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A thermal study of a new series of acetazolamidate complexes of Co(H), Ni(I1) and Cu(II) 
using the TG, DTG and DTA techniques in flowing air, static air and N, atmospheres is 
described. 

From the TG-DTG and DTA curves, different thermal behaviours can be observed. 
Although in all the complexes the processes of dehydration, deammination and pyrolysis can 
be clearly observed, in some cases they appear as several well-separated steps and, in others, 
as continuous stages which take place simultaneously. 

The differences observed between the pyrolytic decomposition in flowing air and in 
nitrogen are described. In flowing air, metal sulphate is formed from the thiadiazole ring, 
except for potassium salts in which the sulphate derives from the sulphonamide group. The 
formation of sulphate from the thiadiazole ring is accompanied by a strong exothermic peak 
in the DTA curve. In contrast, in nitrogen, metal sulphide nor sulphate is formed. 

INTRODUCTION 

Acetazolamide (Acm 5-acetamido-1,3,4-thiadiazole-2-sulphonamide) is 
one of the most potent inhibitors of carbonic anhydrase enzyme. We have 
initiated studies on the coordination chemistry of Acm with metals ions 
[l-4]. In previous papers, the thermal behaviour of several Acm complexes 
has been reported [5,6]. In the present work, as a continuation of this study, 
we report the thermal decomposition of a new series of Acm complexes 
obtained by adding potassium hydroxide, ethylamine (EA), diethylamine 
(DEA) and triethylamine (TEA). 
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EXPERIMENTAL 

Apparatus 

TG analyses were performed in air and nitrogen atmospheres using 
Perkin-Elmer 3600 and DTA 1700 instruments, at a heating rate of 10 “C 
mm-‘. Thermolytic reactions were obtained with samples varying in weight 
from 1 to 8 mg. The TG-DTG and DTA curves are shown from 60°C but 
they were registered from 25 O C. 

IR spectra were obtained using KBr pellets on a Perkin-Elmer Model 843 
spectrophotometer. Reflectance spectra were recorded on a Perkin-Elmer 
Lambda 15 spectrometer. 

Samples 

The complexes (TEAH),Co,(Acm),.2H,O, (DEAH),Cq(Acm),.l/2H,O, 
(EAH),Co,(Acm),.GH,O, (TEAH),Ni,(Acm),.3H,O, (DEAH),Ni, 
(Acm),.3H,O, (EAH)~Cu~(A~m)~.H~O, (DEAH)~Cu~(Acm)~.3H*O, 
(TEAH),Cu,-(Acm),.3H,O, K,Cu,(Acm),.2H,O and K,Co(Acm),.6H,O 
were prepared according to the methods previously reported [7]. 

RESULTS AND DISCUSSION 

(EAH),Co,(Acm),.dH,O 
In the first step, the TG-DTG curves of the complex (Fig. 1) show a loss 

of weight up to lOO* C, corresponding to the elimination of four water 
molecules. The DTA (Fig. 1) curve exhibits a weak endothermic region in 
the temperature range at which the dehydration takes place. 

In the following step (between 100 and 4OO”C), the loss of weight can be 
assigned to the elimination of the remaining water molecules together with 
the deammination and the elimination of the sulphonamido and acetamido 
groups. In the DTA curve, only a broad exothermic peak is observed. No 
thermal events for the dea~nation and the dehydration processes are 
detected; consequently the exothermic peak appears to be a combination of 
the endothermic removal of amine and H,O as well as the exothermic 
pyrolytic decomposition of the ligand. 

(DEAH),Co,(Acm),.1/2H,O 
In the first step, the TG-DTG curves (Fig. 2) show a loss of weight 

corresponding to one molecule of amine and half a molecule of water 
between 30 and 90°C. In the same temperature range, the DTA curve (Fig. 
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(EAH)ZCoZ(Acm)3.6H20 

atm. air 50 cc/mln. 

0 t_ z 

1 L I I 
bU 120 180 240 300 360 420 480 540 bO0 

Fig. 1. TG, DTG and DTA thermograms for (EAH),Co,(Acm)3.6H,0 in dynamic air at 
10°C mill-‘. 

2) exhibits two weak endothermic peaks overlapping with each other, due to 
deammination and dehydration. 

The significant loss of weight up to 390°C is due to the removal of the 
remaining amine, together with that of the sulphonamido and acetamido 
groups. The DTA curve presents a very weak endothermic region with a 
maximum at 240 o C that can be attributed to deammination, and a strong 
exothermic peak at 365”C, characteristic of the ligand degradation. 

