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Synthesis and properties of polyetherimide copolymers
based on AB-type monomer
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(School of Chemical Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China )

Abstract: A series of polyetherimides PEI-AB, [x is the dosage of 3-amino-5,6,9,10-tetrahydro-
[SThelicene-7,8-dicarbonyl-dicarboxylic anhydride (ATHDA), based on the total mass of 4,4'-(4,4'-
isopropylidenediphenyloxy)bis-(phthalic anhydride) (BPADA) and 4,4'-diaminodiphenyl ether (ODA),
the same below] were synthesized from AB-type monomer ATHDA, BPADA and ODA by high-temperature
one-step method. The obtained polymers were then characterized by FTIR, '"HNMR, DSC, DMA and
TGA, and analyzed for their mechanical properties and solubility. The results showed that PEI-AB,
exhibited inherent viscosity of 0.60~0.87 dL/g, good film-forming property and excellent solubility in
common organic solvents such as N,N-dimethylacetamide and N-methylpyrrolidone. Meanwhile, the
polymers displayed glass transition temperatures (7;) obtained from DMA analysis of 228~256 °C, and
5% thermal mass loss temperature (7s,) of 505~536 °C in N, atmosphere, indicating excellent thermal
stability. Moreover, the PEI-AB, showed good mechanical properties with tensile strength, Young's
modulus and elongation at break of 41.7~88.1 MPa, 1.7~2.7 GPa and 3.3%~4.8%, respectively. In
addition, the tetrahydro-[5]helicene structure in polymer chains could be dehydrogenated to form more
rigid aromatic structure. Compared with those of PEI-AB,, the 7, and T, of PEI-AB,, after aromatization
were increased from 256 °C to 283 °C and 531 °C to 557 °C, respectively, showing improved heat
resistance of the polymers after dehydrogenation.
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ODA ( /% 98% ). BPADA ( Jlift /%%
98% ). [a] By ( Jiif2 43 % 98% ). 4 — 5 % ( 0-DCB,
JBT 38 98% ) S MR ( i 404X 97% ). oK PtO,
(R 99% ). SEWEMR (BT 504 97% ), &t
FIRAAA A ZEFRARE R THEIFAE 120 °CTF
B2 T 24 hy 3-fiff3E-5,6,9,10-PU S -[ 5142 iE k-7, 8-

TR (TR 85% ), #ll-L#fkaE
A PR, RAARFE N 10 1 AR MR
LERIRATFNE 2.0 g FUBHEA TR 03 20Tk AR
46 mm, ARKFE 305 mm; FERKEDRE 130.0 g),
A NN-ZHIE Wi ( DMAc ), N-H Sk be
fiil (NMP ), A2l RET & FR Al TABRA A
B JG/K OB U4 2 J5E( CoHLCly ) 55 ( CHCL, ),
PUSRNE (THF), Zn#ral, KEieE R ik T
FEIT; MR (Bry, JiE4M4 99.5% ), EZER b
FRAARAE; Noy Hy, B 99.99%, K
R R A F]

DF-101S fE#GIEIE InBmg H i fEas, Ligh
JRIFVIALEZS B A PR A, NXB-63 =k B4k i 5
w5, WIS HE TR A RAR; HRT-1 /)
FHEEBTRG ISR, R ARG BRA A
Varian DLG400 #Z @ 3R 35151, 2 E Varian /A 7] ;
IRAffinity-1S %I Bt AR 4o 2T 4354 (FTIR ), H
A Shimadzu /A ] ; Q20 Al 2% /R FH m #L (DSC ),
Q850 MBI J1F A Hri (DMA ), Q500 HIFAI
ST (TGA ), [ TA R AF; SIRFE (B
NENAE AN 1.07 mm ), YL BEESIXAR); Instron
5567A BT REA RHATE AL, & Instron A H] .

