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Abstract

Data concerning the thermal behaviour of four heteropolynuclear compounds with the general formula
[CuML(CH;COO);] where M=Ni(Il), Zn(Il), Mn(Il) and Co(Il); LH=2-amino-5-mercapto-1,2,3-thia-
diazole were obtained. For the kinetically workable decomposition steps the values of the kinetic pa-
rameters were estimated.
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Introduction

The 1,3,4-thiadiazole derivatives show coordinative as well as biological proper-
ties. The inhibitory activity towards carbonic anhydrase has stimulated the inter-
est in their coordinative properties.

Some coordination compounds of transition metals with 2-amino-5-mercapto-
1,3,4-thiadiazole (C,H,N;S,) (LH) have been investigated [1-3]; the ligand behaves as
bidentate through the exocyclic sulphur atom and depending on the nature of the metal, it
can engage the exocyclic or heterocyclic nitrogen atom.

Recently, the inhibitory action of some coordination compounds with 2-amino-
S-mercapto-1,3,4-thiadiazole toward carbonic anhydrase has been reported [4, 5].

On the other hand, taking into account the metal-sulphur bonds, the thiadiazole co-
ordination compounds are potential materials for the preparation of metal sulphides, via
controlled thermal decomposition. This possibility is true for the polynuclear Cu(II) coor-
dination compounds with the thiadiazole derivative (LH) [6]. This is the reason why we
try to extend our synthesis and thermal decomposition investigations to hetero-
polynuclear coordination compounds as precursors of mixed sulphides.
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Experimental

Powders of

1. [CUNIL(CH3COO)3] or [CuNngH11N306SZ]
2. [CuZnL(CH;COO);] or [CuZnCsH,N;0Ss]
3. [CUMHL(CH3COO)3] or [CHMIIC8H11N306SQ]
4. [CUCOL(CH3COO)3] or [CUCOC8H11N306SQ]

were prepared and characterized by chemical analysis, IR, EPR and UV/visible spec-
troscopy as well as magnetic susceptibility measurements. It has been proved that
these compounds act as good in vitro inhibitors toward carbonic anhydrase [7].

The heating curves (TG, T, DTG and DTA) were recorded by means of a
Q-1500D derivatograph in static air atmosphere at various heating rates in the range
2.5-10 K min™".

X-ray diffractograms of the compounds 1—4 as well as of their thermal de-
composition intermediates and products were recorded by a DRON3 diffracto-
meter using the K, radiation of cobalt.

In order to estimate the mean sizes of crystallites, Scherrer’s formula [8] was
applied.

In order to evaluate the kinetic parameters of the decomposition, three inte-
gral methods were used the: Coats-Redfern [9], Flynn-Wall (for constant heating
rate) [10] and the Urbanovici-Segal [11] method. These methods permitted the
values of the reaction order 7, activation energy £ and preexponential factor 4 to
be obtained from the equation do/d=k(1-a)".

The experimental data were automatically processed by the program of
Dragoe and Segal [12]. From this program, the thermogravimetric curves in coor-
dinates (0, #°C), using the Coats-Redfern values of the kinetic parameters were
obtained. The correctness of the values of the estimated kinetic parameters can be
checked through the comparison of the so obtained (a, #°C) curve with the experi-
mental points. For correct values of these parameters the experimental points
should lie on the curve.

Results and discussion

Table 1 shows some results obtained from a first analysis of the X-ray powder dif-
fraction data of the investigated compounds.

The results indicate that the four investigated compounds are characterized prac-
tically by almost identical interplanar distances and relative intensity values i.e. by an
elementary cell of the same type and with the same volume. Thus, the difference in the
ionic radii from Ni(II) (0.72 A) to Zn(II) (0.83 A) is to a certain extent compensated
for by the presence of the common Cu(II) (0.80 A) ion and the common ligand [13].
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Table 1 Relative intensities, interplanar distances and mean crystallite sizes of the investigated

compounds
Compound d/A Relative intensity IA
3.24 65
2.76 70
CuNiL(CH3COO); 2.59 100 285
2.34 35
1.71 45
3.25 60
2.75 80
CuZnL(CH3COO); 2.62 100 250
2.33 20
1.73 50
3.25 65
2.74 70
CuMnL(CH;COO); 2.61 100 270
2.34 30
1.72 45
3.24 60
2.74 80
CuCoL(CH;COO), 2.62 100 290
2.35 35
1.74 40
Mg
0 I 800°C
3 6
DTG
 } 600
400°C
4
- - 200°C
DTA a
gF 0
0 Time/min ) 360

Fig. 1 The TG, DTG and DTA curves of [CuNiL(CH3COO);]s
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Decomposition of [CuNiCsH{1N304S,]

The TG, DTG and DTA curves corresponding to the heating of the compound
[CuNiL(CH3COO);] in the temperature range 25-810°C are shown in Fig. 1. For the
other compounds investigated in this work, the TG, DTG and DTA curves were similar.

