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TMCS 70°C PDMS Eugenol
20 mL 0.129 mol Eugenol 4h TMCS
TMCS 1l I 1
Fugenol [[ .
100 mL 14.18 g 0.06 1.
mol TMCS Eugenol I FTIR 'H-NMR
I 2nL N, 1 . FTIR I 2130
70°C, . cm™! Si—H I
130 mL 0.04 mol 3500 g/mol [ FTIR 1
100°C 24 h. 200 mL Ml 3560 cm™'
10 mL "H-NMR
Eugenol Si—H 0=4.8
. Eugenol . 0.6
1.3 PPEN [V CH, 1.6 2.5 CH CH,
B- 3.9
4.765 g 0.020 mol OCH, 7.2 6.8 6.6
DHPZ 3.318 g 0.023 mol K,CO; 15 mL DMSO Fugenol
20 mL 130 ~ 140C I 1
100°C 3.2 ¢ 0.023 mol DFBN. 12 .
180°C 10 h. Il M, "H-NMR
1000 mL OCH, Si—CH,
2 0.46x 10" 0.72x 10".
K, €O, Table 1  Characterization data of | and [
. 2~3 Polymer FTIR cm™! 'H.NMR & 400 MHz
1.4 ]2? T 229163% il__}il 0.1~0.3 s 6H Si—CH,
151i0£(~)1_o§? 48 s 2H Si—H
12 g 0.002 mol 0.6 x 10* 161 Si—CH,
g/mol IV 20 mL. DMSO 800 Si—C
20 mlL 20 mL 9.5 mL 9.1 g I 3560 —OH 0.1-0.3 s 6H S—CH,
3010 C—H of Ar :
0.002 mol 0.46 x 10" g/mol Il 0.55 g 0.004 0.6 1.6 2.5
mol K, CO, 130 ~ 140°C 2060 C—H m SH —CH,CH CH, —
3h 180°C 1100~ 1000 3.9 s 3H OCH
Si—0—Si
1261 Si—CH, 6.6 6.8 7.2
1000 mL 800 Si—C m 3H C—H of Ar
24 h
PPEN [V DHPZ
2 DFBN K, CO,
2.1 10 Carothers B
Eugenol PDMS I DFBN DHPZ
1 . 3
1 v M, GPC
2.

TMDS D4
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GPC versus polystyrene standards

2.2

PDMS

4 PDMS content  determined from ' H-NMR specira.
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! CH CH
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11
s -
N—N .
DMSO/o-Dichlorobenzene
F K,CO;3, 180°C
m
O
N—N CN H3CO
CH3 CH3
O Slm m=9,19 and 28
n=56and 91
m n
\
Scheme 1 The synthetic route of PPEN-5-PDMS block copolymer
Table 2  Characteristics of PPEN-5-PDMS copolymers
PDMS PPEN Block polymer
Sample a ! . : : PDMS
q M, M, M,° M,* PDI M,° M,* PDI o o
code 0
x 10* x 10 x 10* x 10* x 10* x 10*
4a 0.46 0.32 0.31 0.39 1.28 1.94 5.14 2.65 26.44
4b 0.46 0.66 0.60 1.18 1.97 2.24 5.19 2.32 18.03
4c 0.46 0.96 1.05 2.79 2.65 2.51 5.84 2.33 15.23
Ta 0.72 0.32 0.31 0.39 1.28 2.01 4.68 2.32 49.19
b 0.72 0.66 0.60 1.18 1.97 2.28 5.49 2.41 27.03
Te 0.72 0.96 1.05 2.79 2.65 2.12 4.94 2.33 23.76
M, PDMS  based on eugenol end-group analysis from ' H-NMR spectra ® M, PPEN  from theory calculation by Carothers equation © Obtained by

GPC
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GPC H4 6 =8.63
PPEN PDMS PDMS Hl ¢ =
PPEN-PDMS 0.03
GPC "H-NMR Hl H4
2 PDMS 2.
1
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Fig. 3 The '"H-NMR spectrum of PPEN-b5-PDMS block
L L L 1 1 L L L L copolymer 4¢ in CDCly
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Fig. 1 GPC traces of PPEN oligomer and the copolymer
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Fig. 2 The FTIR spectra of PPEN-5-PDMS block copolymers

