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Characterizations of Copoly(ester imide)s with New 2,7-Dihydroxynaphthalene
Bis(trimellitate anhydride)
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Z&: Trimellitic anhydride chloride®} 2,7-dihydroxynaphthalene ©]-8-3}¢3 2,7-dihydroxynaphthalene bis(trimellitate
anhydride) (2,7-TA)2] F5& GEAE PAIsIATE T E 2,7-TAS} p-xylylenediamine 2 2,2"-bis(trifluoromethyl)
benzidine(TFB)& HHFer = W2 WHg-8lo] & Ee]otth(polyamic acid, PAAYE fel¥olM dxj2|sto] o2
718 7= Egolv|= FF A (copolyimide, Co-PDYE /35T F4E Co-PI= TFBL] & H] Ao ulgt &
A A4, 7t B, 9 38 4d 58 AT & AlAg o R MdE Co-Pl B2 fdstal Al HAES
Btk Co-PI &S FHslgoen, 72 BE9 cut-off wavelengthS 370~395 nmo|U 2, =M x|5E
3.55~7.639] Hlad] B2 e HoFEQt) Co-Pl 52 €4 HASL TFBY = W7t S7Hs5 S7ISIIAIE,
A 23t B8 oM E wite] AHE B3It

Abstract: 2,7-Dihydroxynaphthalene bis(trimellitate anhydride) (2,7-TA) was synthesized from trimellitic anhydride
chloride and 2,7-dihydroxynaphthalene. Copolyimides (Co-PI) containing ester group were synthesized from 2,7-TA, p-
xylylenediamine, and 2,2"-bis(trifluoromethyl)benzidine (TFB). The Co-PI films were obtained from poly(amic acid) by
solution casting through thermal imidization on a glass plate. The thermal property, gas permeation, and optical trans-
parency of the Co-PI films with various TFB monomer contents were investigated. These Co-Pls could be solution—cast
into a flexible and tough film. The cast Co-PI films exhibited high optical transparency with a cut-off wavelength of
370~395 nm in UV-vis. absorption and a low yellow index value of 3.55~7.63. The thermal property of Co-PI films
increased linearly with increasing TFB content. However, the oxygen permeation and optical transparency of the Co-PI
films was found to worsen with increasing TFB content.

Keywords: copolyimide, films, thermal property, gas permeation, optical transparency.
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A28 2,7-Dihydroxynaphthalene Bis(trimellitate anhydride) 722 o83t Z2](2H olr]=)

A7 FsE] gtk &, Hold WEAdH 71418 S4S
Hole oju= 2 o] of| 2E](ester)," B (ether),”*" ok
1] = (amide),"*"* 2 AE(sulfone)'® 52 T2E o] 83t &
= B 7] S A=) o5 S, PI FARE
off o 2E71& x3ete ZE (& ©]H| =) (poly(ester
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A3 Fxe} fde 2o EAE 52 Pl FEHA
(copolyimide, Co-P)E°] F38] A-Eof $r.*» et
AAAY FAg Ao F A F2E AoA wAF A7)
2 SHES de A2 v It ole Aol e F 7t
A7t 2 ol FAlol H71% ofefE W opEt iRl
74 ’& ] (phase separation)s EHFs}7] Wizt 1 51t
o A= & 23t vhg-S o|&allx] FAkEe] A+
SHHA] ShAo R fFAgH 29| Co-PIE L33t om, Tt
o5 in-situ WS o83t F wlo]AE o]ake] A w
£ 3l 8740l gt Pl EHE A"l dhsgslelnt

T3 PIE 37| Haire FARE B2 U H]
3 X717} ook &b wie] HE A Frek 4
& HEAZIARE Wi 2 3, 71A1A AdEo] sAsH 3
sHA| At weba ol gt WS ®Bekstr] S8l £
5 IR fRsPEA AR PIe] G4, 71A1A A
ATIA] e A S 0] TEAlE A ARSSle Co-Pl
7} 7FssHAl |ek 2 olw] o] ApabEel] ofs) wiEE A
FZHE] Co-PI T 73&eE 122 2,2-bis(trifluoromethyl)
benzidine(TFB) &A= 74 FH3 & Uehiidd &
Al fredgh #x0] G4, 71413 Ao S Bl &=
T U= e AR FHEATES o R {A% v
9715 x5 p-xylylenediamine(p-XDA)= 714 XA
o] SFstaL, FA FrAe SesiRt A7 &
271 X84 7F glo] 273 zstAolixE 71A o] & A
7H S| 2 AREE| AL AT