The heating curves TG, DTG and DTA permitted us to evidence the following de-
composition stages:

[CuNiCsH,;1N306S,] 5 P CuNiCgH,N30,4S, (o+CH;COOH () (1)
[CuNiCeH;N30,8,] (6+10.50; (o FPTES  CuNiS, (o+6C04 3Nyt TH,0  (2)
2CuNiS; (513.50, g B CuSO, ) +CuO ( +2NiS (+S0; ) 3)
CuSO4 5y +CUO (o 2NiS (#3505 () MEC CuSO, (i +CUO (+NiSO4 (7 NiOSOng (4)
CuSOy (5+CuO (+NiSOy (NIO (o) [EC 2CuO ((+2NiO (#2805, (5)

The temperatures above the arrows correspond to the maximum reaction rate at
B=2.5 K min .

The presence of the mixed sulphide CuNiS, as a product of reaction (2) was con-
firmed by chemical analysis and by powder X-ray diffractometry. The same method al-
lows to identify a mixture of CuO and NiO as components of the final decomposition
product obtained at 810°C.

The TG and DTG curves indicated that the only kinetically workable decomposi-
tion steps were (1) and (5). Tables 2 and 3 list the values of the non-isothermal kinetic pa-
rameters for these steps.

Table 2 Non-isothermal kinetic parameters of reaction (1) at =2.5 K min™'

Method n E/kJ mol™! Als™ | *

Coats-Redfern 1.7 103 1.300" 0.9970
Flynn-Wall 1.7 104 1.700" 0.9973
Modified Coats-Redfern 1.6 102 7.400" 0.9968

*r is the correlation coefficient of the linear regression

Table 3 Non-isothermal kinetic parameters of reaction (5) at =2.5 K min™'

Method n E/kJ mol ™! Als™! Ir]

Coats-Redfern 1.1 369 2.9700' 0.9945
Flynn-Wall 1.1 366 2.0800' 0.9950
Modified Coats-Redfern 1.0 365 1.89010' 0.9943

A fairly good agreement of the values obtained by means of the three methods
used can be noticed.
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Decomposition of [CuZnCsH 1N504S,]

The decomposition curves, mainly the TG curves reveal that during the heating of
this compound in the temperature range 20-800°C, the following decomposition
steps can be detected:

[CuZnCsH,;N306S5] o 1€ [CuZnCgH,N;04S,] (o+CH;COOH () (6)
[CuZnCeH N304, #1050, o TS CuZnS, (+6CO; it 3Ny o +7H,0 () (7)
2CUZnS, (4+3.50; () BT CuSOy (y+CuO ) +ZnS0y (o+Zn0 (5250, ) (8)
CuS Oy (5+CuOEH+ZnS0, (+Zn0O () M 2CUO ((+2Zn0O (2505 ) 9)

The solid product of reaction (7) is a mixed sulphide of formula CuZnS,, crystallized
in the blende lattice. The residue obtained at 815°C consists of a stoichiometric mix-
ture of CuO and ZnO. The values of the kinetic parameters of reaction (6) are listed in
Table 4. A satisfactory agreement of the values obtained using the three mentioned
integral methods can be noticed in this case, too.

Table 4 Non-isothermal kinetic parameters of reaction (6) at =2.5 K min™'

Method n E/kJ mol”! Als™! |7|

Coats-Redfern 1.8 100 4.27M0' 0.9977
Flynn-Wall 1.8 100 5.34000'° 0.9991
Modified Coats-Redfern 1.8 102 1.0000' 0.9971

Decomposition of [CuMnCgH,1N;04S,]

The TG and DTG curves indicate that the thermal decomposition occurs through the
following steps:

[CuMnCgH{1N;06S5] 5 [ [CuMnCgH7N3048,] (tCH3COOH (4 (10)
[CuMnCH/N;048,]+10.50, P TIS  CuMnS, (+6CO, (4 +3NO,  +7H,0p (1)
4CUMNS, (+14.50, g FI%C  2CuSOy (+2CuO(+2MnSO; +Mny05 (450, o (12)
2CuS0y (5+2CuOF2MnSOy (+Mn,Os () +0.505 g FILE

2CuMn,04 5 +CuO 4503 () (13)

Actually, reaction (11) results from the superposition of several steps difficult to
separate in the temperature range 120-475°C.

Chemical analysis of the solid product of reaction (11) reveals the composition
CuMnS,;. The X-ray diffractogram of the same product shows the peaks correspond-
ing to MnS with no peaks of copper sulphide. Thus, a mixed sulphide CuMnS, (and
not a stoichiometric mixture of CuS and MnS) is formed in reaction (11). This con-
clusion is supported by the close values of the ionic radii of Cu(Il) and Mn(II). The
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solid residue obtained at temperatures higher than 810°C consists of CuO and the
mixed oxide with spinellic structure CuMn,QOy,.

