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Fig. 1  The synthetic route of 2,2'-[[ 1, 1’-biphenyl ]-

4,4'-diylbis( oxy) ] bis[ 6-fluoro-benzonitrile ] monomer
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Fig. 2 The synthetic route of a-PPBEN liked alternate copolymer
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Fig. 3 The synthetic route of r-PPBEN liked random copolymer
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Fig. 4 FTIR spectra of a-PPBEN and r-PPBEN
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Fig. 5 'H-NMR spectra of a-PPBEN and r-PPBEN
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Fig. 6 The GPC spectrogram of a-PPBEN and r-PPBEN
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Table 1 The GPC data of a-PPBEN and r-PPBEN

M, x10"* M, x10"* PDI
a-PPBEN 2.4 9.4 4.0
r-PPBEN 3.4 8.5 2.5
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7 & 2 Bl B A BLZUIR 0k 25 R DSC
(9565 30 THI 2k ML T 5,2 I 3R O T
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BT AT 10 °C. Sk I e R Y 5 T K
(PBEN) Vil % % 28 i 710 5% 7% Bk Ji5 (PPEN) '
(K] T, 43 95 g 216 °CH1 295 °C A% 3C & A 2 Fh 3k
B T AT 2 MW T, 2 1. a-PPBEN Al
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Fig. 7 The DSC curves of a-PPBEN and r-PPBEN
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T8, W 3L #h oy g 55 X 3 BLOK 43 1 4 1) B
BT 307 % 2 Wi $od 7R, o-PPBEN
()5 %0 4 K F A B2 e K 2R W i R B O
7T r-PPBEN. DMA i3 /' % W] r-PPBEN i 7
7. PBEN Fl PPEN f3f 5 B 45 1. DRk, JRATTHE I r-
PPBEN # I [ #0 o) fift i & th T o0 T8E R & 7
XA R R R B . R T I I X A
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Fig. 8 The DMA curves of a-PPBEN and r-PPBEN

TH PPEN BEAT WL, 45 R R W], IR0 7 &
PPEN (1) 5% $ 73 fiilih £ A7 483 °C, 2w i T
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Fig. 9 The TGA and DTG curves of a-PPBEN and r-PPBEN

Table 2 The TGA and DTG data of a-PPBEN and r-PPBEN

Tsq T Cy*
a-PPBEN 521 C 529 <C 70%
r-PPBEN 472 C 490 C 67%

* Temperature for 5% weight loss in nitrogen, heating rate of 20 K/
min; " Temperature for the maximum weight loss in nitrogen, heating
rate of 20 K/min; © Char yield calculated as the percentage of solid

residue after heating from 100 °C to 800 °C in nitrogen
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¥ a-PPBEN A1 r-PPBEN 2 45 4 3 Jiid 3 47 fii
o6 W B IN 25 R Wi 10 fras. r-PPBEN it
BT I A SR O R KR ER
sl 10 S TR AIE . — e 45 b Y AR T 2R A A
Tt SO R Ve B I, AE AN AE Y ) BBl
IS LT, BB 1) T A2 B BR . 30 I D't S BB H
B bR R, VS r-PPBEN BT B (1 Bk 142
KB 10 wm, ELARE /S, HL G X2 18] 3 AT A L3
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oo IR S ISR B T S A A

b

Fig. 10
polymer films; (a) r-PPBEN and (b) «-PPBEN
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The polarized optical images of two kinds of
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Fig. 11  WAXD diffractograms of a-PPBEN and r-PPBEN
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N FL AT S5 TR M L R LG A 4 e

A BB AL R TP O T e R A o B B SRR R
WHER), R DSCO 2 1 IF B A O 4 0. 3
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=)
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Exo
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Fig. 12 DSC curves of a-PPBEN and r-PPBEN films
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Table 3  Solubility of a-PPBEN and r-PPBEN*
Solvent”
Polymer
NMP DMAc DMF DMSO Choloform Sulfolane THF
a-PPBEN + + + + + + —
r-PPBEN + + + + + + —
* Solubility: +, soluble at room temperature; =+, partially soluble; -, insoluble; b NMP. N-methyl pyrrolidone; DMAc: N, N-

dimethylacetamide ; DMF: N, N-dimethylformamide; DMSO: dimethyl sulfoxide; THF . tetrahydrofuran

