e e  energy  o f  t r a n s i t i o n  (g lo b u le  ->  o o i l )

o f  th e  o rd e r  o f  180-250 ca lg /m o le  aa d e te rm in ed  f ro n  th e
3 4

p o t e n t i o n e t r i e  t i t r a t i o n  o u r r e s  * •

She oonpaot form o f  th e  p o ly ( ia e th a o ry l io  a c id )  i e

a t t r i b u t e d  to  th e  hydrophob ic  i n t e r a c t i o n s  a r i s i n g  f ro n
4 92 152 X53

th e  a e th y l - f f le t ly l  c o n ta c t s  in  aqueous enT ironiaent * % j % ^^

The hyd rophob ic  i n t e r a c t i o n s  a re  e n t r o p lc  in  o r i g in  (and

n o t  e n e r g e t i c )  and hence e x h ib i t  an  i n c r e a s e  w ith  a  r i s e
1R4

i n  t e a p e r a t u r e  * • A s i m i l a r  hyd ro p h o b ic  i n t e r a c t i o n

in f lu e n c e d  co n fo m o a tio n a l t r a n s i t i o n  i s  o b se r re d  in  s y n t h e t i c  

p o ly p e p t id e s  w ith  p endan t n o n p o la r  groups* S y n th e t ic  p o ly ­

p e p t id e s  ( o f  th e  T in y l  ty p e )  a l s o  g e n e r a l ly  e x h i b i t  a  

oonfoT toatK aial t r a n s i t i o n  f r o n  randon c o i l  t o  r i g i d  o r  

f l e x i b l e  ro d  s t a t e  a t  h ig h e r  d e g re e s  o f  i o n i z a t io n  due to  

th e  e l e c t r o s t a t i c  re p u ls lT e  i n t e r a c t i o n s  betw een s l n i l a r l y  

charged  c e n t r e s  w ith  p ro g re ss iT e  s t r e t c h i n g  o f  th e  o o i l .

I h i s  c o n f o r n a t io n a l  b e h a v io u r  nay be obBerTed firon th e  pH 

t i t r a t i o n  ou rT es a s  w e ll  a s  f r o n  th e  Y is c o s i ty  and l i g h t  

s c a t t e r i n g  n easu rem en ts  a t  r a r i e d  pH.

The in f lu e n c e  o f  hydrophobic  i n t e r a c t i o n s  in  th e  

c o n fo rm a t io n a l  t r a n s i t i o n  o f  copolym ers o f  m a le lo  a c ld -

n > a lk y l  v i n y l  e t h e r s  h a s  been B y s te n a t l c a l ly  i n r e s t i g a t e d  
94

by  S t r a u s s  . Copolymer o f  m ale lo  a c l d - n - b u t y l  v in y l  

e t h e r  e x h i b i t s  a  c o n fo rm a tio n a l  t r a n s i t i o n  in  th e  re g io n  

•X « 0 .0  t o  0 .7  w h ile  such a  change i s  u n o b se rv eab le  in
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co p o ly ae rp  o f  n a l a i c  a c i d - e t h y l  v in y l  e t h « r .  Tha f r e e

•n e rg y  change ag^ f o r  th a  t r a n s i t i o n  £ ron  th a  traoharged

oompaot f o r a  t o  th e  h y p o th e t i c a l  onohargad randon  c o i l

f o r a  aB tim atad  from th a  a r e a  hound by th a  hump o f  th e

t i t r a t i o n  cu rv e  f o r  n - b u t y l  v i n y l  e t h e r - n a l a io  a c id

c o p o ly a a r  su p e r  imposed on th e  co rva  o b ta in e d  f o r  t h a  e t h y l

v in y l  e th e r -m a le ic  ac id  copolym er, i s  o f  th a  o rd e r  o f

280 o a l e /n o l e  o f  t h e  d i b a s ic  a c id  u n i t ,  a  v a lu e  c lo s e  t o

t h a t  t h e o r e t i c a l l y  e s t i js a ta d  by Nenethy and Scheraga fo r

t h e  fo rm a tio n  o f  hyd rophob ic  i n t e r a c t i o n s  o f  Binimom

s t r a n g th ^ ^ .  The t r a n s i t i o n  ra n g e  i s  b roadened  to  h ig h e r

v a lu e s  o f  w ith  in c re a s e  i n  th e  l e n g th  o f  th a  n - a l k y l

u n i t  o f  th e  v i n y l  e th e r*  I n c r e a s e  in  th e  nuaA)er o f  oarbon

r e s id u e s  in  th e  s id e  c h a in  l e a d s  to  an i n c r e a s e  in  th e

f r e e  energy  o f  t r a n e l t io n ^ ^ *  A d d itio n  o f  p r o t e in

d a n a tu r a n ts  l i k a  u re a  d e s t a b i l i s e  th e  h y p e r - c o i l e d  s t a t s
17

o f  hyd ro p h o b ic  p o ly  e l e c t r o l y t e s  • f h i s  i s  o b sa rv  ib la

from  th e  d e c re a s e  in  th a  f r e e  energy  o f  s t a b i l i s a t i o n  o f

th a  ccBpaot s t r u o t u r a  o f  n**hexyl v in y l  e th e r - r a a le io  a c id

c o p o ly a a r  from 1100 c a ls /m o le  r e s id u a  t o  830 c a ls /m o le

97r e s id u a  in  th a  p re se n c e  o f  u re a  .

f u r t h e r  i n s i g h t  I n to  t h a  c o n fo rm a t io n a l  b e h a v io u r  o f

h y d ro p h o b ic  p o l y e l a c t r o l y t e s  i s  p ro v id ed  by t h e  r e c a n t

98s tu d y  o f  s ty rene-H »ethau jry lic  a c id  copolym ers . The 

uncharged  p o l y e l e o t r o ly t e  c h a in s  a r e  found to  a s bubs a  

com pact g lo b u la r  co n fo rm atio n  w ith  t h a  p h en y l s id e  c h a in s
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o f  0t y r « i e  making a  B a jo r  c o n t r ib u t io n #  The B ta b iT ity  

o f  th «  g lo b u le  was found t c  in o re a e e  w ith  an in o re a e e  in  

t h e  s ty r e n e  c o n te n t .  S e i r i - q u a n t i ta t iT e  e e t i i a a te e  o f  th e  

r a d i i  ( r )  o f  th e  g lo b u le  ehow an in o re a e e  in  r  y a lu e e  w ith  

in c r e a s e  i n  !fhe oonfoTiD ational t r a n s i t i o n  from g lo b u le  

t o  c o i l  t a k e s  p la c e  o n ly  a f t e r  s u f f i c i e n t  expans’io n  o f  th e  

g lo b u le *  T hus, th e  g lo b u le  do es  n o t  d i r e c t l y  p a r t i c i p a t e  

i n  th e  c o n f o r n a t io n a l  t r a n s i t i o n  .

1 .8  O o n fo ra a t io n a l  T r a n s i t io n  by T i s c e s i ^

The d i l u t e  s o l u t i o n  t h e o r i e s  o f  p o ly n e r  s o l u t i o n s  

a r e  b a sed  on t h e  a s s u n p t io n  t h a t  t h e  p o ly n e r  c o i l  i s  no n - 

d r a in in g  in  th e  so lT e n t and t h a t  s e g n e n ts  o f  a  p o ly n e r  

c h a in  have a  G auseian  d i s t r i b u t i o n  around th e  c e n t r e  o f  

th e  mass* E xcluded  volume s t u d i e s  o f  p o l y ( a c r y l i c  a c id )  

ch a in s^ ^ * ^ * ^  show t h a t  th e  c o i l  o f  i o n i s e d  p o l y e l e c t r o l y t e s  

iB n o t  f r e e  d r a in in g  a l th o u g h  a t  h ig h  io n ic  s t r e n g t h s ,  th e  

ex p an s io n  f a c t o r  te n d s  t o  obey th e  exc luded  T oluoe t h e o r i e s  

f o r  n o n io n io  p o ly n e rs*  The r a d i u s  o f  g y r a t io n  (S) 

e s t i n a t e s  o f  p o ly (n e t h a c r y l i e  a c id )  s o l u t i o n s  a t  d i f f e r e n t  

c o n o « a t r a t io n s  by s n a d l  a n g le  e l a s t i c  n e u tro n  s c a t t e r in g ^  

i n  t h e  ab sen ce  o f  added e l e c t r o l y t e  show t h a t  (S ) r e n a in s  

c o n s t a n t  in  th e  p o ly n e r  c o n c e n t r a t io n  ra n g e  0 .32  e q / l i t r e  

to  0 .1 0  e q / l i t r e  and r e g i s t e r s  a  sharp  in c r e a s e  a t  lo w er 

c o n c « i t r a t i o n s .  Thus« th e r e  i s  a  c r i t i c a l  c o n c e n t r a t io n  

f o r  each p o l y e l e c t r o l y t e  above w hich th e  c h a r a c t e r i s t i c  

p o l y e l e c t r o l y t e  b e h a v io u r  i s  n o t  p re d o n in a n t*  The 1  o f
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p o ly (m e th a o ry l io  acic!) wa« 49A® a t  th e  low e« t c o n o « n tra t io n

(O.C^ e q / l i t r « )  when ^  * 0 .2 7  ae  comparefl to  S « 1CX)A®

f o r  t h e  f u l l y  s t r e t c h e d  p o ly io n .  The p o ly  e l e c t r o l y t e

s e g n e n ts  have a  O aueslan d i e t r i b u t l o n  a t  h ig h  c o n e e n t r a t i o n s t

w hich b re a k  down a t  low er c o n c e n t r a t io n s  t o  a  Eig~eag

c o n fo x v a t lo n  w ith  on ly  a  fetp s u b - u n i t T h e  d i l u t e

s o lu t io n  b eh aT io u r  o f  o o l y e l e c t r o l y t e s  a re  c h a ra c te r iK e d

by l a r g e  in te r m o le c u la r  i n t e r a c t i o n s  r e f l e c t e d  in  th e

aneuBOlous v a lu e s  o f  th e  second v i r i a l  c o e f f i c i e n t  A2 tor
102 103

th e  s y e te o s i  P o ly ( s ty re n e  eu lp h o n a te e )  * » po ly

( a c r y l i c  acid)^®*^®® and p o ly C m eth ac ry lic  ac id )^® ^.

The c o n fo r ra a tio n a l  changes and th e  acooiapanying

T su r ia tio n s  in  th e  hydrodynaisic vo lune  o f  a  p o ly  e l e c t r o l y t e

a r e  e a s i l y  fo llo w ed  by th e  i n t r i n e i c  v i s c o s i t y  in  aqueous

s o l u t i o n s  o f  low e l e c t r o l y t e  c o n c e n t r a t io n s .  The i n t r i n s i c

v i s c o s i t y  i s  p r o p o r t i o n a l  t o  t h e  r e c i p r o c a l  square  r o o t

104
o f  th e  i o n ic  s t r e n g th  and ap p roaches  th e  v a lu e  o f  

n o n io n ic  p o ly ise rs  a t  h ig h  e l e c t r o l y t e  c o n c e n t r a t io n s  a s  

th e  c h a rg e s  on th e  p o l y e l e c t r o l y t e  m o le c u le s  a r e  e f f e c t i v e l y  

s h i e ld e d ,  kt low io n ic  s t r e n g t h ,  th e  v i s c o s i t y  b e h w lo u r  

i s  r e p r e s e n te d

I  + I  C* (3 3 )
{V^/0 hl>

w here A and B a r e  e n p i r i c a l  c o n s ta n ts  and C i s  th e  concen­

t r a t i o n  .

At s u f f i c i e n t l y  h ig h  io n ic  s t r e n g th s *  t h e  w e ll  known
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r e la t io n B h ip a ^ ^  betw een th e  I n t r l n e l o  ▼ i e c o B i t y  [»?]» th e  

r o o t  Bean sq u a re  e n d - to -e n d  d ie ta n o e  <h > “ and th e  

exp an sio n  f a c t o r  a re  a p p l lo a b le  to  p o l y e l e e t r o ly t e e :

[n] -  * < ^ >  ® ''^ /  M (3 4 )

[» ) l / [ ' i l e  - ^  (3 5 )

w here v I s  th e  P lo ry  c o n s t a n t » M th e  n o le o u la r  w eigh t 

th e  i n t r i n s i c  T i s c o s i ty  a t  th e  % t e n p e r a t u r e ,  and
o p o o

^  * r  / r j  w i th  Tq r e f e r r i n g  t o  th e  u n p e r tu rb e d  s t a t e .

H ow erert th e  f l o r y  c o n s ta n t  |  f o r  po ly  e l e c t r o l y t e s  d i f f e r s

l a r g e l y  from th e  s ta n d a rd  r a l u e  f o r  n o n lo n io  p o ly n e rs  and
102

shows s t ro n g  dependence on th e  expansion  f a c t o r  «<• The 

i n t r i n s i c  T i s c o s i t y  o f  a  g i r e n  polym er c h a in  w hich depends 

on th e  T a lu e  o f  (r^)^ '^^ /M , i n c r e a s e s  s h a rp ly  in  th e  fo l lo w in g  

o r d e r  w ith  r e s p e c t  to  o c m fo ra a t io n .  O lobu le  < ran d o o  c o i l  < 

r i g i d  r o d .  The [»?], ?  and Ag o f  p o ly (  s ty r e n e  su lp h o n a te )  

and p o ly C m e th a c ry lic  a c id )  in  w a te r  h a re  b een  ahcwn t o  

decreaiee w ith  in c r e a s e  in  tenperature^*^*^® *^. The [^] o f  

p o ly ( r a e th a c ry l ic  a c id )  i s  n e a r ly  in d ep en d en t o f  io n ic  

s t r e n g t h  and i s  nuch lo i te r  th a n  th e  v a lu e  o f  in  m ethano l
A

a t  26 C, an o rg a n ic  ^  s o ly e n t  • She l a t e r  Talue i s  3*3 

t i n e s  h ig h e r  th a n  t h a t  in  an aqueous % s o lv e n t  (0.(X)2 If HCl 

a t  30®C)^^. HoweTert &?] in c rp a s e e  w ith  th e  d eg ree  o f  

i o n i s a t i o n  ^  t i l l  ^  >*6« th e  in c r e a s e  b e in g  g r e a t l y

n tirked  ae  th e  i o n ic  s t r e n g t h  l e  d e c re a se d ^ . These f e a t u r e s
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have now b een  e x p l i c i t l y  d ie c a a se d  in  t e r n e  of t h e  d a ta

on u n p e r tu rb e d  dlmeneionB of p o l y ( a c a r l i o  a c id )  and po ly

(n se th a o ry llo  a c id )  in  aqueous and o rg a n ic  n e d ia  by
108

▼ i e o o s i t y  and l i g h t  e o a t t e r i n g  . The hydrophob ic  

c o n t r a c t i o n e  of polym er c o l l  h a s  been l l l t t s t r a t e d  in  th e  

s tu d y  o f  a  randoB c o p o ly n e r  o f  e tb y l  a c r y l a t e  and a c r y l i c  

a c id  ( 2 :1 )  whoee u n p e rtu rb ed  d im eneione In  an o rg a n ic  «

s o lv e n t  ^ e r e  1 .3  to  1 .4  t im e s  th o se  o b ta in e d  f o r  a  f u l l y
108

io n i s e d  p o ly a e r  in  an aqueous «  s o lv e n t  . The compact 

s t r u c t u r e  t e n d s  to  b re a k  a t  h ig h e r  i o n ic  s t r e n g t h r ,
lOq

The Stockm y  r-F lxm an r e l a t i o n s h i p s  i

S -  -  + 0.51B  5 (3 6 )

(37 )

IF

0nr.

where ^ t h e  F lo ry  c o n s ta n t  i s  "s' 2 .5x10^^  d l / g t  i e  

mean sq u a re  u n p e rtu rb ed  e n d - to -e n d  d i s t a n c e i  B i s  a  v a lu e  

w hich  depends on th e  lo n g  range  segment I n te r a i c t io n s ,  

have been a p p l ie d  ae  such f o r  p o ly  ( a c r y l i c  a c id )  by 

Hagasawa e t  a l ^ ^  and P tlt* y n ^^®  w ith  th e  assum ption  t h a t  

lo n g  ra n g e  i n t e r a c t i o n s  In  p o l y e l e c t r o l y t e  m o le c u le s  can 

be c o n s id e re d  to  be an a lo g o u s  t o  th o se  in  uncharged 

p o ly m e rs . The f o r  p o 3 y (n je th ao ry lic  a c i d )  o b ta in e d  

from  th e s e  r e l a t i o n s h i p s  shew t h a t  on i n c r e a s in g  from 

0 .1  -  0 .2  t o  0 .5  -  0 .6  th e  compact s t r u c t u r e  o f  po ly  

( m e th a c r y l ic  a c id )  d i s a p p e a r s  and th e  u n p e rtu rb ed
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d ln e n s io n s  in o re a e e  m a rk td ly  • q a a l i z ln g  th o se  foimd in  

o rg a n ic  s o lv e n t8 a t  » 0 ,6 •  Th« long  ra n g e  e l e c t r o -  

s t a t i c  i n t e r a c t i o n  p a ra m e te r  *B* obtatined  from th e  

S tockm eyer-Fixioan p l o t s  h a s  been  shown t o  have o n ly  s l i g h t  

dependence on irtien < 0 .2  f o r  p o ly (m e th a o ry l ic  a c i d ) ,  

u n l ik e  in  p o l y ( a c r y l i c  a c id )  where th e  dependence i s  

c o n s id e ra b le *  T his i n d i c a t e s  t h a t  th e  long  ra n g e  e l e c t r o ­

s t a t i c  i n t e r a c t i o n s  have p r a c t i c a l l y  no e f f e c t  on th e  

d im en sio n s  o f  p o ly (m e th a o ry l ic  a c id )  m o le o a le s  w hich a r e  

compact^* So suBraarise« th e  d im ensions  o f  p o ly (m e th a c ry l ie  

a c i d )  mol<^cules« u n p e r tu rb e d  by long  ra n g e  i n t e r a c t i f m s ,  

i n c r e a s e  w ith  th e  d eg ree  o f  i o n i s a t i o n ,  from «< * 0*1 -  0 .2  

t o  s  0*5 -  0 .6  and rem ain  c o n s ta n t  a t  lo w er a s  w e ll  a s  

h ig h e r  d e g re e s  o f  io n i s a t io n *  s u g g e s t in g  t h a t  th e  c o o p e ra t iv e  

breakdown o f  th e  secondary  s t r u c t u r e  o f  p o ly (m e th a c ry l io  

a c id )  p ro d u c e s  a  c o o p e ra t iv e  in c r e a s e  in  d im en s io n s . In  

c o n t r a s t ,  t h e  long  range  i n t e r a c t i o n  p a ra m e te r  *B* f o r  

p o 3 y ( a c r y l i c  a c id )  depends t o  a  l a z ^ e  e x t e n t  on a t  

low  d e g re e s  o f  i o n i s a t i o n .

In a d d i t i o n  t o  th e  r e p u l s i v e  s id e  c h a in  and c o n t r a c t i n g  

h y d ro p h o b ic  i n t e r a c t i o n s ,  t h e  s id e  c h a in  b n lk in e s s  

c o n s id e ra b ly  in f lu e n c e s  th e  c o n fo rm a t io n a l  r i g i d i t y .  An 

i n t e r e s t i n g  c(aq>ariscn^^^ o f  th e  th r e e  po lym ers i sodium 

s a l t s  o f  p o ly ( v in y l  s u l p h a t e ) ,  p o ly ( s ty r e n e  s u lp h o n a te )  

and p o ly (3 - ia e th a c ry lo y lo x y  p ro p a n e ^ l-e u lp h o n a te )  f o r  th e  

polym er c h a in  f l e x i b i l i t y  l a  te rm s o f  th e  c h a r  a c t  e r i s t i c  

r a t i o  a t  I n f i n i t e  io n ic  s t r e n g t h s ,  i e  g iv e n  by:
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2 /3
— S* (38)
2

O
( i r i i t re  i s  ffi«an sq u are  u n p e rtu rb ed  end~to>end

d i s t a n c e ,  n th e  number o f  b o n d s , 1 th e  bond l e n g th ,  

th e  Mark-Houwlnk c o n s ta n t  a t  <6 te m p e ra tu re  and th e  

monoioer a o l e c u l a r  w e ig h t)  shornd  t h a t  th e  c h a in  o f  

sodium p o ly ( v in y l  s u lp h o n a te )  i s  n o s t  f l e x i b l e  and eo d lu a  

p o ly (a -n je th a o ry le y  1 oxy p r o p a n e - l - s u lp h o n a te  i e  th e  » o s t  

h in d ered ^^^ *  In  sc d iu n  p o ly ( s ty r e n e  s u lp h o n a te )  and 

BodiuB p o ly (3 -a ie th a c ry lo y l  oxy p ro p a n e - l - s u lp h o n a te )  th e  

h y d ro p h o b ic  i n t e r a c t i o n s  and io n  h y d ra t io n  aroim d th e  

b u lk y  g ro u p s  c o n t r ib u t e  to  th e  r i g i d i t y .  A ll  th e  t h r e e  

p o l y e l e c t r o l y t e s  C whose c h a r a c t e r i s t i c  r a t i o  < 15 ]  

a r e  found to  be f l e x i b l e  c o i l s .  The bullgr g ro u p s  o f  th e  

lo n g  h y d ra te d  s id e  ch a in  o f  sodium p o 3 jr(3 -m e th ac ry lo y l oxy 

p ro p e m e - l - s u lp h o n a te ) f  due t o  h ig h e r  s id e  c h a in  m o b i l i t y ,  

re d u c e  th e  c o u n te r  ion  s c re e n in g  by th e  added e l e c t r o l y t e  

on th e  c o i l  and rem ain  expanded even i n  h ig h  s a l t  

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

! •  i P r e s e n t  In v e e t  in a t io n

In  t h e  p r e s e n t  work th e  c o p o ly n e r i s a t io n  

b e h a T io u r  o f  fo u r  sy s te m s , each co m p ris in g  o f  an i o n i s a b l e  

monomer and a  n o n io n ic  w a te r  s o lu b le  monomer, were 

In T e e t ig a te d  a s  a  fu n c t io n  o f  th e  degree  o f  i o n i s a t i o n  o f  

t h e  i o n i s i n g  monomer, <"lie i o n ic  s t r e n g th  o f  t h e  mediu
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Io n  b in d in g  « to .  Th« • x p « r lo « n ta l  d a ta  was •x a n ia c d  in  

t h «  l i g h t  o f  th «  h o n o p o Iy n « rlB a tio n  b e h a v io u r  o f  th «  

l o n ie a b l a  nononer in  o rd « r  t o  u n d tr s ta n d  th s  monoasr 

r s a c t l T i t y  p a t t e r n s  a s  a  f ioao tion  o f  th e  pH o f  th e  

r e a c t i o n  medium.

