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W E URARTROE(2-(EB)-Br] A5 KA, R4 M (CuBr)/ Bk HLIE (bpy)/ 5
PIREBIAOP); | A E & EAN, EFCMBRTHT T FERBRIETREBMANEF
£BEHERS(ATRD) IRTRAMEMECEXR >S40 FROFHER. RAKS
S5 MRS PHRERY. FHSH C— B @IEL ATRPREFUERBEET
T ERRALEEIMA, TR ATRP E#, TR IS FRULES TR MM PBMA
(MWD=1.3~1.5).

XWR FHTHBAGERS, " BH EHERS. PSS FEARRET R

“EETHHERATERE, b FFREEhERSVN G TERALK 2,78
WA REHFHLMERR DY, TRES F 2R B EN.

FFHEBEHER S (ATRP) ATHA —FH#ERS, M Cu( 1) Fe(I)7\Ni
(DHE RIS EMENTHESRIL S HELHN. Matyjaszewski B 7CHE T L
R TE AR, o R LT A IR ENETFEBAMERESR Y dF
CuX L IFEHEME, BB RS RE (B0~ 40C) T ERRARN. B H e ki
BET2RSEHBHHAES, BAKMES ERIBEEM & B &G THTHE
#H"H BEER S . Sawamoto Il T FAA Z(ZEEB) S50 ) EAH, REEE
B(2,6- 5 T EEEE)HELE[MeAI(CDBP), | NEIEF, R EABBEREEYE
FHBEHERE S 7 60 ~80T A E P, RuCl, ( PPhy )5 801 7E B A R i b 26 k3%
&, 565NELEMRERANIUEEHAKES, BARLSNHESY.

BT CoX BEIEER T RuClL(PPhy ), ¥R A CuX/Al(OiPr}:/bpy =T H & E 1L
P RBEEEMELES, TESHEREERNRE THSAROEERS . 2 XHR
W T LA CuBr/Al(OiPr);/bpy A=TCRILEK R, o« MR TH LB A5 KN, BMA EH
CEEEPHETERE GRS, 85T A(OPr); RNz DENER, R TiE
& CuBr, WIMA, HZEEZMRSEETENES S LU P ENBRT R EE, 24T
#it CuBr, MEA KN TW, EHECHRER NI BPREERERVL.

1 REHS

1.1 AFBI4{L
WOMIMAGERRHEE, BB REXRELEEH. 84 (BMA) ST XK
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ERARAAL, B PEAL R LIRS MR, RIRRE. B TR SRR, PRRE i
®AZRTEEHBLRE RUENATTRESH TS B s Es
FiE R o RAR T RZ RS (SIGMA 24 Rl {it, S5 90% ) FI R R M (Lt —
E 7 A 98% )M RS EIEM A
1.2 RENRSHELE

100mL = B HBFIMA 20mL 328, 10mL BMA.18.8mg CuBr,.82. Smg o-Hft 5
TRZES, B HAIMA AI(OPr); # bpy, Bi#¥ 1h 8 B #5748, BN 60.3mg CuBr,
ERHAEFREERA MESTURE LENFERBED, CRSEP TR MM E
. 2—gREE, RSB ESER &L

REFYPIA ImL KEB R AL(OPr)s, DR EE/ K (4:1)IR &ML, LI 1
A& THF B, KR S8 E 00 BE, £40C TESTHFIEE,
1.3 S

HERZKMEREE S TFRBRES TR A Waters 150C 7 4 B2 5 35 5324V
(GPC)#E, THF X i, 2l 300, BEZ B M T B E.

2 #ER5ithe

2.1 RAMESNRRAFEBEDERSHEE

ERTHBANERGL R, ENRE LR AT E T4 LW &5 T s
B, R TE TR P R3S T 5 . B LR B R T 7E TR AR 8
BURIH], B2 NE "R A H HIG . AL(OIPY), SEYLEL G N 5WR, BE5 3! % M fE
BUREETHHRERL, EHSH C—X BRE, 3R KR Rk, (BE£)H
BREAF LN CRREBE TORRETEEGNEFREEMERS Y KR
YRR R R

R; RI
I I
—CH—C—X  +Cul(bpy); == —CH—C+ -+ CuXalbpy),
RO—C=0—A] =0—Al
W

kp

(X=CLBr; Ry =H, CH;;R, = () 1B &; Al= Al(QiPr), ; OiPr= —OCH(CH; ), )
Sch(}me 1

FTAIN Al(OPr); B, B CuX A E FRBHE AR S A B E AR ST EE
(80~ 140C) T MERKRET, MRS EEE1S, HE VAL SE K ERRS

EERFIMA CuBry, B Cu( I )/Cul 1) M EALE BT ER D, 5 1 2k ke
R, BILRYRETLRE D, B ERRE R BRE, TS TRAAER, Bou
#=E.
2.2 M CuBr, B BMA B ATRP % fZ

M3 1 T LLE W, % 28C F, FM CuBry, &4 CuBr/Al(OiPr)s/bpy ¥ =588 & 4k
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MBMAME FHBEHERSNTDS TR HERE(MWD>3). XEBMA T Al
(OiPr)s EROEEAEH, AMA CuBry, PEMNHBERETER, KR PRE =4S Cu( 1)
LEHRERE ARUEH B EREREERRRR, BN KR ERK i TFad
ERER S, BREEETR, AWML KOS, ERGIEEEEEMN. Y0 TES
R, RS0 FRRABSSITEOERE N EZ. BRESAHTHERETHBER
ERSAREEN EE"RE.

