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ZE: 4-nitrobenzoyl chloride®} 2,2"-bis(trifluoromethyl)benzidine(TFB)E ©]-8-3F] N,N-[2,2"-bis(trifluoromethyl)-
4,4"-biphenylene]bis(4-aminobenzamide)(TFAB)?] o}%l ©EA|S A3 S % TFABS} F-<-8 W=FAI91 4,4~
(hexafluoro-isopropylidene) diphthalic anhydride(6FDA) 2 4,4"biphthalic anhydride(BPA)YE T}t & H|= W33}
o FejobsiH(polyamic acid, PAA)S T § 318HA-F A olw| =3t W3S AA o= IFS 7= EElo]
= FFA (Co-PDHE 35kt & /AR O FHE Co-Pl 52 Fstal 27 A2 Btk 4489
Co-PIi= BPAS] 3 Wistel] wiet d#-71A14 A4 9 ¥t FHE & AUt Co-PI 25| &€ 3 AT
(coefficient of thermal expansion, CTE) 3t BPAS] & Y7} S718E A3 9AIRE, 438t T84 = w9

Aas BolFet

Abstract: N,N'-[2,2'-bis(trifluoromethyl)-4,4"-biphenylene]|bis(4-aminobenzamide) (TFAB) was synthesized from 4-
nitrobenzoyl chloride and 2,2'-bis(trifluoromethyl)benzidine (TFB). The obtained TFAB, 4,4'-(hexafluoroisopro-
pylidene)diphthalic anhydride (6FDA), and 4,4'-biphthalic anhydride (BPA) were used to synthesize polyimide copo-
lymers (Co-Pls) containing amide groups. Flexible and tough Co-PI films were prepared from poly(amic acid) (PAA)
through solution-casting using chemical and thermal imidization methods. The thermomechanical properties and optical
transparency of the Co-PI films with various BPA monomer contents were investigated. The coefficients of thermal
expansions (CTEs) of the Co-PI films were improved linearly with increasing BPA content. However, their optical trans-
parency was found to worsen with increasing BPA content.

Keywords: copoly(amide imide), colorless and transparent polyimide, thermo-mechanical properties, optical trans-
parency.
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AL 7] Wil 7ReAdo] FA] FabH ' 53] Afre] e 4
A wfjitel] £ tlaEe o] 2okl ARt ]ol= - Algh
Zo|ATh 7 PI7F Fe A4S vYehE o= PI ALEA}
AV&9] ®A7H(intermolecular) S EAF (intramolcular)2]
A} o] E-3+s}(charge transfer complex, CTC) &3}l 2]
3 Yepbe AS=Z % CTC a3 Z2A7)7] fleiMes
ARzl AE(-SO,), ANEIE(-0-), olo]iz 22wl 59| w2
TZE EYste] A 2Ae Welste] EA7ke] CTC &%
£ B2 A7) SHEs} 2 EelER 0 2 E(CE)
T 52 EYT GFAE ol&ste] AAES] o] S ot
CTC B2 7AAA T2 B3l Zg)o]u|=(colorless and
transparent polyimide, CP)E A2 = At A9
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v wlEr2E E=4alof shAIRE o] wlERe} ofjH 27
7} 23 GRS WE, €4 B4 71A1A ddol v
T &8 7EKAL QIoh® Begh CPIA 7P &8] =&+
F7E< 4,4-(hexafluoroisopropylidene) diphthalic anhydride
(6FDA)2] 73-%-9l& 6FDA7} 714 hexafluoroisopropylidene
TZ2 Aste] & WA (coefficient of thermal expansion,
CTE) %ol S71== ©o] A=A ol g Ax=H
B, CPI®] 74 FHda 9% 5442 whjg] dAld] lvkar
Hoyxin, o]f] TS Hekshr] flal RS dF £
WA PIO] GA, 71A1A S AaATIA e 2
gk 7o) GRHAE I ARE-Ete] Co-Ploll thek A
Aol o]Fo)#] git}. Co-PIE AME-SHH U4 CPI Gt
A EAS e =Y e Ao, 2o e d4 &
A& 7K CPIel 24 54 JiAell= dA17F itk whEbA
159 F8A8E FAANIHA O 52 3 54 % 343
AEE 7EA7] S8t ohFet T @4de) B sttt
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o 71&¢] CPI®] FHAS FAISHHA A 71A4 HE&
NAA 7] 7] 918kl 71E9] CPIolA] Bol AH&-5 &= 2,2~
bis(trifluoromethyl)benziding(TFB)S ©]&3f] A28 -2
ot =7]7F g ofvl Tl N,N-2,2-bis(trifluoro-
methyl)-4,4 “biphenylene-bis(4-aminobenzamide)(TFAB)E 2]
A W33, CoPIZ AZ317] 913+e] 44 biphthalic
anhydride(BPA)E AH&-3t] FE-S AT 2 AFolA
=, TFABE 7|22 6FDASt BPAS] & H|E ®ishA|7]W
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Alek, & YoM ofm|=7]7h Z3HE obnl ol ARE-H
4-nitrobenzoyl chloride, TFB, ¥ F& T&FAQ] 6FDAS}
BPAE= TCI(Tokyo, Japan)AlollA FFuljslict. guj =2 ARE-H
tetrahydrofuran(THF)3} N,N'-dimethylacetamide(DMAc), =
tj 2 AF8-E pyridine} acetic anhydride= Junsei(Tokyo,
Japan)Atoll A 8 5, 4 A9] molecular sieveS Ho]
S 8] AAsI ARE-EISAL, AlERE (ethanoly> E)Daejung
AtollA ol &, S8 FAE ARA] L ARSI e
23} W3S sl Zvj 2 ALEE palladium on activated
charcoal(Pd/C)3} hydrazine monohydrate™= Sigma Aldrich
Chemical Co.(Seoul, Korea) Afol|A] ufdle] ARE3IATE.

