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Aromatic poly(phenylquinoxaline-amide)s containing pendant benzamide groups have been synthesized by solution 

polycondensation of equimolar amounts of aromatic diamines having phenylquinoxaline units with 5-(4-

acetoxybenzamide)isophthaloyl chloride, in N-methylpyrrolidinone (NMP) as a solvent and in the presence of pyridine 

as acid acceptor. These polymers were characterized by IR spectra, viscosimetry, gel permeation chromatography, 

differential scanning calorimetry (DSC) and thermogravimetric analyses. These poly(phenylquinoxaline-amide)s show 

good solubility in polar aprotic solvents such as NMP, dimethylformamide (DMF) and dimethylacetamide (DMA), 

good thermal stability with initial decomposition temperature above 330°C and glass transition temperature in the range 

of 220–335°C. Their weight average molecular weights are in the interval of 29000–91000 and the polydispersity is in 

the range of 1.4 and 2.5. 

INTRODUCTION 

Aromatic thermostable polymers are used in applications that demand service at high temperatures, 

while maintaining their structural integrity, and an excellent combination of chemical, physical and 

mechanical properties. The most important polymers in this respect are aromatic polyamides, polyimides 

and poly(1,3,4-oxadiazole)s.1–4 However, all of these polymers have the common problem of being difficult 

to process owing to their infusibility and poor solubility in organic solvents. Therefore, much effort has been 

made to develop structurally modified polymers having increased solubility, in order to improve their 

processability while maintaining the good thermal stability. The solubility of the polymers is often increased 

when flexible bonds, large pendent groups or polar substituents are incorporated into the polymer chain. The 

introduction of pendent bulky groups along the polymer backbone results in a less ordered polymer matrix, 

thus increasing the solubility characteristics without affecting thermal and mechanical properties to any 

great extent.5–8 

Our previous studies suggest that the incorporation of bulky pendent group 5-(4-acetoxy-benzamide) 

into the backbone of polyamides results in polymers with enhanced solubility and proccessability as well as 

satisfactory thermal stability.9–11 

On the other hand, it is shown that poly(phenylquinoxaline)s are a family of aromatic polymers known 

for excellent thermal and chemical stability, which can be stored well at ambient temperature. The phenyl 

substituents in quinoxaline rings improve the solubility and processing characteristics of these polymers as 

well as the thermooxidative stability over the unsubsituted polymers.12,13 Thus, we considered that the 

presence of acetoxybenzamide groups together with phenylquinoxaline rings into a single chain would give 

products with a superior balance of properties and processing capabilities, which would be useful for 

various high-performance applications. 

Here we report the synthesis of new polyamides containing phenylquinoxaline units in the main chain 

and acetoxybenzamide pendent groups on the chain. The polymers were synthesized by solution 
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polycondensation reaction of various aromatic diamines containing phenylquinoxaline unit with a diacid 

chloride containing the acetoxybenzamide group. Their properties such as solubility, molecular weight 

values and thermal stability, have been evaluated with respect to their chemical structure. 

RESULTS  AND  DISCUSSION 

5-(4-Acetoxybenzamido)-isophthaloyl chloride (I), was synthesized by a sequence of reactions in 

which p-hydroxy benzoic acid reacted with acetic anhydride to give p-acetoxy-benzoic acid that by further 

treatment with thionyl chloride gave the corresponding acid chloride; the latter reacted with 5-amino-

isophthalic acid to produce p-acetoxy-benzamido-isophthalic acid which, by further treatment with thionyl 

chloride, gave p-acetoxy-benzamido-isophthaloyl chloride. It was purified by recrystallization from ligroin 

(m. p. 132°C–134°C). This sequence of reactions is shown in Scheme 1. A detailed description of the 

synthesis of this monomer was reported elsewhere.10,14 
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Scheme 1 – Synthesis of 5-(4-acetoxybenzamido)-isophthaloyl chloride (l). 

