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1.1 B#

34_FEEZER KK, LREF,ME, 2
R, EERE . B8, L EFERANL R, FE A
KRE AL, N-FFE-2-ME0E 5 8 (NMP), i b 2
ERIATF, M HRE CaH, BAKIFMEKIF.3,5-
MEFPEEFR,2,6-0(3 4 "REFRE)4-
FIR L NE (DAPA, H &8 K, mp 387°C), 1,4-I
(-EEV ZFPEEEHE)K (GFAPB,ERER
Sk, mp 134C) YN ERLBESR .
1.2 WEFER

LM (FT-IR) K A Perkin-Elmer 782 Bl
SEM LT ARSI, R AR A KBr EE A
B, PLETIKSR A AL, TR B Oy 4000 ~
370 em ™' . '"H-NMR 5 "C-NMR ] i, & B Bruker
DMX-300 BB 3t 4R X , B a4 DMSO-d, &
CDCL, . R (ED TR R A AEIMS-50 B 5 15 (Y
F . GE Y R H Flement Vario EL R
BHRERHE S (DSC) EME A8 (TGA) R
Perkin-Elmer7 ZH P&, R EE K 10
K/min. %% #b-5] W Y6 &% ( UV-Vis) X A Hitachi U-
3210 B 56 AR A3 6RO, SR B O 190 ~
© 800 nm. BB RR A 151K BE R A Ubbelohde X5 BE
H R, Wi R R 30°C, B B IRAE N 0.5 ¢
dL ' A R EE B ER NMP .
1.3 BHEER
1.3.1 2,6-% (3 ,4"-ZHIEREH)4-(3",5- W=
FEARIEL )M (6FTMPP) 7E B A AL B
HOAEHUEASEADR 1000 mL =0 B K
BRI A 40.35 g (0.27 mol} 3,4- W R Z,
B4,136.1 g(1.77 mol) Z BE & ,270 mL VK K B
32.96 g(0.13 mol)3,5- W= TP EEXFE. R
RABHET MM EEIR, 2 30 min /5 RMIER G
HEGERY HIFERMERAE LA 3 b HE
MEBEGYEHTE, BIREAREKE, A 50% 8
LRUKBHE B REED, B EARE K EE
55 500 ml. Z,B2E [ 4 2 B 5 30 min f5 B
ik, KCEEG ESTRIK, BHRAGEK
11 g, % 16.2% , mp:174 ~ 175°C (DSC). FT-IR
(KBr, em™"' ) : 3054, 2966, 2859, 1600, 1590, 1499,
1380,815,758. MS{EI):499(100% ,M" ) .' H-NMR
(300 MHz, CDCl,-d }:2.36 (s; 6H,H,); 2.41 (s;

6H,H,); 7.28 ~7.31 (d; 2H,H,; SJT,,I_,,z =7.5);
7.78 (s; Hy); 7.91~7.93 (d,Hz.SJHZ,Hl =7.5);

7.93 (s, H,, H,); 8.14 (s, Hy)." C-NMR (300
MHz, CDCl,-d, ): 19.9 (C, )3 29.7 (C,); 119.4
(Cg)s 119.7 (C,)5121.6 ~ 130.9 (Cy); 123.9
(Cy); 126.7 (Cu)s 127.7 (C,)s 130.0 (C,);
130.4 (C,); 132.7 ~ 133.6 (C, )5 137.5(C )
139.4(Cy ) 140.9 (C,); 150.9 (C,);157.1(C,)).
EA(Anal, Caled, % ) : CoHy FN: C 69.73; H 4.64; N
2.80; Found:C 69.48; H4.70; N 2.71%.
1.3.2 2,6-3(3,4-“HEERE)4-(3",5"-NU=
EHERE)NIE (6FTAPP) AW E
PR BT 1000 mL = O P AIA 10 g(0.02
mol) 6FTMPP,80 mL MRz LI & 10 mL K . BB {4 &
P E B 3, 31.6 g(0.2 mol) BFRBR S &
Hon A (BRI ATERE , B7 \E R AL 3 ) inASEE
EARBERBRRW 12h, B#E #KkRE
PR EGE EABRRERMA=S D RS, B,
I E, Fa#tinA 31.6g (0.2 mol) B4G ERHF,
HELEEIH 12 h, B IGT IR POK JE I UF, TR IR
WHE HcndEMPMERM (pH=1),152 8
GO, S B HKEESER 2,6-0(3,4-
CHREEE)A, YU AR MR
(6FTAPP)8.53 g, 7= 2 68.8% ,mp > 300°C . &
BERTF—3RM.
1.3.3 2,6-30(3',4'-"REFH)4-(3",5" W=
SR B R AL ) g — A (6FDAPA) E—1EH
MM SR E A 100l =T MA 8 g
(12.9 mmol J6FTAPP, 15 mL Z. B& AT ,3 mL w2,
PEHE T R 5 3 6 h. o BN E B A R L IR WYY
HBH6s5gAEENE,2,6- W3, 4- AR
H)-4-(3",5"- W =F P EIEE) ML EE (6FDAPA) . 7=
% 86.3% , mp > 300°C . "H-NMR (300 MHz, DMSO-
de):7.89~7.91 (d; 2H,H,}; 7.78 (s; H;); 7.91
~7.93(d,2H,H,); 8.25 (s,1H,H,); 8.56 ~ 8.59
(d,6H,H, H, 5 H,);8.79(s,2H, H,) . EA( Anal,
Caled, % ) : Cpo Hy, FsNOg , C 59.71; H 1.90; N 2.40;
Found: C 59.31; H2.19;N 2.43.
1.4 BERERGH
AERAVMB . B BA DR
100 mL = A BRI A 2.1417 g (0.0050
mol) 6FAPB 5 28 mL NMP, 2 R R L. F
BFHA 2.9170 g (0.0050 mol) 6FDAPA I %} 52
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R AL B (PAA)IE W . PAA TS 2 um W94
HEAAT IR, BRERR . RAERT TR
HEBRABE, EMTERAREKEE,80C/
3 h,120C/2 h,150°C/1 h,200°C/1 h,250°C/1 h.
300°C/1 h, F2 B 5 Bt T AE MR