A s tu d y  o f  th e  e f f e c t  o f  fo ld in g  o f  p o ly (m e th a o ry l ie  

a c i d )  c h a in  v ilth  m e th a o ry l io  a c id  sequences  random ly 

i n t e r r u p t e d  by a  s in g le  u n i t  o f  a n o n io n ic  h y d r o p h i l i c  

segm ent l i k e  N->Tinyl p y r r o l id o n e  which does n o t  c o n t r ib u te  

t o  th e  h y d rophob ic  i n t e r a c t i o n  an6 ew rres  o n ly  a s  a  d i l u e n t  

to  th e  methyl**n)ethyl c o n t a c t s  show f ^ e t h e r  long ra n g e  

m e th y l c o n t a c t s  plfi^ any p a r t  in  b r in g in g  ab o u t th e  c o l la p s e  

o f  th e  p o ly (m e th a c ry l ic  a c id )  c h a in  a t  low  pH* In  th e  

p r e s e n t  i n T e s t i g a t i o n i  such random oopolym ers o f  m e th a o ry l io  

a c id  w ith  r a r y in g  N - r in y l  p y r r o l id o n e  c o n te n t s  were 

p re p a re d  and t h e i r  hydrogen  io n  t i t r a t i o n  b e h a r io u r  and 

▼ i e o o s i t y  were s t u d ie d ,  e s p e c i a l l y  a t  lo w er d e g re e s  o f  

i o n i s a t i o n ,  t o  u n d e rs ta n d  th e  c o l la p s e d  s t r u c t u r e  o f  p o ly  

(e n e th a o ry l ic  a c id )  chain*
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2 .  jgREATMjaiT OF DATA

2 .1  O O D o Iy e r lg a tlo n

She o o p o ljiB e r lza tio ii  r e a o t i o n t  a re  o h a r a o te r iz e d

by th e  nonoaer r e a o t l r l t y  r a t i o *  o f  th e  r e a c t in g  Bononere.

Review s on th e  T arlo u s  p rooedures  a v a i l a b l e  f o r  t h e i r
46 47

e v a lu a t io n  have been p r e s e n te d  in  l i t e r a t u r e  * • A few

w e ll  known p ro o e d u re s  a re  rev iew ed  in  th e  in t r o d u c to r y  

c h a p te r  o f  t h i s  T h e s is .

R e l ia b le  s o lu t io n  f o r  th e  nononer r e a c t i v i t y  r a t i o s  

r ^  and V2  in  b in a ry  c o p o ly a e r ix a t io n  o f  n o n o a e rs  and
41

M2 a r e  o b ta in e d  by th e  n o n l in e a r  l e a s t  sq u a re  p ro ced u re  

o r  th e  'YBR* n e th o d  f o r  low co n v e rs io n  d a t a .  Mayo and 

Lewis i n t e g r a t e d  e q u a t io n  * • how evert y i e l d s  th e  b e s t

s o lu t io n  f o r  r ^  and rg  f o r  b o th  low and h ig h  co n v e rs io n  

d a t a .

The e x p e r i a e n t a l  d a t a  in  th e  p r e s e n t  work were 

t r e a t e d  by (1 )  th e  d i f f e r e n t i a l  f o r a  o f  t h e  o o p o ly n e r is a t io n  

p ro c e d u re  u s in g  th e  'YBR* nethod*  and ( i i )  t h e  Mayo»Lewis 

i n t e g r a t e d  e q u a t io n .  The r ^  and T2  v a lu e s  o b ta in e d  by th e  

i n t e g r a t e d  e q u a t io n  were accep ted  a s  th e  more z ^ l i a b l e  

v a lu e s  f o r  d i s c u e s io n .

The a p p l i c a b i l i t y  o f  th e  r e c e n t ly  p ro p o sed  e q u a t io n
4<3

by Kelen and Tudos was t e s t e d  fo r  o u r  c o p o ly a e r i s a t lo n
148

s y s t e a s  in v o lv in g  c o n v e rs io n  l e e s  th an  60^ .
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2.1.1 YBR Method45

The *YBR' eq u a tio n *  which In  e f f e c t  l e  a  e y o m e tr io a l  

form  o f  th e  P inenan-Itoee  ty p e  eq u a tio n *  i s  d e r i r e d  a s  

f o l lo w s .  The d l f f e r e n t i e d  form  o f  th e  o o p o ly ae r  o a n p o s l t io a  

e q u a t io n :

dHi L\] [KgJ

\j*2i rg& ig] + b i J
(2)

icay he  e x p re s se d  a s :

where K * <■»! ^
a«^ [M l] Ha [j* i]

(39 )

and n. a r e  th e  nononer mole r a t l o e  in  th e
dM^

w here

I n o r e a e n ta l  copolym er fbrmed and and 0 ^ ]  th e  monomer

c o n c e n t r a t i o n s  in  t h e  f e e d .  E quation  ( 2 )  hecomee:

D iv id in g  by [l^],

Krg KF ■  r^F -fl o r

(3 9 a )

0-1

S lT id in g  by K y i e ld s :

» r^^F-Krg where F |j%] /  [Mg]

(40)

D ir i s io n  o f  e q u a t io n  (3 9 a )  by f y i e l d s :
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I  -  K -  I  r j T j ^  (41 )

S q a a t io n a  (4 0 )  and (4 1 ) which a re  e f ie e n t ia l l j r  t h e  Flnttman 

and Robb e q u a t io n s  (11 ) and ( 1 2 ) ,  g iv e  d i f f e r e n t  r a l u e s  

o f  r-̂  and due to  dl^yfflaetry w ith  r e e p e o t  t o  and rg* 

S q u a tio n  (4 0 ) l e  b e s t  s u i t e d  f o r  e y a lu a t i c n  idien F »  1 

amd e q u a t io n  (4 1 )  i s  b e s t  s u i te d  when F «  1* The e q u a t io n s  

a r e  I n t e r o o n T e r t lb l e  by m u l t ip ly in g  e q u a t io n  (4 0 ) by - K / r  

?jnd e q u a t io n  (4 1 )  by  -P /K . A, ayBioetrio e q u a t io n  w ith  

r e s p e c t  to  r ^  and T2  ctui th u s  b e  a r r lT e d  a t  by a u l t i p l y l n g  

e q u a t io n  (4 0 )  by Jz/V and e q u a t io n  (4 1 ) by Jl/n.

/ k F -  1 /  T o  » rj^ /¥7ir‘T2_ / k 7 f  (42 )

S u b s t i t u t i n g  f / F  f o r  K in  e q u a t io n  (4 2 )  and r e a r r a n g in g ,  

we g e t ,

^  -  l / f *  ( U )

T b is  l i n e a r i z a t i o n  known a s  th e  YBR n e th o d  i s  iqrB inetrical

w ith  r e s p e o t  to  r ^  and rg*

S o lu t io n  f o r  rj^ and rg  i s  o b ta in e d  in  th e  fo l lo w in g  

manner* E q u a tio n  (4 2 ) on m u l t i p l i c a t i o n  by ?/K  and /IT? 
g i v e s ,

r^^f/K -  rg  -  F - l /K  (40 )

rgK /F  -  r̂ L » I  -  K (4 1 )

S q u a t io n s  (4 0 ) and (41 ) on stm m ation t c  H d a ta  p o in ts  

be cone:
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‘‘i V  *'2® “  °1

H
where A- *■ I

^  1 .1  1 i
(45)

N
ikp » I  K ./P . (46)

i - 1  ^ ^

H

N
°2 “

and N l8  th «  number o f  e x p e r ln e n te .

Equation  (43) and (44) can be recelTed fo r  and rg* 

M u l t lp l lo a t lc n  o f  eq u a tio n  (43) by 9 and eq u a tio n  (44) by 

A^» fo llow ed  by adding and r e a r r a n g in g ,

r^A^N -  (49)

••rj^A^N + T2^^2  * ^ 2 ^  (50)

r2(A3^A2-H^) -  A^Cg ♦  NC^ (51 )

An Co HC«|
T2 -  - i i ---------j i  (52)

S iB i i la r ly ,

+ CgH
r-1 * ......—.....""y" (53)

I l'i 530  5
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t h e  method o f  l e a s t  sq u a re s  oan be  a p p l ie d  t o  e v a lu a te  

t h e  mean square  e r r o r  in  t l ie  d e te rm in a t io n  o f  th e  moncner 

r e a o t l T i t y  r a t i o s »  by s u b s t i t u t i n g  in  e q u a t io n  (13) th e  

r̂ l̂  and V2  v a lu e s  o b ta in e d  from e q u a t io n s  (5 2 )  and (5 3 ) .

(55)w here aJ  .  ( r ^  “  ""z / f ^  -

T h u s, th e  e x p re s s io n  f o r  mean sq u are  e r r o r  i n  th e  d e te rm i­

n a t io n  o f  r ^  and rg  is*

a
4  -  ----   2 ^56)

n  A^Ag-N^

2
-  -“ ^ 2  (57)

^2 Aj^Ag-lf

The e x a c t  v a lu e s  o f  and rg  a r e  th en :

A^C, + NC5 /A^A,
-----1 2 ^  i  / ----- ^  (58)

Aĵ Ag -  IT < Aj^Ag-N^

_ ^iCa ♦  KO, U \
r   -------------- —  + / ——£— « (59 )

Aĵ Ag -  N y Aj^Ag-N*̂

T hust th e  method g iv e s  v e ry  b a la n c e d  a v e ra g e  p a ra m e te r s  in  

s p i t e  o f  any s t r a y  e x p e r im e n ta l  e r r o r  in  a  s e t  o f  d a ta .
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Ihough th «  method i s  s u i t e d  t h e o r e t i c a l l y  f o r  e x p e r im e n ts

o a r r ie d  to  r e r y  low o o sT e re io n s  (<5^)» i t  h a e  been  found

t o  g iv e  f a i r l y  a c c u ra te  v a lttee  e ren  a t  oonT ere ione  a s  h ig h

a s  20^^ • She ran g e  o f  a p p l i c a b i l i t y  o f  t h i s  e q u a t io n

in c r e a s e s  to  h ig h e r  o o n T ers io n s  i>2 5 )̂ i f  th e  aT erags
46

monomer f e e d  r a l u e s  a s  d e f in e d  by Jo s h i  a re  used fear 

com putation*

She a r e r a g e  fe e d  v a lu e s  a r e  d e f in e d :

b ♦  a  (1-M§ )
MFC -  WIG -= -------------------=-----  (60 )

mg b ■«> a  (l-O g )

r . 2 * 1  -  ( 4  ♦  » 2 > ( 4 1 )
1/1 m '......'

^ 2(1-MFC)

where MFC and a re  th e  mole f r a c t i o n  and w eigh t f r a c t i o n  

co n T e rs io n s  r e s p e c t i y e l y t  and b a re  th e  m o le c u la r  w e ig h ts  

o f  monomers, and and m  ̂ a re  th e  mole f r a c t i o n s  o f

t h e  monomer 2 in  th e  i n i t i a l  f e e d ,  i t s  av e rag e  mcle 

f r a c t i o n  in  th e  feed  and i t s  av e rag e  mole f r a c t i o n  in  th e  

copolym er r e s p e c t i v e ly .

2 .1 *2  I n t e g r a t e d  E quation

E xperim en ts  c a r r i e d  o u t  t o  low c o n v e rs io n s  s u f f e r  

from many in a c c u ra c ie s ^ ^ .  C o p o ly m eriza tio n s  c o u ld  a l t e r ­

n a t iv e l y  be c a r r ie d  o u t  t o  h ig h  c o n v e rs io n s  and th e
31in t e g r a t e d  oopoljrmer com position  e q u a tio n  used to  compute
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and T2 » 3he Mayo and Lewis i n t e g r a t e d  equation* ' i e

r e s c lT e d  toy J o e h i ’ e p ro o ed u re^ ^ . I h i o  p ro c e d u re  in v o lT ea

a  p re l ia a in a ry  d e te rw in a t io n  o f  r ^  and rg  toy th e  YBR
45

d i f f e r e n t i a l  n e th c d  u s in g  average  monomer feed  y a lu e s .

The v a lu e s  o f  r ^  and rg  a r b i t r a r i l y  r e p r e s e n t  a  p o in t  on

th e  h y p o th e t i c a l  rg  v e r s u s  r^  ̂ p l o t  o f  Mayo and Lewis
31

d i f f e r e n t i a l  e q u a tio n  w hich ie th e  sane a s  th e  toest p o in t  0̂  

i n t e r s e c t i o n  o f  th e  s e v e r a l  l i n e s  r e p r e s e n t in g  rg  v e r s u s  r^^. 

U sing t h i s  toest p o i n t t  th e  c o o rd in a te s  o f  th e  p o in t  o f  

i n t e r s e c t i o n  o f  th e  norm al t o  th e  i t h  l i n e  a re  found . The 

new c o o r d in a te s  o f  th e  p o i n t  o f  i n t e r s e c t i o n  t o  a  l i n e  on 

th e  Mayo-Lewis p l o t s  a re  d e s ig n a te d  (r^^)^ and By

n a rro w ly  a l t e r i n g  th e  v a lu e s  o f  <uad ( r2)j  ̂ around th e

toest p o in t  toy ^appropriate  m agn itudes  w ith  th e  h e lp  o f  an 

a u x i l i a r y  c o n s t a n t ,  Z » 0 . 1 ,  t h r e e  v a lu e s  o f  P

. .  l**ri
L l - r j  .

a r e  o to ta in ed . U sin r  th e « e  t h r e e  v a lu e s  o f  P ,  th e  Mayo-

31Lewis i n t e g r a t e d  e q u a t io n  i e  so lv ed  and th e  a p p r o p r ia te  

p o r t io n  o f  t h e  i n t e g r a t e d  c u rv e s  in  th e  s i g n i f i c a n t  r e g io n  

a r e  o to tained  on rg  v e r s u s  r ^  p l o t .  Ih e  p o r t io n  o f  each  

i n t e g r a l  cu rv e  r e p r e s e n t in g  th e  p o i n t s  o to tained  f^om th e  

t h r e e  v a lu e s  o f  P i s  ap p ro x im ated  a s  th e  r o o t  mean sq u a re  

s t r a i g h t  l i n e s  and t h e i r  s lo p e s  (in » F ^ / f )  and I n t e r c e p t s  

Cc»F(-j - l ) ] a r e  com puted. Ih e s e  new e lo p e s  (m) and 

i n t e r c e p t  (C) a re  t r e a t e d  in  th e  same manner a s  in  th e
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d l j r r e r t n t i a l  YBR p ro ced u re  and tiie  f i n a l  y a lu e s  o f  and 

T2  w ith  t h o l r  s ta n d a rd  d e r i a t l o n s  a re  o b ta in e d .

2 .2  C o n fo ra a t lo n a l  S tu d ie s

2 .2 .1  P o t a n t l o n e t r i o  T i t r a t i o n

Ziara and Kiee®^ haye iriioiaEi t h a t  A 6^^]^ r a l t t e s  

oan be o b ta ln ttd  from th e  p o t tx t t i o n e t r i o  t i t r a t i o n  d a ta  o f  

i o n ie a b l«  randon  c o l l  p o ly p e p t id e s  f o r  t h e  t r a n s fo ro ia t io n

(unoharged  c o l l )  (im oharged h e l i x )

T h is  iB b ase d  on th e  eq u a tio n *

pH » pK^ log + Apk(X) (62)0 ^  *‘1 ^ - '

t h e  o c n p le te  change In f r e e  energy  upon I o n i s a t i o n  o f  th e  

leaoroffioleoule (b a m d  on one a o l e  o f  th e  monomer u n i t )  i s  

g iv e n  by;

&lon -  2 .303  PT fp H -lo g C ir^ O  (63)

7he teriB f r e e  energy  change due to  th e

c o n fo rm a t io n a l  t r a n s i t i o n .  I f  th e  change In  co n fo rm a tio n  

ta k e s  p la c e  o r e r  a  narrow  r a j ^ e  o f  pH, th en  th e  f r e e

energy  te rm  f o r  I o n i s a t io n  oan be s e p a ra te d  by g r a p h ic a l

e x t r a p o la t i o n  o f  th e  p a r t  o f  th e  t i t r a t i o n  c u r r e  a t  l a r g e  

<< t o  '< « 0 .  S u b t r a c t io n  o f  th e  f r e e  energy  o f  i o n i s a t i o n  

from  th e  t o t a l  f r e e  energy  y i e l d s  th e  f r e e  energy  o f  

c o n fo rm a t io n a l  t r ^ s i t l o n .
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^ ^ c o n f .T r a n s i t io n  * ®(aOTAX) “  ^ lo n in a t io n

{total « c o n fo rm a tio n a l  change io n i s a t io n ^

‘̂ conf “  2.303PT (65)

where ^  r e f e r *  to  io n i« a t io n  w ith o u t c o n fo rm a tio n a l  

t r a n s i t i o n  and t o  th e  s i t u a t i o n  in v o l r in g  b o th  i o n i s a t i o n  

and c o n f o m a t io n a l  t r a n s i t i o n *  Thus,

° o o n f t , r « . t io n  ‘  ax  (6 6 )

The method o f  Nagasawa and H o ltz e r^ ^  auseuises e g u i l lb r iu m  

betw een th e  u n d ie s o o ia te d  form s o f  th e  h e l ix  and th e  o o i l .

~0 T-----  0

'v i th  t h e  s ta n d a rd  f r e e  energy  change o f  th e  r e a c t io n

AO® -  -H I 1„[g„o/0 ^ ^  ]  (6 8 )

In T c lv in g  ch a rg e  independen t f a c to r s *  The e o n o e n tra t io n  o f  

th e  h e l i x  a s  o o i l  o f  any ch a rg e  was conpu ted  from th e  th e o ry  

o f  p r o t o l y t i c  e q u i l i b r i u n  and th e  i n d i r i d a a l  c n r T e s  o f  th e  

h e l i x  and th e  c o i l*  The t o t a l  f r e e  energy  change o f  

c o n f o m a t i o n a l  t r a n s i t i o n  was d e r i r e d  as:

60 -  /\G„ + d(pH)

/'G„ -  2.303 R I/P*  d(pH) (69 )

P«o



46

w hera 'th® d i f f t r e n o e  between th «  d e g rse e  o f

i o n i s a t i o n  o f  th e  two o o n fo rm a ticn e  a t  t h e  g iven  pH and 

pHjj i»  th e  n a tu r e  o f  pH f o r  irtiioh ax *  0 ( o r  i n  o th e r  

w ords t o  v e ry  s n a i l  ag^ ,  th e  f r e e  en e rg y  o f  c o n fo r ­

m a tio n a l  t r a n s i t i o n  i s  g iv en  by:

AO- -  2 .3 0 3  RT /W (dpH) (7 0 )

»«0

w here pH^ i s  th e  a id  p o in t  o f  th e  o o n fo r is a t io n a l  t r a n s i t i o n • 

She o o n f o r n a t io n a l  f r e e  energy  e s t i n a t e s  by t h e  m ethods 

o f  Ztum and R ioe^^ and Hagasawa and H o l t s e i^  a re  shown to
-aA

b e  t h e o r e t i c a l l y  e q u iv a le n t  . Ih e  p o te n t io m e t r io  

t i t r a t i o n  c u rv e  (pH t i t r a t i o n  c u rv e s )  have been  shewn t o  be  

in d ep en d en t o f  th e  p o ly a e r  c o n c e n t r a t io n  ( i n  t h e  d i l u t e  

s o lu t io n  r a n g e )  and th e  a o l e c u la r  w eigh t o f  t h e  sa o p le s^ * ^ ^ .

7he n e g a t iv e  f r e e  energy  o f  c o n f o m a t i m a l  t r a n s i t i o n  

p e r  s o l e  o f  t h e  t i t r a t a b l e  c a rb o x y ls  («AP®A) o f  th e  

uncharged  ooBQ>act f o r a  t o  th e  h .v p o th e t ic a l ly  uncharged 

expanded form i s  e s t im a te d  by th e  e q u a t io n :

« 2 .303  RT f pKg^pp dX * 2 .3 0 3  RTA (7 1 )

2 . 2 . 2  I n t r i n s i c  V is c o s i ty

Fuoes and S t r a u e s  o b se rv ed  t h a t  t h e  sh a rp  r i s e  in  

t h e  red u ced  v i s c o e i t y  *?gp/0 o f  p o l y e l e o t r o l y t e s  so lu ti< m s

i n  io n  f r e e  w a te r  w ith  d i l u t i o n  cou ld  be r e p r e s e n te d  by
X31 132th e  e m p ir ic a l  e x p re s s io n
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17 /C .  — ^  4- D (7 a )

w hort A and B a re  t B p i r i o a l  o o n s ta n te t  (A-^B) i a  th «

U n i t i n g  v a lu e  o f  a s  th e  o o n o o n tra t io n  C approaoh«s

e«FO and B i s  dependent on th e  d i e l e c t r i c  oonarfeaat of th e
13*5 T06

iseditvB and B o le o a lo r  w eigh t • f h e  B t e r a  h a s  heen

i n t e r p r e t e d  a s  a  n eaeu re  o f  t h e  h^rdrodynaaio vo ltine  o f  th e

un charged  p o ljrn e r  o o i l  and s e r r e s  p r im a r i ly  a s  an

ad ;}as tab le  p eu 'an e te r  to  g iv e  a  l i n e a r  p lo t*  The e q u a t io n

can be r e a r r a n g e d  ae :

-  d] -  i

A p l o t  o f  l / ^ ^  /c-D) g lT e e  th e  v a lu e  o f  ^  a t

i n f i n i t e  d i lu t io n *  S i e  n o t  a lw ays n eg lig iV tle  h u t  may be 

d i s r e g a r d e d  f o r  low a o le o u la r  w eigh t p o ly e le c t r o ly t e s ^ ^ ^  

and th e  y a lu e  o f  A i s  d e te rm in ed  from t h e  e x t r a p o la t i o n  o f

^^’̂ sp p l o t  to  * 0 and i s  t a k m  a s  [»}].