Table 1 The ATRP of BMA in the absence of CuBr,*

Reaction time(h} Conversion (%) M, tx107? M, epc X 1073 MWL
4 54.6 11.8 5.00 3.35
5 65.2 14.1 6.72 3.3
6 68.2 14.7 7.01 3.27
8§ 84.7 i8.3 7.76 3.2%

a) cyclohexanone/BMA=2:1( V/ V), [BMA] = 2.09mal/L, [2-(EiB)-Br] = 0. 0139mol/L, [ 2-( EiB)-Br]/[ CuBrl/
[bpy]/[A(QiPr); 1 =1:1:3:1, T=28T ib) M, 4, = Mpa! A[M]/[2-(EiB)-Br]l:c) MWD= M, /M,
2.3 ADA CuBr, Bf BMA ) ATRP B F2
TS EARRE, ERRNERPMAGER CuBr,, LA (Scheme 1) 5V F-4 4
AR, FREEANBITRERETRAR, MO THERPEHAHEN SR, &IE
RNAEEILZZ/D HHTFHEBRERER, SERERARNBE U RIEARNE&E
. RBEREERME 2 R, TLUAH UL TFRS A KA CuBr, HETHRE.

Table 2 ATRP of BMA in the presence of CuBr; at 52C°

Al(OiPr);/[2-(EiB)-Br]  Reaction time (h) Conversicin (%) M, ,"x 10" M, cre MWL¥
0 12 80.5 17.2 17.0 2.69
0.5 9 76.8 16.4 15.2 1.30
1.0 7 87.3 18.6 16.9 1.29
2.0 5 86.3 18.4 16.2 1.46
4.0 3 79.0 16.9 15.5 1.54

a) cyclohexanone/BMA=2:1(V/V), [BMA] =2.09madl/L, [2-(EiB)-Br] = 0. 0139mal/L, [2-[ EiB]-Br]/[ CuBr]/
[CuBr, 1/[bpy]/[AI{OiPr), ] =1:1:0.2:3.6:1, T=52TC ;b) M, ., = Myma! A[M]/[2-(EiB)-Br)!|;c) MWD=M_/M,

HERIMBLAGRITUEY, CB, EFETEBEHERSPESEENER.
& CuBr,, EFEREHE BT EEREATHEHRKENWRES, GRS HHE
B AR, &R W & 4 JLEAE . AI(OPr), SRS ERE AR AL, 8B 75 LR ALY
C—XEBHMNMBESERESRE EERRFARNEE Feh TUAAESERHEH Al
(OiPr); RSB M EMHX L FRTHBUAKERKE, W8 TRELERN, #4789
WHE—HRE BN, L RA, AT ATRP R & A AI(OiPr), 1E B fi k51,
TR A A CuBr,, WDKK A ISE, MR VEER, BEXYERE B4 &4
MER, HELEBS%EH) T PBMA 8 MWD 5 3.30 2 4. B A CuBr,, TTIR A Al
(OiPr); M7ETE, MK E ALK (B5% EH) FHI MWD 5 2.70 £4. ¥H 4 CuBr, £
AXOiPr); Al Bt Fr it , MR R TH MWD A 1.40 247



728 =1 i F g # 1999

B8 CuBr, WEEUERA G i Ek ERE, ML /Y, 4 F 'A%, T
PAME R S 338 A4 AI(OiPr), VER, BE R IR SHHERE, S REERER
A FIRT, AR N T B0 1k A TLER (B AL(QiPr); fFTERT R 1L J2 D W K%
15, Hik, FE Al(OPr), SBHMES, B EEREYWE, fieE4 b JLRA 8 g 50 %
M, BKETEMHL TR WEEME.

B 1 & Al(OiPr); & B AR BMA MR 3G RV E 65 Rl TULEH,
A AOiPr),, R E R84S, T LB AEESE N A —R N EXR HEHL
EHBRE, BFOERRE M, 281 KW ILEER . T Al(OPr), F1E8, BEKEN
MBS REMEEREXR, XIEARNEBRTHAERFEN R LRI THRSE
TR S M AI(OPr); S EFME BRI 0.5 BTl b), SR I Al(OiPr), A} 48
o, BEE AR Bk, Bty TRAEE. FEE A(OPr), S BMES, Y
A 8 .

