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X5 4-ethynylaniline(4-EA) 32 4-phenylethynyl phthalic anhydride(4-PEPA)S- end-capper® AR&-5lo] Ha}go]
2500 g/mol 2 5000 g/molZ ZA =3, W] ethynyl 71& Zt= 4,4'-diamino diphenyl ether(4,4'-ODA)/3,3',4,4'-
benzophenone tetracarboxylic acid dianhydride(BTDA), 4,4'-ODA/4,4'-oxydiphthalic anhydride(ODPA)A] Ez&]o}o]4
o= L IHE Pt o5 T F AIATS AT FTIR £3384S F3t] ol Egolo]io]
vz g2|ay el vk ethynyl 7I7P F3EO] S FAT F AU oW =8} ¥ FEofo]ioln|=
S am 9] settros JEFS WS W ozt ia],uﬂ/] —v‘x}a"ﬂE FEgS Lo} EATF 2500 g/mol SE]3LH
7} 5000 g/mol ia]zumt} 2k 10°C AE B oA oju| =3} Hhgo] dojylt}, Ethynyl7]9] 7tunk-g-&
n=st JeHTE 28 250X oo 4-EAE end-cap® EZlotolioln|= L2y UEiA = o] F
o] DSC =X HA A YElSITE 4-PEPAZ end-cap®l 4,4'-ODA/ODPA Eg|o}e]ioln|= 2] T
&% 71 DSC AEE 53l ol =3} vk 9 7kl gk &3t Oﬂl:]X]Q}— AFSRIAE Faitt. oln]
kgl tjst &8} ouR|= 141 ki/mol, AFARJAA} 3h2 1.45x10" min™!, 7kadk-gol gk &3} o<
177 k¥/mol, A51AF 342 2.90x10" mine] AojFich.
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Abstract: Acetylenic or phenylethynyl end-capped polyisoimide oligomers (14, 2500 g/mol, 5000 g/mol) based upon
4,4'-diamino diphenyl ether (4,4'-ODA)/4,4'-oxydiphthalic anhydride (ODPA) and 4,4'-ODA/3,3',4,4'-benzophenone tet-
racarboxylic acid dianhydride (BTDA) were synthesized by using 4-ethynylaniline (4-EA) or 4-phenylethynyl phthalic
anhydride (4-PEPA) as an end capper. The incorporation of ethynyl groups were confirmed by FTIR spectroscopy. The
isomerization temperature was influenced by molecular weight as well as the backbone structure of polyisoimides oli-
gomers. Thus, polyisoimide oligomers with molecular weight of 2500 g/mol was found to be imidized at temperature
10 °C lower than that for the oligomers with molecular weight of 5000 g/mol. The cross-linking reaction of ethynyl
groups occurred at a higher temperature than that for the isoimide/imide isomerization reaction. These two reactions were
totally or partially overlapped on the DSC thermograms for the polyisoimide oligomer end-capped with 4-EA. Kinetics
of thermal imidization and cross-linking reactions for the 4,4'-ODA/ODPA polyisoimide oligomers end-capped with 4-
PEPA were investigated by performing dynamic DSC experiments at heating rate of 10 °C/min. The activation energy
and pre-exponential factors were 141 kJ/mol and 1.45x10"* min™ for the imidization reaction and 177 kJ/mol and
2.90x10" min" for the cross-linking reaction, respectively.

Keywords: polyisoimide, polyimide, ethynyl, curing, kinetics.
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Figure 1. Polyisoimide formation and isoimide/imide isomerization.
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Alek 9l XHE. 4,4-Oxydianiline(4,4-ODA, high purity
polymer grade), 3,3'4.4"-benzophenone-tetracarboxylic dianhy-
dride(BTDA, high purity polymer grade), 4,4'-oxydiphthalic
anhydride(ODPA, hight purity polymer grade)= Chriskev
ChemicalollA] T}&FaL ARE-Z 120 °CollA 24417 5
Azste] ALE-sh ¥H3-A end-capperZ2 4 AL-8-St 4-
ethynylaniline(4-EA) (Tokyo Chemical)3} 4-phenylethynyl
phthalic anhydride(4-PEPA) (Imitec)= -} 5 tlA17| o] E{ o)
R3] A83199L H]9RSA] end-capper@X] AM8-SH phthalic
anhydride(PA) (Aldrichy= %1-3-5-8lste] AR&-3I3AT). &0f2l
N-methyl-2-pyrrolidinone(NMP) (Aldrich)-2 CaH,Z 71ZA|
0 F A SRt ARg skt @A dicyclohexyl-
carbodiimide(DCC) (Aldrichy= “AI5HA] ¢ ARE-319 0,
FEA} Al 0]8-3F isopropanol(Aldrichy CaH,(Aldrich)
2 24071 5t AEAX F SRSk ARSI whgol A
48 BE fY 7I7e BEXE 71 A2 F ARSIt

