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MEFSEEPREXASUSIZAABBERSHHR"
EOfF OREE R b EMTY IHE
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] R

AXHHEFERLRATHRBALLS WA HO-CHCN (3:1, V/V) &
H,0-HCONH, (1:2, V/V) B#HAR TN ABHBmOROZFATHE, £ K
TRASHHELEALTHEBAROOYH, RLALPHRBARLO W4 E
FAARAHAREAR, A FH-PRAALPHEORBENZN LF, A
RTRAOABALENRARANA FFH,H 28T REREME,

XBF FEBE.EAEESIRER BET. SEFRE. ROEEH
BRE EWE e

HEaET (Ce') ASEMAENERAAREAMERIIRERS ZERBER
ALY B ERE R R BT, o BERY, RIS, B3CHRAR AR L2 A X
S TR (S WM s F B R A R EEFIHYE. ERBER (PEV) FAaET
SIRFIHATHMEERE (AAM) BRI AR RNIBENHEHRY, EARRFTRBREBRKS
MR REREE A N SR TR AAM RAAEENREEM. FNERIBE

EBRBLAPPERN U LHEABRTFRHRERE—SRAERE, RERSEE R,
E?ﬁ%@ﬁ&ﬁa?@k‘*%ﬂ’]Eﬁﬁﬁlm%%mﬁﬁbﬁ&%iﬁmaﬁam, &hﬂ:ﬁiﬁ?ﬁ%ﬁ@
B ML MR RS 0, BRSO G T 512 AAM RAHEN, X TH PEU %
BEMIBRERABEEREYL., ATEZBRETREZETRELN-FREFZEF
RENAE TR AAM REKEW, WTTRERMERENERRRES SHIETE,
B T5I R KL,

R

Mk AAM HFEFAILSAMELRE _KEER. FEREFBRHEE (MPC), X
EEETRCE (EPC) REFETRIET i (BPC), X-FREREFTRFE (MTC),
N-HEREEEFRETE (BTC) FHhRBEHRELRE (PIC). REMX-FE (TIC)
BlISHE.CE, ETERMARK. B PIC 5XE, J-FRBERMER N, N-"K#
Pk (DPU) Fn N-ZRE N-¥fRZEER (PTU). LRAFEFREIMERLGHHS
ditk, TRAWLE D ABAFEERGER. OB, Bl (FA) AHFERMEE

* ERERN P ESTERE; ATIT 1988412 A liEll&?lJ. *OBWBERAL
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WIBLLGME . BB (CAN) 4o irdiidR, B/,
(o]
O (O
R— . —NCO+R’OH-—&R— : —NHCOR’
k&¥  MPC EPC BPC MTC BTC
R H ] H CH;
R’ CH; C,H; n-Bu n-Bu
m.p. (°C) 48-49  49-50 61-62  100.5-101.5  63-64
x1 FEPERBRLSYHTREMNT
C% H% N%
&y
HipH SE HipE HE Hipd EHE
MPC 63.56 63.57 6.00 6.12 9.2‘7 9.39
EPC 65.44 65.61 6.71 6.93 8.48 8.43
BPC . 68.37 68.52 7.82 7.91 7.25 7.33
MTC 65.44 65.63 6.71 6.88 8.48 8.74
BTC 69.54 69.84 8.27 8.44 6.76 6.93
Xe

R ETRE, REREE TR R, A WA BB AT RS B
B. REVNS FRAGEENHEERE ], SXRIAKTES TR,

%R 5 W R

LEXPREXtEDMRSHER
£ H,0-CH:,CN (3:1, V/V) fr i 25.0C F, AAM RAF KRR R AL
B 1ATR, BRaHEITEN R, XESH, HBERLE 2, A TRRMEEERER

2
15

{{min)

2
20

25

H1 AAM REHMALRENREBRA
[AAM] = 2.0mol/L, [CAN] = [ &% FE:E1=5.0X 10> mol/L,
H,0-CH,CN (3:1, v/v), 25.0C,
1. CAN-BTC 3|%, 2. CAN-MTC 3|%, 3.CAN-ETC 3|,
4. CAN-MPC 3|%, 5. CAN-BPC 3|%, 6. CAN 83| %.
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B -PEEEE TR RERETEREEHFE F5 2 AABMURAEE, REFES
B, EXRAEE R >1, HPEBEEGFRE.CEETE) NERBR/N, L& MPC,
EPC, BPC = [ R, {R#:E, R, £ 1.33—1.37 ZJal; /& ¥ MTC 1 BTC —#Ei R,

