
CHAPTER II
BACKGROUND AND LITERATURE REVIEW

2.1 Silica Filler

S il ic a  is  w id e ly  u se d  r e in f o r c in g  f i l le r  fo r  p o ly m e r  m a tr ic e s .  N a tu ra l  
a n d  s y n th e t ic  s i l ic a  c o m e  in  s e v e ra l  fo rm s . P re c ip i ta te d  a m o rp h o u s  s i l ic a  m a y  
b e  p r o d u c e d  to  fo rm  v a r io u s  p a r t ic le  s iz e s  a n d  s p e c i f ic  s u r f a c e  a re a s  fo r  
d i f f e r e n t  a p p l ic a t io n s .  S i l ic a  m a k e s  u p  9 0 %  o f  th e  r e in f o r c in g  f i l le r s  u se d  in  
ru b b e r  (H e w it t ,  2 0 0 0 )  a s  its  p ro p e r t ie s ,  p a r t ic le  s iz e  a n d  e x te n t  o f  h y d ra t io n ;  
m a k e  it  v e r s a t i le  in  r e in fo rc in g  ru b b e r  c o m p o u n d s .  U s in g  A P  m o d if ie d  s i l ic a s  
in  r u b b e r  c o m p o u n d s  c a n  im p ro v e  i ts  p h y s ic a l  a n d  c u re  p r o p e r t ie s  ( O ’H a v e r , 
2002 ) .

2.2 Surfactant

A  s u r f a c ta n t  is  a  m o le c u le  c o m p o s e s  o f  b o th  h y d r o p h i l ic  (h e a d )  a n d  
h y d ro p h o b ic  ( ta i l )  s e c t io n s .  F o u r  g e n e ra l  ty p e s  o f  s u r f a c ta n ts  e x is t ,  c a t io n ic ,  
a n io n ic ,  n o n - io n ic  a n d  z w it te r io n ic  s u r f a c ta n ts ,  c la s s i f ie d  a c c o rd in g  to  th e  
n a tu re  o f  th e  h y d ro p h i l ic  g ro u p . S u r fa c ta n ts  c a n  fo rm  v a r io u s  ty p e s  o f  
a g g re g a te s ,  m ic e l le s  in  s o lu t io n  a n d  a d m ic e l le s  a n d  h e m im ic e l le s  o n  s u r fa c e s .

H ead  (h y d ro p h ilic ) ta il (h y d ro p h o b ic )

Figure 2.1 Structure of surfactant molecule
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Figure 2.2 Types of surfactant formation.
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2.3 Surfactant Adsorption

Surfactants in aqueous solution containing a solid substrate will 
partition to all interfaces, air-solution, solution-vessel, and solution-substrate, 
as well as form micelles if the concentration is sufficiently high. Surfactant 
adsorption is usually plotted in terms of the amount of adsorbed surfactant as a 
function of the equilibrium surfactant concentration in a plot called an 
adsorption isotherm. Figure 3 represents a typical adsorption isotherm for an 
ionic surfactant onto an oppositely charged substrate, a graph which is 
typically divided into four regions (Rosen, 1989).

Region one, corresponding to low bulk concentrations and low levels 
of surfactant adsorption, is sometimes called the Henry’s law region as the 
adsorbed surfactant is considered to be very diluted on the surface and the 
interaction between surfactant molecules is negligible. Adsorbed surfactant 
aggregates are not thought to be present in this region.

The slope o f the isotherm increases significantly at the beginning of 
Region two. This is thought to be due to interactions o f the hydrophobic 
chains as surface aggregates, whether admicelle (bilayer) or hemimicelle 
(monolayer), begin to form. The transition from region one to region two, 
representing the equilibrium concentration at which adsorbed surfactant 
aggregates begin to form, is called critical admicelle concentration (CAC) or 
critical hemimicelle concentration (CHC).

A marked decrease in the slope of the isotherm indicates the beginning 
of region 3. This decrease is thought to be caused by neutralization of the 
solid surface or the beginning of adsorption onto lower energy surface patches, 
thus making additional adsorption less favourable.

Region 4 is the plateau region, having almost constant surfactant 
adsorption with increasing surfactant concentration. The transition from 
region 3 to region 4 is at the critical micelle concentration (CMC).
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Figure 2.3 Schematic of an adsorption isotherm.

2.4 Solubilization and Adsolubilization

Solubilization is the dissolving of solutes into micelles. 
Adsolubilization is the surface analogue with adsorbed surfactant aggregates 
taking the place of micelles. By definition, solubilization can be defined as 
“the spontaneous dissolving of a substance (solid, liquid or gas) by reversible 
thermodynamically stable isotropic solution with reduced thermodynamic 
activity o f solubilized materials” (Rosen, 1989). And adsolubilization is 
defined as “the incorporation o f compounds into surfactant aggregates 
adsorbed on surfaces, of which compound would not be in excess at the 
interface without surfactant” (Scamehorn, 1988).
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Figure 2.4 Schematic of solubilization and adsolubilization.

