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P. V. Khadikar*, S. M. Ali and B. Heda

DEPARTMENT OF CHEMISTRY, INDORE UNIVERSITY, KHANDAWA ROAD,
INDORE-452001, INDIA

{Received July 18, 1984)

The reactions of the 5-sulphosalicylate anion with VO{l1), Culll}, Ni(ft), Colll}, Felll)
and Mn{(!l) gave bis-(5-suiphosalicylato)—diaquo complexes. The structures of these com-
plexes were predicted from elemental analyses and IR spectra. Their decompositions were
studied by TG, DTG and DTA. Decomposition occurred in two steps: elimination of two
water molecules, followed by decomposition of the dehydrated complex to give metal
oxide as end-product. The thermal stability sequence for the complexes was

VOUI) > Cu(ll) > Co(ll) ~ Ni{ll) ~ Fe(ll) > Mn(ll),

which is in accordance with the covalency sequence for the M—O bond.

The thermal decomposition of metal complexes with chelating organic ligands has
attracted great interest during recent years. However, work on the thermal decomposi-
tion of metal chelates of salicylic and nuclear-substituted salicylic acids started only a
short time ago. The decarboxylation and thermal stability of salicylic acid {SA) [1]
and 4-aminosalicylic acid (4ASA) and their sodium and calcium salts have been in-
vestigated [2], but little is known about these features of other metal salicylates
[3--9]). We are interested in the thermal study of the complexes of transition metals
with salicylic acids, for we have already investigated the antimicrobial activities of
these complexes [10—14]. As an extension of our previous work [15—19], the present
paper report deals with the thermal decomposition of metal chelates of VO{Il), Cu(ll),
Ni(ll), Co(ll), Fe(ll) and Mn(ll) with 5-sulphosalicylic acid (5SSA). The study has
provided valuable information about their dehydration, the pyrolysis of the anhydrous
complexes and the intermediates during their decomposition, which will facilitate the
synthesis of analogous biologically active complexes.

* To whom correspondence should be addressed at: 3 Khatipura Main Road, Indore-452001,
India.
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Experimental

Materijals and methods

The complexes were prepared by the method described previously [20]. 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 dimethyiformamide. All the reagents used were of BDH
AnalaR grade. Metal contents were estimated by conventional methods {21]. Ele-
mental analyses {carbon and hydrogen) were carried out in the usual way. The bonding
in the complexes was established by IR spectral study.

Instrumentat

Elemental analyses

Metal contents were determined by the conventional methods [21}. Carbon and
hydrogen analyses were carried out with a Colemann 29 CHN analyser.

{R spectra

IR spectra of all the bis-{b-suiphosalicylato)—diaquo complexes and their de-
hydrated products were recorded on KBr discs with a Perkin—Eimer 377 grating IR
spectrophotometer. The IR spectrum of the figand was also recorded for comparison.
The region 4000—~400 cm— 1 was scanned in 13 minutes.

Far IR spectra were recorded in the region 500—~50 cm—1 with a Polytec FIR 31
Fourier far IR spectrometer. :

Thermogravimetry

TG was carried out in air on a Stanton HT thermobalance at 1 mg sensitivity, with
a heating rate of 4 deg/min. The chart speed was maintained at 3 inches/hr. All the
samples were of the same particle size and were packed as uniformly as possible in
a platinum crucible of appropriate size. The same platinum crucible was used
throughout the experiments.

Differential thermal analysis

The DTA assembly with temperature programmer of F and M Scientific Hewlett—
Packard and a platinel |1 thermocougple of Engelhard (U. S. A.) were used. DTA curves
were recorded with a Rikadenki Kogyo recorder in static air at a heating rate of
4 deg/min. Alumina was used as a reference standard.
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Results and discussion

Analytical data on 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 4. The posi-
tions of the characteristic IR bands are shown in Table 2.

