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Synthesis and properties of soluble polyimides
containing phenolphthalein structures

CAI Hugjuan, GENG Kai, WANG Chenyi’, LI Jian, REN Qiang
( School of Materials Science & Engineering, Changzhou University, Changzhou 213164, Jiangsu, China )

Abstract: Aromatic diamine monomer 4,4-(2,2-trifluoromethyl)-diaminophenoxy-3,3-dimethyl phenolphthalein
(') was prepared by aromatic nucleophilic substitution and oxidation-reduction reaction between
o-cresolphthalein and 2-chloro-5-nitrotrifluorotoluene. Then, a series of copolymerized polyimides
containing phenolphthalein trifluoromethyl and methyl structures were prepared from one-step
polycondensation of II and 2,6-diaminotoluene with 3,3',4,4-diphenyl ether tetracarboxylic acid
dianhydride with different feeding ratios, and further evaluated for structure and performance. The results
showed that this series of copolymerized polyimides had excellent solubility, dissolving in high boiling
point solvents, such as N-methylpyrrolidone, N,N-dimethylacetamide, N,N-dimethylformamide and
dimethyl sulfoxide, as well as low boiling point solvents, such as chloroform, dichloromethane and
tetrahydrofuran at room temperature. A series of high performance polyimide membrane materials could be
conveniently prepared from solution casting of these copolymerized polyimides, with glass transition
temperatures between 275~314 °C, and temperatures at 10% mass loss in the range of 477~507 and
470~490 °C in N, and O,, respectively. Meanwhile, these polyimide membrane materials exhibited low
dielectric constants and good thermal properties, with relative dielectric constants ranging from 2.69 to 2.92
at 1 MHz, and the tensile strength, elastic modulus as well as elongation at break of copolyimides ranging
from 80 MPato 92 MPa, 1.2 GPato 1.8 GPa, and 9.2% to 13.5%, respectively.
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meterials
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Fig.1 HNMR (a) and FTIR (b) spectra of nitro compound
(I) and diamine monomer (1I')
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Table 1 Relative molecular mass and intrinsic viscosity of
Pl-X and PI-TDA

FE i fin/(dL/Q) M,J10* M,J/10° PDI
PI-20% 0.70 7.8 125 16
PI-40% 0.73 85 145 17
PI-60% 0.62 43 6.5 15
PI-80% 0.59 33 5.6 17
PI-TDA 0.88 9.7 184 19

M1 1 0 UL, 7S R 5 T 2R A0 508 i O o 14 ek 2
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1.45x10° 3t fEl N, 43 EE %L (PDI) #E 1.5~1.7 2],
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JE [ FEAR
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N HRRRIE 0, 1716~1776 cm™ by —FF B4k |
C=0 # Ay X FR B A X BRI 3 W e e 70 23 4
PI-TDA H 1052 cm™ b Jf- o Hy B C—F A W i i
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147627 89° PI-80% |1
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WeE/em™
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Fig.2 HNMR (a) and FTIR (b) spectra of PI-X and PI-TDA
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Table2 Solubility of PI-X and PI-TDA

i DMSO DMAc CHCl; CH.Cl, NMP DMF THF

PI-20% ++ +++ +++ ++ e
Pl-40%  +++ +++ +++ +++ +H+ A
PI-60%  +++ +++ +++ +++ B AN = = S

PI-80%  +++ +++ +++ +++ +++
PI-TDA ++ +++ ++ ++ ++ ++ ++

e e+ 3 100 mg REWERET 1 mL B (R
WP =100 g/L ); “++7 AR FIAMIE M (TR W IE =50 gIL ); “+-"
PRI BRI (TR E <10 g/L ).

JIT G B ) ZR 370 M 2R 70 598 I e % e B o S 1Y)
WEfPERE , AR T 5 ik 5% 57 DMAc., DMF,
NMP, DMSO i, FEfK# s CHCl3, CH,Cl, Fll
THF PRI R 0. R 2 TR A
Wil T IR 2 AL S ik 2, ORI Bt B
v T R R LT i PI-TDA , #E— 5 Mg ] Ll &
P, YW ERLEA &EEN 40%0), Pl-40%% it T 2
PUAH RO . LS I AR 1 R A T TR
S T A A VA AR TR 5 4 AR B AR A 5T, B
15T 7 FHEMAH B SRR, IR T o0 55 i i
M, SEYR T A AE R R E AR RE, S T4
FVER Ty, A4S 700 53 56 45 5 FE AN B0 4
FHEN Y O s e p T o

