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Thermal analysis was performed on amide derivatives of N,¥N-dialkylaminoazobenzene. A
correlation was found between the stability of the investigated dyes and the nature of the amide
residue. The intermolecular interaction and the mechanism of thermal decomposition are
discussed.

Thermal stability is an important factor determining the applicability of some
dyes for special use. The resistance to heat at elevated temperature is one of the
main properties required from disperse dyes considered for use in high-temperature
processes of dyeing and printing [1].

In previous work [2] on the synthesis, and the physical, chemical and performance
properties of amide derivatives of N N-dialkylaminoazobenzene, it was found that
these compounds are stable disperse dyes. Their particular advantage is a good
fastness to sublimation, which is probably connected with a possible association of
the dye molecules by means of the amide groups [3]. The tendency of disperse dyes
to form intermolecular hydrogen-bonds is considered useful, due to their thermal
stability, but at the same time this leads to difficulties in diffusion of the dye
associates into fibres and consequently causes problems in the use of the dyes in
bath processes of dyeing.

The presence of hydrogen-bonds between dye molecules can be found by IR
spectrum analysis, using a KBr mixture or, even better, solutions in non-polar
solvents [4], and also by intricate UV-vis spectrophotometric studies [5]. The need
to use non-polar solvents restricts the application of these methods to the simplest
compounds.

Most of the previous studies on the physical and chemical properties of dyes and
model compounds were carried out in solution, i.e. under conditions different from
those met during the dyeing or weaving of textile fabrics.

The understanding of the phenomena taking place in the crystalline state of a
compound during heating would allow a faster and simpler evaluation of the
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intermolecular interactions in crystailine structures and would make it possible to
foresee some performance properties of the dyes under investigation. Thermal
analysis reveals the existence of such interactions and changes in the crystalline
structure and in the dyes themselves at elevated temperature.

For a better understanding of the phenomena taking place in monoazo dyes with
amide groups during heating, the thermal analysis was carried out of four
derivatives of N.N-dialkylaminoazobenzene, containing acetylamine (1), car-
bamide (I1) and five-member (I1I) and six-member (IV) imide groups. Unsub-
stituted N,N-dialkylaminoazobenzene (V) was used a standard.
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Experimental

Dyes IV were prepared and purified by the methods described previously [2].
Thermal analysis was carried out with an OD-—102 derivatograph, using 200 mg
samples which were heated in air at a rate of 5 deg/min from 20° to 500°. Al,O, was
used as a reference substance. DSC analysis was performed with a 990 Thermal
Analyser (Du Pont Instruments), using 3 mg specimens heated at a rate of
10 deg/min from 20° to 500°. The reference was an empty measurement vessel.

Results and discussion

The results of melting point and decomposition point determinations, as well as
the calculated value Ar = decomp. p. — melt. p., are given in the Table.
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Exothermic and endothermic changes are observed in the investigated substances
during heating. The melting process is usually accompanied by an endothermic
change and the decomposition by an exothermic change. In all but four (IVc, IV'c,
V and V’) cases, the beginning of the exothermic decomposition is observed
immediately after the endothermic phase change. In the four cases mentioned
above, a reversed order of changes occurred, in which the endothermic
decomposition succeeded the exothermic melting process.

The weight loss during heating ranges from 13% to 83%, depending on the
substituents and on the interactions which take place between dye molecules.

Phase changes are not observed during heating. Typical curves for selected dyes
are shown in Fig. 1.
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Fig. 1 Examples of typical thermal curves

The investigated disperse dyes, derivatives of acetanilide (I), benzamide (II),
phthalimide (1iT), and naphthalimide (I'V), show considerable differences in melting
points (from 63° to 280°), while the decomposition points of all the dyes are similar,
being about 300°. The most significant feature of the dyes is the difference between
the decomposition and melting points, 4¢ = decomp.p. — melt.p. This is a value
closely associated with the dye structure and intermolecular interactions taking
place in the crystalline state.
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It follows from the data in the Table that all the N,N—dimethylaniline derivative
dyes (I-—V) have higher melting points than those of their N,N-diethyl analogues
(F—V"). The decomposition points of the respective compounds exhibit low and
random differences, and hence are of rather low informative value. It is very likely
that the lower melting points of the N, N-diethyl derivatives as compared with those
of the N,N-dimethyl derivatives is brought about by the attenuation of the
intermolecular interactions in the crystals of dyes '—V’, due to the steric hindrance
caused by the longer alkyl chain. It may be concluded that the mutual interactions
in the dye crystals lead to hydrogen-bonds yielding not only flat dimeric structures,
but also “sandwich” systems. The latter are made difficult by the steric hindrance.
The dyes containing the N,N-dimethyl group have melting points higher by about
15—60° than those of their diethyl analogues. The differences depend on the other
substituents and on their position in the dye molecule.