Table 1 Analytical data on the bis-{5-sulphosalicylato)—diaquo complexes and their dehydrated

products
M% C% H%

Complex Cotour Calc. Found Calc. Found Caic. Found
Cu(6SSA), - 2H,0 green 11.95 12.25 31.60 30.98 2.25 2.31
Cu(5SSA), (dp) dark-green 12.76 12.82 33.77 3400 201 1.92
Ni{5SSA), -2 H,0 light-green 11.14 11.82 31.89 31.27 2.28 2.20
Ni(6S88A),  (dp) green 11.92 12.00 34.09 33.87 2.03 2.10
Co(5SSA), - 2 H,0 pink 11.18 1098 3188 3116 227 234
Co(5SSA),  (dp) brown 11.95 12.02 34.08 34.12 2.03 2.09
Mn(5SSA}, - 2 HyO  light-buff 10.50 10.41 32.12 3189 2.29 2.21
Mn(5SSA), (dp) tan 11.23 11.15 34.37 34.10 2.05 2.13
Fel5SSA}, < 2H,0 coffee-coloured 1066 11.04 32.07 31982 228 223
Fe(5SSA), (dp) dark-brown 11.40 11.36 3510 35.22 2.04 2.14
VO{BSSA}), - 2H,0 dark-green 1251 1241 31.4 32.08 224 220
VO(5SSA),; {dp) bright-green 13.36 1342 3354 33.62 2.00 1.92

dp = decomposition product.

Stoichiometry and structure of the complexes

The analytical data in Table 1 indicate that all these complexes have stoichiometry
MLy - 2 H0, where M is VO(II}, Cu(ll), Ni{ll}, Co(ll}, Fe(ll} or Mn{il}, and L is
the anion of 5SSA.

The IR spectrum of solid BSSA is almost identical to that of its complexes in the
region 2000—600 cm—*. The frequencies of most interest with regard to structure
are those of the C—0 and O—H vibrations. The »{C=0) band at 1665 cm =1 is shifted
to a lower frequency (= 1630 cm=—1) in all the complexes, showing that complexation
has taken place through the carboxy! group [22, 23]. The appearance of a new band
in the vicinity of 840 cm—" for all the complexes demonstrates water coordinated
to the metal ion [24—26]. A band at ~ 315 cm~1 confirms the presence of coordi-
nated water [27]. The presence of coordinated water is borne out by the thermal
decomposition data (Figs 1-3). The 80—H (phenolic) bending peak at 1350 cm— 1 is
at almost the same position in the spectra of 5SSA and its complexes. This shows that
there is no loss of proton by the phenolic OH group upon coordination.
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Behaviour of the complexes

All the complexes are insoluble in water and common organic solvents, suggesting
a polymeric structure for each of them. Their insolubility in common organic solvents
meant that the extent of polymerization could not be determined. Earlier data on the
magnetic susceptibility and electronic spectra indicated octahedral stereochemistry
for all the complexes [28)]. 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 5SSA maieties, to give a coordination
number of six for each of the metal{ll) ions.

The increase in the difference between ¥COO(asym) and ¥COO(sym) (AC=0) has
been taken as a measure of increasing covalency of the M—O bond [29]. The 5SSA
complexes presented a band at =~ 1640 cm—1 (Table 2) for »COO(asym) and at
2 1420 em—"' for vCOO({sym). Thus, the covalent character of the M—0 bond follows
the sequence

Fe(ll) < Mn(i) < Co{l) < Ni(H) < Culil) < VOl

Thermal decormposition

Thermal decompaosition curves for all six jsostructural complexes of 5SSA are given
in Figs 1-3, while the TG weight loss data and DTA peak temperatures are to be
found in Tables 3 and 4.

Table 3 Analytical data for the bis-{5-sulphosalicylato) --diaquo compiexes?

Dpb Temperature Composition  Weight loss, %W

Complex Colour

range, “C of the residue  Cale.  Obs.

