514 A M = N ¢ No. 1
1997 4 2 i ACTA POLYMERICA SINICA Feb., 1997

4,4 BE(4 EERBHNFRR)INEKRKER
AR BEHRE5I R

FEMN RBETL
bk 5T IESR 3R 100871)
EXE HER
(bW Tak COFRET k¥ 201208)

B OE OOWT AFRMEREEMN R TRENBNETIEN, 4,47 AR
(4 RERBGRER WELBARRIREN N R R, FRIELEN 124.6 K-
mol 1 B BRI A AR EEFMS CeUV)HM AT L RURE, BHTHAR
WTIEY, T 65C R MR B - HER S ERBERY HAGHHRY, £ IRF
SR GREIRY.

X@iE SUEESIER, 4,4 ERCFERBMERE), AmBREARE

LA ERRE - ERRBH —RFASI LN RERHRETARAN=
N—#3d H—0—O—@# 5 &, W 4, 4 BRI R R R AT B %0, e
B RETEEAR S HER ORI AR ER AR EREARY. A ARG RAR
M EE R SR E R IR M B 3R A, A BER 4,47 BR (4R
RS 4,4 AR T[4 RUE B (g B ) B, —am R EE S (V)R ERL
B Y s &3 BURIER 4,4 B A T[4 FUERBL (- R &) R, FREERES
SR TR TR RS AR AFEN 4,4 -BATG-AERRERTE,
EEIEE R T REFSA ENETILRS.

ATt -REBAEAN FERERREN L HREIIEN, 4,4 -BRZG-RE
TR B %4 BB ) (ACPMA) . %51 7] B 3 40 28 T B B R S i A L Ao RSB, T L1
R SRR AR R, B T AR IR 31 K R IR A i i B R

1 SEgES

1.1 &

4,4 (BB (4-BEIRER) (ACPA), N Fluka Co. 7 &, BB HH B (CAN) B WL
B BE . = 2R ok 2Rk, DU S M (THF) (N, N- " I 5 H BE R (DMF) L AR
w5 FEE . = ST R AR TR R (AN | TR 7465 R T B (MMA) IR M BE (AAM) 11
B P, # RS I A

 1996.03-19 W HE:1996-08-27 B B4 THE THERFEALRENPEO M LTS FELTRBRE
= BIRBEEA

91



1997 4=

i
S

92 N A &

1.2 ACPMA &

BB 10, DL ACPA BRI E, 4T GBS 5V 83 4,47 AT (4-w &
KB (ACPO), IR ¥ (A A, 48 15 92~ 95°C (4+48), P2 85% . ACPC 7€ THF T 5%fH
ERE= AT TR LR Y, 28 E %4, 55 ACPMA =8, 54 118~
120T (5388), P 77% LR MTEE ST R CueHaNeO: 1HE (%) :C 68.12, H6.55,
N 18.34, T{E(%).C 67.75,H 6.19,N 18.67.

ACPM HIZL 5138 7% (Nicol SMX L0 4R34 3% (4, KBr &7, em 1) 1650 (C = 0), 3250 (—
NH—),2250(—CN), 1600, 820 (—C,H,—), 1550 (—N = N—). #% ff 15 1% i ('H-NMR,
ARX 400 % #% 3£ 4R {3, CDCL 1, 8), 1.80(CH;—C), 2,28 (CH;-C4H, ), 2.34, 2.53(—
CH.CH,—C0O—),7.05~7.36(—-CyH,—), 7.95(—CONH—)..

