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 OE Gl TR, AT & =R 3 RO R P TR 447X (AR R 2- SR R R R ) 0K
Gifik (6FSEDA), FIFH 5 6 iy & I 544 :3,3",4,4 - B R AR TR —KF (BPDA) 4,4"-%( WL 4B 24 — H i IFF
(ODPA) 3,3",4,4"-Z KA DU R —F (BTDA) 4,4'-(FNI R ) -ZK B (6FDA) 3,3',4,4"- X ik Iy
iz I (DTDA) } 3,3',4,4"- " R UER — W (DSDA) & — k& T — & 5 & 5 K B Tk 5 1 09 5 1 30 Jie
(PL), FHxdH M 54T T 05T, 2R EFW, ZHRH PP IR T,(DSC) # 199.8 ~231.7C L
M, 5% 1 10% K E IR (N, 5 F) 2517 491°C F1 517°C LA L, 7 400 ~700 nm {3 7] 56 3% 4 1 [ 4 B
5 0625 B, 7R R R B (1310 nm #1550 nm Ab) 5 T5HA & 0% i, FL7E 3 9 A~ U 4 4 I 45 1) 57
BT 5T 25 B4 50 R 1. 5401 ~ 1. 6142 1 1. 5389 ~ 1. 6124, 7E ¥ K 632. 8 nm 0 £53 f1 ST 41 36 B K 0. 0012 ~
0.0045. 1] U, &5 560 S i Fik 366 A 508 ok 0 iz 97 M EL AT KL T A0 ARS8 Rl 2 g

XEER BN, BB, M,

Bt LA OGET I 28 S AR 3R 9 D13 TR it 119 7
R, A A B R O R S B AR HOR
FRy s SR Bk BB 2, Ot I g B ((wavelength
division multiplexing, WDM ) &k & i iz 1 4 1Y —
P e B, SRTT WDM #F A Al sl 19 42 A Y
R T AR SR R AR A, PRt A R 0 2 3 R 48
PR I3 TP R IT & 1 N ATTAIF 58 i #4 TT R
.

FVRl, 2845 52 B W B 68 TR R 32 240 4%
JEALM R (B LINDOS® LTIV R MR
(GaAs s InP) ™ A1 Si™ 7)) FIAT HLE & B M
BRI, A LM R BT S SR R T R B
ARZHGE, Hih THEA S, T TEE RS
R RS T — PN 5T &, fd LA,
B YA PR R A D A G 8 A ST RS T
Bz R R R A s T
A= Ok B SR AL AR AL BRSO
T RT3 O i kL U1 SR I e R OR T IR T M R
fEEbE R ik be RRIR IR SF , BEATRA G FE
B A 5 ARG B AT A R RO T AR E L
55 A A 2 B R K N T T2 A
AL IR S IR R L A2 BT )z

SR, LT

b SRS 7 N = W S = S N T = SR e
nIA, HARRA B A SBIRREW it
BA kR EIRe Lty , Wb 170 FNsa+
Bl AR 45 A (CTC) IR I, T R K
6T AR B e, s T ABEN
PR A, SRR I I e BT S Y R /N AT DL 1ok
TR Y, H R A AR R TSR AR
T AT UL, R R T I e 2 — A L 3 AR O D
SRS TR, R R Wik, TR
TR R SR T I e R A Ok B
i Lorentz-Lorenz J5 2", #1E WA W) 4> F
kg G| AN BAT e B R T S5 0 36 AT (G ek
A, WA LR R RS Y A BRI R T
FIAZM S F 45 ot (e EE R oT) , W] DAy
S Hb R AU B 45 W B R B BT B A SR
FJE AT DAYE R G ph Rk B AR, $Em L
W RPE R e, BRI R G WM R A B
Bk R IR ROUT B A A
T A5 M 5| G R Bk S A 1) 2R Tk IV g 1 1 AH X
B, A Jiang' ™ SR E T — FlhOET R M SR K
2,2 - 4 A T R T R, i A
5 R RAR AR H 5 T — BRI E R
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WE B, IF w00 BESE T B AT AR G Uk 40 5 Y
M. RSO TR LR Rt AR
TE IV i v, 309 SR AR A ELAA R N RRAE B AR, LA
R[] G 2 40 A 75 5K
AL 2-5-5-fiF H = /U RN 4,47-2 5