2.5 Admicellar Polymerization

The process can be divided into four steps as shown in Figure 2.5.

S te p  1 S u r f a c t a n t  a d s o r p t i o n /  a d m i c e l l e  f o r m a t i o n

To obtain admicelle formation on the solid surface, the choice of 
surfactant is influenced by the chemical and electrostatic nature of the substrate as 
well as by the chosen initiator system. They must also be chemically similar to the 
selected monomers in order to promote adsolubilization. Admicelle formation, for 
ionic surfactants, is promoted by adjusting the surface charge on the substrate to be 
opposite that of the surfactant head group. The surface charge depends on pH. The 
pH value at which the surface charge is completely neutralized is called the point of
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zero charge (PZC). The substrate surface will be negatively charged at above the 
PZC and positively charge at pH below the PZC.

Figure 3 shows the adsorption isotherm of surfactant adsorbed onto 
the solid surface from aqueous solution. At the plateau adsorption region, the 
surfactant adsorption is nearly constant and reaches this maximum at a bulk 
concentration equal to the critical micelle concentration (CMC). The bulk 
concentration of surfactant must be below the CMC during AP or emulsion 
polymerization will also occur.

S te p  2  M o n o m e r  a d s o l u b i l i z a t i o n

Adsolubilization is the solubilization of monomer into the adsorbed 
surfactant aggregates (admicelle). The partition coefficient has been defined by-

X
_ admicelle

c ,bulk

where K is the partition coefficient, Xadmiceiie the mole fraction of monomer in the 
admicelle, and Cbuik the bulk concentration of the monomer. The partition coefficient 
may stay constant with increasing amounts of adsolubilization, or may increase or 
decrease. In typical AP, the molar concentration ratio of monomer to surfactant may 
be as high as 3:1 while in emulsion polymerization it is 100:1.

S te p  3  P o l y m e r i z a t i o n

Initiator is added to the system to start polymerization in the 
admicelle. Reaction times vary depending on reaction conditions and decrease with 
increasing initiator concentration.

S te p  4  W a s h i n g / R e m o v a l  o f  s u r f a c t a n t

Excess surfactant is removed by multiple washings with water to 
expose the thin polymer film.
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Figure 2.5 Schematic of admicellar polymerization
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2.6 Reversible Addition-Fragmentation Chain Transfer Polymerizatio (RAFT)

T h ere  are  sev e ra l m e th o d s o f  co n tro lled  free  rad ica l p o ly m e riz a tio n s  w h ich  
can  tak e  p lace  in  h e te ro g en eo u s  aq u eo u s  sy stem s (e m u ls io n s  an d  m in iem u ls io n s), 
rev e rs ib le  ad d itio n -frag m en ta tio n  ch a in  tra n s fe r  (R A F T ), d e g e n e ra tiv e  tra n s fe r  (D T ), 
a to m  tran sfe r  rad ica l p o ly m eriza tio n  (A T R P ), an d  stab le  free  rad ica l p o ly m eriza tio n . 
S in ce  a d m ic e lla r  p o ly m e riz a tio n  is s im ila r  to  em u ls io n  p o ly m e riz a tio n , an  o b v io u s 
ex te n s io n  is to  app ly  R A F T  p o ly m e riz a tio n  to  A P. R A F T  w as c h o sen  b ecau se  it is 
su itab le  to  a  w id e  ran g e  o f  m o n o m ers  an d  can  be p rac tic ed  in  b o th  o rg an ic  so lv en ts  
an d  aq u eo u s  m ed ia  u n d e r a  b ro ad  ran g e  o f  ex p erim en ta l co n d itio n s .

