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Isomeric and Substituent Effects 
in Some Dibenzoylbenzene-Diamine Polymers 

A. A. VOLPE, L. G .  KAUFMAN, and R. C. DONDERO* 

Department of Chemistry and Chemical Engineering 
Stevens Institute of Technology 
Hoboken, New Jersey 

SUMMARY 

This investigation was undertaken to determine the properties of a 
series of polymers based upon various aromatic diamines and several iso- 
meric diketones. Consequently, six isomeric polymers were synthesized 
by the acid-catalyzed polycondensation of p- and mdibenzoylbenzene 
with 0-, p-, and m-phenylenediamine. Two fluorinecontaining, isomeric 
polymers were also synthesized by condensing mdibenzoylbenzene with 
tetrafluoro-m-phenylenediamine and tetrafluoro-p-phenylenediamine. 
Comparative thermal stabilities of the products both in air and under a 
nitrogen atmosphere were investigated by thermogravimetric analysis. 
Several of the polymers exhibited a high degree of thermal stability and 
all of the polymers exhibited essentially the same resistance to initial 
thermal decomposition in the oxidative as well as the nonoxidative 
atmosphere. A correlation of molecular structure and geometry with 
thermal stabdity and solubility is discussed and a mechanism for initial 
thermal decomposition of some of the polymers is proposed. 

INTRODUCTION 

The thermal stability of polymeric Schiff bases synthesized from 
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dicarbonyls (usually terephthalaldehyde) and aromatic diamines has been 
reported by several investigators [14]. There are, however, relatively few 
reports in which a diketone is used as the starting dicarbonyl [S, 61. Con- 
sequently, this investigation was undertaken to synthesize and determine 
the properties of a series of polymers based upon various aromatic diamines 
and the several isomeric dibenzoylbenzenes. 

Six isomeric polymers have been obtained from the acid-catalyzed poly- 
condensation of pdibenzoylbenzene with 0-, m-, and p-phenylenediamine 
and from the acidcatalyzed polycondensation of mdibenzoylbenzene with 
the same three isomeric diamines. The synthesis of the dicarbonyl mono- 
mers was accomplished by the FriedelCrafts reaction of terephthaloyl 
chloride and isophthaloyl chloride with benzene to yield the respective 
dibenzoylbenzenes. Our attempts to synthesize polymers using commer- 
cially available odibenzoylbenzene were unsuccessful. 

It was possible to determine the general effect of the pendent phenyl 
groups coming off the polymer backbone upon thermal stability and 
polymer solubility. It was also possible to determine the effects of 
molecular geometry, due to the 0-, m-, and p-linkages of the isomeric 
aromatic diamines and dibenzoylbenzenes used, upon solubility and thermal 
stability. 

The effect upon thermal stability of the substitution of C-F bonds for 
some C-H bonds was also investigated by means of the polycondensation 
of mdibenzoylbenzene with tetrafluoro-m-phenylenediamine and tetra- 
fluoro-p-phenylenediamine. The general polymerization reaction and the 
specific isomeric monomers used were as follows: 

p-MeC6 H4 SO3 H 
in decalin O=C-At-C=O + HZ N-Ar’-NH2 

r 
O= C-Ar-C=N-Ar’-NqH, + H 2 0  

L J n  
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ISOMERIC AND SUBSTITUENT EFFECTS 1089 

EXPERIMENTAL 

Reagents 

Commercial grades of 0-, m-, and p-phenylenediamine, purified by re- 
crystallization from hot water, melted, respectively, at 102, 62-63, and 
139-140°C. 

Commercial p-toluenesulfonic acid monohydrate melted at 104-105°C. 
Commercial terephthaloyl chloride, mp 8284"C, and isophthaloyl 

chloride, mp 4344"C, were used as obtained. 
Commercial grades of tetrafluoro-m-phenylenediamine and tetrafluoro- 

p-phenylenediamine melted, respectively, at 130-13 1 and 147-148°C and 
were also used as obtained. 

All solvents were dried over calcium hydride. 

Analytical Methods 

Infrared Spectra. The spectra of Nujol suspensions of the products were 
obtained with a Perkin-Elmer infracord. 

Mass Spectroscopy. The mass spectrum of mdibenzoylbenzene was 
obtained on a Type 2 1-103C Consolidated Electrodynamics Corp. spectrom- 
eter. 

Thermogravimetric Analysis (TGA). Comparative thermal stabilities of 
the polymer products were investigated in air and under a nitrogen atmos- 
phere with a du Pont 950 instrument programmed for a heating rate of 
6"Clmin and with a gas flow rate of 40 ml/min. 