ACPMA [0 SRR 58, 25 B VDRI S & ) 1B B 0 72 Ak i A0 i, BRI
150 mg 5147, 40 ml DMF, £35 & iR 5 0 1%, HhE 30 min B B SEB(V,), Wi
N BRTERAAE (VL)L B In( Ve Ve — VR ¢ BB TFE 4 SR A28 4,
b, ETIAFE L

Table § Kinetic data of thermal decomposition of ACPMA (in DMF)

T(C) kg 10 (s Yation ) Half-life*¢,,, (h) E, (K] mel '}
65 1.94 9.9 124.6
70 3.35 5.8
75 5.15 3.7
80 9.60 2.0
0.693

B T 3600
1.3 EEIAEVNERDNHE

A —E B ACPMA, #4k, DMF( 3 THF), IRIFS A — & B4k (CAN) K 73
HLE N, AEHESESH, £30CHETE SN EHHEE, A3 BY PEITE L5
G, 2 TRWE, R R BB S RN R ). TREETA
# 2. MFRXREEIEE 30C Fi#fTe, B ACPMA B AEF S8, ArER Y
WESHRAEWHEY. PAN FIRWH FT-IR B, 4 2240 om ' LA 4 4% 1 W it
W%, 75 1680 cm A BERRIEATERIE MRS, T 1570 om L LbH — /I 0 R L L AR Y TR e
% .

Table 2 Synthesis of prepolymer by Ce(IV) sali-ACPMA imitiation system®

No Monomer DMF/H, O ACPMA CAN ! Conversion f r;]

(ml or g} {ml/ml) (mg) {mg) {h) (%) {dl/g)

Al AN2.0 15/10 45.9 57.8 1.0 26.7 2,14t

A2 AN 2.0 15/10 45.7 . 116 1.0 31.6 1.55%
A3 AN2.0 15/10 52.8 119 1.0 43.3 1.37"
AM 1 AAM 6.0 30/10 155 351 0.5 16.0 0.48¢
AM 2 AAM 3.0 15/5 77.6 89.4 0.5 13.7 .14
AM 3 AAM 3.0 15/5 77.6 176 1.0 15.0 1.15°
M1 MMA 2.5 10/5" 24.4 57.8 16 23.4 0.87°

a. Reaction temperature: 30T ; monomer: AAM in g, the othersin ml.  b. In DMF at 30.0C . ¢, In glacial acetic
acid at 30.0T . d. Mixed solvent: THF/H,0
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1.4 REERHIHE

PAN-b-PMMA ##] & : FFE— & B #7 PAN BIEH( W), DMF & fit MMA #4%,
BEGBESEEHBAE, LA SCHBR TR GEE EnE. M B HREITE S I
WY, FRFE(W,), f a8y PMMA 95 Y 29 BR B 2B 30~ 48 h. bR %,
FAEFRE (W), #t-25F 50% B NaSCN /KIE#Z i 120 h.BR % PAN, THFRE(W,).
BAS R A PAN-b-PMMA . RFIAFE 3.

Table 3 PAN-b-PMMA prepared by the block copolymerization of prepolymer®

No. Prepolymer MMA ' PAN-b- PMMAY Purified block copolymer

weight . W, W W, PMMA® PAN [nl*

W, {(ml) (h) (g) (g) (g) (wi% ) (wi%) (wt% )
(g) {%) (%) (%)

Al-b-1 1.150 1.5 3 0.320 0.170  0.140 14.2 85.8 1.86

(12.0)  (10.6) (1.4)

A2-b1 0.170 1.5 3 0.330 0.200 0.150 20.0 80.0 1.35
(11.3) (9.21) (2.1)

A3-b1 0.164 1.0 10 0.663 0.230 0.218 30.3 69.7 0.94
(53.1)  (36.1) (7.0)

A3-b2 0.176 2.0 10 0.935 0.362 0.341 54.5 45.5 1.20
{40.3)  (30.4) (9.9)

A3b3 0.156 3.0 10 1.484 0.750 0.732 81.1 18.9 1.20
(47.1) (26.0) (21.7)

Adb4 0.157 4.0 10 1.900 0.991 0.979 85.1 14.9 1.26
{46.3) (44.1) (22.2)

A3b-S 0.160 2.0 6 0.672 0.269 0.250 43.5 56.5 1.09
(27.2)  (21.7) (5.5}

A3 b6 0.171 2.0 17 1.487 0.726 0.704 78.9 21.1 1.16
(70.0)  (50.5)  (19.5)