(TEAH),Co,(Acm),.2H,O 
The loss of weight observed below 80 o C in the TG-DTG curves (Fig. 3) 

corresponds to the liberation of two molecules of crystallisation water. In 
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60 120 180 240 300 360 420 480 540 600 

Fig. 2. TG, DTG and DTA thermograms for (DEAH),Cq(Acm),.l/2H,O in dynamic air at 
10°C min-‘. 

the DTA curve (Fig. 3), the dehydration appears as an endothermic region 
between 30 and 60 o C. 

In the next step (temperature range 190-280” C), the deammination 
proceeds simultaneously with the first stage of the pyrolytic degradation of 
the ligand. The loss of weight at the end of this thermal event corresponds to 
the elimination of the two molecules of amine and of the three acetamido 
groups. An endothermic peak followed by an exothermic one, assigned to 
the same processes, can be observed in the DTA curve. 

In the second step of the ligand degradation, which appears inmediately 
after the first, the sulphonamido groups are lost. The DTA curve exhibits a 
corresponding exothermic peak with a maximum at 380 O C. 

In all of the above-mentioned compounds, the last step of the ligand 
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(TEAHI 2Co2 (km) 3. 211~0 

atn. air so cc/m1n. 

1 

60 140 220 300 380 420 510 620 700 780 

Fig. 3. TG, DTG and DTA thermograms for (TEAH),Cq(Acm),.2H,O in dynamic air at 
10°C min-‘. 

degradation gives a Co-thiadiazole derivative [6,8]. The formation of the 
thiadiazole derivative has been confirmed by IR spectroscopy. The IR 
spectra of the corresponding samples taken at 420 o C are characterised by a 
broad IR band over 1400 cm - ’ typical of compounds such as thiadiazole 
[9,W. 

The metal thiadiazole derivative is decomposed by partial oxidation of the 
sulphur atom of the thiadiazole ring to a mixture of CoSO, and Co0 [6]. 
The DTG curves at 500°C for (EAH),Coz(Acm),.6H,0 and (DEAH),Co, 
(Acm),.2H,O, and at 590°C for (TEAH),Co,(Acm),.2H,O, suggest that a 
very small amount of cobalt sulphate is formed. The presence of CoSO, has 
been confirmed by IR spectroscopy and is supported by a strong exothermic 
peak observed in the DTA curve at about 550 O C. 

The final residue is COO. 
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The following schemes su~a~se the thermal degradation of these com- 
plexes 

(EAH)ZCo,(Acm)3.6H,0 nX-y,$ ) (EAH),Co,(Acm),.2H,O 

talc.: 7.3% 

- 2H,O, - 2EA - 
) 

3AcNH,, - 3SO,NH, 

Exp.: 55.6% 
) Co2 [Tdz] 3 + Co0 + CoSO, -+ 2CoO 

Care.: 55.3% 

{Residue: exp., 16.2%; talc., 15.3%) 

(DEAH)~Co~(Acm)~.l/2H~O -‘~$‘z~“““) (DEAH)Co,(Acm), 

talc.: 8.9% 

-D!ZA 
-) 

- 3AcNH,, - 3SO,NH, 

Exp.: 54.2% 
) Co, [Tdz] 3 + Co0 + CoSO, + 2CoO 

Calc.: 52.1% 

(Residue: exp., 16.9%; talc., 16.0%) 

(TEAH)~Co~(Acm)~.2H*O ,.;;rp, ) (T~H)~Co~(Acm)~ 

cak.: 3.5% 

- ‘E“+$ nTiNH2 >Co, [ Tdz-SO,NH,] 3 
. . 

i,‘T;y%’ ) Co, [ Tdz] 3 

Calc.: 37.1% Cak.: 23.5% 

--) coo + coso, + 2CoO (Residue: exp., 15.1%; talc., 14.7%) 

(DEAH),Ni,(Acm),.3H20 and (TEAH),Ni,(Acm),.3H,U 

The TG-DTG curves for these complexes are shown in Figs. 4 and 5, 
respectively. The dehydration takes place up to lOO”C, which means that 
the water is water of hydration. The DTA curves (Figs. 4 and 5) show the 
corresponding endothermic region due to the liberation of water. 

The deammination process begins at 100 * C for diethylammonium and at 
180 o C for triethylammonium. The DTA curve exhibits an endothermic peak 
in the TEAH salt. However, no thermal event is observed in the DTA curve 
of the DEAH salt, probably because the corresponding endothermic peak is 
overlapping with the following exothermic one. 

