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Linear aromatic poly(ester amide)s (PEAs) have been synthesized by interfacial
polycondensation (IPC) of aromatic diamidoacid chloride: 2-{[4-({[2-(chlorocarbonyl)
phenyl]amino} carbonyl) benzoyl]amino} benzoyl chloride (2CCBC), with ethylene
glycol, bisphenol A, resorcinol, 4,40-bis(4-hydroxybenzilidine)diaminobenzanilide
and 4,40-bis(4-hydroxy benzilidine)-m-phenylenediamine in chloroform/water
system employing phase-transfer-catalyst. The aromatic diamidoacid chloride has
been prepared by condensation of terephthaloyl chloride with anthranilic acid.
These polymers were characterized by elemental analysis, FTIR, 1H-NMR, solubility
studies, intrinsic viscosity and TGA analysis. The polyester-amides so obtained
show good thermal stability.

Keywords: interfacial polycondensation, intrinsic viscosity, phase transfer catalysis,
poly(ester amide)s, TGA,

INTRODUCTION

The development of processable high-performance polymers with
increased thermal stability, heat resistance and good mechanical prop-
erties have become an important problem [1]. In an attempt to prepare
polymers of high glass transition temperature Tg, Imai et al. [2,3]
synthesized poly(ester amide)s (PEAs) of high molecular weight and
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investigated their properties in detail. PEAs have been the object of
extensive investigation during the last few decades.

The PEAs have special structure due to the regularity of ester and
amide groups in the same polymer chain, which gave them the proper-
ties intermediate between the polyester and the polyamide [4]. The
rigidity due to the double-bond character of the amide group coupled
with extensive hydrogen bonding influences the ordering of PEAs [5].
Apart from high thermal stability, many PEAs also exhibited liquid
crystalline properties [6–10], enhanced by intermolecular hydrogen
bonding between amide–amide and amide–ester moieties. Hydrogen
bonds in polymers have a real influence on their physical and chemical
properties, such as melting temperature, reactivity, solubility, adhesion
or thermal stability. They also have a strong influence on the mechan-
ical properties of the polymers. In the PEAs, there are two possibilities
for hydrogen-bond formation, i.e., the amide-amide bond, as observed in
polyamides, and also the amide-ester hydrogen bond, namely the bond
between the hydrogen of the amide group and the carbonyl oxygen of
the ester group [11–13]. These two possibilities are determined by the
position of the ester and the amide groups along the polymer chains
[14]. These materials also have technical potential because of high mod-
ulus fiber-forming properties, and as engineering polymers [15,16].

Further, PEAs constitute a new series of thermoplastic polymers that
can combine a high technical performance with a good biodegradability.
Bayer has recently produced the BAK 1095 and BAK 2195 polymers,
which appear to have a wide range of applications as biodegradable mate-
rials [17]. Thus, PEAs have emerged as promising biodegradable materials
with good mechanical and thermal properties, as well as facile processing
and degradation susceptibility [18]. Considering all these important
aspects, it was decided to undertake systematic studies to synthesize
new PEAs and to investigate their properties in detail [19]. In this paper
we report synthesis of new PEAs by interfacial polycondensation and their
characterization through elemental analysis, solubility studies, intrinsic
viscosity measurements, FTIR, 1H-NMR, and TGA analysis.

EXPERIMENTAL

Materials

4,40-Diamino benzanilide from ATUL, Valsad, and terephthalic acid
(TPA), p-amino benzoic acid, p-hydroxybenzaldehyde, m-phenylene-
diamine, bisphenol A (BPA), resorcinol (RES), ethylene glycol (EG),
citramide (cetyltriethylammonium bromide), thionyl chloride, pyridine,
and chloroform, all from SRL, Mumbai, were used as received.
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Terephthaloyl chloride (TPCl) was prepared by the reaction of TPA with
excess thionyl chloride, in the presence of a few drops of pyridine as
catalyst. It was purified by crystallization from n-hexane.