A3 b7 0.157 2.0 30 1.387 0.524 0.504 72.7 27.3 1.38

(65.0) (45.5) (19.5)
a. Block copolymerization condition: in 20 ml DMF at 65T for A-1 and A-2 series, in 10 ml DMF at 70T for A-3 se-

res. b. W,: Weight of crude black copolymer and the number in parethesis is the total conversion of MMA calculated from
(W, W, }/MMA weight X 100% . W,. Weight of block copolymer after PMMA is extracted by boiling acetone and the
number in parethesis is the homopolymerization conversion of MMA caiculated form ( W,-W, Y/ MMA weight X 100% .
W, : Weight of block copolymer after PAN is extracted by 50% NaSCN aguoues solution and the number in parethesis in the
black copolymerization conversion of MMA calculated from ( Wy- W, )/ MMA weight X 100% . c. Percentage of PMMA in
purified block copolymer is calculated from (W,-W,)/ W, > 100% . d. In DMF a1 30C

PAAM-b-PMMA 4% . BFE — & E i PAAM FiR ¥ (W), KIEH, MMA 24, B
WIRBRASEHESE, BN 65SCIERB HE & FI3 & rHE . F B R L R
B, THFE(W,), 2 EF 2R 40 h. Bk % PMMA, TREE(W,), BL2KRHE
20 h. B % PAAM, THRFE(W,) TRERIIARE 4.

BB R . S8k A PAN-b PMMA £ 4% i B #, 2243 cm ™' 4 CN &
G TR i, 72 1730 em ™ 1 1150, 1190 em ™! £h 435Il 4 Bs 49 AL F1-OR ZE i FRAE A 0% .
PAAM-b-PMMA BJ4L9MEE &1, 3429, 1673.1620. 1452 cm ™ ' F-CONH, )5 {iE R 0%,
fAEE 1730 em 'H1 1150,1190 cm ' 42 i B0 ES 38 (9 SR (E YR W
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Table 4 PAAM-b-PMMA prepared by the block copolymerization of prepolymer®

No. Prepolymer MMA PAAM-b-PMMA® Purified block copolymer

weight W, W, W, PMMA® PAAM [ 5]

W, (ml) {g) (g) (g} (%} (%) (dt/g)
(g} (%) (%) (%)

AMI-b-1 0.202 2.0 0.623 0.460 0.377 52.5 47.5 3.46
(22.4} (11.9) (10.5}

AMI-b-2 0.202 4.0 0.602 0.339 0.311 44 .1 55.9 3.30
{10.6) (7.0) (3.6)

AM2-b-1 0.254 2.5 0.781 0.558 0.479 64.0 36.0 2.49
(22.4} {9.5) (12.9)

AM3-b-1 0.253 4.0 0.715 0.438 0.345 54.2 45.8 2.77

{19.6) (11.7) (7.9)

a. Block copolymerization: in 20 ml HyO at 65T for7 h. b. W., Weight of crude block copolymer and the number in
parethesis is the total conversion of MMA. W, Weight of block copolymer afier PMMA was extracted with boiling acetone
and the number in parethesis is the homopolymerization conversion of MMA. W, : Weight of block copolymer after PAAM
was extracted with water and the number in parethesis is the block polymerization conversion of MMA. «. Percentage of
PMMA in purified black copolymer is caleulated from ( W,- W )/ W, x100%. d. In glacial acetic acid at 30C

2 ER51g

2.1 S|ERNEESHIE

i ACPA M b R0 8L F (L MIBLIR 1L — 45 17 W #1118 ACPMA 3| &7, ik o8
AREE, LITTF M IR.NMR FIE, BF B9, T 08040 8 58— % 2 5 4
B H In(Va/ Ve - V)X ¢ EEB—HL(RE 1), HEHRE 6, BEAIAE1. A
Arrhenius /875, Bl Ink, F 1/ T 1618, d 1K ACPMA #4875 ILEE E, X 124.6
KJmol ',iX5 4,4’ BE[4-HEILB(3- B 2K E,=103.9 KJ mol 10455l
2.2 RBRAEPHSR

