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25 4 APST 25 4-
-13 4 BATT . 44- 34
3SDEA PI  PI-1 3SDEA-APST  PI-2 3SDEA-BATT .
PI .
PI 400 ~ 700 nm .PI-1 PI-2
Tso 418°C  466°C . Pl 450 nm 50% . Pl
PI-1  PI2 1.7527  1.7490. 0.01.
high-n PI
OEIC PI.
LED " high-n PI-1 PI-2 .
1.70 ) 7 Pl
1.30 ~ 1.70 g Ref-PI Pl
Lorentz-
Lorenz 3 1
1.1
high-n 2 5- -13 4 2 5- 4-
A 4- TCI
PI 14 4 2SPDA 7 4 4-
high-n o=t 1.70 3 4- 3SDEA
PI 8 . N- -2- NMP
CaH, 0.4 nm
PI
Pl 1.2
. Ubbelohde
PI PI 30°C 0.5 g/dL. NMP
FT-IR Perkin-Elmer 782
PI 3 pm 4000 ~
) 500 ecm™'. '"H-NMR Varian XL-200
Pl DMSO-d . - UV-
0 PI . Vis Hitachi U-3210
250 ~ 800 nm. DSC
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TGA Seiko DSC6300  TG/DTA 6300
10 K/min
SaironTech Model SPA-4000
632.8 nm. nq
L Ny Ty
= 2nk +nhy 131 An = Ngg — Ny -
13 Maxwell €=
1.1n2 "% .
1.3
1.3.1 25 4- APST
Dean-Stark 250 mL
9.39 g 0.075 mol K,CO; 5.39 ¢
0.039 mol DMAc 30 mL 50 mL .
4 h.
160°C . 120°C
2 5- 4.59 g 0.03 mol DMAc 10 mL
12 h.
250
mL
12.5¢ 81.3%
128.8°C  DSC .FT-IR KBr cm™'

3451.9 3347.8 1616.1 1592.9 1492.6 1284.4
1176.4 829.2. '"H-NMR 300 MHz DMSO-d, 5.36
s4H 6.54~6.56 d 4H 6.91 s 2H 7.10 ~
7.12 d 4H . C4 Hu N, S; C

58.15% H 4.27% N 8.48% C 58.38%
H4.35% N 8.29% .
1.3.2 2 5- 4 -1 3 4-
BATT
250 mL 4-
34.66 ¢ 0.22 mol 2 5- -1 3 4-
15.03 g 0.10 mol K,CO; 31.79 g 0.23
mol DMF 250 mL .
24 h.
500 mL
80C 2 5-
4- -1 3 4- BNTT 24.6 g
62.3% . 160.7°C DSC .FT-IR

KBr cm™' 3093.3 1596.8 1573.6 1504.2
1342.2 1276.7 1176.4 852.4. '"H-NMR 300 MHz

DMSO-d, 7.52~7.55 d 4H 8.12~8.15 d
4H .
500 mL BNTT 10.91 g 0.028
mol Pd/C 1.2 g 125 mL .
60 mL .
24 h.
80°C
25- 4 -1 3 4
BATT 7.26 g 78.5% . 110.8°C  DSC
.FT-IR KBr em™' 3455.8 3409.5

3336.2 1627.6 1592.9 1492.6 1272.8 1176.4
821.5. '"H-NMR 300 MHz DMSO-d, 5.10 s
4H 6.49 ~6.52 d 4H 6.97 ~6.99 d 4H .
CuHp NS C 50.58% H
3.64% N 16.85% C50.64% H 3.68%

N 16.49% .
1.4 PI
PI-1 PI .
100 mL
APST 3.3048 g 0.01 mol
NMP 20.0 ¢ . 30 min
. 3SDEA 5.4260 g 0.01 mol
NMP 14.9 ¢
20% . 2 h
. 20 h
PAA NMP
10%
30 min . PAA
7.62 cm
FT-IR  UV-Vis
3~10 pm.
30 ~ 50 pm.

80°C/3 h 120°C/1 h 180°C/1 h 250°C/1 h
300°C/0.5 h.
PI-1 3SDEA-APST
. PI-2  3SDEA-BATT Pl Ref-PI
3SDEA-2SPDA
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.APST  4- 2 5- 1270 ~ 1280 cm™' .
BATT "H-NMR 4 . H
4- 2 5- -1 3 4-
Williamson .2 H H, . APST
DSC H.
3
C—S 3300 ~ 3500 c¢m™'
| | K2C03, DMAc
SH + C § J" “Reflux 120 S_@’
APST, S¢:29.10%
(a)
N—N
@ J\ KaCO3, DMF _ @JL)L@
Reﬂux 24 h
H’ SH BNTT
N —N N—N
NH NH,"H,O )J\ JJ\
o Ot @ Bowne 1y I, 5,
EtOH
BNTT Reflux, 24 h BATT, Sc: 28.93%
(b)
' Fig. 1 Synthesis of diamines APST a and BATT b
a b
S
w0
{ D,0
5
=
5 c
= a DMSO
b ~NH,
BATT, 110.9°C
APST, 128.8°C A
1 1 1 1 1 1
50 75 100 125 150 175 200 225 e I S e S
Temperature (°C) I
' Fig. 2 Melting points of the diamines a b N—N
i - O
b
APST
< |BATT
3
g
€ b oa —NH, DMSO
Z [PI-1 L I
E B
8 7 6 5 4 3 2 1 0
)