T h e  R A F T  m ech an ism  d iffe rs  fro m  th e  n o rm al free  rad ica l p o ly m eriza tio n  
m ech an ism  by  h av in g  a ch a in  tra n s fe r  ag en t (C T A ) su ch  as  d i- th io e s te rs  and 
x an th a tes . T h e  k ey  to  su ccessfu l R A F T  p o ly m eriza tio n  is to  se lec t h ig h ly  e ffic ien t 
C T A s (C h en g , 20 0 1 .). T h e  C T A  is ad d ed  in to  a  p ro p a g a tin g  ch a in  to  fo rm  
in te rm ed ia te  rad ica ls  th a t frag m en t in to  n ew  in itia tin g  ra d ic a ls  an d  an  en d -cap p ed  
d o rm a n t chain . T h e  reac tio n  can  be  co n tro lled  th ro u g h  th e  c h a in  eq u ilib ra tio n  step. 
T h e  p ro p ag a tin g  ch a in  rev e rs ib ly  reac ts  w ith  a  d o rm a n t ch a in  an d  can  reac tiv a te  the  
d o rm a n t chain . T h e  p ro cess  is ca lled  R A F T  p o ly m e riz a tio n  as its m ech an ism  
co n s is ts  o f  ad d itio n -frag m en ta tio n , re -in itia tio n /p ro p a g a tio n , ch a in  eq u ilib riu m  
b e tw een  ch a in  rad ica l an d  th e  reac tio n  is rev ersib le . T h e  m e c h a n ism  o f  R A F T  
p o ly m eriza tio n  is as sh o w n  in fig u re  2 .6 .

R A F T  is  a n  a d v a n c e d  m e th o d  fo r  s y n th e s iz in g  w e l l - c o n t r o l le d  w a te r -  
s o lu b le  p o ly m e rs  a n d  c o p o ly m e rs  w ith  lo w  p o ly d is p e r s i ty  in d e x  ( - 1 - 1 .2 5 )  as 
c o m p a re d  to  th a t  o f  n o rm a l f re e  r a d ic a l  p o ly m e r iz a t io n .

T h is  s tu d y  w ill ex am in e  th e  c h a rac te riz a tio n  o f  p o ly s ty re n e  fo rm ed  in  
R A F T  p o ly m eriza tio n  v ia  A P. T he R A F T  agen t, cu m y l d ith io b en zo a te  (C D B ) w ill 
be  u sed  to g e th e r  w ith  A I B N  w a te r in so lu b le  in itia to r.
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Initiation

I (Initiator) + Monomer — ๒.'-—n Pn

Addition-F ragmentation

R ' + Monomer Re-initiation^

Chain equilibrium

Pm * sy % ท —  p/ y s " p" -------- P m ^ y 8

Termination

Pm + Pn ------------ ► dead po lym er

+ R

Pn

F ig u re  2 .6  S ch em atic  o f  R A F T  p o ly m eriza tio n .
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2 .7  L i t e r a tu r e  R ev iew

2 .7 .1  A d m ic e l la r  P o ly m e r iz a t io n

T h e  s t ru c tu re  o f  s e l f - a s s e m b le d  s u r f a c ta n t  a g g r e g a te s  o n  m e ta l 
o x id e  s u r f a c e s  h a s  in te r e s te d  r e s e a r c h e r s  fo r  m a n y  y e a rs .  T h e  te c h n iq u e  o f  
s p e c u la  r e f le c t io n  o f  n e u tro n s  h a s  b e e n  u se d  to  s tu d y  th e  s t ru c tu re  o f  
c e ty l t r im e th y la m m o n iu m  b ro m id e  (C iô T A B ) a d s o rb e d  a t  th e  in te r f a c e  b e tw e e n  
a p la te  o f  a m o rp h o u s  s i l ic a  a n d  C lô T A B  s o lu t io n s  b y  R e n n ie  (1 9 9 0 ) . H e fo u n d  
o u t th e  th ic k n e s s  o f  th e  s u r f a c ta n t  la y e r  w a s  e q u a l to  th a t  o f  tw o  e x te n d e d  
C lô T A B  m o le c u le s .

พ น  e t  a l .  (1 9 8 8 ) first in v es tig a ted  the  u se  o f  A P  fo r th e  fo rm a tio n  o f  
u ltra -th in  p o ly s ty ren e  film s. T hey  u se d  ad so rb ed  SD S ad m ic e lle s  on  a lu m in a  and  a 
so d iu m  p e rsu lfa te  in itia to r. T h e  re su lts  sh o w ed  75%  m o n o m e r c o n v e rs io n  a fte r 25 
m in u tes . พ น  u sed  e llip so m e te ry  to  d e te rm in e  th a t the  film  th ic k n e ss  ran g ed  from  1.8 
to  0 .4  nm .

In 1991, L ai e t  a l .  ex am in ed  the  p o ly m e riz a tio n  o f  g as-p h ase  
te tra flu o e th y len e  (T F E ) m o n o m er in  p e rflu o ro su rfa c ta n t ad m ice lle s . T h e  reac tion  
w as ca rried  o u t in a  h ig h -p re ssu re  reac to r. It w as fo u n d  th a t th e  a d so lu b iliz a tio n  o f  
T F E  in ad m ice lle  can  be co n tro lled  by  p re ssu re  an d  th e  e ffec tiv e  in itia to r 
c o n c e n tra tio n  w as in  the  ran g e  o f  0 .2 5 -2 .5  w t% .