Preparation of p-Dibenzoylbenzene 

Approximately 200 ml of dry, freshly distilled benzene were added to 
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a 500-ml, three-necked flask equipped with a mechanical stirrer, nitrogen 
inlet, thermometer, and reflux condenser. To the benzene were added 
20.3 g (0.10 mole) of terephthaloyl chloride and 28.4 g (0.213 mole) of 
A1Cl3. The mixture was stirred and heated slowly to  reflux in order to 
control the rate of escaping HCl. The resulting yellow solution was heated 
overnight at reflux temperature, after which it was cooled to room tempera- 
ture and 100 ml of 10% aqueous HCl were added slowly with stirring. The 
resulting clear solution was then washed with 500 ml of water in three 
portions and then dried over anhydrous magnesium sulfate. 

Upon evaporation of the solvent, 15.7 g (55% yield) of crude product 
were obtained. Recrystallization from a 1 : 1 mixture of acetone-hexane 
yielded a white crystalline material which melted at 158-1 60°C (reported 
[7] mp 159-160°C). Its infrared spectrum was identical wiith that of an 
authentic sample of pdibenzoylbenzene (Sadtler spectrum no. 20927). 
Analysis: Calculated for C 2 0 H 1 4 0 2  : C, 83.90%; H, 4.89%. Found: 
C, 83.95%; H, 4.77%. 

Preparation of m-Dibenzoylbenzene 

A typical FriedelCrafts acylation was also used for the synthesis of 
this dicarbonyl. In a 500-ml, two-necked flask fitted with a reflux con- 
denser and drying tube were placed 8 1.2 g (0.40 mole) of isophthaloyl 
chloride in 350 ml of benzene. Over a 20-min period, 113 g (0.85 mole) 
of anhydrous A1Cl3 were added with stirring. The mixture was then 
refluxed for 4 hr in a water bath. While still hot, the mixture was poured 
into a beaker containing 500 g of crushed ice and 200 ml of concentrated 
HCl in order to dissolve the aluminum salts. This mixture was then put 
into a separatory funnel, and the upper brown benzene layer was washed 
first with 100 ml of 40% NaOH and then with 200 ml of water. The 
benzene layer was then dried over anhydrous magnesium sulfate. 

After the excess benzene was distilled off with a rotary evaporator on 
a steam bath, the remaining liquid was cooled in an ice bath whereupon it 
solidified. The crude product was recrystallized from 95% ethanol to give 
47 g (41% yield) of a white, crystalline material. The infrared spectrum 
showed a carbonyl peak at 6.01.1, and the mass spectrum showed a parent 
peak at m/e = 286 along with the expected molecular fragment peaks. 
The melting point of the material was 109-1 10°V (reported [8, 91 mp 
100°C). However, the spectroscopic and analytical evidence, as well as 
the results of subsequent reactions, confirmed that the product obtained 
was, indeed, m-dibenzoylbenzene. Analysis: Calculated for Cz0 HI4 O2 : 
C, 83.90%; H, 4.89%. Found: C,  83.81%; H, 4.51%. 
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ISOMERIC AND SUBSTITVENT EFFECTS 1091 

Preparation of a Poly(Dibenzoy1benzene-Phenylenediamine) 

For a typical polymerization a mixture of 0.715 g (0.0025 mole) of 
m-dibenzoylbenzene, 0.27 g (0.0025 mole) of p-phenylenediamine, and 
0.05 g of p-toluenesulfonic acid monohydrate were refluxed in 70 ml of 
dry “decalin” (decahydronapthalene) with stirring for 24 hr. The reaction 
was conducted in a nitrogen atmosphere and the condenser was fitted with 
a Dean-Stark trap. The mixture was cooled and the yellow solid which 
precipitated was collected by filtration. This powdery solid was purified 
by extraction with equal amounts of water and 95% ethanol for 24 hr in a 
Soxhlet apparatus. The compound was then dried in an oven at 100°C for 
1 hr to give 0.56 g (62% yield) of the final product, which did not melt 
below 300°C. The infrared spectrum of a Nujol mull of the polymer 
indicated an absorption band at 6 .1 -6 .2~~  which indicated the presence of 
C=N bonds [lo]. Properties of the polymer and other analyses are given 
in Table 1. 