B AFlxE, olZE71E FAREl A23sIE 2,7-dihydroxy-
naphthalene bis(trimellitate anhydride)(2,7-TA) &2 24
AL, A FRE AAS Fol7] S8l A7IS8 =TT
Z EYEFLEUL(-CRY1E 7K TFB % WE7]E ¥3t
Sk p-XDAS] 7 7HA] ol @FAIE ARSsle] o ~E7E
7= Co-PIE §A4510T). TFB & Hlol| we} Az A=
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Alef. FE11 2,7-TA §739 ARS-E trimellitic anhydride
chloride(TMAC)®} 2,7-dihydroxynaphthalene % o} THEEA|
°] TFBS} p-XDAE 25 TCI(Tokyo, Japan)Atoll A Eulj &}
St 4o E A8 N N-dimethylacetamide(DMAc)?} tetrahy-
drofuran(THF), pyridine, 1,4-dioxane-> Junsei(Tokyo, Japan)
Aol Fuf gl & molecular sieve(4 Ay Ho] S-S oA
8] A Azt ARSI

EE #HY. AEEVIE Ze FEQ 27-TAE A48
A A AP WA 250 mL A EEA
TMAC 10 g(4.75x10?mol)z} THF 80 mLE ¥ ¢Fd3] =
S w7k waksit) FA o] 250 mL H]A ol 2,7-dihydroxy-
naphthalene 3 g(1.87x10? mol)?} THF 20 mLE ¥ wHs}
o] o} o™ o] §MS TMAC &0 HH3| Yoz}
Ui = pyridine 10 mLE H7Fstal 2 #9712 2004 24
AIZE o] A-s] wtgit) o] ehed &S AE ¥
1000 mLe] FF<rell 61 o] A=A gich Al He] ¢gad &
e JHES Aeld s L 100°C] 3Bl
12717F &3t Azt Azt kR EH 500 mL S22
o] BAAE Adst] AR 71FE AAZ § e HE E
g2Fol| Yl 1 4-dioxaneS Z=¥ Yo 2xs} £
& THEojET 8] S2s] FreiAd AR 8] ¢
3 & W2E AlATT Yol SEHW HoA AAES
A8 100°Ce] g2 e 12417 F3F AZRAZIL FHE
Ao Y weho] sher 7t dojA FEES 15%3
t}. 2,7-TA9] 34 3742 Scheme 19 BT

Figure 19l $4% 2,7-TAS] +Z& FTIRE gRI5I%
o} sp? C-H F]=39} #lAl 9] 3(C=C):= 3107 cm™' 3} 1400~
1700 cm'ol|4] Bjom, o271 C=0%} C-0 F|3E= 7}

2,7-dihydroxynaphthalene TMAC

THF, Pyridine l 25°C

2,7-TA
Scheme 1. Synthetic routes of 2,7-TA.
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Figure 1. FTIR spectrum of 2,7-TA.

Z} 1788 cm™ & 1228 cm ol A UERES Eelst 4=
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TA 72 Wl 9 ) 3 vae wAe 2 95
7} 7.5-8.5 ppm®] Aolell A RF UEty, T 9] A0] AR
H)7} Ax)3e shelsigdo) !

Za|oj2|+HPolyamic acid, PAA)°| &4 & Co-Pl &
M=, 2 AFo)| A3 Co-PI @A 3% ¥ A W
Scheme 291 B 91 Co-PI 242 e H|= Table 19
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Figure 2. NMR spectrum of 2,7-TA.

(90 mL)oll o}%l wEFA| 9l TFB 2.17 g(6.79x10° mol)} p-
XDA 0.92 g(6.78x10°mol) S FAlol ¥ A4 B 72
0 °CollA 30 &<F $HatA HAct. L ¥ Fr=<] 2,7-TA
6.90 g(1.36x107mol)S ¥ F A& 4715 FA¢ dE
2 0°ColA 1AZE, Zd2ollA 18X17F o A-E A wikA]
A IFE 10 wit%] PAAES SISt

dojxl PAA &2 AE 5 7i%g f23 9 7H=H"S
I AL BE7IZ 50°CoNA 1417E, 70 °CollA] 1A 7F B9k oF

-
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Scheme 2. Synthetic routes of Co-PL
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A28 2,7-Dihydroxynaphthalene Bis(trimellitate anhydride) 722 o83t Z2](2H olr]=)

Table 1. Monomer Compositions in Co-Pls

Co-PI ?;Z;};A) [Z;r)l(o[l)e? (Iiiﬁ) Molar ratio
A 1.0 1.0 0 1:1:0
B 1.0 0.75 0.25 1:0.75:0.25
C 1.0 0.5 0.5 1:0.5:0.5
D 1.0 0.25 0.75 1:0.25:0.75
E 1.0 0 1.0 1:0:1
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Figure 3. FTIR spectrum of Co-PL.