(1) Cul5SSA)s + 2H,O | 100--240+4 Cu(5SSA), 8.77 6.50
i 2680620+ 2 black CuQ 85-03 84-75

(1) Ni(8SSA); «2H,0 | 80--220:4 Ni(53SA), 683 7.00
11 230-580+3 greenish black NiO 8581 86.25

(111) Col6SSA); + 2H,0 | 100~-230+3 Co{5S8SA), 6.83 8.75
I3 250-800+2 dark brown  CoO 85.77 8650

(IV) Mn{8SSA), - 2H,0 | 80-210+3 Mn{5SSA), 6.88 7.00
i 2205704 grey green MnQO ¢ 86.43 85.00

(V) Fe(58SA), +2H,0 | 902104 Fe(58SA), 687 6.50
I 230640 +3 dark brown  FeOd 86.28 8525

(vl VO(5SSA)2 +2H,0 | 110—-260:4 VO(58SA), 6.72 6.25

I 280—-620+2 dark blue O=V:=0¢ 84.43 83.00

a = all the experiments were carried out in air at a heating rate of 4 “C/min, # D.P. = decom-
position period (step}, ¢ = in the final residue, the possibility of formation of Mn304 can not be
ruled out as the experiments were carried out in air, d = FeO was the major end product above
600 °C, however, below this temperature it gets contaminated with Fe30y4, as the metal is charac-
terized by its ability to form such oxide, e = the end product was expected to be a mixture of
vanadium di- and penta oxides. Formation of V,05 may be due to the oxidation of vanadium
dioxide in air, — = indicates that the decamposition product{s} could not be isolated and identified
owing to the lack of a clear cut horizantal on the TG curve as the intermediate products are not
stable to the required extent.
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The TG, DTG and DTA curves reveal that these complexes decompose in a similar
way to the corresponding complexes of 4-aminosalicylic acid (4ASA). Thermal decom-
position starts with the loss of water, followed by pyrolysis of the dehydrated com-
plex, resulting in metal as end-product.

As for the corresponding metal chelates of 4ASA, two decomposition periods can
be distinguished in the TG curve for all six complexes of 5SSA. These two decomposi-
tion periods may be explained in accordance with the TG weight loss data, DTG and
DTA results, as follows.

First decomposition perjod (/)
M(5SSA), - 2 HoO —~ M(5S8SA), + 2 H50 {1

In this period, two water molecules escape and an intermediate of composition
M(5SSA), is formed. This pericd involves a single endothermic step, as shown by
the DTA curves.

Second decomposition period (1)

[n this period, the dehydrated complex decomposes finally into metal oxide. This
period involves one or more steps, as evident from one or more exothermic peaks in
the DTA curves. The thermal decomposition of the dehydrated compiex may be
represented by the following possible partial reactions:

MCO3 + gaseous combustion products

Hy, CO, CO5, H50 {Ifa)

M(6SSA), >
S0, + 303 + sulphur (Hb)
MCO3 ~ MO + COq (lc)

In almost all cases, the second decomposition period occurs in a longer temperature
range and the partiai reactions lla, llb and llc usually occur in parallel, resulting in
a combined step. It was difficult to separate the partial decomposition steps involved
in the second decomposition period and to establish the existence of intermediates.
However, in some cases the DTG curves of the complexes resclve the close-lying steps
and indicate the multistep nature of the second decomposition period.

In some cases the expansion of the second decomposition period may cause error
through the overlapping of two decomposition steps following one another closely.
This may even give rise to the formation of a single decomposition step in the TG
curve.

Shapes of DTA curves

The recorded DTA curves (Figs 1—3) are observed to have unusual shapes; however,
we have compared them with those reported by earlier workers [30—32] for other

J. Thermal Anal. 30, 1985
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salicylates, and observed that they too obtained exothermic DTA peaks with unusual
shapes. Such abnormal shapes are also found for malato-aquo [33] and EDTA [34]
complexes with transition metals.

The abnormal shape of the exothermic peaks in the DTA curves is probably due to
the various gaseous combustion products escaping as a consequence of the decomposi-
tion of the organic skeleton, i.e. the 5-sulphosalicylate moiety of the complex. Large,
broad exothermic peaks in a wide temperature range in the DTA curve for decom-
position of the dehydrated complexes indicate oxidation and combustion processes
besides decomposition.