R2 FEFRERMLAUNRAENOER

EH BIEEY | BEWOD | (melito e R, MW x 10
H,0-CH,CN — 5.5 5.53 1.00 3.24
(3:1, V/V) MPC 4 7.51 1.36 3.58

EPC 4 7.58 1.37 3.62
BPC 4 7.36 1.33 3.46
MTC 1 35.1 6.35 4.60
BTC 1 36.0 6.51 4.73
H,0-FA — 4 17.7 1.00 2.36
Q:z, V/V) MPC 3 19.5 1.10 2.55
EPC 3 19.2 1.08 2.60
BPC 3 19.90 1.07 2.63
MTC 1 42.8 2.42 3.56
BTC 1 43.7 2.47 3.69

[AAM] = 2.0mol/L; [CAN] = [£{&FEE]=5.0X10"mol/L} T = 25.0%

IREEE, R, 75 6.35—6.51 2., (BEFRMA LWBPESN R, HBENEN, MTC
BTC fR, Btk MPC F1 BPC kil 4 -
£,

MBS K I HO-FEB(1:2,
VIV R BT, TR S anl
BTEEE| % AAM JRARM R, EH
K, HfE H,0-CHCN th kT 2 5 k&

. RINEEFEREELLE MRS ~orsf
R, {E MPC, EPC }z BPC HIYER4E ~835F
*HBUN, R, TE L1 4. TR MTC, )
BTC R, Wik 2.4 %4, BBAEIR X
R AT, XAARESET
SHEENLA N R KR BN —osif
23] (L3 3). BELA B IR

T, RAZ Y - 3.'30T " 395 540
TXI5K )
APT > AA, MTC > MPC,
NTBA > BA, PTU > DPU B2 1nR, 5 1/T BR%K

_ [AAM] = 2.0mol/L, [CAN] = [HEFHE]=
m?ﬁﬁﬁﬁﬁﬁaﬂﬁéﬁﬁﬁ‘éﬁ&g 5.0X10-* mol/L, H,ZO-CH,CN (3:1, V/V),

eI AR R UL, RibXREEeIiE 1. CAN-BPC 5|%, 2. CAN-BTC 3|%,
HWEE AR, W-pg  F CANMPO S 4 CAN-MIC B,
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HEEFRENSE TR AAMM RENEMNTRERE—FIEXXREHRER PEU
FIRE T O IR BEA R RGBSR ™, BIfE PEU BB B#AT, W RRTF:

O
o~ i ;
c —NH— <O>_ H,—<O>— NH—~c—o-CH,CH,CH,CH,o_} PEU @R
y
~ o -
|
CH,— O — NH — C —0 —CH,CH,CH,CH, BTC
— i
CH,——<O>—NH—C—O-—|CH, MTC
— ]

F3 R A FEN T REE RN

R, X10° E,
B &Y % m R (mol/L - S) R, (KJ/mol)

O
ol
AA <O>NHCCH, 11.8 1.00 18.9
R O
1l
APT CH, O NHCCH, 102.5 8.68 | 9.46—11.1

MPC <O> NHCOCH, 7.51 1.00 36.9
MTC CH,<O> NHCOCH, 35.1 4.67 22.0

BA* <O> NHC <O> 2.88 1.00 30.5
NTBA* CH;<O> NHC<O> 9.25 3.21 18.6

DPU** <6> NH(ﬂ,NH <6> 5.90 1.00 —
, et o —
PT U CH3<O> NH(IleH <O> 9.13 1.55 34,0