The ligand pyrolysis takes place in two stages. In the first step, the 
elimination of the sulphon~do and acetamido groups occurs leaving a 
nickel thiadiazole derivative in both complexes. The fo~ation of these 
species is also indicated by the IR spectra of the samples taken at about 



321 

011 
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Fig. 4. TG, DTG and DTA thermograms for (DEAH)2Ni,(Acm),.3H,0 in dynamic air at 
10°C min-‘. 

400” C which show a broad band centred over 1400-1500 cm-’ and a 
medium band at 600 cm-‘, characteristic of molecules containing S=C=N 
bonds [9]. An exothermic peak, att~buted to the pyrolytic stage, appears in 
the DTA curves at 365 O C and 310 O C, respectively. 

The Ni thiadiazole derivative then gives a mixture of Ni(I1) sulphide and 
Ni(I1) sulphate. The presence of sulphate is observed in the DTG curve and 
confirmed by IR spectroscopy. The NiS decomposes to NiO and the final 
residue is composed of a mixture of NiSO, and NiO for (DEAH),Ni,(Acm),. 
3H,O and NiO for (DEAH),Ni,(Acm),.3H,O. In the DTA curves the 
shape of the exothermic peaks att~buted to the oxidation processes is 
different from that of the Co(H) and Cu(II) complexes, which is in agree- 
ment with TG-DTG results, discussed above. 



(T?AH) 2N1 2 (&cm) 3. 3H20 

atn. air so cc/m1n. 

Fig. 5. TG, DTG and DTA thermograms for (TEL4H)2Niz(Acm)3.3Hz0 in dynamic air at 
lO*C mine’. 

The thermal decomposition of the complexes can be summarised 
follows 

- 2DEA ) - 3AcNHz, - 3SOzNHz 

Exp.: 57.2% 
) Niz [Tdzl 3 + NiO -I- NiS -I- NiSO, 

talc.: 57.3% 

-+ NiO + NiSO, (Residue; exp., 21.6%; talc., 23.1%) 

(TEAH)2Ni,(Acm),.3H,0 ,.y?$ ) (TEAH)& @cm), 

cab.: 5.1% 

as 
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& “Ti”;‘w ) Ni 2 (Acm), v Ni 2 [Tdz] 3 . . .: . 
talc.: 19.7% talc.: 39.9% 

+ NiO + NiS + NiSO 4 --) 2NiO (Residue: exp., 14.8%; talc., 14.4%) 

R,Cu,(Acm)j.3H20 and (EAH),Cu,(Acm),.H,O (R = DEAH and TEAH) 

(EAH),Cu,(Acm),.H,O 
The TG and DTG curves for (EAH),Cu,(Acm),.H,O are shown in Fig. 

6. The dehydration of the complex occurs between 30 and 60°C which 
means that water is present as water of crystallisation; this was confirmed 
by the RD spectrum of the compound after heating at 120 O C. As expected, 

lti 
(E~H)6Cu2(~cm)5.~20, 

atm. air 50 cc/ml". 

I 

b0 120 180 240 300 ?tiO 420 680 540 601 

Fig. 6. TG, DTG and DTA thermograms for @4H),Cu,(Acm),.H,O in dynamic air at 
10°C min-‘. 
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the RD spectrum of the anhydrous complex is almost identical to that of the 
hydrated compound. The DTA curve (Fig. 6) shows an undefined endother- 
mic region over the same temperature range. 

The deammination process takes place in a single step between 180 and 
230 o C. An endothermic peak centred at 200 o C in the DTA curve accounts 
for the elimination of the six amine molecules. 

The first step of the ligand degradation, which is contiguous with the loss 
of ethylamine, corresponds to the elimination of sulphonamido groups from 
the ligand. This thermal event can be observed in the DTA curve as an 
exothermic peak between 240 and 270°C, next to the previous endothermic 
peak which was attributed to deammination. 

The second pyrolytic decomposition step of the ligand, which involves the 
loss of acetamido groups, occurs between 300 and 400” C. In the DTA 
curve, the process is characterised by an exothermic peak. 

(DEAH),Cu,(Acm),-.3H,O 
The TG-DTG curves (Fig. 7) show a first loss of weight between 30 and 

lOO”C, corresponding to the removal of two water molecules. The low 
temperature at which the elimination of these molecules takes place indi- 
cates their hydration nature. The nature of the water molecules has been 
confirmed by the RD spectrum of the anhydrous complex that exhibits the 
same pattern as that of the hydrated complex. The dehydration of the 
complex is accompanied by the characteristic endothermic region in the 
DTA curve (Fig. 7). 

