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ABSTRACT

The effect of the concentration of RAFT agent of Styrene in RAFT
polymerization are the subject of discussion. The kinetics and molecular weight
distribution (MWD) occurring in RAFT polymerizations were simulated by using a
completely Stochastic Monte Carlo algorithm (SMCA). The simulation results have
shown that the polymerization rate (R,) is strongly retarded by adding the RAFT agent
and the higher initial concentration of RAFT agent will cause stronger retardation
although it results in narrower MWD. All of theses findings basically agree with the

experimental observations quite well.

INTRODUCTION

Reversible addition fragmentation
chain transfer (RAFT) polymerization
is a versatile technique for the
preparation of polymers with both low
polydispersity —and  functionalized
groups[1-4]. In the RAFT
polymerization[5-7], Molecular weight
(MW) control is established via fast,
reversible chain transfer to the RAFT
agents, such as a dithioester [8,9],
trithiocarboonate [10],or
dithiocarbamate as
polymer end groups.

Scheme 1 shows the widely
accepted mechanism for reversible
addition fragmentation chain transfer
(RAFT) polymerization. The
effectiveness of the process in terms of
molecular  weight  control  and
polydispersity is governed by the
nature of the groups Z and R. In cumyl
dithiobenzoate, the Z group is given by
phenyl, whereas R is represented by
cumyl. The Scheme consists of (1) the
initiation processes, (II) a

[11],...etc.,

preequilibrium involving the initial
RAFT agent, (III) propagation and re-
initiation processes, (IV) the addition—
fragmentation equilibrium, and (V)
bimolecular termination reactions for
simple program we take in account
only this termination. During a
particular  transfer  event, the
propagating end of a chain is converted
to a polymeric transfer agent, which
can then undergo transfer itself, re-
releasing the propagating radical.
Through this equilibrium, chains
convert from propagating radicals to
polymeric transfer agents, meaning
that they all grow incrementally with
conversion. This process results in
living radical behavior, characterized
by a predictable, linear evolution of
molecular weight with conversion,
narrow molecular weight distribution,
and pseudo-first order kinetics.

|INTIATON

ﬂﬂJ

iy — |

i

(=
)

*Department of Macromolecular Science,

Key Lab of Macromolecular

Engineering, SMEC, Fudan University, Shanghai 200433, China

309



pasn s2192ds SNOLIBA JO SUONEIUSUOD
[enu ) pue SIULISUOD
2jel 2y pue * 7 [ow (0], 01 QT

wox  juafe 1.V JO UONRIUIU0D

[prur  jo  osanjea oyl afueypd

oM ‘SUOHB[NWIS N0  SS3sse O,
‘A[panoadsal

‘wonezuowAjod Jo safereAe-12qUINU
pue 1y3am oy am“y pue”y amoym

o e =

pate[nofed AJIpeal 9q
ued xopul AusradsipAjod ay) ose ‘sny,

uonnqasip

yidus]  ureyd  padeioar  ySiom
1=1
e %

et = (1

()dr ()4

uonnquisip

Y3ugp  ueyo  pofereAe  Joquinu
1=1
.......... (nd X
(n T

(9d
:suotssardxa Fuimol[og oY) 01 Surprodcoe

POIBNO[ED 3Q UBD 7 JWI) }2 UONNGIISIP
yidusp-ureyd juepuadap-own Y[

UOISSNISI(] PUV SINSIY

‘uotezIawAod
19Jsuen ureyd uoneuIUZRl}
uonIppe  2[QISISA3I  [BOIpRI  221]

) I0] QUISYDS SUONOEY ‘U
IpwAod ymord

sureyo="d *d ‘wwAd pesa(=d
Y=7YALEHD)D=A'NLIV=] dom °
a4+

s

N

w+ud

(A)

NOLLYNINYAL A

01t

(t)
e g s—'d

2 g ﬁ u
‘-T‘—-uuj‘i ”d_SL_md sz‘i |ud__S /\S + ‘& (M]
A0 TH0

=, d)l

[+l l
Fib e N B e L
NOTYO V08

R

(€)

wu

i1+ ¢7 §—d

()

ORI

900Z (2) £ 104

[DIANOf 2002108 DIUD[DS— U]}



Um =Salama Science Journal

Vol. 3 (2) 2006

in this work are shown in Table 1
which set basically according to the
polymerization of Styrene initiated by
AIBN at the temperature of 60C"[121.

Table 1. The fixed input parameters
for all simulations

[M1;=6.8 molL.”

[1]5=3.99x10 " mol.L’

haam5.0x10% Lmol 'yt | Ky, =3.0x167 Lmol s

k=275 Lmol's” k,=1.8x10" Lmoi's"

k=5.1x10°s" k,=4.0x10* Lmol's™

We study the effect of initial
concentration of RAFT agent [RS]y on
the kinetics and MW as well as MWD
of RAFT polymerization by using the
parameters listed in Table 1. Fig.l
shows the monomer conversion
profiles of four polymerizations with
different concentrations of [RS}e. It is
seen from fig.1 that the increase of
[RS]q results in the decrease of the
polymerization rate due to the
reduction of the concentration of
propagating radicals. In addition to
that, the linearity of the conversion
curve increased with increasing of

[RS]o.

The hiving character is
confirmed by the fact that chain
lengths almost linearty growing with
monomer conversion shown in fig.2.
It can be seen from fig.2 that, at the
same monomer conversion, chain
lengths  (Mn)  decreases  with
increasing of [RS];.

This 1s due to the fact that, instead of
propagation reactions, the growing
radicals spent much more time on the
addition and fragmentation reactions
when [RS]g 1s lugh.

Fig.3  shows the [RS}y
dependence of the polydispersity
index (PDI). As it is expected [rom
the living nature of RAFT

polymerization, the PDIs are much
lower than the conventional free
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radical  polymerization and it
decreases with increasing [RS]p.

The MWD profiles during the
polymerization are shown in fig.4. It is
seen from fig4 that the RAFT
polymerization do produce narrow
MWD, It is also found that reduce
[RS]y will broaden the MWD and

increase Mn.

conversion %

time/h

Fig.1. Monomer conversion as a
function of reaction time for
RAFT agent mediated
polymerization of styrene at 60 G
with with initial concentration of
initiator ran%ing from 1.107 to
7107 mol L™,
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Fig. 2. Average molar mass M, as a
function of monomer conversion for
RAFT agent mediated polymerization
of styrene at 60 °C with initial
concentration of initiator ranging from
1.10% to 7.10% mol L™,
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Fig. 3. Polydispersity index PDI as

a function of monomer conversion for
RAFT agent mediated polymerization
of styrene at 60 0C with initial
concentration of initiator ranging from
1.10% to 7.10° mol L™,
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Fig. 4. rlWeight fraction
distributions for different of initiator
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concentration  ranging from 1.107 to
7107 mol L' at 90% monomer
conversion .

CONCLUSIONS

The universal applicability of the
SMCA to the RAFT polymerization
has been demonstrated in this work. It
is demonstrated that the SMCA has
the most important advantage that it
provides detailed information about
the kinetics and MWDs of both living,
dead and intermediate chains varying
with reaction time or monomer
conversion in RAFT polymerization.

The R,
observed

been
initial

retardation has

when the
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concentration of RAFT agent is high.
Therefore,  although  the  higher
concentration of RAFT agent can
result much narrower MWD, we have
to pay the cost of low polymerization
rate and low MW
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