RN B, 2 Aol AREE o= a5 Zhe of
9191 TFAB= A @AM A5 A skdet. A41g TFABS
e ot 2ok 40 250 mL AFe] T2 Eekaa
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300 olgd% - A7F

o TFB 5 g(1.56x10°mol)@} THF 150 mLE ¥ § 2H43]
52 w7k] 4=ttt 250 mL H]o]#)| 4-nitrobenzoyl chloride
5.80 g(3.13x10?mol)z} THF 150 mLE ¥ AE3}A 41&
% TFB &ol] x135] "ojreddrt, Zvj = pyridine 10 mL
S H7ketal Aa B971004 6AI7E B A2ellA] A=t
o] ehu¥ GdoA JAES A8 L (powder) s HAL
219 S/FTE AlFS o] A 234 WHES & S5
79} oNekE(viv=8/2) T3l MAH3sl] de Al B
S At Ao AAEL 100°C JFLEoA 1247 5

S 500mL A T2 SekEe] ¥ 400 mL oeEE A
7¥3led 60 °Collx] k8] 834121 § Pd/C 0.14 g} hydrazine
monohydrate 5.96 mL 23 12A]17F 410] 4248} Wkg-2- 313
gt} Fas)t WS ks ol Pd/C FviE A v &
2L SRl JAAAA oAl APES 3L 100°C I
AN 12A17F &< AF XA HEH o E 49
fo] dojxlom 5582 79%CItt. TFAB §/d<] A
1 34-& Scheme 19 Rt}
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Figure 1914 TFAB®| ofn|=7]9] EXE 1S + e
C=0 7}2rRYd 2= 13 & 1654cm?, N-H A= 93+
3411 cm’!, C-N A& I3E= 1294 cm™ollA YEREe ™, C=C
ek wlAll 332 1600-1450 cm oA FEEI ) 70k
S A ENAME Fol B 4 gld NH, ol 2= 93+
3507, 3298 cm oA Z}7t gelslsint.