Characteristic features of thermal decomposition of 55SA complexes
(1) Cu(bSSA); * 2 Hy0

The complex is stable up to 100°. Water molecules begin to come off in the tem-
perature range 100-240°. Subsequently, the dehydrated complex undergoes final
decomposition to CuO. The TG curve shows two horizontal sections, corresponding
to the compositions Cu(6SSA), and CuO. The DTA curve indicates one endothermic
peak {210°) and two exothermic peaks (380 and 480°) (Fig. 1). The two exothermic
peaks clearly indicate that the second decomposition period may take place in two
distinct steps. This is supported by the corresponding DTG peaks (Fig. 1).

(2) Ni(5SSA)3 + 2 Hy0

in the first decomposition period (80--210°), two water molecules escape and an
intermediate of compasition Ni{5SSA); is formed. This period is characterized by an
endothermic effect (Fig. 1). In the second period of decomposition (230-580°},
the dehydrated complex decomposes further in two steps and finally yields a
residue of NiO. The second period of decomposition is exothermic in nature, as
shown by two exothermic peaks in the DTA curve. The end-product was NiO, in
nearly stoichiometric amount.

{3) Co{5SSA), * 2 H,0

The water molecules begin to come off in the temperature range 100—230°,
and the first horizontal section in the TG curve corresponds to the composition
Co{5S8SA),. The dehydrated complex decomposes in the range 250- 600°, giving a
final residue of CoO. The DTA curve shows one endothermic peak (210°), followed
by two successive exothermic peaks (420 and 490°}, indicating that the second de-
composition period involves two steps. This is supported by the relevant section of the
DTG curve (Fig. 2).

(4) Mn(56SSA), © 2 H;0

The thermal decomposition of this complex takes place in the temperature range
80--580°. The first decomposition period involves dehydration {80—210°), while in

J. Thermal Anal. 30, 1985
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the second period the dehydrated complex decomposes to give a mixture of oxides.
The final product was expected to be a mixture of MnO and Mnz04 (Table 3). The
DTA curve {Fig. 2) shows that the complex undergoes an endothermic change fol-
lowed by an exothermic change on heating to 600°, The TG curve indicates a sharp
inflection for dehydration and another for pyrolysis of the dehydrated complex.

(5) Fe(6SSA), - 2 H,0

The complex loses water in the temperature range 90 -210°. The dehydrated com-
plex breaks down above 230° and a stable residue of metal oxide is formed at about
650°. The DTA curve (Fig. 3) exhibits one endothermic peak (200°) and one large
exothermic peak (470°), while the TG curve indicates two inflections for two decom-
position periods. The end-product was expected to be the mixture of FeO and Fe304
{Table 3).

{6) VO(5SSA)z * 2 Hy0

Dehydration takes place in the temperature range 110-260°. Continuous decom-
position is observed after dehydration; the dehydrated complex decomposes to metal
oxide. The first endothermic peak (220°) in the DTA curve is due to the loss of two
water molecules from the complex; this is confirmed by the TG curve, where the first
inflection corresponds to the composition (VO(5SSA), (Table 3}. Pyrolysis of the
dehydrated complex is an exothermal change, as shown by a large exothermic peak
{490°)} in the DTA curve (Fig. 3}). The end-product was expected to be a mixture of
vanadium di- and pentoxides.

In general, the dehydration temperature, coordinated water frequency and % metal
content of the 5SSA compiexes increase in roughly the same sequence as found for
the SA and 4ASA complexes.

In all cases the TG weight loss data (Tables 3 and 4) demonstrated the water
content and also the composition of the final residue. These results are in fair
agreement with the given stoichiometry and structure of the 5SSA complexes.

Isolation of intermediates

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
were analyzed. The decomposition products were confirmed by analytical, IR and
X-ray K-absorption edge studies. However, not all intermediates of the decomposition
steps could be isolated and identified, owing to the lack of a clear-cut horizontal
section in the TG curve, as the intermediates are not sufficiently stable.

It is worthy of note that dehydration is accompanied by an increase in colour
intensity, with a change in stereochemistry.

The [R spectra confirm the dehydration (step }, since peaks and bards charac-
teristic of coordinated water are not present in the IR spectrum of the first decom-
position product.

