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Synthesis and Characterization of Fluorinated Polyimide with High
Solubility and Optical Transparency

Wang, Chenyi Zhao, Huipeng Li, Guang™ Jiang, Jianming
(State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Material Science and
Engineering, Donghua University, Shanghai 201620)

Abstract A novel fluorinated polyimide (PI 3) containing fluorenylene cardo structure, was prepared from
9,9-bis(4-amino-3,5-difluorophenyl)fluorene (1) and 4,4'-(2,2-hexafluoropropylene)bis(phthalic anhydride)
(2) via a one-step high-temperature polycondensation. FT-IR, 'H and '°F NMR spectra were used to investi-
gate the chemical structure of PI 3. The results confirmed that the structure of PI 3 was in good agreement
with the proposed structure and the imidization was conducted completely between 1 and 2. The obtained PI
3 showed high solubility, with the dissolvability higher than 10 wt% in most common solvents such as
N-methyl-2-pyrrolidinone, N,N-dimethylacetamide, N,N-dimethylformamide, chloroform, dichloromethane
and tetrahydrofuran. The resulting PI film exhibited excellent optical transparency and colorlessness, with a
UV-Vis absorption edge at 315 nm and the transparency at 400 nm higher than 84%. Furthermore, PI 3 also
possessed good thermal and mechanical properties. The temperature at 10% weight loss was beyond 539 C
in both air and nitrogen atmospheres, and the glass-transition temperature was at 377 ‘C. The film had
strengths at break of 70~80 MPa, elongations at break of 4%~8%, and initial modulus of 2.6 GPa.
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JEF2 AR AR BE R AL R 5 SRS R W
IR AL G SRRV & S U (10622 PR RE . A HL Ik BRI
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1.1 RFS5EE

44N F S TR ) XUAT 2 R R IS (99%) A1 1] FY 7y
(99%) 10 H Alfa A7), EEATH; SRR 99%) th Fifs
BT AR A RS, B, el ARy
NN Aig, HEATH.

Bruker AV400 MHz % ##43L4R (% Nicolet NEXUS
670 BT 21 A AR O A (ER); Lambda 35 (Perkin
Elmer)84M n] W2 J6 6 v, Perkin Elmer Diamond 7
AR PUY(DSC), FHILHE# 20 ‘C/min; Netzsch TG
209F1 #UREHHTIU(TGA), THEHEZE 20 C/min; Wa-

ters-Brookhaven BI-MwA BYEERIISE (A6 EU & H
X (GPC-LS), LAVYS M A7 5 4H; Instron 5565 Hbt
BHRIEHL; L NN-F I SRt 7, TS EORG BEvT
MR EPRPERGEE(30 °C, REWIKIE 0.5 /100 mL)
1.2 BKEIEMK

AR 9,9-XU(3,5- R -4-HE LRI B, S A
H IS E 9- B A 2,6- SRR 28— AU AR I S N A5 2,
45 154E 207~208 C, ;=% 53%. FT-IR (KBr) v: 3473,
3388, 1645, 1590, 1521, 1450, 1329, 1149, 965, 855, 737,
681 cm™'; '"H NMR (DMSO-ds, 400 MHz) J: 7.91 (d,
J=7.4 Hz, 2H), 7.49 (d, J=7.6 Hz, 2H), 7.41 (t, J=7.4
Hz, 2H), 7.33 (t, J=7.6 Hz, 2H), 6.57 (dd, J=2.0, 8.0 Hz,
4H), 5.18 (s, 4H). Anal. calcd for C,sH ¢F4N,: C 71.42, H
3.84, N 6.66; found C 71.71, H 3.91, N 6.62.
1.3 BB &

FEATZAM 50 mL T4 — 11 BRI 43 50 n
N\ 0.8408 g (0.002 mol) 7% 7 i Hi44 1 F110.8885 g (0.002
mol) 75 & WF 2, M 16 mL ] A 5 i Sk, ¢
120 ‘C/V 3 h )&, FHRE 195 CHR4E N 15 h, ¥
HAE 100 CAAE¥ NV E AN F R U2 A
BAOREREY), HhUEIF A CRE ROE, ¥R G
FELE 150 °C PR THAH. RRPERER 0.48 dL/g, 7~
# 96%. FT-IR (film) v: 1795, 1740 (C=0), 1371 (C—N),
1250, 1200, 1154 (C—F) cm™'; '"H NMR (CDCls, 400
MHz) ¢: 8.04 (d, J=8.0 Hz, 2H), 7.99 (s, 2H), 7.80~7.84
(m, 4H), 7.48 (t, J=7.6 Hz, 2H), 7.43 (t, J=7.6 Hz, 2H),
7.40 (d, J=7.6 Hz, 2H), 6.97 (d, J=8.8 Hz, 4H); °’F NMR
(CDCls, 400 MHz) 6: —63.12 (s, 6H), —114.29 (s, 4H).