Measurement

Elemental analysis (C, H, and N) for all PEAs was performed using a
Carlo Erba Elemental Analyzer. Solubility of PEAs was determined
for powdered samples in excess of solvent. Viscosity measurements
of the polymer solutions were carried out with an Ubbelohde visc-
ometer at 30�C using a thermostated waterbath. FTIR spectra of the
monomers and all polymers have been scanned in KBr pallets on a
Perkin Elmer IR Spectrometer. The 1H-NMR spectra were taken in
DMSO-d6 as a solvent on Bruker DPX-200 Spectrometer at 200 MHz
(RSIC, CDRI, Lucknow) with a sweep time of 10 min at room tempera-
ture. The internal reference used was TMS. Thermogravimetric analy-
sis was carried out with a Mettler TA 4000 system (Switzerland). All
runs were carried out under a flow of dry N2 atmosphere at a heating
rate of 10�C=min in the temperature range from 50�C to 700�C.

Monomer Synthesis

2-{[4-({[2-(chlorocarbonyl)phenyl]amino}carbonyl)
benzoyl]amino}benzoyl-chloride (2CCBC)

It was synthesized in two steps as shown in Scheme 1.

2-{[4-({[2-(carboxyphenyl)amino]carbonyl}benzoyl)
amino]benzoicacid (2CPBA, III)

It was synthesized from terephthaloyl chloride (I) and anthranilic acid
(II) [20]. Anthranilic acid (0.02 mol) was dissolved in 50 ml of 10% NaOH
solution. Terephthaloyl chloride (0.01 mol) was added in five portions to
the solution. The solution was transferred to a beaker after adding a few
grams of crushed ice to the solution. Concentrated HCl was slowly added
with stirring until the mixture was acidic to congo-red paper. To remove
a small contamination of TPA from the precipitate, it was washed with
cold water and placed in a small beaker covered with watch-glass con-
taining 20 ml of CCl4. It was boiled gently for 10 min. The product was
filtered by gentle suction. The product 2CPBA (III) was recrystallized
from boiling water and dried in a vacuum desiccator. FTIR (in cm�1):
3200-2500 (O-H stretch, carboxylic acid), 1680 (>C=O stretch), 3060
(C-H stretch, aromatic), 1610, 1510 and 1420 (C=C stretch, aromatic),
750 (C-H bend, 1,2-substituted benzene), 1590 (N-H bend), 3480 and
3380 (N-H stretch). 1H-NMR (Figure 1, DMSO-d6, 200 MHz, TMS,
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d ppm): 12.25 (s, 2H, -COOH), 8.31 (s, 2H, -CO-NH), 8.02–8.28 (m, 4Ar-H,
terephthaloyl moiety), 7.21–7.73 (m, 8Ar-H, anthranilic acid moiety).

2-{[4-({[2-(chlorocarbonyl)phenyl]amino}carbonyl)benzoyl]
amino}benzoyl Chloride (2CCBC) (IV)

2CPBA (III) (0.01 mol) was placed in a dry round-bottom flask. Thio-
nyl chloride (0.2 mol) was added through the top of the condenser. The
reaction mixture was refluxed at 78�C for 2 h. The excess of thionyl
chloride was distilled off and the dry product 2CCBC (IV) was recov-
ered from the flask. The yield was about 85% and it was recrystallized
from DMF.

4,4’-Bis(4-hydroxy benzylidene)Diaminobenzanilide
(BHBDABA)

It was synthesized from reaction of p-hydroxy benzaldehyde (V)
and 4,40-bis(4-hydroxy benzilidine)diamino benzanilide (DABA, VI)

SCHEME 1 Synthesis of 2-{[4-({[2-(chlorocarbonyl)phenyl]amino}carbonyl)-
benzoyl]amino}benzoyl-chloride (2CCBC).
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(Scheme 2). Ethanolic solution of p-hydroxy benzaldehyde (0.02 mol)
was mixed with ethanolic solution of DABA (0.01 mol) and refluxed
over a water bath for 2–3 h. The reaction mixture was poured
into crushed ice. The yellow precipitate was filtered, washed with

FIGURE 1 1H-NMR spectrum of 2CPBA in DMSO-d6 at 200 MHZ.

