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Abstract : A series of noble poly(amide-imide)s and copoly(amide-imide)s bearing
1,2-bis(4-phenoxy)benzene units were synthesized by the direct polycondensation of
1,2-bis(4-trimellitimidophenoxy)benzene[1,2-PTPB] with a combination of commercially
available aromatic diamines and diacids such as m-phenylene diamine, p-phenylene
diamine(PPD), isophthalic acid and terephthalic acid(TA) in N-methyl-2-pyrrolidone(NMP)
using triphenyl phosphite and pyridine as a condensing agent in the presence of dehydrating
agent (CaCly). The resulting polymers had inherent viscosities in the range of 0.37~0.78 dL/g
and most of them were soluble in common organic solvents including NMP,
dimethylacetamide, dimethylsulfoxide, dimethylformamide, and m-cresol. Wide-angle X-ray
diffractograms revealed that the copoly(amide-imide) derived from PPD with mixed acids of
1,2-BTPB and TA, showed crystalline nature, whereas all of the other polymers were found
to be amorphous. The glass transition temperatures of the polymers occurred over the
temperature range of 270~323°C in their differential scanning calorimetry curves and their
10% weight loss temperature, determined by thermogravimetric analysis in air and nitrogen
atmosphere, were in the range 465~535°C, 500~550°C, respectively, indicating their good
thermal stability.

Keywords  Poly(amide-imide)s, 1,2-bis(4-phenoxy)benzene Units, Solubility, Thermal
Properties
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A e] AAAAY gEe] olw=rY £AA AbEste] dojxl ZbE WEgs Eglopm= gl
gtat ojul= mE kel AAE T 719F AME Eelolm| B EAAbEY] #R4 Srkek A
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< AYa AdvH1,2]. trimellitophenoxy )benzene[1,2-BTPB]&  3+7d 3}

Ex zpA) o] dorAAS AA AFAT A & o, 27 ol WELE Apole] ZF FAA
T EAS sty 9E AFEEE e A47](hinge links)ES 2Zte o] WIS
osto A, FHo AAYNE WMAAA U totrlate]l F53tel o8 g TEE Fael
ol £& 7123 p-phenylene”] thAldl dfets dwle &34 poly(amide-imide) &
Aol Wolx= 9% m-phenylene”] = AzstRon Adojxl wRzpel Fx - AATEe

Fdel dis) Bagk up JATHS]

B AFoME Fig. 1 % Table 1014 ek
Wl vkl o] o]¢lv|ate A 12-BTPB Ilcs
Abg-3le], t]olwl © 24 m-phenylene diamine
IA¥} p-phenylene diamine IB 3 o] o]
7)Ao 2 A isophthalic acid IIa<}
terephthalic acid IIb¥} o] FdX oz F&

AA RS SRS "ol e
o] ] Al=Ho] A JrH23] v5e]
A} F2 ol m-phenylene7]l W]&] =tk
739l o-phenylene”’| & E=9&A =W, F
2344 7ol we A4 (linearity)o] 3
o= oA Ho] Al&7re] Fxlo] Htt
e =& BATRE ASA Ho #71

=

808 Ok o XN 8

oo o X 10 oM Mz gE ot o o

doll tig el tadel dF FAEAG Mol w2 4F dRAE EF A&
L sFATHAS]. 12-BPB ©@9l& Fxuldl seHom it
=, 2% 9] poly(amide-imide) “L2]al o]E& vhak
o o
I |
HoOC [ _ c COOH -H,0
H:N—AF—NH, + HOOC —Ar'— CoOH + \©ic >N7Q°\( )/o—<\ />—N<C:©/ —2>
I I I I
o o
1,2-BTPB(lic)
‘C‘) o
I
HN— Ar—NHcO — Ar'— co>—< HN— Ar— NHCO c
N — /C co
T Ormogr O
|
o |

|
YT O OO
Cc
I
(o}

i
Cc

T

c
I
o

Fig. 1. Synthetic route of Poly(amide-imide)s and Copoly(amide-imide)s.
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Table 1. Code of Polymer
Diamine Diacid Polymer
(mol%) (mol%) Code
TIA(100) 1Ic(100) IITAc
IB(100) Ic(100) 1IIBc
TA(100) Ta(50)/Tc(50) IIAac(50/50)
TA(100) IIh(50)/Tc(50) TIIAbc(50/50)
1B(100) Ta(50)/1c(50) IBac(50/50)
IB(100) 1Ih(50)/11c(50) IBbc(50/50)
TA(50)/1B(50) 1Ic(100) IcAB(50/50)
2. 4
2.1. Al