TR Ry JFORL 280k 4 S AN P A S A5 B
— b i B R ——4 47X (4 2-= g
BRI ) KBk (6FSEDA), AR5 5 6 Fhy
B IR 2 — D A A T — R A BRI B Tk
FLAT PI, X TR PTGk 24 25 0 0 f M AR
JEME BOGA R PE SR HEAT T RAE, IR T BRI
M 35 A Xof JHL A% U B 199 5 i)

1 SLIEER4y

1.1 ER5iXH

2-G S5-I EE R OR, g ER AL T A
BRSTE] 5 4,4 - % 3 — K BiEE, Sigma-Aldrich 1k
SO R S Wy 3,37, 4, 408 R R TR B
(BPDA) 4,4"-5 W AR — W R liF (ODPA), #
MG N AL T A R A F 3,37,4,4" - ZE U R —
fif (BTDA) 4, 4'-( /X i 5 N )-8 — R BF
(6FDA) 3,3",4,4"-Z" X U fig — 1 (DSDA),
HZ TCI Ak R 2 | 5 3,37, 4,47 - R i fik DY
g —FF (DTDA) Z:MESCHK[23,24 ]/ Ak N,N-—
PO Ik e ( DMF ), N-HT JE-2-nfk B ¢ [
(NMP) , [ H By, g2k # R A\, HE
PR I O 2k 2R AR G FE s A RAE U,
BRI B .
1.2 RIEMIF|RAE

{27 46 3% (FTIR) K% A Perkin-Elmer
Model 2400 1T B 2T AP SGGE AN o 5 4% i M iR &3
('"H-NMR) gt (” C-NMR) % ff 400 MHz
Bruker A% 2L 4R 00 5 , AR5y DMSO-d, 5%
CDCly; 5£4k-7] W-3r 21 AR 3% (UV-Vis-NIR) R
JH Perkin-Elmer Lambda 20 %8 #h-1] U, -ifF 1 #p Bk
FASETE AT 2, 45 4 I 3 B 250 ~ 700 nm
(UV-Vis) & 1000 ~2000 nm ( NIR) ; 7% 22 514 &
ik (DSC) H#E 34 (TGA) 451k H TA
Q2000 5 TA Q5000 IR #4340 2 , T iff 1 5
10 K/min, 76 Z S 90 & ; 3h& 012 5 i
(DMA) SR H TA Q800 Wi, FEAR SR 15 mm
x 5mm x 0.045 mm, S5 1 Hz, FHEREH RN
3 K/min, 7E25SHME s P38 (nyy ) RS
WAL (W-VASE32TM) il , Wiz &K o 1310

nm I 1550 nm. ICHT I3 (An) 2R A E 5238 R
A B A A e, W K Ty 632.8
nm.

1.3 —RRBEEH

L3, 1 44" B (4-gRE-2-—= 3 R B AL ) =K
Wit (6FSEDN)

TE—A T A AL FF | ]38 BE A M /A
M9 250 mL = A, RO A 2-5-5-i8 % =
SP 2 (24.8 g, 0.11 mol), J7/K K,CO, (16.6
g, 0.12 mol), 4, 4'- " F I " IRE M (12.5 g,
0.05 mol) & 125 mL DMF, 4K 5 F+i& % 130°C [A]
TRIFBEPE RN 24 h. [N 25 RIS 2808 25 18 Bk 2%
Ha R G R E R, R R VIR G YA
1000 mL 857K, A i AR ™= 4, Jh i JF
RAZKEE, BRI AR K. Y ai g —REm
FHTE 5 ffe , 05 MR B 60 05 A5 A, A BIIR B0 0
4 25.5 g, 7% 81.0% . #44 181.2°C (DSC i
E) -

