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The synthesis of solid complexes of bis(N-phenyl)-pyromellitic acid amide (PMA)
with aprotic solvents (dimethylformamide, dimethylacetamide, N-methylpyrrolidone
and dimethylsulfoxide) and their thermal analysis (evolved gas analysis using mass
spectroscopy, and thermogravimetry) is described. In all cases, the composition of the
complexes was found to be IPMA : 2 solvent. The activation energy of the decomposi-
tion process of the complexes was determined from TG data. The values found were
between 40 and 80 kJ/mol.

We have reported earlier [1] that bis(N-phenyl)-pyromellitic acid amide (PMA)
forms solid, stable complexes with dimethylformamide (DMFA) having composi-
tions 1PMA :2DMFA or 1PMA : 1DMFA, depending on the agent used for
their precipitation (benzene, acetone and water, resp.).

In this paper the composition of analogous solid complexes obtained from PMA
solutions in dimethylacetamide (DMAA), N-methylpyrrolidone (N—MP) and di-
methylsulfoxide (DMSO) by precipitation with benzene will be described. A com-
parative study of the thermal decomposition process of the complexes and of the
successive cyclodehydration process of PMA was performed by thermal analysis:
evolved gas analysis using mass spectrometry, and thermogravimetry.

Experimental

The PMA —solvent complexes were obtained by the reaction of pyromellitic di-
anhydride with aniline in the corresponding solvent, as described in [1]. The solu-
tions were then poured into a large excess of benzene. The precipitated PMA —
solvent crystals were filtered, washed with benzene and dried in vacuum to constant
mass. Data of elemental analysis and the corresponding composition of the com-
plexes are listed in Table 1.

Evolved gas analysis by mass spectrometry was performed using the special
flow-duct fitted to the cell described in [1].

For TG, a derivatograph (manufacturer: MOM Optical Works, Budapest) was
used : the 50 mg samples were heated at a rate of 2.5 degree/min in open ceramic
crucibles, in air.
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Table 1
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PMA-— solvent complexes: data of elemental analysis

caled. caled. caled. Composition of

No. ¢ found found f?)und complex

1 61.09 10.18 5.46 1PMA:
60.97 9.99 5.79 2DMFA

II 62.28 9.69 5.88 1PMA:
62.08 9.42 6.05 2DMAA

I 55.71 5.00 5.00 1PMA:
56.51 5.00 498 2DMSO

v 63.79 9.30 5.65 1PMA:
64.00 9.34 5.44 2N— MP

Discussion of the results

The composition of the complexes was determined by three independent meth-
ods: evolved gas analysis, TG and elemental analysis.

The results of evolved gas analysis are presented in Figs la to 4a. In all cases
three separate processes can be observed: decomposition of the complex (evolved
solvent), cyclodehydration of PMA (evolved water) and partial decomposition of

PMA (evolved aniline).

Fig. 1. Evolved gas analysis (a), DTG (b) and TG (c) curves of the comples IPMA : 2DMFA
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Fig. 2. Evolved gas analysis (a), DTG (b) and TG (c) curves of the complex IPMA : 2DMAA
1 — mfe 87 (DMAA), 2 — mje 17 (H,0), 3 — mjfe 93 (aniline)
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Fig. 3. Evolved gas analysis (a), DTG (b) and TG (c) curves of the complex IPMA :2N— MP
1 — mje 99 (N—MP), 2 — mfe 17 (H,0), 3 — m/e 93 (aniline)
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Fig. 4. Evolved gas analysis (a), DTG (b) and TG (c) curves of the complex IPMA : 2DMSO
1 — mfe 78 (DMSO), 2 — mfe 17 (H,0), 3 — mje 93 (aniline)

Notwithstanding the difference in experimental conditions (evolved gases deter-
mined by mass spectroscopy being carried out at reduced pressures, TG at atmo-
spheric pressure), similar features are observed with both methods. In fact,the peak
corresponding to solvent evolution is at about the same temperature and is followed
by two further processes, that of cyclodehydration and PMA decomposition
(Figs 1b to 4b). To evaluate the amount of solvent evolved in the decomposition of
the complex by means of mass spectroscopy we calculated the relative sensitivities
H,0 (m/e 17) to DMFA (m/fe 73) DMAA (m/e 87) DMSO (m/e 78) and N—-MP