12 #HEFE
1.2.1 ATHDA %4,

DL 3-fii3-5,6,9,10- U &-[ STHEHE M -7,8- Bk -
T H RIS JRORE, HEA TN EGA JEUR N i 4 ATHDA,
FR LN T

ATHDA
# 1.00 g (2.52 mmol ) 3-fi53£-5,6,9,10-P4 A-[5]
PR M -7,8- k- — H R I . 15.0 mg (0.07 mmol )
JC/K PtO, .3 T2 B F /KMl 50 mL THF /it A% 150 mL
ANFS AR IR AR I SR N 22, T N B N
FRZESE, BA Hy, BF5ES 3.10x10°Pa, HEFE
IR (20~25 °C) TN 45 min 55 1ER , ¥ s

(VA T DR R A 0], P a8 S R A
Jo/K MgSO, T, Hif5TéT THF, JfT 35 CF &
Z T 8 h, MBI A KRREIK0.63 g, 73 67%.
K A B p R 2 AR 26 mm, AL
KB 254 mm; BERORYHURHE 45.0 g ) @i ek (4%
PR 0.63 g Wit — 2otk JFF 35 CTFH
25T 8 h, A BIZL AR AR 0.45 g, 775 48%.
m.p.: 181.8 °C ( DSC ), '"HNMR (400 MHz, CDCl5),
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5:7.33 (2H, m), 7.21 (1H, m), 6.99 (2H, m), 6.61 (1H,
d), 6.28 (1H, m), 3.91 (4H, m), 2.88 (4 H, m), 2.56 (2H,
s)o FTIR (v/em™): 3300~3500 (N—H % %) {1 45 4 5
WU ) 5 1825 (C==0 (1) /N Xof B Ao 4 I sh WG iU )
1763 (C==0 5t ()% FR A 47 PR 3l Wi 0 ) o
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ATHDA BPADA ODA

sl ; o
s @N?QOH Vasse:
O‘ 0 o)
n PEI-AB, m

x=0, PEI-AB,, n : m=0 : 100

x=5, PEI-AB;, n : m=10 : 100

x=10, PEI-AB,, n : m=20 : 100

x=15, PEI-AB,s, n : m=30 : 100

x=20, PEI-AB,, n : m=40 : 100

VL PEI-ABy G B 1] o BRI FEUN R 4 8.4 mL
(] H 3 A3 50 mL F42AY Schlenk SN H,
JA 0.41 g (2.00 mmol ) ODA, 1.05 g ( 2.00 mmol )
BPADA. 0.29 g (0.80 mmol ) ATHDA FI 5 fi%fi: 1k
F S, K R A B OR R N, AU, TR PR
T 200 °C, JUI 24 h 55 g, AR50 bkl
HAKRBHEER; SR ITERE YIRS E
A 150 mL JBIZUEEFE T B B 75 210k B 27 4R
BEWUURE . B 150 mL FEEPRY 3 K, K5
TER [CHE IS P JEK 3R AR 24 h, G EESS

TE N, U4 T, # 0.60 g PEI-AB,, Fil 45 pL IR
JIAF]E 10 mL o-DCB /Y 25 mL it ¥ 58 0137 % B
A1 25 mL i O 1 CHF IR ) i = DR
AYAITE 100, 120, 140 °CTFRJW 1 h, HrizrE
FPRREY, ¥R EY R AU T 15 mL Hii
BE B (110 °C, 1 h), RGKBREVIERSE
P2 EIA 100 mL BIZIBEFE T A FF s rp, 45 21 2 (0 41 4
WREEY . FIE =Y ZH 100 mL HEEGER 3
W, HHIKOEEERCEERER TR 24 h, &5

T4 (60 °C/12h, 70 °C/1h. 80 °C/1h. 90 °C/l h,
100 °C/6 h), THENREALFLERTH), 77K 95%.,

Ha =yl & g7k b, R4 ATHDA
R, F LA 7 W 4 Gl 44O PEL-AB, |
PEI-ABs. PEI-AB,,. PEI-AB;s.