'"H-NMR (400 MHz, DMSO-d,): 8.43 (s,
2H, ArH), 8.34 ~8.32 (d, 2H, ArH), 7. 64 ~
7.62 (d, 4H, ArH), 7.54 ~ 7.52 (d, 4H,
ArH), 7.24 ~7.22 (d, 2H, ArH);" C-NMR
(400 MHz, DMSO-d, ) :146. 50, 145.60, 137.55,
136.57, 132.97, 130.98, 128.74, 128.35,
127.42, 127.28, 126.95, 126.63, 126.31,
124.70, 122.86, 212.96, 119.25; FTIR ( KBr,
em ') 1625, 1605, 1574, 1473, 1446, 1339,
1264, 1168, 1128, 1114; 5 % 4 #f
(CxH,F(N,0,8;,), H & fH: C 49.68%, N
14.46% , S 15.30% ; 52 W {H: C 49.88% , N
14.56% , S 15.11%.

1.3.2 4,4"- W (4-H5E-2- = R AL ) — o8
Wit (6FSEDA)

TEBCA BE S BEFE DA B 18 TR U -
FASATRY 500 mL = AP ImA i34
#) 6FSEDN (15.38 g, 0. 024 mol) Fl 10% 41 7% {4
B (1.54 g) KIC/K 2 BE 250 mL, fEdk n#s
[l , FHE R R -7 1 h IR 50 mL 85%
KA B, ARSI 12 h, $d D8 BR 25 A A, UE K
Wi 5 B 500 mL 58 1K Hr, Hr i [ AORL
Yy, WE IR R Z K BER B B Ak K. EHE Y
ZERE AR R AT o B AR Al R I R P e R A i
BERIR G (IRFREE S 12 1), 15 3R 8 6 ke
A 6FSEDA 10.40 g, F2% 75.0% , 1545 31. 4°C
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(DSC & ) .

'"H-NMR (400 MHz, DMSO-d,):7.32 ~7.30
(d, 2H, ArH), 7.17 ~7.15 (d, 4H, ArH),
7.02 (s, 2H, ArH), 6.94 ~6.92 (d, 4H, ArH) ,
6.79 ~ 6.77 (d, 2H, ArH), 6.06 (s, 4H,
NH,) ;" C-NMR (400 MHz, DMSO-d,): 151.28,
141.16, 139.77, 134.12, 133.85, 133.56,
132.01, 128.38, 127.78, 125.66, 122.94,
118.06, 112.51, 111.90; FTIR (KBr, em™'):
3425, 3350, 1605, 1575, 1514, 1459, 1335,
1278, 1182, 1151, 1118, 1101, 785; T &/ #r
(CyH  FgN,S,), FHIEE:C 54.92% , N 4.93% ,
S 16.92% ; Sz {E: C 54.55% , N 4.98% , S
17.22% .
1.4 BEBTEMEX

S SR Tk 3k A PTSR B e B ik 6FSEDA
Sy HIEN 6 Bl EF AL — R AR, X HE L
6FSEDA 5 BPDA iy 4i & i (PI-1) h . 7838
ARAHW 25 mL = A, A g sk
6FSEDA (1.1372 g, 2.0 mmol) , —fif¥.{&k BPDA
(0.5884 ¢, 2.0 mmol), [A] H Hy (17.2 mL) M &
MEME (5 ~6 ), FEE R FHPE 30 min J5THEE
50°C, JFAkZ P S W) A s g, 1A R AR IE
B, FTHEZ 120°C 2 )i 10 h, 200%C JZ [ 18 h,
RIGHWREB N2 80C FWHREWIH W EA
B ULy, AT R LR 4k =y, g, i
RETYAE150C T EE TH. RAERE™YH
DMF %, W BEE e, TR EEE.