The melting points of phthalimide (IIT and III’) and naphthalimide (IV—IV’)
dyes are always higher than those of the corresponding acetanilide (I and I') and
benzamide (II—II’) dyes. Almost all the dyes with an unsubstituted amide group
melt at a higher temperature than that of the N-methyl analogue. This suggests that
the -CO-NH- group takes part in the formation of intermolecular hydrogen-bonds
in the crystalline state. A measure of these interactions can be found in the A4z values.
It is characteristic that the compounds with unsubstituted amide groups have
considerably lower At values than those containing the -NCH, group. Absolute
values of At oscillate between several (IVc and IV'c) and 200° (Ic, I'c, Ilc, IT'c).
The 4t value is the lowest for compounds in which dimeric structures via hydrogen-
bonds were found by another method [6]. Strong hydrogen-bonding needs higher
energy to bring about cleavage of the molecule, and the melting point therefore rises
almost to the level of the decomposition point. In acetanilide and benzamide dyes (I
and II), these interactions are of a weak nature, which is confirmed by the high
values of 4t¢, from 60° to 150°. In similar dyes containing phthalimide and
naphthalimide groups (III and IV), 4t varies merely up to 30°, which suggests the
existence of strong intermolecular interactions.

The weight losses observed during thermal decomposition of the dyes are given in
the Table. In acetamide (I and I’) and carbamide (IT and IT’) dyes, this loss is about
50%. Deviations from this value are quite high particularly for compounds
containing the unsubstituted NH group. Despite the considerable scatter of the
results showing the variations of the thermal decomposition, it is very likely that a
major part is played here by heterolytic splitting of the bond bétween the aryl ring
and the azo nitrogen. Similar thermal decomposition has been observed by other
authors [7] in the thermal analysis of other monoazo dyes.

The dyes containing phthalimide (Il and IIT") and naphthalimide (IV and IV’)
groups probably decompose by a different scheme. In phthalimide dyes with a
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substituted imide group = NCH, (IIIb,d and I1I'b,d), the weight loss is about 50%.
This suggests a decomposition similar to that observed for other monoazo dyes. On
the other hand, the most associated phthalimide dyes with an unsubstituted NH
group (III a,c and 1II’a,c) and all the naphthalimide dyes (IV and IV’) give weight
losses of 13—34%, suggesting a different type of decomposition. It may be assumed
that there is a decomposition of imide groups (CO),NR! or the splitting-off of
alkylamine group-Nr2. The latter possibility would reveal a protective part by the
strongly associating imide system in relation to the whole azo dye molecule.

Conclusions

The thermal studies of monoazo disperse dyes, derivatives of acetanilide,
benzamide, phthalimide and naphthalimide, demonstrated that the stability of the
dyes depends on the nature of the amide substituents and their ability for
intermolecular interactions. One measure of these interactions is the difference
between the decomposition and melting points of a compound, the value being
inversely proportional to the strength of the interactions. In addition, it was found
that in a crystal the dye molecules form not only typical flat or almost fiat hydrogen-
bonded associates, but also sandwich systems in various planes, which are quite
stable under the measurement conditions.

The thermal decomposition mechanism of the dyes under investigation is
complex. Basically, as for most azo compounds, it consists of a heterolytic splitting
of azo bonds, while in stable imide compounds, the decomposition proceeds
through the elimination of imide or alkylimide groups.

The use of thermal analysis allowed simple evaluation of the properties of
disperse azo dyes acetamide, benzamide, phthalimide and naphthalimide
derivatives and elucidation of the significance of intermolecular interactions,
which would be impossible to examine by other methods.
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Zusammenfassung — Die thermische Analyse von Amidderivaten von N,N-Dialkylamino-azobenzol
wurde ausgefiihrt. Es besteht eine Korrelation zwischen der Stabilitit der untersuchten Farbstoffe und
der Natur der Amidgruppe. Die intermolekulare Wechselwirkung und der Mechanismus der
thermischen Zersetzung wurden diskutiert.

Pesiome — [IpopeneH TepMHYeCKHil aHanu3 aMHIOTPOM3BOMHBIX N, N-IHankuiaMHHOa300eH30:1a.
VcTaHOBJIEHA KOPPEALHA MEKIY YCTOHYHBOCTBIO HCCICOOBAHHBIX KPACHTEIEH H NPHPOJOH aMHIHO-
ro ocratka. OOGCYXKIeHBl MEXMOJEKYJIAPHBE B3aHMOLCHCTBHN H MEXaHH3M TEPMHYECKOro
Pa3NOKEeHHS.
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