CHAPTER-III

EXPERIIvENTAL
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3 .  gtPERlMENTAL

3 . 1  G o p o ly n e r ig a tio n  S tu d le a

3 . 1 . 1  R tagen tg  and Chamlcalg

PotaBBiun p e ro x y d lB u lp h a ta /so d lu n  s u l p h i t e  and 

potasB ium  pB roxyd iB u lphatc /flod ltto  h y d ro B u lp h ite  wer* used  

a s  t b s  re d o x  i n i t i a t o r  p a i r s  f o r  th e  aqueous s o lu t io n  

c o p o ly a e r ic a t lo n  s t u d i e s .  S ta n d a rd  s o d iu a  h y d ro x id e  and 

h y d ro o h lc r ic  a o id  s o l u t i o n s  were used  f o r  a d ju s t i n g  th e  

pH d u r in g  copo lym eriz ia tionB . Sodium c h l o r id e  was used a s  

t h e  e l e c t r o l y t e .  Hydroquinone was used f o r  t e r f s in a t in g  

o o p o ly m e r is a t io n s .  P o ta ss iu m  s u lp h a te t  n e r o u r io  o x id e t  

seleniUB and s u lp h u r ic  a o id  were used a s  c a t a l y s t s  and 

NaOH 48^  w / t ,  Ha2E203 4 4 ^  w /v  a s  d ig e s t i o n  n ix tu re  in  

semiaicro K je ld a h l  n i t r o g e n  e e t i n a t i o n  f o r  th e  c h a r a e t e r i -  

z a t l o n  o f  th e  copo ly iaere . B o r ic  a o id  a s  4 ^  aqueous s o l u t i o n  

was used to  ab so rb  th e  e r o l r e d  anm onia. P o ta s s iu a  d io h ro m ate f  

sodioB  t h i o s u l p h a t s t  p o ta s e iu n  b r o n a t s t  p o ta ss iu m  bromide* 

p o ta ss iu m  io d id e *  s t a r c h  (0.1^1) w ere used f o r  th e  monomer 

p u r i t y  d e te rm in a tio n B . These r e a g e n t s  and c h e m ica ls  were 

o f  a n a l y t i c a l  r e a g e n t  g ra d e  and were used  w ith o u t  f u r t h e r  

p u r i f i c a t i o n .

3 . 1 .2  Monomer P u r i f i c a t i o n

The monoBere -  aorylio  a c id «  methaorylio a c id  

and R-Tinyl pyrrolidone- were a l l  of commercial grade carrying
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B u lta b l*  I n h i b i t o r s .  Th« monoiners w®re trmei from 

i n h ib i to r B  by d i s t i l l a t i o n  under rsd u o ed  p rsF S u rs  o r e r  a  

b l a n k s t  o f  p u r i f i a d  n i t r o g e n .  In  each c a se  th e  n id d l s  

f r a c t i o n  b o i l i n g  a t  c o n s ta n t  te m p e ra tu re  C a c r y l i c  a c id  

48.5®C (15 t o r r ) ^ ^ ^ ,  n e t h a c r y l i o  a c id  60®C (12 t o r r ) ^ ^ ^  

and K -Y iny l p y r r o l id o n e  96°C (14 t o r r ) ^ ^ ^ ]  w ere u se d , 

p roY ided  a  p u r i t y  o f  > 9 3 was a t t a i n e d .  !lhe aononer

p u r i t y  was checked by gas chrom atography and b ro s id e /b r o n a te
1X3

m ix tu re  (brom ine a d d i t i o n  method )* A c ry la n id e  used, in  

t h e  c o p o ly m e r iz a tio n  s t u d ie s  was a l s o  o f  com m eroial grade* 

The monomer was p u r i f i e d  by r e c r y s t a l l i s a t i o n  tw ice  from 

c h lo ro fo rm  fo l lo w e d  by r e  c r y s t a l l i s a t i o n  once firom b e n se n t :  

e t h y l a c e t a t e  ( 7 :3 )  m ix tu re .  The p u r i t y  was d e te rm in ed  by 

m e l t in g  p o in t  (84®G)^^^ and b ro m id eA ro m ate  m ethod^^^.

3 . 1 . 3  S o lT en ts

A cetone I bensene* e th y l  a c e t a t e  t ch lo ro fo rm  * 

d ioxanC f d im e th y l  formaioide» e th a n o l  and m ethano l were
114a l l  oonaDercial g ra d e  and p u r i f i e d  by s ta n d a r d  p ro c e d u re s  

and were d i s t i l l e d  p r i o r  to  u s e .  W ater used in  th e  

o o p o ly m e r is a t lo n  s t u d ie s  was doubly  d i s t i l l e d  o v e r  a l k a l i n e  

potaesiiOB perm anganate and was io n  f ^ e e .

3 . 1 . 4  A pp ara tu s

3 . 1 . 4 , 1  C o n s ta n t  T em perature B ath

The co p c ly m eris ia tio n  ex p e rim en ts  w ere c a r r i e d  

o u t  in  a  c o n s ta n t  te m p e ra tu re  ’t h e r m o s ta t ’ w a te r  b a th
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m a in ta in e d  a t  30+0.05*^0 by a  ’to lu e n e  r e g u la to r *  and an 

e l e c t r o n i o  r e l ^ .

3 . 1 . 4 , 2  P u r i f i e d  N itro g e n

N itro g e n  used f o r  th e  d l f ? t I l l a t i o n  o f  aonoraere 

and i n  e o p o ly n e r le a t lo n  s tu d  le e  wae o f  a  h ig h  p u r i t y  grade*

I t  ira s  f^ e e d  f ro n  t r a o e e  o f  oxygen by p a e e in g  th ro u g h  

P le e e r 'B  s o lu t lo n ^ ^ ^  ( a l k a l i n e  eod lua  h y d ro s u lp h i te  l o l u t l o n  

c o n ta in in g  em ail amount o f  eod iun  an th ro q u in o n e  p -eu lp h o n a te )*  

S u lp h u ro u s  i n p u r i t i e e  were removed by b u b b lin g  th ro u g h  10^ 

l e a d  a c e t a t e  s o lu t io n  an(^ m o is tu re  was e l im in a te d  by 

b u b b l in g  th ro u g h  98^  s u lp h u r ic  acid*  N it ro g e n  f o r  oopolymeri-* 

s a t i o n  e x p e r im e n ts  was s a t u r a t e d  w ith  w a te r  vapour by 

b u b b l in g  th ro u g h  ion f r e e  w a te r  b e fo re  a d m it t in g  in to  th e  

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

3 . 1 . 5  P o ly m e r lg a tio n  P ro ced u re

The c o p o ly a e r l s a t i o n s  were c a r r i e d  under n i t r o g e n  

a tm osphere  a t  f ix e d  pH v a lu e s  i n  s p e c i a l l y  d e s ig n e d  

o y l l n d r i c a l  f l a t  bottom ed c o rn in g  r e a c t i o n  v e s s e l s  ( 7 .5  om 

l e n g th  and 3 .5  cm d ia m e te r )  f i t t e d  w ith  a  fi-34 F j o i n t .

The t o t a l  r e a c t i o n  volume wae a d ju s te d  e x a c t ly  to  20 ml 

f o r  t h e  system s a c r y l i c  a c id  (A. ) -  N -v in y l  p y r r o l id o n e  (IIVP) 

( I )  and m e th a o ry l ic  a c id  (JfiA)- N -v ln y l p y r r o l id o n e  (NVP) ( I I )  

and to  10 ml f o r  th e  system s a c r y l i c  a c id  (A A )-acry lam lde 

(AM) ( I I I )  and m e th a c ry l io  a c id  (M A )-acry lan ide  (AM) ( IV ) .

The t o t a l  monomer c o n c e n t r a t io n  was k e p t  around 1 m o l e / l i t r e .
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T er each p H ,th e  mcnouer m olar fe e d  r a t i o e  were r a r i e d  In  

th e  ra n g e  9* 1 , 7 i 3 ,  111, 3 :7  and l i 9 .  Ih«  redox  p a i r

ayiteraB AA-NVP(I) and MA­

NY? ( I I ) .  The ■y e ten B  AA-AM ( I I I )  and M-AM (IV were 

I n i t i a t e d  by th e  red o x  p a i r  K2S20g-Na2Sj,0^.

Ion f r e e  w a te r  (5 b1 )  was ta k en  in  t h e  r e  a c t io n  

▼e e e e lB  and th e  two aonoBiert under i n v e e t i g a t i c a  were 

a o o u ra te ly  weighed in to  th e  T esse lB  in  th e  r e q u i r e d  s o l e  

r a t i o s .  The pH was r a r i e d  by a d d i t io n  o f  e x a c t ly  known 

yolume o f  s ta n d a rd ie e d  e c d iu n  h y d ro x id e  B o lu tio n  ( ^  2N) 

and th e  pH r e a d in g s  were re c o rd e d  by a  1 1-10 model E l ic o  

pH m e te r  w ith  an accu racy  c f  pH u n i t .  The g la a e

and ca lom el e l e c t r o d e s  were s ta n d a r d i s e d  w ith  b u f f e r s  o f  

known pH (4 .0 0  , 7 .0 0  and 9 .1 8 ) .  The e l e c t r o d e s  were washsd 

w ith  a n a l l  a n o u a ts  o f  d e io n is e d  w a te r  and t h s  w ash ings were 

added to  th e  monomer f e e d .  The pH o f  th e  s o l u t i o n s  were 

a g a in  checksd  f o r  any p o e s ib le  d r i f t .  The r e a c t i o n  y e s s s l s  

w ere  th en  th e rm o s ta te d  and th e  c o n te n ts  f lu s h e d  w ith  

n i t r o g e n  f o r  abou t 13 m in u te s .  The f r e s h l y  p re p a re d  

i n i t i a t o r s  in  oxygen and ion  f r e e  w a te r  were th e n  in t ro d u c e d ,  

f i r s t  t h e  p e r s u lp h a te  fo l lo w e d  by t h e  re d u c in g  a g e n t  

(NagSO^* Na2^ 4 ) .  The i n i t i a t o r  c o n c e n t r a t io n s  were in
-•3

t h e  ra n g e  2 .5x10  to  5x10 r a o l e s / l l t r e .  The n i t r c g e n  

b u b b lin g  was th e n  s to p p e d . N itro g e n  b u b b lin g  d u r in g  

p c ly m e r i s a t io n s  h ae  been shown t o  r e t a r d  th e  r a t e ^ ^ .  i h e  

p o ly m e r iz a t io n  under n i t r o g e n  atm osphere  h a s  a  r a t e
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p a r a l l t l  t o  t h a t  in  8«al«d  am pules a f t e r  e l a b o r a te  

f r e e z e - th a w in g ^ ^ .  Though th e  i n i t i a t o r  wae e f f e c t i v e  

i n  th e  e n t i r e  pH range^ on ly  o p e ra t in g  in

t h e  a l k a l i n e  range^*^*^^^

3 . 1 .6  iB o la t io n  o f  Polym er■

The p o ly m e r iz a t io n s  were s to p p ed  a f t e r  a  p re ­

d e te rm in e d  t im e  i n t e r r a l  (1  to  5 h o u rs )  toy th e  a d d i t io n  

o f  hydrcqu inone*  a t  tv^ioe th e  i n i t i a t o r  c o n c e n t r a t i o n t  in  

io n  f r e e  w a te r .  The pH o f  th e  [^ret«B was th e n  b ro u g h t to  

z e ro  by t h e  g ra d u a l  a d d i t i o n  o f  30^ HCl. Water was th en  

pumped o u t  from th e  r e a c t i o n  T e s s e l s  under re d u c e d  

p r e P B u r e  (10“̂  t o r r )  a t  30® . To f a c i l i t a t e  th e  q u ick

rem oval o f  w a te r#  a c e to n e  was added f r e q u e n t l y .  The 

copolym ers were p r e c i p i t a t e d  from th e  c o n c e n t ra te d  

s o l u t i o n s  (<5 m l) by t h e  a d d i t i o n  o f  a c e to n e  (250-300  m l) .  

Hydroquinone added to  te rm in a te  th e  p o ly m e r is a t io n  

c o m p le te ly  d i s s o ly e d  in  a c e to n e  and th e  sodium io n s  added 

dioring th e  pH a d ju s tm e n t ,  in  th e  form o f  N aCl, were 

c o m p le te ly  p r e c i p i t a e d  by ac e to n e  a long  w ith  th e  copolym er. 

The s o l i d s  were r e d l e s o ly e d  in  ion  f r e e  w a te r  and r e -  

p r e c i p i t a t e d  w ith  a c e to n e .  The d l s s o l u t i o n s - p r e c i p i t a t i o n s  

w ere r e p e a te d  tw ic e .  The s o l i d s  were q u a n t i t a t i v e l y  

c o l l e c t e d  by f i l t r a t i o n *  d r i e d  *in v acu o ’ a t  60®C to  

c c n e ta n t  w e ig h t .  The w eigh t o f  t h e  copolym er o b ta in e d  in  

e ach  c a se  was c o r r e c te d  f o r  by s u b t r a c t in g  th e  w eigh t o f
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Bodiuin o h lc r id *  form ed. The w e l ^ t  o f  Fodluo c h lo r id e  

was computed fi?om th e  knoim amount o f  Na'*' lo n e  in tro d u c e d  

d u r in g  th e  pH ad ju stm en t*  S la n k  ru n e  w ith  th e  monomer 

m ix tu re s  showed no oopo lym eriK ation  d u r in g  t h e  i s o l a t i o n  

p ro c e d u re  and t h e  sodium c h lo r id e  formed was found t o  he 

e q u iv a le n t  to  th e  amount o f  Na^ in t ro d u c e d .  A ce to n e :w a te r  

m ix tu re  i n  th e  r a t i o  (15<5) found t o  p r e c i p i t a t e  th e  

e l e c t r o l y t e s  co m p le te ly  even in  th e  p re s e n c e  o f  p o ly e le c t r o ­

l y t e s  w hich a re  good s o l u h i l i s i n g  a g e n ts .  Ho homopolymeri­

s a t i o n  o c c u rs  s in c e  a l l  t h e  c o p o ly m e r in a tio n s  were 

te rm in a te d  v e ry  much p r i o r  to  th e  d e p le t io n  o f  e i t h e r  o f  

th e  monomers. The copolym ers were c h a r a c t e r i s e d  hy t h e i r  

n i t r o g e n  c o n t e n t ,  e s t im a te d  by th e  sem im icro K je ld a h l  

m ethcd^^® "^^^. The p ro ced u re  gave a  s y s te m a t ic  e r r o r  o f  

-15*1^ f o r  p o 3 y (N -r in y l  p y r r o l id o n e )  C a s  found by us by 

b la n k  e s t im a t io n  o f  p u re  p o ly (K -v in y l  p y r r o l id o n e )  and by 

o th e rs^ ^ ^ * ^ ^ ^ 3 t  in  th e  n i t r o g e n  e s t im a t io n  and t h i s  e r r o r  

was c o r r e c te d  f o r  th e  copolym ers c o n ta in in g  N - r in y l  

p y r r o l id o n e .

3 . 1 . 7  H it ro g e a  E s t im a tio n  : Semimicro K je ld a h l  P ro ced u re

The s o l i d s  q u a n t i t a t l T e l y  c o l l e c t e d  and d r i e d  to  

a  c o n s ta n t  w eigh t were weighed a c c u r a te ly  i n t o  K je ld a h l  

d ig e s t i o n  f l a s k e .  For each  ICX) mg w eight o f  th e  sample 

e x a c t ly  1»5 gn o f  f i n e l y  ground  c a t a l y s t  m ix tu re  c o n s i s t i n g  

c f  30x2x1 r a t i o  by w e ig h t o f  po taes ium  s u l p h a te ,  m ercu ric  

o x id e  and se len iu m  was u sed . E x ac tly  5 ml o f  AB s u lp h u r ic



a c id  was added f o r  each  1«3 gn o f  th e  o a t a ly e t  m ix tu re*

The eample wae d ig e s te d  in  a  ohamher maintained around 

4a.® C, aTOldlng b o i l i n g » t i l l  a c l e a r  p a le  y e l lo w  

a o lu t lo n  r e s u l t e d .  Xhe c o n te n t s  were co o led  and 

t r a n s f e r r e d  q u a n t i t a t l T e l y  t o  a  mLaro K je ld a h l  s e t  op,

20 ml o f  48^ w/v sodlUB h y d ro x id e  s o l u t i o n  and 4 ml o f  

44>̂  w/t so d lu n  th lo s u lp h a te  s o lu t io n  were th e n  added and 

t h e  c o n te n t s  were s t e a n  d i s t i l l e d  under p r e s s u r e .  The 

ammonia l i b e r a t e d  was ab so rb ed  In  b o r i c  a c id  s o l u t i o n .

The s o l u t i o n  was th en  t i t r a t e d  a g a in s t  0 .0 1  H HCl u s in g  a

few d ro p s  o f  a  mixed i n d i c a t o r  o f  m ethyl r e d  and brono<*

o r e s o l  g re e n  (1 :3  r a t i o  o f  0 .1 ^  w/t s o l u t i o n s  o f  MR and 

BCa i n  a lc o h o l :w a te r  m ix tu re ) .  The end p o in t  was 

i n d i c a t e d  by th e  change in  c o lo u r  from g reen  to  r e d .

3 . 1 . 8  Sygtems InT S stliga ted

3 . 1 . 8 . 1  A eryU p a c id ^ N -v ln y l  p y r r c l id o n e ^^^

The copolym er 1 e a t  io n s  were c a r r i e d  o u t  a t  3 (>0.03"C  

a t  pHs 4 , 3 , 7 t 8  and 9 in  io n  f r e e  w a te r  and a t  pK 6 .3  in  

th e  p re se n c e  o f  1 m olar sodium c h l o r i d e .  The t o t a l  

Tolume was k e p t  a t  20 ml and th e  mononer c o n c e n t ra t io n  

a t  1 M. At each  pH th e  m olar monomer fe e d  r a t i o s  w ere 

▼ a r i e d  in  th e  rang«  j ; l f  7 :S ,  1 :1 ,  3 :7  and 1 :9 .  The 

re d o x  system  c o n c e n t r a t io n

ra n g e  3x lo“ ^  M a t  low pH t o  2 .3 x lo " ^  M a t  h ig h  pH. The 

p o ly m e r is a t io n  t im e  ranged  from 3 t c  3 h o u rs .  The

.0,
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e x p e r im e n ta l  o b e e r r a t io n a  a re  p r e s e n te d  in  T ab le s  6 -1 1 .

3 . 1 .8 . 2  M e th a o ry llc  a o id -H -y ln y l  P y r r o l id o n e ^^^

The e o p o ly ia e r iz a t io n  b eh av io u r  was i n v e s t i g a te d  

a t  th e  pHs 2 t 3 t 4 , 3 ,6 t 7 t 8 » )  and 10 in  ion f r e e  w a te r  and 

a t  pHs 3 ,7  stnd 10 in  t h e  p re s e n c e  o f  1 o o l a r  sodium c h l o r id e .  

At each pH t h e  m olar monomer feed  r a t i o s  were v a r i e d  in  

t h e  ra n g e  9 : 1 ,  7*3 , 1*1 , 3 :7  and 1*9. The te m p e ra tu re  

was m a in ta in e d  a t  3 0 + 0 .(^®C. Hhe redox  system  

Ha2S02 i n  t h e  c o n c e n t r a t io n  ran g e  5?rlC"^ m c l e s / l i t r e  a t  

l o r  pH t o  2 .5x10  m o l s B / l i t r s  a t  h ig h  pH, was used for 

i n i t i a t i n g  th e  copolyBK ^riBations. The t o t a l  monomer oonoen*- 

t r a t i o n s  were k ep t a t  1 m olar and th e  voliaae a t  20 m l.

The c o p o ly n e r i s a t io n  t im e  v a r i e d  betw een 1 and 3 h o u rs .

The o b s e r v a t io n s  a r e  p r e s e n te d  in  T ab les  12 -23 .

3 . 1 . 8 . 3  Aery l i e  acld>»A orylaaide^^^

The c o p o ly m e r is a t io n s  were c a r r i e d  in  n i t r o g e n  

a tm osphere  a t  30+0*05^0 a t  th e  pH v a lu e s  2 , 4 ,6 , 8  aod9in  

io n  f r e e  w a te r  and a t  pHs 4 and 6 in  th e  p reeen ce  o f  

1 m olar sodioB  c h l o r id e .  The t o t a l  monomer c o n c e n t r a t io n  

was k e p t  around 1 m olar and th e  volixsie e x a c t ly  a t  10 m l.