The deammination, together with the elimination of the last water mole- 
cule, begins at 140 ’ C. The loss of water at temperatures higher than in the 
other complexes already described, suggests that one molecule of water is 
probably bonded through strong hydrogen bonds in the complex structure 
[11,12]. The DTA curve exhibits one endothermic peak only due to both 
processes, centred at 210 O C. Then, ligand pyrolysis takes place. The loss of 
weight between 230 and 390 O C is due to the elimination of the sulphonamido 
and acetamido groups. The endothermic peak, attributed to this pyrolytic 
stage, appears in the DTA curve at 360 O C. 

(TEAH),Cu,(Acm),.3H,O 
As shown in the TG-DTG curves (Fig. 8), the complex becomes 

anhydrous at 70 O C, the DTA curve (Fig. 8) showing an endothermic region 
at this temperature. As in the other Cu(I1) complexes, the crystallisation 
nature of the water was confirmed by the RD spectrum of the anhydrous 
complex after heating at 100°C. 

In the following step, between 120 and 210°C, the deammination of the 
complex takes place, and then, immediately, the first step of the ligand 
degradation starts, which corresponds to the loss of the acetamido groups. 
The DTA curve shows two overlapping peaks in the temperature range 
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Fig. 7. TG, 
zo”c min- 

DTG and DTA 
1 

thermograms for in dynamic air at 

270-340 0 C: first, an endothermic peak characteristic of deammination; and 
second, an exothermic peak caused by the first stage of the &and pyrolysis. 
The second step in the ligand d~om~osition sequence corresponds to the 
loss of the s~l~hona~do groups. The DTA curve shows the exothermic 
peak corresponding to this thermal event. 

Finally, in all of the above-mentioned Cu complexes, the degradation of 
the ligand leads to the fo~ation of a Cu ~ad~~ule derivative [5,8), which, 
according to experimental results, decomposes tu give a mixture of copper 
oxide and copper sulphate [13j. Nowever, in (TEAH)zCu,(Acm),.3H,Q, the 
sulphate is tr~sfo~ed to CuO at about 700” C, unlike the other two 
copper complexes whose residues are a mixture of CuO and CuSO,, This is 
consistent with the IR spectrum of the sample taken at 6oO°C which shows 
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Fig. 8. TG, DTG and DTA thermograms for (TEAH),Cu,(Acm),.3H,O in dynamic air at 
10°C min-‘. 

bands characteristic of sulphate anion and Cu-0 vibration, while the IR 
spectrum of the solid at 800° C only exhibits the band corresponding to 
Cu-0 vibration. 

The DTA curves exhibit strong exothermic peaks in the temperature 
range of these proposed oxidation processes. 

The thermal reactions of the compounds can be summarised as follows 

(EAH)6Cu,(Acm)5.H,0 &~:~$ ) (EAH)&u,(A~~)~ 
talc.: 1.2% 

&y9, ) Cu,(Acm), -5S02NH2) Cu2[Tdz-AcNH2], 
tip.: 25.7% 

Calc.: 18.1% Calc.: 26.2% 
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- SAcNH, 
Exp_: 18_79 f Cu, [Tdd 5 --$ CuO + CuSQ 

talc.: 19.0% 

(Residue: exp., 15.5%; talc., 15.6%) 

(DEAH)&u,(Acm)S.3H,0 &i iyii ) (DEAH)2%(Acm)5.H,0 

Chic.: 2.3% 

- H20’ - 2DEA ) Cu 4 (Acm)S w Cu 4 [T-&-l 5 Exp.: 11.8% .: . 
talc.: 10.6% talc.: 44.3% 

-, 3CuO -t CuSO, (Residue: exp., 25.6% ; talc., 25.5%) 

-- 

K6Cu2(Acd5. 2H20 

atm. atr 50 cclmln. 

so I:lO IOU 240 
I 

3 00 360 420 h l-lo 540 600 

Fig. 9. TG, DTG and DTA thermograms for K,CU~(A~~)~.~H~O in dynamic air at 10°C 
miI-‘. 
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(TEAH),Cu,(Acm),.3H,O ,,.y?$ ) (TEA%% @cd 

talc.: 3.3% 

Ex_~l~.~ ) Cu,(Acm), - 5AcNHz ) Cu,[Tdz-SO,NH,] Ekp.: 18% 
Calc.: 12.6% Calc.: 18.3% 

E?~;3~%z ) Cu 4 [ Tdz] 5 + CuO + CuSO, --j 4CuO 

Calc.: 24.7% 

(Residue : exp ., 20.1%; talc., 19.8%) 

Kf5CoACm4.6H20 

atm. air 50 cdmln. 