N A to o
il

CF;
0
2 ozN—O—g—(n + HZNNHZ

4-Nitrobenzoyl chloride TFB

Pyridine l THF

CF
ox-OH- OO
FyC
Pd/C l
CFs
- OGO
F3C

TFAB

Scheme 1. Synthetic route of N,N'-[2,2"-bis(trifluoromethyl)-4,4 -
biphenylene]bis(4-aminobenzamide) (TFAB).
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o] A T TF= 8.4~6.6 Lo 7z UERSIL, -NH,
9] oA T F = 5.9~5.8 ppmol|A] UERGOH, olr=
719 A T vFE 10.1~10.2 ppmellA F2EAL, 2}
Zke] A H] 9] dXJsl= AL SRIsIG. ofr =719 1)
A7} kA0l A HT =& ppmoll A YERE o fEE
o #g7]e] o e s 17 =S 7= -CF;
A|ZHA 7F RS Fol BA protone] MR} BEE 7HAA]T]
7] Wit s}ek4 o]Fo] ©f AA 7] wFo|t}. o] wEo
TFABS] T2 Fdxt 39 93 53t 25 o] =2 @42 ppm
oA UERsiT.
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Figure 1. FTIR spectrum of TFAB.
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Figure 2. '"H NMR spectrum of TFAB.
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Scheme 2. Synthetic routes of Co-PI.

Table 1. Monomer Compositions of Co-PI Films

Co-PI TFAB (mole) 6FDA (mole) BPA (mole) Molar ratio
A 1.0 1.0 0 1:1:0
B 1.0 0.9 0.1 1:0.9:0.1
C 1.0 0.8 0.2 1:0.8:0.2
D 1.0 0.7 0.3 1:0.7:0.3
E 1.0 0.6 0.4 1:0.6:0.4

#4191 TFAB 2.0235 g(3.62x10° mol)S A2 #9712 0°C
oA 3] F2AT} o 7)ol BPA 0.1066 g(3.62x10*mol)E
Yol 23] 191 5 6FDA 1.4486 g(3.26x10°A mol)=
ol 0°CollA 1AZF, 7=l 18A17F WA ZI T, o]uf o
THEL 18 Wt%E 3T}

Aojzl PAA &99] 51514 o|m =3t 93| oM ELL F
S (acetic anhydride) 1.8495 g(1.81x10%mol)3} 2 d
(pyridine) 0.79 g(7.76x10° mol)S Ei. A 9712 &
oA 1AIZE E 80 °ColA] 2417 AE3] 42 T HEkE 2L
o] Wojme] HAAA|ZITE Ao PAAS 100°C 7]
A R2A7F AE ARANY JF AZE PAAS 1 E
15 wt%<] DMAcel Al&3A1Z1 & 23 fo =wsto
A FS71Z 50 °ColA IAZE B1F PFSIAIZL F 70 °Co]
A 1A17E, 100, 130, 160, 190, 220, 250 °C7EA] 30%-] 30 °C

;é]

A EAEE SelM B4 onEstE $4% 7 A 2o
Frel#he ¥l Co-PI 52 wojdrh BPA Z4°] 0.5 mol
oo e RESEC oM EL FrE) FEdS WS W
PAA &ello] A7t dojupar dzo] =R ot Co-PI
s AT

ZAL H3E ofr =77t EFE ofle] 3 o e
l3te] FrElel HEk 2 9)4 37| (fourier transform
infrared spectroscopy, FTIR)YBRUKER, VERTEX 80V)<}
DMSO-d; &l & AH&ste] 27] &7 #3371 (nuclear
magnetic resonance, NMR)(BRUKER, AVANCE III 400)E
248}

AzE CoPl BEe| A B4 BA57] 951 A7)
FA} @37 (differential scanning calorimeter, DSC)(SINCO,
S-650)2F &
(TA, Q500)2 AR&3}
TE 20°C/min® & S350t CTES 374387 9ls) & 7]
Al #497](thermal mechanical analyzer, TMA)(SEIKO, TMA/
SS100)E AH&-319o™, 0.1N2] 3522 5°C/mino.2 <
2A171H 12k 9 22F 7FEe 242 30~300 °C7HA S7g 613
ARE, 2 =M= 22k 7FE R LojRl 50~250 °C 7]
AR 3 BT

B8t FHEE AL QI8 oF 34~36 um A= Co-PI 2

= 0o
=

S A=l AHA| (spectrophotometer (KONICA MINOLTA,

=

=% F27](thermogravimetric analyzer, TGA)

