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ABSTRACT

Reaction of the 4-aminosalicylate anion with VO(II), Cu(II), Ni(II), Co(II), Fe(II) and
Mn(II) gave bis-(4-aminosalicylato)-diaquo complexes. The structure of these complexes was
predicted from elemental analyses and IR spectra. The decomposition of the complexes was
studied by TG, DTG ad DTA techniques. The decomposition process consisted of two
steps: elimination of two water molecules followed by simultaneous decomposition of the
dehydrated complex with metal oxide as the end product. The thermal stability of the
complexes follows the order: VO(II), > Cu(II) > Co(II) > Ni(II) > Fe(II) > Mn(II), which is
also the order of covalency of the M—O bond.

INTRODUCTION

The versatile chelating ability of 4-aminosalicylic acid (4-ASA) with
various metals is well established. Structural studies have shown that it can
form various types of complexes having different types of bonding, depend-
ing on the nature of the metal ion and reaction conditions. Much effort has
been devoted to the preparation and study of metal chelates of 4-ASA,
mainly because of the possibility of their use as antimicrobial agents.

We are greatly interested in the thermal study of transition metal com-
plexes of 4-ASA, and have already investigated the antifungal and anti-
bacterial activity of these complexes [1-4]. In view of the importance of the
structural activity relationships, it was thought worthy to undertake a
thermogravimetric study of metal complexes of 4-ASA. Such a study will
provide valuable information about the dehydration, the pyrolysis of the
anhydrous complex and the intermediate products formed during decom-
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** To whom all correspondence should be addressed at: 3, Khatipura Road, Indore 452 007,
India. 7

0040-6031 /85 /$03.30 © 1985 Elsevier Science Publishers B.V.



160

position, which will facilitate the synthesis of analogous biologically active
complexes.

In continuation of our earlier work [5-7], the present study deals with the
thermal decompositions of the complexes VO(II), Cu(Il), Ni(II), Co(II),
Fe(II) and Mn(II) with 4-ASA. The stoichiometry and structure of all the
complexes and their dehydrated products are discussed on the basis of
analytical and IR studies.

EXPERIMENTAL
Materials and methods

The complexes were prepared by the method described previously [8].
Equimolar solutions of metal salts and the ligand were prepared and mixed
in the stoichiometric ratio (M : L = 1:2). The solid complexes obtained were
washed thoroughly with ethanol, dried and recrystallized from dimethyl
formamide. All the reagents used were of BDH AnalaR grade. Metal
contents were estimated by the conventional gravimetric method [9]. Elemen-
tal analyses (carbon, nitrogen and hydrogen) were carried out in the usual
way. The bonding in the complexes was established by an IR spectral study.

INSTRUMENTAL
Elemental analyses

Metal content was determined by the conventional methods [9]. Carbon,
hydrogen and nitrogen analyses were carried out using a Colemann CHN
analyser (model 29).

IR spectra

IR spectra of all the bis-(4-aminosalicylato)-diaquo complexes and their
dehydrated products were recorded using a Perkin-Elmer grating IR-spectro-
photometer (model 377) by the KBr disc technique. The IR spectrum of the
ligand was also recorded for comparison. The 4000-400 cm™! region was
scanned for thirteen min.

Far infrared spectra were recorded in the region 500-50 cm™! employing
a Polytec FIR 30 Fourier far-infrared spectrometer.

Thermogravimetry (TG)

Thermogravimetry was carried out on a Stanton recording thermobalance
(HT model) of 1-mg sensitivity in static air with a heating rate of 4°C min~.
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Fig. 1. TG, DTG and DTA curves of bis-(4-aminosalicylato)-diaquo complexes: (——)
Cuw(Il); (------ ) Ni(II).

The chart speed was maintained at 3 in. h™'. All the samples (~ 100 mg)
were of the same particle size and were packed as uniformly as possible in a
platinum crucible. The same crucible was used throughout all the experi-
ments.

Differential thermal analyses (DTA)

A DTA assembly with a temperature programmer (F and M Scientific
240, Hewlett Packard) and a thermocouple (Platinel-II, Engelhard Ltd.,
U.S.A.) were used. DTA curves were recorded with a Rikadenki Kogyo
recorder in static air at a heating rate of 4°C min~!. Alumina was used as a
reference standard.