WaFE tlolwl © 2 A m-phenylene diamine
IA(Tokyo Kasei Co., <%=  99%)%
p-phenylene diamine IB(Fluka Chem. Co., &=
T 9%)E v#HSHFIA(Eyela,  Model
KRD-100)& ©¢]&3t Fstollr Ff/3te] AL
gatien, WIS o|d7|1kel 12-BTPB Ilc
= DMFE #®ESEul2 3o 12-BAPB9
trimellitic anhydride®}2] 43S0 23|
SR, o3 cyclohexanone 1;3(8 %
H)) 338wz Hy QA4 A&stAth
DSCel <ost §d=74d 23 341Cdit. mpl8],
340~341C)el vk, 183l isophthalic acid
IIa(Tokyo Kasei Co., <%= 99%°]4)%}
terephthalic acid IIb(Aldrich Chem. Co., &%
9%’ e EFAISE IR AT T
4 calcium chloride(Aldrich Chem. Co.)t& ¢
FAGF oz AREEte] 150TC, 6A1%F Z-F-5}ol
A 239 3L, N-methyl-2-pyrrolidone(NMP,
Aldrich Chem. Co.), triphenyl phosphite
(Tokyo Kasei Co.) ¥ pyridine(Aldrich Chem.
Co)2e 27t EFAIYS AHE3stY  calcium

[¢]

o _11.N

1,2-Bis(4-trimellitimidophenoxy)benzene &% #E F=¥ Alqf Waks Zgjojrzol= 3

hydrideol] ]3] 24A17F @A g & 3t
Frste] A&t T

314 Algd AFE®E NMP(Junsei Chem.
Co.), N,N-dimethyl acetamide(DMAc, Aldrich
Chem. Co.), NN-dimethyl formamide(DMEF,
Aldrich Chem. Co.), N,N-dimethyl
sulfoxide(DMSO, Duksan Purechem Co.),
tetrahydrofuran(THF, Duksan Purechem Co.),
m-cresol(Duksan Purechem Co.),
pyridine(Duksan Purechem Co.)& U3FA kS
a2 A4

ol\

2.2. 12X gy
THNeS kg 9 "EeAEA 47

1
NMP, calcium chlorideE AH&3F3l o, <184
3}AZ 4= triphenyl phosphite®} pyridine<
Abgste] AHFEEHES ol gste] WS A
AlBEATE thaedle dxEd o= 2714 St el
sl 7]& g

2.2.1. poly(amide-imide) IIIBc9 &4

AaEdH, W77 4&d 50 ml 7HAE
ZgtxFe] toploga IB 0216 g(20
mmol), °]F7|4Fe 2 IIc 1.282 g(2.0 mmol)
S AHEs] AFste] €3, NMP 8 mlE F 3}
o AaE7IsE Aol A2 dnkEx
£ o] &3l olE dHAE SAAZ L L3It
23 5 AEEA  Z2AUe]  calcium
chloride 0.5 g, triphenyl phosphite 1.3 g =L
I pyridine 2.0 mlE F7lelal S3HHA 12
0C, 3A1zF 7t4 SFAZTE TF2 Tt
AP oem gkgo] FmwE Ao WA st
o] Wztstal 500 ml wWE-go] g% nlo]Ad
WREEIHA] g8 NS "Hojrmy A A
S A& Ao AEES gt
A Al 300 ml Sl EE 300 ml AR F
T2 Fw3] AFHS F 100CAA 10417 R
SAZAIAT. Aozl aEAe FES
94%(1.34 g)°lJth. NMPel <8 F=
g/dL, 30CeolA ZA%¥ EA(inherent)d =+
0.46 dL/ge] At

FT-IR(ATR): 3342 c¢m '(amide N-H), 1675
em '(amide C=0), 1778, 1720 cm '(imide
C=0), 1380 cm '(imide C-N), Anal. Calced.
fOI'(C42H24N40g)n : C, 70.79% H, 3.39% ; N,
7.86%, Found : C, 70.25% ; H, 3.75% ; N,
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2.2.2. copoly(amide-imide) IIIcAB(50/50)
o A4

tolmoza IA 0108 g(1.0mmol), IB
0.108 g (1.0mmol)¥} o]F714to 2 A IIc 1.282
g(20 mmolS AFgste] d7iet e Wl
olsf It ZEA 139 g(FE RBY%)S A
Atk NMPoll 98 F% 05 g/dLZ 30Tl A
249 BAHEE 078 dL/gol Tk

FT-IR(ATR): 3322 cm (amide N-H), 1667
cm Yamide C=0), 1778, 1717 cm ‘(imide
C=0), 1378 cm '(imide C-N), Anal. Calcd.
for(CopHuN,Og)y = C, 70.79% ; H, 3.39% ; N,
786%, Found : C, 70.14% ; H, 3.82% ; N,
7.33%.