Table 2

PMA— solvent complexes: evolved gas analysis by mass spectroscopy

Peak area e o Decomposition P
Mo sobant  miosshen NN MATOE SRUma Syt

I DMFA 49 0.24 1.18 3 1PMA:
2DMFA

I DMAA 6.3 0.15 0.97 2 1PMA:
2DMAA

IIX DMSO 5.6 0.17 0.95 11 1PMA:
2DMSO

v N—MP 11.0 0.11 1.20 6 1PMA:
2N—MP
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Table 3

PMA —solvent complexes: thermogravimetric analysis

Mass
Mass lozz lc\): a%count of kl)\:sas:n Joss on Decomf- )
account POS. O E,, Composition o
No. Solv. y accg;nt o f PM A:, XJ :1 ol complex
found  pnra:osery, H:O, % am;ne’ mok-%
I DMFA 27 27.5 4.6 10.4 30.2 724-8 1PMA:
2DMFA
1I DMAA 29 30.1 4.0 8.0 277 59+8 1PMA:
2DMAA
111 DMSO 33 27.9 4.2 8.3 273 4648 1PMA:
2DMSO
v N—MP 36 329 3.8 8.7 30.7 63+8 1PMA:

2N-—-MP

(m/e 99), and also to aniline (m/e 93) for the purpose of determining the extent of
decomposition of PMA. The data are listed in Table 2. In the thermogravimetric
experiments we determined the amount of solvent evolved by assuming that the
first step on the TG curve corresponds to mass loss due to the decomposition of the
complex. TG data are presented in Table 3. Both thermoanalytical methods (Tables
2 and 3) and elemental analysis (Table 1) demonstrate that the composition of all
four complexes studied is identical: 1PMA : 2 solvent.

As noted earlier [1], the thermal decomposition of the PMA —DMFA complex
proceeds in two stages. In contrast, the decomposition of the other three complexes
proceeds in one single stage, as confirmed by both thermoanalytical methods ap-
plied for their study. Evolved gas analysis demonstrates that the maximum tem-
perature of solvent evolution from the complex successively rises in the order
DMFA, DMAA and N—MP, in agreement with the order of the boiling points of
these solvents. The only exception is the complex PMA —DMSO showing the low-
est temperature maximum (125%) of solvent evolution. This might be explained by
the thermal instability of this complex.

It would be unjustified to make any conclusion regarding the structure of these
complexes, relying on our findings. One may state that the activation energy of the
decomposition process of the complex formed with DMFA is higher than the cor-
responding values for the other complexes. From TG data, the values for the
complexes of PMA with DMFA, DMAA, DMSO and N—MP are 71, 59, 46 and
63 kJ/mol, resp.

Aniline formed in the decomposition of PMA is recorded simultaneously on the
mass spectrometer with the water formed in the cyclodehydration process. Con-
sidering that the flow rate of water through the flow-duct is 2.3 times as high as that
of aniline, one would assume that aniline is formed previously than water. The situ-
ation becomes, however, more complex by taking into account that the evolved
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water may promote the decomposition of PMA by interfering with the equilibrium
established [2]:

o]
o H l '
o - [oN
@C—N > I:[ 0 + HZN'Q
¢’ :
I(I:_OH |O|
o]

+H0

shifting it towards pyromellitic acid and aniline formation. Since in this reaction
one part of the water evolved in cyclodehydratation will be used up for the hydro-
lysis of the anhydride group, the strict sequence of these two processes could only
be found in a detailed study of the reactions occurring in the system. As shown in
Table 2, the extent of the decomposition of PMA at the conditions of evolved gas
analysis with the mass spectrometer is 2. .. 6% for the complexes formed with
DMFA, DMAA, N—MP and as high as 119 for the complex with DMSO.