At sa c h  pH th e  m olar raonomer feed  r a t i o s  were v a r ie d  ab

9: If 7 * 3 , i J l ,  3*7 and 1*9. The redox  system

NagBj^O^ a t  th e  c o n s ta n t  c o n c e n t r a t io n  o f  2 .5x10"^  m o l e s / l i t r e

was used to  I n i t i a t e  th e  c o p o ly m e r is a t io n .  The co p o ly -

m e r iz a t io n  tim e  ranged  from 1 t o  3 h o u rs .  The
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e x p e r im e n ta l  r e a u l t a  a re  p r e s e n te d  in  T a b le s  24>31*

12s
3 . 1 . 8 . 4  M e th a c ry lio  acld-A cr.y l a a ld e

The o o p o ly a e r l s a t lo n e  were c a r r i e d  under n i t r o g e n  

a tn o e p h e re  a t  3C^0*0$^C a t  a r r e s t e d  pHs 4 , 5 , 6 , 6 , 9  and 10 

in  io n  f r e e  w a te r  and a t  pHe 4 and 10 In t h e  p re sen o e  o f  

1 n o l a r  eodium c h lo r id e  s o l u t i o n .  At each  pH th e  n o la r  

ncnomer f e e d  r a t i o s  were Tar l e d  a s  9 : 1 ,  7 : 3 ,  1 : 1 ,  3 :7  and 

1 :9*  The t o t a l  iBonoiser c o n c e n t r a t io n  was a p p ro x lB a te ly  

1 o o l a r  and th e  v c lu n e  was e x a c t ly  10 m l. The redox  p a i r ,

* c o n s ta n t  c o n c e n t r a t io n  o f  2 .5x10  m o la r ,  

was used t o  i n i t i a t e  th e  c o p o ly m e r is a t io n .  The co p o ly m e ri-  

s a t i o n  tim e  T a r ie d  from 1 t o  3 h o u rs .  The e x p e r im e n ta l  

d e t a i l s  a r e  p r e s e n te d  In T a b le s  32 -4 0 .

3 .2  C o n fo rm a tio n a l S tu d ie s

3 . 2 . 1  In t ro d u c t io n

The copoljrm ers o f  m e th a c ry l io  a c id  and N -v in y l

p y rro U d o n e *  a  n o n io n ic  h y d r o p h i l i c  monomer, were 

s y n th e s i s e d  by red o x  i n i t i a t e d  aqueous s o lu t io n  co p o ly m eri-  

s a t i o n  o f  m e th a c ry l ic  a c id  and N -v in y l  p y r r o l id c n e  a t  

3CH|:0.05®C in  t h e  absence  o f  m e ta l  io n s .  The H -T iny l 

p y r r o l id o n e  c o n te n t  v a r i e a  from 2 .2 3  to  35*91 mole p e rc e n t  

in  th e  copo lym er. The s id e  c h a in  i o n i s a t i o n  induced  

c o n fo rm a t io n a l  t r a n s i t i o n  wae s tu d ie d  by p o te n t io m e t r ic  

t i t r a t i o n  and T ie c o s i ly .
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3 . 2 . 2  SyntheB le o f  M e th a o ry llc  a c id  (MA)-N-Vlnyl 

g y r ro l ld o n c  (HVF) Copolymera

The p u r i f i e d  Bonoawre, in e th a o ry lio  a c id  and 

K -v in y l  p y r^ o lld o n e  were o o p o ly n e r ie e d  a t  3CH0.05®C by 

t h e  red o x  ^ a t e m  KgSgOg/lfag^^a w a te r  a t  pH 3

a s  d e e o r ib e d  in  S e c t io n  3-l ’i't • The BonoiMr r e a o t i y i t y
1 2 *3  1 2 4

r a t i o s  o f  t h e  Byatem a t  pH 3 ae  d e te r a in e d  e a r l i e r  *

i «  r ^  » 8 .3  and rjjyp ■  0 .  P ro p e r  feed  r a t i o s  o f  th e

fflononere were ohoeen to  a r r i v e  a t  c o p o ly a » re  o f  th e  d e s i r e d

o o a p o e l t io a .  The t o t a l  so n o o er and i n i t i a t o r  o o n o e n tra t lo n e

were m d ln ta iiied  around 1 a o l e / l i t r e  and 2 .5 x l0 " ^  n o l e e / l l t r e

r e e p e c t lT e l y .  The copolyB ierls;a tione were stopped  a f t e r

• u f f i o l e n t  ccnverB ioB  ra n ^ e  (5 t o  1 0 ^  hy 1he a d d i t io n  o f

hyd roqu inone  (5x10 mclee / l i t r e )  and t h e  copolym ere were

p r e c i p i t a t e d  by th e  a d d i t i o n  o f  an exoese  o f  I s l  aoetone<

e t h y l a o e t a t e  m ix tu re .  The oopclyoerB  were f u r t h e r  p u r i f i e d

by  p r e c i p i t a t i o n  o f  t h e i r  so lu tio n B  in  e th a n o l  w ith  th e

Baae non-Bolvent n ix tu re  (acetone* ethylaoetate  1*1).

d r i e d  a t  40®C under vacuua ( l o ” ^ t o r r )  t o  a  c o n s ta n t

weight and were charaoterised by th e ir  nitrogen content
1 1 7

e s t im a te d  by th e  semi m icro  K je ld a h l  p ro c e d a re  » a s

d e e o r ib e d  f o r  th e  c o p o ly n e rs  in  S e c tio n  3 ;  7

I h e  sam ples were s to r e d  under anhydrous c o n d i t io n s  in

ra o u u a  d e s i c c a t o r s .  I t  fo l lo w s  from th e  monomer r e a c t i v i t y
1 2 3  1 2 4  r  1

r a t i o s  * L r ^  = 8 .3  and rj^^p = 0 J t h a t  th e

d i s t r i b u t i o n  o f  th e  H -v ln y l  p y r r o l ld o n e  u n i t s  in  th e
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p o ly (n ie th a c ry l lo  a c id )  oha in  i e  ra n d o n . In  th e  ff le thao ry lio  

a c id  r l o h  co p o ly n e re  lo n g  sequenotts o f  m e th a o ry l ie  a c id  

w i l l  be i n t e r r u p te d  by a  s i n g l e  u n i t  o f  K -v in y l  p y r ro l id o n e .  

At h ig h e r  H -v in y l  p y r r o l id o n e  ocm ten te  e . g .  3 0 ^ ,  th e  

N -v in y l  p y r r o l id c n e  le n g th  w i l l  e t i l l  be  o f  one eegnen t 

in te r p o s e d  betw een d ia d s  o f  s ie th a e ry l io  a c i d ,  ih e  

and henoe a  N -T iny l p y r r o l id o n e  u n i t  oanno t add on t o  

a n o th e r  u n i t  o f  t h e  same k ind  in  th e  p o ly n e r  chain* The 

monomer fe e d  copolym er o o B p o e itio n  d a t a  a re  p re s e n te d  in  

T a b le -4 1 .

3 . 2 . 3  P o t e n t i o a e t r i o  T i t r a t i o n

P o t e n t i o n e t r i o  t i t r a t i o n s  w ere  c a r r i e d  o u t  in  

io n  f r e e  w a te r ,  i n  0 .1 0  m olar NaCl s o l u t i o n .  The copolymer 

s o l u t i o n s  w ere p re p a re d  by w eigh ing  a c c u r a t e ly  th e  d ry  

oopolym ers i n to  ion  £ ree  v?ater o r  0 .1 0  m olar HaCl s o lu t io n s  

and add ing  c a l c u la t e d  a ro u n t  o f  sodium h y d ro x id e  s o lu t io n  

t i l l  e x a c t  n e u t r a l i s a t i o n  i . e .  th e  deg ree  o f  i o n i e a t io n  i e  

e q u a l  to  1 .  The copolym er c o n c e n t r a t io n  was k e p t  around  

( 3 - 5 ) x lc “ ^ e q u iv a le n t s  o f  t h e  t i t r a t a b l s  g ro u p s  p e r  l i t r e *  

The e x p e r im e n ts  were conducted  under n i t r o g e n  b la n k e t  a t  

30+0.C3^C w ith  0 .5  m olar h y d ro c h lo r ic  a c id  s o lu t io n  k eep in g  

th e  e l e c t r o l y t e  c o n c e n t r a t io n  c o n s ta n t .  Sm all In c rem en ts  

o f  h y d ro c h lo r ic  a c id  were added and t h e  co rre e p o n d ln g  pH 

w ere  r e c o rd e d  w ith  a  E l-1 0  model E l ic o  pH m e te r  a c c u ra te  

t o  0 .05  pH u n i t  ( s ta n d a rd i s e d  w ith  b u f f e r s  o f  known pH ).



59

T i t r a t i o n s  were c a r r i e d  to  X » 0 . B lank t i t r a t i o n *  w tr«  

c a r r i e d  o u t  and th e  c o r r e c t i o n s , found t o  be n e g l i g i b l e  

in  t h e  e x p e r in e n ta l  pH r a n g e ,  were n o t a p p l i e d .  P r e c i p i -  

t a t i c n  o c c u r re d  below pH 3 .5  f o r  systenB  r i c h e r  in  NVP.

The d eg ree  o f  i o n i z a t io n  '< when th e  sodium s a l t  I s  

t i t r a t e d  by th e  a c id  i s  g iv e n  by:

Volune o f  HCl added to  
t i t r a t e  a t  a  g iv e n  pH

T o ta l  volume o f  HCl 
r e q u i r e d  f o r  t i t r a ­
t i o n  t o  *< “  0

The a p p a re n t  pH (pK^pp) f o r  d i f f e r e n t  v a lu e s  o f  x

79
were computed from t h e  eq u a tio n  '•

P^app * ^

The i n t r i n s i c  pK (pK^) v a lu e s  were o b ta in e d  by e x t r a -

,5e l a t i o n  o f  pKj^pp v e r s u s  p l o t s  to  « 0 a s  su g g e s te d
126

by A rnold  . The t i t r a t i o n  d a ta  from h ig h  < (random c o l l  

r e g io n )  in  th e  pK v e r s u s  p l o t  were e x t r a p o la te d  to  pK^ 

b y  cu rved  e x t r a p o l a t i o n ^ T h e  f r e e  energy  o f  

c o n fo rm a t io n a l  t r a n s i t i o n  p e r  mole o f  th e  t i t r a t a b l e  

c a rb o x y ls  (-Ay®/N) o f  th e  uncharged expanded form was
Rq

e s t im a te d  by th e  ?Aim and R ice  p ro c e d u re  •

AT®
» 2.303RT ^  P^app “  2 .303  RTA. 

w here A i s  th e  a r e a  e n c lo sed  by th e  lo o p  formed by th e



RO

e x p e r i a « n ta l  t i t r a t i o n  o u r v t ,  th e  e x tr sq jo la te d  o u rr*  and 

t h e  pK^ on th e  o r d i n a t e .  The pK^^pp y b .  p l o t s  f o r

a  r e p r e s e n ta t lT e  oopolymer in  ion f r e e  w a te r  and 1 m olar 

■odium  c h lo r id e  s o lu t io n  a r e  shoim in  F lg a .  (3 )  and ( 4 ) .  

The pH and pK^pp p lo ta  in  io n  f! ee w a te r  and 1 m olar

aodiuin c h lo r id e  s o lu t io n  a r e  ahcwn in  P ig a .  5 t o  17.

3 . 2 . 4  V is c o s i ty  MeasttreaHinta

The i n t r i n s i c  T i s o o s i t i e s  were d e te rm in ed  from 

th e  Y is o o s l ty  m easurem ents in  th e  copolym er c o n c e n t r a t io n  

r a n g e  0 .0$  t o  0*5 gm /d l in 0 .1 0  m olar sodium c h lo r id e  

s o l u t i o n  u s in g  Ubbelhode ty p e  suspended l e r e l  T isc o m e te rs  

a t  3 0 + 0 .05®C* The s h e a r  r a t e  c o r r e c t io n

s h e a r  r a t e  * rhgd/2inj.»)(j

w here and a r e  th e  s o lv e n t  ▼ i s c o e l t y  and r e l a t i v e  

v i s c o s i t y  o f  th e  s c lu t io n  was n u t  fotoid t o  b e  a p p re c ia b le  

under th e  e x p e r im e n ta l  c o n d i t io n s  ( c a p i l l a r y  r a d i u s  

0 .026  cm, l e n g th  12 cm, e f f l u x  tim e  f o r  0 .1 0  m olar sodium 

c h l o r id e  f o l u t i o n  * 170 s e c s . ) even f o r  ex ten d ed  m o le c u le s  

and hence was n o t  a p p l i e d .  Polym er e l u t i o n s  a t  'K «• 0 .1 ,  

0 . 2 ,  0 .3  and 0 .85  were p re p a re d  in o io m o lo r sodium 

c h lo r id e  s o lu t io n  and th e  d i l u t i n g  s o lv e n t  was m a in ta in e d  

a t  t h e  same pH a s  th e  polym er s o l u t i o n .  Hie Fuoss 

p l o t  (cA/gp Huggins p l o t  (n ,p /C  v s .  C) a re

shown in  F ig s . l& -3 1 .  I  he H u^^ins p l o t  was used f o r  ^  « 0 .1 .



fil

The luoBfi-StrauBB e c u a t i o n ^ ^ ^ ^ ^ :

“  (A /1 + BC^ )

was u8ed f o r  th e  d e t e m i n a t l o n  o f  a t  h ig h e r  y a lu e s  

o f  cA /._  was p l o t t e d  a g a in s t  and th e  i n t e r c e p tBp

l /& A » 8 p ]c -> o  ta k e n  a s  t ? ] .
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ô

o

s

o

H
o

VO

51
o

I'o
0
1

CM ,:m  
h **

I
o

I'

<0 
VO

I'
VO • •

OO VO 

II N 

H H 
^

«
B

3
4»

8

»

I
•o«

»4
w0)

4*

5



«0

H
c
o

-H«

CM O
a  o

•US 9
O

s  §
H -ri 
O

I

•O <0 
»

s

o
s

t? § 
S i

0
H

1
H

•s
f4

H  B  VD
a  o

Xi *
o  <M
CM JA

ifs
H

«9
iH
O
►

•3

o

n

«

a
4»

a

5

5
Ik

!
o

II •

P4
>

«

. 1

o

o
w  o

tn 
o  
•

I»n
rr̂ n 
n II H

s  m

t t  o  o

"ain m • •
CM CM

O O

J M . ^ *  
«  »  r-t

l i

«
■f*ill

Ia
M

f l §  

A-t* »4 
^ § f  

l ? ^ g

Vt

DO O
•H CX
«  o  

le

•d

a>

o
a

e i>
•H  JO

In
CM 

H  9

m

I

m VO ITt e^ IT\
u \ VO D Cf' o
m CM CO VO
VO m H

* • • t •
o o o o O

f r
CMtt 8 *

o
CM

*
eg
NO
CM
COw

H iH
V

O
9
o o

s
O

o

CM

o

CM
f t '

CM

O

CDtr\

o H

O  CM 

§  «  
CM VO

CO

o

%
H
(T>
CM I

CM
IfV

5A•
o O

w
O

V
o

BvO
\0

H

&
CM
tr>•
o

tn
CM

*
o

©

H

CM

s
O

o • t
o o,4i' 4'
H  H  
O  O  

•  •  
o o 
n tt
CM CM

m
^  P3t *
O o
t t  tt $  Si

c«-00
u

da
s
ts

a
93

•H
R

U

tt
■H

O

•o

«
+»



(0

I
0o•H«
e

*o
S §o
s §

o"H

I
<PiH
•§
H

rt eu

CM P3

«
C\J
r-

•
H
rH
H

H H H II

s

§

co•H
rt

s I•♦» H ^O O ^
6rl ^

?V*
»

O 4»
-I«a 
o

- J  

J |^  o
H a5 5
•o •©
•H 0>
s«

.1  
 ̂s

s & 

o o
•H iH 
H K tr> lA 

o  • •
O  CVJ CM

o w

SO r j  M  JB »-♦

R n II

ta «
O. >4
H 2O 0} &

rt

s

II

>4
0

1 
i

g 8 
4> -H CQ

m
Sft o o

Vi u

!4»
ja

■̂ 1 <D OO

g.

S<n a  0)

v a  o H ct
@ o o

o «
4»4»

e 3̂ « 
H  . ®

M'Sti

Bt)0

CM
fl

•o
s

VI

«
sa

'w* B 94 00

5  «

CM
pH
00

o

CM

iS
CM

o

s?
CM

o

o o

irv tt \
tT" <TO
o
o

tVO f f ' 

© 
• •
o o

O' o**» fs.

o

s
So
o

CM

H
H

H
O

GO
8?o
o

CM

O

o
o

o
£PIV
00•
o

00

U> CM • •
rH CM

M» vO tA  CO 1—!
H H «n V (T'
•H CQ CM ^
f^

«
H

•
N  5  

•  *
H

•
iH iH o o O

r- o 

• •o c 
±1

Q
c
I

.CM CM

CD ro
VP V0 • •
o o

CM 00 

VO

iT*

§
iH
(8•H+»
a
»

&

tn

H

«

I
•O

rt
lio0)4»
flM

67



68

tS4»

ao

Is s
ot> -o 

§ g« O
r-1

I

H « «T>
B ^ °
o ^ 
CsJ CO S

JT.H

H *B 
O

t l

5  ̂
•O s.

•o0 e
H  ̂

ii1 Ija o 
+» c
i M

<N
H

-3
IH

Si ;s 

o o
r-i H

O K U  
O  U> kf\ ̂ CO• o o

O  CM tfi ^  

CM O  M  K  iH

II

b_  3  ̂
w -»» o O, s« +• 

 ̂«0) -H 
0> p. ♦• +• « -H  ̂^ §

X

§§

^ S S I
►eoo

Vt ^  
O J

pf o

§ .
S5

|5|
A  ^® a o H a  

O  <H Oa  o o

§«•Ĥ
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POIENTIOMEIRIC TITRAIIOH

Arn<P e te rm in a tlo n  o f  p£^ . A rn o ld 's  Method

P^app ▼e r s u B

F i g .3 . (MA-NVP) Copolym er, 2*23 mcle % 

NVP in  io n  tree ? ra ter

F i g .4 ,  P o ly (H !e th ae ry lic  a c id )  in  0 .1 0  M 

sodium c h lo r id e  s o lu t io n .



F ig  3 D eTe rmmat io n  of pK^ Arnold's m e t h o d

pKapp Vs of  ( M A - N V P )  c o p o l y m e r ( 2 - 2 3 m o l e  % N V P )  in ion

f ree water .



1/ 3

1/ 3
Fig. 4 D e t e r m in a t i o n  of  pK^, pKapp Vs. ©C p l o t  of poly ( nnetha

c r y l i c  ac id  ) in O-IOM NaCI s o l u t i o n .  A r n o l d ’s nnethod.



p o m fiO M B iR ic  z z m n c i r  curves

in  Ion  f r e e  w a te r  pI^ppT8.*c

P i g .  5 0 B0l «  ^gmrp y ig ,6  2.23 n o le  ^  NVP

F ig .7  4.52 mole HVP T ig .8 9 .5 1  n o le  % STB

F i g . 9 1 5 .2 4  B ole  % »VP P i g .10 3 5 .9 2  BOle ^  HVP



oC

F i g  5 p H ,  pKa  Vs p l o t s  of  po l y  ( m e t h a c r y l i c  ac i d  ) in 

i on f r e e  w a t e r



Fig. 6 pH,  pKapp Vs. o c , M A - N V P  copo lymer  in ion f re e  w a te r

( 2 - 2 3  mo le  % N VP  )



Fig. 7 pH, pKapp Vs. cx̂  . { MA-NVP. ' '  c o p o l y m e r  in ion f ree wafer

( 4 52  mo le  % N V P  }



Fig 8 pH, pKapp Vs ( MA NVP) copolymer in ion f ree water

( 9-51 mole Vo NVP )



o<C

Fig. 9 pH, pKapp Vs. « : .  ( M A - N V P  ) copo lymer  in ion f ree water

( 15-24  mole % N VP )



o<:

Fig. 10 pH, pKapp Vs oc . ( MA-N V P ) copoly m e r  in ion f ree water

( 3 5 - 9 2  mole Vo N VP )



POEENTIOMETRIC TI2?RATI{ai CURYES 

i n  0 .1 0  m o lar sodium c h lo r id e  s o lu t io n

P ig .  11 0 m ole ^ HYP

P i g . 12 2 .23 mole % MVP

P i g . 13 4 .5 2 m ole % HVP

P ig .  14 9*51 mole % HVP

P l« .1 5 1 5 .24 mole % HVP

P ig .  16 2 6 .62 mole % HVP

P i g . 17 3 5 .92 mole % HVP



oC

Fig II p H ,  pKapp Vs. oC . Poly  ' m e t h a c r y l i c  a c i d  ) in O- IOM 

N a C l  s o l u t i o n .



o <

F ig .  12 pH pKapp Vs ©c • ( M A - N V P )  copolymer in O-IOM NaCI solution

( 2 23 mole % N VP  )



oC

Fig. 13 pH, pKapp Vs oc ( M A - N V P )  copo lymer in OlOM NaCI solution

( 4 - 5 2  mole %  NVP )



oC

Fig 14 pH, pKapp Vs. o C - ( M A - N V P )  copo l ymer  in O lOM NaClso ln.

