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Abstract : A series of novel poly(amide-ester-imide)s were synthesized by polycondensating bifunctio-
nal dicarboxylic acids or their acid chlorides, which contained ester and imide groups within their
main chains, with several diamines, and then the polymerization conditions were investigated. The
monomers and the polymers were characterized by IR spectroscopy, elemental analysis and viscosity
measurement. The glass transition temperatures of the polymers were shown in the range of 220~
340C. and the initial decomposition temperatures were shown in the range of 400~500C. And the
thermal properties were affected by the positions of amide and ester linkages within polvmers'main
chains. The polymers were not dissolved in most of common organic solvents, but dissolved in some

high polar solvents.
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Scheme 1. Synthesis of dibasic acids and their acid
chloride derivatives
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Scheme 2. Synthesis of polymer I via Low-Tempera-
ture Solution Polycondensation
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Scheme 3. Synthesis of Polymer 1 via High-Tempera
ture Direct Solution Polycondensation
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Table 1. Synthesis of Poly(amide-ester-imide)s
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Table 2. Elemental Analysis of Acids and Acid Chlo-

ride Derivatives

Analysis  C(%) H(%) . N(%)
cal'd found cal'd found cal'd found
64.58 64.12 277 289 486 492
60.68 60.88 228 271 457 4.23
2
2

Monomers

Monomer la
Monomer Ib
6458 65.55 2.77 254 486 4.50

Monomer Ha 7
60.68 61.33 228 270 486 491

Monomer IIb

Polymer(Korea) Vol. 14, No. 5, October 1990



EY(olrl=-diHea—ouE)e F4% 44

=2 F4yshe el WEH v Ak o
ihg0l7] mel e
Aol Zatel FRAE LA
w2 gyzdol vlad golstch
webd BATNME M2 Fel(ohu] oo £
2oluls) ¥3FAE A skl Bz
o 2749) olml=7] L 1hs) ol 2Hl27)E Edfetn
e o7 L o GrI4t F2els BFAE ol
Q3 BEYHE PUS ol gaigch B ol
o BSolts WS Fejolnl=gyo]
%&1: 7e gz 382 olg3
go A71ME o] §oh: nLE
PRE FANE FRAEE BHIY
=—\£ able 10 UEhe 729

N

w190 0% X
X
o
fu
o

2

X

. ol
e

, IV, V& o]gd7]4F e ol
p-AATION E m-
lolRl s} $&33le] FAT AYGE FHA)

Al 1
chaF l

L2 ot
=
[xs
ofy
o
2
=
=
rir
B0
ol
&
fufa
-3
i,
A
o
[¢]
ed
g
)

A
2]

6}04 ghA) & wpEkR. A WE 28 Solt}, o)
& B2} A 2o o}u) = 7)o} o AE| 2
ﬂ‘f’u’-] l ISBS Jﬁ}i dds=lo] dlon F&
2Ax]o] 9= EFo] 9},
"“‘*" Iet Vi %‘01 st} efe) @@HLZOI
F¢ha M VIS 2y b8 Edhstn Qs
540l Atk o] #RAES) 9484 A3 Table 3
3} 7ro) A& QAo A o] B9} AEx|7} &
A X3k w3 Fig, 39 Ao dEA ol o3}
 1780cm ol A oju]=e] FtR o) v]olsl=E T4

$oofw mn & o oo §LOU2 R o
MG
AT ]
oo
x

>
oly
Ol
o
1

Table 3. Elemental Analysis of Poly(amide-ester-
imide)s

Analysis  C(%) H(%) N(%)

Polymers cal'd found cal'd found cal'd found
Polymer | 68.52 68.81 3.11 325 864 842
Polymer 1l 68.52 6749 311 3.13 864 861
Polymer I 66.00 6587 336 347 933 912
Polymer IV 68.52 67.43 3.11 329 864 9.01
Polymer V 68.52 70.04 3.11 330 864 821
Polymer VI 66.00 68.32 336 341 933 931
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Fig. 3. IR spectra of poly(amide-ester-imide)s.
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Table 4. Polymerization Conditions and 1. V. Values of