Polyisoimide &2|11M2| &Y. t]o}wl o2 44-0ODA, t]
elslo]=2lo] =2 BTDA =2 ODPA, ¥H8-J end capper®
4-EA 52 4-PEPAE, H|WH3A end capper= PAES AM&-3t
o] 3% EAFEF 2500 2 5000 g/mol 1 E&]ololiolnE &
S eIl o] W ARgE TS EE Carothers
218 o] g-3le] AXFSIATE Figure 291+ 4-EAE end-cap ¥
4,4-ODA/ODPA Zzjoto|aolm = g2um o] g7 o]
AA=lo] 3L Figure 3o1E £ A-ollA] 3% end-capped
Eejotolom = S]] slelzrt AA ] St o
%A A d=, EAEF 2500 g/mol 4,4-ODA/BTDA/4-EA
Zgjotolaolm= Ejarme] A S sk Tt
Ak FHERAE 250 mL 47 SSRAAE ARRSIdlen, &
gtim FdFl 7IAIA wE|E Aekal A YT 3
=7, AR FUTE 27 rRasiit). vES7] WiellA 3.0085 g
(15.02 mmol) 4,4-ODA, 0.9052 g(7.73 mmol) 4-EAZ- 100 mL
NMPe|| =<1t} o] g9l BTDA 6.0862 g(18.90 mmol)S- 5
ol AA 23 FUS F A2, A4 E91718klA 244]
7 REEAIA FEobr =AF SE| W E s d4d &
gofoliolm = S i §Hof DA<l dicyclohexyl
carbodiimide(DCC) 8.2616 g(40.00 mmol)& F43+ 5 124]
7k EQE HEGAIA ofolaolm|=r SN, A ik
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Figure 2. Synthesis of 4,4'-ODA/ODPA polyisoimide oligomers
end-capped with 4-ethynylanline.
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E2|olo|A0|0|E S2|nMe| 4. Zgfoto]ioln|E W
o] ethynyl 2H8-7]12 end-cap FIA=A &Q1317] 95t
KBr-pelletS #1319 Perkin ElmerAl2] Spectrum 2000 FT-
IR spectrophotometerS ©|-8-5to] #4153t Acetylene end-
capped Eg]olo]ioln| =9 Zg-ol= 220 °CH¥H 310 °C Ak
ole] YL £ 10°CY] $2E5ER ST F o]
= AMEo) thall FTIR 354 sttt B Eole]
Zrolu|= EEalr= NMPE 8§02 3Shed 30 °CollA] a4
& SAUT €5 % 412 Dupont Instument 2950
TGAE ARE-3IaL, A4 715 K70 mL/minylA] 3 10 °C
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Figure 3. Chemical structures of end-capped polyisoimide oligo-
mers.
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scanning calorimetry(DSC) 9102 ©]-&3}o] ZHA7] {3}
(100 mL/min)°l 4] 33} TE. Acetylene end-capped Z2]o}0]
Zolu)=e] AL 10 °C/minE 25914 400 °C7H] 555 7}
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F|=e] 7%, 10 °C/min®] S5k 7HAARAE KB

21 9 EE

Zz2(olo|20[0|= S2|nMe| &M, Figure 300 AAE 3}
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4-EA9} 4-PEPAR end-cap®l Zz|olo]iolv|= 2|2y
o] Holx Bt BA ~HAEHS Figure 40 YERNITE 4,4-
ODA/BTDA/4-EA Z&]o}o]4oln= 28] me] AHEFHe]
(A)IIA BH 1805 cm ol A& 73k ool oln|= JlE2 Y
71(C=0)¢] A53E ﬂaﬂ UFERE A, 934 cm el A] o}o] 4
olW|= A12](C-0)9] A5E J=Ar}F veiskon, 77}t 4.4-
ODA/ODPA/4-EA %—ﬂ ofo]Zolm| = ZE| 31 H, 44-ODA/
BTDA/4-PEPA Z2]o}o|axolm| = Z2] o] T E-HRI(B)
< (0] 4 o-r, 1802 cm™'ol|A] 733t ool boluE FlE R Y|
(C=0)9] 2E31% 9=37F YERRL, oF 906 em™'el|A] ofe]4
o= 1?4 (C-OH NERF 9)37) YRl Ik End-
capping A|°FO.EH] 4-EAS AMSEH (A (B)S] 2 ERS
HH geke] opyEalz| o] -CHYl 9]g 21&3s w7} oF
3280 cm ol Al VFEFSLDL, 4-PEPAS ARE-3F 2 E-(C)0] 73
-, @eke] phenylethynyl 252 C=Coll ¢J3+ 21=31% 3]