( 9-51 mole  °/o N V ?  ;



pH

Fig 15 pH, pKapp Vs. c<;. { MA-NVP)  copolymer  in O-IOM NaCI solution

( 15- 24 mole % NVP )
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- o t e n t i o m e t r i c  Fi t ra t i on Cu r ve n9-0
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-!4-0

0-7 0-h

Fig 16 pH, pKapp Vs . (M a -NVP)copoiymer in O-IOfVl NaCI solution

( 26 62 mole % NV^' )



Fig. 17 pH, pKapp Vs oC.(MA-NVP)copolymer in O lOM NaCI solution

( 35  92  mole % NVP )



HD&ans VU.T n  o.io h laoi soiiUfiai

18 0 moU % WfS

P ig . 19 2 .2 3 K ole % Vfl

y i« . 20 4 .5 2 ■ o l e % lYP

P ig . 21 9 .5 1 MOl« % lYP

P ig . 22 1 5 .2 4 B ole % ITP

P ig . 23 2 6 .62 s o l e % IT P

P ig . 2« 3 5 .9 2 ■ o l e % ITYP



01 0-2 0-5 0-4 0-5 0-6

C ( gm / d l  )

0 7  0 -8

Fig.  18 Huggins plot  of poly ( me thac ry l i c  acid ) in 0 1 0  M NaC! solution



C ( gm / d l  )

Fig 13 Huyci i .^s plc^ of ( MA-NVP)copolymer in O-IOM NqCI solut ion

( 2 - 2 3  mole % NVP )



C ( g m / d l )

Fig. 2 0  Huggin 's plot of ( MA-NVP)  copolymer In O lOM NaCI solution

( 4 - 5 2  mole % NVP )
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Fig. 21 Huggin 's  plot of ( M A - N V P )  copolymer m O fOM NaCI solution

(9-51 mole % NVP )



Fig.  2 2  Huggins p lot  o f  ( M A - N V P )  copo lymer  In 0 1 0  M NaCI solut ion

( 15-24 mole % NVP )
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Fig 23 Huggins plot of ( M A - N V P )  copolymer in 0-10 M NaCI solut ion

( 26-62 mole %  NVP )



C ( gm /  d l )

Fig. 2 4  H u g g in ’s plot of ( M A - N V P )  copo lymer  in O-IOM NaCI solution

( 35 9 2  nnole % NVP )



POOSS PlOf IN 0.10 M laOl SOIUTIOK

P i g . 25 0 B ole % JiVP

P i g .26 2 .2 3 B ola % MVP

F ig .  27 4 .5 2 s o l e % HVP

F i g . 28 9 .5 1 mole % IVP

P i g . 29 15*24 s o l e % HVP

P i g .30 2 6 .62 s o le % HVP

P ig  .3 1 3 5 .92 s o le % HVP



Fig, 25 Fuoss p l o t  of  poly ( m e t h o c r y l i c  ac i d  ) in O-IOM NaCI  solut ion
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Fig. 26  F u o s s  plot  of ( M A -N V P )  copolymer i n Q  iOM NaCI solut ion

( 2 -23  mole % NVP )



C ^2 ( g m /  d I ) ^2

Fig. 27  F u o s s  plot  of { M A -N V P )  copolymer in O-IOM NaCI solut ion

( 4 - 5 2  mole % NVP )
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Fig. 2 8  F u o s s  plot of (MA-IMVP) copolymer in O lOM NaCI solut ion

( 9-51 mole % NVP )



c ' ^ 2 (  gm / d l  ) ' / 2

Fig. 29  F u o s s  plot of ( MA-NVP)  copolymer in O lOM NaCI solut ion

( 15-24 mole % NVP )



c '/2 ( gm / d l  ) '^2

Fig. 3 0  F u o s s  plot of ( MA-NVP)  copolymer in O lOM NaCI solut ion

( 2 6 - 6 2  mole % NVP )



C g m  / d l  ) V2

Fig. 31 Fuoss plot  of ( M A - N V P )  copolymer in O-IOM NaCI solut ion

( 3 5 - 9 2  nnole % NVP )
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4 .  BISCDSSIOI

4 . 1 .  C o p o ly g a r lg a t lo a  S ta d la a

4 . 1 . 1  I n t r o d u c t io n

Th« o o p o ly o e r i s a t l o n t  w«r« o a r r i t d  t o  h ig h  

o o n T e r t io n s  and th «  a x p e r l n tB t a l l y  d « te rn ii i« d  aonoBer f««d<> 

o o po lyo« r o o a p o e l t lo n  d a ta  w«r« t r e a t e d  by lio th  th «  YBR
4R

d i f f e r e n t i a l  p ro c e d u re  u s in g  ay e rag e  a o n o M r fe e d  r a l u e e

and  by th e  Mayo-Lewie i n t e g r a t e d  eq u a tio n ^ ^  re e o lT e d  by

J o s h i* e  p ro ced u re^^  to  oovpu te  r ^  and r 2«

The e o l t t t io n e  o f  and r£  o b ta in e d  by th e  two B sthode

a r e  n o t  d r a s t i c a l l y  d i f f e r e n t  i n e p i t e  o f  v e ry  h ig h  o o n v er-

a lo n e  (<70^) In  eone e x p e r im e n ts .  J o s h i  h a s  p o in te d  o u t

th e  c lo s e  a g re e a e n t  betw een th e  d i f f e r e n t i a l  TBR and th e

i n t e g r a t e d  e q u a t io n  a f t e r  a  s u r re y  o f  a  l a r g e  n o sb e r  o f
46

e x p e r in e n ta l  d a ta  . In  t h e  fo u r  iy B te n s  I n T e s t ig a te d  

In  th e  p r e s e n t  n o r k ,  t h e  a g re e n e n t  in  a  good nunber o f  

o a M s  i s  w e ll  w i th in  lOj^ The qrsteBie a r e  d is c u s s e d  in  

t h e  l i g h t  o f  th e  d a ta  o b ta in e d  by th e  s o lu t io n  o f  th e  

i n t e g r a t e d  e q u a t io n  s in c e  i t  ao o o u a ts  f o r  t h e  d r i f t  in  

t h e  Bonooer c o n c e n t r a t i o n s  w ith  c o p o ly M r i s a t io n  and th e n c e ,  

i s  Bore e x a c t .  The e x p e r i a e n t a l  r e s u l t s  a re  ccaqpared w ith  

th e  e x i s t i n g  r e s u l t s  o f  th e  sane  s y a te n  under d i f f e r e n t  

c o n d i t i o n s .  She ^y^etens a c r y l i c  a c id - a c r y l a a id e  and 

a e t h a c r y l i c  a c id ~ a c ry la « id e  p c ly n e r i s e d  t o  r e l a t l T e l y
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low  eonT«r»ioBS( wer« a l s o  t r e a t e d  "by t h e  r e c e n t l y

p r e p a r e d  Kel«n-TUd6«^^*^^ n e th o d  and th e s e  two q re te n s
148

a r e  d lB o u e ied  on t h e  h a e i s  o f  th e  observed  r e s u l t s

4 . 1 . 2  A o ry llo  a c l d - S - v in y l  g y r ro l id o n e

The s y s te n t  lo T e s t lg a te d  by Van Paeseohen and
o 1S6

^ M t s  in  h u lk  a t  75 0 and by C h s^ iro  and Le Dean Trung 

In  t o l u e n e t  e th a n o l f  IKF and In  b u lk ,  g iv e s  e o n f l i o t i n g  

v a lu e s  f o r  th e  n o n o ae r r e a o t i r i t y  r a t i o s  (T a b le -^ 2 ) .

C hap iro  e t  a l  obeerTed t h a t  th e  r e a e t l T i t y  r a t i o s  were 

n e a r ly  th e  sane in  b u lk ,  to lu e n e  and in  e t h a n o l .  Copolymers 

fo m e d  in  SMF c o n ta in e d  a  sonew hat l a r g e r  f r a c t i o n  o f  

a c r y l i o  ao id»  caused  p o s s ib ly  by t h e  f a r a a t i o n  o f  a  oonp lex  

betw een a c r y l i c  a c id  and d ixse thy l fo rm aaide*  However* th e

d i f f e r e n c e s  betw een th e  ccM spositions d id  n o t  exceed 10 t o
X3S

1 5 ^ . T a r io u s  p h y s ic a l  n e a s u r e a e n ts  l i k e  p h ase  d ia g ra a  »

f lo w  t i a e  and i n f r a - r e d  a n a l y s i s  o f  th e  a o n o ae r  a i x t u r e s

r e v e a l  a  s t ro n g  a o l e c u la r  i n t e r a c t i o n  betw een tlui two

a o n o o e r s .  A k i n e t i c  s tu d y  o f  th e  p o ly m e r is a t io n  o f  a c r y l i c

a c i d  in  t h e  p re s e n c e  o f  p o ly ( F - v in y l  p y r r o l id o n e )  in  d i l u t e

aqueous s o l u t i o n s  h a s  a l s o  r e v e a le d  a  polym er coap lex*  o f

p o ly (N -v in y l  p y r r o l id o n e )  and th e  p o ly m erised  a c r y l i o  a c i d ,
137 138

w hich  p r e c i p i t a t e d  d u r in g  th e  c o u rse  o f  t h e  p o l y a e r i s a t i o n  *

The fo rm at ion  o f  a e s o c ia t lo n  complex betw een th e  a o n o a e r s ,
134

how ever, does n o t  se e a  to  c o n t r o l  th e  c o p o ly a e r ie  a t  Ion 

The c o p o ly T C r is a t io n s  in  th e s e  i n v e s t i g a t i o n s  had been 

c a r r i e d  to  low c o n v e rs io n s  and th e  a o n o a e r  r e a c t i v i t y
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r a t i o s  'v^era d e te n s ln e d  firca  th «  d l f f « r « n t i a l  f o m  o f  th «  

copoly is«r o o n p o i i t lo n  e q u a t io n .

In t h e  p r e s e n t  I n y e e t lg a t io n  th e  o o p o ly a e r i s a t io n  

o f  a o r y l i e  a c id  w ith  N -v ln y l  p y r r o l ld o n e  wae oonduoted

a t  pH 4 ,5  ,7 ,8  and 9 In Ion f r e e  w a te r  and a t  pH 6 .$  In
122

1 B o la r  sodlina c h lo r id e  e o lu t lo n  • The ooapu ted  r ^

( f o r  a c r y l i c  a c id )  and (fox* N -v lo y l  p y r r o l ld o n e )  a re  

p r e s e n te d  In  T a b le -4 2 .

The r e a c t iT l t jT  r a t i o  f o r  a o n r l lo  a c id  d ro p s  from 

5 .2 6 a t  pH 4 .0  i<hen 45^ o f  th e  mononer I c  lo n lx e d  |pKa fo r  

a c r y l i c  a c id  » 4 .2  and pKa o f  Poly ( a c r y l i c  a c id )  1» 6 .4 ]^ ^  

to  1 .3  a t  pH $ .0  when n e a r ly  86)^ o f  th e  mononer l e  lo n le e d .  

In  t h l e  pH r a n g e ,  th e  c o p o ly n e r  c h a in  I s  p re d o f t ln a n tly  

u n io n is e d .  She r^  ̂ I n c r e a s e s  to  8 .1  a t  pH 7 .0  and 

f l u c t u a t e s  betw een 6 and 7 a s  th e  pH l e  r a i s e d  f r o a  7 .0  

t o  9 .0 .  A d d itio n  o f  1 n o l a r  so d iu a  c h l o r id e  a t  pH 6 .5  

s l i g h t l y  r e d u c e s  r^  ̂ to  5 .8  (r-j  ̂ •  8 .1  a t  pH 7 . 0 ) ,  w hich i s  

however s i n i l a r  to  I t s  v a lu e  a t  pH 4 .0 .  A minlmuiB in  

r ^  ■  1»3 obTOrved a t  pH 5 .0  i s  due t o  t h e  e l e c t r o s t a t i c  

r e p u l s i o n  betw een th e  io n iz e d  non<nBer n o le o u le s  ap p roach ing  

th e  grow ing oopolyeier c h a in .  A f u r t h e r  d e c re a s e  in  r ^  

would be  e x p e c te d  above pH 5 .0  a s  t h e  grow ing co p o ly n e r 

c h a in  a l s o  b e g in s  t o  i o n i z e .  At pH 6 . 0 ,  f o r  i n e ta n c e ,  th e  

p o ly m e r ic  a c id  i s  a l r e a d y  4 0 ^  io n i s e d .  She h ig h e r  v a lu e

o f  r ^  in  t h i s  r a n g e  ( 6 .6  -  8 .1  in  th e  pH ra n g e  7 .0  -  ) . 0 )  

can p a r t l y  be u n d e rs to o d  by e x a a ln la g  th e  hom opo lym erisa tion
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r a t e  Rp o f  a o r y l io  a c id  (RpXlO^ f o r  AA i «  3 . 6 ,  2 . 1 ,  0 .4 3 ,  

1 .9  and 8 .1  a t  pH 4 ,  5 and 6 , 7 , 8  and 9 )^ ^ .  Ihough Rp 

haa  a  n in ia u B  in  th «  pH ra n g *  S'*?, I t  s h a rp ly  in o re a s a e  

and •x o a td a  th «  ▼ a l u t a  a t  pH 4 . 0  when th e  pH l e  8 .5*

The p o ly a o id  a n io n e  a r e  e a t a b le  o f  b in d in g  o a t io a e  p r e s e n t  

in  aqueous s o lu t io n s ^ ^ * ^ ^ ® .  Ih e  p ro p a g a t in g  oopoljraer 

r a d i c a l s  m aj a l s o  be c o n s id e re d  a s  b e in g  eosposed  o f  

d i r id e d  Io n  p a i r s  . The e l e c t r o s t a t i c  r e p u l s io n  

betw een th e  l i k e  ch arg ed  n o n o a e r ic  io n s  and t h e  io n is e d  

grow ing c o p o ly a e r  r a d i c a l s  ^ p r o a o h in g  e a c h  o th e r  a re  

d i a i n i s h e d ,  i n c r e a s in g  th e re b y  t h e  p r o b a b i l i t y  o f  a d d i t io n  

o f  t h e  i o n i s e d  B onoaer. H o n o p o ly a e r isa t io n  r a t e s  a r e  

d i r e c t l y  p r o p o r t i o n a l  t o  r^ ^  p ro p a g a t io n  r a t e

c o n s t a n t )  a s  t h e  t e r n i n a t i o n  r a t e  c o n s ta n t  i s  indep en d en t
X9

o f  pH a s  shewn by r o t a t i n g  s e c to r  o e a s u re n e n ts  (T«ble-*1) .

In  th e  p r e s e n t  s y e t e a ,  I ~ v in y l  p y r r o l id o n e  does 

n o t  ion iss and hence  *11̂ 2 ' i n r a r i a n t  w ith  pH. T h e re fo re  

nay be assuBied t o  b e  p ro i^ o r t io n a l  t o  and 

hence  th e  r a t e  o f  p o ly m e r is a t io n  o f  a c r y l i c  a c i d .  The 

d a t a  on sodiUD ion  b in d in g  (b o th  lo o se  and t i g h t  b in d in g )  

t o  p o ly a c r y l i c  a c id ^ ^ * ^ ^ ®  shows t h a t  5 0 ,6 3  and 6 5 ^ o f  

t h e  Ha'*' ions a r e  bound t o  th e  polyaerio a c id  a t  pH 6 ,7  

and  7*5 r e s p e c t i v e l y .  T h is  ion  b in d in g  c o n s id e ra b ly  

re d u c e e  th e  n e g a t iv e  c h a rg e  d e n s i ty  on th e  polyner 

back b o n e . C onsequen tly  th e  e le c tro s ta t ic  r e p a l s i y e  

i n t e r a c t i o n s  betw een th e  io n i s e d  isonoaer i m l t s  and th e
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grow ing p o ly r o r  e h a in  a r e  n i n l a i s e d .  She o a t l o n t  p r e s e n t  

in  th e  system  p a r t i a l l y  s h i e ld  th e  n e g a t iv e  ch a rg e*  on 

t h e  Io n iz e d  nonoBers* r e s u l t i n g  in  th e  f a s t e r  r a t e  o f  

a d d i t i o n  o f  t h e  nonoaer u n i t s  to  th e  grow ing oopolyaier 

ohain*  T h is  i s  r e f l e c t e d  in  t h e  in o re a s e  o f  r^^ i n  th e  

a l k a l i n e  r a n g e .  The T2  v a lu e s  f o r  H -v in y l  p y r r o l id o n e  

a re  m a l l ,  e i t h e r  p o s i t i v e  o r  n e g a t iv e  in  a l l  o a se s  e x c e p t  

a t  pH 5*0« T o g e th e r  w ith  th e  s ta n d a rd  d e v i a t i o n ,  r^  oan 

b e  ta k e n  t o  be  e q u a l  to  s e r o .  The r 2 v a lu e  o f  0«S  ̂ a t  

pH ^*0 naQT p ro b a b ly  be due t o  th e  lo w erin g  o f  th e  l o c a l  

c o n c e n t r a t io n  o f  io n is e d  a c r y l i c  a c id  a o n ra e r  a t  t h e  s i t e  

o f  a d d i t i o n ,  g iv in g  a  b e t t e r  chance f o r  t h e  in c o rp o r a t io n  

o f  H -v in y l  p y r r o l id o n e  m o lecu le  and hence a  c o p o ly a e r  

r i c h e r  in  N -v in y l  p y rro lid o n e *  At pH 6*5 , when th e  

p o ly n e r  i s  abou t 5 0 Ji i o n is e d  and  th e  ao n o ae r  i s  t o t a l l y  

i o n i e e d ,  a d d i t i o n  o f  1 a o l a r  sodium c h l o r id e  r e s t o r e s  th e  

r^i t o  th e  s i t u a t i o n  where th e  nonoawr i s  o n ly  p a r t i a l l y  

i o n i s e d .  I t  i s  aiesuBed t h a t  th e  pKa o f  th e  c o p o ly a e r  o f  

a c r y l i c  a c id  and N -v in y l  p y r r o l id o n e  i s  c lo s e  to  th e  pKa 

o f  p o l y ( a o r y l i c  a c i d ) .  T h is  i s  e v id e n t  £ ro a  th e  f a c t  t h a t  

th e  c o p o ly a e rs  o b ta in e d  f r o a  d i f f e r e n t  a o n o ae r  fe e d  r a t i o s  

a r e  a lw ays r i c h e r  in  a c r y l i c  a c id .  S ince  th e  r ^  i s  

c o n s id e ra b ly  g r e a t e r  th a n  u n i ty ,  and th e  T2  i s  n e a r ly  

e q u a l  to  e e r e ,  th e  copoljrm ers would c o n s i s t  o f  long  

sequences o f  a c r y l i c  a c id  i n t e r r u p te d  by s h o r t  u n i t s  o f  

N -v in y l  p y r r o l i d o n e ,  irtiich i s  a  c lo s e  a p p ro x ia a t io n  t o
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p o ly ( a o r y l io  a c i d ) .

Th« reaotlTlties o f  a c r y l i c  a c id  and H - r in y l

p y r r o l id o n e  to w ard s  c o p o ly n e r i s a t io n  in  b a l k  h a s  shonn
136

th «  fo rm er t o  b t  a  more r c a c t i r e  oononer • r e c a n t
134

e tudy  o f  C hap iro  e t  a l ,  a s  a l r e a d y  d is c u e e e d  f h a s  a l s o

shcim  a  sm a ll r e a c t i v i t y  f o r  N -v in y l  p j r r ro l id o n s  (Table«-41»).
134

The s m a l le r  v a lu e s  o f  r ^  o b ta in e d  by C hap iro  e t  a l

f o r  a c r y l i c  a c id  a r e  in  r a r i a n c e  from th e  r e s u l t s  o b ta in e d

in  th e  p r e s e n t  I n T e s t ig a t io n  in  aqueoue s o lu t io n *  Xhis

can be p a r t i a l l y  e x p la in e d  on th e  b a s i s  o f  p lu r im o le o u la r

141a g g re g a t io n  o f  a e ry  H o  a c id  monomer in  aqueous s c l u t i o n  

l e a d in g  to  a  lo n g  sequence o f  th e  monomer i n t e r r u p t e d  by 

a  few u n i t s  o f  li-*vinyl p y r r o l id o n e .  In  hydrocarbon  s o lv e n ts  

th o s e  a g g re g a t io n s  b re a k  down t o  i n d iv id u a l  monomer u n i t s  

m io ro s c o p io a l ly  d i s t r i b u t e d  in  a  way s i m i l a r  t o  t h e i r  

m acro so o p lc  d i s t r i b u t i o n  in  th e  system  ao a  whole* T h e re fo re  

a  s l i g h t  s o lv e n t  e f f e c t  i s  observed  i n  BMP, a s  compared t o  

to lu e n e  I a  h y d ro c a rb m  s o lv e n t .

CjH-CHg (jIH-CHg

(1)

HC  ̂ ^CH (2 )

C » 0 .. . .HO-C
\  /

OH.. . .  0
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Th« p c i s i b i l i t y  o f  o ^ b o x y l i c  ao ld «  a iB o o la t ln g  (I)
142 143

l l n « a r l y  h a s  been  r e p o r te d  f o r  fo rm ic  and a o e t io  a c id s  *

Ih e a e  p l u r ln o l e o u la r  a g g re g a te s  w ith  a  v e ry  s h o r t  h a l f

l i f e t  a seu n ed  on them odynaxaio  c o n s id e r a t io n s  t o  r e p r e s e n t

o n ly  a  o in o r  f r a o t l o n  o f  th e  hydrogen bonded a s e o o ia t io n s f

a r e  In  a  dynastic e q u i l i b r l u a  w ith  th e  more abundan t d im er (1I)<

The h ig h  v i s c o s i ' ^  o b s e r re d  f o r  a c r y l io  a c id  and i t s

e o l a t i o n  in  h ig h  d i e l e o t r i o  c o n s ta n t  s o lv e n ts  i s  e x p la in a b le
134

in  te r ra s  o f  p lu r im o le c u la r  a g g re g a te s  • C o p o ly n e r is a t io n

o f  a o r y l io  a o id  under c o n d i t io n s  fa v o u r in g  th e  fo rm a tio n

o f  th e s e  a g g re g a te s  w i l l  l e a d  to  a  long  sequence o f  a o r y l io

a o id  r e s u l t i n g  in  p o l y ( a o r y l i c  a o id )  b lo c k s .  A d d it io n  o f

b en sen e  and o t h e r  hydrocarbon  s o l r e n t s  d e c re a se s  th e
134

T i s c o s i t y  o f  a o x y lio  a c id  s o l u t i o n s  • S im u ltan eo u s ly  

t h e r e  i s  a  c o n s id e ra b le  f a l l  i n  th e  r e a e t iv i l g r .  Under 

t h e s e  c o n d i t io n s  th e  p lu r im o le c u la r  a g g re g a te s  may aBsumec( 

t o  be d i s s o o ia te d ^ ^ ^ .