PI-1; f= % 93% ;'H-NMR ( 400 MHz,
CDCL,) :8.02 ~7.99 (d, 2H, ArH), 7.81 (s,
2H, ArH), 7.54 (s, 2H, ArH), 7.50 ~7. 48 (d,
4H, ArH) , 7.40 ~7.30 (m, 10H, ArH) ; JCZ 4>
#r (C, H, FN,0,S,),, i {H.C 61.01% , N
3.39% , S 11.63% ; 52 U fH: C 61.33%, N
3.30% , S11.53%.

He PLZ W R Jr kil &, EARSRAE SR
nr

PI-2: 7= % 92% ;'H-NMR ( 400 MHz,
CDCl,): 8.20 (s, 2H, ArH), 8.08 ~7.92 (d,
4H, ArH), 7.84 (s, 2H, ArH), 7.53 ~7.51 (d,
2H, ArH), 7.39 ~7.33 (m, 10H, ArH) ; TTZE 4
Mr (C,, H, FN,0,S;), #l i {H: C 59.85%, N
3.32%, S 11.41% ; 52 W f&: C 59.63%, N
3.38% , S 11.50% .

PI-3: j= #& 949% ;'H-NMR ( 400 MHz,
CDCL): 8.29 ~8.20 (d, 4H, ArH), 8.13 (s,
2H, ArH), 7.82 (s, 2H, ArH), 7.51 ~7.49 (d,
2H, ArH), 7.45 ~7.28 (m, 10H, ArH) ; 74>
#r (C, H, FN,0,S,),, #lig ff: C 60.42% , N
3.28%, S 11.25% ; 52 I {H: C 60.48% , N
3.30% , S 11.20% .

Pl4. 7= % 92% ;'H-NMR ( 400 MHz,
CDCL,): 8.06 ~8.04 (d, 2H, ArH), 7.93 (s,
2H, ArH), 7.90 ~7.88 (d, 2H, ArH), 7.79 (s,
2H, ArH), 7.48 ~7.46 (d, 2H, ArH), 7.43 ~
7.40 (d, 4H, ArH), 7.37 ~ 7.35 (d, 4H,
AtH), 7.32 ~7.29 (d, 2H, ArH); 5T Z 407
(C,;s Hy Fy N,O,S, ), H i fH: C 55.33%, N
2.87%, S 9.85%; S W . C 55.62%, N
2.80% , S9.83%.

PI-5: 7 % 90% ;' H-NMR ( 400 MHz,
CDCL):7.94 ~7.92 (d, 2H, ArH), 7.84 (s,
2H, ArH), 7.80 ~7.76 (m, 4H, ArH), 7.49 ~
7.47 (d, 2H, ArH), 7.40 ~7.29 (m, 10H,
ArH) s JER 53 (C, Hy FN,0,S,), , BB E : C
58.73% , N 3.26%, S 14.93% ; 52 M {: C
58.40% , N 3.33% , S 15.01%.

PI-6. f= & 93% ;'H-NMR ( 400 MHz,
CDCL,): 8.69 (s, 2H, ArH), 8.64 ~8.62 (d,
2H, ArH), 8.21 ~8.19 (d, 2H, ArH), 7.92 (s,
2H, ArH), 7.67 ~7.65 (d, 2H, ArH), 7.43 ~
7.40 (m, 10H, ArH); 76 & 4 # (C,, Hy
F,N,0.S,), B g fH: C 56.62% , N 3.14% , S
14.40% ; 52 9 {H: C 56.90%, N 3.10%, S
14.31% .

