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Scheme 1~ Synthetic routes of acetylenic monomers and polymers in the presence or absence of DOPO group
L1 E R LR T R (C,COOH) 9 45 2H, —OCH,—), 4.08 (1, 2H, —OCH,—),6.54
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M-34 . [ (& [ £, 7= 3% % 63.3% ;IR (KBr) , v
(em™'):3304 (=C—H), 2954 (Ar—H), 2110
(€=C), 1739 (C = 0), 1608 (Ar—H), 1510
(Ar—H), 1251 (P = 0), 1072 (P—Ph), 937
(P—O—Ph), 844 (Ar—H), 751 (P—O0—Ph);

'"H-NMR (CDCI,):1.02 (d, 3H, —CH,), 1.58
(m, 2H, —CH,—), 1.83 (m, 2H, —CH,—),
1.92 (m, 2H, —CH,—), 2.00 (s, 1H,

C=C—H),2.33 (t, 2H, —CH,—), 3.95 (t,

(d, 2H, Ar—H),7.00 (d, 2H, Ar—H), 7.13
(m, 1H, Ar—H), 7.21 (m, 1H, Ar—H), 7.26
(m, 2H, Ar—H), 7.37 (m, 4H, Ar—H), 7.50
(m, 1, Ar—H), 7.61 (m, 4H, Ar—H), 8.16
(m, 3H, Ar—H).

M-0: [ {58 5 L 7= % % 65.67% ; TR (KBr) ,v
(em™'):3307 (=C—H), 2954 (Ar—H), 2119
(C=C),1728 (C = 0), 1608 (Ar—H), 1510
(Ar—H), 840 (Ar—H); 'H-NMR (CDCl,, 8):
1.00 (t, 3H, —CH,), 1.55 (m, 2H, —CH,—),
.80 (m, 2H, —CH,—), 2.00 (s, IH,
C=C—H),2.10 (m, 2H, —CH,—), 2.45 (m,
2H, —CH,—), 4.05 (t, 2H, —OCH,—), 4.18
(t, 2H, —OCH,—), 6.96 (m, 4H, Ar—H),
7.25 (s, 4H, Ar—H), 8.18 (m, 4H, Ar—H).
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VE R B AR, 355 A 2 mL DU &k ieg % .
Bt Sk o T e 1 A T R 2 8 3 PR T R R
R4 AE 60°C T AT I A3 KL
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R TEREFE G 258 F 3 3] 200 mL K B EE
FEAULVE . K ULVE P O A B VT DU S
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Table 1 The polymerization of M-34 and M-0

No. Catalyst Cmonomer * Ccatalyst Time (h) Yield (% )
P-34
1 [Rh(nbd)Cl], 100: 1 6 8.1
2 [Rh(nbd)Cl], 100: 1 8 13.6
3 [Rh(nbd)Cl], 100: 1 10 13.9
4 [Rh(nbd)Cl], 100: 1 12 14.2
5 Rh(nbd)B(C¢Hy), 75: 1 8 50. 1
6 Rh(nbd) B(C4Hs), 100: 1 8 44.3
7 Rh(nbd)B(CgHy), 150: 1 8 32.5
8 Rh(nbd)B(C¢Hy), 200: 1 8 28.7
P-0
9 Rh(nbd) B(C4Hs), 100: 1 8 77.8

2.2 '"H-NMR &#
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PEREHEIR 2 ) AT R A, X T R A
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Fig. 1 '"H-NMR spectra of P-34 (a) and P-0 (b)
( chloroform-d )
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Table 2 MW, MWD, thermal stability, T, and T, of Polymers

Temperate of 1% Temperate of 5% Char yield at
polymers M, MWD Tg(°C) T,(C)
weight loss (°C) weight loss (°C) 550°C (wt% )
P-34 7900 2.6 274 308 53 47 116
1003100 2.1
P-0 147 329 16 62
8000 1.4
2.4 AREGSW Temperature (°C)
P 2 Fie 2 T LU e RS K TR 5% e — ¥
R Jir Xof 7 B3l B, PO s ad P-34 3 20°C (% 2),
R PO BYFAS E PE4F T P-34, SR T P-34 73 i 2K s 801
T 1% T X R AU B AL 270°C BP0 E 3
130°C (% 2) X & W P34 f£ 300C 2 LAH 2 g
0 AR . AR SCHR A 18 2 W B A I X 45 4 2R S 401 =
Rz PR DA O X = A ) 0 2R T 2 0 R e A R = b " P-0
O SR A SC TR ST B B 1 -ROB A A S
e L 2y 2= 0 1 1 I 1
W5 & DOPO 5 (4-Z W FLRHIRER) [ 44— 50 150 250 350 450 550