SCHEME 2 Synthesis of 4,40-Bis(4-hydroxy benzylidene)diamino benzanilide
(BHBDABA).
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methanol and distilled water and then dried. The product BHBDABA
(VII) was purified by reprecipitation from chloroform-methanol (yield
84%, mp 251�C). FTIR (in cm�1) 3400-3200 (broad O-H stretch), 1605
(-CH=N), 1640 (>C=O stretch), 1530 (N-H bend), 3330 and 3290 (N-H
stretch), 1590, 1510 and 1450 (C=C stretch, aromatic). 1H-NMR
(Figure 2, DMSO-d6, 200 MHz, TMS, d ppm) 5.63 (s, 2H, -OH), 10.25
(s, 2H, -CH=N), 8.48 (s, H, -CO-NH), 6.50–8.01 (m, 16 Ar-H).

4,4’-Bis(4-hydroxy benzilidine)-m-phenylenediamine (BHBPDA)
It was synthesized by reacting p-hydroxy benzaldehyde (V) with

m-phenylenediamine (VIII) (Scheme 3). Ethanolic solution of p-hydroxy
benzaldehyde (0.02 mol) and ethanolic solution of m-phenylenediamine
(0.01 mol) were mixed and refluxed over a water bath for 2–3 h. The reac-
tion mixture was poured into crushed ice. The yellowish-green precipitate
was filtered, washed with methanol and distilled water and then dried.
The product BHBPDA (IX) was purified by re-precipitation from chloro-
form-methanol (yield 90%, mp 164�C). FTIR (in cm�1): 3390-3200 (broad
O-H stretch), 1600 (-CH=N), 1630, 1510 and 1445 (C=C aromatic), 920,
750 and 720 (C-H bend, 1,3-substituted benzene), 835 (C-H bend, 1,4-sub-
stituted benzene). 1H-NMR (Figure 3, DMSO-d6, 200 MHz, TMS, d ppm):
5.85 (s, 2H, -OH), 9.87 (s, 2H, -CH=N), 6.74–8.07(m, 12Ar-H).

Polymer Synthesis

PEAs were synthesized by interfacial polycondensation of 2CCBC with
each of the different diols in a chloroform-water interface system and

FIGURE 2 1H-NMR spectrum of BHBDABA in DMSO-d6 at 200 MHZ.
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citramide as phase transfer catalyst (Scheme 4). A typical synthesis
for the formation of PEA from 2CCBC and BPA follows:

The reaction was carried out using a mechanical stirrer with a
switch to control the speed in a 250 ml beaker. An initial charge of
0.025 mol of NaOH dissolved in a total of 75 ml of water was stirred
at a moderate speed with BPA (0.0125 mol). 0.25 mg of citramide

SCHEME 3 Synthesis of 4,40-Bis(4-hydroxy benzilidine)-m-phenylene
diamine (BHBPDA).

FIGURE 3 1H-NMR spectrum of BHBPDA in DMSO-d6 at 200 MHZ.
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dissolved in 10ml of water were added. The organic phase was pre-
pared by dissolving 2CCBC (0.0125 mol) in 35ml of chloroform. The
speed of the stirrer was raised to the maximum value, and the
organic phase was introduced rapidly. Mixing was continued there-
after for 5min. At the end of 5min period stirring (which was still
in progress) an excess of acetone was added to the beaker. After
one minute of gentle stirring, the polymer was filtered off and
washed with acetone to remove unreacted monomers, chloroform,
excess alkali and salts. The polymerized product was dried to con-
stant weight in a vacuum oven at 40�C. Other PEAs were synthe-
sized from 2CCBC and the diols RES, EG, BHBDABA, and
BHBPDA adopting the same procedure.

SCHEME 4 Synthesis of poly(ester amide)s.
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RESULTS AND DISCUSSION

Conditions for Poly(ester amide) Synthesis

In the present investigation interfacial polycondensation of diamidoa-
cid chloride with aromatic or aliphatic diol have been used. It has been
observed [21–23] that the polymerization reaction is influenced by
solvent system, catalytic and surfactant additives. The choice of the
organic solvent is more important since it will affect several other
polymerization factors such as the potential partition of reactants
between the two phases, the diffusion of the reactants, reaction rate
and the solubility, swelling or permeability of the growing polymer
[21]. It has been reported [24] that attempts to prepare polyester
amides with high molecular weights by interfacial polymerization in
a nonpolar solvent-water system failed because of early polymer
precipitation. Therefore, inert polar solvents that are water-immiscible
or at least partially water-soluble were chosen for interfacial polycon-
densation, as shown in Table 1, for the synthesis of representative
polyester-amide (2CCBC-BPA) using identical reaction conditions. It
can be seen from Table 1 that the polyester amides with chloroform-
water system have highest inherent viscosity ginh and yield; therefore
we have selected chloroform-water system for the present work.