T he fie ld  w as ad v an ced  w h en  O ’H av er e t  a l .  su c c e ssfu lly  fo rm ed  a 
p o ly s ty re n e  th in  film  on  s ilica  by  A P  in 1993. C T A B  su rfac tan t and  a  w ater- 
in so lu b le  in itia to r, 2 ,2 ’-azo b is -2 -m e th y lp ro p io n itr ile  (A IB N ) w ere  u sed  in  th is 
p o ly m eriza tio n . T he re su lt sho w ed  th e  p o ly m eric  film  o n  p o ro u s  s ilica  increased  
p a rtic le  s ize  and  d ec rea sed  the  s ilica  B E T  su rface  area . In  1994, O ’H a v e r  fo rm ed  
p o ly s ty re n e  film s in  o c ty lp h en o x y p o ly  (e th o x y ) e th an o l an d  in  m e th y ltr i (C 8 -C 1 0 ) 
am m o n iu m  ch lo rid e  on  am o rp h o u s p rec ip ita ted  s ilica , ex p an d in g  th e  p ro cess  to  n ew  
su rfac tan ts .

W ad d e ll e t  a l .  (1995) ex am in ed  s ilica  su rface s  m o d ified  by  A P  w ith  
s ty ren e , iso p ren e , and  b u tad ien e  h o m o  and  co p o ly m ers . T h e  m o d ified  silicas 
im p ro v ed  th e  p h y sica l an d  cure  p ro p e rtie s  o f  a  s ilica -filled  tire  co m p o u n d  (rubber
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co m p o u n d ). S ilicas m o d ified  by  a co p o ly m e r o f  s ty re n e -b u ta d ie n e  gav e  b e tte r 
re su lts  co m p ared  to  an y  o f  th e  h o m o p o ly m ers , e sp ec ia lly  in  reg a rd s  to  in  cu re  tim e, 
te a r  m o d u lu s  an d  g o o d  cu t g ro w th  re s is tan ce  va lues.

S ak h a lk a r, ร .ร . and  H irt, D .E . (1 9 9 5 ) o b se rv ed  p o ly s ty re n e  fo rm ed  on 
g lass  fib e rs  by  A P . T h e  film s w ere  n o t u n ifo rm , an d  th ey  sh o w ed  th a t th e  p o ly m er 
fo rm ed  b o th  in  th e  su rface  ag g reg a tes  an d  in  th e  bulk .

T h e  ad so lu b iliz a tio n  o f  s ty ren e , iso p ren e  an d  m ix tu re s  o f  th e se  tw o 
so lu tes  w as e x am in ed  by  K itiy an an  e t  a l .  in  1996. T h e  re su lts  sh o w ed  th a t sty rene  
ad so lu b iliz e s  in to  b o th  th e  p a lisad e  lay e r an d  th e  co re  o f  th e  a d m ice lle  w h ile  isop rene  
ad so lu b iliz e s  in to  th e  p a lisad e  layer. In  th e  co p o ly m er sy stem , th e  a d so lu b iliz a tio n  
o f  s ty ren e  d ec rea ses  w ith  in c reased  iso p ren e  ad so lu b liz a tio n  an d  v ice -v asa .

F rag n e to  e t  a l .  (1996) s tu d ied  on  the  s tru c tu re  o f  C iôT A B  b ilay e r on  
sm o o th  an d  ro u g h  s ilica  su rfaces  by  n eu tro n  re flec tio n . T h e  ro u g h  su rface  h ad  a 
m u ch  m o re  s ig n ific an t e ffec t on  th e  p ro p e rtie s  o f  the  lay e r th a n  th e  sm o o th  one  and  
th ey  co n c lu d ed  th a t th e  th ick n ess  o f  b ilay e r on  b o th  ro u g h  an d  sm o o th  s ilic a  is the 
len g th  o f  tw o  ex ten d ed  C ièT A B  m olecu les.

K u d isri (1 9 9 7 ) ex am in ed  th e  fo rm a tio n  o f  s ty re n e -iso p re n e  co p o ly m er 
on  c lay  by  in -s itu  p o ly m eriza tio n . H e fo u n d  increases  in  th e  co m p o u n d  cu re  rate , 
d e c rea ses  in  cu re  tim e  an d  im p ro v em en ts  in  ten sile  s tren g th , h a rd n ess , flex  crack in g  
re s is tan ce , an d  co m p ress io n  set.