BEAHAESY Z2He Axy uEAE SAHE
W2 NMP & % 3iks AREste] 05
g/dLe =2 &dA171 F 30Ce g2z
o Al ostwald viscometerE ©]-&3s}o] A=3A

O bl
o dofl mEAe] Fx9 FEE EEH]
&) FT-IR( Bruker, Model Vertex 80 V)<
o] g3le] mAAEIE ATRHO 93] =A3Y
, YAE2X(C. Erba, Model EA 1108)2 Al &
S 7] fal 100CeA 10413 HF7

g AAS Gdstr] A8 A XA 34
2 X-ray diffractometer(Rigaku, Model
Rint 200005 Ab&3ke] S+ 40 kV, HHF 40
mAl A WA 7] XA S nickel filter2 o 23}
o Aol CuKu(1.54A)Ael 98] ANEE ¥
JEIR te] 20748 5~60° HHE A
th =3 9HEAES ZAMSHY] fE AlAEARE
“A(DSC, Instrumental Specialists, Model
55005 AR&3sle] AATV|FEAAN &5 20
C/min.Z 3l Y= =%=7HA] 12} FAFS o
& I REZAA 5EIE As & ALt Y
A A tAl Yake 2Z71A] 220 FAFSE UL
FAAZHE Aozl &
o] Wb 7 343 XY FUHEE 1
o FE A EE(THR A
EAL  EFESAITA(TGA, Instrumental
Specialists, Model 2950)& o]&35}e] A4 H
TN F(FFEE 100 em’/min)dkel Al 20 C

R RS

/min.8] &5 800C7HA S48ttt

3. 8ot { nF
3.1. IEXte| &AM

o 12-BPB F%& ztE poly(amide-
imide) III= m-phenylene diamine IA,
p-phenylene diamine IB 18] 3 12-BTPB Ilc
2 RE AYFF3EHA o ekt we
copoly(amide-imide) IIIE WX o|d7|ate
2A isophthalic acid IIa$} terephthalic acid
IIbE 12 -BAPB Ilc¢} &3 AMgste] 22 W
Hell & FASAL, o5 FHEAH}E
Table 2| &35t}

Table 2. Synthesis of Poly(amide-imide)s
and Copoly(amide-imide)s

Polymer®
Remark®

Code Yield(%)  nim’(dL/g)

IITAc 95 0.57 S

IBc 94 0.46 S
[TAac(50/50) 93 0.53 S
TTADbc(50/50) 9% 0.71 S
IBac(50/50) 97 0.69 S
[IBbe(50/50) 91 0.37° P
IcAB(50/50) 98 0.78 S

® Polymerization was carried out with 2.0 mmol
of each monomer.

Measured at a concentration of 0.5 g/dL in
NMP at 30C.

Measured at a concentration of 05 g/dL in
conc. HaSOy4 at 307C.

Appearance of polymerization mixture: S,
solution throughout the reaction; P, polymer

b

c

d

precipitation.

dojzl mEAE A AFHAR FEE Ao
How NMP & gk g4k 23] 30Tl A
=4" BEAHAEE 037-078 dL/gel w99
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Fig. 2. Infrared spectra of Poly(amide-

imide) IITAc and Copoly(amide—
imide) IIIAbc(50/50).

Z) A = Table 3 %
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i NMP, DMAc, DMSO, DMF¢9} 22 n] %k}
A G448 281312 m-cresol®d - phenol
Sue] AL &g e,  copoly(amide-
imide) IIIAac(50/50) =+ IIIAbc (50/50)F
#+8 m-phenylene diamine IAS A}&3 3¢
ol 97144 &uil pyridinedl = A2 &3
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Fig. 3. X-ray diffraction diagrams of Poly
(amide-imide)s and  Copoly(amide—
imide)s.

Table 3. Solubility of Poly(amide-imide)s and Copoly(amide-imide)s

solvent
polymer NMP DMA¢: DMSO DMF m-cresol Pyridine Cyclohexanone THF
[IAc + + + + + + — —
IIIBc + + + + 4 _ o o
TTAac(50/50) + + + + + + + .
I Abc(50/50) + + + + + + _ o
IIIBac(50/50) + + + + + + _ .
TIBbc(50/50) — — — — — _ _ .
TIcAB(50/50) + + + + + 4 _ o

+: Soluble at a room temperature, =*: partially soluble on heating, — :

insoluble
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Table 4. Thermal Properties of Poly(amide-imide)s and Copoly(amide-imide)s