1.2.3 #1185 PEI-AB,, %94 1%

Z MBSCHR (17177, HWIR X PEI-AB,, £
0-DCB HH b AT U I, 45 31 75 W1 [ S TUR e 445 25 44
M54 )G PEI-AByg, SN B SR G W 7345
FANT iR

F5 ML IR PEL-AB,, m

TEEZF T4 (60 °C/12h, 70 °C/1h, 80 °C/l h,
90 °C/1 h, 100 °C/6 h), fHE|EALFYRBEEY),
RIS F94kJ5 PEI-AByg, 723N 93%.,

1.2.4 RAMWEREeH &

DL IF ALY PEI-AB, B ] 25 1], HAK
AT ¥ 0.40 g RAEWIMAZR] 4 mL (8] H By,
FE 110 °C NS s 2 BTk B2 R 400 g/L O3
B . K 2 mL BEYHERI IS ET 50 mmx
50 mm MBI R b, FEA RS Tk LR
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THE BRI (60 °C/1h, 80 °C/1h, 100 °C/1 h,
120 °C/1 h, 150 °C/1 h. 180 °C/1h. 220 °C/1h),
BfJE A SRR I B =, BB AUA 40 °CilK T
FIERA YL, WA BERAE 40~45 pm Z[H]
1.3 HRRMERMEEEK

'THNMR i3z : #f 5.0 mg FEAE T 0.5 mL JiAt
A, REI. FTIR Y3 By A ARG R I KBr FE A
3 SRR, VAR A P 4 S S ATR BEHEA 7
i, WEGE N 4000~500 cm ™', DSC it : PEI ¥
K T INASSFN Ny, IR B 50~300 °C, Ft
IRHZN 15 °C/min, DMA Jli: XF PEI RS
JieE R TIN, MR R 1 Hz, WK BTSN
50~300 °C, JHE#EZF K 3 °C/min, TGA M. Mk
SRR Ny, MHIREETERN 30~800 °C, FHEHUR A
20 °C/min. FFPEREL ([y]) W€ : RIS REERETT,
76 30 °CHHIR/KETIE PEI B ER R, 57K
B Y, IR 5.0 g/L. HLBRMEREINR .
KT R EHR IR AL PP AT 100 N, Fir s
2 5 mm/min AT A PEDIR K 10.0 mg
PEI Wi A A & 1 mL I H R0 v, o EE
TR BOMASAT T ML LR G Ol o

2 ZHR5WE
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Fig. 1 FTIR spectra of ATHDA and PEI-AB,,
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Fig. 2 '"HNMR spectra of PEI-AB,yand aromatic PEI-AB,,

HE 2a nTLLEH, BAEY PEI-ABy 4 451
W) R T2 5 HARRIE AR sl — — XL, ELW A2
FLEEP R AR, BABIEMT, "THNMR (400
MHz, CDCly), d: 7.90 (d, 2H), 7.45 (s, 2H), 7.41 (d,
4H), 7.34 (t, 0.8H), 7.28 (m, 5.2H), 7.20 (m, 6H), 7.07
(m, 4.8H) , 4.20 (s, 0.8H), 2.96 (d, 1.6H) , 2.63 (s,
0.8H), 1.78 (s, 6H). M 2c AILIEH, F5/fkE
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PEI-ABy, /Y 6: 4.20. 2.96. 2.63 AbHYNITCHE R T
B, WUNZEH TP RS TR E, R
G A T E R S 0 S AR IR B 0 ——
PR, HLl R TR R e e R, BB an
~,"HNMR (400 MHz, CDCls), J: 8.47 (d, 0.4H), 8.13
(d, 0.4H), 7.90 (d, 2.4H), 7.63 (t, 0.4H), 7.55 (d, 0.8H),
7.43 (d, 4H), 7.41 (m, 2.4H) , 7.36 (m, 4.4H) , 7.34 (m,
2.4H), 7.20 (t, 4.4H), 7.07 (t, 4.4H), 1.78 (s, 6H), i I
TS AR A M
=1 RS RREREL

E1 REWHRHEREL

Mz pH ; =R RAE — B LR TREY
FHEE AN, RAEVEEHAREAL, AR
2 A LIFE Y, PEI-AB,, #B5r#f# T THF, PEI-AB;s.
PEI-AB,y AN& T THF, ViR DU S -[S]IRE 45
FTERG Y B s, AP0 it b
TR AARBIRNTE , ZEREWEA LT,
Sk TR JE ) 28 R A T S AR AR SR I
SR T 55 o J5HIAE)E ) PEL-ABy, 1 i 13
G35 I [S 18R e 7 B OT R AT T 4rF5E iz 3,
SRR, SEOEME TR

