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ABSTRACT

The thermal decomposition of 2-aminothiazole (2-amt) complexes of general formula
M(2-amt), X, [M = Co(II) and Cu(Il)] and Ni(2-amt),X, [X = Cl and Br] have been studied
in air and argon by TG and DTG as well as by DTA in nitrogen; end products from the
decompositions in air have been characterised by X-ray powder diffraction. Decomposition
stoichiometries have been proposed and factors governing the thermal decomposition have
been discussed.

INTRODUCTION

Thiazole and its derivatives have an extensively studied coordination
chemistry which has been stimulated primarily as a consequence of the
biochemical importance of the compounds [1]. In particular, 2-aminothiazole
(2-amt) has considerable coordination potential with heterocyclic N, amino
N and heterocyclic S as possible donor sites. With transition and other
metals, 2-amt has N-donating monodentate character [2-7]. The nature of
the donating N atom is controversial. Hetero N has been suggested for
Co(II) and Cu(Il) complexes [2,3] and has been demonstrated to be so by
X-ray studies for Co(2-amt),Cl, [8] and Co(2-amt),(NCS), [9]. Both hetero
N [2,3} and amino N [7] have been suggested as donor sites for the Ni(II)
complexes.

A thermal analysis study has previously been made of some complexes of
benzothiazole (bzt) [10], but we believe this to be the first thermal analysis
report for complexes of 2-amt. We are interested in the factors which govern
the formation, structures and thermal behaviour of metal complexes with
S,N-containing heterocyclic molecules.
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EXPERIMENTAL

The complexes were prepared as described previously [2,3] and were
characterised by chemical analysis (Table 1).

TG and DTG

A Stanton Redcroft TG 750 thermobalance and DTG unit were used
together with open Pt crucibles (diam. 6 mm). The atmosphere was column-
dried (molecular sieve, 13X) flowing air or argon (15 cm® min~!). Sample
masses varied from 2 to 6 mg, the heating rate was 10°C min~! and the

recorder speed was 2 mm min ™',

DTA

A Stanton Redcroft 673/4 instrument was used together with quartz
crucibles (length 2 cm, internal diam. 0.3 cm). The latter were chosen in
preference to Pt crucibles because of swelling of the sample, sample creep
during the molten phase and also the frequent production of tenacious
deposits. The atmosphere was flowing nitrogen (200 cm® min~') with a
heating rate of 20°C min~!. Sample masses were 5 mg, the reference
material was Al,O,, amplifier sensitivity was 50 pV (0.5°C) f.s.d. and the
recorder speed was 5 mm min~'. The relationship

AH=A/K-w
and
AHy=A-M/K-w- 103

where A = peak area (mm?), K = calibration constant (mm? mJ~'), w=
sample weight and M = molecular mass, were used for instrumental calibra-
tion [11] and the determination of reaction enthalpies AHy (kJ mole™ '),
respectively; reaction enthalpies were determined from peak areas. Varia-
tions in the enthalpies are of the order +3-5% (melting) and +5-9%
(decomposition).

X-Ray powder diffraction

A Guinier Hagg parafocussing camera, monochromatised Cuk,_, (A =
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1.5405 A) radiation and Kodirex single-coated X-ray film were employed in
identifying the end products, Co;0,, NiO and CuO.

RESULTS
Decompositions in air

Data from the TG and DTG curves are summarised in Table 2. Specimen
curves are shown in Figs. 1-3.

The complexes degrade to their respective oxides in air over the tempera-
ture range 80-805°C. Agreement between observed and theoretical mass
losses for the various processes is within experimental error (+2.0%) in all
cases.