1.5 ZEEBIRERENS &

AN TR) JEE B2 1 P E JRE 43 S0l >R FH ¥ WL 58 5 15
JiE R 2l 4% . K 0.30 g P T 4 mL DMF ( Ji7 &
S 8% ) i, SR S G 8 B FE K ST B B AR
(6 cm x6 cm) |, #E T 70°CHLA4 24 h. f5iF
Flg 2RI, THEZE 190°C, 5 T 12h. %
WEEEG, WM T L8 F oK fli PI
N ¥% , 2 25 T4 2k s W R I Pl
W, RN 45 ~55 pm, FE AT DSC, TGA
1 DMA 4K WA, ¥ 15 mg PLIE T 0.6 mL
DMF (J5i & 70 829k 2% ) b, SR 5 S 18 M 48] £ 7K
B (3 em x3 em) b, AT HIAS BN 5 ~ 10
pm [ PL i, T 20 46, 48 Ah-1T UL S 1% 45



53 BN I T

P 58 Tt IV e 016 S B ) B R AIE 555

W o — i PLIE TR CER T, RE ek
E%HL B JEE 32 3 o 4 ) 5 e ML 3 RE AT A

, BT R AR R L) 1 wm 2471 PL
k,z%%%ﬁﬁ%(Nm)WWﬁmwﬁ,h
PL IR OB WO TR AE Ak b, L8 TRV 15 R
292 wm 1y PLEEE, TSN PLITOGHE S0
W5 o PLIR OB e R T2 ik b, =
DT ARREL 2 ~5 pm 1Y PR, H T =

O s

il T PTOSLHT S 3K
2 GRS

2.1 T E:E{k 6FSEDA W& R

T RN Tk L 1A — i BRLK 6FSEDA G i 4 A
A P 2 By i A5, B B sk R s L L
B

KOs
DMEF/130°C

_Pd/C,EtOH _ EtOH

6FSEDN

OOOO

6FSEDA

Scheme 1 Synthesis of the diamine 6FSEDA

HE, UL K,CO, AR A, 7E% K DMF
i 2-5-5-RFE = 2R RN 4,47 - T 8 T Rk
2 KRB R N, 8 A
6FSEDN, #K J 11 FH 48 Bk i Ak 5770 A1 K & 038 J5E 51
N A SE A A Y SR B RN ik L AT Y e B
& 6FSEDA. 43 %5%H] FTIR, NMR H17C Z 4> ¥7 Xt
PR 6FSEDA #EATRAE. HPE 1(A) N
Jii 2.4 6FSEDA )  H-NMR &3, X [&] v i B 1Y
KRR TR 5 W AT 7 VA )& I 1A B 04 505 b
By, a7 i fE S WA A s =
6.06 &b, 5 etk aE g5 M —3 B 1(B) S
Pk 6FSEDA 9" C-NMR 3%, xF Bl vty 810 4%
FEMR AT 5 VAT T VA R I FH AR R 1 = BE bR B, &
TR T O R B e 5 T SRR b AR S R A — 3 Ik
AbTFEE VLI R 2, T U R I
W, SR L (—CFy) SOH AR QB 0 ok st 1 &
EZEAREECE 1L(B) g Mle). BEAL, LL5MG
T FF7E 3300 ~3500 em ' Ab AT LS F) B A &
BAG5 0, JUE S M i 45 Rt 3R W T A5 i BRI
(b2 S5 4 5 st — 3L
2.2 BEBTRMAK

TR I I o T o O SRR N
6FSEDA 5 6 By F — I £ ] HY iy v id i 5 it —
A TR 4 R AR, A AR RO AR &R O

CF; 2_1

il D Ors D

H, N@—S—@—S—@ﬂs 4NN,

FCef
]
wn
k
a

50 40 30 20 10 0

160 150 140 130 120 110
s

Fig. 1 'H-NMR (A) and > C-NMR (B) spectra of diamine
6FSEDA

B /Ny 7B WK R 25, 46 28 0L
2 s,

TEGR RN R h, (R R IREF A, R &
SR Fit R AT 1) PTHLAT R GF i g . L, R
M GPC X R G Wikt 17 T8I, A
PREERG) T3 1 i R BR T, s a9
(IR oy FHEE 3 < 10° B E, 4 F 8T 1E 2.0
FEAT, T LA Ao A D8V BRSO FTIR ' H-
NMR F17C 2 73 Hr Xk B A4 35 960 A0 B 7t i 14T PT Y 4k

o A s 5



556 ¥

I

Ea i 2012 4

GO O

6FSEDA

%@@@&% Oy
jegelpey

0 0
| l

\ /" Quinoline, m-cresol
50~200°C

O

||
o)