ACPMA B & " RIhBERR 51 R ), © B A SE#ET Ce(IV) B M AL IR | % 111-13),
R B 30C, BMBRARRLMREARS Ce(IV) TR, BAMBREY S HHRE

B EESEE(SC) ARy

20 W RS R B — kSR
g BERBEERY. THTEEFER
R EROMEINRBEES, Hami
T Lo B I A A B BT R,
a-_; RIS Ce(1V) £ 15 38 35 4 4 4L 5T B
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Fig.1 Thermal decomposition of 4, 4" -azobis| 4-cyanopentanoy mER, B RIIEH Ce(IVBIE L
(4-methyi anilide} |{ ACPMA)} in N, N-dimethylformamide at AERNEHETE Y, MEH R
dif-ferent temperatures, 1.80C,2.75%,3.70C,4.65C %%Eﬁﬁd ‘:F', EE {% ﬁ%ﬂﬁﬁ%lﬁ
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i3 ) 2 PAN-b-PMMA, PMMA-b-PAN fl PAAM-b-PMMA, I =# R H §E
¥ PMMA . PAN.PAAM o] S 2E U BR 2, MG RIS BRI K2 A& T A Ce
(IV)-ACPMA €L iEFE& AR &S F B R %N PAN.PAAM.PMMA TR ¥ 5 W &
& FEYHTINREI RS — S E LR, #l & PAN-b-PMMA( L 3)#l PAAM-b-PM-
MA(RZF ) HEABER VAR EHEEARN NS, SMTES0% U L ATSE
HENENTRYRIME T - KO THHEM M TFEHE, EEIRXELEREER
AR HECECHERREERYN . BBt Ry S, 8-
BIKBSWEET >50%L E, WAF RN & 4R

BB LB ELE . 4 b # PAN-b-PMMA,PAAM-b-PMMA £ IR BLE(RK 1.4 %)
A EEEY. NE SN[ 715K E, PAN-b-PMMA B R [ n ] WEZE I PAN
R DR M X R REARY A FRERRTHEMER AR, hrlgt
PAN RS EMNBmGI AMUEEARETE S THEPNE, RSB FEE L WFEmRE
&4 . i PAAM-b-PMMA kBt B Y[ g MEE L PAAM FIEWX.

it AR BRLRRFEHEHEECC, FEORT.
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SYNTHESIS OF 4, 4’ -AZOBIS (4-CYANOPENTANOYL-
p-METHYLANILIDE) AND USE AS AN INITIATOR FOR
RADICAL BLOCK COPOLYMERIZATION

DONG Lishuang, QIU Kunyuan
(College of Chemistry and Molecular Engineering, Peking Universiyt, Beijing 100871}
LU Wenkui, CHEN Dequan
(Shanghai Research Institute of Petrochemical Technozagg}. Shanghai 201208)

Abstract A new kind polyfunctional initiator 4, 4’ -azobis ( 4-cyanopentanoyl-p-methyl
anilide) {ACPMAY} has been synthesized from 4, 4’ -azobis (4-cyano pentanoic acid) via two
steps reactions. The thermal decomposition rate of ACPMA in DMF was determined by
nitrogen evolution technique at 65, 70, 75, 80T, respectively. It was found that the
decomposition reaction follow first order kinetic and the activation energy was calculated to
be 124.6 KJ mol™'. The prepolymer containing azo end group can be obtained from the
polymerization of monomer, such as acrylonitrile (AN}, acrylamide (AAM) using Ce(IV)
ion and ACPMA as a redox initiator. The p-methylphenylaminocarbamoyl group would react
with Ce(IV) ion to form a nitrogen center radical to initiate monomer polymerization and the
azo group is reserved. When the prepolymer obtained was mixed with methyl methacrylate
(MMA) in DMF reacted at 65C, the decomposition of azo group tock place and resulting
macromolecular carbon center radical would initiate MMA to block copolymerization. The
purified block copolymers were characterized by IR analysis.

Key words Polyfunctional initiator, 4, 4’ -zaobis(4-cyanopentanoy}-p-methylanilide), Free

radical block copolymerization