In  1998, G rad y  m o d ified  g lass  c lo th  w ith  s ty ren e -iso p ren e  th in  
co p o ly m eric  film  u sin g  SD S su rfac tan t. T h e  trea ted  g lass  c lo th s  w ere  co m b in ed  w ith  
ep o x y  an d  p o ly e s te r  re s in  to  m ake a  co m p o site . T h a t c o m p o site  h ad  im p ro v em en ts  
in  f lex u ra l s tren g th  an d  p h y sica l p ro p ertie s  co m p are  to  th e  u n trea ted  one.

P o ly e th y len e  co m p o site s  trea ted  w ith  p o ly p y rro le  (P P y ) co a tin g  o f  
n ick e l flak e  w as d ev e lo p ed  by  G en e tti, W .B . e t  a l .  (1998). H is  re su lts  led  to  a  th ree- 
o rd e r-o f-m an itu d e  in crease  in  co n d u c tiv ity  at co n cen tra tio n s  w ell ab o v e  the 
p e rc o la tio n  th re sh o ld  w ith o u t s ig n ifican tly  ch an g in g  th e  th e rm a l o r  m ech an ica l 
p ro p e rtie s  o f  th e  co m p o site .

T he p o ly s ty ren e  th in  film  fo rm ed  on  p o ro u s  s ilic a  v ia  A P  w as 
c o n firm ed  by  See an d  O ’H av er u sin g  A F M  in  2001 . N o rm a l tap p in g  and  phase  
co n tra s t m o d es  in  a ir  w ere  u sed  to  im ag e  th e  to p o g rap h y  o f  th e  p o ly s ty ren e  m o d ified



14

silica . T h e  fo rm ed  p o ly s ty ren e  w as fo u n d  in  th e  p o res o f  th e  s ilic a  an d  p a tch es  on  
th e  su rface  o f  th e  p a rtic le s . T h e  th ick n ess  o f  th e  p o ly s ty re n e  fo rm e d  w as v a ried  from  
less th an  1 n m  to  10 nm .

P o ly s ty ren e  th in  film  can  b e  co a ted  on  n o n p o ro u s  s ilic a  v ia  A P  w as 
ex am in ed  by  A ray aw o n g k u l in  2 001 , u s in g  C T A B  su rfa c ta n t and  A IB N  in itia to r. 
T h e  im p ac t o f  su rfac tan t ad so rp tio n , a m o u n t o f  a d so lu b iliz ed  m o n o m e r an d  d iffe ren t 
p o ly m e riz a tio n  tim es  w ere  stud ied . T h e  m ax im u m  C T A B  a d so rp tio n  on  the 
n o n p o ro u s  s ilica  w as ap p ro x im a te ly  130 p rn o l/g  o f  s ilic a  an d  th e  m o le c u la r  w e ig h t 
and  ex te n t o f  p o ly m e r co v erag e  in c re a se d  w ith  in c rea sed  C T A B  a d so rp tio n  and  
ad so lu b iliz e d  sty rene . M o reo v er, it w as  fo u n d  th a t th e  re a c tio n  tim e  sh o u ld  n o t be 
less  th an  tw o  h o u rs  in  o rd e r to  o b ta in  co m p le te  co n v e rs io n  an d  re la tiv e ly  h igh  
m o le c u la r  w e ig h t p o ly sty ren e .

A u m su w an  co n tin u e  s tu d ie s  on  th e  e ffec t o f  in itia to r  lo ad in g  at low  
an d  h ig h  level o f  C T A B  ad so rp tio n  u n d e r v a ry in g  m o n o m e r lo ad in g s . T h e  m o n o m er 
to  in itia to r  ra tio  sh o u ld  be ap p ro x im a te ly  1:15 i f  the  g o a l is to  o b ta in  h ig h  m o lecu la r 
w e ig h t in  b o th  su rfac tan t ad so rp tio n  levels. In ad d itio n , th e  m o le c u la r  w e ig h t o f  
fo rm ed  p o ly s ty re n e  in c reased  w ith  in c reas in g  s ty ren e  lo ad in g .

Y uan  e t  a l .  (2002) fo rm ed  e lec trica lly  c o n d u c tin g  p o ly (p y rro le ) 
u ltra th in  film s on  s ilic a  and  g raph ite . T he film  th ick n ess  is less th an  5 nm  and 
d e p e n d a n t u p o n  reac tio n  co n d itio n s  in itia l m o n o m er co n cen tra tio n .

P o ly sty ren e  th in  film s fo rm ed  in  an io n ic  a lk y lb en zen esu lfo n a te  
(L A S ) su rfac tan t co a ted  on  co tto n  fab ric  w ere  s tu d ied  by  P o n g p ra y o o n  e t  a l .  in  2002. 
T h e  film  fo rm ed  w as ch a rac te rized  by  S E M , F T IR  and  G P C . T h e  h y d ro p h o b ic ity  o f  
th e  tre a ted  co tto n  su rface  w as a lso  e x am in ed  by  the  d ro p  test. R esu lts  sh o w ed  tha t 
p o ly s ty re n e  th in  film  w as su ccessfu lly  fo rm ed  o n  co tto n  an d  th a t th e  trea ted  co tton  
can  re s is t w e ttin g  fo r lo n g er th an  30 m in u tes .