C o

0]

o_

o

| |
o)

=

aO=0 O

ﬁ@()@ﬁ)ﬁ%

Scheme 2 Synthesis of polyimides containing fluorine and thioether groups

SEOE M HEAT T RAE. & ORIBL R SE A PT Y FTIR
FIEan 1 2 fros, MW el L& t7E 1777 F
1725 em ™" Ab HY B {5 5 06 O I S0 i 36 I Bk R
SR A R A 446 R 2 W Wi 5 1364 em ' 4k B
(A5 5 0 Dy T IV Jig B4 B C—N {1 47 91 3l 1% i i
1100 ~ 1250 cm ' &b H BRI (55 04y C—TF i 45 4%
BN 5 T AE 3300 ~ 3500 em ' Ab S 1 HR 2 W Uk
FEAE G JE AT O, 2 B 45 2 B g o I S Ak Lh 4%
SEA. AN, AR IR S RO R AT i A R
FHA IS PR b2 25 40 5 98 1 — 3L

PI-1

PI-2 w\ W Mﬂ “ LU“
o W

PI-5

Transmittance

PI-6

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)

Fig. 2 FTIR spectra of polyimide films

2.3 RETRHNZSHRERRREN

— R PT A A MLEE 00 o o) 38 i R A 22, X
PABEAT NI, WA D 6 02 5 45 1 (5 P 1 A ek 1o .
A R gk, DUERE T T NI, XA

O ORIV Ik BE P PT A A e 04T T DU, B &5
R 1.

ATRLVE Y, & BURBL L 4] PL 55 %+ DMF |
DMAc NMP DMSO il jix] B f 45 5 i 14 A HILI 51
T AR M 8 G a5 7R & 0, PI2 ~ PISS
S R AR, PR PI-6 B 7R M4
PERREER A0 i i s AN, A S B R
P-4 5B R0 it JHE T2 30 Jin e
O IR BN . B, ORIk R AT PT LA
RAFE b, X REIAZE T H 28 b5l AT
i ik 32 AT DA R 4 7y = 360 PP 3, X 2 Rl G AT 9 5
AR KIEINT A Y 8E 0 200 DL & o T 55 =2 1]
PR, AT E%, 5 T/ FiEimn
PR AW KO i — 2L

MIGER A5 R G e RIERE , L &L
BRI i 5 R — i AE 260°C, S I AT BE Ik #)
400°C , M HL #8475 A F i 72 vt 2 5K BT A k)
AR e . Wik, kA TGA Xf fif 5 PI
MR E PEEAT TR, PR E A Z &l 3 BF
IR, R 5% F10% B i BRI S FO0E 51 T 3 2
o 255 E 3 RER 2 PR AT UIE S, TA R
AEYAE N, R s Sk E 5% B E
(T, ) Mk 491C, & 10% W IR E (T, )
i 495°C , 800°C W] Y Hk e % K T 30% , R &
RN ik 3 A PTG 47 i R k. AR 2
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Table 1 The molecular weights and solubility of polyimides containing fluorine and thioether groups
GPC data” Solvent”
Polyimide
M, M, M /M, CHCI, Acetone DMF DMAc* DMSO° NMP®  m-Cresol
PI-1 6.2 x10*  1.3x10° 2.10 -h — 4 e+ 4 4 i+
PI-2 7.7 x10* 1.6 x10° 2.08 4 -h 4+ 4+ ++ 4+ ++
PI-3 3.0x10* 7.5 x10* 2.50 ++ — ++ ++ ++ i+ e+
P14 8.0 x10* 1.6 x10° 2.00 ++ ++ ++ ++ ++ ++ ++
PI-5 5.3x10*  1.1x10° 2.08 ++ -h ++ ++ + ++ ++
PI-6 3.0x10* 6.1 x10* 2.03 -h — ++ 4 e+ i+ et