Effect of Catalytic and Surfactant Additives

Surface-active agents are known to enhance the degree of polymeriza-
tion in the interfacial production of polymers. This enhancement is

TABLE 1 Effect of Different Interphase Systems��

Interphase system Phase-transfer catalyst Yield % ginh (dl/g)�

Chloroform-water Citramide 90 0.187
Toluene-water Citramide 16 0.124
Benzene-water Citramide 17 0.113
Cyclohexane-water Citramide 68 0.130
Dichloroethane-water Citramide 45 0.141
Nitrobenzene-water Citramide 73 0.144
Chloroform-water without catalyst 55 0.133
Chloroform-water SDS 73 0.175
Chloroform-water Tween 20 86 0.181

�in DMF at 30�C.
��Phase volume ratio: 35 ml organic solvent=85 ml H2O, Monomers: 2CCBC and BPA

each 0.0125 mol, NaOH: 0.025 mol, Phase transfer catalyst: 0.25 mg, Temp: 30�C, Time:
5 min, Stirring: continuous and vigorous.
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brought about by improved mixing, increased interfacial area and con-
sequently increased contact of the reactants. Sometimes IPC as type of
nucleophilic displacement reaction is carried out with phase-transfer
catalyst [25], generally small symmetric quaternary ammonium
cations [22,23]. It has been suggested that both surfactant and cataly-
tic functions could be combined through the use of cationic surfactants
(as quaternary ammonium compounds) that could also be used in the
transfer of monomer between phases.

We have employed three surfactants: (i) citramide as a cationic sur-
factant, (ii) sodium dodecyl sulphate (SDS) as an anionic surfactant,
and (iii) Tween 20 as a nonionic surfactant, for the synthesis of polyester
amide from 2CCBC and BPA using chloroform=water interface system
as listed in Table 1. The results showed that the use of citramide gave
the highest inherent viscosity and yield. The inherent viscosity of
polymers is in the sequence: Citramide>Tween 20>SDS>without
catalyst. Therefore, in the present work, citramide was used as a
cationic surfactant and phase-transfer catalyst for the synthesis of all
the polyester amides.

Yield and General Appearance

Yields of the different polymer samples were in the range from 67
to 93%. All the poly(ester amide)s are solid powders and colored
compounds depending upon the types of diol involved.

Elemental Analysis and Solubility Behavior

The results of elemental analysis of our poly(ester amide)s are given in
Table 2. The observed percentages of C, H, and N in present poly(ester
amide)s are in fairly good agreement with those theoretically calcu-
lated based on the repeat units in the chain.

Solubility test in different solvents reveals that the poly(ester
amide)s P2C1 and P2C4 are soluble in DMF, THF, and dioxane while
P2C3 is soluble in DMSO and chloroform. All the polymers are
totally insoluble in carbon tetrachloride, methanol, ethanol, acetone,
benzene, toluene, isopropanol and water.

Viscosity Measurements

Viscosities of P2C1, P2C3 and P2C4 have been determined in DMF at
30�C. The average values of intrinsic viscosity for P2C1, P2C3 and
P2C4 are 0.187, 0.122 and 0.194 dl g�1 respectively.
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Spectral Studies

FTIR of present poly(ester amide)s are shown in Figure 4. The forma-
tion of poly(ester amide) is confirmed from the typical characteristic

TABLE 2 Elemental Analysis of the Poly(ester amide)s

Elemental analysis

Polymer C (%) H (%) N (%)

P2C1 Calcd. 74.50 4.70 4.70
(2CCBCþBPA) Found 74.32 4.45 4.59
P2C2 Calcd. 70.29 3.77 5.86
(2CCBCþRES) Found 70.11 3.72 5.73
P2C3 Calcd. 66.98 4.19 6.51
(2CCBCþEG) Found 66.87 4.01 6.36
P2C4 Calcd. 73.23 4.11 8.72
(2CCBCþBHBDABA) Found 72.96 3.95 8.61
P2C5 Calcd. 73.68 4.09 8.19
(2CCBCþBHBPDA) Found 73.44 4.02 8.08

FIGURE 4 FTIR spectrum of P2C1, P2C2, P2C3, P2C4 and P2C5.
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bands observed at 1726� 16 cm�1 (>C=O stretch in ester) and
1009� 7, 1035� 32 and 1246� 43 cm�1 (C-O-C symmetric and asym-
metric stretch), and 1650� 40 (>C=O stretch in amide) [26–28]. But,
in P2C2, due to the overlap of >C=O stretch of ester and amide, the
absorption peak is observed as a broad peak centered around
1640� 20 cm�1.

