5 4 %) [=]
2005 £ 8 A

% ? % jﬁ No.4

ACTA POLYMERICA SINICA

Aug., 2005

EHRE_AFEEMEUBESTBRENERSRIE"

A& ARk INE

RER ZEK EHET

(KERTKERATFHERE KE 116012)

W OE UMK 4[4 BERE) R 2H- TR A% 1-8(DHPZ-pP) 5 3 FOK B AT R BB BRI
WA RAR— Ml R EEHERFE R 414 CREERLEL R 2. RBEFE) —ARE-
L) MBS E SRS ER NS T RN AR E _AARMANRIBRE, KN
PEESSTE 0.42 ~ 0.72 dUig Z 18] . K T 5 B AR B AT B M8 T NMP.DMAc 71 DMSO R4/ HLAE A+, 3 H AT H
DMAc 375 Al B B A RITFHLIRHE AR 60 E W IR S P B, 4 D M AT L 55 15 iy 80 ~ 89 MPa IXEE RS MR R
HRBOR M, BB TRE T, £298~38C2Z0H,10%NARRERE(T,)E0CLLE.

x@E EFME, E&EE, AREh, B

EFBEE -RESHRARNTEDBN,
HEAEKEMHREEE. WiFREME LY
PUMRPERE T B M FREMR B TR
MERMBFEER. Ald T 0T RN
B B9 53T 1AV AR FH (8 154 5 B TR O IR RE R A 4
Rt AW T ANEN D, B3N THEE, REE
ey A EH M R BT BB X T E R R
B ZREXAES HARR EREYHTE
S AR ERER S LT EEN
MURERFRENERE FAEXAEER
BB R ED RS AR T — R
ERE_BAEMEWNET _BAk FE5EH
R —RRER&T —RAFREAHME AL
FEEMMESBE, TR TERTRRES
Bl &, FEHR R TR 5 i SRR B R
AR RERSEE SRR RS
SR AF N FRARTR.

1 KB

1.1 FEME5{EE
4-[4-(4-BREX)EE|2H—BEE-1-M
(DHPZ-pP)H & HES R XE(7], H N, N-—F
HZ Wi (DMAC) B4 &, ZBER, #Raeh
RER S EEN, Lo, BEFM 4,428
HEOoEHE 44 —HE KR 44 "HRT
ERATERESRT L& EEFER XKL
BEAEGEH; T8 =R (TPP), V- #-2-

% 42 B (NMP) 2 0 FE 1B )5 #£ 0.4 nm 2+ T
PR E R, W (Py) ERIBEER . HE RN
FERNMR, BEEM.
£ Nicolet-20DXB # 4T #} 36 1% {¥ b # 7 FTIR
Wi, B KBr [E ¥ 54 .'H-NMR 7£ Varian TNOVA
400 B 8L 3t IR (X #4790 K, L DMSO-d4, NI,
TMS X N AR . A Meitler Toledo DSC 822° Z# PR
P BEFT DSC WL, N, A, FHEEE 20 K/min.
FH Mettler Toledo TGA/SDTA 851° BY# 2 T 43 {3
1T TGA Wik N, &K, FHEHE Y 20 K/min.
HHRHRR 0125 ¢ BEYHFGEMET DMAC
B 25 mL B AW EWR,E(2520. 1) CHEHR
K , AL EREETNAENE.
BRSYHEBERARL 6 mm T,6 cm K, 4
0.03 mm B FE &, A I A 98 A F R 7 o DA (E B
BRBYEE FAVPIKKEHNISecm . EHSF
S AG-2000 %5 BE AL TR B AL L W hr A 1
BB BB RS ke, LB ER N 10 cn/min, BHF
BEAYHEMR s & BOLEHME.
1.2 "HEpEk18aR
ERANRIEH, RS EE, BEIT. 2K
BMASHFE DN =04%MKPMMA DHPZ-pP
9.4 g (0.03 mol), E/KBKEEH 11 g(0.08 mol), &
HiA 60 mL DMAc #1 50 mL B % , EHSEP T E
WEXKBH BEAKMFES, WA BERF
8.3 g(0.06 mol) , H B H KA 15 h J5 , A 200 mL
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Ko, BEACEENY 4-14-[4-A-FEXER)
FERIFEE|2-GRERRE) _AE-1-8M(D) A
DMAc EZ& B8 2 gaamREK. &£
77.4% ,mp 223 ~ 224°C .
1.3 “ERE2HE8
FHEHN LEENHETN=Z088KES,
A 10.3 g(0.02 mol) —RF 1, ZB/K(1:1)RE
¥ 200 mL, S ELH 22.4 (0.4 mol), 5 & 9 5
50 h, IR N HHEASSEEASFLYROE
RMAKFEBFFM, RBP4 4-[4-(4REBFH
EFERIEEI2WREFRE) _AL2E1-E
(2), HEB AR EE 11 g. 73 99.2% ,mp 313C
(47 313~ 316°C,DSC @) .
1.4 BEWHSHA
ERAVREHE DEE REITMESHEN
O = 0489, A ZBPK 2 3,125 mmol, Xt
B 3,125 mmol, LK EALHE 1.2 g, TPP 2 nL,
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: 1(zco3
0+ 201—©—cu
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Py 3 mL,NMP 8 mL, ERSHF FARE 10CR
REL,E 1 h R RIS, #h 0 2 mL NMP, R B
BEXRE AT FHEOEEK, BN 20, &
IEER . BREAYEREAPRES, IBEIRA
ZREAY Pa.
AEHRECHEFBRY LAY TEAR.
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Scheme 1  Synthesis of dinitrile 1 and diacid 2

