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5% % HCl SRR L. REWACBEZIR, KR TRIKM =Rk, B TR EE, THE™R.
1.3 BEYRIE

ROV R n ] R — 5B S A EETF[ (25 £0.1) °C, DUk ]I E. &M [n] =
(1/e)\2(m,, - Inm,) HEREIRRHERE, Hor g HEHOREE ) AARXS KGR, REWIEUS 737
(M) BTG (M, /M,) 1 Waters-1525 BEESS 3 (5, THE MR S0, LIS EURHEZ
W MARRE ) iR 1.0 mL/min. £LAMRISOEIE B Brucker Vector 22 FTIR £LAMGIEAM G , F KBr 25 F
BRI RER. B4 "H NMR 1% H Bruker Avance DMX500 (500 MHz ) 48 S A% G 2L PR (Y T 25 C il
5E, CDCL R, TMS R ds. KA WH 22345 BT (DSC) #£ Perkin Elmer Pyris 1 DSC 1% ( - 60 ~
220 °C) b, $#RFE /4T (TGA) 7E Perkin Elmer Pyris 6 TGA Y -l %E.
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F 1 45 AR 0 2R B Ak DG IE S 3 S JUIR R (n-OctNCO) AR A 152 m. vl LIE S|, H
MY Nd( Py, ), 303 ALGi-Bu) s #EBABEMEAL n-OctNCO B4, HAG W A0 A W R b BL 48 M Ak SR — 5 I
)5 A BEA SO LR A IE SR IRES. =5 T3 AL(i-Bu), ] ABMEILFIE, 1 o0 E 5
PRV IS S ALK, B £ 3 L E AR R 3R A M &, R RIHE £ T R AR n-0ctNCO R G 1)
TEMEUT R Nd > La > Gd > Tm > Y. X TEHAMFENEFLEE [ nd' (n+1)s | ETER, #ATEER
i ITC R MBS F (L’ ) BRI AR K, T R La > Gd > Y, RS HRRE AR 5811142
BRI B F R MR A, W o R B 25 R g Ak R i 76, AT F A F T IR
+ICE R IE R R EUR AR Y B A AR PE(Nd > La, Tm>Y). Nd(Py, ), 8 EMEAAFIN, 53005
EYIRAEG BIRHERG R, JUHLL Nd(Py, )/ ALG-Bu) IR R N fe i, it T HE AR R, AL
FEE R AL AL B A n-OctNCO AYTEHEITE A Al(i-Bu) > AlEL > Al(i-Bu),H, Frf3 & Y45k
B2 AL(i-Bu) ;> Al(i-Bu),H > AlEt,. 8.2, i Nd(Pyy, )l Al(i-Bu)  ZH AL IR R A1k 1 3 3
FRRBERG, HRREWBCEREER S om0 IE 5 R 5UR TR R G i R IA .

Table 1 Bulk polymerization of n-octyl isocyanate with various catalyst systems®

Catalyst system Valence electron configuration of Ln Radius of Ln**/nm Yield( % ) [n]/(dL-g™1)

La(Pyy )3/ Al(i-Bu) 5 5d'6s> 0.103 2 78.0 1.65
Nd( Py, )5/Al(i-Bu), 4f %65 0.098 3 88.3 15.4
Gd( Py ) 3/Al(i-Bu) 5 4f75d' 65" 0.093 8 64.0 1.71
Y (Pyy)3/Al(i-Bu), 4d'55 0.090 0 39.8 1.52
Tm(Pyyq )5/ Al(i-Bu) 4 453652 0.088 0 50.5 0. 80
Nd( Py, ) 5/AlEt, 67.8 1.23
Nd( Py, ) 3/Al(i-Bu),H 39.0 6.27
Nd(Pyy)5° 0

Al(i-Bu),° 0

a. Conditions; ¢(n-0ctNCO) =4.96 mol/L, n(n-OctNCO): n(Ln) =100, n(Al):n(Ln) =10, polymerized at — 10 °C for 10 h;

b. no cocatalyst AIR5; c. no rare earth catalyst LnL;.

HELT Nd(Pyy, )5/ Al(i-Bu) R R A = 5 T AR EAEALT Nd (P, ) 5 A FH X 1E 2 S U AR R AR
WREREm, 2558 TR 1. AR BCA R G, A 3 P Ao B 32 550 R0 B4 Ak 550
N A, B AR S AR RE H A — D ERC L. B 1(A) AT, n-OctNCO AR, L n(Al):
n(Nd) N 10 el , BRI REW =N 88.3% , FrtEkiEON 15.4. K 1(B) £, REYHFERS
BAE[Nd] =4.96 x10 > mol/L I fE. Nd(Py, ),/ Al(i-Bu) ML BURER R S HLEC A R A, KT
PR 23 (B BH REAE — e FERE LA [l SRy, Jdi/b — R R A = A p, R mT IR B R AR,
F2AEH], 7£-50 ~ —10 CZH], EFIERFHREGAE Nd( Py, ) o/ ALG-Bu) A T A TAKR S, BT
RG22 | RS ECREY 7 i bl A SR AR M =i &, #E - 10 ~40 CZ RN, iR
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Fig.1 Relationship between n( Al)/n(Nd) and polymer yield( A) and effect of catalyst concentration(B)
on the polymer yield(a) and [%](b) in bulk polymerization of n-OctNCO by Nd(P,,),/Al(i-Bu),
The other conditions are the same as in Table 1.
EFEEI60 Cl, WSARIREY). 76 - 10 CTFRER, KLk F RN RS TEHIUT R . E 5
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Table 2 Bulk polymerization of alkyl isocyanates by Nd (P, );/Al(i-Bu), at various temperatures®