4 . 1 . 3  M e th a c ry lio  a c id -K - v in y l  g y r r o l id o n e

The iiystem h a s  been in T s s t lg a te d  by Kabanor e t
16

a l  in  io n  f r e e  w a te r  and in  2 m olar sodium c h lo r id e

s o lu t io n  a t  pH 8 when m e th a c ry l ic  a o id  a s  w e l l  a s  th e

grow ing  copolym er c h a in  a re  p red o m in an tly  i o n i s e d .  The
154

system  h as  a l s o  been i n v e s t i g a t e d  by C hap iro  e t  a l  in  

DMF and m ethy lene  c h lo r id e  s o lu t io n e  u s in g  gaunraa ra y  

i n i t i a t i o n  a t  room te m p e ra tu re  and a t  42^C by £ndc e t  a l^ ^ ^
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u s in g  aeo  b i s  i e o b u t y r o n i t r i l s  a s  i n i t i a t o r *  IThsir
134

r e s u l t s  a r s  o o n f l i o t i n g  in  n a tu re *  C hap iro  s t  a l  

o b s e r r td  r e a o t i T i t y  r a t i o s  a s  rj^(KA) « 4 .7 + 0 .1  and 

r^CNVP) « 0*07+0*02 w h ils  Endo e t  a l^ ^ ^  r e p o r t e d  o o p o ly a e rs  

o f  a lm o s t c o n s ta n t  coB tposition  o v e r  a  w ide ran g e  o f  

mcnoner fe e d  (T a b le -^ )*

In th e  p r e s e n t  In T e e t ig a t io n  th e  o e p o ly s e r i s a t i o n  

b e h a T lo u r  o f  n e t h a o r y l i o  a c id  and N -v in y l  p y r r o l id o n e  was 

I n v e s t i g a t e d  a t pH r a l u e s  2 |S , 4 , 5 , 6 , 7 |8 , 9  and 10 In  ion 

f r e e  w a te r  and a l s o  in  1 n o l a r  s c d iu a  c h l o r id e  s o lu t io n  

a t  pH 3,7 and 10* The a o n o m r  reao tiT ity  r a t i o s  obserTed, 

f o r  f f le th ac ry lio  a c id  and T2  for S -T in y l  p y r r o l id o n e  f 

a r e  presented in  Table<*43.

She e x p e r i n e n ta l  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  in  th e  

i n v e s t i g a t e d  pH ra n g e  n e t h a c r y l i c  a c id  ad d s  f a s t e r  th a n  

K -T in y l p y r r o l id o n e  t o  th e  grow ing c o p o ly s e r  c h a in .

N -v in y l  p y r r o l id o n e  shows enhanced r a t e  a t  pH 7 and 8*

The d ro p s  from 6 -8  a t  pH 2-3  to  2*9 a t  pH 4  (when abou t 

30% o f  t h e  D onoaer i s  i o n i s e d )  f c o n t in u e s  t o  b e  low  (4*9 -  

4*0) i n  th e  pH ra n g e  5-7 and d ro p s  to  0*92 a t  pH 8*C ii^en 

in  a d d i t i o n  t o  th e  t o t a l  i o n i s a t io n  o f  n e t h a c r y l i c  a c i d ,  

9 2 ^  o f  th e  grow ing p o ly (m e th a c ry l ie  a c id )  ch a in  i s  a l s o  

io n is e d *  As th e  pH i s  in c re a s e d  t o  1 0 ,  t h e  r ^  shows a 

g ra d u a l  i n c r e a s e  to  3*6* In  t h e  p re s e n c e  o f  1 m olar 

sodium  c h lo r id e *  r^  ̂ re m a in s  f a i r l y  ccm stan t (r^»4*9  -  4*4) 

in  th e  pH ra n g e  3-10*
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The hO B iopoly iB erlsatio ii r a t e  o f  a ie th a o ry lio  a c id  i s

known t o  r a r y  w ith  th e  pH o f  th e  m e d it tn ^ ^ ^ ^ . f h e  r a t e

r e g i r t e r i  a  g ra d u a l  f a l l ,  in  th e  pH ran g e  1 - 6 ,  w ith

m ininun a t  the  pHs co rre sp o n d in g  t o  th e  pK^ o f  m e th a o ry lio

a c id  IpK^ “  4 .3 2 ]^ ^  and th e  pK^ o f  p o ly ( n e th a c r y l io  a c id )

[pKĝ  -  7 .6 ] ^ ^ .  The r a t e  th e n  shows a  s lew  g r a d u a l  in c r e a s e

in  t h e  pH ra n g e  7 -1 2 . As th e  pH o f  th e  nedium i s  in c re a s e d

th e  a o n o a e r ic  a c id  b e g in s  t o  i o n i s e  and th e  nononer-iocnom r

e l e c t r o s t a t i c  r e p u l s i v e  i n t e r a c t i o n s  become p ro a in a n t  in

th e  T i c i n i t y  o f  th e  pK̂  ̂ o f  th e  n o n o a e r io  a c id  th e re b y

d e c re a s in g  th e  r a te *  W ith f u r t h e r  i n c r e a s e  in  pH, t h e

p en d a n t c a rb o x y l  g ro u p s  o f  th e  grow ing p o ly a e r  c h a in  b e g in

t o  io n ie e  aind aonom er-grow ing p o ly a e r  e l e c t r o s t a t i c

r e p u l s i v e  i n t e r a c t i o n s  a l s o  ooae in to  p la y  around th e  pKa

o f  th e  p o ly a c id  r e s u l t i n g  in  a  f u r t h e r  d e c re a s e  i n  th e

r a t e  ( F i g . l ) .  At pH 8* 5 f t h e  e l e c t r o s t a t i c  r e p u l s io n
19

betw een th e  monoaer u n i t s  in  th e  p c ly a e r  i s  a a x ia u n  and

hence  e l e c t r o s t a t i c  r e p u l s io n  between th e  io n iz e d  grow ing 

p o ly a e r  c h a in  and th e  ap p ro ach in g  io n iz e d  m onoaers aay  

a l s o  b e  asauaed  to  be aaxissua.

In  t h e  p r e s e n t  i n r e s t i g a t i o n  th e  a in ia u a  observed  

f o r  r ^  a t  pH 8 (0 .9 2 )  can th u s  b e  accoun ted  f o r .  With 

f u r t h e r  in(»rease in  pH, th e  n e g a t iv e  c h a rg e s  on th e  

c^irbo3«yl io n s  a r e  p a r t i a l l y  s h ie ld e d  by th e  Ifa"  ̂ io n s  

in t ro d u c e d  l i i to  th e  a y s te a  f o r  pH a d j u s t a e n t e .  She 

fflonoacr-aonoaer and m onoaer-grow ing co p o ly a » r  c h a in  

r e p u l s i v e  i n t e r a c t i o n s  a re  red u ced  marginally, r e s u l t i n g
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In  a f a l t e r  r a t s  o f  a (^d ition  o f  me t h a c r y l a t a  an ion  to

t h e  grow ing oopolym er chain*  2!he r a t e  o f  a d d i t io n  o f

N -v ln y l  pyrrolidone remalni InTariant with pH. Ihe r^f

t h e r e f o r e ,  eh owe a  g ra d u a l  in c re a e e  ly o n  0 .9 2  a t  pH 8 t o

3 .5 S a t  pH 10. She in o re a e e  i n  r ^  in  th e  a l k a l i n e  pH,

though  n o t i o e a b l e t  i e  n o t  ae  pronounced ae in  th e  a c r y l i c

a c id - N - y in y l  p y r r o l id o n e  eyetem . T h is  p a r a l l e l e  th e

h o a o p o ly n e r is a t io n  b e h a r io u r  o f  th e  two a c ld e  ( F i g . l ) .

P o ly n e th a c r y la te  an io n  b in d s  eo d iu a  io n  to  a  iBUoh l e e e e r
18

e x t e n t  th a n  p o ly a e r y la t e  an io n  • Thue» a t  h ig h  pH th e  

e l e c t r o s t a t i c  r e p u l s iv e  i n t e r a c t i o n s  in  th e  syetem 

m e th a c ry l ic  ao ld -N ~ T iqy l p y r r o l id o n e  s t i l l  p e r s i s t  t o  a  

s i g n i f i c a n t  e x te n t  r e s u l t i n g  in  a  l e s s  d r a a a t i c  i n c r e a s e

i n  r ^  i n  th e  a l k a l i n e  r a n g e .  C a tio n  b in d in g  t o  p o l y e l e c t r o -
19

l y t e  i e  s p e c i f i o  • Xhe k i n e t i c  i n T e s t i g a t i o n  o f  p o ly D e r i-  

s a t i o n  o f  n e t h a c z y l i c  a c id  in  th e  a l k a l i n e  ra n g e  (pH 9 .$ )  

shows t h a t  th e  r a t e  i s  in f lu e n c e d  by th e  ty p e  o f  c a t io n  

p r e s e n t  . T h is  nay  l a r g e l y  b e  a t t r i b u t e d  to  th e  

d i f f e r e n t  c a p a c i t i e s  o f  th e  r e s p e c t i v e  c a t io n e  to  f o r a  Ion 

p a d re  a t  t h e  p ro p a g a t in g  end o f  n e g a t iv e ly  c h a rg e d  p o ly n e r  

r a d i c a l s .  I f  th e  pH a d ju s tm e n t  i e  made w ith  th e  a id  o f  

t r i n e t h y l a m i n s ,  t h e  enhancem ent in  r a t e  in  th e  a l k a l i n e  

pH i s  a p p r e c ia b le  f o r  n e t h a c r y l i c  a c id  b u t  i s  o n ly  n a r g i n a l  

f o r  a c r y l i c  acid^® ( F i g .2 ) .  The f e a s i b i l i t y  o f  hydrophob ic  

I n t e r a c t i o n  between p o ly ( n e th a o r y l i c  a c id )  r a d i c a l s  and 

t r i e t h y l a n i n e  p ro b a b ly  c o n t r ib u t e s  to  t h e  s t a b i l i s a t i o n
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18
o f  th «  io n  p a i r  •

A • i g n i f i o a n t  in c rp a» «  in  i »  n o te d  a t  h ig h  pH

in  th e  p reo en o e  of 1 m olar eodium c h lo r id e  and th e

r a l u e e  a r e  eomewhat r e s to r e d  to  thoee  a t  pH 5 -7 .  However,

r^^ v a lu e s  a r e  e t i l l  laoch low er th an  t h a t  o h se rv ed  under

t h e  n o a lo n io  s i t u a t i o n  p reE unah ly  b ecau se  th e  added sod iu ii

c h l o r id e  d i s r u p t s  th e  hydrophob ic  i n t e r a c t i o n s  and th e

p l u r iB o l e c u la r  a g g re g a te s  r e s p o n s ib l e  f o r  th e  h ig h  r a t e
144

O f  p o ly m e r is a t io n  a t  low pH • M eth ao ry lic  a c id  e x i s t s

p re d o m in a n tly  a s  a  d im er and th e  hydrophob ic  i n t e r a c t i o n s

between th e  m e th a o ry l ic  a c id  monomer and th e  grow ing
147

p o l y ^ t h a c r y l i c  a c id )  c h a in  i s  b roken  by IfaCl .

In  th e  p r e s e n t  d isouc’e io n  i t  i s  assumed t h a t  th e  

pKĝ  o f  p o ly  (m e th a o ry lic  a c id - c . - N - v in y l  p y r r o l id o n e )  i s  

n e a r l y  t h e  same as  th e  pK^ o f  poly(m ethflusry lie  a c id )  s in o e  

t h e  copo lym ers o b ta in e d  a re  a lw e^s r i c h e r  in  m e th a o ry l ic  

a c i d .  The r e a c t i v i t y  r a t i o s  o f  N -v in y l  p y r r o l id o n e  a r e  

v e ry  sm a ll  e i t h e r  n e g a t iv e  o r  p o s i t i v e  and to g e th e r  w ith  

t h e  s ta n d a rd  d e v ia t io n s  may ta k e n  to  be s e r e .  S hus, th e  

copo lym ers have a  long  sequence o f  m e t^ a o z ^ lio  a c id  u n i t s  

i n t e r r u p t e d  by v e ry  s h o r t  i n t e r v a l s  o f  N -v in y l  p y r r o l id o n e .  

The r e l a t i v e l y  h igh  r£  v a lu e s  (0 .2 8  and 0 .6 7 )  a t  pH 7 and 

8 may p e rh a p s  be  due to  th e  d e c re a s e  in  th e  r a t e  o f  a d d i t io n  

o f  m e th a c ry la te  an io n  to  th e  p red o m in a te ly  io n is e d

p ro p a g a t in g  copolym er r a d i c a l s .  Hence* an u n io n ise d  

N -v in y l  p y r ro l id o n e  m o lecu le  w i l l  have a  g r e a t e r  ohanoe o f
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a d d i t i o n  y i e ld i n g  copolyn«rB  r i o h « r  in  N ~vinyl p y r ro l id o n « .
18

K ^ a n o y  t t  a l  in  t h e i r  r a t h e r  l im i t e d  s tu d y  o f  t h i s  

eyetoB  r e p o r t  r^  ̂ “  0 .6 5 1 2̂ * 0 .3 3  and r ^  » 0 .9 0 ,  rg  *■ 0 .30  

a t  pH 8 .0  in  ion  f r e e  w a te r  and in  2 aro lar flodiun c h lo r id e  

s o l u t i o n  r e s p e o t lT e ly .  The o o n p u ta t io n a l  p ro o ed u re  was 

n o t  d e s c r ib e d  in  t h e i r  work and th e  i n o r e a s s  in  r ^  i s  n o t  

a p p re o ia h le  i n  t h e  p re s e n c e  o f  HaCl. Comparison o f  th e

r e a c t i v i t y  r a t i o s  ohserTed  in  th e  p r e s e n t  I n r e s t i g a t i o n
16

w ith  th o se  a r r i r e d  a t  by Kabanov e t  a l  , iriiottld be 

t r e a t e d  w ith  c a u t io n ,  fh e  Fineioan and Fot^s t r e a tm e n t  

m ost p ro b a b ly  a p p l ie d  t o  th e s e  c a l c u l a t i o n s  i s  in a d e q u a te  

i n  cfMsparison w ith  th e  7BR d i f f e r e n t i a l  method and Kayo- 

Lewis i n t e g r a t e d  e q u a t io n  used  in  th e  p r e s e n t  in v e s t ig a t io n <

4 . 1 , 4  A c ry l ic  aoid~A orylaroide

C o p o ly m e riz a tio n s  o f  th e  fQrstem a c r y l i c  €tcid->

a o ry la n id e  w ere i n v e s t i g a t e d  a t  pH v a lu e s  2 (4 ,6 »  8 and 9

in  ion  f r e e  w a te r  and a t  pH 2 ,4  and 6 in  1 m olar eodiuB

c h l o r id e  s o l u t i o n .  The o b se rv ed  monomer r e a c t i v i t y  r a t i o s

r ^  ( f o r  a c r y l i c  a c id )  and rg  ( f o r  a c ry la m id e )  a r e
125

r e p r e s e n te d  in T ab le -44  .

The f o r  a c r y l i c  a c id  i s  maximim (0 .9 2 )  a t  pH 2

w here l e e e  th a n  1^ o f  tlw  a c id  i e  i o n i s e d .  I t  d e c re a s e s

s h a r p ly  t c  0 .32  a t  pH 4 c o rre sp o n d in g  t o  45^ i c n i s a t i o n
19

o f  a c r y l i c  a c id  (pKa 4 .2 )  . The lo w e rin g  ot Tj i s

c a u se d  by e l e c t r o s t a t i c  ch a rg e  r e p u l s io n s  among th e
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I c n i s t d  Bononer n o le o u l« t  a p p ro ach in g  th «  grow ing eopolyiaer

r a d l o a l .  The r^  ̂ r e n a ln s  low ( 0 . 3 / )  a t  pH 6 when in

a d d i t io n  t o  th e  n e a r ly  o « n p le te  i o n i z a t io n o f  t h e  m onoaeric

a o i d t  th e  a o r y l i o  ao id  u n i te  i n  th e  c o p o ly s ^ re  w>uld a l s o

p r e d o a in a te ly  i o n iz e .  The pKa of p o ly ( a o r y l io  a o id )  i e
196 .4  and in  th e  a o r y l io  a o id - a c r y la n id e  o o p o ly ae re  

o b ta in e d  in  th e  p r e s e n t  w ork , t lw  pKa would s h i f t  t o  

lo w er v a lu e s  s in c e  th e  mean sequenoe l e n g th  o f  a c r y l i c  

a o id  u n i t s  a re  n o t  lo n g  f o r  a l l  th e  nonoBer fe e d  r a t i o s .

In  o th e r  w o rd s , th e  pEa aiajr b e  aeeuned t o  be  n e a r ly  e q u a l  

t o  6 .  As d is c u s s e d  f o r  th e  e a r l i e r  sy s te m s , a t  t h i s  pH, 

m oncBer-grow ing p o ly n e r  e l e c t r o s t a t i c  re p u ls iT C  i n t e r a c t i o n s  

w i l l  a l s o  be  f e l t  in  a d d i t i o n  t o  th e  e le o t ro  s t a t i c  r e p u l s i o n s  

betw een ion iK ed  aiononers. 33iis t r e n d  i s  s i i s i l a r  t o  th e  

h oB O polynerifia tion  b e h a r io u r  o f  a o r y l io  a o id  a s  a  f u n c t io n  

o f  pH. I c  r e c a p i t u l a t e  th e  e a r l i e r  s y e t e n s ,  th e  r a t e  o f  

p o l j r a e r i s a t io n  o f  a c r y l i c  a o i d ,  a t  d i f f e r e n t  d e g re e s  o f  

i o n i s a t i o n ,  i s  d i r e c t l y  p r o p o r t i o n a l  t o  th e  c o rre sp o n d in g  

p ro p a g a t io n  r a t e  c o n s ta n t  1^* t h e  t e n s i n a t i o n  r a t e  c o n s ta n t  

re m a in in g  i n v a r i a n t  v l t h  pH, a s  shewn by th e  r o t a t i n g
n q

s e c t o r  m eaeureroents . T h e re fo re ,  r^C* 

ta k e n  t o  be  p r o p o r t i o n a l  to  1^ [  and hence  Rp o f  a c r y l i c  

a o id 3 t  asBUBsing th e  i n r a r l a n c e  o f  k<ĵ 2> r a t e  c o n s ta n t  

f o r  th e  a d d i t i o n  o f  n tm " io n is in g  ao ry lam id e  u n i t  to  an 

a c r y l i c  ao id  u n i t .  The h o n o p o ly a e r is a t io n  r a t e s  ( I ^ )  o f  

a c r y l i c  a c id  de te rm in ed  by oH in d ep en d en t i n i t i a t i o n  a t
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60 'C  a r«  (RpXlO®) t q u a l  t o  3 . 6 ,  2 . 1 ,  0 .4 3 ,  1 .9  an« 8 .1  a t
18

pH 4 ,5  (6 and 7 )^and  9 r« B p e c t ly e ly  ( l i g . l ) .  Ae ahonn 

e a r l i e r  t h e  h ig h e r  r a t e s  i s  a l k a l i n e  pH a r e  oaaeed  by 

Bodius io n  b in d in g  to  th e  g ro iflng  p o ly a c r y la t e  a n io n » 

p a r t i a l l y  n e u t r a l i e i n g  th e  n e g a t l r e  c h a rg e s  on th e  grow ing 

p o ly m e ric  c h a i n a s  w e ll  a s  on th e  io n is e d  nononer 

n o l e o a l e s t  th e re b y  f a c i l i t a t i n g  g r e a t e r  mononer a d d i t i o n .

The in c r e a s e  i n  r^  ̂ a t  h ig h  pH r a l u e s  la  th u s  u n d e rs tan d ab le*  

Hoi»eTer, t h e  low v a lu e  o f  0 .3  f o r  r ^  a t  pH 9 i s  u n e x p la in a b le .  

The h ig h  v a lu e  o f  T2  a t  pH 9 ( r 2 “ 0 .9 5 )  e u g g e e ts  f a s t e r  

i n c o r p o r a t io n  o f  a c ry lam id e  u n i t s  in  th e  oooo lyraers, r e s u l t i n g  

in  low a c r y l i c  a c id  c o n te n t .  A d d ition  o f  1 m olar sodium 

c h l o r id e  s o lu t io n  t o  th e  syBteai a t  pH 4  r e s t o r e s  r^̂  f r o n  

0 .3 2  ( i n  ion f r e e  w a te r )  t o  0*92 , th e  v a lu e  a t  pH 2 .