Diamino-phenylquinoxalines (IIa-d) were synthesized by the reaction of 3,4,4′-triamino-diphenylether 

or 3,4,4′-triaminobenzene with different bis(α-diketones) in ethanol at reflux temperature, according to a 

published method.15 The diamine IIe and IIf were synthesized by treating 4-aminobenzil with 3,3′,4,4′-

tetraaminodiphenylether or with 3,4,4′-triamino-diphenylether, respectively, as previously reported.15,16 

(Schemes 2, 3 and 4). 

Low temperature solution polycondensation reaction of equimolar amounts of 5-(4-acetoxy-

benzamido)-isophthaloyl chloride (I) with aromatic diamines having phenylquinoxaline units (II) was 

carried out in NMP using pyridine as acid acceptor, and gave new polyamides with pendent 

acetoxybenzamide groups, III, as shown in Scheme 5. 

A part of the resulting polymer solution was used to prepare thin films. The other part of the polymer 

solution was precipitated by pouring into water. The precipitated polymer was used for various studies. 

Table 1 lists the reaction conditions for the preparation of polymers III. 
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Scheme 5 – Synthesis of poly(phenylquinoxaline-amide)s containing pendent acetoxybenzamide groups (III a-f). 

The structure of these polyamides was identified by infrared spectra (IR). All IR spectra showed a 

wide absorption band at 3440 cm–1 and sharp peaks at 1540 cm–1 characteristic for N-H and at 1670 cm–1 

due to C = O in amide groups. The absorption band at 1760 cm–1 is characteristic for the COO group. The 
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absorption peak at 1440 cm–1 was assigned to the CH3COO- group. The absorption peak at 1230 cm–1 

was  

Table 1 

Preparation of the poly(phenylquinoxaline-amide)s containing pendent acetoxybenzamide groups 

Polymer Dacid dichloride (g) Diamine (g) NMP (mL) Conc. (%) 

IIIa 0.57 0.774 14 8.5 

IIIb 0.338 0.795 14 7.5 

IIIc 0.38 0.804 14 7.8 

IIId 0.38 0.988 15 8.35 

IIIe  0.363 0.79 11 9.5 

IIIf 0.393 0.418 10 7.5 

attributed to the aromatic ether Ar-O-Ar. Aromatic C = C bonds were found at 1600 and 1500 cm–1, while 

aromatic C - H absorptions were found at 3070 cm–1. 

The polymers are soluble in polar aprotic solvents such as NMP, DMF and DMA. Their good 

solubility compared with aromatic polyamides that do not contain side 5-(4-acetoxy-benzamido) groups nor 

phenylquinoxaline rings can be explained by the presence of these units which prevent the packing of 

macromolecules through hydrogen bonds between the amide groups in the main chain. Model molecules of 

the polymers IIIc and IIId are shown in Fig. 1. As can be seen in these models, the phenylquinoxaline units 

together with pendent acetoxybenzamide groups create a large distance between the macromolecules which 

allow the small solvent molecules to diffuse more easily. 

 
IIIc 

 
IIId 

Fig. 1 – Model molecule (four repeating units) for polymer IIIc (top) and IIId (bottom). 

The inherent viscosities of these polymers are in the range of 0.17–0.56 dL/g (Table 2). 

The number average molecular weight values, Mn, are in the range of 14000–54500, the weight 

average molecular weight values, Mw, are in the range of 29000–91000 and polydispersity, Mw/Mn is in the 

range 1.4–2.5 (Table 2). These values indicate that, the polymers have quite a narow molecular weight 

distribution and a low quantity of oligomers. However, it is mentioned here that gel permeation 
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chromatography measurements using polystyrene as standard provide only a crude estimate of molecular 

weights and not an accurate evaluation. 