Tables 5 and 6 list the values of the kinetic parameters of reactions (10) and (13).
As in the former curve, a satisfactory agreement of the values obtained by the applied
methods should be noticed.

Table 5 Non-isothermal kinetic parameters of reaction (10) at B=2.55 K min™'

Method n E/kJ mol™! Als™! Ir]

Coats-Redfern 1.9 128 2.82000' 0.9990
Flynn-Wall 1.9 127 2.23[10'¢ 0.9991
Modified Coats-Redfern 1.9 133 2.1700' 0.9989

Table 6 Non-isothermal kinetic parameters of reaction (13) at f=2.55 K min™'

Method n E/kJ mol™ Als™ |7

Coats-Redfern 1.3 518 1.1300* 0.9963
Flynn-Wall 1.3 510 5.0610* 0.9965
Modified Coats-Redfern 1.2 523 2.5900% 0.9953

Decomposition of [CuCoCgH11N306S,]

The TG, DTG and DTA curves of this compound allowed to detect the following de-
composition steps which occur on its heating in the temperature range 20—-810°C.

[CuCngH11N30682] (s) G:C [CuC0C6H7N304SZ] (g)+CH3COOH (2 (14)
[CuC0C6H7N30482] (s)+10'502 ©@ Homlc CuC082 (s)+6C02 (g)+3N02 ©@ +7H20(g) (15)
2CUCOSz (s)+7-502 (2 Eﬂ»c CUSO4 (S)+Cu0(s)+2CoSO4 (S)+802 (@ (16)

CUSO4 (S)+Cu0(s)+2COSO4 (S)+0.502 ) m:c 2CUC0204 (S)+Cu0 (s)+3 SO3 ) (1 7)

The formation of CoCusS; as the solid product of reaction (15) is confirmed by
chemical analysis and X-ray diffraction data. The solid residue obtained at 810°C, ac-
cording to the X-ray diffraction data, consisted of a mixture of CuCo,04 and CuO.

In Table 7 the values of the kinetic parameters of reaction (14) are listed.

Table 7 Non-isothermal kinetic parameters of reaction (14) at f=2.5 K min™'

Method n E/kJ mol! Als™ Ir

Coats-Redfern 1.9 97 1.7300" 0.9972
Flynn-Wall 1.9 93 2.5200" 0.9975
Modified Coats-Redfern 1.9 96 7.7700" 0.9972

Inspection of the table shows that the three applied integral methods lead to val-
ues which are in a satisfactory agreement.

J. Therm. Anal. Cal., 59, 2000



BADEA et al.: HETEROPOLYNUCLEAR COMPOUNDS 983

al al
a /"B’

08 08 /
06 06 /

/
04 0.4

0.2
02

68.1 815 94.9 1083 121.7 1351

486 629 712 9Ls 105.8
T/°C

T/°C

Fig. 2 Regenerated thermogravimetric curve using coordinates o, #°C) for reaction (1):
—, calculated curve, o — experimental points (a); for reaction (6) (b)
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Fig. 3 Regenerated thermogravimetric curve using coordinates o, #°C) for reaction
(10): —, calculated curve, o — experimental points (a); for reaction (14) (b)

Figures 23 show the regenerated (simulated) TG curves in coordinates o vs. °C
for reactions (1), (6), (10) and (14) using the Coats-Redfern values of the kinetic pa-
rameters as well as the experimental points in the same coordinates. As it can be seen,
the experimental points lie practically in the curve, thus confirming the reliability of
the reported values of the kinetic parameters.

The practically identical crystallographic structures of the four investigated
compounds as well as their similar chemical structures should result in similarities in
their thermal behaviour. As already shown, their heating curves exhibit practically
the same decomposition steps. Moreover, the values of the kinetic parameters of reac-
tions (1), (6), (10) and (14) are relatively close. Slight differences in the values of the
activation parameters are compensated. The same conclusion is valid for the kinetic
parameters of reactions (5) and (13).

As far as the fractional values close to 2 of the reaction order are concerned,
these are due to the decomposition of almost two structural units of the coordination
compound in steps (1), (6), (10), (14).
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General conclusions

1. The main decomposition steps for four heteropolynuclear coordination compounds
[CuML(CH;COO);], where M=Mn(1I), Co(II), Ni(II) and Zn(II) and LH=2-amino-
S-mercapto-1,3,4-thiadiazole (C,H,N;S,), were established.

2. For the kinetically workable steps, the value of the kinetic parameters were deter-
mined.

3. The solid product of the second decomposition step is a mixed metal sulphide of
formula CuMS, which is stable in the range of 30—40°C and consequently can be iso-
lated.

4. The final residue obtained in the case of the compounds [CuMnL(CH;COO);] and
[CuCoL(CH;COO);] contains, besides CuO, the mixed metal oxides with spinel
structures CuMn,0,4 and CuCo0,0;,.
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