I 1 1 
60 IZII 160 zcll 300 360 420 480 540 600 

Fig. 10. TG, DTG and DTA thermograms for K,Co(Acm),.6H,O in dynamic air at 10 o C 
min-‘. 
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K,Cu,(Acm),.2H,O and K6Co(Acm),.6H,0 

The TG-DTG curves (Figs. 9 and 10) show that the first weight loss 
occurs up to 60°C for K,Cu,(Acm),.2H,O and up to 120°C for K&o- 
(Acm),.6H,O: this is due to the removal of crystallisation water. The DTA 
curves (Figs. 9 and 10) exhibit the corresponding endothermic thermal event 
at the temperature of the dehydration. Then, the Cu(I1) and Co(I1) anhydrous 
complexes remain stable up to 260” C and 230°C, respectively. The pyro- 
lytic decomposition takes place in a similar way for both compounds in two 
well-separated steps: 

1. A sudden loss in weight, attributed to partial degradation of the ligand, 

TG 

K6Cu2(*cm) 5. a$0 

atm. static a1r 

t. 

I, , , , , , , , , , , 
50 120 190 260 330 400 470 540 610 680 750 

Fig. 11. TG, DTG and DTA thermograms for K,Cu,(Acm),.2H,O in static air. 
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occurs between 260 and 340°C and between 230 and 3OO”C, respectively. 
The experimental result suggests the formation of a mixture of M(I1) 
thiadiazole derivative and K,SO,. Accordingly the IR spectra of the samples 
taken at 350°C show a broad band centred over 1400-1500 cm-’ and a 
medium band at 600 cm-‘, characteristic of molecules containing S=C=N 
bonds, and the bands characteristic of the vibrations of sulphate anion. As 
we reported previously [6], the potassium sulphate would be formed from 
the sulphonamido moiety. 

2. The metal thiadiazole derivative follows the usual scheme of degrada- 
tion to give MSO, and MO. 

In the DTA curve of K,Cu,(Acm),.2H,O, the two steps of ligand 

!G 
K6CoAcm4.6H20 

atm. etat1c all- 

OTG 

I 1 d 

4u 110 160 250 320 390 460 530 600 610 140 

Fig. 12. TG, DTG and DTA thermograms for K,Co(Acm),.6H,O in static air. 
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degradation appear as exothermic peaks at 270 and 530” C. However, the 
DTA curve of K,Co(Acm),.6H,O has three exothermic thermal events at 
250, 400 and 490 O C, which correspond to the ligand decomposition. 

The TG-DTG thermograms of K,Cu,(Acm),.2H,O and the K&o- 
(Acm),.6H,O were also measured under static air conditions (Figs. 11 and 
12). The thermal decomposition is very similar to that in flowing air 
although there is a small difference in the temperature at which MSO, is 
formed from the S atom of the thiadiazole ring. The TG curve in static air 
shows more clearly an increase in weight corresponding to the oxidation of 
MS to MSO, and MO. 

(TEAH)2CoZ (km) .ZH~O 
3 

atm. N2 50 cc/mIn. 

Fig. 13. TG, DTG and DTA thermograms for (TEAH),Co,(Acm),.2H,O in N, at 10°C 
min-‘. 
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The thermochemical changes observed can thus be represented by the 
following equations 

K,Cu,(Acm),.2H,O ,,.;;;r; ) &Cu&w5 

Calc.: 2.4% 

- 5AcNH, 
Exp.: 26.88 ) Cum& + 3K*SO4 + CuO + CuSO, + 3K,SO, 

Calc.: 26.3% 

(Residue: exp., 47.8%; talc., 50.7%) 

K,Co(Acm),.6H,O ,.;;r,“, ) WwAcmh 

Calc.: 8.4% 

&4;;;:; I Co[Tdz]‘, + 3K,SO, + CoSO, + 3K,SO, 

Calc.: 19.6% 

(Residue: exp., 52.4%; talc., 52.8%) 

The TG, DTG and DTA curves were also measured in nitrogen atmosphere. 
The most significant differences between the thermal degradation in flowing 
air and N, are summarised as follows: 

1. The residue obtained in N, is metal sulphide in all cases. In flowing air, 
as indicated above, the final product was identified as a mixture of metal 
sulphate and metal oxide or metal oxide alone. 

2. The oxidation process of the thiadiazole derivative which gives MSO, 
and MO, shows a strong exothermic peak in the DTA curve in air which was 
not observed in N,. 

Figure 13 shows the TG-DTG and DTA curves of the pyrolytic decom- 
position of (TEAH),Co,(Acm),.2H,O in nitrogen, as an example of the 
thermal degradation that is typical of all the complexes. 
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