The TG curves show essentially two-stage processes for the cobalt com-
plexes. It is also clear from the shape of the curves linking the major mass
losses that the two processes overlap. In addition, the fine detail from the

TABLE 2

Thermogravimetric analysis data in air

Compound Overall mass losses Stepped mass losses

Temp. range Theory  Expt.  Temp. range Mass loss

(T/°C) %) (% (T/°0) (%)
Co(2-amt),Cl,  130-585 75.7 75.2 130-300 328
300585 424
Co(2-amt),Br,  170-620 80.9 82.0 170-350 295
350~620 525
Ni(2-amt) ,Cl, 155-660 86.0 84.0 155-280 54.0
280-430 10.8
430-660 19.2
Ni(2-amt) ,Br, 80-660 87.9 87.0 80-200 32.0
200-280 8.6
280-350 8.1
350-660 38.3
Cu(2-amt),Cl, 50-805 76.2 75.5 50-120 35
120-350 27.0
350-600 40.0
600-805 5.0
Cu(2-amt),Br,  105-755 81.2 835 105-220 12.0
220-480 51.7
520-580 17.5

580-755 2.3
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Fig. 1. TG and DTG curves for Co(2-amt),Cl, (a) in air and (b) in argon.

DTG curves show that the major processes are occasionallt split into two or
more components. Stepped mass losses for Co(2-amt),Cl, suggest that one
heterocyclic ligand is lost initially (130-300°C) and that the final stage
involves further loss of 2-amt, together with production of the oxide (Co,0,).
The DTG profile for this complex (Fig. 1) also suggests that the first 2-amt
ligand is lost in three stages. Fractional heterocyclic ligand loss, (15 mole-
cules), and splitting of the first stage have also been observed for the bromo
complex.

Consideration of the mass losses leads to the following proposed stoichio-
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Fig. 2. TG and DTG curves for Ni(2-amt),Cl, (a) in air and (b) in argon.

TABLE 3

Thermogravimetric analysis data in argon

Compound Temp. range Overall mass Stepped mass losses
(T/°C) loss
(%) Temp. range Mass loss
(T/°0 (%)
Co(2-amt),Cl, 0-1000 65.0 200- 450 320
450-1000 33.0
Co(2-amt), Br, 0-1000 58.0 220- 650 344
550-1000 23.6
Ni(2-amt) ,Cl, 0-1000 60.0 230- 470 36.0
470~ 590 16.0
590-1000 8.0
Ni(2-amt),Br, 0-1000 64.0 360- 420 20.3
420- 520 8.0
520- 680 17.7
680-1000 18.0
Cu(2-amt),Cl, 0-1000 63.0 180- 300 8.0
300- 500 320
500-1000 23.0
Cu(2-amt), Br, 0-1000 60.0 50- 250 10.0
250- 410 20.2

410-1000 30.0
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Fig. 3. TG and DTG curves for Cu(2-amt),Cl, (a) in air and (b) in argon.

metric decomposition for Ni(2-amt) ,Cl,.
NiL,Cl,(s) = NiL, ,,Cl,(s) + 25 L(g) (155-280°C)
NiL,,,Cl,(s) > NiL, sCl,(s) + 3 L(g)  (280-430°C)
NiL, ;CI(s) = NiO(s) + Cl,(g) + 3 L(g) (430-660°C)
In contrast to this behaviour, Ni(2-amt),Br, initially (80-200°C) loses
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TABLE 4

Differential thermal analysis data in nitrogen and argon

Compound Nitrogen Argon
DTA peaks Character, DTA peaks Character,
(T,./°C) AHy /kJ mole™! (T, /°C) AHg /kJ mole™!
Co(2-amt),Cl, 170 endo, 24.4(12.0) 170 endo, 26.3(£2.0)
258 exo 258 exo
310 exo
Co(2-amt),Br, 185 endo, 27.4(+2.0) 185 endo, 27.8(+2.0)
263 €xo 263 €xo
428 €xo 310 €xo
406 €xo
480 €xo
Ni(2-amt),Cl, 230 endo, 36.5(+3.0) 215 endo, 33.0(+3.0)
247 €xo 226 €xo
300 exo 269 €xo
325 endo, 106( + 8.0) 310 endo, 102(+8.0)
Ni(2-amt),Br, 204 endo, 35.7(+3.0) 204 endo, 36.5(+2.0)
215 exo 226 €x0
320 exo 310 exo
360 endo, 109( + 8.0) 350 endo, 100( £ 8.0)
Cu(2-amt),Cl, 120 endo
130 exo
250 €xo
Cu(2-amt),Cl, 100 endo
200 exo
2-amt 93 endo, 13.0(+1.0)
237 endo, 31.0(+2.0)

two ligands; the next ligand is evolved in two effectively equal parts
(200-350°C) and the final stage (350-660°C) accounts for the remaining
heterocyclic ligand in addition to oxide production.

