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ZE: Trimellitic anhydride chloride®} hydroquinone2 ©]-8-3}4] hydroquinone bis(trimellitate anhydride)(HQ-TA)S
P38t FE HQ-TAS 671A19] thekst tolES ARE3le] A polyamic acid(PAA)YE TS &, E4-
g gek-olm =g} Hks-2 AR o 2H 2ES 7KKE EEo|v| =(polyimide, PI) &S A5t PI S +
ZA 02 Tt WS toldle ARSSIAT. 2 Holwl x] mE fElol 25 (T)E 167-215°CE BN, =
IR (1) 364-451 °CE eI 7P g G383 A5 (coefficient of thermal expansion, CTE)$} 7}
22PHAS TFB(3.23 ppm/°C)e}t 4,4-0DA(<10? cc/m¥/day) TFAE 22 ARE3IRS o B9tk Pl Z 59| F3=
£ 500 nmoll A 65-89%5 HoH, w3l H=E Yeple X4 (yellow index, YI)E 3.01-69.525 HAT].

Abstract: Hydroquinone bis(trimellitic anhydride) (HQ-TA) was synthesized from trimellitic anhydride chloride and hyd-
roquinone. Poly(amic acid)s (PAAs) were synthesized by reacting a HQ-TA with six different diamines, which were
cyclized to yield polyimides (PIs) containing ester linkages by chemical- and thermal-imidization methods. The various
PIs were synthesized from structurally different aromatic diamines. The glass transition temperatures (7,) were in the
range of 167-215 °C, and the decomposition temperatures (7}') were in the range of 364-451 °C. The maximum improve-
ments in coefficient of thermal expansion (CTE) and barrier to oxygen permeation were observed in Pls using TFB
(3.23 ppm/°C) and 4,4-ODA (<107 cc/m?/day), respectively. The PI films possessed a transmittance of 65-89% at 500 nm
and had a yellowish color with a yellow index (YI) of 3.01-69.52.
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Alef. 2 oM F5E gl AMEE trimellitic anhydride
chloride®} hydroquinone, ©}9! $dell A8-% resorcinolZ} 4-
nitrobenzoyl chloride, ©F%! THEFA|21 2,2 -bis(trifluoromethyl)
benzidine(TFB), 2,2-bis(3-amino-4-methylphenyl)-hexafluoro-
propane(BAMF), 4.4'-diaminodiphenyl ether(4,4'-ODA), m-
xylyenediamine(m-XDA), ZL2] 3L bis[4-(3-aminophenoxy)ph-
enylJsulfone(m-BAPS) 5] ZE A]°FS TCI(Tokyo, Japan)
Abell A ol sFATh Suf 2 ALE-E N N-dimetylacetamide
(DMAc)= Sigma Aldrich Chemical Co.(Seoul, Korea) A}l
A gk | molecular seive(4 AyS Ho] FE-S 23] A
A3te] AFE-SFR AL, tetrahydrofuran(THF)= Junsei(Tokyo,
Janpan)ll A el $-, XS FAE AXA] Rl ARSI S

43} WAl o2 A8-E palladium on carbon(Pd/C)
£ Sigma Aldrich Chemical Co.(Seoul, Korea) AFolA] -]
sto] ARg-slTt
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Scheme 1. Synthetic route of dianhydride (RBAB).
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gk RBAB®| ¥ tha3 2ot 4 250 mL A+ S}
2239 resorcinol 0.7401 g(6.65x10°mol)Z} THF 5 mLE ¥
3L resorcinole] £43] =8 wj7kK] Wy}, FA]o 250 mL
H]o]# || 4-nitrobenzoyl chloride 2.5199 g(13.3x10?mol)}
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Figure 1. Chemical structures and abbreviations of monomers.

Table 1. Heat Treatment Conditions of PI Films with Various
Diamines

HQ-TA/TFB Temp. (°C) / Time (hr) / Pressure (Torr)
PAA 0/1/760 — 25/18/760
Chemical 25/0.5/760 —> 80/2/760
PAA hybrid 50/1/760 — 70/1/1 — 80/1/1
Thermal 100/0.5/1 — 130/0.5/1 — 160/0.5/760 —
imidization

190/0.5/760 — 220/0.5/760 — 250/0.5/760

Aojzl PAAGH ] 514 on=sE fJEl FEld 0.0997 g
(1.26x10%)3} oM E F-E- 0.1286 g(1.26x107)S HolF1L
F2-oll 4] 303, 80 °CollA 2A17F E9F RS AJAFETE Pl
55 47 S8l sk ow|=st ¢hmd S48 AE F
e flol A2Eslar Aa FL7IR Ad=ellA 2A17E, 50 °C
oA IAZE E3F FFSIAIRITE 80 °CellA] 1A17E, 100, 130°C
oA 304 RFS Aol AHEE &iE A AT AAa
21712 160, 190, 220, 250 °C7HA] 3084 A2 E T4
G olmEsE FE A, BAL B Yol Z fre]
ol woj ATt

EM AL FAE o2H FE E ol A AR5
w48l7] Slste] ol Hgh Al 1371 (fourier transform
infrared spectroscopy, FTIR)(JASCO, FTIR460)2} DMSO £
ufE ARE3 &) 7] 37 H537] (nuclear magnetic resonance,
NMR)(BRUKER, AVANCE 111 400)S *§3}3le] =433}

AzE e 87 548 ARV flste] AR FAF 4
& 7| (differential scanning calorimeter, DSC)(SINCO, S-650)
o} & S #47](thermogravimetric analyzer, TGA)(TA,
Q500)5 ARESIAAL, A B9V E S 3 W e 1
T 20°CE S8k & W ATE SHs] 218 & 7]
Al 2] 7](thermal mechanical analysis, TMA)(TA, TMA-

all
o

Zan, 43748 A55, 20133

2940)F AHE3FAAL, 0.1 N9 3t 2 9 5°CE 524
718 12} 71L& 30~200 °C, 23} 71ES 40~200 °C7HA] Zkzt
SABIAL, & =olle 23 7= dojxl 50~150 °C 77t
o] ARt & B3ATh