Table 1. Intrinsic Viscosity of Polyisoimide Oligomers End-
Capped with 4-PA, 4-PEPA, or PA (measured at 30 °C in
NMP)

Molecular weight Intrinsic viscosity (dL/g)

2500 (g/mol) 5000 (g/mol)

Polyisoimide oligomer

4,4-ODA/BTDA/PA 0.16 0.21
4.4'-ODA/BTDA/4-EA 0.16 0.22
4,4'-“ODA/ODPA/PA 0.16 0.20
4,4-ODA/ODPA/4-EA 0.17 0.21
4,4'-ODA/ODPA/4-PEPA 0.15 0.19
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Figure 4. FTIR spectra of polyisoimide oligomers (M,, controlled to
2500 g/mol): (a) based on 4,4'-ODA and BTDA end-capped with 4-
EA; (b) based on 4,4'-ODA and ODPA end-capped with 4-EA; (c)
based on 4,4'-ODA and BTDA end-capped with 4-PEPA.
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Figure 5. TGA thermograms of polyisoimide oligomers (M,, con-
trolled to 2500 g/mol): (a) based on 4,4'-ODA and BTDA end-
capped with PA; (b) based on 4,4'-ODA and BTDA end-capped
with 4-EA; (c) based on 4,4'-ODA and ODPA end-capped with
phthalic anhydride; (d) based on 4,4'-ODA and ODPA end-capped
with 4-EA; (e) based on 4,4'-ODA and ODPA end-capped with 4-
PEPA.
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Figure 6. TGA thermograms of polyisoimide oligomers (M,, con-
trolled to 5000 g/mol): (a) based on 4,4'-ODA and BTDA end-
capped with PA; (b) based on 4,4-ODA and BTDA end-capped
with 4-EA; (c) based on 4,4'-ODA and ODPA end-capped with
phthalic anhydride; (d) based on 4,4'-ODA and ODPA end-capped
with 4-EA; (e) based on 4,4'-ODA and ODPA end-capped with 4-
PEPA.
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Figures 7, 8, 99l= Z}Z} 4,4-ODA/BTDA/4-EA, 4.4
ODA/ODPA/4-EA, 4,4'-ODA/ODPA/4-PEPA polyisoimide
<2132 2] DSC thermogram®] WER} St} 4-EAZ end-
cap ¥ 7d-Folle W 20X dojihs ofoliolm =9 o]
n=s} 1) o] B} 72 2ol doju= acetylene 7]
o] 7hupkgo] FiEH o2 HAXAA Y=L e Ejls)
At ofolion| =] ojw| =8} Wk EA}EFe] 2500 g/mol
w2 5000 g/mol?] 7A-¢-HTE 10°C A% W 2%
oA dojts T & AATE 2500 g/mol 4,4-ODA/
BTDA/4-EA%] 73$-(Figure 7(a)) 2F 240 °C F-Zol|A ojm|=
3} wkgo] AJZkE] o] oF 270 °ColA A om =3} Wl v=
7} VERAAL 315 °C F-2ol|A] opAld 7)) 7hak-gol sl
e Ho v-gol] Yehsttt.
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Figure 7. DSC thermogram of polyisoimide oligomers based on
4,4'-ODA and BTDA end-capped with 4-EA: (a) M, controlled to
2500 g/mol; (b) molecular weight controlled to 5000 g/mol.
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Figure 8. DSC thermogram of polyisoimide oligomers based on

4,4'-ODA and ODPA end-capped with 4-EA: (a) M,, controlled to

2500 g/mol; (b) molecular weight controlled to 5000 g/mol.
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Figure 9. DSC thermogram of polyisoimide oligomers based on

4,4'-ODA and ODPA end-capped with 4-PEPA: (a) M, controlled to
2500 g/mol; (b) molecular weight controlled to 5000 g/mol.
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Figure 10. FTIR spectra of polyisoimide oligomers based on 4,4'-

ODA and BTDA end-capped with 4-EA (M,, controlled to 2500 g/

mol) after being heated up to target temperature at heating rate of

10 °C/min.
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Figure 11. FTIR spectra of polyisoimide oligomers based on 4,4'-

ODA and ODPA end-capped with 4-EA (M, controlled to 2500 g/

mol) after being heated up to target temperature at heating rate of

10 °C/min.
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Figure 12. Kinetic plot of ln(%)—ln(l;p) vs. 1/T for the isomer-
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linking reaction of phenylethynyl end-capped polyisoimide oligo-
mer (M,=2500 g/mol).
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