Cu(2-amt) ,Cl, shows some evidence of solvent retention (50—120°C). The
ensuing losses account for one 2-amt ligand (120-350°C) followed by
further degradation to the sulphide (CuS, 350-600°C) then to the oxide
(CuO, 600-805°C). Cu(2-amt),Br, decomposes to the oxide (CuO,
150-580°C) with no clearly defined discontinuities on the TG curve. The
DTG curves do suggest the presence of three components, but the associated
mass losses produce unsatisfactory intermediate decomposition stoichiome-
tries.
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Fig. 4. DTA curves in nitrogen.

Decompositions in argon

29

Data from the TG and DTG curves in argon are summarised in Table 3.

Specimen curves are shown in Figs. 1-3.

Overall mass losses in argon vary between 58.0 and 65.0% over the
temperature range 200—1000°C and correspond to the removal of the bulk of
the ligands for most of the complexes. The absence of clearly defined end
plateaux is typical of all the complexes. The bulk of the mass losses in most
cases occur in the temperature range 200-700°C. For the chlorides, this
corresponds to approximately half of the heterocyclic molecules, but for the
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Fig. 5. DTA curves in argon,

bromides, rather more than half of the 2-amt ligands are lost in the same
temperature range. The TG curves of the cobalt and copper complexes are
essentially featureless, while their DTG curves contain occasional peaks
superimposed upon a broad background (Figs. 1 and 3). For the nickel
complexes, however, discrete mass losses are indicated on the TG curves,
which are matched by relatively sharp DTG peaks (Fig. 2).
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DTA curves in nitrogen and argon

Data from the DTA curves in nitrogen and argon are summarised in
Table 4. Specimen curves are shown in Figs. 4 and 5.

The essential features of these curves consist of a melting endotherm with
T,, values ranging from 170°C [Co(2-amt),Cl,] to 215°C [Ni(2-amt),Cl,]
followed by a sequence of exotherms; the nickel complexes also exhibit
endotherms in their final stages of decomposition. In the case of the cobalt
complexes, there is a temperature interval of about 100°C between melting
and exothermic degradation, but for the nickel complexes exothermic de-
gradation immediately follows the melting process. Quantitative DTA has
been used to determine the melting enthalpies in both nitrogen and argon
(Table 4). The resultant values are in agreement, within experimental error
(£5%), and are typical of transition metal complexes with heterocyclic
ligands [11,12].

No quantitative measurements were attempted on the curves from the
copper complexes since they were rather poorly defined. Consequently, only
the data in nitrogen are reported (Table 4).

Due to the rather unexpected nature of the DTA curves in nitrogen, the
work was repeated in argon in order to obtain a genuinely inert atmosphere.
However, the results obtained were very similar. Only in the case of
Co(2-amt),Cl, were any significant differences observed and they consisted
of rather more well-defined exotherms in argon in the temperature range
310-480°C.

DISCUSSION

The major difference between the thermal decomposition of the com-
plexes in air and inert atmospheres appears to be that they are readily
converted to the appropriate oxide (Co,0,, NiO or CuO) in air but decom-
pose less readily in the absence of oxygen. Co(2-amt),Cl,, for example, is
converted to Co,0, in air between 130 and 585°C, whereas only one
heterocyclic molecule (32.0% mass loss) is lost between 200 and 450°C in
argon, and at 1000°C the mass loss (65.0%) corresponds to the loss of both
heterocyclic molecules. In addition, Ni(2-amt),Cl, is converted to NiO in air
between 155 and 660°C, whereas at 590°C in argon, the mass loss (52.6%)
corresponds to slightly less than three heterocyclic molecules. Similar dif-
ferences are observed for the copper complexes, although a significant
intermediate in the decomposition of Cu(2-amt),Cl, in air is CuS, which
suggests that ligand decomposition occurs, at least in this instance.