To0(C)P Char yield(Y.%)¢
Polymer Tg(C)*
In air In nitrogen In air In nitrogen

IIAc -4 490 515 4 60
IBc =4 535 545 0 53
TAac(50/50) 272 465 500 0 34
MIAbc(50/50) - 510 510 7 46
[IIBac(50/50) 294 505 530 0 64
MIBbe(50/50) 323 510 550 0 65
[IIcAB(50/50) 270 525 540 10 64

Measured at 800C.
No Tg observed in the DSC trace.

o o T o

3t tlolwl & 24 p-phenylene diamine IB,
o] 7120 2 terephthalic acid IIB%t
1,2-BTPB LcE 77} 508(%) &3 AM&-3}o]
Aoz copoly(amide-imide) HIBbc(50/50) <]
A= Fr1Ad e gakele]l W f7]8m)
v dd &3S YERA Ut o= 1
B2 %Wl p-phenylene terephthalamide
(PPTA) @217} 50%(%) gfElo] o] =3
PPTA ©@9]9] AAz] s &/ (rod-like) 7+
Z2 9 BEAALE T AU SHFERE F
g 7hsd o] A, o= 20=5~60° HEldA =
A F7 XA 34 AgAelA 20=21, 27°
oAl ot 9 A2vt BEEe = A4A

A

S 2 1EAYLE & F AT old uwhe
TAANEY] =& o s &Rt
o HAE7F AR ofFHA HY wEelud
Ao ARHE. ey giFEY aiEAE
X- A oA FAE A4S dFAA
amorphous halo TH& Ho

ol

Fag

IR DES:

g2 AAr|et wjg W]
2 = 1

28 FHol Gl wel,
483 FAAL A AAA =
x5 A G3, md FEEA A5, 2
Aizel FHH A olsh @A BEAo=
Agste] a4 Skl ek Jlelsidd Ao
2 F49h

El

By DSC at a heating rate of 20 C/min. in nitrogen(1st heating runs).
10% weight loss temperature recorded by TGA at a heating rate of 20 C/min.

3.3. IEXQ dX ME

ol aixte] dAAHAHE DSC % TGA
o8] Hrret o AFE Table 40l AEleA
t}. 28l Fig. 40+ WEAHSZE  copoly
(amide-imide) ITIcAB(50/50)2] DSC % TGA
9] thermograms &7 YeERNSE DSC 1%
FAF AR REE, olg nEAE AR A=
= 400C F27bA 4ol dE oud F
dujax @A ko, ALgH tlopdl I,
oAV el Fx¢F 7t whAe] Exd
e} 270~323C WY vaA &L feldol
SE(TYE Yerigleh. e DSC 23 FA}
A= Holo] #HH ojudt IAE HSHA
oF et
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-imide) McAB7} 7} w2 44A4E 4
Wdth 800C &7 R Aol Ao ds)
F(Y %) 44 0~10%, 34~65%% e}
o5 AFAE FArsHEE kAl w4
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Fig. 4. DSC and TGA thermograms of
copoly(amide-imide) IIIcAB at a
heating rate of 20 C/min.

4. 82 E

old7]Ato A 12-BTPB Ilcel tjelvloz
4] m-phenylene diamine IA, p-phenylene
diamine IB 1¥]al WXe] o]dr|ilo 2 A
isophthalic acid IIa, terephthalic acid IIbS &
3 Ab&ste] 12-BPB @9lE 5 o® g
3= 2%9  poly(amide-imide)9} 5% 2
copoly(amide-imide) & 2 HF =3l <& 3
Aetlon, ols aEAe] &34, 244 2
i A5 dis Z*}o}oi o] A8

A9t

1. 9oz @A EAHEE 037~0.78
dL/gel 919 #s vEhilen, o=
BES NMP, DMAc, DMSO, DMF,
m-cresol# #2 F7]&vfol] A2 &34
< YEIATH
gy 4% PPTA ©917F 502(%)
5o 2= copoly(amide-imide) IIIBbc
o] Ae-& gk gakelol Mg fr]&wd

1,2-Bis(4-trimellitimidophenoxy)benzene 22 ¥ FE¥ A4t W& EFjofv=om= 7

A4S thEhA gskom, ol
3d AgAgA 20=21,
23 vart gRHo] we

R R I
(0%
O

2. DSC 13} #AF A2, o] & nia
AR 7E AZEE 40T R4 8o
#AE oud FANAE BATA %
o], A4 ol 1 o714 11l
s 7 w@Ale] EdEdel wet 270~32
3T wele) v e A0 LTy

S el F A

A %%01 s
% qlo .mzu T, Ao A
shahgich. @H TGAS o8 Z49 10%

OE:]T’E'?—SH \_—J—(Tlo/)x_ 07]0]'01]}\‘] 65 53
5C ela A2ska A 500~550C = zHzt
o
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