A3}rZI}. o] 3 80 °CollA 2417, 110, 140 °CollA] 242} 30
A FFE Aol ARE Sl E A AT o] A 29
7161144 170, 200, 230, 250 °C7}A] 3054 DS FajA
g4 om=slE FAstL fElHhe AL £l ¥4 Co-
Pl 258 deth & A7olA € Co-Pl T2 PIE &
4 Aol 2 AME-E= DMACc, dimethyl sulfoxide(DMSO),
N-methypyrrolidone(NMP) 52| &ujjel] &3l =7t £X] X3t
R, 53] HeA gujjoll= AE =2 godtt

$HdE Co-PI BE2 FTIRZE 1192 2 A= Figure
300l BTt 3079 emellA W= C-H, 22]32 1718 em™ell
A C=0 712HYd 22 3015313, Co-PI - Weol &4
3= p-XDAS] €271¢] C-H F=E 29237} 2852 cm'ol|A]
RIS o|w| =38} Hkgo] FALNS o YEhte o]v]
T _C-N-C- 937} 1368 em™oll A Lrebgel weh Co-PI 2
ol RENS st

S ZAL P89 e A oAFE FAsP] S8l A
glofl M3k z}2]A #-37](Fourier transform infrared spectro-
scopy, FTIR) (JASCO, FTIR-6100)2} & =}7] &1 23237
(nuclear magnetic resonance, NMR) (BRUKER BIOSPIN,
AVANCE 1II 400)5 ©]8-352H, NMR §v|2+= dimethyl
sulfoxide-d. 5 AH&-31 T}

TEAL] B4 635

AZE Co-Pl &2 84 5A& AR 8l AlAF
A} & B A (differential scanning calorimeter, DSC) (SINCO,
S-650)9} & F%F -4 7](thermogravimetric analyzer, TGA)
(TA instrument, Q 500)5 AFH&-3IAL, 52 ¥ W7t £oe
Ah F71AM 9 20°CE S 3Th @ 3 Al
(coefficient of thermal expansion, CTE)S 743171 ¢I8] &
71A &4 7](thermal mechanical analysis, TMA) (SAYCO,
Q-6000)5 A&l 0.1 N9] 3502 B9 5°CE 5
A7 12} 71 30~150 °C, 231 71E-S 40~150 °C7A] 2}
7F 2T B =olx e 23F 7HEE dofxl 3hE Uat
skt

B8t B8 ] 98kl 247 49~57 um FA19] EE
S FHlsle] A (spectrophotometer) (KONICA MINOLTA,
CM-3600d)Z 31 2= (yellow index, YNZ 43191, &
A3k AJEZ UV-vis. spectrometer(SHIMADZU, UV-3600)=
AREste] F FH=9) cut-offel (L) RIS gt
A7t BalE ArE dolr s 9eia Aka Bl =47)
(oxygen transmission rate tester, O,TR) (MOCON, OX-
TRAN Model 2/61)5 AH&-8IATE 32k 7-329] ALEA}F AL
&8 2] 998l Chemdraw Office Z2 138 0] 83143}

dit o EE

"y SY. 18X f7 HolE(glass transition
temperature, 7,)= Z7| @& 2% (initial decomposition
temperature, 7,)2} T80 221 E4 Ad& AR 8=
8% 9459 shtelth. A FrEF oflg o]g4l
A Az3E Co-PIe] T,WH31E Table 20 JERAIT). T2 A}
S7be] Ao Akge] Wk widshs AatAl FARES] st
(flexibility)?} AT (rigidity), 22132 A3 F-3](free volume)
o o]&Egthal Ul QIth? Table 2914 HH Ao|A EZ
s =, TFBY o] S7KS T7F 202 °Collx] 230°C
2 Z7kI o= Fu7t & -CF& 233t TFBY| o
o] F71ekol wet AREe] o] oA AL, A4 3] (free

Table 2. General Properties of Co-PI Films

copr T T we™  CTE O,TR
C) O (%) (ppm/°C)  (cc/m’/day)
A 202 386 47 70 86
B 21 387 51 61 141
c 2 390 56 58 275
D 227 403 59 48 452
E 230 407 64 41 596

“Initial decomposition temperature at 2% weight loss.

"Weight percent of residue at 600 °C.

“Coefficient of thermal expansion for 2nd heating is 40~150 °C.
YOxygen transmission rate.
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Figure 4. TGA thermograms of Co-PI films.

rotationyS A5l A AREe] A4S "oy T 5
7vsHAl | Aelghar & 4= QIth® ey W= A9] A%
e fdgt MdalS 235k p-XDA THEA ] S71= <l
3 71 w8 7202 °C)S Helt).