* Relative to polystyrene standards, using DMF as the eluent;” Solubility was tested with a polymer concentration of 10 mg/mL in solvent with

stirring; ++ ; soluble at room temperature;

— h: partially soluble by heating; —: insoluble; “DMF, N, N-dimethylformamide; DMAc¢, N, N-

Dimethylacetamide; DMSO, dimethyl sulfoxide; NMP, N-methyl-2-pyrrolidone

Table 2 Thermal properties of polyimides

T,(C) Tyat5%°(C) Ty at 10%°(C)
Polymer Char yield® (% )
DSC* DMA' In N, In air In N, In air
PI-1 231.7 235. 1 512 520 544 544 63
PI-2 202.5 202. 6 535 525 557 549 56
PI-3 226.9 229.2 498 507 536 548 30
P14 228.2 232.7 508 512 535 533 42
PI-5 199. 8 197. 1 508 518 530 539 56
PI-6 215.9 211.5 491 495 517 524 48

* Obtained from DSC with a heating rate of 20 K/min in nitrogen ;* Obtained from DMA with a heating rate of 3 K/min at 1 Hz in air;® Obtained

by TGA at a heating rate of 20 K/min;“Residual weight at 800°C in nitrogen

BlRR nT LU, 28 R T A Ry PR K
WG T gy T g0 gy 100 KT X5 I 9 60U
EPUTIME?E(J@*E Ts%(fiﬁ>$u Tlo%(éri’i‘) ’ ﬁﬂﬁﬁ%dﬂ
TR R R R O TR B MR B S R R R
Fwel

100

90
80
701
60
50

Residual weight (%)

40+

30F

20
200

400 500 600 700

Temperature (°C)

300 800

Fig. 3 TGA curves of polyimide films

W 5 RN Tt AL P PT 3 3o 3 R g 1 12 o A
W, AR5 23 3R 1 DMA 350 DSC 3% R A H 3
AL AR, PNKEE R TR 2 . AR 2 B
el LIA H, DMA k45 PR Beas AL (T,)
£ 197.1 ~235. 1C{E RN, X 5K A DSC Jik
MAFHY T,(199.8 ~231.7°C) FA—F. TR

FH SRR —Fh e, B PLIW T, 22 5 & H
FBFLE M OR TR i . b P T, B,
R T 05 A& Ul BPDA v i 36 R 45 4 W A
W, SECPLy THERIVERG SR, 45 PL-1 HoA &
T, R PI4 () T A, X 2 &
F I EFEE R S B RRR S U N, A
HAAREK T,; PLS M T, &A&, XEHT
DTDA v &4 2 Mk 5L, (145 PL Ay T4k ) 32
PR, TS 80 T, A X AR
2.4 BETRHXFHGE

o FERN B Fk S A PR S 1 5% Ah-m] O %
mME 4 prox. WER AT LIE H, BT PLHER ) #K
1E K AE 380 ~417 nm Z (8] ( BARBHE 2 T % 3
t), 450 nm J5 B A R4S k. X oa]
PURZE T PT 45 b 22 M 6 ik 3 AT (—S—) AT K
BB B (—CFy) M5IA, BIR T K43+
R EEHERL, 15 PL M ELA R4 i I
PEAE, O U R s TR, BRAC T
SEM BT RE ST, WK T RA W oy i ST 1
MEBRHEREAY (CTC) BIB MK, Wfifs PI
BB AR 1, JREE— P el T PL s (Y 3% W
.