RESULTS

Analytical data of the complexes are presented in Table 1. TG, DTG and
DTA curves are shown in Figs. 1-3 while the corresponding transition
temperatures, TG weight loss data and DTA peak temperatures are listed in
Tables 2 and 3. The positions of the characteristic IR bands are shown in
Table 4.
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Fig. 2. TG, DTG and DTA curves for bis-(4-aminosalicylato)-diaquo complexes: (
Co(II); (------ ) Mn(II).
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Fig. 3. TG, DTG and DTA curves for bis-(4-aminosalicylato)-diaquo complexes: (
Fe(II); (------ ) VO(II).
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DISCUSSION
Stoichiometry and structure of the complexes

The analytical data reported in Table 1 indicate that the stoichiometry of
all the complexes is ML, - 2H,0 (M = VO(II), Cu(II), Ni(II), Co(II), Fe(II),
Mn(Il); L = anion of 4-ASA).

The infrared spectrum of solid 4-ASA is almost identical to that of its
complexes in the region 2000-625 cm™~!. The frequencies of most interest
with regard to the structure of the complexes are the C-O and O-H
vibrations. The »(C=0) band at 1660 cm ™" is shifted to a lower frequency
(~ 1610 cm™1) in all the complexes showing that complexation has taken
place through the carboxyl group [10,11]. The appearance of new band in the
neighbourhood of 800 cm™! in all the complexes shows that the water
molecules are coordinated to the metal ion [12-15]. The presence of a band
at ~ 315 cm™! confirms the presence of coordinated water [16]. The pres-
ence of water in the coordinated form is further borne out by the thermal
decomposition data (Figs. 1-3). It may also be noted that the O—H (phenol-
ic) bending peak at 1300 cm~! remained almost at the same position for
4-ASA and its complexes. This shows that there is no loss of protons by the
phenolic OH group upon coordination.

Behaviour of the complexes

All the complexes are insoluble in water and common organic solvents,
suggesting a polymeric structure. Because of their insolubility in common
organic solvents, the extent of polymerization could not be determined.
Early reported data on magnetic susceptibility and electronic spectra indi-
cated octahedral stereochemistry for all the complexes [17]. The thermal
decomposition would appear to be consistent with this type of structure and
would suggest that the water molecules are directly bonded to the metal ion
along with two 4-ASA moieties to give a coordination number of six for each
of the metal(II) ions.

The increase in the difference between »(COO)asym and »(COO)sym,
A(C=0), has been taken as a measure of increasing covalency of the M-O
bond [18]. The 4-ASA complexes presented a band at ~ 1610 cm ™! (Table
4) for »(COO)asym and at ~ 1440 cm ™! for »(COO)sym. Thus, the covalent
character of the M—O bond follows the order: Fe(II) < Mn(II) < Co(II) =
Ni(II) < Cu(Il) < VO(II).

THERMAL DECOMPOSITION

The thermal characteristics of the metal complexes of 4-ASA with Cu(Il),
Ni(II), Co(1l), Mn(Il), Fe(II) and VO(II) are indicated by their TG, DTG
and DTA curves (Figs. 1-3).
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Similar to the decomposition of salicylato (SA) complexes [5], the thermal
decomposition of these complexes begins with the loss of two water mole-
cules and, subsequently, the dehydrated complex decomposes into metal
oxide as the final residue. However, the decomposition is more complicated
in comparison to that of SA complexes, which is probably due to the
substituted amino group.

Since all the six metal chelates of 4-ASA possess an identical structure
[17], their thermal decomposition processes also have many common fea-
tures. Almost all the chelates of 4-ASA exhibited a pronounced endothermal
peak due to the loss of water molecules and or more exothermal peak(s)
corresponding to the decomposition of the dehydrated complex.

In general, TG, DTG and DTA results of these complexes suggested their
thermal decomposition in two stages.

(I) The first decomposition stage involves the loss of two water molecules
which takes place in a single step. This step is found to be endothermic as
shown by the DTA curve.

M(4-ASA), 2H,0 — M(4-ASA), + 2H,0 (1)

(I) In this decomposition stage the dehydrated complex subsequently
decomposes to yield a final residue of metal oxide. The main possible
decomposition reaction of the dehydrated complex can be described by the
following equations:

MCO; + gaseous combustion products

(I1a)

M(4'ASA)2 d (Hz, CO, COz, Hzo)
NH, + nitrogen oxides (I1b)
MCO, > MO + CO, (Ilc)

The second decomposition period takes place over a wide range of
temperature, demonstrating that this period is not unambiguous and uni-
form. A possible explanation of this could perhaps be that in this stage, not
only reactions Ila and IIb took place but the decomposition step Ilc also
slowly started. Accordingly, the relevant section of the TG, DTG and DTA
curves represents the results of mere than one partial reaction. The liberation
of various gaseous products, as a consequence of the combustion of the
organic moiety of the complexes, i.e., the 4-ASA moiety, is found to be an
exothermic reaction as indicated by the DTA curves.