All these polymers are capable to give thin flexible films by casting their NMP solutions onto glass 

plates, followed by drying to remove the solvent. Very thin films having a thickness in the range of tens of 

Table 2 

Molecular weight distribution of poly(phenylquinoxaline-amide)s containing pendent acetoxybenzamide groups 

Polymer Mn (g/mol) Mw (g/mol) Mw/Mn Inherent viscosity (dL/g) 

IIIa 54500 78000 1.43 0.56 

IIIb 23000 34500 1.5 0.31 

IIIc 22000 54000 2.5 0.23 

IIId 42000 91000 2.15 0.19 

IIIe  29000 46000 1.6 0.19 

IIIf 14000 29000 2.08 0.17 

nanometres have been prepared from diluted NMP-solutions (concentration 2%) by spin-coating onto silicon 

wafers. The quality of such films as-deposited on substrates was studied by atomic force microscopy 

(AFM). The films exhibited smooth surfaces; the values of root mean square (rms) roughness calculated 

from the AFM data are in the range of 0.5–3 nm being of the same order of magnitude as that of the highly 

polished silicon wafers which were used as substrates. This means that the deposited films are smooth and 

homogeneous. They do not show any pinholes or cracks and are practically deffectless. A typical AFM 

image is shown in Fig. 2. 

        

Fig. 2 – AFM pictures of polymer IIIa. 

The thermal stability of the polymers was studied by thermogravimetric analysis (TGA). These 

polymers are thermally stable in air up to above 300° (Table 3). The initial decomposition temperature (IDT) of 

these polymers is in the range of 330–380°C, being comparable with those of aromatic polyisophthalamides 

reported in the literature.5 The temperature of 10% weight loss (T10) is in the range of 375–445°C. These 

polymers show stabilities higher with about 50°C, than those of related polyamides reported by us earlier 

and which do not contain phenylquinoxaline rings.9,11 That means that phenylquinoxaline rings improve the 

thermal stability of polymers. The TGA curves are shown in Fig. 3. 

The polymers’ glass transition temperatures as shown by DSC analysis are in the range of 230–335°C, 

being lower than those of related polyisophthalamides without pendent groups7 and comparable with those 
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of polyamides containing acetoxybenzamide pendant groups.9,11 Such behavior of the present polymers 

could be attributed to the higher free volume determined by the presence of pendent groups and phenyl 

substituents on quinoxaline rings. A typical DSC curve is presented in Fig. 4. 

It can also be seen that there is a large interval between Tg and decomposition temperature, which 

could be advantageous in the processing of these polymers. 
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EXPERIMENTAL 

Starting materials 

N-Methyl-2-pyrrolidinone (NMP) from Merck was dried over phosphorous pentoxide and distilled under reduced pressure. 

Thionyl chloride, from Merck, was freshly distilled. Pyridine (Py), N,N-dimethylformamide, p-hydroxybenzoic acid, acetic 

anhydride and 5-aminoisophthalic acid were provided by different commercial sources and used as received. 

Synthesis of the monomers 

5-(4-Acetoxybenzamido)-isophthaloyl chloride (I), was synthesized by treating with thionyl chloride the corresponding 5-(4-

acetoxybenzamido)-isophthalic acid which had been obtained from the reaction of p-acetoxybenzoyl chloride with 

5-aminoisophthalic acid. p-Acetoxybenzoyl chloride was obtained by treating with thionyl chloride the p-acetoxybenzoic acid which 

was synthesized by the reaction of p-hydroxybenzoic acid with acetic anhydride. This reaction sequence is shown in Scheme 1. 

p-Acetoxybenzamido-isophthoyl chloride was purified by recrystallization from ligroin (m. p. 132°C–134°C).14 

Diaminophenylquinoxalines (II) were synthesized by the reaction of 3,4,4′-triamino-diphenylether or 3,4,4′-triaminobenzene 

with different bis(α-diketones) or by the reaction 4-aminobenzil with 3,3′,4,4′-tetraaminodiphenylether or with 3,4,4′-triamino-

diphenylether, in ethanol at reflux temperature, according to reported procedures15,16 as presented in Schemes 2, 3 and 4. 