2 HREITE

2.1 BEER
&% BT /K 6FDAPA B9 & BB IR I =,
1R BINYGRABRMREZEHS AKX TR

ot
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HOOC
Pyndme/HZO
KMnO HOOC © O ©

A AO

6FTAPP

6FDAPA
Scheme 1  The synthesis of the dianhydride 6FDAPA

B LA B 8 VB2 B ik i R 7E 3042 o' L1628 em ™
AR 858 om™ ' bW FRIE R MRS LI R C—F B
1125 em™ ' AEEHFAE R M, RBARIIE RS T &
FHLEER A & U B AL -S4 . 7E 6FDAPA MR
W% o B T AT LA A0 L 2 B 2 B o e 3R
C—F G LA 5 31 B0 4 0F W Wi 4 , B S WA B B9 2
] LA7E 1820 om™ ' HT 1760 cm™ ' &b WL BN 4235 10 BF
BREE (0 A3 B L B X R 06 4 B 2 IR g, T A T
3000 ~ 2800 om ™' &b BY FH 2T R Y b 45 3R B0
BEAMNA RARMNMOCHE T T HEMEAH T
. BF 4k 6FDAPA .

6FTMPP ¥ 'H-NMR 5 " C-NMR 3 B LI &
6FDAPA #J'H-NMR £ & 43 BB 2 5 & 3 B
ME 2 AT LE H,6FTMPP 4 T 45 &7 H B
F5 CRFH o] #E5 b0 LABR A . 7E ' H-NMR( &
2a)H, ¥ —CF, M358 % B T A5 L B S ie 5
fBItHEtE R, 18 H, WA F i B &
L. 58P EM TR -EH LW H,, B TF

Fy

%, 2% R Chichibabin TR, #l & T £t ig
HEKREA S RN BEXRFES
PHAMEY ExH, 3,4 FEEXZEY 3,
SU=RPEXFRARBEN, 2835 €4
BBAKEI LRI, #l& T & B K
6FDAPA.

6FDAPA J H o [6] {& 6FTMPP K FT-IR % [
WHE 1 R 3TN R B4L5 9 6FTMPP M 5, 7E
2800 ~ 3100 cm™ ' £h AT LA ER & M2 B —CH, A
C—H 8 0 15 4 ¥ 20 2 o o8 ; TRT 7 3055 em ™ '&2 0
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Fig.1 FT-IR spectra of 6FDAPA and the intermediate 6FTMPP (KBr -

* sample)

—CF, f4EH, %ﬂli:ﬂEPFLEKJH A 4k F 18 P B IR
K AMEBHTHAAFEFRELRR, I H,
5 H, BRI A KA B E, 47T A
BEL. SPELTH (¥ LW H.H 5 H,
MR AL TR E R R . B 2(b) T LI 2 b