A d d itio n  o f  1 m olar sodium c h lo r id e  s o lu t io n  to  th e  a y . 'te a  

a t  pH 6 c o n t r i b u t e s  on ly  to  a  p a r t i a l  i n c r e a s e  o f  f i c ry l lc  

a c id  a d d i t i o n  in  th e  p re s e n c e  o f  a c ry la m id e . A g r e a t e r  

c o n c e n t r a t io n  o f  th e  e l e c t r o l y t e  i s  needed  to  co m p le te ly  

s c r e e n  th e  c h a rg e s  and b r in g  ab o u t a  c o n d i t io n  sic tiX ar t o  

t h a t  a t  low pH. The p re s e n c e  o f  a c ry lam id e  in  t h e  systsm  

eeems t o  p la y  a  n e g a t iv e  r o l e  in  th e  a d d i t i o n  o f  a c r y l i c  

a c id  u n i t s  a t  h ig h  pH, in  c o n t r a d ic t io n  t o  th e  homopoly* 

m e r is a t io n  b e h a v io u r  o f  a c r y l i c  a c id .  I t  i s  n e t  c l e a r  

w h e th e r th e  a l k a l i  m e ta l  ion  b in d in g  to  a c r y l i c  a c id  i s  

a f f e c t e d .  The r^  f o r  a c ry la m id e  shows a  g ra d u a l  in c r e a s e  

w ith  pH e x c e p t  a t  pH 8 . 0 ,  irtiere i t  i s  low . A d d it io n  o f
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1 m olar Bodiun c h l o r l d t  to  t h e  oysteie r e s u l t s  in  a sh arp  

I n o r e a s s  o f  a t  pH 4 and 6* A few e x p e r i ja e n ts  v-vtb 

co n d u o ted  on th e  h o o o p o ly m erlea tio ii  o f  ao ry lam ld e  a t  pH 4 ,

6 and 10 u s in g  th e  eane i n i t i a t o r  s y s te n  

and 1 m olar c o n c e n t r a t io n  o f  nonoaer in  th e  p re s e n c e  and 

in  th e  absence  o f  1 m olar sodium c h l o r i d e .  The r a t e  o f  

p o ly m e r is a t io n  showed 3 -1 0  f o ld  in c r e a s e  in  t h e  p re s e n c e  

o f  NaCl. The in c r e a s e  i n  T2  oan o n ly  be e x p la in e d  in  

te rm s  o f  f a s t e r  a d d i t io n  o f  ao ry lam ide  u n i t s  i n  th e  

p re s e n c e  o f  sodium c h lo r id e *

The systesi h as  a l s o  bewi i n v e s t i g a t e d  in  w a te r  a t
22

low and h ig h  pH T a lu e s  by 3 o u rd a is  t in  b e n ssn s  by Smets
21

e t  a l  and more s y s te m a t i c a l l y  a s  a  f u n c t io n  o f  pH in  th e
24

ra n g e  1*77 t o  6 .2 5  by  O abanesr e t  a l  • They o b s e r re d  an 

in T e r s io n  in  th e  r e a c t i v i t y  r a t i o s  (T a b le - 5 ) .  However, i t  

i s  i n c o r r e c t  t o  compare t h e i r  d a t a  w ith  t h e  d a t a  in  t h e  

p r e s e n t  work f o r  th e  fo l lo w in g  c o n s id e r a t io n s  ( a )  th e  

monomer fe e d  in  t h e i r  e x p e r im e n ts  a r e  o f  th e  o r d e r  o f  

m l l l im o la r  c c m c e n tra t io n s  a s  a g a in s t  a  c o n s ta n t  t o t a l  

c o n c e n t r a t io n  o f  1 m o l e / l i t r e  in  th e  p r e s e n t  work. Mon<aaer- 

monomer i n t e r a c t i o n s  l i k e  p lu r im o le c u la r  a g g re g a t io n s  w i l l  

b e  l e e e  p rom inen t in  t h e  d i l u t e  s o l u t i o n s  used by CeCbanees 

(b )  t h e  c c p o ly m e r ie a t io n s  were c a r r i e d  o u t  a t  60®C ae 

a g a i n s t  30^0 in  th e  p r e s e n t  i n v e s t i g a t i o n  ( c )  C abaness e t  a l  

have  c a r r i e d  o o p o ly m e r iz a tlo n s  t o  low c o n v e rs io n s  and th e  

e x p e r im e n ta l  d a t a  were t r e a t e d  by Fineman and Ross
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41 46 5*5
l i n e a r i s a t i o n  n<»thod udiioh i s  «ho«n t o  h a r«  l i m i t a t i o n s  *

a s  ocaapared t o  th e  Mayo-Iiswis i n t e g r a t e d  o c p o ly n s r i s a t io n  

31
e q u a t io n  used in  th e  p r e s e n t  i n T s s t i g a t i o n .

4 . 1 . 5  M e th a c ry lio  a o id -A o ry la n id t

The r e a o t i r i t y  r a t i o s  r^  ̂ f o r  m e th a c ry l io  a c id  

and V2  f o r  a o z y la n id s  a s  a  fu n o t io n  o f  d eg ree  o f  i o n iz a t io n  

c f  n e t h a c r y l i c  a o id ,  a r e  t a b u la t e d  in  Sable-*43.

The c o p o ly a e r i s a t i o n  d a ta  o f  t h i s  s y e te n  o o r r o b o ra te s  

w i th  th e  h c m o p o ly a e r is a t io n  r a t e  o f  t h e  m ononerio a o id  

b e t t e r  th a n  th e  s y s te n  a o r y l io  a o id /a o ry la is id e .  Xhe r^  

f o r  n e th a c z y l io  ao ld  {Mk) i s  naximus! a t  pH 4  and d ro p s  

s h a rp ly  t i l l  th e  pH 6 (r^^ i s  2 .8 1 ,  1 .94  and 0 .19 a t  pH 4 ,

5 and 6 rh e n  3 0 ^ ,  82^  and 93^ o f  th e  Konoiser i s  i c n i s e d .} .

The d e c re a s e  o f  r ^  i s  a g a in  u n d e rs ta n d a b le  in  c f

e l e o t r o s t a t i o  ch a rg e  r e p u l s i o n s  betw een th e  r e a c t  i r e  

s p e c i e s .  The pK̂  ̂ o f  p o ly C a ie th ae ry llo  a o id )  i s  7 .0 ^ ^ .  The 

sequence l e n g th  o f  m e th a c ry l io  a c id  in  th e  grow ing copolym er 

c h a i n ,  computed fl*om th e  monomer r e a c t i v i t y  r a t i o s  a t  pH

6 and 7 ,  i s  n o t  too  lo n g .  The pKa copolym er would

te n d  to w ard s  a  low er v a lu e .  H ence, t h e  mlninum c f  r ^

a t  pH 6 -7  i s  a l s o  caused  by th e  r e p u l s io n  betw een th e  

n e g a t iv e ly  c h a rg e d  p ro p a g a t in g  po lym erio  io n  and th e  

monomer i o n s .  In  th e  a l k a l i n e  r a n g e ,  a s  ex p ec ted  from t h e  

a rgum en ts  p re s e n te d  f o r  th e  fo re g o in g  sy s te m s , f a s t e r  

a d d i t io n  o f  m e th a c ry l io  a c id  to  th e  copolym er ch a in  and
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B iiB ttltancouely  an i n c r e a s e  in  ( t o  0 .3 2 ,  0*34 and 0 .3 9

a t  pH 6 ,9  and 10 r e s p e c t i v e l y )  r e s u l t s  b u t  n e r e r  ap p ro ach in g

th e  r ^  v a lu e s  a t  low pH. S h is  i e  b ecau se  t h s  Ha^ b in d in g

t o  t h e  p c ly (B se th a c ry lic  a c i d )  u n i t s  i s  auch low er a s

18
ooB pared to  t h a t  o f  p o ly  (a e ry  l i e  a c id )  . In  th e  u n io n ized  

s t a t e  a t  low  pH m e th a o ry l io  a c id  i s  p r e s e n t  a s  a g g re g a te s  

s t a b i l i z e d  by hydrophob ic  i n t e r a c t i o n s .  T h is  r e s u l t s  in  

h ig h  v a lu e s  f o r  r ^ .  At h ig h e r  pH p a r t i a l  s h ie ld in g  o f  th e  

e l e o t r o s t a t i o  r e p u l s iv e  i n t e r a c t i o n s  by th e  Ha^ io n s  

in t ro d u c e d  r e s u l t s  in a  m a rg in a l  in c re a s e  in  r ^ .  The r^  

va lues*how ever*  do n o t  app ro ach  t h a t  a t  low pH. I n t ro d u c t io n  

o f  1 B o la r  sodium c h lo r id e  a t  pH 4  r e s u l t s  In a  d e c re a s e  in  

r-ĵ  (1*7 :0»  in s t e a d  o f  an i n c r e a s e  o v e r  t h e  r ^  v a lu e  o b se rv ed  

a t  t h e  saae  pH in  io n  flree w a te r .  T h is  o u s t  b e  due to  th e  

d is a p p e a ra n c e  o f  n e th y  1-m e th y l  hydrophob ic  i n t e r a c t i o n s  in  

th e  p re s e n c e  o f  so d iu n  c h l o r id e  l e a d in g  t o  th e  breakdown 

o f  th e  a g g re g a te s  o f  t h e  r e a c t i n g  q p e c ie s .  The breakdown 

o f  th e s e  a g g re g a te s  i s  s i a i l a r  t o  th e  d e n a tu r a t io n  o f  

p r o t e i n s  in  th e  p re se n c e  o f  s t ro n g  e l e c t r o l y t e s .  Such 

h y d ro p h o b ic  i n t e r a c t i o n s  betw een th e  u n i t s  o f  p o ly  

(ise theu^ry lic  a c id )^ ^ ^  a s  w e l l  a s  th e  hydrophob ic  a s s o c i a t i o n  

o f  w a te r  s o lu b le  s u b s t i t u t e d  h y d ro ca rb o n s  ( e . g .  a la n in e )^ ^  

a r e  w e l l  known. In  t h e  absence  o f  sodium c h lo r id e  th e  r ^  

i s  a s  h ig h  a s  2 .8 1 a t  pH 4 f in  sharp  c o n t r a s t  t c  i t s  v a lu e s  

a t  o t h e r  pH. In  t h e  p re s e n c e  o f  1 m olar sodium c h lo r id e  

th e  r ^  a t  pH 10 (0.5I )  r e g i r t e r s  o n ly  a  3 0 ^  in c re a s e  over
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I t s  v a lu e  o f  0 .3 9  In  Ion f r e e  w a te r .  The added e le c tro * ' 

l y t e  c o n o e n t r a t lo n  10 n o t  s u f f i c i e n t  to  b r in g  abou t t h e  

o o n p le te  s h i e ld i n g  o f  th e  io n ic  c e n tre s*

The T2 r a l u e s  o f  a c rv la B ld e  show a  g ra d u a l  r i s e  w i th  

r e s p e c t  to  pH, in c r e a s in g  f r o n  0 .2 0  a t  pH 4 t o  O.3S a t  

pH 9. In  th e  p re i^ n c e  o f  eod iun  c h l o r i d e t  t h e  T2  pH 

4 showed a  75^ in c r e a s e  in  k eep in g  w ith  a  s i n l l a r  t r e n d  

o b se rv ed  in  t h e  hom opolynerissatlon  r a t e  o f  ac ry lam id e  in  

sodiuD  c h lo r id e  s o lu t io n *  Ho*'evert th e  r 2 T a lu e  o f  0*22 

a t  pH 10 , 1 BDolar sodium c h lo r id e  i s  to e  low and I s  

u n e x p la in a b le .

4 . 1 . 6  E T a lu a tio n  o f  K elen-Tiidos Method

The s y s te n s  a c r y l i c  a c i d - a c r y l a a id e  £oid B e th a o ry l io  

a c id -a c ry la iB ld e  were o o p o ly a e r ie e d  to  h ig h  c o n v e rs io n s  

( 5 - 6 0 ; i ) ,a t  d i f f e r e n t  pHs a s  m entioned  e a r l i e r ,  and th e

ffiOQcnnr r e a c t i v i t y  r a t i o s  r|^ and rg  were oonputed  by th e
31

M ayo-Iew ls i n t e g r a t e d  e q u a t io n  u s in g  a  n o d i f i e d  o o a p u te r  

ppoopdaTG^^* The s a l i e n t  f e a t u r e s  o f  th e s e  system s a re ;

( i )  t h e  r e a c t in g  aonom eric  a c id  (AA,MA) i o n i z e s  predom i­

n a n t ly  d u r in g  th e  r e a c t i o n  e s p e c i a l l y  a t  pH > pKa of th e  

a c i d s  (pKa o f  AH * 4 .2  and pKa o f  MA » 4 .3 2 )^ ^  and (1 1 )  

th e  c o p o ly n e r le  a c id  formed d u r in g  th e  c o u rse  o f  th e  

r e a c t i o n  a l s o  p re d o m in an tly  i o n i s e s  i n  th e  v i c i n i t y  o f  th e  

pKa n o l y ( a c r y l i c  a c id )  and p o ly  (meth a e ry  l i e  a c id )

[pKa ofP(AA) - 6 . 4  and j?(MA) * In th e s e  nystem s.
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In  a d d i t i o n  to  f r e «  r a d i c a l  r e a c t i v l t i e B  w hich c o n t r o l  

o o p o ly m e r iz a t io n ,  s l e c t r o a t a t l o  charge  i n t e r a o t lo n a  betweon 

th e  lo n ie e d  c a rb o x y l  g ro u p s  a re  a l s o  p r e s e n t  and th e  b in a ry

00p o ly m e r is a t io n  e q u a t io n  nay no t b e  i d e a l l y  a p p l lo s ^ l e .

49R e c e n tly  Kelen and Dudbs p roposed  a  new d i f f e r e n t i a l  

e q u a t io n  f o r  th e  e r a l u a t i o n  o f  nonaner r e a c t i v i t y  r a t i o s .

I t  h a s  been  shown to  be th e  n o s t  r e l i a b l e  f o r a  o f  th e  

d i f f e r e n t i a l  a e th o d s  b ased  on th e  w e ll  known monomer fe e d -  

oopolym er co m p o sitio n  equation^^*  The e q u a t io n  a l s o  

d e te rm in e s  th e  p r e r e q u i s i t e  f o r  th e  a p p l l o a b i l i t y  o f  th e  

d i f f e r e n t i a l  e q u a t io n  t o  th e  system . She e q u a t io n  h a s ,  

s in c e *  been t e s t e d  and found s u i t a b l e  f o r  a  number o f  

o a t lo n io  o o p o ly m e r is a t io n  d a ta  by Kennedy^^.

I t  was p o in te d  o u t  t h a t  th e  b in a ry  o o p o ly m e r isa t io n  

e q u a t io n  t e n d s  to  become in a p p l io a b le  i f  t h e  r e a c t i n g  

system  h a s  i r r e g u l a r i t i e s  a r i s i n g  from i n t r a  and i n t e r  

m o le c u la r  i n t e r a c t i o n s  betw een th e  r e a c t i n g  sp e c ie s*  In  

Tiew o f  t h e  f a c t  t h a t  t h e  Kelen Tiid&s method was fbund to  

be  w e ll  a p p l i c a b l e  t o  o a t lo n i o  o o p o ly m e r is a t io n  r e a c t i o n s  

w hich g e n e r a l ly  p roceed  t o  h ig h  o o n T ers io n s  and a r e  

p resum ab ly  n o t  f r e e  from i n t e r  m o le c u la r  i n t e r a o t i o n s  

betw een th e  r e a c t i n g  sp e c ie s*  i t  was f e l t  v c r th w h i le  t o  

t e s t  th e  r e l i a b i l i t y  o f  th e  r ^  and r^  v a lu e s  o b ta in e d  by 

th e  S e len -S tidds  p ro c e d u re  f o r  h ig h  c o n v e rs io n  f!ree r a d i c a l  

o o p o ly m e r is a t io n  sy s tem s. The r^  ̂ and r£  o b ta in e d  by th e  

Mayo-Lewls i n t e g r a t e d  copolym er e q u a t io n  a r e  used a s  

r e f e r e n c e  f o r  oom parieon.
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The K«l«n-Tudi)» e q u a t io n  was t r e a t e d  by th e  method 

o f  l e a s t  eq u a ree  and and T2  f o r  MA-AM and AA-AM 

e y e te a e  a r e  l i s t e d  in  Tea}le-^6. The MA-NYP and aa'<NVP 

e y e te n s  do n o t  y i e l d  e a t i a f a c t o r y  y a la e a  e in o e  th e  conT er- 

e io n e  o re  to o  h ig h  and t h e r e f o r e  th e  t e e t  r e e u l t s  a r e  n o t  

d ia e u e s e d .  I t  w i l l  a u f f io e  to  aay t h a t  o o n v e re io n a  ab o re  

50^  a r e  g e n e r a l l y  u n a u i ta b le  f o r  t r e a tr a e n t  o f  d a ta .

A oonpariB on o f  r<|, and rg  o b ta in e d  from  th e  K elen- 

49
l iid c a  p ro o e d u re  w ith  th o a e  ocmputed f r o n  t h e  a ta a d a rd

3Xi n t e g r a t e d  e q u a t io n  ahowa t h a t  e x c e p t  f o r  caeea  o f  

oonTeraion higher th an  40^ ( t h e  d e T la t io n  in th e s e  oaaea  

from th e  i n t e g r a t e d  e q u a t io n  b e in g  in  th e  ra n g e  > 7 -9 ^ )  th e  

d e T ia t io n a  a r e  l e a a  th an  5%* I t  i a  i n t e r e a t i n g  t o  n o te  

t h a t  th e  d e v ia t io n a  a re  o n ly  in  th e  ran g e  0.3 -  in  ay e te n a  

when th e  co n v « ra io n  doea n o t  exceed and an excese  o f  a  

e t ro n g  e l e c t r o l y t e  ( .e .g .  1 a o l a r  ao d iu a  c h l o r id e )  i a  

p re a e n t  t o  aupp reaa  th e  e l e c t r o a t a t i o  i n t e r a c t i o n a  betw een 

t h e  r e a c t i n g  a p e o ie a  (AA-AM, pH 4 and 2 in  th e  p reaenoe  o f

1 BOlar aod iun  c h lo r id e  and MA-All, pH 4 ,  1 m olar aodlon  

c h l o r i d e ) .  At h ig h e r  conT eraiona«  aa  in  t h e  ay a to a  MA-AM, 

pH 1 0 , 1 m olar sodium c h lo r id e *  th e  d e v ia t io n  becomea 

more p ronounced . A lthough i t  i s  to o  d r a s t i c  t o  make 

g e n e r a l i s a t i o n  from t h e  l im i t e d  ntm ber o f  ex p e rim en ts  

exam ined , i t  can  be s a id  w ith  c e r t a i n t y  t h a t  th e  K elen-Tudoa 

method can be  a p p l ie d  to  c o p o ly m e r is a t io n  d a t a  w ith  

co n v e ra io n a  a t  l e a a t  up to  25-‘̂ 0% w ith o u t  much lo e a  in
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p r e o la io n  o f  and rg* Av«rag« nonomer f««d v a lu e ■

(£qn*60) shou ld  be  used f o r  o o a p u ta t io n  i n  e q u a t io n  15•

4 .2  P o t e n t l o a e t r i o  and Y lsooiB etrlo  S tu d ie s  on BtAA«»NVP

O opolY ners: C o llap sed  C onform atloa  o f  P o ly C n e th a c ry l lo

a c i d )  Ohaia

The f r e e  energy  -Ay®/N o f  t r a n s i t i c a  f r o a  uncharged

ooBpaot g lo b u la r  to  th e  h y p o th e t io a l ly  uaoharged  expanded

f o r a  f o r  p o ly C a e th a o x y lio  a o ld )  in  0 .1 0  n o l a r  so d iu a

o h lo r id e  s o lu t io n  Cln th e  o o n o e n tra t io n  ra n g e  (3  t o  5 )x lo " ’̂

e q u i v a l e n t s / l l t r e j  conpu ted  from i t s  t i t r a t i o n  ourTe ( F i g . 11)

i s  e q u a l  t o  158 e a l  no le~ ^  v ^ io h  i e  In  f a i r  agreem ent w i th
—1 7

th e  v a lu e  o f  165 o a l  n o le  r e p o r te d  f o r  th e  saae  p o ly « e r  

i n  0 .$ 0  a o l a r  w>diua o h lo r id e  s o lu t io n  in  th e  aaoe oonoen*-
7

t r a t i o n  ran<;e. I t  has  been  p o in te d  o u t  » however* t h a t  

t h e  av e ra g e  v a lu e  o f  -Ay®/» f o r  p o ly C m eth ao iy lio  a o id )  

o b ta in e d  f r o a  t h e  c o n f l i c t i n g  v a lu e s  o f  d i f f e r e n t  iverker? 

anoun ted  to  136 c a le  mole*^ w ith  h ig h  v a lu e s  o f  190 o a l

» o le “ ^ found  by P t i t a y n ^  and 220 o a l  a o le “ ^ by Conio e t
98 ••I

a l  . The v a lu e  o f  158 o a l  mole o b ta in e d  in  t h i s  work

i s  ta k e n  a s  t h e  r e f e r e n c e  f o r  th e  p o 2 y (ra e th a c ry l ic  a c id )

c h a in .  The t i t r a t i o n  c u rv e s  f o r  n e t h a o r y l i c  aoid*>K->vinyl

p y r r o l id o n e  c o p o ly n e rs  ( F i g . 5 -1 7 )  show a  p ro g r e s s iv e

d e c re a s e  in  th e  a re a  o f  th e  loop  betw een t h e  e x p e r im e n ta l

t i t r a t i o n  c tz r re t  th e  e x t r a p o la t e d  cu rv e  and th e  pK^ on

th e  o r d in a te  w ith  in c r e a s in g  K ~vinyl p y r r o l id o n e  c o n te n t .