DISCUSSION OF RESULTS 

Dibenzoylbenzenes were condensed with various unsubstituted and 
fluorine-substituted phenylenediamines in a high-boiling solvent (decalin, 
bp 189°C) in order to obtain maximum molecular weights (Table 1). The 
yields of products, all of which were colored, varied from 50 to 82% for 
the nonfluorinated polymers and were not affected by increasing the 
reaction times. The yields of the two fluorinated polymers were 18 and 
54%. Work is currently in progress to determine the effect of increased 
reaction times upon yield for these systems. 

In the para series of polymers (those synthesized using p-dibenzoyl- 
benzene), the isomer prepared from p-dibenzoylbenzene and p-phenyl- 
enediamine, and henceforth designated as the para-para isomer in keeping 
with nomenclature first introduced by D’Alelio et al. [l 11 , had the highest 
melting point, was insoluble in common solvents, and was obtained in 
highest yield. The para-meta and para-ortho isomers melted at least 150°C 
lower than the para-para and were soluble in benzene, chloroform, and 
acetone. As a result of their solubility, molecular weight determinations 
were carried out by vapor pressure osmometry and the results indicated 
that the para-ortho system was a trimer while the para-meta was a dimer. 

elemental analyses consistently showed low values for nitrogen. This has 
been a common occurrence with polymeric Schiff bases, as evidenced by 

Although repeated efforts were made to purify the para series polymers, 
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the fact that Popov et al. 1121 prepared nine polyazines which were low in 
nitrogen by at least 0.9%. In addition, the para-meta isomer gave a poor 
analysis for carbon as compared with that calculated for a dimer. This may 
have been due to the presence of higher-molecular-weight polymer which 
contains a higher percentage of carbon. Elemental analysis of the para- 
ortho isomer, however, was in fair agreement with the calculated values for 
a trimer, and that of the para-para isomer was in very good agreement with 
the calculated values for a high polymer in which the number of end groups 
was considered to be negligible. 

The meta series of polymers (those synthesized from mdibenzoylbenzene 
and phenylenediamines) also exhibited an expected correlation between their 
melting points and their elemental analyses. The analytical values for the 
lowest melting isomer (meta-meta, mp 188°C) were, except for a slightly low 
nitrogen value, in very good agreement with the calculated values for a 
pentamer, whereas the higher melting isomers (meta-para, mp 300°C and 
meta-ortho, mp 265°C) were in excellent agreement with the calculated 
values for a high polymer. I t  was also found that none of these polymers 
exhibited sufficient solubility for molecular weight determinations by vapor 
pre s u r e  o smometry . 

The fluorine-containing polymers, as expected, had high melting points 
and preliminary tests indicated that they were insoluble in common solvents. 
Elemental analyses and other data are given in Table 1. 

THERMAL STABILITY 

All of the nonfluorinated polymers, when heated in nitrogen and in air 
at a rate of 6"C/min, exhibited thermal stability up to a t  least 450°C. 
Predictably, the para-para polymer exhibited the highest resistance to 
thermal decomposition. Thermogravimetric analysis indicated that it under- 
went less than 5% weight loss at 500°C in nitrogen and less than 10% 
weight loss at 500°C in air (Fig. 1). In nitrogen at 8OO0C, polymer weight 
loss was approximately 46%. Since the pendent phenyl groups constitute 
43.5% of each polymer repeat unit, it is possible that thermal decomposition 
is essentially due to C-C single bond cleavage between a carbon atom in the 
polymer backbone and the pendent phenyl carbon atom to which it is 
bonded. In air all of the polymer sample was oxidized and volatilized at 
approximately 700°C. 

stabilities which were similar to each other but which were markedly less 
The para-meta dimer and the para-ortho trimer exhibited thermal 
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TEMPERATURE ,.C AT!  6./min 

Fig. 1. TGA of the pdibenzoylbenzene-p-phenylenediamine system. 

I 

0 100 200 300 400 500 600 700 a 0 
TEMPERATURE . O C  ATtG0/rnin 

Fig. 2. TGA of the p-dibenzoylbenzene-m-phenylenediamine system. 
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TEMPERATURE . *C  AT:6O/min 

Fig. 3. TGA of the pdibenzoylbenzene-o-phenylenediamine system. 

than that of the para-para isomer. They underwent approximately 14% weight 
loss both in nitrogen and in air at 400°C (Figs. 2, 3). However, the weight 
loss in nitrogen at 800°C was only about 58% for both systems. Complete 
loss of sample in air took place just below 700°C for both systems. 

both in air and in a nitrogen atmosphere. Less than 5% weight loss was ob- 
served at 400°C in nitrogen for all three systems and less than 10% weight 
loss was observed in air (Figs. 4,  5, and 6). As in the para series, decomposi- 
tion seemed to be predominantly due to thermal cleavage of the pendent 
phenyl groups since the weght losses in nitrogen at 800°C were 51% for 
the meta-para, 49% for the meta-meta, and 56% for the meta-ortho isomer. 
i n  air, all of the samples underwent complete oxidation and volatilization 
at 650-700°C. 