2.4 BETRZRIN B

X AR 2 4] S B R B I g B A E P i AT
W, A3 AR XA o R R AR (1K 3),
FHCEHE WL 3o AR ZR 5155 o T 465 oy 1 3R 70 3R ik 1
g v S ) AR A LB BOFE 1 MHz R o8 2.69~2.92 [X
[P, AN B A0 7% Ak Kapton 8% 4 X 4
A (1 MHz & 3.49), KT A5 By Bk 4 4 /Y
PI-TDA (1 MHz F 3.04), HB&E%& By BEK k&
BN 0p:h) I BERU R WA N E PO Q] Y e e = |
I, KRB BRSSO 5 I AT R TR
P e 1) R AR, /b T B AR R b R A [ s
P RT o FaERIEE, WD T 4 F5E R A A AL,
L WM R B PR 5 ) — e B b ) KRR AR Al P =
AU L — 25 BRI T I 2R 90 R IO e 174 BT AR AR
B3R, W5 IR BRZEHE A = 950 FF A 351G T 3L 2R
TR B8 ATV g ) R T A1 o 3 51202

36 « < < «
34 <
A2
% v l L
2320w . X .
& * 1 .
&301 o prsow v
® e PL-60% : .
E28F o PL40%
v PI-20% .
2.6 o PI-TDA
< Kapton
24 1 1 1 1
0.1 1 10 100 1000
$i%/kHz

Bl 3 AN L A A 3 T e 2 TR R IV e ) AL X A R B
Fig. 3 Relative dielectric constants at different frequency
of PI-X and PI-TDA

#3 Pl-X. PI-TDA i/ R
Table 3 Dielectric properties of PI-X and PI-TDA

FE & AR EE(LkHZ)  FEXA L E (1 MH2)
PI-20% 3.33 2.92
PI-40% 3.28 2.82
PI-60% 3.14 2.80
PI-80% 315 2.69
PI-TDA 3.33 3.04
Kapton 3.58 3.49

25 BEBTERHHRFERNFMHERE

Xof e SR TR SR8 P IV e 11%) 35 9 1 2 720 L N AR i
AT T (& 4), MHCEIEWER 4. WLLE
W, A R AR EEW M AE N2 FI O N E AR
FT R E T, HAR E 10%M AR BE ( Tioy ) 08
it 470 °C, 433IAE 477~507 1 470~490 °C; Ny4
[l 800 °CF M5k m*% (Rw) 7£ 58%~61%, it —1
AT DL IR, SRR SR IV e v i T K M AR
YN, Taoo & G0T R o ir il 32 21 2R 70 2R ik ST
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Joie LA 35 v W B B AL G AR IR B, AF 275~314 °CIX[H]
N, R K AR Sk 2091 409011 3R Y
SR e R U A 75 B Ok 235 # SR e W e PI-TDA A5
BT, FEREH 5 S R 3 ) Bk 2
MEABRM A RER, 5T REW S TiEikiz
) By [T

| —=—PI-80%
—e—PI-60%
60} —a—PI-40%
—v—PI-20%
—o—PI-TDA

100 200
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AR R %
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=)
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JREE/°C
C
B w7
]
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THEE/C
Kl 4 Pl-X, PI-TDA 7E N, (a) #1 O, (b) A F F i TGA
M DScihzk (¢)

Fig. 4 TGA curves of PI-X and PI-TDA in N, (a) and O, (b)
and their DSC curves (c)

%4 Pl-X, PI-TDA fy#EfE
Table4 Thermal properties of Pl-X and PI-TDA

FE T4°C T Rwl%
N, 0,
PI-20% 314 507 481 61
PI-40% 288 486 490 58
PI-60% 283 479 470 58
PI-80% 275 477 477 59
PI-TDA 343 535 505 64

ZR 571 0 5 0 5 [ IV Jg g B g 2 R D A S
FS5FR, HESHI, FIREWHEN, KRR
A Wy R RE A AR FE AE 80~92 MPa IX [|] P, i
PR AE 1.2~1.8 GPa [X ] N, W2 (K R AE 9.2%~
13.5%2Z [] ,

#5 Pl-X. PI-TDA [ 121 fE
Table5 Mechanical properties of Pl-X and PI-TDA

i PR EE/MPa SRMERIE/GPa WK H/%

PI1-20% 92 1.8 135

PI-40% 87 15 9.5

PI-60% 85 13 11.2

PI-80% 80 1.2 9.2

PI-TDA 94 1.8 15.2
3 it

FeF T AV g5 R okobE, 7R AR
P W i - 238 4 v [R] B B AT P A 7 Kl M g
ghply . KBS SR I, AR TRAY
Oy FRER B AR, BRAR T 43 FHE 2 E] A A ELAE
FVE B HERN, DT T~ 1 o] 2R Mk S e v 1140 9 A
AR AT L H 2L, 78 1 MHz R A A o H 4R
1€ 2.69~2.92 Z ], S PbIRIEE, R 0 B K45 ha i 1
R T R R A i i SRR M L SIS AL AR R
F12EVERE o S5 A A B 1 DR A R A 1) 5
AR, (AT i) S 5 0 SR WV A AR A B R
o 2% U e A SR LA Y AR N FH AN

S E k-
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