The c h a r a c t e r i s t i c  'h u n p ' d i s a p p e a r s  f o r  th e  o o p o ly a e rs
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w ith  26 and 36 u o le  p e rc e n t  N -y in y l  p y r r o l id o n e .  The 

t i t r a t i o n  b e h a v io u r  o f  p o ly (B ie th a c ry lic  a c i a )  and 

B e th a c r y l l c  a c id -H - v in y l  p y r ro l id o n #  o o p o ly n e rs  In  ion 

f r e e  n a t e r  ( F ig e .  5 -1 0 )  ehow a  e i in i la r  t r e n d .  The oopo ly n er 

o o m p o ii t io n e  a re  p re s e n te d  in  T ab le -4 1 . The f r e e  energy  

Talues Tire l i s t e d  i n  Table<-47 and a re  g r a p h ic a l ly  p l o t t e d  

a g a i n s t  th e  mole p e r c e n t  o f  N ~Tinyl p y r r o l id o n e  in  F i g .3 3 . 

2he progreeeiTe d e o re a s s  i n  th e  -A I^/N  v a lu e s  i s  i n d i c a t i y e  

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

i n c r e a s e  in  th e  mole p e r c e n t  o f  N -v in y l  p y r r o l id o n e .  The 

co n p ac t s t r u c t u r e s  a re  n o n e x i s ta n t  a t  H -v in y l  p y r ro l id o n e  

c o n te n t s  g r e a t e r  th a n  16 a o le  p e rc e n t  in  th e  m e th a c ry l ic  

a c id  N -v in y l  p y r r o l id o n e  copolyfficrB* The t i t r a t i o n  c u r r e s  

f o r  h ig h  I f -v in y l  p y r r o l id o n e  c o n te n t  copo lym ers n e a r ly  

re se m b le  th o s e  o f  p o ly ( a c r y l io  a c id )  in  w hich no s i g n i f i c a n t  

c o n fo rm a t io n a l  changes o c c u r  a t  low d e g re e s  o f  i o n i s a t i o n .  

The v i e c o s i t y  p l o t s  o f  th e s e  copolym ere in  0 .1 0  m olar 

sodium c h l o r id e  s o lu t io n s  show s i i s i l a r  c h a r a o t e r i a t i c s  o f  

m o le c u la r  s i r e  (F lg « 3 2 ) .  The D?] v a lu e s  o f  a l l  th e  

p o ly m ers  l i e  ne ^ rly  in  th e  came ran g e  a t  » 0 .1  b u t  show 

d iv e rg e n c e  a t  h ig h e r  v a lu e s  o f  The c u rv e s  f o r  2 .3 3  and 

4 .5 2  mole p e r c e n t  IT -vinyl p y r r o l id o n e  copolym ers l i e  c lo s e  

to  th e  po lyC m ethacxy lic  a c id )  curve* w h ile  t h e  v a lu e s  f o r  

h ig h e r  n o le  p e rc e n t  copolym ere l i e  f o r  be lo w . The s te e p  

r i s e  in  th e  hydrodynam ic volume w ith  f o r  p o ly (m e th a c ry l ic  

a c i d )  and th e  to o  low  N -v ln y l  p y r r o l id o n e  c o n te n t
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Î ?! re '< PLOTS OF PMA AND MA-N7P COPOLYMEBS 

in  0 .1 0  M NaCl S o lu t io n

P ig  .3 2  a )  O^HVP

b )  2 ,2 3 ^  HTP

c )  4 .5 2 ^  NVP

d) 9 .5 1 ^  NVP

e) 15*24jC NVP 

t) 26.62% RVP 

g ) 3 5 .9 2 ^  NVP
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a) 0 % NVP , b) 2 2 mole % NVP,  c)  4-5 mole % NVP,  d)  9-5 mole 7oNVP,

e)  15-2 mole 7o NVP, f ) 26 6 mole NVP , g) 36  mole NVP

Fig. 32 Lt| ]  Vs «<: plots of P ( M A )  a n d ( M A - N V P ) c o p o l y m e r s  i n O  IOM 

NaCI  s o l u t i o n



pKo

a ) Free e n e r g y  of conformat iona!  ‘ronsi t ion 
as a funct ion of moU % NVP

b) p Kq OS a funct ion of mole %  NVP

Fig 33
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copo lym er8 i e  o f  s l r r i i la r  n a t u r e ,  u l t l o a t e l y  r e a c h in g  a  

maxiauiB r a l u e  a t  » 0 .85  ^ioh  c o rre sp o n d a  to  t h e  

naxlm ua e^ tten s lo n  o f  th e  po ly (B B ethacry lic  a c id )  ch a in ^ * ^ ^ .

I h e  ^ 0 .8 5 ^  high f o r  h ig h  H -T in y l

p j r r o l i d o n e  c o n te n t  oopoljriBerSt «ugg^8 ting  th e  e x ie ta a o e  

o f  r e l a t i r e l y  expanded s t r u c t s r e s  even a t  low X in  t h e s e  

c o p o ly ro r s .  Ih e  *S’ shaped n a tu r e  o f  th e s e  c u r r e s  su g g e s t

a  c o o p e ra tlT S  breakdown o f  ooiipaot s t r u c t u r e s  a s  su g g es ted
92

f o r  th e  p u re  D O lyCm ethacrylio a c id )  c h a in  . The 

T iscosities  a re  for u n f r a c t io n a te d  polyaers and th e  d a ta  

can he u sed  o n ly  f o r  a  q u a l i t a t i v e  i n t e r p r e t a t i o n  of t h e  

g e n e r a l  h y d rodynan ic  b eh aT io u r  o f  t h e s e  oopolynerr.

HciveTer, t h e  features reTealed in  the p o t e n tiooetric 

titration data are brought o u t .  The p o te nticoetrio titration 

data a re  unaffected by t h e  molecular weight and nolecular
7

w e ig h t d i s t r i b u t i o n  o f  th e  polym ere .

I t  h a s  been  p o in te d  i n  th e  e x p e r im e n ta l  s e c t io n  t h a t  

th e  c » } o ly s e r s  c o n ta in  s in g le  N -T iny l p y r r o l id o n e  u n i t  

d i s t r i b u t e d  among long sequ«mces o f  m e th a c ry l ic  a c id  in  

a  r&ntom m annert w ith  th e  a v e ra g e  le n g th s  o f  th e  m e th a c ry l ic  

a c id  sequences  d e c re a s in g  w ith  in c r e a s e  In  N -y in y l  

p y r r o l id o n e  c o n t e n t ,  t h e  av e ra g e  le n g th  s h o r te n in g  to  

n e a r ly  3 and 2 f o r  26 .62  and 3 ^ .9 2  p e r c e n t  N ~vinyl 

p j r r ro l id o n e  c o n te n t s .  The d e c re a se  in  th e  c o n fo rm a tio n a l  

f r e e  energy  w ith  in c r e a s e  i n  N -v in y l  p y r r o l id o n e  c o n te n t  

( F i g .3 3 )  i n d i c a t e s  t h a t  th e  m p thy l-ree thy l hydrophobic
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c o n ta c tB  a r«  n o t  fav o u red  by ’ d i l a t i o n '  o f  th «  m ethy l 

8«queno«B by N -v in y l  p y r r o l id o n e ,  a  n o n io n lo  h y d ro p h i l ic  

monomer. The lo w e s t  H -v in y l  p y r r o l id o n e  c o n te n t  e a o p le a  

(2.23 and 4,52 mole p e r c e n t )  h a re  about 40 and 20 

m e th a c ry l ic  a c id  seq u en ce !  and diow t h e  t x i s t a n c e  o f  

eo n p a c t  s t r u c t u r e e ,  b u t  of l e s s e r  s t a b i l i t y .  tThe 15*24 

H ~vinyl p y r r o l id o n e  mole p e r c e n t  c o p o ly a e r f  iriiich s t i l l  

shows a  s l i g h t  c o n t r a c t i o n ,  h a s  o n ly  an a v e ra g e  o f  5 

a e t h a c r y l i o  a c id  seq u e n c e s . Lower m e th a e ry l ic  a c id  

seq u en ces  do no t bring ab o u t any m easu rab le  o o n tra o t io n  

a s  shown in  th e  t i t r a t i o n  c u rv e s  f o r  th e  26.62 and 35*92 

N -v in y l  p y r r o l id o n e  mole p e r c e n t  c o p o ly n e rs  ( F i g . 16 , 1 7 ) .

I t  was shown from th e  v i s c o s i t y  s t u d i e s  o f  po ly  

( m e th a c r y l ic  a c id )  by P t i t^ y n ^  t h a t  th e  lo n g  ra n g e  e l e c t r o -  

s t a t i c  i n t e r a c t i o n  p a ra m e te r  o b ta in e d  tron t h e  S to c to e y e r -  

Fixman p l o t s  h a s  o n ly  a  s l i g h t  dependence on when 

'’C < 0 .2 ,  su g g e s t in g  t h a t  th e  long  range  i n t e r a c t i o n s  have 

p r a c t i c a l l y  no e f f e c t  on th e  d im ensions  o f  n o ly (m e th a o ry l io  

a c i d )  m o le c u le s .  In  o th e r  w o rd s , th e s e  i n t e r a c t i o n s  a re  

n o t  c o n s id e r a b le .

L ik e w ise ,  long  ra n g e  i n t e r a c t i o n s  o f  m ethy l g ro u p s  

do n o t  seem tc  o c c u r ,  in  w hich c a s e ,  th e  m o le c u le s  o f

h ig h e r  H -v in y l  p y r r o l id o n e  c o n te n ts  sho u ld  f o l d .  As
92

p o in te d  ou t by P t i t e y n  abou t 30 u n i t s  o f  m e th a c ry l ic  

a c i d  sequencer a re  r e q u i r e d  to  b r in g  ab o u t a  s t a b le  

c o l la p s e d  m o lecu le . T h is  re q u ire m e n t  i s  met in  th e  2 .23
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mol# p e r c e n t  H -v in y l  p y r r o l id o n e  copely iaer w ith  44 o n i te

o f  and p a r t l y  in  th e  4*52 mole p e r c e n t  W -vinyl

p y r r o l id o n e  c o o o ly n e r  w ith  20 u n i t s  o f  MA aeqaenoe

and th e  co n p ac t s t r u c t u r e s  a re  fctind In  them though  w ith

s l i g h t l y  l e s s e r  s t a b i l i t y .  Only weak hydrophob ic  c o n ta c t s

a r e  p o s s ib l e  a t  e h c r t e r  sequence le n g th s*  An in s ta n c e  i s

known» how evert in  w hich o n ly  40 p e r c e n t  o f  aro thy l g ro u p s
143

i n  a  lo n g  c h a in  p o ly a e r  cdiowed o o n s id e r a b l s  c o l l a r m  

i n  aqueous so lu ti< ») a t  n e u t r a l  pH. f h i s  i s  a  te rp o ly ia e r  

o f  g lu ta m ic  a c id *  l y s i n e  and a la n in e  ( 3 t 3 t4  n o le  r a t i o )  

in  f a i r l y  random sequence wi<^ r e l a t i r e l y  lo n g  sequences 

o f  a la n in e  i n  fHOtich e l e c t r o s t a t i c  a t t r a c t i o n  betw een th e  

n e g a t iv e  g lu ta m a te  s id e  c h a in s  and p o s i t i v e  l y s j l  s id e  

c h a in s  compact th e  m c lecu le  in  a d d i t io n  t o  hydrophob ic  

a lan in e* * a lan in e  c o n ta c ts *  Such a  s i t u a t i o n  does n o t  a r i s e  

in  th e  m e th a c ry l ic  a c id -N -v in y l  p y r r o l id o n e  copoljrm ers 

w ith  a l l  t h e  io n ie a b le  g ro u p s  c a r r y in g  t h e  sane n e g a t iv e  

c h a rg e .

She d e c re a s e  in  tendency  t o  c o l la p s e  raay a l s o  be 

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

m e th y l g ro u p s  by th e  N -v in y l  p y r ro l id o n e  s id e  ohains*

Such a  s h i e ld i n g  a l s o  o c c u rs  in  pure  p o ly (m e th a c ry l ie  

a c id )  a t  h ig h  v a lu e s  o f  when c a rb o x y l g ro n p s  a re  

io n is e d y  a s  p o in te d  o u t  by P t i t s y n ^ ^ .  f h e  d e s t a b i l i s a t i o n  

o f  c o l la p s e d  e t r u c t u r e s  even a t  low pH, w ith  i n c r e a s e  in  

N ~vinyl p y r r o l id o n e  c o n te n t  in  th e  p o ly  (m ethacry  l i e  *»cid)
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c h a in  oan p o e e ib ly  be a t t r i b u t e d  to  t h e  h y d ro p h l l io  

B h ie ld in g  o f  th e  m e th y ls  by p y rr(  l id o n e  r i n g  i a  a d d i t io n  

to  t h e  d i l u t i o n  of t h e  m e th y l seq u en ces . T h is  p a r t l y  oan 

e x p la in  t h e  r e l a t i v e  I n e t a b i l l t y  o f  th e  2 .2 3  and 4 .5 2  o o le  

p e r c e n t  N -y ln y l  p y r r o l id o n e  conpolyinere in  s p i t e  o f  

h a v in g  lo n g  m e th a c ry l ic  a c id  seg u en o es . The i n t r l n n i o  

pK (pKj^) v a lu e s  in c r e a s e  w ith  th e  N -v ln y l  p y r r o l id o n e  

c o n te n t  ( f i g .3 3 )  i n d i c a t in g  th e  h in d ra n c e s  in  th e  p ro to n  

r e l e a s e  from th e  c a rb o x y l  g ro u p s .  I jn te ra c t io n  betw een

t h e  c a rb o x y l  g ro u p s  and p y r r o l id o n e  r i n g s  a re  a l s o  w e l l
X38

known . 5ydrog«n bonded i n t e r a c t i o n s  o f  t h e  ty p e  

proposed^^®  betv^een th e  a c i d i c  hydrogen ( f r o n  p h e n o ls )  and 

th e  p y r r c l id o n e  r i n g  co u ld  e x i s t  in  th e  c a se  o f  c a rb o x y l  

g ro u p s .  !Qiese i n t e r a c t i o n s  have to  be;

betw een n e ig h b o u r in g  u n i te  and reight a l s o  h in d e r  th e  f r e e  

Bjoveroent o f  polym er eegm ents o b s t r u c t in g  t h e  r e l a t i v e l y  

e h c r t  ran g e  raethyl-njettQ rl c o n ta c t s  a t  low d e g re e s  o f  

i o n i s a t i o n .
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5 . COSCLOSICB

5»1 C o p o ly iae rlg a tio n

Aqaeotts s o l u t i o n  oep o l7» « ri.K a tio iis  o f  i o n i s a b l*  

EBonoBierB j a o r y l l c  a c id  (AA) and o e th a o r y l lo  a d d  (MA)] w ith  

n o n lo n ls a b l*  w a te r  so la l) l€  monoaiera {K*ylnyl p y r r o l ld o n t  

(HVP) and a c r y la a ld e  (AM)1 show a  dependenoe on th e  pH o f  

th «  r e a c t i o n  Bediiim. The T sa rla tlo n  In  t h e  ao n o n er r e a e t l -  

T l t y  r a t i o s  o f  th e  a o id s  show a  d e f i n i t e  t r e n d  w ith  r e s p e c t  

t o  th e  d eg ree  o f  i o n i s a t i o n  o f  b o th  t h e  monomer and th e  

grow ing p o ly n e r  ao id»  a s  w e l l  a s  w ltii t h e  deg ree  o f  sodltiB

Io n  b in d in g  t o  th e  polymer* hydrophobic  I n t e r a c t i o n s  and
122-»12*5

p lu r lm o le o u la r  a g g re g a t io n s  ^ xhe r e a o t l T l t y  r a t i o s

f o r  th e  twc suslds y a ry  w ith  th e  d eg ree  o f  i o n i s a t i o n  in  

p a r a l l e l  t o  t h e i r  hom opo lym erisa tion  behay lo tir*

f h e  r ^  y a lu e s  (AA,MA) a re  r a t b e r  h ig h  a t  low pH and 

d ro p  to  a  mininium a ro an d  th e  pH co rre sp o n d in g  t o  th e  pK̂  ̂

o f  monomeric a c id s  when monomer-'monomer e l e c t r o s t a t i c  

r e p a l E i r e  i n t e r a c t i o n s  come in to  p la y .  Ih e  r e a c t i r i t y  r a t i o  

c o n t in u e s  to  be low a s  th e  pH i s  incoreased and d ro p s  t o  a  

second  minimum i n  th e  ▼ i c l n l t y  o f  th e  pK^ o f  th e  grow ing 

p o ly a c id  when m cnom er-polyion r e p u l s io n s  come i n to  p la y .  

F u r th e r  in  c re a s e  in  pH leaide to  an in c r e a s e  in  th e  r a l u e  

o f  rj^t n e a r ly  ap p ro ach in g  I t s  v a lu e  a t  low pH f o r  a c r y l i c  

a c id  sy«t«BS. Howeyert th e  in c r e a s e  in  th e  r e a c t i v i t y



r a t i o  f o r  m e th a c ry l ic  a c id  i e  on ly  n a r g i n a l .  T h is  

d i f f e r e n c e  i e  due to  much l e c e  Na”*̂ io n  b in d in g  to  p o ly  

m e th a c ry la te  io n  and th e  absence  o f  polyiaer-njonoaer 

a g g re g a te s  a s  a  r<»sult o f  th e  d iesippearanee o f  hydrophob ic  

i n t e r a c t i o n e  n o rm a lly  p r e e e n t  a t  low pH in  m e th a c ry l ic  a c id  

sy s te m s . A d d it io n  o f  an e x c e ss  o f  a  s t ro n g  e l e c t r o l y t e  

l i k e  sodium c h lo r id e  a t  h ig h  pH n e a r ly  r e s t o r e s  th e  r e a c t i v i t y  

o f  a c r y l i c  a c id  to  i t s  low pH y a lu e  sy s tem s by th e  com plete  

s h i e ld i n g  o f  t h e  r e p u ls iT e  e l e c t r o s t a t i c  i n t e r a c t i o n s !  by 

a p p r e c ia b le  Na^ b in d in g  t o  t h e  ca rb o x y ls*  A d d it io n  o f  

sodium c h l o r id e  to  ra e th a c ry l ic  a c id  arjrstems d i s r u p t s  th e  

h y d ro p h o b ic  i n t e r a c t i o n s  and hence th e  in c r e a s e  i n  th e  

r e a c t i v i t y  r a t i o  o f  m e th a c ry l ic  a c i d ,  in  th e  p re s e n c e  o f  

added e l e c t r o l y t e  a t  h i^ h  pHt i s  o n ly  m a rg in a l .  The « s a l l « r  

e f f e c t  o f  Na^ in  m e th a c ry l ic  a c id  system  i s  a l s o  due t o  t h e  

much l e s s  Na^ b in d in g  t o  th e  same*

She r e a c t i v i t y  r a t i o  o f  HVP g e n e r a l ly  a re  v e ry  sm a ll  

e i t h e r  p o s i t i v e  o r  n e g a t iv e  and to g e th e r  w ith  th e  s ta n d a rd  

d e v i a t i o n s  can be tak en  to  be z e ro .  !Ehe r e a c t i v i ' t y  r a t i o  

o f  a c ry lam id e  on th e  e t h e r  hand show a  g ra d u a l  i n c r e a s e  

w ith  in c r e a s e  in  pH.

These t r e n d s  i n  th e  v a r i a t i o n  o f  t h e  r e a c t i v i t i e s  o f  

t h e  io n iz in g  monomers in  c o p o ly m e r is a t io n  w i l l  b e  o f  

c o n s id e r a b le  h e lp  in  s y n th e s i s in g  w a te r  s o lu b le  copolym ers 

o f  d i f f e r e n t  co m p o s itio n s  and sequ«ao« le n g th s *  which 

a r e  s im p le r  m odels f o r  b i o l o g i c a l  p o l y e l e c t r o ly t e  s .
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5 .2  P o t » n t l o a e t r i e  and V lB c o a e tr io  S tu d l tg

Tb« Btudy o f  copolym eps o f  n e t h a o r y l l c  a c id  

and N - r ln y l  p y r ro l ld o n *  w ith  lo n g  •«queno«« o f  n e t h a c r y l i o  

a c i d  i n t e r r u p t t d  a t  randon  by s in g le  s«gm enta o f  th e  

n o n io n io  h y d r o p h i l i c  inonoBiert K -y in y l  p y r r o l id o n e ,  shovre 

t h a t  th e  o o l la p e e d  s t r u c t u r e  o f  po ly (n}« thaoxy lio  a o id )  

c h a in  i e  p r o g r e e s i r e ly  d e e ta b i l is s e d  a s  t h e  l e n g th  o f  

m e th a o ry l ic  a o id  eequenoee , i e  re d u c e d . The ocopaot 

s t ru c tu re B  a r e  n o n e x i s ta n t  a t  N ~vinyl p y r r o l id o n e  c o n te n t  

g r e a t e r  th an  16 n o le  p e r c e n t .  She r e e u l t e  i n d i c a t e  t h a t  

th e  long  ran g e  m e th y l- ia e th y l hydrophob ic  c o n t a c t s  hy 

seg m en ta l  n o t io n  in  a  random c o i l e d  polym er l i k e  po ly  

(m e th a o ry l ic  a o id )  a t  low pH a r e  in e f f e o t iY e  i n  b r in g in g  

ab o u t th e  c o l la p s e  o f  t h e  m o le c u le . As p r e d i c t e d  from 

t h e  hydrodynam ic e tu d ie s  on p o ly (m e th a o ry l ic  a c i d ) ,  t h e  

s h o r t  r a n g e  i n t e r a c t i o n s  in v o l r in g - 3 0  segment l e n g th s  

a r e  e s s e n t i a l  to  compact th e  m olecule* She d e s t a b i l i -  

s a t i o a  o f  t h e  c o l la p s e d  s t r u c t u r e  co u ld  a l s o  a r i s e  from 

a d d i t i o n a l  f a c t o r s  l i k e  th e  s h i e ld in g  o f  th e  hydrophob ic  

m e th y l g ro u p s  by th e  h y d r o p h i l i c  p y r ro l id o n e  r i n g s .
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