2 HR5ITR

21 BEYIMERSRE

RV R ) 46 Ok B E A W E R — k. P
02 R PR RESR I A ER N RS
TEHCRBRGIR, AR5 HE— 0 il i #ud FEEUIM AL {4k
FUBEAT T A SRS B SRV . %70k Fp AR
AR I S NS . A SIS i I R AR 1 ) i
55 T 52 A0 S R 1 DA R BEL AR,
NS PR ARAE (i 4,4- KBk BARAS £, ik
FHH R W 205 A R S P OC i A R ). 1 —
AT S s T R A T R
RV . %75 e B AL B M S N e A, BRI FH T
LR P B TR 2R T ] i 1 SRR P Jie R o 2% 97 28 5
FEWER% 3 (Scheme 1)J2 HH R 5k 1 F155 & I 2 4



No. 5 TR —

=
It
o
i?)}
an

TCFIEYIE R

SRBENE (145 A R A 451

F
HQN O
F|'D‘.‘D * 0 NEICHHD
1

m- Cresol

O %
195 °C,15 h | I

Scheme 1

) F g o AU Kk & — D il 4 SR . AR A
RSB AT, MRA S h A, RRTFGEA
— S IR (i 0.32 dL/g), R CER—E 0 PR

WV JHE (M, 21000); BEAE SNV IRIEEAT, 242845 %] 10 h
Ja, BEWRAZLTHM (gian: 0.46 dL/g), B0 W]
15 h i, nlHIf R AR TR R B e, 7R
SRR PERLEECE 0.48 dL/g, FI5r T HAE 28000, 1 45
TR 3 AE AR BB A IR R () GPS-LS 2k, A
IS o3 S FARE R B 25 2% 1 TR

M 3b-10h el5h
12}

1.0+
0.8L 3a.5h

W (Ig M)/%

0.6
0.4}
0.2}
0.0

10° 10 10°
Molar mass /(g-mol™")

B 1 SR 3 ) GPC-LS ik
Figure 1 GPC-LS curves of P13
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Table 1 Properties of polyimide 3 under various polymerization

conditions
No. Polyrperization nmh{ 1 GPC-LS data dm
time/h (dLsg ) Mm,x10* PDI
3a 5 0.32 2.1 1.9 fragile
3b 10 0.46 2.7 1.7 tough
3¢ 15 0.48 2.8 1.5 tough

435I FT-IR, "H AT "F NMR X S BEV e 3 14544
HEAT T 4307, EZRBEW AL 3 1) FT-IR S M4 b i UG
FIE 1795 F11740 em ™" A0 L T BV _ERFEATFR
HUS ARG R SR, 1371 em ™' &b B0 T 1967 e 3

b C—N MWZEIRSIE IS, 1100~1300 ecm ™' AL HIL T
C—F Mgarshmlicis. 5 ubRn, REEAZ 3 () FT-IR
AT A TE 3300~3500 om ! A oA S T ML IR ) i B AR

BN, R ITIEEE Al e N s 4. Ik Ah, AR IBE Y ik
3 'H A1 "°F NMR S B epal UG, &7 R
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FTRISR I e 3 Bt R4, wf Ul SRS Wi
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Figure 2 UV-Vis spectrum of PI film
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KRB (1) ' 2737 W (R I KA 30~60 nm). A5+
G E e EZA N TR AW o 1 R B AR 5
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W HL -1 IR L 75 30, R T i 1 45 L
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WHGE TR EDRE R,

FIF DSC H1 TGA 43 5l SRV 1 3 1R 3 A Uk 55
FFE MEEAT TR, B Rl A 377 °C,
A REAH 10% A0 F0lL R 4 3ok 539 Fi 558 “C (&
3), ZAH 800 CHUBRFHKAE 56%LL . 53Rl
FRAEHE T [l IS4 T 1 1) 2 TSR R IR P Jie A LL, 2R
PP fie 3 ) ol EL A B v () BB A IR P2 (i HE 50~100° °C).
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Figure 3 TGA curves of P13
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