®2 REVMERE
Table 2 Solubility of polymers

REW DMAc NMP C,H,Cl, [a]H'B THF CHCl;
PEI-AB, ++ ++ ++ ++ ++ o+
PEI-AB;s ++ ++ ++ ++ ++
PEI-AB)y ++ ++ ++ + ++
PEI-AB;s ++ ++ ++ + — ++
PEI-AB» ++ ++ ++ + — ++

Table 1 Inherent viscosity number of polymers
REW [y]/(dL/g)
PEI-AB, 0.87
PEI-AB; 0.79
PEI-AB, 0.79
PEI-AB;s 0.77
PEI-AB» 0.60
J57H1L 5 PEI-ABy 0.61

R 1 AT, RE DR ERECE 0.60~0.87 dL/g
ZIH), Bf#E ATHDA RGN, BAYMFRER
BRRRIESE, XTREEH NRiE ATHDA FHEY
B, BA YN ERERIVERS N, HL Y& -[ SRR BE N Y
SEF A B K, B T O PG T . A
M5, ZRIVREWHEA B KRR

ok, BEWHEA RN, PEI-AB,y
FOEERE R 3 B, B 3 nTan, REWHESA
5 ven O AFTRT 3 o o

& 3 PEI-ABy, [ IR H
Fig. 3 Photo of PEI-AB,, film

2.2 PEI-AB,HIiB R4

B 2 by Rk I S e A R LA BILIE AR ) A
P R 2 0I5, REVNEMIERE O T4 AR
P B 38 KISR0 T R o 13 DO - [ S 1 M s 5 4 iy 3R
PEI B HAH R AR, 70 T B T DMAC,
NMP. C,H,Cl, #1 CHCl; 2% WANLEH, X FE
HHRTREY A TR, —REESHRKEN
Tk e, I 232 1 kB RHL DT T 2R S B R L BN
FEA T 0 FBE NI PE R FaE B A BEAER DT =
VU S -[STHRTE I &5 A8 1 5 | AN T 3R & 4 = 4 1)

F ML PEI-ABy,

+

+

T T FOREMAR; (7 FOREEA AR, ik
I ST R B, MR " IR

2.3 PEI-ABRARMERES T
2.3.1 DSC 44

T e RAE R AW IR 4G5, & 4
REYN DSC #hk,

ﬁé a
X | PEI-AB,
l ELAB;
~ | PEI-AB; 224 °C
20
% EI-AB;; 231°C
2 | PEI-AB3; 231°C
¥ 241 °C
246 °C
50 100 150 200 250 300
TR BEE/C
Z b
=
l PEI-AB,,
®
g .
= F5¥{L)5 PEL-AB,, 246 °C
59
268 °C
50 100 150 200 250 300
TREE/°C

a—PEI-AB,; b—PEI-AB,, f135#J1L )5 PEI-AB,,

K4 REWH DSC
Fig. 4 DSC curves of polymers
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i 4a R0, 5 D[S TIRBEM 45 H O SR 5 W)
H1 DSC A4 T, 4 224~246 °C, X4 PEI HA H
R MEAE R, L, T, A9 % 35 B T A0 R R
PEGH ) B = AR AW 7 FEVER 71, Ml 4b
AL I AL SR PEL-ABy i DSC lIF3 T, M 246 °C
fEEZE 268 °C, X2Wy, REYRNITEDE—D 4
=, AT SO 5 i AR RE
2.3.2 DMA o #

Kl 5 hEAYH DMA £, hE SanfA, &
MU E-[SRTEM LS RS Y th DMA A5 T,
228~256 °C., &l 5b A, FFHML/EHY PEI-ABy
H T & NIV [S VIR e 4 g 0T, HPWERESE &,
DMA #31) T, A PEI-ABy, 1 256 °CH % 283 °C.