Entry Isocyanate t/°C Yield( % ) [n]/(dL - g ") 1074 Mnb MWD?
1 n-BuNCO -10 57.1 82.1 2.50
2 n-HexNCO° -10 82.7 39.6 2.44
3 n-0ctNCO -50 79.5 13.9 33.9 2.89
4 n-0ctNCO -30 80.5 15.4 37.4 4.08
5 n-0ctNCO -10 88.3 15.4 38.9 3.53
6 n-0ctNCO 20 74.2 13.2 33.6 3.65
7 n-0ctNCO 40 22.3 10.7 28.7 3.10
8 n-0ctNCO 60 0 —

a. Conditions; [ n-BuNCO] =7.26 mol/L, [ n-HexNCO] =5. 86 mol/L and [ n-OctNCO ] =4. 96 mol/L, the other conditions are the same
as those in Table 1; b. determined by GPC against standard polystyrene; c. data from ref. [18].
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Table 3 Polymerization of n-octyl isocyanate by Nd(P,,,),/Al(i-Bu), in various solvents *

Solvent e w/D Yield(%) [n]/(dL -g™") Solvent e w/D Yield(%) [n]/(dL -g™")
CCly 2.24 0 79.7 15.4 CHCl, 4. 81 1. 15 23.1 10.2
n-Hexane 2.28 0 88.0 15.5 THF 7. 60 1.73 56.5 12.3
Toluene 2.38 0.43 91.8 15.3 DMF 36.70 3.86 0 —

# Conditions; [ n-OctNCO ] =2. 48 mol/L, the other conditions are the same as those in Table 1.
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Fig.2 Effects of monomer concentrations(A) and polymerization time(B) on polymer

yield(a) and [n] (b) of solution polymerization of n-OctNCO in toluene

The other conditions are the same as in Table 3.

Table 4 TGA anlysis of polyalkyl isocyanates *

Polyalkyl isocyanate

Temperatrure corresponding to mass loss/°C

. Temperatrure corresponding to mass loss/“C
Polyalkyl isocyanate

2% 5% 10% 2% 5% 10%
Poly (n-BuNCO) 179.0 194.0 203.6 Poly (n-0ctNCO) 211.3 224.3 256.9
Poly (n-HexNCO) 207.6 213.9 218. 4

* Heating rate: 10 °C/min. The samples of poly(n-BuNCO) , poly(n-HexNCO) , and poly(n-OctNCO) are entries 1, 2 and 5 in Table 2.
2.4 REDHFERWE

5T TR AW ( <30% ) B, Fi LAEALIA R Nd(Pyy, ),/ Al(i-Bu) o i b7 3 5 UK R 7E
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Fig.3 Kinetics plots of n-OctNCO polymerization at various catalyst concentrations( A )
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and the plot of In(R_) vs. In[Nd](B)

Conditions: [n-OctNCO] =2.48 mol/L, —10 °C, n(Al)/n(Nd) =10, toluene as solvent. a. [Nd] =16.5 x10~* mol/L;
b. [Nd] =12.4 x10 3 mol/L; ¢. [Nd] =9.92x10"3 mol/L; d. [Nd] =8.27 x10 ~* mol/L.
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In([M],/[M]) as a function of time at various temperature( A) and the effect

of polymerization temperature on polymerization rate(B)
Conditions: [ n-0ctNCO] =2. 48 mol/L in toluene, [ Nd] =12.4 x 10 = mol/L, n( Al)/n(Nd) =10.

a. —10°C;b. —ZOOC;L‘. —300C;d.

-40 C.
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Coordination Polymerization of n-Octyl Isocyanate Catalyzed by
Rare Earth Phosphonate/Alkylaluminium System

YANG Xiong-Fa, NI Xu-Feng, SHEN Zhi-Quan”
([Institute of Polymer Science, Key Laboratory of Macromolecule Synthesis and Functionalization,

Ministry of Education, Zhejiang University, Hangzhou 310027, China)

Abstract Coordination polymerization of n-octyl isocyanate catalyzed by rare earth phosphonate catalyst
Nd( P,y ), using Al(i-Bu), as cocatalyst was carried out at — 10 °C to obtain poly(n-octyl isocyanate) with a
high molecular weight and narrow molecular weight distribution. Under the optimal polymerization conditions
n(Al)/n(Nd) =10 aging at 50 C for 5 h, n(n-OctNCO)/n(Nd) =100, polymerized at —10 °C for 10 h in
bulk, producing a polymer with 88.3% yield, Mn =38.9 x10*, and MWD =3. 53. The kinetics and mecha-
nism of the polymerization were investigated.

Keywords Rare earth phosphonate; n-Octyl isocyanate; Coordination polymerization
(Ed. . W, Z)