T h is  s tu d y  w as ex p an d ed  by  M e th ach an  e t  a l .  in  2002 . T estin g  o f  
tre a ted  fab ric  sh o w ed  th e  im p ro v in g  o f  w a te r  rep e llen cy  an d  re s is tan ce  to  w ate r 
im p ac t p e n e tra tio n  w h ile  re ta in in g  g o o d  a ir  p e rm eab ility  in  th e  fabric .

C o n d u c tiv e  P P y  on  n a tu ra l ru b b er (N R ) la tex  in  SD S su rfac tan t w as 
in v es tig a ted  by  B oufi, ร. e t  a l .  2002 . T h e  co n d u c tiv ity  o f  th e  trea ted  N R  la tex  film  
fo rm ed  b y  A P  w ith o u t sa lt w as the  lo w e s t w h ile  th a t o f  sa lt ad d itio n  film  im proved
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s ig n ifican tly . A cc o rd in g  to  th e  resu lt, o x id a tiv e  p o ly m e riz a tio n  te ch n iq u es  gave 
h ig h e r co n d u c tiv ity  th a n  o x id a tiv e  A P.

B u n s o m s i t ,  K . e t  a l .  s tu d ie d  a th r e e - s te p  p ro c e s s  fo r  th e  
fo rm a t io n  o f  p o ly m e r iz e d  f i lm s  o n  th e  su r fa c e  o f  c e l lu lo s ic  f ib e r s  in  2 0 0 2 , 
a b s o r p t io n ,  a d s o lu b i l iz a t io n  a n d  a d d i t io n  in i t ia to r  to  in  s i tu  p o ly m e r iz a t io n .  
H o w e v e r ,  t r e a tm e n t  d id  n o t le a d  to  a  u n ifo rm  s u r f a c e  m o d if ic a t io n .

2 .7 .2  R A F T  P o ly m e r iz a t io n

C h ie fa ri s tu d ied  the  ch o ice  o f  z and  R  g ro u p  o f  R A F T  ag en t in  1998. 
T h e  ch o ic e  o f  z and  R  in  th e  reag en t is c ru c ia l to  th e  su ccess  o f  th e  R A F T  p rocess. 
T h e  z g ro u p  sh o u ld  ac tiv a te  the  c=s d o u b le  b o n d  to w ard  rad ica l a d d itio n  to  en su re  a 
h ig h  tra n s fe r  co n s tan ts  o r a t leas t p rev en t d eac tiv a tio n . T h e  R  g ro u p  sh o u ld  be  a 
g o o d  free -rad ica l p ro d u c in g  g ro u p  an d  R ’ sh o u ld  be  e ffec tiv e  in  re in itia tin g  free- 
rad ica l p o ly m eriza tio n .

T h e  use  o f  d ith io ca rb am a te s  as R A F T  a g en ts  in  liv in g  rad ica l 
p o ly m e riz a tio n  w as ach ie v e d  by  M ay ad u n n e  in  1999. D ith io ca rb am a tes , w h ich  have  
n o n b o n d e d  e lec tro n  p a irs  on  th e  n itro g en  in c lu d ed  as p a rt o f  an  a ro m a tic  sy stem  have  
b een  sh o w n  to  be h ig h ly  e ffec tiv e  in  th e  R A F T  p o ly m e riz a tio n  o f  s ty ren e  and  
(m e th )a c ry la te  e s te rs  w h ile  s im p le  d ia lk y l d ith io ca rb am a te s  a re  in e ffec tiv e  as R A F T  
ag en ts  in  th ese  system s. T he p ro d u ced  p o ly m e r u s in g  d ith io c a rb a m a te s  p ro v id ed  
p o ly m e rs  w ith  c o n tro lled  m o lecu la r w e ig h t and  n a rro w  p o ly d isp e rs ity .

M o ad  (2 0 0 0 ) s tu d ied  th e  liv in g  c h a rac te r  o f  R A F T  p o ly m eriza tio n , 
th e  co n tro llin g  o f  th e  ac tiv ity  o f  th io ca rb o n y lth io  c o m p o u n d s  in  R A F T  
p o ly m e riz a tio n , the  d iffe ren ce  o f  p o ly m eriza tio n  ra te  fro m  th a t o f  co n v en tio n a l 
p o ly m e riz a tio n  and  th e  u s in g  o f  R A F T  in em u ls io n  p o ly m eriza tio n .