B2 xR TESSHHNS TENS TR MO ILENTL, TUEL. 7 TE
S5t W IEH, A EHEENER. RS EHEE(MWD=1.3~1.5).GPC
FEAMBNS TRELITHRERLETENERS TR,

20 2.0
—1.8
15}
s —11.6
o]
= 1o §
= —1.4
5 ~1.2
0 1 1 1 1.0

1
0 20 40 60 8¢ o0
Conversion (%)

Fig.1 Kinetics of the polymerization of BMA at
52TC

Cyclohexanone /BMA =2 :1( V/V), [BMA] =
2.09mol/L, [2-(EiB)-Br] = 0. 0139mol/1, {2-
{EiB}-Br}/[CuBr]/[ CuBry 1/ [bpy] = 1:1:0.2:
3.6;

a)[AI{QiP1); ] = 0;5)}0. 00694;c}0.0139;
d)0.0278;€)0. 0556mol/ L.

Fig.2 M, g M,oxc and MWD dependence on
monomer conversion for ATRP of BMA at 52C
Cyclohexanone/BMA = 2 : 1 (V/ V), [BMA] =
2.09mol/L, [2-(EB)-Br] = 0.0139mol/L, [ 2-
(EiB)-Br]/[CuBr]/[ CuBr; 1/{ bpy 1/[ AlCoiPr); | =
1:1:9.2:3.6:1

A1 PERNHETRE BMAMERRERKEREH rre, HEHERETHERW
WEKEEER £, PHEAENREREH ¢, WHLERD, MU T TEAR.

R, =-d[MVdt = k,[p 1[M] = &,**[M] (1)

In([M]o/[MI) = &,*"t (2)

[p] =k k, (3)
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Ink, = InA, — E,/RT = 14.01 — 2454/ TU%) (4)
RO T RETHFEHNZHE. TUESL, BaERET TSI 2MEKE, [
HES AI(OiPr); SBHERE, B ERE AR, FTLAR M EZE BNt

Table 3 Kinetic data and estimated concentration of propagating radicals, [P ], for ATRP of BMA at 52C

Al{OiPr),/2-(EiB)-Br £, (10'L mol ' 57 1) EP(107%71) [P ]€10 "mol L")
0.5 0.632 0.54 0. 86
1 0.632 0.88 1.39
2 0.632 : 1.25 1.97
4 0.632 1.78 2.82

cyclohexanone/BMA = 2: 1(V/ V), [BMA] = 2. 09mel/L, [2-(EiB)-Br] = 0. 0139mol/L, { 2-{ EiB)-Br 1/[ CuBr]
[CuBr, 1/ bpyi=1:1:0.2:3.6

—RINMBI RS REYN, i8R ATRP ST £ d 0 A Bh 4 £k ) 5 79 B T 1
REWEE. U o-RUE THE LB (2-(EB)-Br] A 5 &5, R £ W44 (CuBr) /B it BE
(bpy)/ RUTREE{AIOPr); |18 & LA, I MAE B CuBr,, BMA T 8 il 1R B F it
THFETHEPEmERGEAE SRS KA TRWEATFRE(HB)NAREL
Bk, BRAZHSRBR.
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A CATALYTIC SYSTEM INCLUDING Al{OQiPr); AS A PROMOTER
FOR ATOM TRANSFER RADICAL POLYMERIZATION

GUOQ Jianhua, LUO Xianan, WU Pingping, HAN Zhewen
( Department of Polymer Science ard Engincering , East China
University of Science and Techmnology, Shanghai 200237)

Abstract Atom transfer radical polymerization {ATRP) of n-butyl methacrylates { BMA)
has been achieved with ethyl 2-bromoisobutyrate [ (CH; }>CBrCO,C,Hs] as an initiator and
CuBr, 2, 2"-bipyridine{ bpy) and aluminum triisopropoxide [ AI{(QiPr)};] as a ternary catalyst
system in cyclohexanone. The kinetics and mechanism of polymerization were discussed in
detail. AI(OiPr);, a bulky Lewis acid, which is used as a catalytic promoter, may coordinate
the ester carbonyl of the initiator and polymer and activate the carbon-bromine bond.
Therefore, BMA can be polymerized at a lower temperature. The influence of AI(OiPr); on
polymerization rate and molecular weight distributions were also studied. The polymerization
of BMA became slower and more controlled with CuBr, than without CuBr;. In the absence
of CuBr;,, the polymerization of BMA were the rapider and less controlled at 28 . In the
presence of CuBr;, the polymers produced at 52T had narrow molecular weight distributions
(MWD =1.2-~1.5) and designed molecular weights which were nearly proportional to
monomer conversion. The logarithmic conversion data plotted against time (In{[M1,/[M])
versus time) followed a current first order kinetics.

Key words Atom transfer radical polymerization, “ Living” radical polymerization, n-Butyl

methacrylate, Aluminum triisopropoxide