Synthesis of the polymers 

Low temperature solution polycondensation reaction of equimolar amounts of the two monomers was performed in anhydrous 

conditions, in a nitrogen atmosphere. A three-necked flask fitted with mechanical stirrer was flushed with nitrogen and charged with 

diaminophenylquinoxaline and NMP to obtain a 8–10% polymer solution. The flask content was cooled at –5°C and then the diacid 

chloride, 5-(4-acetoxy-benzamido)-isophthaloyl chloride, as a finely divided powder, was added all at once under stirring. The 

resulting solution was kept at –5°C for 30 minutes, then the cooling bath was removed and the reaction mixture was allowed to reach 

room temperature and it was further stirred for 4 h. A part of the polymer solution was used to prepare thin films. The other part of 

the polymer solution was precipitated by pouring into water and the resulting precipitate was filtered, washed several times with 

water and dried in a vacuum oven at 105°C. 

Measurements 

Infrared spectra were recorded on a Specord M-80 spectrometer with resolution of 4 cm–1, using KBr pellets. 

Inherent viscosity (ηinh) was determined at 20°C for polymer solutions of 0.5 g/dL in NMP with an Ubbelohde viscometer. 

Model molecules for a polymer fragment were obtained by molecular mechanics (MM+) by means of the Hyperchem program, 

Version 5. The same program was used to visualize the structures obtained after energy minimization. The calculations were carried 

out with full geometry optimization (bond lengths, bond angles and dihedral angles). 

Thermogravimetric analysis (TGA) was performed on a MOM–type Derivatograph made in Budapest, Hungary, operating in 

air at a heating rate of 12°C/min. 

The glass transition temperature (Tg) was measured on a Mettler DSC 12E apparatus in nitrogen with a heating rate of 

10°C/min. Approximately 7 to 10 mg of the polymers were crimped in Al pans and run in nitrogen purge of 50 mL/min with a heat-

cool-heat profile from 30°C to 320°C at 10°C/min, with 3 min isothermal stabilization times at the temperature extremes. The mid-

point of the inflection curve resulting from the typical second heating was assigned as the Tg of polymers. 

Weight average molecular weights (Mw) and number-average molecular weights (Mn) were determined by means of gel 

permeation chromatography (GPC) using a Waters GPC apparatus, provided with Refraction and Photodiode array Detectors and 

Phenomenex-Phenogel MXN column. Measurements were carried out with polymer solutions in DMF having 0.2% concentration, 

and by using dimethylformamide as eluent. Polystyrene standards of known molecular weight were used for calibration. 

CONCLUSIONS 

New aromatic poly(phenylquinoxaline-amide)s having pendent benzamide groups were synthesized by 

solution polycondensation reaction of various aromatic diamines containing phenylquinoxaline ring with a 

diacid dichloride containing acetoxybenzamide groups. These polymers are easily soluble in polar aprotic 

solvents such as NMP, DMA, DMF and have a good ability to form thin films from solutions. The gel 

permeation chromatography shows that these polymers have fairly high molecular weights and narrow 

polydispersity. They show good thermal stability with decomposition starting at 330°C and a glass transition 

temperature in the range of 230–335°C. 
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Scheme 2 – Synthesis of diamino-phenylquinoxalines II a-d. 
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Scheme 4 – Synthesis of diamino-phenylquinoxaline IIf. 



 

Table 3 

Properties of poly(phenylquinoxaline-amide)s containing pendent acetoxybenzamide groups 

Polymer IDT (°C) T10 (°C) Tg (°C) 

IIIa 380 445 335 

IIIb 365 415 265 

IIIc 330 420 255 

IIId 375 420 220 

IIIe 350 375 283 

IIIf 350 395 222 

IDT = Temperature of 5% weight loss 

T10 = Temperature of 10% weight loss 

Tg = Glass transition temperature 
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Fig. 3 – Thermogravimetric curves of polymers III. 

 

Fig. 4 – DSC curve of polymer IIIb. 
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Properties of poly(phenylquinoxaline-amide)s containing pendent acetoxybenzamide groups

Table 3

Polymer IDT (0C) TIO(0C) T. (0C)

IlIa 380 445 335
IIIb 365 415 265
lITe 330 420 255
IIId 375 420 220
I1Ie 350 375 283
I1If 350 395 222

IDT = Temperature of 5% weight loss
TIO= Temperature of 10% weight loss
Tg = Glass transition temperature
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