
2a. Seed Preparation: RAFT Agent Transport

O b j ec tiv es

• to successfully use RAFT techniques in emulsion polymerization systems

• to d etermine the effect of RAFT techniques on the physical processes inv olv ed  in 

emulsion polymerization

M otiv ations &  B ac k grou nd

• RAFT offers w ays to create b lock  and  star polymers easily; 1,2 emulsion 

polymerization allow s fast polymerization rates and  hig h molecular w eig hts3

• prev ious stud ies hav e reported  quite slow  rates and  hig h lev els of coag ulum4 ,5

O u tl ine of  Poster

1 . introd uction: d ifficulties in comb ining  RAFT and  seed ed  emulsion polymerization

2 . ex perimental: RAFT ag ent transport into the latex  particles,  reaction techniques

3 . results and  d iscussion: the effects of RAFT on molecular w eig hts and  rates

Ac k now l edgem ents
• M r  H e n g  T a i n g  &  M s  A m a n d a  F i n l a y (CSIRO) for assistance with experimental techniques and fruitful discussions

• M r D av id Sangster & D r Hank  D e B ruyn (K CP C) for helpful discussions ab out dilatometry

• The K ey Centre for P olymer Colloids is estab lished and supported under the Australian Research Council’ s 

Research Centres P rogrammme

References

1 . Riz z ardo,  E . ; Chiefari,  J . ; M ayadunne,  R. ; M oad,  G . ; Thang,  S.  H.  ACS Sy m p .  Se r . 2 0 0 0 ,  7 6 8 ,  2 7 8 .

2 . M oad,  G . ; Chiefari,  J . ; Chong,  Y .  K . ; K rstina,  J . ; M ayadunne,  R.  T.  A. ; P ostma,  A. ; Riz z ardo,  E . ; Thang,  S.  H.  

P o l y m .  I n t n l 2 0 0 0 ,  4 9 ,  9 9 3 .

3 . G ilb ert,  R.  G .  E m u l s i o n P o l y m e r i z a t i o n :  A M e c h a n i s t i c  Ap p r o a c h ;  Academic:  L ondon,  1 9 9 5 .

4 . M onteiro,  M .  J . ;  Hodgson,  M . ;  D e B rouwer,  H.  J .  P o l y m .  Sc i .  A- P o l y m .  Ch e m . 2 0 0 0 ,  3 8 ,  3 8 6 4 .

5 . U z ulina,  I. ; K anagasab apathy,  S. ; Clav erie,  J .  M a c r o m o l .  Sy m p . 2 0 0 0 ,  1 5 0 ,  3 3 - 3 8 .

O

O

O

O

O

O

O

O

water water 

p o l y m er  

p arti c l e  

R A F T  

ag en t 

p arti c l es  wi th  

R A F T  ag e n t 

m o n o m er s wo l l e n  

p arti c l es  

• polystyrene seed latex synthesized

• final latex statistics

size: r
w

=  3 9  nm r
w
/ r

n
=  1.18

M W : M
n

=  7 4 7 0 0 M
w
/ M

n
=  3 .3

• water added ( to final dilution for latex)

• acetone added ( 20 %  w/ w on total water)  

• RAFT agent added as crystalline solid

• stirred for 24  to 7 2 h

• acetone assists RAFT agent transport into 

latex particles; particles contain RAFT agent

• rotary evaporator used to strip acetone from 

latex ( 1.5  × mass of acetone removed)

• seed latex topped up with water

• monomer added to mixture with stirring

• particles swell over time,  so there are no 

monomer droplets left

• seed now ready for use in reactions

1. Introduction: Reversible Addition- Fra gmenta tion C h a in Tra nsfer ( RAFT)

• a number of questions are yet to be answered for RAFT techniques in emulsion 

polymerization systems:

• classical emulsion polymerization of styrene is well- studied;  g ood choice of 

monomer for this study

• RAFT ag ent chosen for study:  

2 - phenylprop- 2 - ylphenyldithioacetate ( P P P D TA)
S

S

P P P D TA

4 . C onclusions

• RAFT ag ents may be successfully incorporated into a seed for emulsion 
polymerization without an adverse effect on latex  stability

• living  character in emulsion polymerization systems has been achieved,  showing  
molecular weig ht control and reduction in molecular weig ht polydispersity

• rate of polymerization slowed to 3 0  – 5 0 %  of rate in control ex periments

• sig nificant inhibition period seen,  but may be overcome by using more initiator 
( but this may compromise living  character of final polymer)

• further work  with analog ous RAFT ag ents and additional dilatometry ex periments 
( e.g. γ-r e l a x a t i o n )  r e q u i r e d  t o  f u l l y  u n d e r s t a n d  r e d u c t i o n  i n  r a t e  a n d  i n h i b i t i o n  p e r i o d

� h o w  d o e s  t h e  R A F T  a g e n t  g e t  i n t o  t h e  p a r t i c l e s ?  h o w  l o n g  d o e s  t h i s  t a k e ?

