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Table I Synthesis of the macroinitiator via ATRP®

Initiation system M, M R-X/M;  Solvem® T (%) T (k) Polymerization
EPN-Br/CuBr/bpy = 1:1:3 St MMA-TEMPO 1:3 Xyl 80 42 No
1-PEBr/CuBr/bpy = 1:1:3 St MMA-TEMPO 1:1.2 Xyl 130 24 No
EPN-Br/CuClibpy = 1:1:3 MMA MMA-TEMPO 1:1.2 Ace 80 11 No
EPN-Br/CuCl/bpy = 1:1:3 MMA $t-TEMPO 1:1.2 Ace &0 24 No
EPN-Br/CuCl/Cuw/bpy = 2:1:1:4 St St-TEMPO 2:1 Xyl 120 20 Yes

* Ace: acetonitrile; Xyl: xylenes *[MMA] = [81] = 6.3 mol/L, { EPN-Br] = 0.18 mol/L
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Fig. 1 Time versus in[M]/[M] at 100°C for copolymerization of St
and St-TEMPO

[M], and [M] are the overall monomer concentration at times 0 and
t , respectively

Experimental conditions: [5t] = 7.24 mol/L, [ EPNBr )/[ CuBr}/
[ Cul/[bpy J/[ St-TEMPO] = 4/2/2/8/3, | 5t-TEMPO ] = 0.282 mol/L,

xylene as solvent

1000
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Fig. 2 Dependence of molecutar weight (M,, W), M.ia) (solid
line} and polydispersity ( M,/M,, &) on monomer conversion for the
copolymerization of S5t and 5I-TEMPO

Experimental conditions are aa same ss those listed in Fig. 1.
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Experimental conditions: [St] = 8.7 mol/L, [ 1-PEBrl/
[CuCl])/ [ bpy /[ S+-TEMPO] = 2/2/6/1, [ S-TEMPO] =
0.113 mol/L.,, xylene as salvent

04

03

021

In{[M], /M)

0.1

05" 10
t(h)

30 30
Fig. 4 Time versus In[M],/[M] at 80°C for copolymerization of St
and MMA-TEMPO

Experimental conditions: [ St] = 10.8 mol/L, [ MMA-TEMPO] = 0.17
mol/L, [EPN-Br]/{ Cul/{ CuCl)/[ bpy ]/l MMA-Tempo] = 2/1/1/4/

1,xylene as solvent
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Fig. 5 Dependence of molecular weight (M., W), M.
(sokid Line) and polydispersity {( M,/M,, &} on the monomer
conversion for copolymetization of 5t and MMA-TEMPO
Experimental conditions are as same as those listed in Fig. 4.
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Fig. 6 Dependence of molecular weight (M,, H), M.,
(solid line) and polydispersity { M, /M,, &) on monomer
conversion for copolymerization of MMA and St-TEMPO at
10C

Experimental conditions: [ MMA] = 2.86 mol/L, [ St-TEMPO]
=0.118 mol/L, [ EPN-Br]/[ Cu}/[ CuCl1/[ bpy1/{ S-TEMPO]
=3/1.5/1.5/6{2 , acetonitrile as solvent
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Fig. 7 Dependence of molecular weight (M., ), M., (solid
line) and polydispersity (M, /M, , &) on the monomer conversion for
copolymerization of MMA and MMA-TEMPO at 60C

Experimental conditions: [ MMA] = 4.7 mol/L, [ MMA-TEMPO] =
0.118 moV/L, [ EPN-Br}/[ Cu]/[ CuCl }/[ bpy J/[ MMA-TEMPO] = 3/
1.5/3/9/2, acetonitrile as solvent
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Fig. 8 'H-NMR spectra for P{MMA-co-(St-TEMPO)} ‘and P(Si-
co-{ MMA-TEMPO)) .

) P{ MMA-co-{ -TEMPQ)}) synthesized at 60°C, [MMA] = 10.8
mol/L,[ EPNBr] = 0.17 mol/L, [ EPNBr]/[ Cul/[ CuCl]/[bpy]/{ St-
TEMPO] = 2/1/1/4/1

b) P { St-co-( MMA-TEMPO )) synthesized at 80C, [5t] =
10.8 mol/L, [ EPNBr] = 0.17 mel/L, [ EPNBr]/[ Cul/[ CuCI]/[bpy)/
[ MMA-TEMPO] = 2/1/1/4/1
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& TEMPQ B84k it Fl B 3% et , JE A R I WT $2
AR AR FRSAHE, AR THE
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3.5 FTRBEHEARSREVNENRA

a

3.6 182
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Fig. 9 GPC trace of macroinitiator {a) and P(MMA-b-5t}(b)

a) Gained from the experiments, EPN-Br/CuCl/bpy = 1:1:2, MMA/
Ace = 5/5 mL/mL, 60°C , polymerized 10 b first, then sdded HTEMPO
( HTEMPO/EPN-Br = 1.2:1) for 30 min

b) Gained from the experimerts of macroinitiator/St = 1: B (g/mL}
120C,7h

Table 2 Some physical parameters for different copolymers synthesized by ATRP

Initiators M, M, R—X/ M, Temperature MM, Aversge graft
(R—X) ) site pumber"
EPNBr MMA S-TEMPO 2:1 60 1.40 0.91
EPNBr MMA MMA-TEMPO 3.2 ) 1.38 —
EPNBr MMA-TEMPO 2:1 80 1.45 0.85
EPNBr St $t-TEMPO 2:1 100 1.48 0.2
EPNBr MMA St-TEMPO 4:3 0 1.54 3.71
EIBB: S MMA-TEMPO 3:2 80 1.49 1.96

* Average graft site number = M, cpc/ M,
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10400, 3 FEIFHEE I 1.23.#—~ L RAFTEG R
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BESYN—EE, S TFRY 91900, 5 FESA
HBEN1.86, K ePc MM BAERINE 9 Py

ROXUBITE ATRP LN R R P IMA K BERE
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BEUELTRRMNEMY ZBELEG K
MMA) 5 Z % ¥ TEMPO ( Si-TEMPO = MMA-
TEMPO) R TR FHBEHELESHIE(L St
1 SI-TEMPO 6, T H) .

ATRP XA TSI &M ARK(R—X)E—HH#
MBS AATARERE RESREEH
HES, SHFEN, —HEBEMNFSDETHEYG
HET BRI —MEAKILRRA(3).
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STUDIES ON THE ATOM TRANSFER RADICAL COPOLYMERIZATION
OF VINYL MONOMER AND VINYL MONOMER
CONTAINING NITROXIDE GROUP

LIU Bing' ,HUA Fengjun’, YANG Yuliang’ , HE Junpo’, HU Chunpu'

(' Laboratory of living Polymerization, East China University of Science and Technology, Shanghai 200237}
(* Molecular Engineering Open Laboratory, Fudan University, Shanghai 200433)

Abstract A new kind of macroinitiator for nitroxide-mediated polymerization was synthesized via the atom transfer
radical copolymerization of styrene (St) or methyl methacrylate (MMA) with vinyl monomer containing nitroxide
group . In order to gain the macroinitiator having n side nitroxide groups, the molar ratio of free radical initiator to the
monomer containing nitroxide group should be at (r + 1)/n in the ATRP system. The optimum conditions of atom
transfer radical copolymerization between the St or MMA and vinyl monomer containing nitroxide group were studied
in detail and the polymerization mechanism was discussed . The structure of the macroinitiator was also characterized
by means of ' H-NMR.

Key words Macroinitiator, Nitroxide-mediated polymerization, Atom transfer radical polymerization, Styrene,
Methyl methacrylate