Table 1 Characterization of dinitrile 1 and diacid 2

Monomer FTIR (cm~ ')}

'H-NMR {&,400 MHz)

Dinitrile 1

1250(m,C—0—C)
Diacid 2

1230{m, C—0—C)

2226(m,—CN) ,1668(s, C—0),
1595(m, C—N ), 1495{m, C—C),

3428(m,—COOH)} . 1697(s, C—0),
1605(m, C=—N),1505(m.C=C},

7.16 ~7.27(4H,Ar—H),
7.76 ~ 8 .02(15H.A—H),
8.46 ~ 8_.48(1H, Ar—H)
7.11 ~7.25(4H, Ar—H},
7.76 ~ 8.11(15H, Ar—H),
8.46 ~ 8 .48(1H, Ar—H)
13.01(2H, COOH)

NGB _FEM A EHITEENR
fE. N TR GEE (B DT LEF S, 7 2226 cm™’
HPSEERB4TRB N, RPFHENFE,
ME_MH IRFEF, L RBUEELETEENH
g R RL KM, FIBFE 3428 cm ' Ab
MA%mERE, BRENIFIERYE, 1697 1
162 e FEMB WK, EHAREFE,
1230cm ™ " 4b B4 W e e 2 35 o ) RF AE T o e . A 3R
1.EA28'HNMR A, B FREMBENGTE,

ERA _RBEAEMA WL TS HEERE, # HRY
e BEEE S, Rk 1 MEME
=7.16 ~ 7.27(4H).7.76 ~ 8.02 (15H) F §.46 ~
8 48(IH)RFH L mItipee, “_MEAK 25
FEEMFEMHE 6 =7.11 ~ 7.25(4H) | B L
B HEMbENBEEARE,E 6=13.01 &1
P 45 0 2 38 2 (— COOH) B A 1% & 2l W IFIE
B BodBRFan TRz E5RITRE
Pre—N A MERIEERERVRSHE_



576 =1 4

¥ i# 2005 £

fEH RS MR S BT .

2

1 . |-
4000 3000 2000 1000 500
Wavenuniber {cm™)

Fig. 1 The FTIR spectra of dinitrile 1 and diacid 2

2.2 BEHmER

* Al Yamazaki %[EJ HRILEAER, MA
TPP.Py FI 46 LK EALE, LA NMP AP, =
B2 5FF _MEEHFTHEASRARMN,.BIT
BOFEARMAI AR BE . ZERWORMN
ZB+aTw FEMHEBATES MAXKE
HETRERFBREN S TR . Be R MR
BEHE 2.

RARMERY TR 2. bEE KN aT R A
K. RBAERMEWKRZEFEM . BEY Pa.Pb
F P O FF RS BOY K BER, #b IS R AT REAE K
REE AHNTRERAWH TR . Pa~Pd R
WMERBON0.42-0.72 dU/g, KA B 2 H AW
IR TEME, EZREERETHAZH _EEE
HARSHREBRSTENRISBE.

Table 2 Polycondensation of poly(aryl amide)s

8.5 80 75 7.0
5

Fig. 2 The 'H-NMR spectrum of diacid 2 in DMS0-d, 2

Initial amount  Additional ameunt  Yield (7]
Polymer
of NMP(mL) of NMP(mL} (%) (dL-g”')
Pa 8 2 99.5 0.68
Pb 8 4 98.9 0,72
Pc 8 0 97.3 0.42
Prd 8 4 98.6 0.63

* Measured in ¥, N-dimethylacetamide at 25%C on 0.5 g/dL
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Scheme 2 Synthesis of poly{aryl amide)s
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Table 3 Spectral data of poly{aryl amide)s

k. BRI R, _M2EEREREERTR
R, A LT LAY SR 05 B

Polymer FIIR(cm™') 'H-NMR (3,400 MHz)
Pa 3319(N—H) , 1669( amide —CONH}), 7.19 - 8.49{24H, Ar—H),
1598( G—N ), 1241{C—0—C) 10.22 ~ 10.37(2H, amide —CONH)
Pb 3321{N—H}, 1668( amide —CONH), 7.02 ~8.48(28H,Ar—H),
1599( C—N ), 1245, 1217(C—0—C) 10.23 ~ 10.37(2H, amide — CONH)
Pe 3319(N—H}, 1672(amide —CONH) 7.20 ~ 8.47(28H, Ar—H),
1591¢ C—N ), 1240(C—0—€) 10.59 ~ 10.73(2H, amide —CONH}
Pd 3320{ N—H} , 1670( amide —CONH), 3.89(2H,—CH,—).