The different types of poly(ester amide)s can be distinguished
from each other by a few other characteristic absorption frequencies
of the involved aliphatic and aromatic diols. The involvement of BPA
moiety in P2C1 is indicated by a band at 1384� 20 cm�1 (isopropyl
group [4,29]). The presence of resorcinol moiety in P2C2 is confirmed
due to bands at 900� 20, 760� 20, 683 cm�1 (1,3-disubstituted
benzene [4]). In poly(ester amide)s P2C3 the absorption band at
1473� 13 cm�1 indicates this incorporation of -(CH2)n- of ethylene
glycol moiety [4]. It is difficult to separately identify BHBDABA and
BHBPDA as these two diols contain the same aromatic or -CH=N-
groups which are also present in the diamidoacid chloride (2CCBC)
monomer. Further absorption frequency of the -CH=N- group also
overlaps with aromatic (-C=C-) stretch frequency. The characteristic
band for -CH=N- in benzilidine group is generally observed at
1610-1580 cm�1 [4,30].

1H-NMR of P2C1 and P2C4 are given in Figures 5 and 6. P2C1: A
sharp singlet at d 1.59 ppm is indicative of 6H (h) of isopropyl unit
[31,32]. The polymer repeat unit has overall 20 Ar-H, which appear

FIGURE 5 1H-NMR spectrum of P2C1 in DMSO-d6 at 200 MHz.
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in the range d 6.59–8.24 ppm. The 8 Ar-H (f,g) for BPA segment
resonates at d 6.59–7.35 ppm, while 4 Ar-H (e) of terephthaloyl group
appears at d 8.14–8.24 ppm as multiplets. The 6 H (a,b,c) of anthranilic
acid moiety seems to appear at d 7.35–8.00 ppm as a multiplet. The
singlet of 2 H(d) of two amide groups appears at d 10.88 ppm. P2C4
(Figure 6): As expected, 4 Ar-H (e) of terephthaloyl segment appears
as a multiplet at d 8.08–8.16 ppm while multiplet in the range
d 6.57–7.38 ppm corresponds to 16 Ar-H (f,g,i,j,k,l) of BHBDABA seg-
ment [33]. Multiplet in the range d 7.33–7.99 ppm corresponds to
8 Ar-H (a,b,c) for anthranilic acid moiety. The singlet of 2 H (d) of
two amide groups, attached to terephthaloyl group appears at
d 8.28 ppm while singlet of H (k) of amide group of BHBDABA moiety
seems to appear at d 8.72 ppm. The sharp singlets at d 10.04 and
10.78 ppm are attributed to 2 H(h) of two azomethine and 2 H(d) of
two amide groups, respectively.

Thermal Studies

The thermograms of P2C1 and P2C4 shown in Figure 7 were obtained
in N2 atmosphere at a heating rate of 10�C=min. The thermogram of
P2C1 exhibited thermal stability up to 290�C. The first step degrada-
tion continued up to 386�C involving only 16.6% weight loss, with a
maximum degradation rate at 335�C. The second step degradation
involving about 21% weight loss occurred from 415 to 579�C with
maximum rate at 484�C. 51.1% residue was left at 700�C. The first

FIGURE 6 1H-NMR spectrum of P2C4 in DMSO-d6 at 200 MHz.

214 S. B. Oswal et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



step involving about 28% weight loss for P2C4 commenced at 230�C
and extended up to 420�C, with a maximum rate of weight loss at
278�C. The second step degradation occurred over a temperature
range 420 to 497�C with Tmax at 478�C. In the final step from 497 to
700�C, about 45% weight was lost. The temperature at which 50%
polyester amide lost was 544�C. At 700�C the residue was about 13.3%.
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