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Fig. 1 Time dependence of In[M],/[ M] and conversion at 1207
in the bulk polymerization of styrene
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Fig. 2 Dependence of number-average molecular weight and
molecular weight distribution of PSt on conversion at 120°C in the
bulk polymerization of styrene

Seme conditions as Fig.1

AR M., = ([St],/2[DCDPS],) x MW, x
Conversion itE BB WHE > FEMETH GPC W
BHERS TR, WIREENTFI1L.ULERE
¥, DCDPS/NICL/PPh, 5| & St BRAEFEHHA
F B3RS A RRLE

F3RAZSIRERE 120058 SLEF X
BBRITESHNEER TURE , In[M]/[M]
MEREtE  fFER—FERFEANEL BE
—HEh R, AR B A ESY, REAERE
BRAABETEEHAORE RS HEH PS
Mo TEMFEAERNE MmN, 2] oHK
REE, RE 4 Fx Hilt, 25| REREPXE
BFIE S RGOAREAHERSHE.

100 1.2
» Conversion

o In(M],/[M)) 1o
L] e 08

=

0.6

Conversion (%)

. 104

3
In{[M],/[M])

b
=
T

102
0.0

(=]

0 5 10 15
t(h)
Fig. 3 Time dependence of In[M1o/[ M] and conversion at 120C in
the solution polymerization of styrene
Conditions: [$1]g =5.38 mal L. ,[NiCl, ], =5.38 x 10 *mal L',
[PPhy ] =17.1%107% mol L™!,[ DCDPS], =2.69 % 10" *mal L!
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Fig. 4  Dependence of number-average molecular weight and

molecular weight distribution of PSt on conversion in the solution

polymerization of styrene
Same conditions as Fig.3

2.2 RESFMFEREN

%t F DCDPS/NiCL/PPh, 3l R B HI1 & 1
PSt ' H-NMR# T35 3 4387, i 5 B /R 75 6 =
4.0~425 BF—TENBRK, HRF « B



110 B 2

T ¥ #

2002 4

1 1 1 W —
8 6 4 2 0
5
Fig. 5 '"H-NMR sp of PSt synthesized with DCDPS/NiCL/

PPh; initiating sysiem

—CH,C(Ph)H—Cl (¢), EHBHEXKPFRE HEN
iR (L), EEANZD o-CQAREFERANRE
WA S5=1.01.6=3.8~3.98 F15=7.37 &bHE
WEHET « % DCDPS A R XMW PE ) . EH
HHMENR(DERFHBY. bk 8, A
DCDPS/NiCL,/PPh, 5 Bk R H & PSt 1 o Fl -
334y BB DCDPS B K FIE I F o kdk .

T #—#3iF B A DCDPS/NICl,/PPh, 5| & #
Rk St BERMEEHE SR, F&/ Pst 7]
YBT3 ZRFEIL S ATRP #E4LFINICL,/PPh,

“fﬁﬁi?,%m -

R:  + NiClfPPhyyy =——
K [ +St

R—CHy—CH: + NiCl{PPly); =—

Rﬂzgdmgﬁmgﬂ

+ +

St NiCl(PPls)3

Scheme 1

2.4 DCDPS/NiQ1,/PPh, S| 2k ®5|% MMA B &
FH DCDPS/NiCL,/PPh, 3| £ & £ 5| & MMA 7

R—CH>

FERIT , A St Br s km] LIges & % 120C
BB 24 h, W% 83.1% , V&= 4 F B M 22700 14
B 112400, 4+ F B4+ 4 1.80, WE 6 Fis.

Final PSt PSt macroinitiator
Mn =112400 My =22700
M/ Mn=1.80 Ml Mn=1.75

10 15 20 %5 30
Elution time (min)

Fig. 6 GPC curves of PSt before and after chain extension reaction in
the presence of NiCl;/PPh, calalyst system at 120°C
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Table 1  Bulk polymerizstion of MMA using DCDPS/NiCl,/PPhy

imitiating system *

t(h) Conversion(%) In[Mls/[M] M, > M cc* MJM,

2 13.1 0.14 13600 93700 1.19
5 3z.4 0.485 39900 99800 1.18
7 60.5 0.929 62000 101700 1.15
12 81.3 1.670 84600 109100 1.16

*Conditions [ MMA ], = 9.38 mel L~', [NiCl; J; = 9.38 x 10°?
wol L™' ,[PPhy ], =28.1 % 107% mol L™',[DCDPS], = 4.69 x 10~
mol L~*

bM,.. = ((MMA1,/2[ DCDPS],) x MWuus X Conversion

*GPC calibrated with PS¢ standards
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Fig. 7 GPC curves of PMMA polymerized a1 85°C using DCDPS/
NiCl,/PPh, initialing system
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mol L7, [PPhy]g = 28.1 x 107° mol L™', [ DCDPS], = 4.69
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A REVERSE ATRP PROCESS CATALYZED BY NICKEL-BASED
(NiCL,/PPh;) SYSTEM

QIN Donggi, QIN Shuhui, QIU Kunyuan
( Department of Polymer Science and Engineering , College of Chemistry and Molecular Engineering , Peking University , Beijing 100871)

Abstract Radical polymerization of styrene and methyl methacrylate was investigated using a nickel-based initiating
system, {. e¢. DCDPS/NiCl,/PPh,, in which diethyl 2,3-dicyano-2,3-diphenyl-succinate {DCDPS) is a hexa-
substituted ethane thermal iniferter and the nickel based catalyst reacted from Ni’* to Ni'* . The polymerization of
styrene {St) was successfully controlled in bulk at 120°C . The kinetics studies showed that the kinetics is first order
in monomer . The number average molecular weight M, increased linearly with conversion from 57100 to 126000, and
the molecular weight distributions{ M_,/M_) were around 1.5 as the monomer conversion was increased from 38% to
86 % . Well defined polystyrene with «-( carbethoxycyanophenyl ) methyl-w-chlorine end groups was obtained from the
polymerization of 5t with DCDPS/NiCl,/PPh; initiating system, and the polymerization proceeded via reverse ATRP.
While the polymerization behavior of methyl methacrylate {MMA) initiated with the same system was absolutely
different . The molecular weights of so-obtained PMMA did not increase with the monomer conversions and at the
same time the molecular weight distributions kept narmow ( M_/M, = 1.19) during the polymerization.

Key words Living radical polymerization, Nickel-based catalyst ( NiCl,/PPh; }, Diethyl 2,3-dicyano-2,3-
diphenylsuccinate, Styrene, Methyl methacrylate