Polymers
dvrsely

Polymers Pglg:fr Lict Er:l::ld;:j LV
(wt.%) (wt.%) monomer) (dl/g)
Polymer 12 5 300 0.61
Polymer Il 9 4 100 0.54
Polymer H 17 3 300 0.48
Polvmer IV 12 4 200 0.50
Polymer V 12 4 300 0.60
Polymer VI 20 3 200 0.39

o} F§Al b gt wrdAtel LA AE fAVF o
2 nEREe FaA dydl atEE e &89
ek v} AP R %] ofolv) wiEel Ho g MziEY
th 3 o] vIak vl Ja 2 Hagt vlopwl e
Fln U3 i 23S o]t wegd
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Table 5. Comparison Between Two Polycondensation

Methods

Method Low Temp. High Temp.Di-

Solution rect Solution

Items Polycondensation Polycondensation
Temperature(C) 25 100
Solvent DMAc NMP
I. V.* of Poly- 0.61 0.23
mer [

* Inherent viscosity(dl/g) measur:

LiCl at 30T

Table 6. Solubility Characteristics of Poly(amide-ester-imide)s

ed in DMAc+4wt. %

* Solubility Hydrogen Bond Solubility
Solvents

Parameter(§) Index (y) [ I m v v Vi
Benzene 9.16 22 - - - - - -
CCly 8.55 2.2 - - - = = =
Cyclohexane 8.19 2.2 - - - -
Acetone 9.62 5.7 - - - - - -
Chloroform 9.16 2.2 - - - - -
DMF 11.79 6.4 + + 4+ + 4+ +
DMSO 13.00 5.0 + + 4+ 4+ + o+
n-Hexane 727 2.2 - - - - - -
Toluene 8.93 38 - - - - -
Tetrahydrofuran 9.10 53 —- - - - -
NMP 11.00 5.6 + o+ o+ o+ o+
m-Cresol 10.20 — -
Formic Acid 12.10 — + + 4+ o+ 4+ o+
DMAc 10.80 - + + o+ + o+ o+
Conc. H,50; — - o+ 4+ o+ 4+
Nitrobenzene 10.00 3.2 - - - _
14-Dioxane 10.13 5.7 - - = e
Cyclohexanone 10.42 6.4 — -

*Solubility parameter © (cal/cm®)! -

+Soluble, + partially soluble or swelling, —insoluble
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Table 7. Thermal Properties of Poly(amide-ester-imide)s

Polymers Structure LV. *T(C) “Tua(C)
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“Observed by TGA in air at a heating rate of 10C

g AEOE Uste Fore FEAV Ao AxX MEl
g & 7 AU FAE FHAES DTAR A 9 fejzole
835y E Table 73} Zo] AYPH AL S84 L
gk FGAE-L Table 63} o] thrle) f718 O, IV, V= 260~340T2| ¥ glolA vepton °ﬂ
ol = &35 A kter] NMP, DMAc, DMSO, Elelale e Tdals 284 M, VIE 180w
DMF, 2&it59 F8 =14 &ulo o 2 & 2591 220~240Co A VeI, A H owm
sjE ot At FRtAloln F Aol Rk o § zAFeHY) 919 Fig. 49 TGAR Y A3 £
ZH27] gl opul=vivp Wil argjofl - sbele) | o] Z7)E8 &5 400~500C2) WejolA et
2 AgEol e S8 19 B9 2eg 4 HlaE FE dAPEE Uv FUAHEYS ¢ F
TR VIEmoN R  Balu] A vk 4 st AT §9 o] AN An see)Re) AFHE
oliz i SRAVE & Sau Aot AREe) Yt 717F Bol e A EUFE AdB Aol 53}
weh WAdol ghadtel FekAvE alvli: o B 53] 1 fdh ofn|ri Aol U A oEshe
ZtE ot AE ¢ T Ak

22l A4 A535 1990 108 541



Residual weight(g; )
3

>Eornre

200 400 600 800
Temperature(c)

Fig. 4. TGA thermograms of polymers in air at a hea-
ting rate of 10C/min.
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