T he re ta rd a tio n  o f  th e  R A F T  p ro cess  w as d e sc rib ed  by  M on te iro  
(2 0 0 0 ). T h e  te rm in a tio n  o f  the  in te rm ed ia te  rad ica l/ d o rm a n t ch a in  re ta rd ed  the 
sp eed  o f  th e  en tire  m ech an ism . A p p aren tly , on ly  a  few  p e rc e n t o f  dead  ch a in s  causes 
a  b ro ad  m o le c u la r  w e ig h t d is trib u tio n  to  o ccu r w ith  th is  p ro cess . C o n seq u en tly , the  
lo ss  o f  R A F T  (d o rm an t) sp ec ies  at o n ly  a  few  p e rcen t such  th a t th e re  w ill be little  or
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no e ffe c t on  th e  m o le c u la r  w e ig h t d is tr ib u tio n  and  c o n tro lle d  p o ly m e r a rch itec tu re  
w ith  n a rro w  p o ly d isp e rs ity  w ill be m a in ta in ed .

M ay ad u n n e  (2 0 0 0 ) d e m o n stra ted  liv in g  p o ly m e rs  by  th e  u se  o f  
tr ith io c a rb o n a te s  as R A F T  agen ts. H o m o p o ly m ers  an d  b lo c k  co p o ly m e rs  o f  
co n tro lle d  m o le c u la r  w e ig h t as w ell as n a rro w  p o ly d isp e rs ity  c a n  be p e rfo rm ed  by  
u sin g  e ffec tiv e  tr ith io ca rb o n a te  R A F T  ag en t. T he re sea rch  d isc o v e re d  th e  im p o rtan t 
A B A  trib lo c k  co p o ly m e rs  o f  p red e te rm in ed  m o lecu la r  w e ig h t a re  a cce ss ib le  by 
rad ica l p o ly m e riz a tio n  in  tw o  steps fro m  th ese  co m p o u n d s.

R A F T  is a  n ew  and  ro b u s t m e th o d  to  sy n th es ize  w e ll-co n tro lled  
w a te r-so lu b le  p o ly m ers  an d  co p o ly m ers  w ith  low  p o ly d isp e rs ity  index . A cco rd in g  to  
a  re v ie w  b y  C h en g  (2 0 0 1 ), th e  ad v an tag es  o f  sy n th esis  o f  w a te r-so lu b le  p o ly m e r v ia  
R A F T  o v e r o th e r n o rm al free  rad ica l p o ly m eriza tio n  an d  co n tro lle d  p o ly m eriza tio n  
(N M P , A T R P  o r liv in g  ion ic  p o ly m eriza tio n ) are:

1. m ild  co n d itio n s , fa s t reac tio n
2. reac tio n  can  be  co n d u c ted  in  aq u eo u s m e d ia  as  w e ll as  o rg an ic  

so lven t.
3. a  b ro ad  ran g e  o f  m o n o m ers  can  be  ch o sen .
4. R A F T  is a co n tro lled  p o ly m eriza tio n . T h e  re su lta n t p o ly m er 

has lo w  p o ly d isp e rs ity  in d ex  (~ 1— 1.25).
5. d i-b lo ck  co p o ly m er, tr i-b lo ck  co p o ly m er, s ta r  p o ly m e r have  

b een  syn thesized .
In  2002 , K w ak  d isco v ered  R A F T  p o ly m e riz a tio n  o f  s ty ren e  u sin g  

p o ly s ty ry l d ith io b en zo a te . T he  s tu d y  ca rried  ou t by  e lec tro n  sp in  re so n an ce  
sp ec tro sco p y  to  d e te rm in e  the  co n cen tra tio n  o f  th e  in te rm ed ia te  rad ica l p ro d u ced  by  
th e  ad d itio n  o f  p o ly sty ry l rad ica l to  th e  d ith io b en zo a te . T h e  p o ly m e riz a tio n  w as a lso  
fo llo w ed  by  d ila to m e try  to  e s tim ate  th e  co n cen tra tio n  o f  th e  g ro w in g  rad ica l. T he 
re su lts  sh o w ed  th a t th e  frag m en ta tio n  o f  th e  in te rm ed ia te  rad ica l is a  fa s t p ro cess 
w ith  a  re lev an t ra te  co n s tan t on  th e  o rd e r o f  104 ร '1 (a t 6 0 °C ) and  th a t the  
in te rm ed ia te  rad ica l u n d erg o es  the  c ro ss-te rm in a tio n  w ith  p o ly s ty ry l rad ica l to  fo rm  
a 3 -a rm  s ta r  chain , th u s  cau sin g  a re ta rd a tio n  in  th e  ra te  o f  p o ly m eriza tio n .
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P resco tt, e t  a l  (2002) in d ica ted  th a t th e  R A F T  a g en t m o s t su ited  for 
th e  e m u ls io n  p o ly m e riz a tio n  o f  s ty ren e  is 2 -p h e n ly p ro p o -2 -p h e n y ld ith io a c e ta te  
(P P P D T A ). It is use  led  to  long  in d u c tio n  p e rio d s  and  w as d iff ic u lt to  e lim in a te .