J. Thermal Anal. 30, 1985
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We earlier studied the X-ray K-absorption spectra of the Cu(ll), Ni(il} and Co(ll}
complexes {(MLo * 2 Ho0) and their dehydrated products [35], and found a change in
stereochemistry from octahedral to tetrahedral as a consequence of dehydration.
Details of the study will be published elsewhere.

Thermal stability

If the initial decompaosition temperature measured under fixed experimental con-
ditions is taken as a measure of the thermal stability of a complex, we can conclude
that the stability of the metal complexes increases roughly in the sequence

Mn(11) < Fe(ll) < Ni{ll} < Co(ll) < Cu(il) <VO (IH)

which is in accordance with the covalency of the M—0O bond.
It is interesting that the dehydration temperatures of the complexes increase with
increase of the coordinated water frequency. This again follows the above sequence.
This finding may also be explained in terms of the metal contents (M%) of the
complexes (Table 4).

Conclusions

The resuits of this study on the thermal decomposition of 5SSA complexes showed
that thermal analysis can be useful for determination of the number of molecules of
water bound, for detecting contamination in starting reagents and for control of the
declared composition of a compound. It also provides a means for correlating
microbial activity with the change in stereochemistry of the active species.

A knowledge of the heating curves is useful for the gravimetric analysis of a com-
pound. For quantitative analyses, only the horizontal sections formed in the first and
the last stage of decomposition are suitable; particularly the latter is of great quanti-
tative importance.

When the heating rates were increased, the DTA and DTG peaks and the horizontal
sections in the TG traces changed in the manner reported by Schultze {36].

The authors are sincerely grateful to the late Dr. M. D. Karkhanawala (then Head, Chemistry
Division, BARC, India) for providing facilities, and to the U. G. C. {India) for research fellowships
to the authors (BDH and SMAJ.
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Zusammenfassung — Die Reaktionen des 5-Sulphosalicylat-Anions mit VO{Ii}, Culll), Ni(ll},

Colil), Fe(ll) und Mn(ll) ergaben Bis-(5-suiphosalicylato)—diaquo-Komplexe. Die Strukturen
dieser Komplexe wurden durch Elementaranalyse und 1R-Spekiren bestatigt. Die Zersetzung der
Komplexe wurde mittels TG, DTG und DTA untersucht. Die Zersetzung verlauft in zwei Schritten:
Eliminierung der zwei Wassermolekiile, gefolgt von der das Metalloxid als Endprodukt ergebenden
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Zersetzung des dehydratisierten Komplexes. Die Thermische Stabiiitdt der Kompliexe nimmt in
der Reihenfolge VO(I1) > Cu{il) > Colll) = Ni(ll} = Fe(ll} > Mn{l{} ab, womit die gleiche Reihen-
folge wie fiir die Kovalenz der M—O-Bindung festgestellt wurde.

Pesiome — Peakuum S-cynbocanuuunar-oHa ¢ ABYXBANEHTHbIMM BaHagun, meas, HUKeNb,
KOGanbT, ene3o v Mapradel, NMPUBOANIM K 0BpasosaHmio Guc-{5-cynspocanmunnato)-anakso
xomnnexkcoB. Ha ocHoBe 3nemMeHTHOro aHanmsa M MK CcrekTpoB YCTaHOBNEHa CTPYKTYPE
KOMNAEKCOB. PAa3noxeHue KOMNAEKcos 6bino usyseHo metogamun T1, OTT w ATA: oxo
MPOTEKAaET B fiBe CTaaun: BblAeNeHne ABYX MONEKyn BOA v NOceayiolee pasnoxeHue 6e3Boa-
HOFO KOMIMMeKca ¢ 06pasoBaHMeM OKMcH METanna B KaYecTBe KOHEYHOro NpoaykTa. TepMu-
yecKan YCTOMYMBOCTL KOMNnekcos pachonaraetcA B pag VO > Cu > Co = Ni = Fe > Mn, 4T0
COrnacyeTcA ¢ MoCneaoBaTeNbHOCTLI0 KOBaNeHTHOCTH ceasn M—0.
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