492 [T S o ¥ ik 2006 4F
a
L o, 24,5
A OO0 | 6 |
BC 2 Y cH
5 9.0 :
FC7F NCE,
3 cnel,
5 46
2 1
ab
1 1 1 1 1 1 L i1
5 8 7 6 5 4 3 2z 170

i
130

Ié—ll3C s 237N CH, CDCl; b
bHC 2 SO S a
76 9lO CH,
11
12
EF,C CF
3 14 3 3
1 L 1 1
150 100 50 0

Fig.2 'H-NMR (a) and * C-NMR {b) spectra of 6FTMPP
{300 MHZ,CDCl; )

WEF|—CF, BHE A C, i F LR 5—CF, #H4 M
CoRTFH BRI MEBERYEE XML ERELEXF
ETHEZNEAEHMSHES. ABSEETLL
EH XMHESIEAMES FRERFHESLFER
H 3% 2 1 2 1 0 55 . B 3 R BETT LA 6FDAPA
4r F 25 v & T SR F B R W e B A M LA
WitA . H, T (A B 3% B B 9 TR e, 7 1E R R e £
R R E R o T iR E A RS, 2
Bk H \H, 5 H, BT E R KESH,
5H MEME&H S, 200E, TSR RE S
T H, ¥ FiEERKER, 28E. & Fdatr, 3#i]
AT ELIA H BT & AR 9 6FDAPA B 2544 5 77 3 #4 A5
FUHEEERB VKGN TEE.

Fig.3 'H-NMR spectrum of 6FDAPA (300 MHZ,DMSO-d,)

2.2 BERILBEMNSR

BEBUEMAHEmEMEE, BTLIRA
B, I T AR AL AL W AR L R T R vk
WA UERA S BN EEEHTANLTE®E
BB AR AICRR T FE AR, X
DAPA 8%, 6FDAPA Jy —EF # ik, LI NMP R R, &
B 5 Rk 6FAPB TEIR T TR AL, B 5GH
ERBTEEMTEFEREBEER(PAL);PAAE
i 718 (80°C/3 h, 120°C/2 h, 150°C/1 h,200°C/
1 h,250°C/1 h,300°C/1 h) #F47# I B fb BN, %
AEET PITHECGRER 2) G RARM PAA
Y5 ¥ ,PAA-1 (DAPA-6FAPB) LA B PAA-2 (6FDAPA-
6FAPB) i 45 11 K5 B 4> B & 0.74 dL- g™’ #1 0.66
di-g™', ZHH &N PAA R BRI TE.

PI-1 (DAPA-6FAPB) 5 PI-2 (6FDAPA-GFAPB)
B FI-IR EEWE 4 iR AARHESOIEE
¥ RL LB B O 2R B B I MR R R4y B A2 T
1780 em ™' i 3T 09 A~ XoF B 1 48 Hi 30 W Wi 08 LA A2 437
T 1725 om™ ' AT A9 SRR 10 48 PR S48 L e Shak T 1L
TELE BT AR M BEFRTE 3072 em ' (wey )
1605 em ™' (v o )M 848 em™' (8 YL MW ERIE
Wi DA R R UG C—F S 1136 em™' 5
1240 cm ™" Ab BYFRIE Ml ik By LI B9 4 el LR
WIS THEERFRR S AR,
2.3 BRI AMEEE

AW F LA 3 5 7245 W 0 nit g 25 5] A%
PI MR 450, T 7E M) 4 51 A BB KA & L2
A, & H W E R RS PLE A T
taB A RIAT, s AR RE L B 5 FNE 6 4r Bl 4
HT PLEBEA TCARM DSCHZ £ 148K TH
MPEMEYERASFREE(T,) SPRXERE
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R, R, Poly(amic acid) (PAA)

Ry Ry

R, =R, =H, DAPA,PI-1
R, = R, =—CF,, 6FDAPA, P1-2

Thermal imidization
80~350°C

OU0)-q -0+ 0}

Polyimide (P1)

Scheme 2 Synthesis of the polyimides by two-step procedure
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Fig.4 FT-IR spectra of the polyimide films
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Fig.5 TGA curves of the polyimide films
(in N, , heating rate 10 K/min)

(Ts3 ) 10% REEE (T ) HBAFEERE

(TOUR 700 CH MRFERT 2E(R,IHIE.
M T 50, P2 5 PL-1 B HE A T i B L, 3
PI-2 1) T, Tws WA K R, 2512 580°C . 640°C F
64.5% 5y BB PI-1 /N 5C 10T 5 5.2%; &
B T, L RERAME 2°C, REE PIR S FEHFI
ASHERF R LG AEETEREFROR .
EEGED T RATA TR B MX BB
5 S80°C IR IG M ATHRIE M 280°CHY T,
HFHEWEERSYHMB PR E) Z 8 MR
7.