� h o w  w i l l  t h e  R A F T  a g e n t  e f f e c t  a q u e o u s  p h a s e  p r o c e s s e s  ( i n i t i a t i o n  a n d  e n t r y ) ?

� w h a t  s o r t  o f  R A F T  a g e n t  w i l l  g i v e  s a t i s f a c t o r y  r e s u l t s  ( w a t e r  s o l u b l e  o r  n o t ) ?

� c a n  t h e  c o m p a r t m e n t a l i z a t i o n  o f  r a d i c a l s  i n  e m u l s i o n  p o l y m e r i z a t i o n  b e  u s e d  t o  

i m p r o v e  p o l y m e r i z a t i o n  r a t e s  c o m p a r e d  t o  R A F T  i n  s o l u t i o n  o r  b u l k ?
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2b. Reaction Techniques

• all reactions performed at 50 oC in a j acketed glass reactor, 

sodium persulfate initiator, sodium dodecyl sulfate surfactant

• particle sizes from an L S 230 sizer (C oulter)

• molecular weights determined using a D RI  G P C  (Waters) and 

analyzed using G P C  for Windows (C hemware)

2c. D i l at o m et r y

• 100 mL reaction vessel overfilled into capillary 

and change in height of meniscus monitored by 

computer (diagram on right)

• polymer is more dense than monomer so 

meniscus height gives reaction progress

2d . S am p l ed  React i o n s

• 10 mL  samples taken at intervals throughout 

experiment, short- stopped using hydroquinone

(10 ppm)

• particle size, conversion (by gravimetry) and 

molecular weight distribution determined for 

each sample

3 a. E v o l u t i o n  o f  M o l ecu l ar  W ei g h t  D i s t r i bu t i o n s

• MWD  shows broad peak from seed polymer and sharp peak from 

new (RAFT) polymer at various initiator concentrations 

(� [ I ]  = 0.446  and � [I] = 1.39 mM)

• GPC signal subt ract io n (based o n mass o f po lymer present ) used 

t o  find M
n

and M
w

fo r each sample 

• po lydispersit y o f samples (M
w
/M

n
) bet ween 1.2 and 1.4

• peak due t o  new po lymer seen t o  mo ve t o  higher mo lecular weight  

at  higher co nversio n; M
n

seen t o  be linearly dependant  o n 

co nversio n (� )

3c. Rate of Polymerization

• co nversio n vs t ime plo t s fo r experiment s wit h same co ndit io ns 

except  fo r amo unt  o f init iat o r added (� )

• rate of polymerization reduced by presence of RAFT agent

• long induction period due to RAFT agent; can be reduced by 

using higher initiator levels

3d. Further Observations & Mechanistic Discussion

• in � &  � ,  samples show “ seed”  peak reproducibly shifted to 

lower M W  than in the original seed latex

� is this dead polymer formed at the beginning 

of the reaction?  if so,  why is the M W  so low?

• M
n

vs co nversio n plo t  � indicat es 1 4 %  co nversio n b efo re 

sig nificant  living  po lymerizat io n st art s ( fo r hig h init iat o r ex pt )

� is t his link ed t o  t he b ro ader seed lat ex  peak ?

• lo w  mo lecular w eig ht  peak  ( < 1 0 3)  o f first  sample fro m � can 

b e “ deb ro adened”  t o  g ive set  o f peak s ~ 1 0 0  apart  in M W

� peak s no t  o b servab le in sub sequent  samples and fall 

o n M
n

vs co nversio n plo t ;  t hese are living  o lig o mers

• causes o f induct io n perio d unclear at  t his st ag e:

� co uld b e due t o  hig h ex it  o f radicals fro m part icles;  

cumyl radical is small &  has hig h diffusio n co efficient

� co uld also  b e due t o  po o r re- init iat io n b y t he cumyl

radical t o  g ive new o lig o meric radicals

� st yrene has po o r aqueo us phase init iat io n efficiency in 

emulsio n syst ems; 3 ex acerb at ed b y ab o ve effect s

3b. Molecular Weight Control

• M
n

(from sampled and dilat omet ry experiment s)  is in 

reasonable agreement  wit h t he predict ed value (� ) :

where m
m o n

is t he mass of monomer used, n
R A F T

is t he 

amount  of RAFT agent  and x is t he fract ional conversion

• dat a shown is over wide range of init iat or and monomer levels 

(I nt erval I I  and I nt erval I I I )

M
pred

n  = 

x m m o n

n R A F T
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