TGAl 23k & g4 (thermal stability) =4 27} 7+ o
A] Table 20| g2IsIH3L, 2 A3E Figure 49 HIATE AR
B 7K B ol i8] A5 2% x7] 23l Al
2E(Thye B5F 380°C o]d9] 2 252 Yelgon o]
el A 1.8 vRVIAIZ TFB7F 71l weh 4%
A Z718IAT) E3] 71 386 °C21 Aol Hls] Ex 407 °C
2 21°CY T7Fe HI} oo} o] E A o] Tk
olf= oln] AFgh uiel o] fdst JHo] vdA 125
X3l e p-XDARTR= 371 & -CF:E X33l TFB
o] Frefo] 7Kgl wet ARzl Ag 9 Aol Fkst
o] dFoz o S 25 JAs] wleltt* 600 °C
of|Ale] FETFwh™ )y TFBY & 47} S7HE4E dA st
Al S7F 47014 64%2] FHFHE HYoH, o] e o]
b T Ty @A Hokso] Fdst 43de Bt

AAHQ) 1A} AR P22 Lobr] 91814 Chem Office
9] Chem Draw Z=ZI13-8 o] &3] 7hdsh Ex} ndlde
ATt B2l 722 #Esl Adste] A A 2e
7] Yeide 1Y 2 S e s A" Ba 2
£ Ao E HaEsle] 1 By 548 Yoliy|= g
o} ey ERe] Aol BExlEe] vl A 12 H
TZ2 Eg AT wgsy] oferE B2deS 98 vHE
9] 71Fo® BI|% dit}, olo Wi} o714 Co-Pl 2+ %
gollA F 7He] REERE o] &3 33kl &S Figure 5
of Bt 24 AE YEM= Figure 5()y= g vEdd
TZE 7H] p-XDA TS sl 2=, AAHA AL
S AasHA] Ealal wig- 3ojA] 9lom ojeigk B4
o] FxA olf=E Tp7t 7P A YERdTH(386 °C). L2t
ol¢b= wHlE, Axs WA 18]S T3re= TFB WA S

Zan, #4384 A|55, 20143

(c)E

Figure 5. Comparison of 3D chemical structures of Co-PI (a) A; (b)
C; (c) E.

7= 24 EQ] 7d-$-(Figure 5(c))oll= AAH QA Al&o] A
o] HXdl| 77he- FXE Holi Aglo] foldle] Figure 5(a)
o] /4 A%} H|wEhd Al 2 B 29 wE Bl B
2to)7F g A7 Hok. Wbk 24 ES] F2E T d
Aol 7HE =SS 1T & AATH407 °C). T, p-
XDASt TFBE 50%% *E3tehe 35dA & C)° -5l
= 24 ARTR= ZA FEjolAIE 24 ERTR= T wolxl
25 Ho|3 Ath(Figure 5(b)). o1H TZ2ZHE & KA
o] F7F A=9l 390 °CYS FAT}
£ ol&3 & -7l ¥4 agzet AeE AHE
Figure 62} Table 20| z+z} Btk 40~150°C Atole] 2%
T7hellA 23 7FE FA9] CTEE A2l F-%91A 70 ppm/°C
Ao, EANAME 41 ppmCOE DA A $X7}F Tadte
73S Bt o= TFBY o] F7He FAkEe] WAl
Tro g FAgEo] glof A, i E= X = QlE &
A} ApEe] wjgke] golstal, AlEd ARE Ate]€] Q1¥(chain-
chain interactions)°] -$<~3}7] Witol™ Fdt FARE T wlAl
of X2 -CF; 59 3AE°] 7IK= X37] a2 Go
o3k F2A| Qo] Wil E3lE|o] FARE] & WS A
AR ARZ R oz e GuF Alg e BT
old o8] 7[A] olfZ A%t WEd 25 7= p-XDA
Hul= CTEZF 22 348 HolA €nh. &5 o] A= ofv|
Figure 5914 HoiE 3 xHlo] Abe FREE F73] AWl
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Figure 6. TMA thermograms of Co-PI films.