FE, B B DOPO (5] ARG T 43 155 N H Al 2
[ f AH B AR T, DA 4 v T AR . 5 UL TR
B, P IR B AFAAE, WA P-34 7£ 550°C i HA %
B B R, K F) 53% , G i T PO Ay AR R
16% (£ 2). X —45 RWEHIE 77 % DOPO % (4-
COHRFETE ORI ) A5 A W A 5 b AR B R &5 i
A AR R S S SR S )
PR TE— R bt mT DB Ok 4 i B AR 3R 2

Temperature (°C)

Fig. 2 TGA diagrams and second-heating DSC curves of P-34

and P-0 measured under nitrogen at a heating rate of 283 K/min

2.5 REYHEETH DSC#HR

T2 3 55 — T R -R R ok AR T BR A R
J5 B 2 13 2 & P-34 F1 P-0 DL 5 K/min 3 45
ZWRTHE SR A DSC fh £k 5 5. 2 B 4
ATLUE Y, P-34 78 Z T i I 5 B0 B Y
W, A 6 I B B AL R AR R (T, = 47°C) M
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AP 5 T VL i PR TR A o S TR T 05 A 1
B8 2 B 1 M KR A R R A 1 — A
JiE. X F P34 1) T, {% T A &% DOPO Ki%I T &4 ¥)
PO f T, , % — B 3L H] T DOPO {E Sy Ml I iy —
B4, BRI R TR0 JE 2 ] f AR R IR A
1 i B3 S 4 T i 1l R AR X HUR
A1 R, T B A 1 BT 5 1E A BE A o

3 &g

2o A R A T 4% S A A R R R 2 [ 4

VAN (o B o 1 - S 1R T ey
DOPO H (4-4 B FE R W R BR) i AE W % A2 &%
DOPO By 2R 1-1 b Ais A= 9y, 3 1 A 5% 5 7k ) i
X RGN o S R AG 7 Ak S PR RE Y
M B B ST 45 SRR, 5% DOPO i #58 #d B
FHLE, DOPO (51 A, BEAR T 4 £k 550 19 0% M, R4
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Bk 5 S R 1= AT A W 32 4 DA e XA A
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POLYMERIZATION,STRUCTURES AND THERMAL PROPERTIES OF
PHOSPHAPHENANTHRENE-CONTAINING POLY (1-PENTYNE)

YANG Fan', TONG Bin', SHI Jianbing', ZHI Junge’, SHEN Jinbo', DONG Yuping'
(" College of Materials Science & Engineering , * College of Science, Beijing Institute of Technology, Beijing 100081)

Abstract The phosphaphenanthrene-containing 1-pentyne monomer ( M-34) was synthesized through the
successive esterification of 2-( 6-oxide-6H-dibenz < ¢c,e > < 1,2 > oxaphos-phorin-6-yl) -dihydroxyphenylene
(ODOPB) with 4-(4-pentynoxy ) benzoyl and 4-butyloxybenzoyl, respectively. Due to the introduction of 9,10-
dihydro-9-oxa-10-phosphaphenanthrene 10-oxide ( DOPO) group, the catalytic ability of Rh-based catalysts
([Rh(nbd)C1], and Rh(nbd) B(C,H,),) is decreased and the yields of polymer are relatively low. The
polymerization of model monomer ( M-0) in the absence of phosphaphenanthrene side-group was, however,
carried out in high yield at the same condition. The microstructure of the poly ( 1-pentyne) derivants was
characterized by means of 'H-NMR. The experimental results indicate that the main-chains of poly( 1-pentyne)
derivants with high trans-content configuration are produced due to the strong w-m stacking and polar
interactions between phosphaphenanthrene-containing pendent groups. Thus, the interaction between adjacent
pendent groups is further strengthened. The molecular weights and distribution of P-34 and its model polymer
P-0 were measured by GPC; Their thermal properties were evaluated by TGA and DSC. Comparing with P-0 in
the absence of phosphaphenanthrene side-group, TGA analysis reveals the excellent thermal stability of P-34,
losing 1% of weights during heating to 270°C and retaining 50% of weights after pyrolyzis at 550°C. And the
char yield of P-34 is over 50 wt% at 550°C. The DSC results indicate that T, of P-34 is lower than that of P-0
because DOPO increases the volume of side-groups in P-34.

Keywords Poly(1-pentyne), Rh-based catalyst, Phosphaphenanthrene, Thermal properties