4000 3500 3000 2500 2000 1500 1000 500

-1
Wavenumber (cm ) 'g. 4 "H-NMR spectra of diamines APST A and BATT B

' Fig. 3 FT-IR spectra of diamines and PI
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2.2 PI .
PI 5 . PI .PI-1 FT-IR 3
P1 . 1782 em™
high-n PI 1720 cm™'
3SDEA C—N 1377 em™!
3 APST BATT
2SPDA 3 PI. PI PAA 1222 em™
0.66 ~0.89 dl/g 1 PI.
Q 0
oi:@*S@S*@ S‘@o + HZN@S—Ar—S@NH2
o 3SDEA (6]
NMP
nitrogen
24 h
O O
ey Or OO emae
HN OH
n
o PAA 0
Thermal imidization
—2nH,0
O O
00O OO0}
O O n
Pl
. O
N-N
APST, PI-1 BATT, PI-2  2SPDA, Ref-PI
' Fig. 5 Synthesis of Pls
Table 1 Inherent viscosities and thermal properties of Pls
100 Ref-PI
. N b T T8, Thoo Rbss b
dug — C © e % g 0
PI-1 0.89 194 418 453 70 % gl
PI2 0.86 187 466 491 70 E:
Ref-PL 0.66 191 499 504 79 E 50l
=4
# Inherent viscosities measured with PAA at a concentration of 0.5 g/dL in D“? a)PI-1, 3SDEA-APST
. 60 b)PI-2,3SDEA-BATT
NMP at 30°C T, glass transition temperature Tsq  Tyoq Ref-Pl. 3SDEA-2SPDA
temperatures at 5% and 10% weight loss respectively R.ss0 residual 50 L L I I
50 150 250 350 450 550
weight ratio at 550°C in nitrogen Temperature (°C)
2.3
TGA DSC Fig. 6 TGA curves of PI films
P1 . 6 PI  TGA 1
: 3SDEA PI
Pl T, 486°C Pl 68C.
T, Pl Pl 3SDFA-
2SPDA . Pl P2 Ty, - '
Ref-PI 81°C 33C. 1 PI

190°C Ref-PI . 550°C
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70% Ref-PI 10% . 417 nm 418 nm Ref-PI 30 nm
2.4 PI
Pl UV-Vis
PI .PI UV-Vis B PI 450 nm
7 2 . Pl P2 T,
PI 49.7% 14.7% Ref-PI 65.7%
PI-1 PI-2
100+ — Seese: FI B
PI
2 %r S, PI . PI-1
g oof PI-2 1.7527  1.7490  ref-
N PI 0.0066  0.0029. PI
g —— PI-1(3SDEA-APST) 0.01
= —o— PI-2(3SDEA-BATT) :
20 —o— Ref-PI(3SDEA-2SPDA)
Film thickness: 10 um
0 1 1 1 PI
300 500 600 700 800
Wavelength (nm) 4 PI-1 PI-2
' _ _ _ 3.38  3.36 Ref-PI.
Fig. 7 UV-Vis curves of PI films
Table 2  Optical properties of PI films
a b c Refractive indices and birefringences
- S, A cutoft Tsso t g -
% nm % ""[‘L‘d n'l‘M‘] nav'] And
PL1 22.98 417 49.7 1.7552 1.7478 1.7527 0.0074 3.38
PL2 22.93 418 14.7 1.7521 1.7428 1.7490 0.0093 3.36
Ref-PI' 19.25 384 65.7 1.7488 1.7407 1.7461 0.0081 3.35

# Sulfur content UV cutoff wavelength © Transmittance at 450 nm ¢ See section 1.2 © Dielectric constants estimated from n,, as ¢ = 1.1n2, ' Reference

PI 3SDEA-2SPDA with the structure shown in Ref. 7

PL-1 1.7527
3

APST
BATT
3SDEA PI.

PI PI
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SYNTHESIS AND PROPERTIES OF SULFUR-HETEROCYCLIC-BRIDGED
POLYIMIDES WITH HIGH REFRACTIVE INDEX

LIU Jingang LI Zhuo GAO Zhiqi YANG Haixia YANG Shiyong
Laboratory of Advanced Polymer Materials ~ Institute of Chemistry ~ Chinese Academy of Sciences  Beijing 100190

Abstract A series of modified polyimides PIs exhibiting refractive indices higher than 1.74 were developed by
the introduction of sulfur-containing moieties. First two sulfur-heterocyclic-bridged diamines 2 5-bis 4-
aminophenylenesulfanyl thiophene APST and 2 5-bis 4-aminophenylenesulfanyl -1 3 4-thiadiazole BATT
were synthesized. The two diamines were polymerized with a sulfur-containing dianhydride 4 4’- p-thiobis

phenylenesulfanyl  diphthalic anhydride 3SDEA respectively via a two-step polymerization procedure to afford
two polyimides Pls PI-1 3SDEA-APST and PI-2 3SDEA-BATT . The effects of the sulfur-heterocyclic
structure on the properties of the Pls are investigated. It was found that the introduction of the heterocyclic structure
decreased the thermal stability and the optical transparency of the Pl films to some extent. The initial thermal
decomposition temperatures of the Pls are 418°C for PI-1 and 466°C for PI-2.The transmittance of the PI films at
450 nm is lower than 50% . However the sulfur-heterocyclic structure apparently increases the refractive indices of
the PI films. The Pls show refractive index of 1.7527 for PI-1 and 1.7490 for PI-2. In addition the Pls have
birefringences lower than 0.01.

Keywords Polyimide High refractive index Thiophene Thiadiazole Optical transparency