S, Ak BN S % W2 &
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CM-3600d)Z 3= <=(yellow index, Y.1)S SA & oH,
FY3 AMZ2 UV-vis. spectrometer(SHIMADZU, UV-3600)

S ARgEle] F Faeo) cut-offdl () ElsISiT). 7]
AX BEE 5_/\}0}7] 213 "Fs A A8 7] (universal testing

machine, UTM)(SHIMADZU, JP/AG-50KNX)& AF&-3131<
M, 5x50 mm?2] A|FES 5 mm/min®] crosshead & =74
silom, 7+ A5 FHA 103] o) St Ho 9

23k ALsta YRS Hatste] AU
zn A B2
2E 43, DSCOl 27k 94 4 =4 25} 5 Table
20 AEleiitt. BE o] Co-PllA T, 3 300°C o)
o] =2 3E vEklth AdlM DE 25 T, 342 343°C
oA 351 °CE LAsH Sttt ol Aidow f4A

gk 7221 FAEFQE olo] iz ZH T (hexafluoroisopro-
pylidene) X|3+71& 7IA|= 6FDA7} Z4slal, HilE 241
A w7125k o] Foi7] BPAS] Fago] ZvHgtel whet
TEA AKEL] fAA]o] AL, A 8- (free rotation)S
AAAA Co-Pl A A9 84S A2AIA T/ 5716t
Al €t} 22iy BPAZE 7HE B2(0.4 mol) AlE E= 235]H
342°CE Zael A& A9 HISRd ks Bolet] LAt
A BPAL] o] Rolx|H F5 6FDAS} BPA7}
Z}z} B2 FE5 A (block Co-PI) Hel= £go] HL & &
A/ Block copolyimide’t YERR= 7390l F 719 T,
7S Hol=H, 6FDA/TFABS] A-9-oll= A5 A%} HIS=gH T
%4343 °C)°] YERIATE, BPA/TFABY] T, 3t vl -
Lol el AY e AT AR Feth o)E 3 Em
371 918 BPA/TFABS] & Z 3l (homopolymer)E 23
4 Foll DSCE &RIg A3}E Figure 390 BSth o] 2
Foll X & 400 C7HA T, #kol #2=A] 43Ut} Figure 39
7} 2730 wpet 4 DSC =41 9 BPA/TFAB 2435 3L

Endotherm.

150

50 100 200 250 300 350 400

Temperature (°C)

Figure 3. DSC thermograms of Co-PI films.
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s - xlel
2 37 B}

TGA® 9Jg & A ANE E7X] 2E AlRoA 2%
Z7] QB3] AS(Tp)yS 449-455 °C2) 7L_& BE 550

M= B RIS Blen O 2 A gEs 9A Table
20 A2t Figure 45 R ARE E7X]e e 24

(IR

o1 6FDAS] 21+ hexafluoroisopropylidene”] 7} 4] -3}
7t dojur] AlAFete] 450 °C F2ollA] 12} Eall=Alo] Yel
UL oF 520 °C F-Zol|4 TFABS| EZ|ZF Q=2 WE7|(-CF,)
o] Fal7F dojupr] AlztslaA 23} a7t ‘JrE]rkbjr 600 °C

oM o] =T wP)YS AE 64%2] S B, BRE
E7HA= BPAS] @32 ot S7sh 68—69%4 H] S8 X
= Hh

AR BE ARSEE JLEARA o] AR

e
rO
ol
ox
rlo

mj-§- T8k, 53] 25 wstel] whE d W] g B
A @ A TN 2 FES AT TMAS ©83

QI7AA #a azel He]E A= Figure 5 2 Table 2
o Btk 50~250 °C Abo]e] 2E7kellA 22} 7HE 3419
A3 7 AFE] E 2A7HA 35.4-25.3 ppm/°PCE] #2 7HA
t}. 6FDAS} TFABZRF A E A& A9 PI ¥EHT} BPA
o] sto] Z7HFEE (A& E) CTERC] HolAle A4S

Table 2. Thermal Properties of Co-PI Films

Co-PI T, (C) To" (°C)  wi™ (%) CTE® (ppm/°C)
A 343 450 64 354
B 347 454 69 34.1
C 349 455 68 30.5
D 351 449 68 27.7
E 342 451 69 25.3

“Initial decomposition temperature at 2% weight loss. *Weight residue
at 600 °C. “Coefficient of thermal expansion for 2nd heating is 50-
250 °C.