At the conditions of TG the extent of PMA decomposition is substantially higher
(Table 3). As mentioned, the first step of mass loss recorded on the TG curves (cf.
Figs 1—4) corresponds to the decomposition of the complex and evolution of sol-
vent, while the second two correspond to cyclodehydration and PMA decomposi-
tion. Up to 300°, the mass losses consist of evolved water and aniline (confirmed by
mass spectrometric data). Let us assume that after the third step of mass loss the
material in the crucible is a mixture of X mol pyromellitdianilide and Y mol
pyromellitic dianhydride (PMDA). In this case 2X mol water were evolved in
step 2 and 2Y mol aniline in step 3. Let us use the symbol a for the sum of mass
losses in steps 2 and 3, and the symbol b for the mass of the residue in the crucible
after step 3. Then

182X +93-2Y = aq,and
368X +218Y =0

where 18, 93, 368 and 218 are the molecular masses of water, aniline, pyromellitdi-
anilide and pyromellitic dianhydride, resp. By solving this system of equations for X
Y, and one obtains the amount of evolved water (36 X), the amount of evolved
Y o
Yi7 100, %) -
The data on PMA decomposition in TG are listed in Table 3. The degree of de-
composition is fairly similar in all cases: 27 . . . 30%. One may assume that the dif-
ference against the values obtained in evolved gas analysis is related to the partici-
pation of the water evolved in the cyclodehydration process in PMA decomposi-
tion. Actually at the conditions nsed for mass spectrometry (reduced pressure)
water will be evolved more rapidly from the sample, and the hydrolysis of the an-

aniline (186 Y) and the degree of decomposition of PMA
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hydride groups — and hence the shift of the equilibrium towards the decomposition
of PMA — will occur in a lesser degree than in the case of TG performed at atmo-
spheric pressure.

Let us finally note that in the thermal analysis of solid PMA complexes with sol-
vents by evolved gas analysis and thermogravimetry the temperatures for the de-
composition of the complex and for cyclodehydratation of PMA are usually sharp-
ly separated. This is, however, only the case if the solvents used are satisfactorily
dry and pure. In our practice, cases occurred where solvent, water and aniline were
recorded in one and the same temperature interval. To explain this anomaly further
studies will be needed.

References

1. YUu. N. Sazanov, L. A. SHIBAEV, S. A. DAUENGAUER, A. N. Krasovsky and K. K.
Karninsy, J. Thermal Anal., 24 (1982) 75.
2.L. W. Frost and J. Kgssg, J. Appl. Polymer Sci., 8 (1964) 1039.

ZUSAMMENFASSUNG — Es wird die Synthese der festen Komplexe von Bis(N-phenyl)-pyro-
mellithsiureamid (PMA) mit aprotischen Losungsmitteln (Dimethylformamid, Dimethyl-
acetamid, N-Methylpyrrolidon und Dimethylsulfoxid) und deren thermische Analyse (mas-
senspektrometrische Analyse der gebildeten Gase und Thermogravimetrie) beschreiben. In
allen untersuchten Komplexen betrug das Zahlenverhéltnis von PMA- zu Lésungsmittelmole-
kiilen 2 : 1. Die fiir die Zersetzung der Komplexe aufzubringenden Aktivierungsenergien wur-
den aus TG-Daten bestimmt. Die ermittelten Werte lagen zwischen 40 und 80 kJ * mol~.

Pesrome — OmmCaHBl CHHTE3 W HCCIETOBAHAEC METOAAMM MacC-CHEKTPOMETPHYECCKOrO TepPMH-~
vyeckoro ampamusa (MTA) u tepmorpasaMmerprdeckoro amanusa (TI) TBepabIX KOMIUIEKCOB
6uc-(N-permn)-mapomMeIuT-aMuIoKrCIoTsl (IIMK) ¢ anpoTOHHBIME pPacTBOPHTENAMH (IH-
MeTHAGOPMaMHIl, THMETHIANeTaMAN, N-METHIIIHPPOIIAIOH, ArMeTrICybdhokcrn). ITokaszaHo,
9T0 BO BCEX MCCICNOBAHHBIX CIOydasix Kominekcel umeroT coctaB [TIMK];: [Soll,. Ilo maursM

TI' onpenencHBI SHEPrUy aKTHBANMK DPAaclaga KOMILIEKCOB, KOTOPEIE JIexaT B npedenax 40 —80
KOK/MOJIb.
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