1597 C=N ), 1240(C—0—C)

7.20 ~ 8.48(28H, Ar—H},

10.16 ~ 10.30(2H, amide —CONH}

2.4 BEWEAMEE

RIERFPAHE R AN (DSC) MK T 5L
(TGA) X BIFE MMM B ITHR . ESR WK 4
7R .

Table 4 Thermal properties of poly(aryl amide)s

Polymer T!(t)' Td(cc)b
Pa 328 476
Pb 322 483
Pe 321 473
Pd 298 494

*Baseline shifts in the sccond. heating DSC traces with a heating rate of 20
K/min in niogen;

®Decomposition temperatures at which a 10% weight loss was recorded by
TGA at a heating rate of 20 K/min in nitrogen.

MEATL, ESY Pa~-PdBHEAREN
BB ERE(T,), K T, 77 298 ~328C . K&
EEXMMRINHANERTEAYH FE# L
MItER 5 Rl FHER L KR BT,
MY KA THNMOBERRD . BEYO T4
WHEBREAG S FHEATFESRERL, A
WA ERES EEYPaRTEHRDPITEHE
MiItEB KM X s, KRR TRERR
(328C) ., BEYP A FEHPETHEEENHER
H(—CH,—)ZH ,Flt Pd B RAFETRER
fK(298C). B AY 10% WP REHRE £ 470CLL
FoREFHEFBREELE R MR RBEE.
2.5 WEVHARERE

REVESHENRMNPREREREES
RATFRS BERE_RAZEMENIIAIERS
MERP TSR BREYHNBREEREIEFY

L. BEY Pa~ Pd 5T NMP.DMAc K& DMSO
SHRUEAGVEN,FBAAEMENR PRI EHIE
B.Pa-PAAEBTEN B Pa~-PdRY
MERHGEEETEAY R TR SHHEME
HPEHMEE - BREZHERURESHGBE,
W TR THOBEEEG, @6 hEREN, B
BYEREBPNE.

Table 5 Solubility of poly(aryl amide)s®

Sobvent®
Polymer
NMP DMAc DMF DMSO m-Cresol Py CHCL
Pa + + + + + - + - -
Pb + + + + + - + - -
Pc + + + + + + -
Pd + + + + + + -
* + Soluble at room temperature, + -~ Partialy soluble at room

temperature, — Insoluble;

* NMP: N-methyl-2-pymrolidone, DMAec: N, N-dimethylacetamide,
DMF: N, N-dimethylfonmamide, DMSQ: dimethylsulfoxide, Py:
pyridine

2.6 BAWMMBARhTEEE

Table 6 Mechanical properties of poly(aryl amide) films"
Tensile strength  Elongation at break Tensile modulus

Folymer (MPa) (%) (GPa)
Pa 89 10 1.92
Ph 87 13 1.69
Pc 80 6 1.88
Pd 81 8 1.59

“Films, cast from slow evaporation of the polymer solutions in ¥, N-
dimethylacetamide, were dried in vacuum at 120°C for 8 h prior to the

tensile test.

MEREHRSMERA 10 vi% ) DMAc
G TRE, R)S A 60 ~ SOCTERR L E
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SYNTHESIS AND CHARACTERIZATION OF POLY(ARYL AMIDE)}S CONTAINING
BIPHENYL PHTHALAZINONE MOIETIES

LIU Cheng, LIU Pengtao, WANG Mingjing, LIANG Qizhen, WANG Guoqing, JIAN Xigao
{ Department of Polymer Science and Maserials . Dalian University of Technology , Delian  116012)

Abstract A crank, non-coplanar heterocyclic aromatic dicarboxylic acid, 4-{4-[4-(4-carboxy phenoxy ) phenyl ]
phenyl} -2-(4-carboxy phenyl }phthalazin-1-one (2) ,was successfully synthesized by the condensation of bisphenol-
like monomer { DHPZ-pP) with p-chlorobenzonitrile , followed by the alkaline hydrolysis of the intermediate dinitrile
compound. A series of 4-biphenyl-4-yl-phthalazinone-based aromatic poly (aryl amide)s were prepared from the
diacid 2 and various aromatic diamines by direct phosphorylation polycondensation. The intrinsic viscosities of
polymers were in the range of 0.42 ~ 0.72 dL/g. Most of the poly(aryl amide)s were quite soluble in polar solvents
such as N-methyl-2-pyrrolidone, N, N-dimethylacetamide and N, N-dimethylsulfoxide. Some of them were even
soluble in less polar solvents such as m-cresol and pyridine . The transparent , tough, and flexible films, cast from the
polymer solutions, possessed a tensile strength in the range of 80 ~ 8% MPa, an elongation at break of 6% ~ 13%,
and a tensile modulus of 1.59 ~ 1.92 GPa. The polymers possessed high thermal stability associated with glass-
transition temperatures in the range of 298 ~ 328°C and 10% weight-loss temperatures in excess of 470°C in
nitrogen .

Key words Poly(aryl amide), Phthalazinone, Thermal stability, Solubility



