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Solid complexes of bis(N-phenyl}-pyromellitic acid amide with equimolar binary
mixtures of dimethylformamide, dimethylacetamide, dimethylsulfoxide and N-methyi-
pyrrolidone were prepared and studied by evolved gas analysis using mass spectrometry,
The activity sequence of these compounds in forming complexes with bis{N-pheny!)-
pyromellitic acid amide was established.

As reported earlier [1], his(N-phenyl)-pyromellitic acid amide (PMA) forms solid
complexes with polar aprotic solvents, their composition depending on the mode of
their precipitation from the solution. If precipitation is carried out in benzene, the
structure of the complex corresponds to the ratio TPMA:2solvent {the solvents applied
were dimethylformamide (DMFA), dimethylacetamide (DMAA), dimethylsulfoxide
{DMSO) and N-methylpyrrolidone (N—MP)).

This paper deals with the preparation, separation and study of solid complexes of
PMA with solvent mixtures. PMA was synthetized in equimolar binary mixtures of
DMFA and DMAA, DMFA and DMSQO, DMFA and N—MP, and DMAA and N—MP,
respectively, and the complexes were precipitated with benzene. Evolved gas analysis
using mass spectrometry was applied to study the complexes. The relative activity of
each solvent in complex formation was evaluated by determining its relative content
in the corresponding solid complex.

Experimental

The PMA-solvent complexes were synthetized in equimolar binary mixtures of
DMFA, DMAA, DMSO and N—MP according to the method described in [1]. The
PMA solutions in the mixed solvents were poured into a large excess of benzene, the
mixtures were filtered, and the precipitates were washed with benzene and dried to
constant mass. The complexes were white crystalline products, stable for long storage
periods in air.

Evolved gas analysis by mass spectrometry was performed using the cell fitted with
a flow-duct reported in [1].
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Discussion of the results

The main difference between the PMA complexes formed with mixed solvents as
compared to the complexes studied earlier [1] is the lower amount of solvent complex-
ing with PMA. When pure solvents are used, the composition of the complexes is
mainly 1PMA:2solvent, whereas in the case of mixed solvents about one mol of
"total’ solvent is usually bound to one mol of PMA, as shown in Table 1. Another
particular feature of the discussed complexes is the substantially higher degree of PMA
decomposition in the cyclodehydration process. This is clearly observable in Figs 1—4,
curves 4.

It is of interest to estimate the relative activity a of the studied solvents in the
complexing process with PMA. The calculations were performed for mixtures with
DMFA, the activity of DMFA being taken as unity. The activities of the other solvents
were determined by calculating the molar ratio of the solvent in question to DMFA in
the complex, utilizing the coefficient of relative sensitivity of water to the correspond-
ing solvent. By way of example, let us consider the solid complex obtained from the
equimolar mixture of DMFA (Fig. 1). The mass spectroscopic curves indicate that the
evolution of 0.51 mol DMAA and 0.13 mol DMFA corresponds to one mol of water
evolved in the cyclodehydration process of PMA, i.e. about 1 DMAA molecule corre-
sponds to 1 PMA molecule, and the composition of the complex is close to 1PMA:
1DMAA. It may therefore be stated that DMAA is more active than DMFA in

complex formation with PMA. This activity a is quantitatively expressed by the ratio
0.51

8 T ——

013 = 3.9. The activity values a for the other solvents are presented in Table 1.
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Fig. 1 Evolved gas analytical curves for the complex PMA—DMFA—-DMAA
1. m/e 87 (DMAA); 2. m/e 73 (DMFA); 3. m/e 17 {water); 4. m/e 93 (aniline)
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Fig. 2 Evolved gas analytical curves for the complex DMA-DMFA-DMSO
1. m/e 78 (DMSO); 2. m/e 73 (DMFA); 3. m/e 17 {(water); 4. m/e 93 (aniline}
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Fig. 3 Evolved gas analytical curves for the complex PMA-DMFA-N-MP
1. m/e 93 (aniline); 2. m/e 73 (DMFA); 3. m/2 17 (water); 4. m/e 99 (N-MP)
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Fig. 4 Evolved gas analytical curves for the complex PMDA-DMAA-N-MP
1. m/e 99 (N-MP); 2. m/e 87 (DMAA); 3. m/e 17 (water); 4. m/e 93 (aniline)

A comparison of the activities in complex formation for these solvents with their
basicities indicates, in general, a parallel trend, i.e. the higher the basicity of the solvent,
the higher its activity in complex formation. The pKa values reported in the literature
[2] for DMAA, N—-MP and DMSO are —0.19, —0.17 and 0 respectively, and the
enthalpy values of complex formation of DMFA, DMAA and DMSQO with SbCl;
reported in [3] are 111.5, 116.9 and 125.5 kJ/mol, respectively. As regards N—MP,
contradictory data are to be found in the literature. In [4] for example apKa value of
—0.92 is reported. On the basis of our findings, the basicity of N—MP should be close
to that of DMAA, so that the value pKa = —0.17 appears more probable.

The activity of N—MP (3.7) was found to be slightly lower than that of DMAA
{3.9) in the relative activity sequence (DMFA = 1). However, a comparison of the
amounts of N—MP and DMAA in the complex obtained directly from the mixture of
these solvents indicates a somewhat higher activity of N—MP.

Finally, it should be noted that solid complexes of acid amides cannot always be
separated from binary solvent mixtures. For instance, no solid complex of PMA was
obtained with the solvent pair N—MP—-DMSO.

To summarize the results of this study, it may be concluded that the activities of
DMFA, DMAA, DMSO and N—MP in mixed complex formation with PMA show the
same trend as their basicites.
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Zusammenfassung — Feste Komplexe von Bis(N-pheny!)-pyromellithsdureamid mit dquimolaren
Mischungen von Dimethytformamid, Dimethylacetamid, Dimethylsutfoxid und N-Methylpyrrolidon
wurden hergestellt und die daraus bei thermischer Analyse entwickelten Gase massenspektro-
metrisch untersucht. Die Aktivitatsreihenfolge fur die Bildung von Komplexen mit Bis-(N-phenyl)-
pyromeltithsdureamid wurde ermittelt,

Peslome — CuHTE3UPOBaHLI M NCCNEAOBaHbI METOAOM MacC-CNeKTROMETPMYECKOrO TEpMUUECKOTO
adanusa Teepabie KoMNnexkce! 6uc- {N-cheHun) -nmpomenUTaMuaC KUCAOTLI ¢ napamu anpoToH-
Hetx pacTsoputeneit Tuna AMOA, AMAA, BMCO, N-MM. Mo pesynsTaTtam aHanuia KOMMNE KOS
6b1r1 NOCTPOEH PAA OTHOCUTENBHOW AKTUBHOCTM YKA3aHHBLIX pacTsopurenen K Komhekcooﬁpaso-
B&HUI0, KOTOPLIN, KAk OKA3aN0Ch, COBNAAAET C PAAOM OCHOBHOCTEH 3TUX PacTeOpUTenei.

J. Thermal Anal. 26, 1983