A FoE, Ao g VA Faes 7|A gt A2
Wz nk SHo 2 yEAt] gk 7]
83 = (solubility) ¥ FAH(diffusion) %= 52] ojz] E3Hz]
8247 Wol 2hgshH, 1 Wl = A} ARETRe] dE 2
| ofuEl ALEA} AlEH ZIA|ZRe] 2RE- Gl 7A|e] gt
&xd 7193t A= 71A] Rl H3e W 2hggt
E]_‘ss,sf;

Ak Bl 24715 0|83 O,TR 374 A3} 42 Table
20 Btk A 2ol A ER 455 2k Fart 345
Z7ksldeh 94 A AL E 243 728 o] RolX|Rt p-
XDA T 7} A9 skek(p-) X8 o3 gl 2
£ xslar slo] Al 7]A|7ke] Q1ge] golstal 714 <]
Fhato] iAoz o] 4ta o] 7P W 86 cc/
m*/day®] S BT ¥id, E 240X = TFB7I HIS
22 A FROIA|RE FARE WR|7F F -CFy7F 2|3 o
AL, 5 ] wiAle] 7k el A oke Fx= <l
ARE7Re] e Ago] 48] Bl AlEF 71A|9] 1E =
7] F3l A= Ak T 7PE 5 596 co/m’/dayE B
At

st FHE. Co-Pl 59 ¥ 54 cutoff wave-
length(A,) %42+ 500 nm IgellA| o] Fahg 2 A Z]5(Y])
2 % o} UV-vis. 54 282ZE Figure 79 B33, 1
st A= Table 3¢ YERHITE 4ol AHEE BE2
FAE 49~57 umA oW, AollA EZ 25 A2 %ol 370
oA 395nmz Vsl 271 £3E UeEllle A2 28
ol 400 nm ©JF1=, 7FAFA Jo o]l W Ty
AR & 4 ATE B4 3R] 500 nmellA] FE-2 A~E
7] BT 86-87%2] UG g s B

UWHA 0 2 FE(Du Pont Aol A 7HEkE]e] 1 57t Hol
A% Kapton® Pt Z2 2 WA H& o]f+= ov=
FAFE ol EA8te WAl o AAEo] Ak&7ke] A

TEAL] B4 637
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Figure 7. UV-vis. transmittances of Co-PI films.

Table 3. Optical Properties of Co-PI Films

: : a rans
Co-PI Film (ilgi(ness ( Iﬁ)n ) 500(‘;)11)1 VI’

A 52 370 87 3.55
B 50 385 87 5.56
C 54 390 87 6.15
D 49 390 87 6.17
E 57 395 86 7.63

Kapton® 200KN 52 4438 18 97.50

“Cut off wavelength. *Yellow index.

(intermolecular bonding)ll 2Js] WA == A3} Ho] B33}
(charge transfer complex, CTC) o] &2 2 Adwo] 7}&3}t}
CTC o]2& PI 7 A1z o] EAIsH: n A4S0 7184
DqThel 400014 500 nm Atele] A=A} H=AS FF
L 72o] Wilel A3k AAe whalsle] e ZA1S Uept
Al sk A0l #2 ol @ CTCE Zol7] AalE olv=
ARz ol -CFys} 2 A71SAEs M 4 048 &
deeEH 1 Az olFS AFkel] FHAAE Y W
Hol ek &t o RE F& A 125 =YY
Z= O HER 725 I stod Ak Aoldl] AHEste
CTCE ZaAA 74 93 PIg YA +% Ut 1A

=
A - AR 4R 5l BRI S
£ AN E 12002 F& 27- AR AP Vg
p=]
w

G 125 Yol CTC B35 WFEs trlste] 74
Frgdel $7% Co-Pl 932 Al=ai3itt. ARAIE o]8-8t
o] 243 VI ¢ A 240NN 3552 7P Aol 77he-
S FAS HYIX E 2O A4S 76302 SIS

th. AcllX E 22A7HA] TFBS] gego] S7kabar] At s
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(f) Kapton® 200KN

Figure 8. Photographs of Co-PI films. Kapton® 200KN was shown
in (f) as a reference.

2 A|AA Hed), ol TFB7} -CF3 2+ A7|1SA%r
Zet A871E 7RG YA AHF 22 p-XDAC] gl Hl
Alo] B Bo} CTC7F AA n HA}pe] o] Fo] AHHEHZ 4
oz Holth WHZ EollA AR 2= o] Srlshe
p-XDAE HAH & algt FxolA|vh Wid#lle] &Qjo g <l
3l CTC7F AHAA L WAl ] 7} Ho] n Zdxke] 22]90]
Q1A Faf 7P e YI 2 (3.55)2 YERAITE
5] TS A o2 gRlslr] el Figure 8¢l
237} Ho|E2 WHE Co-Pl ZEES BT} zF v =
doll whEbA] FREo|A = oFke] Apol7t UAATE BE A|
59 55 FaiA 2t v AHEA BN, thas A
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