2.4
DSC
TGA
3
Table 3 Thermal properties of PPEN-b6-PDMS copolymers
Sample PDMS block PPEN block Ty
code Tg oC a Tm oC a Tg GC a oC b
4a -90 -41 272 466
4b — -35.4 276 479
4c — — 287 485
Ta -98 -46 255 450
7b -92 -41 263 466
Tc — -40 276 471

*Baseline shifts in the second heating DSC traces with a heating rate of 10
K/min in nitrogen  Decomposition temperatures at which a 10% weight

loss was recorded by TGA at a heating rate of 20 K/min in nitrogen.

3
- 98 ~ - 90C
PDMS  PPEN
PDMS  PPEN
PDMS-b6-PPEN

255 ~
287°C

PDMS  PPEN
PDMS
PDMS
PPEN
PPEN
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- 5  The TEM images of PPEN-5-PDMS copolymer 7a
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Fig. 4 The AFM images of PPEN-b-PDMS copolymer
7a 3D-graphic a and phase b 10%
450C
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SYNTHESIS AND CHARACTERIZATION OF POLY PHTHALAZINONE ETHER
NITRILE -POLYDIMETHYLSILOXANE BLOCK COPOLYMERS

DONG Liming' > LIAO Gongxiong' LIU Cheng' WANG Mingjing' JIAN Xigao'
! Department of Polymer Science and Materials ~ Dalian University of Technology ~Dalian 116012
2Xi’ an Modern Chemistry Research Institute  Xi' an 710065

Abstract High molecular weight block copolymers with different backbone compositions were synthesized from
eugenol end-capped polydimethylsiloxane PDMS and fluorophenyl-terminated poly phthalizinone ether nitrile
PPEN oligomers. These oligomers of PPEN were prepared wvia SyAr step-growth polymerization from 4- 4-
hydroxylphenyl 2H -phthalazin-1-one DHPZ and 2 6-difluoro-benzonitrile DFBN using DMSO as solvent at
180°C . The oligomers with well-defined fluoro-terminated and various quantitative molecular weights were obtained
by using an excess of DFBN. The number-average molecular weight M, values of PPEN oligomers ranged from
3100 to 10500. The eugenol terminated PDMS oligomers were prepared by reacting silane terminated PDMS with
eugenol in toluene via the well-known Pt-catalysed hydrosilation reaction. The phenol-group of eugenol was protected
by trimethylchlorosilane in the hydrosilation to avoid side reactions and loss of functional group and the aryl-
trimethylsilyl ethers can be cleaved by refluxing in aqueous methanol. The M, values of PDMS oligomers were 4550
and 7220 respectively. The block polycondensation was carried out in the presence of dimethyl sulfoxide/o-
dichlorobenzene and K,CO; as solvents and catalyst at 180°C by the SyAr reaction. The M, values of block
copolymers ranged from 19400 to 25100. The results of GPC indicated that reaction of two oligomers occurred and
then the higher molecular weight copolymers were obtained. It further suggested that the new synthesis method is an
effective and convenient approach to prepare similar PDMS based block copolymers. The structure of copolymers
obtained was characterized by FTIR and ' H-NMR. Differential scanning calorimetry analysis indicated that the block
copolymers showed two glass-transition temperatures 7, at — 98 ~ —90%C and 255 ~ 287°C  respectively. The
distinct two T, s in the block copolymers suggested that microphase separation occurred in the block copolymer. The
copolymer also showed a high thermal stability with 10% weight-loss temperatures in excess of 450°C in nitrogen
according to thermogravimetric analysis. The migration of PDMS segments to the copolymer surface was observed
directly by atomic force microscope AFM and transmission electron microscope TEM . PDMS expanded to the
continuous phase on the surface suggesting that PDMS segments were rich on the surface. The PPEN phase as the
particle cavities was dispersed in copolymer surfaces with diameters of 0.1 ~ 0.3 nm.
Keywords Aromatic  nucleophilic  substitution polymerization ~ Block copolymer  Phase separation

Poly phthalazinone ether nitrile  Polysiloxane