Introduction of fluorine substituents onto the polymer backbone did not 
increase thermal stability but, in fact, decreased it somewhat. The polymer 
prepared from mdibenzoylbenzene and tetrafluoro-p-phenylenediamine 
underwent catastrophic degradation in nitrogen just above 400°C with more 
than 90% weight loss taking place at 800°C (Fig. 7). The meta-tetrafluoro- 
meta polymer also exhibited a weight loss at about 400°C in nitrogen 

In the meta series, each polymer exhibited the same high degree of stability D
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TEMPERATURE , O C  A T :  6O/min 

Fig. 6. TGA of the mdibenzoylbenzene-o-phenylenediamine system. 

Fig. 7. TGA of the mdibenzoylbenzene-tetrafluoro-p-phenylenediamine 
system. 
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TEMPERATURE. Y 4 T :  6 O / r n i n  

Fig. 8. TGA of the mdibenzoylbenzene-tetrafluoro-m-phenylenediamine 
system. 

although its degradation was less catastrophic. About 62% weight loss was 
observed at 800°C (Fig. 8). Both polymers were stable to 400°C in air, and 
complete volatilization and oxidation took place at 600-625°C. 

Although the introduction of a small number of C-F bonds did not in- 
crease thermal stability, it would still be of interest to observe what the 
effect of a larger number of C-F bonds in the polymer would be, 

The overall objective of this investigation has been to correlate the 
changes in molecular structure and geometry of the polymers studied to 
some of their physical properties. The information obtained thus far has 
been useful in indicating the most fruitful approaches to  the synthesis of 
polymeric systems with the desirable characteristics of good thermal 
resistance and ease of processability , 
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Discussion of Paper by A. A. Volpe, 
L. G. Kaufman, and R. G. Dondero 

Isomeric and Substituent Effects in Some 
Dibenzoylbenzene-Diaine Polymers 

1) Are the polymers you described soluble in strong 
acids? 2) Are any of the polymers crystalline as re- 
covered? 3) Are the fluorinated derivatives soluble? 
4) Do you have any information concerning the nature 
of the residue from pyrolysis in nitrogen? 

G. C. Berry: 

A. A.  Volpe: 1) We have not determined the solubility of these 
polymers in other than the most common solvents. 
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H. Levine: 

A. A. Volpe: 

G .  F. D’Alelio: 

A. A. Volpe: 

G .  F. D’Alelio: 

P. Throckmorton: 

We intend to  do so, however. 2) We are also planning 
to investigate crystallinity and semiconductivity prop- 
erties of these polymers. I would expect the more 
symmetrical molecules to be crystalline. 3)  Not in any 
of the common solvents tried. 4) The residue has the 
appearance of pyrolytic graphite, although it has 
structural integrity. 

Is it possible that the trimer or dimer are large ring 
systems? What does the infrared show for the C=O 
absorption? 

The infrared spectra indicate that the dimer and trimer 
are simply low-molecular-weight linear species. The C=O 
absorption is still present in these systems, whereas the 
C=O band is essentially removed during the reactions 
which yield high polymers. 

Related work on the isomeric and substituent effects 
versus properties of the polyketanils has been carried 
out at Notre Dame, and two papers are now in press 
(J  Macromol. Sci. -Chem). The AB polymers, iso- 
meric to Professor Volpe’s AA-BB type polymers have 
been synthesized, and our AB polymer from p-amino- 
benzophenone is comparable to his AA-BB product. 
However, our polymers were made in melt systems to 
achieve tractability. 

Would increasing the number of C-F bonds increase the 
thermal stability of these polymers? 

Our experience indicates that the answer is no. In fact, 
the perfluoropolymers are more unstable than un- 
substituted polymers. 

Would introduction of F into pendent phenyl groups 
perhaps actually decrease thermal stability because the 
C-C bond of the pendent group to backbone would 
be weaker? 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOMERIC AND SUBSTITUENT EFFECTS 1103 

A. A.  Volpe: Yes. It probably would not enhance the thermal 
stability at all. Our plan is to introduce more C-F 
bonds on the polymer backbone and not on the 
pendent phenyl groups. 
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