R A F T  p o ly m eriza tio n  o f  s ty ren e  h ad  b een  su c c e ssfu lly  p e rfo rm ed  in 
m in ie m u ls io n  by  u s in g  1 -p h en y le th y lp h en y ld ith io ace ta te  (P E P D T A ) as a  R A F T  
agen t. L a n sa lo t (2 0 0 2 ) s tu d ied  on  th e  co m p arism  o f  th e  p e rfo rm a n c e  o f  P E P D T A  
w ith  th o se  o f  cu m y l d ith io b en zo a te  (C D B ) an d  1 -p h en y le th y l d ith io b en zo a te  (P E D B ) 
in  b u lk . M in iem u ls io n  p o ly m eriza tio n s  m ed ia ted  by  P E P D T A  w ere  fo u n d  to 
p ro c e e d  a t a  c o n s id e rab ly  h ig h e r ra te  th an  th o se  m e d ia te d  by  C D B  o r P E D B  
m e d ia te d  ones. A ll th ree  sy stem s sh o w ed  a  s ig n ifican tly  d e c rea se  in  p o ly m eriza tio n  
ra te  as  co m p ared  to  a  co n v en tio n a l m in ie m u ls io n  p o ly m eriza tio n . A d d itio n a lly , the  
re su lt su g g es ts  th a t th e  m ain  fac to r co n tro llin g  th e  p o ly m e riz a tio n  ra te  in  
m in ie m u ls io n  R A F T  p o ly m eriza tio n  is th e  p o ss ib le  e scap e  o f  th e  rad ica l leav ing  
g ro u p  R ' fro m  th e  in itia l R A F T  ag en t to  th e  aq u eo u s phase .

T h e  R A F T -m e d ia te d  g r a f t - p o ly m e r iz a t io n  o f  s ty re n e  o n  a  s i l ic a  
p a r t ic le  w a s  f i r s t  s tu d ie d  by  T s u i j i i ,  e t  a l  (2 0 0 2 ) ,  b y  u s in g  1 -p h e n y le th y l  
d i th io b e n z o a te  (P D B ) as a  RAFT* a g e n t .  T h e  s tu d y  p r o v e d  th a t  th e  e n h a n c e d  
r e c o m b in a t io n  is  s p e c if ic  to  th e  R A F T -m e d ia te d  g ra f t  p o ly m e r iz a t io n  a n d  is 
d u e  to  th e  e f f e c t iv e  m ig ra t io n  o f  ra d ic a l  o n  th e  s u r f a c e  b y  s e q u e n tia l  
d e g e n e r a t iv e  ( e x c h a n g e )  c h a in  t r a n s f e r .  A n d  th e  r e a c t io n  to o k  p la c e  as 
d i f f u s io n  p ro c e s s .  T h e  r e s u l t  f ro m  G P C  s h o w e d  M n  in c re a s e d  l in e a r ly  w ith  
in c r e a s in g  m o n o m e r  c o n v e rs io n .

In  2 0 0 3 , M ic h e lle  c o n c lu d e d  v ia  h ig h - le v e l  ab  in i t io  m o le c u la r  
o rb i ta l  c a lc u la t io n s  th a t  th e  p r e s e n t  o f  th e  p h e n y l  s u b s t i tu e n t  a t th e  r a d ic a l  
c e n te r  o f  th e  R A F T  a d d u c t  ra d ic a l  s ig n i f ic a n t ly  r e ta rd s  th e  f r a g m e n ta t io n  ra te  
c o m p a re d  w ith  th e  c o r r e s p o n d in g  b e n z y l  s u b s t i tu te d  a d d u c t .  T h e i r  c o n c lu s io n  
w a s  th a t  th e  p o ly m e r iz a t io n  ra te  d e p e n d s  o n  z  a n d  R  s u b s t i tu te d  g ro u p .


	CHAPTER II BACKGROUND AND LITERATURE REVIEW
	2.1 Silica 
	2.2 Surfactant
	2.3 Surfactant Adsorption
	2.4 Solubilization and Adsolubilization
	2.5 Admicellar Polymerization
	2.6 RAFT Polymerizatio 
	2.7 Literature Review