[AAM] == 2.0mol/L, [CAN]=T[A]=5.0%10"*mol/L, H,0—CH,CN(3:1, V/V), 25.0°
* H,0—CH,CN (1:1, V/V), 25.0°%
Wil SocF 35
2.REERMiEILEE
FE5| R AR AN IRE, WEARERET (20, 25, 30, 35, 40°C) AAM FREHE
R,, B Arrhenius {EEIZE(E 2) RERARMNOBEREAEE E. ERFITHR A, T
EH, BNEETRERLEVEHETFSIE AAM RAN E. BB, Ef Cett/MTC
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5 Ce'*/BTC AR E, B MK, 25124 22.0 )& 21.7KJ/mol, Hit MTC 5 BTC E/R
B AR,
T4 AAM RAM E (&

SRR CAN CAN-MPC CAN-EPC | CAN-BPC CAN-MTC | CAN-BTC

E, (KJ/mol) 41.3 36.9 37.1 37.1 22.0 21.7

[AAM] = 2.0 mol/L, [CAN] = [ 43 F&:f&]=5.0X10° mol/L, H,0-CH,CN (3:1, V/V),

3. EARENE |

EE AAM RLEEFIEKE,% CAN/MTC K CAN/BTC B|R&HR, MkEHns T
WE [CAN] %t R, B9&m, W 3 iR, Bk, % [CAN] < 8 X 107°mol/L, R,
B [CAN] RUMKTIERE; T T A 5M K hE R i, gk M, MESS
FIRE K, 2 [CAN] > 10X 10™*mol /L, R, [ [CAN] fiATikEfE. 7E[CANI=
2 % 10mol/L = 8 X 107 mol/L FEKN, H—RAEIHENFEWE ), REBWT
FEM LB,

R, = K[AAMI**[CAN]**[MTC]"? (1)
R, = K[AAM}**[CAN]**[BTC]** : (2
o"\ )
~ 400 »
@
2 N
g
'Z 3.00 ‘
% )
“ 1 1 {
2.00 ) 510 1 e s
{CAN]x 10%(mol/L)

B3 AAM ZRA&HESE [CAN] BIXAR
[AAM] = 2.0mol/L, [MTC] = 5.0%10* mol/L
'H,0-CH,CN (3:1, V/V), 25.0%,

BEARAETRMNT, L1k RERNEL L

Fix A+ Ce** A Complex AR+ Cot + HY 3)
R+ + M—> RM- )

H M + Cet* —is M- | ).

Ha K RM: + M k'>RM,- (6)
M-+ M —% M, (7

Myie + M —2> M, (8)

3
F

M, + M, A polymer ©))
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R+ + Ce*t K, product + Ce3* + H* (10)
HETR MERSLE, B E dR-1/dt =0, d[M-1/ds =0, FEH
IMI[Ce*T\"2 { ;. K- ki [A] 2 h
M-] = / : . e 11
e = kom > i+ Gy (ko/k;)[Ce”]} an
= kIMP2[Cett]2y,, K- ki [A] he 12
R, = LB+ R sy T } (12)

FLRMHERHEHR). (DR (12) Rxftk, THUFEHXNTF CAN/MTC 5
CAN/BTC B|R&KAFE [CAN] = 2.0 x 107 Z 8.0 X 10 mol/L {EERNLILE N
DI 2 1k 20 2ER0. FTRIIA 26 s T ERR G _b B0 B AR R4 T BB T MTC R BTC
5 Cet* MKAN, RAIT Ce'* BE%&ILER. )

*F CAN/MPC 5 CAN/BPC BlR&H, £ [CAN] =120 X 107 ZF 8.0 X 10~
mol/L #E M, R, b [CAN] KUMATGIMEIE, MBI BN EHEN

R, = K[AAM]"*[CAN]~*#[MPC]*¥ , ‘ (13)
R, = K[AAM]"¥7[CAN]-**[BPC]"* (14)
BIRL LR Cet 5% IR, (ORTHWT
M, + Ce‘*———k—'> polymer (15)
B ER AL B AT LB E
[M] [, K - ks - [A]
M.] = i+ 16
1 = B b+ s o Tee ) 16
_ ke IMI*f,, K - kqs-[A]
f ks {k * [M] + Cko/ki) - [Ce““]} an

1g{1]

—3.00 —2.50 -2.00
T i I T [}
s {~3.00
Q,
¥oas0 —32g
=
—2.75 —350
¥ ! ' 1
0.10 0.20 0.30 0.40 0.50