The recorded DTA curves (Figs. 1-3) are observed to have unusual
shapes. Such unusual shapes were also observed for transition metal salicy-
lates reported by us and others [19-21]. Abnormal shapes are also found in
malato-aquo [22] and EDTA [23] complexes of transition metals.

The abnormal shape of the exothermal peaks of the DTA curves is
probably due to the various gaseous combustion products escaping as a
consequence of the decomposition of the organic skeleton, i.e., the 4-ASA
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moiety of the complex. A large and broad exothermal peak over a wide
temperature range on the DTA curve for decomposition of dehydrated
complexes also indicates, beside the decomposition, oxidation and combus-
tion processes.

THERMAL CHARACTERISATION OF THE COMPLEXES

The thermal characterisation of the complexes, viz. temperature range,
composition of the residue, percentage weight loss, range of horizontal and
range of DTA effect, are summarized in Tables 2 and 3 (Figs. 1-3). Some of
the thermal behaviours are worth noting.

In the case of Ni(II)-4-ASA, prior to the second exothermal peak, and
partially merged into it, a small exothermal peak appears at 460°C, indicat-
ing that the second decomposition period involves two exothermic reactions.
Perhaps it is due to the simultaneous decomposition of the anhydrous
complex and the metal carbonate formed during the thermal dehydration of
the complex.

The dehydrated Mn(II)-4-ASA complex decomposes to give a final
residue which was expected to be a mixture of MnO and Mn,0,. Similarly,
in the second decomposition period (240-680°C), the dehydrated Fe(II)-4-
ASA complex decomposed to give FeO as a major end product. However,
the possibility of the formation of Fe;O, cannot be ruled out [5].

Finally, in the case of VO(II)-4-ASA, the end product was found to be a
mixture of vanadium di- and penta-oxides.

It is noticeable that the thermal dehydration temperature of these com-
plexes increases in the same sequence as found in SA complexes [5].
Similarly, the dehydration temperature (Table 2), increases with increasing
coordinated water frequency (Table 4). This may also be explained in terms
of the percentage of metal in the complexes (Table 1).

Perusal of Tables 2 and 3 and Figs. 1-3 indicates that in all the six
complexes of 4-ASA, the TG weight loss has established the amount of water
present (decomposition stage I) and also the composition of the final
residues of the second decomposition stage. These results supported the
predicted composition and structure of these complexes.

Isolation of intermediate products

In order to isolate intermediate dehydrated products of the thermal
decomposition, samples were heated in air to an appropriate temperature in
a crucible and the residues analysed. The decomposition products have been
confirmed by analytical, IR and X-ray K-absorption edge studies [24].
However, all the intermediate products of the decomposition steps could not
be isolated and identified owing to the lack of a clear-cut horizontal on the
TG curve, as the intermediate products are not stable to the required extent.
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It is worthy to note that, as a result of dehydration, colour intensity is
increased followed by a change in stereochemistry.

The IR spectra confirm the dehydration (step I), since the peaks and
bands characteristic of coordinated water disappeared in the IR spectrum of
the first decomposition product.

We have studied the X-ray K-absorption spectra of Cu(Il), Ni(II) and
Co(II) complexes (ML, -2H,0) as well as their dehydrated products [24]
and have indicated that a change in stereochemistry from octahedral to
tetrahedral takes place as a consequence of dehydration. Details of the study
will be published elsewhere.

Thermal stability of the complexes

If the initial decomposition temperature is taken as a measure of the
thermal stability of the complexes, we can conclude that the stability of the
metal complexes increases roughly in the order: Mn(II) < Fe(II) < Ni(II) <
Co(II) < Cu(II) < VO(II).

It is interesting to note that the dehydration temperature of the complexes
increases with increasing coordinated water frequency. This is also in the
order mentioned above.

CONCLUSIONS

The results of this study on the thermal decomposition of 4-ASA com-
plexes showed that thermal analyses can be useful for the determination of
the number of molecules of bound water, for detecting contamination of
starting reagents and to evaluate the agreement between the expected and
actual composition of a compound. It may also provide a means for
correlating microbial activity with the change in the stereochemistry of the
active species.

A knowledge of heating curves is useful for gravimetric analysis of a
compound. For quantitative analyses of the compounds studied, only a
horizontal formed at the first and the last stages of the decomposition is
suitable. Particularly, the latter is of much quantitative importance.

On increasing the heating rate, DTA and DTG peaks, and horizontals on
the TG traces changed in the manner reported by Schultze [25].
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