The DTA curves show that, in both nitrogen and argon, thermal decom-
position is characterised by endothermic melting followed by exothermic
decomposition. In addition, the nickel complexes show an endotherm in
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their final decomposition stage. These general features contrast markedly
with the free ligand, 2-amt, and the corresponding benzothiazole complexes
(10}, both of which show endothermic melting and decomposition.

The presence of decomposition exotherms for the Co(2-amt), X, com-
plexes suggests that the endothermic requirements of ligand removal are
exceeded by exothermic reactions, which may possibly arise from reaction
between the decomposition products of the heterocyclic molecules. In the
initial stages, the DTA curves of the nickel complexes parallel those of the
cobalt complexes, the major difference being the presence of an endotherm
for the nickel complexes in both nitrogen and argon in the region 350-360°C.
The fact that these endotherms all have similar enthalpies suggests a com-
mon decomposition process, probably resulting from a common stoichiomet-
ric—structural relationship. The mass loss studies in argon suggest that the
likely cause of this relationship is the production of polymeric Ni(2-amt)X,
upon the loss of three 2-amt molecules from the original complexes. The
endothermic requirements for removal of the heterocyclic ligand then exceed
those for the conventionally bonded molecules in the monomeric, tetragonal
Ni(2-amt) , X, complexes [13].

The ill-defined DTA curves for the Cu(2-amt), X, complexes probably
result from redox reactions and appropriate structural changes in the solid,
which render such systems difficult to study [13].

The major features of this study, namely decomposition exotherms, frac-
tional ligand decomposition stoichiometry and the production of a sulphide
intermediate all point towards decomposition of the 2-amt molecules during
thermal decomposition of the complexes. Consequently, the dominant factor
governing the thermal decomposition of the complexes in this study is the
thermal stability of the 2-amt molecule [14]. In view of the endothermic
decomposition of the free molecule, it is probable that the M(II) ions
catalyse the exothermic degradation of the coordinated 2-amt molecules.

REFERENCES

—_—

J.A. Weaver, P. Hambright, P.T. Talbert, E. Kang and A.N. Thorpe, Inorg. Chem., 9
(1970) 268.

E.J. Duff, M.N. Hughes and K.J. Rutt, Inorg. Chim. Acta, 6 (1972) 408.

E.J. Duff, M.N. Hughes and K.J. Rutt, J. Chem. Soc. A, (1969) 2101.

A K. Basak and D. Banerjea, J. Indian Chem. Soc., 55 (1978) 853.

B.S. Mantias, V.K. Bhatia and P.O. Chitkara, Indian J. Chem., 14A (1976) 206.

B.S. Mantias, V.K. Bhatia and O.P. Chitkara, Indian J. Chem., 14A (1976) 206.

P.P. Singh, U.P. Shukla and J.N. Seth, Indian J. Chem., 14A (1976) 684.

P.P. Singh and A.K. Srivastava, J. Inorg. Nucl. Chem., 36 (1974) 928.

E.S. Raper, R.E. Oughtred, L W. Nowell and L.A. March, Acta Crystallogr. Sect. B, 37
(1981) 928.

9 E.S. Raper, R.E. Oughtred, . W. Nowell and L.A. March, unpublished work.

10 C.T. Mortimer and J.L. McNaughton, Thermochim. Acta, 6 (1973) 269.

[eBRN BN WAV IRV IR NS I S



33

11 E.S. Raper, J. Therm. Anal., in press.

12 B.M. Jordan and E.S. Raper, Proc. ESTA-2, Aberdeen, 1981, Heyden, London, 1981;
Thermochim. Acta, 57 (1982) 83.

13 J.C. Van Dam, G. Hakvoort and J. Reedijk, J. Therm. Anal., 20 (1981) 3.

14 E. Jona, T. Sramko and I. Gazo, J. Therm. Anal., 16 (1979) 213.