Table 1 Thermal properties of the PI 6F-DAPA/6F-APB and DAPA/GF-
APB

- T Tsa” Tios" T’ R,
(T} () () <) (%)

PI-1 585 583 614 282 69.7
PI-2 580 544 604 280 64.5

® Onset decomposition lemperature; ' Temperatures at 5% and 10%
weight loss, respectively; © Glass transition temperature ; 4 Residual weight

retention at 700°C

2.4 BREEID R KR O A BE

EH BRI S TERTRTEBEEY
(CTOMEREZEEREFOLBEE  EHHREN
FERRY HTEEFEARSRR N, T
AR B PL A T 5 M PR = 89 3L 8,
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Fig.6 DSC curves of the polyimide films (in air, heating rate
10 K/min)

CTC BT A, M T 986 20 5 36 40 61 T O6 B IR L, T
EREEAEAE. F74HT PIEEK UV-Vis
Fi,F2WFE T PIEEMNRSE RAKRE B
AP E B K (1) BA R FE 300 ~ 600 nm T8 Bl 1 A9 &
FENE HETUERR2TUESE, 5 PI-1H
bASEBEEY P2 AAERRE M L%
8 .0, 3 A, BfH K 345 nm, 3 PI-1 4% 25 nm,
RERAEFEART WHEKEBEARFRRHEH
MBS HAE 450 om A EY BB T 85%,F
A IATEEMAFR RENER ZFE
ATLAEF PL2 &3 W H—CF, EHEEH B R
P12 W R K (0.53%) B & T PI-1
(0.44%) , FHEEHEFRABBMHAKE, Bk
SR PIEFAARENBAR EEXNERE
AE—EBEFHAT PIAFENAHER, B
A B S EB KR MAER.
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Fig.7 UV-Vis spectra of the polyimide films (25 pm thick)

Table 2 Optical properties of the polyimide films

Fr w,b 1  Taw?  Tax Tsm Teoe
(%) (%) (mm) (%) (%) (%) (%)

PI-1  13.58 0.44 370 241 694 775 83.8
PI-2  23.37  0.53 345 64.6 85.7 89.2 9.1

PI

* Fluoro content; *Water uptakes; °Cutoff wavelength; ¢ Transmittance at

400 nm

AR TAER, RATE MR LR =R P &
BAEMES AN BB LRSS FEH . H&
B PLEEFRELAL BT A BE S it Al AR
R IRE R 220C, BBESBEE N
580C, 700 CHMBRREBRIGE RN 64.5% . %M
B EE RN BENEME, BB ILEK R 345
nm,450 nm AL E R ERLT 85% ARG E
HEEF B A B AEMBEF HAZTFREA
AERIHM AR,
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SYNTHESIS AND CHARACTERIZATION OF PYRIDINE-BRIDGED
FLUORINATED POLYIMIDES

YANG Haixia', LIU Jingang®, LI Yanfeng', FAN Lin®, YANG Shiyong’

(' College of Chemisery and Chemical Engineering, Lanshou University, Lanzhou 730000)
(? Laboratory of Advanced Polymer Materials , Institute of Chemistry , Chinese Academy of Sciences , Beifing 100080)

Abstract A fluorinated aromatic pyridine-bridged dianhydride 2, 6-bis (3’, 4'-dicarboxyphenyl )-4-(3", 5"-
bistrifluorophenyl) pyridine dianhydride (6FDAPA) has been synthesized by the Chichibabin’ s reaction of 3, 4-
dimethyl acetophenone and 3, 5-bis ( trifluoromethyl ) benzaldehyde, followed by oxidization and dehydration
reactions . Two polyimide films were prepared by the dianhydride 6FDAPA and the unfluorinated dianhydride 2,6-bis
(3',4'-dicarboxyphenyl )-4-phenyl pyridine dianhydride (DAPA) with 1, 4-bis (4-amino-2-trifluoromethylphenoxy )
benzene (6FAPB), respectively via the two-step polycondensation procedure. The PI-2, derived from 6FDAPA and
6FAPB showed thermal properties similar to those of PI-1, derived from DAPA and 6FAPB. The PI-2 had glass
transition temperature of 280°C and initial thermal decomposition temperature of 580°C . Furthermore , the FI-2 film
exhibited higher transparency than that of PI-1 and showed cutoff wavelength of 345 nm and more than 80% of
transmittance at 450 nm.

Key words Polyimide, Pyridine, Dianhydride, Trifluoromethyl, Transparency