1207

100

90

500

300 400 500 600 700

Temperature (°C)
Figure 4. TGA thermograms of Co-PI films.
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Figure 5. TMA thermograms of Co-PI films.

BEd o] A= #d 7] Alelol] &3)35H= hexafluoroiso-
propylidene”] & 7}A]= 6FDAR.T} H]#Hd (biphenyl) %22
o|Fo)zl BPAS] 7323l %7} H2} AlE2] vl dk(orientation)
o] Kt} golar] wimolm ! o]el AL olw| A T,
M= & 4 ATk

Qe A ofn] & A7-de) A3 AellM 6FDA/TFBE] T,
Zrol 291 °CE YeRAL, CTE 3 62 ppm/°CE BHed),?
Table 2014 H5=0] 6FDAS} A= 413+ Tafel TFABS
o]-&gk PI9] T, 3t 343 °Col™, CTE %2 354 ppm/’CE
6FDA/TFBET} n]-- 453] 943 $X|& Bt o]
A3} 07 Ko} 6FDA/TFBS] E7 A2} Bl w&iS
6FDA/TFAB®] PI ZEo] B =gt 94 A& 7Hiv= 2
< & 7 eE, ol= TFABS| 722 A% E + o 5,
TFAB= TFB o @el| op|=r]E 7H #d71E shi
g 7R3 s F20)7] widd § A S EAb AR
Hjgko)] golsfar, ofn|=719] 4 Al o3l A} ARzt
9] 213 (chain-chain interactions)®] T $-38i]7] wj&ol A+
HHoR o & T,% W CTE & BHoh>

DuPont AffA] 7l Fe Z20e] PIol Kapton®100HNS]
T, 3X°] 360-410 °Co]2L, 100~200 °C2] Wlol =43 CTE
32 ppm/CY] Ft vl e wf,  A7ao)A] A2t 6FDA/
TFABS] PI¢] 84 EA40lA T, 3k 25 HoAAT 50~
250°C2] H9ollA =43 CTE ko] 35.4 ppm/PCE H]|523H
F2E HolH Co-PI¢] E 29| Z-9-¢ll= 253 ppm/’CoE
2319 o $7% CTE % Ho|i 9t

7|HH HE. UTME o83l Co-Pl ZEE2] 71714 A
2 Table 39 2|3 th. Table 3014 2 4= 1%0], Aol
A E7HA] 2% 17 7} = (ultimate tensile strength)= 149-
153 MPa Ato]9] 3h& VFERIT. B3k 6FDASE TFABZRE ©]
Foixl A5 A9] %7] Q1% B/dE (initial tensile modulusy>
4.63 GPa°|A1 %, BPAZ} 718 A8 BollA EZFA 9] 27]

AR 2 ElR)= o)

ool Y B 54 303
Table 3. Mechanical Properties of Co-PI Films
Co-PI Ult.Str. (MPa) IniMod. (GPa)  E.B.“ (%)

A 151 4.63 23

B 152 4.87 17

C 153 4.87 15

D 149 4.96 21

E 150 4.85 15

“Elongation percent at break.
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Figure 6. Stress-strain curves of Co-PI films.

EHIE-2 4.85-4.96 GPa Alo|2] ZLoZ Al AQl TUFA

B} o7k =2 £X2 BHYEd, o] A= 9A] Co-PI
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Figure 7. UV-vis. transmittance of Co-PI films.

Table 4. Optical Properties of Co-PI Films

Co-PI Film (ﬁlli;l:;mess A“(nm) 55(2 (;)I)ntrans g/g)b
A 35 355 88 1.93
B 35 369 87 2.19
C 35 380 87 2.29
D 36 382 88 3.35
E 34 386 88 4.64

“Cut off wavelength. *Yellow index.
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Figure 8. Photographs of Co-PI films containing (A) 0; (B) 0.1; (C)
0.2; (D) 0.3; (E) 0.4 mol BPA contents. Film size: 50x50 mm.
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