HH, D68 THCR A 3 B 32 28 O i 20 A0 IX 45
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Fig. 5 Near-infrared absorption spectra of polyimide films

Table 3  Optical properties and dielectric constants of polyimide films

Polymer N, " (nm) S, b (%) F. (%) Nyp d Ny d nyy An' €op1 & Ny h n “—i
PI-1 411 11.63 13.79 1.6327 1. 6284 1.6313 0.0043 2.93 1. 5962 1. 5947
PI-2 380 11.41 13.53 1. 6261 1. 6243 1. 6255 0.0018 2.90 1.5843 1. 5825
PI-3 405 11.25 13.34 1. 6242 1. 6222 1. 6235 0. 0020 2.90 1.5882 1. 5861
P14 382 9.85 23.34 1.5863 1.5871 1. 5865 0.0012 2.77 1. 5401 1.5389
PI-5 417 14.93 13.27 1.6328 1. 6306 1. 6321 0. 0022 2.93 1. 5906 1.5893
PI-6 397 14. 39 12. 80 1. 6443 1. 6428 1. 6438 0.0015 2.97 1.6142 1.6124

*Cutoff wavelength ;" Sulfur content; Fluorine content;* In-plane refractive index (ng;) or out-plane refractive index (nqy ) were measured by
Prism coupling device at 632. 8 nm; °Averaged refractive index at 632.8 nm:n,, = 20 + noy’) /3 ;' Birefringence at 632.8 nm:An =
phing & AV TE ™ &
R — oy ) 38 Dielectric constant estimated from the refractive index at 632.8 nm:g._, = 1. 1n,,> ;" The averaged refractive index was obtained
TE ™ /)3 opt AV 3 g

using a spectroscopic ellipsometer at 1310 nm ;' The averaged refractive index was obtained using a spectroscopic ellipsometer at 1550 nm.
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SYNTHESIS AND CHARACTERIZATION OF POLYIMIDES
CONTAINING FLUORINE AND THIOETHER GROUPS
AS WAVEGUIDE MATERIALS

Xiao-hua Huang, Wei Huang, De-yue Yan
(School of Chemistry and Chemical Engineering, State Key Laboratory of Metal Matrix Composites ,
Shanghai Jiao Tong University, Shanghai 200240 )

Abstract A novel aromatic diamine containing fluorine and thioether groups, 4, 4'-bis(4-amino- 2-
(‘trifluoromethyl ) phenylsulfanyl ) diphenyl sulfide (6FSDEA ), was synthesized by the condensation and
reduction reaction with 1-chloro-4-nitro-2-( trifluoromethyl ) benzene and 4,4’-thiobisbenzenethiol as starting
material. Then it was polymerized with six various dianhydrides,including BPDA ,ODPA ,BTDA ,6 FDA ,DSDA
and DTDA via one-pot polycondensation to produce a series of novel polyimides. The polyimides are soluble in
conventional polar organic solvents,such as NMP,DMF,DMAc,m-cresol,and some of them are even soluble in
CDCI, and acetone. The glass transition temperatures of plyimides were in the range of 197.1 ~ 235.1°C
(DMA) and 199. 8 ~231.7°C (DSC) ,respectively. Moreover in nitrogen atmosphere the 5% and 10% weight
loss temperatures were in the range of 491 ~ 535°C and 517 ~ 557°C , respectively. And the char yields at
800°C were between 30 wi% ~ 63 wi% . In addition, the PI films showed good optical transparency in the
visible light region (400 ~700 nm) with the cutoff wavelengths range of 380 ~417 nm,and little absorption at
the optical communication wavelengths of 1310 nm and 1550 nm. Furthermore, the average refractive indices
(n,y) of the polyimide films at 1310 nm and 1550 nm were 1.5401 ~ 1.6142 and 1.5389 ~ 1.6124
respectively ,measured by using a Variable Angle Spectroscopic Ellipsometer. The birefringence ( An) of the
polyimide films at 632. 8 nm were in the range of 0. 0012 ~0. 0043 obtained by the prism coupling device. The
above results showed that these PIs could be used as candidates for optical waveguide materials.

Keywords High transparency, Polyimide, Thioether, Trifluoromethyl, Waveguide