]gl/\AMX

4 1gR, 5 1g[1] R 1g[AAM] W%FK
1.1gR,-1g[AAM], 2.1gR,-1g[MTC], 3.1gR,-1g[CAN].
LM RR N ZEHRO3), MDHRERRRSHER (17) XAk, MPC 1 BPC
WEE BN AN, ERLL ¥R, Wik CAN/MPC 5 CAN/BPC {A#&A#% [CAN] =
20 X 107 8.0 X 107 mol/L MK, RUSETFEENEEREYE. HtTL,
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Ig(1}
—3.00 —2.50 —2.00
] T T

—3.75

1 1 .
0.10 0.20 0.30 0.40 0.50
IgIAAM] vy

AP

E5 1gR, 5 1g[1] & 1s[AAM] g3k &
lgR,—lg[CAN], . 1gR,-1g[MPC], 3. 1gR,-1g[AAM].

SimTEREE @@E‘ﬁﬁi?ﬁ RAVBRUCERE 260,

4. 5| R R EiHLI8
RT Ce** 5REFRBERNSIZNBRITINGT Ce* STERRERMMUS.

MELBEBERXEREFRETHHESAE TS 6, MEREPRER LROSBRER, £
BREERES | ZBEERE, -

Cel* + HyQoetmme Ce(OH)+4+HE ¢

8+

o
i
-@NHCOR + Ce(OH)* @ \&

Hr\Ce

3+

OR
& v
mo + | (OPY 72
: Ce

@-N 0+ H,0 + Ce?*

Bk

e

$ F X M

[1] Nayak, P. L. and Lenka, S, J. Macromol. Sci--Rev. Macromol. Chem. 1980, C19(1), 83.
[2] Misra, G. S. and Bajpai, U. D. N.,, Prog. Polym. Sci, 1982, 8(1), 61.

[3] Mino, G. and Kaizerman, S., J. Polym. Sci, 1958, 31, 242.

[ 4] Subramanian, S. V. and Santappa, M., Makromol. Ckem., 1968, 112, 1.

(51 SBFH. R, EEIR,1966,17(9),407,

[6] Misra, G. S. and Khatib, J. L, J. Macromol. Sci.,, Chem., 1983, A20(5&6), 577.

[7] Saha, S. K., and Chaudhuri, A. K, J. Polym. Sci, 1971, Pt A-1, 9(6), 1505.



220 S T - T S - S 1990 4

{81 Feng, X. D, Sun, Y. H. and Qiu, K. Y., Macromolecules, 1985, 18(11), 2105.
[9] E#HT.EH,2ERS FERRIME S AL, RIX,1987,20,

(101 #FRK T B8, T B R ,1986,B(11),1121,
[11] Collinson, E., Dainton, F. S. and McNaughton G. S., Trans. Faraday Soc., 1953, 53, 489.

[12] Narita, H., Okamoto, S. and Machida, S., Makromol. Chem. 1969, 125, 15.

STUDIES ON THE KINETICS OF THE POLYMERIZATION OF
ACRYLAMIDE INITIATED BY CERIC JON/ALKYL PHENYL.-
CARBAMATE AND ALKYL 4-METHYLPHENYL-
CARBAMATE SYSTEMS

WANG Wei, SUN Yanhui, SONG Ye, , QIU Kuhyuan and FENG Xinde

(Chemistry Debartment, Pcking University, Beijing)
AssTrACT

The Kinetics of polymerizz;tion of acrylamide (AAM) initiated by ceric ion-alkyl phen-
ylcarbamate and ceric ion-alkyl 4-methylphenylcarbamate redox systems in the temperature
rang of 20—40°C has been investigated. It was found that ceric ion coupled with alkyl 4-me-
thylphenylcarbamate was a very effective initiating system for the polymerization of AAM.
The overall activation energy of polymerization and the rate equations of polymerization were
determined. A initiation mechanism involving the formation of a complex between Ce** and
alkyl phenylcarbamate whose decomposition yields the initiating free radical has been suggested.

Key words  Acrylamide, Redox initiation system, Ceric ion, Alkyl phenylcarbamate,
Rate equation of polymerization, Overall activation energy of polymerization