Al P A 2,6 g AN 28 IRk s 3K
TR r-PPBEN, FEAIBEIL T 2 Rl LR Y)
{1 7 1 Bl 45 R 2 A T PR B L & R RE DL K
VR PTERE S . A2 LR o-PPBEN R AT
(10 35 5 10 3 At 2 A ik fE R R, AR B A SR 1)
i Pk fE AT HAERE TR fiE. K LIL R W) r-PPBEN ff
7 PBEN i BEBL, M 4E € B VISR 01 T, 2

Bl i g dh PEfE , L DMA 1 tans il 264174 C
AeRDLH T PBEN BE B SRR, Rt , e il
D2 PERRAC T a-PPBEN , {H 1 M itk Bt 45 4 7T fig
2o 0f R R B 0 0 A R A 2R A5 A 0 5
ANBCE T REY WML, 2 FrACR D Wl T 5
T AR TR AR R AR R R T SR T i
i 75 BB Dl BE R A5 AU 1 B
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The Effect of Synthetic Route on the Structure and Performance of

Copoly ( arylene ether nitrile ) s Containing Phthalazinone Moieties

. .2 2 . 2 . . 1%
Rui Liu”, Hao Guo™, Jin-yan Wang™ " , Xi-gao Jian
(' Liaoning Province Engineering Center of High Performance Resins, Dalian 116012)
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Abstract 2,2'-[ [1,1’-biphenyl]- 4,4'-diylbis ( oxy) ] bis [ 6-fluoro-benzonitrile ] monomer was synthesized
from 4 ,4'-biphenol ( BP) and 2, 6-difluorobenzonitrile ( DFBN) through pseudo high dilution, then reacted
with the bisphenol-like monomer,4-(4-hydroxyphenyl) -phthlazin-1 (2H) -one ( DHPZ) to obtain alternate-like
copolymer (a-PPEBN) by nucleophilic substitution. Random copolymer (r-PPBEN) was synthesized from BP
DFBN and DHPZ through a one-step procedure. Gel permeation chromatography ( GPC) test showed that the
two methods could both obtain a high molecular-weight polymer with average number molecular weight of 2. 4
x 10" for r-PPBEN and of 3.4 x 10" for a-PPEBN. Intrinsic viscosity of a-PPBEN was 0.96 dL/g in
chloroform at 25°C and that of r-PPBEN was 0. 94 dL/g. The structure of the monomers and polymers were
confirmed by Fourier transform infrared spectroscopy ( FTIR ), nuclear magnetic resonance ( NMR ), mass
spectrum (MS) and element analysis. The tests showed that the two kinds of copolymer displayed different
crystallization properties and thernostability in spite of having the same chemical composition.
Thermogravimetric analysis ( TGA ), differential scanning calorimetry ( DSC) , dynamic mechanical thermal
analysis ( DMA ) tests demonstrated that a-PPBEN had better thermal stability, higher glass transition
temperature (T,) and storage modulus than r-PPBEN. T, of a-PPBEN was almost 10 K higher than that of r-
PPBEN, suggesting that a-PPBEN possessed more regular rigid structure than r-PPBEN. Spherocrystal patterns
of r-PPBEN under polarizing microscope indicated that some micro blocks of PBEN segments were derived from
the reaction of BP and DFBN. Wide-angle X-ray diffraction ( WAXD) tests also proved the indication. The
copolymers all showed good solubility by virtue of introducing twisted , non-coplanar phthalazinone moieties into
the backbone of the polymers. At room temperature, the two kinds of copolymers were soluble in a variety of
aprotic polar solvents,such as N-methyl-2-pyrrolidinone ( NMP) , chloroform N, N-dimethylacetamide ( DMAc)
etc.
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