FH A4S BEe] flste] 24 60~81 pum 7712 2
52 HI810] A2 (spectrophotometer) KONICA MINOLTA,
CM-3600D)2 x| 5=(yellow index, Y.LYZ 43193, &
A&t AMZ=Z UV-Vis. spectrometer(SHIMADZU, UV-3600)%
ARESte] F F=0) cut-offel IE(4)S RIS Ak
IS Gotrr] flsiA Ata T3 S47](oxygen trans-
mission rate tester, O,TR)(MOCON, OX-TRAN Model 2/
612 A1e-sl9Tt.
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Figure 2. FTIR spectrum of RBAB.
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Figure 3. '"H NMR spectrum of RBAB.
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-C-H Y3 1618, 1491 cm™ & 3201, 3098 cm™olA] 2zt ot
ERgth SRS A ECIAE Fol B & gld -NH, ol
=& 3418, 3495 cm'ollA] YERSTH RBABS] 'H NMR 2=
HEHS Figure 3¢ YERNATE. #lE7]el U= Ak &
Wy FE 7.91~7.88, 7.50~7.46, 7.19~7.11, 6.77~6.75 ppm2]
HLllA ZHzE e 2 A3 W] B YA S AS g9l
skt

U ME. DSCo o3 I3 Hd S A 3LE Table
20 Ak AL, o1 AAFE+= Figure 49 2tk A, B, C, D,
EY F 5 BT 6 T/ P19 T, 3ol 27 167-215°C Ato]
olA Yelth At B 3= F97F £ -CF, 7271 =94+
o BAARES] 22 US Wallete] w2 T, a2 UEiiSI=
o], A28 AlE 725 7R Al BlE B 2= oF 120°
2 w2 FH=E 8 77 F o WA YElkit) ¢ xE ell
HEZ 2858 712 92 E3), D 3= vEd 94 7%
£ 7] Wil AdA R Akse] A o] AFES 7t
e T, 38 JERARITH E FRe Il EYE 7%
AT 725 7O oF 120° w2 TE9F 2] o

Table 2. Thermal Properties of PI Films with Various
Diamines

f

Monomers OT g sz wi™ - CTES 0, zTRd
C) 4©) (C)  (ppm/°C)  (cc/m/day)

A 215 430 62 3.23 63.2
B 213 420 57 39.99 887.7
C 171 451 63 27.83 <107
D 167 364 37 > 100 32.5
E 178 426 57 70.03 715.3
F 179 390 51 52.85 4756.5

“Initial decomposition temperature at 2% weight loss. "Weight residue
at 600 °C. “Coefficient of thermal expansion for 2nd heating is
50~150 °C. “Oxygen transmission rate.
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Figure 4. DSC thermograms of PI films with various diamines.
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Figure S. TGA thermograms of PI films with various diamines.
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TGA®]| °|gh & 84 578 A3} 7k A Table 20 A
95, 2 29 -E Figure 591 B ATH ZE PI 24 0lA
350 °C o]d2] =& 27] 2% 4 ZH(TH)e YERRIT A,
B, C, D, EY F 2% 6 7 PIY T, %S 364-451 °C Afo]
oA YERTE CrRoA 7 2 Ty #hel Yebt=T,
ol e oHlE 727} Aol Bkl FARE| o
H A7 2SR R AR AZEE o9 w2 F
7} & -CF;, 727t =Y H] 7P &2 T, gkl veksd
A, B F2E 58], A 729} o] BT A F2YdE
A7A FEo] MA wal|7F dojuA| Hof C FRET B
Ty 7ol Uehd Aoz d9e 4= k. D +32& U2
2 Z27)0l Bt Al wEd 2ot 29)e] glo] 7t
e T Ftel UEl A, E FERE 209 dEHE 271
Aol = E8tal AR W] Ulof] Hrh B Wk
= A 22)5 7AWl w2 T kol WrElktth
F 732 219 o|l2F 727t b A ojn|= 30
Hj3] & QHgdo] "ol iAo R v T gho] yUER
t}. 600 °ColM 2] A w0y RE 27t T 3t B
g A #E 7= A oE YeRth Y
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TFrA 22} 7FE FAe] At gk D FRE AQS BE
Pl <] & 33 AlF7F 3.23~70.03 ppm/°C Alo]9] 3HE B
Rl BE 72 T FAREC] WiAvte ® A Elo] Ars)
H == X272 8] &2 ARE¢] vl @F(orientation)©]
20]312, AbEH AlE Alo] 2] 218l (chain-chain interac-
tions)°] 98k A FE7} FUNE 3.23 ppm/°Cel 7HE e
A W A o] vEehkem, Bo 7ol FAREo] e
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Figure 6. TMA thermograms of PI films with various diamines.
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Figure 7. UV-vis. transmittances(%) of PI films with various
diamines.

Table 3. Optical Transparencies of PI Films with Various
Diamines

. . a trans

Monomers Film (TIIS( ness (n):)n) 500(;3_1 Y.1b
A 60 375 89 3.92
B 81 370 86 7.13
C 80 440 65 69.52
D 66 355 86 3.01
E 77 390 82 9.17
F 60 390 65 29.98

“Cut off wavelength. *Yellow index.
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Figure 8. Photographs of PI films with various diamines: (a) TFB;
(b) BAMF; (c) 4,4-ODA; (d) m-XDA; (¢) m-BAPS; (f) RBAB.
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