2

3  ___ PEI-AB,
—— PEI-AB; 0
—— PEI-AB,, 250 6\C
PEL-AB,, 251C
—— PEI-AB,,
ER
241 °C
0 ~t 1 1
50 100 150 200 250 300
) WRE/C
b — PEI-AB,,
——J5¥1Lf5 PEI-ABy,
256 °C
283 °C
)
g1r
0 1
50 100 150 200 250 300

REE/C
a—PEI-AB,; b—PEI-AB,, M35 1L )5 PEI-AB,o

K5 Ra¥n DMA
Fig. 5 DMA curves of polymers

PEI-AB, i) DSC /% DMA ## WK 6. & 6
AT, B DU - [S TR AR S5 A TE R S Y vh S R 8
i, RBAEDRIE AR BE SR, I 7,380, JFH
DMA AR T, bt DSC MY T, B, X 22 M
AR, —J& I 325 4 JEERT I 25 A4 TR] , DSC
RPN DMA EARER R, REW R
TE R A B RS A5 AR I R0 AR A R s
T fE—E R P2 A AR R R L, DMA AR
ERAWHEL, 1M DSC MK SR AWM A, TE
R, 2 AR ST RE oA — o 1 Bm) HLAE
HIH N R AL, RN, L) DMA i

Tgﬁ%o

—a—DSC
—s—DMA

250 - '/
i ./ ./ I
2240 _—

260
;

230 —?'7'

| 1
2200 5 10 15

ATHDAHE/%
Kl 6 PEI-AB, ) DSC J2 DMA %(##
Fig. 6 DSC and DMA data of PEI-AB,
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PR T R RIER SR EEN ) —HE
S8 BEWK TGA Ik WK 7, HAREHE WL 3,

a

100
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BB 2%
g8 2 & 8

50 L L 1 1 L
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BEC

b
00

—— PEI-ABy
— F5HMLJE PEI-AB,,
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2 2 8 8

50 1 1 1 L 1

100 200 300 400 500 600 700 800
BREIPC

a—PEI-AB,; b—PEI-AB,, M55 #1L /5 PEI-AB,,

K7 REWE TGA iz
Fig. 7 TGA curves of polymers

*3 REWHIREREEE

Table 3 Thermal performance data of polymers

BEY TJ°C"  TJC®  Tsw/C  Top/C
PEI-AB, 224 228 505 529
PEI-AB; 231 236 511 543
PEI-AB,, 231 241 529 555
PEI-AB; 241 251 536 568
PEI-ABy 246 256 531 578
F5H4LJ5 PEI-AByg 268 283 557 591

Dy DSC JILFTH; @ DMA WA

HE 7a WAL, F DU ER-[STHRTE M S5 I SR G
HN,ZHUR 5%k B IR E( Tso, ) 505~536 °C,
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20%M R EIREE ( Tagy, ) 1 529~578 °C, ULHG
B SR o P S e AT A S R e . BIEL 7b T
%ﬂ, ke PEI-AB,, %%ﬁi@ﬁgﬁg%ﬂ‘, TS%M
531 °CHZE 557 °C, T\ 578 CiFE 591 °C,
X A 55 T WP [S188 e 45 i 2549 5ot . PO &(-[5]
RN L5 R B ) A RRUS B S AL R AT A, HBEE
DY S -[STHRTHE s 7 2 A B, 4Rk A BE o Bl 2 42
Fo A, ARG R AW i T WIS TR e IR 45
FERTT, T P B o

2.4 PEI-AB, 13148k

PEI-AB, # /1Y J1 A PERESS S WL 3% 4 FlEl 8.

4 PEI-AB, #BEHY J) 24 g
Table 4 Mechanical properties of PEI-AB, films

Fr L7 W 4 fi
/<é% =1 e
WEJE/MPa  BiE/GPa KR/%
PEI-AB, 45.7 1.7 4.8
PEI-AB; 50.2 1.9 4.7
PEI-AB,, 63.6 22 4.6
PEI-AB;s 71.3 2.4 4.4
PEI-ABy, 88.1 2.7 3.3
F5 L5 PEI-ABy 96.2 2.9 3.1
100 -5.0
o %0
E %0 —4.5 33
i N
B 70 44.0 iﬁlﬁ_
& &
& 60 g
135
50
L ' L 1.5 430
405 5 10 15 20

ATHDA M #/%

8  PEI-AB, W51 7 2 M g
Fig. 8 Mechanical property of PEI-AB, films

H 25 4 WA, 4 114 PEI-AB, 16 [ (1 37 feh 3 i |
1y LR ABE 8 1 I 24 4 4 32 73 il #E 45.7~88.1 MPa,
1.7~2.7 GPa il 3.3%~4.8%J5F N, FHEHIFSH PEI
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