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Abstract

The mechanism of thermal decomposition of the metal complexes of sulphamethoxazole
(SMZ) viz: [Ag(SMZ)H2O], [Cd(SMZ)2(H2O)2], [VO(SMZ)2(H2O)2], [UO2(SMZ)2]⋅H2O,
[Hg(SMZ)2(H2O)2] and [Co(SMZ)2(H2O)2]⋅H2O has been accomplished on the basis of TG, DTG
and DTA studies. The mechanism of thermal decomposition of these complexes conforms to the
stoichiometry of the complexes based on elemental analysis.
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Introduction

Sulphamethoxazole (SMZ) is a well known antibacterial drug and has wide ap-
plications in pharmaceutical industry. It is principally employed in the treatment of
the respiratory and urinary tract infections [1]. It has already been recognized that
metal complexes of ligands having biological activity are more active than free li-
gands [2, 3]. In view of it, the solid complexes of Ag(I), VO(II), UO2(II), Cd(II),
Co(II), Hg(II) and Ce(III) salts with SMZ have been synthesized and characterized
on the basis of elemental analysis and IR and electronic spectral studies [4]. The pre-
sent report deals with the thermogravimetric (TG), derivative thermogravimetric
(DTG) and differential thermal analysis (DTA) of SMZ and its metal complexes
namely [Ag(SMZ)H2O], [Cd(SMZ)2(H2O)2], [VO(SMZ)2(H2O)2], [UO2(SMZ)2]⋅
H2O, [Hg(SMZ)2(H2O)2] and [Co(SMZ)2(H2O)2]⋅H2O. The aim of the thermal stud-
ies is to propose the mechanism for thermal decomposition of the complexes in order
to supplement the results on the stoichiometry of the complexes based on elemental
analysis [4].

Experimental

The complexes of SMZ with metal ions Ag(I), Cd(II), VO(II), UO2(II), Co(II),
Hg(II) and Ce(III) were synthesized and characterized by the methods already re-
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ported from our laboratory [4]. TG, DTG and DTA studies were carried out on Stan-
ton Redcroft differential scanning calorimeter using Al2O3 as a standard. All the runs
have been carried out at a heating rate of 10oC min−1 and a chart speed of
20 cm h−1. The representative curves of TG, DTG and DTA are presented in Figs 1−4.

Results and discussion

Various parameters associated with the thermal behaviour of the ligand and metal
complexes viz Ag(I)–SMZ, Cd(II)–SMZ, VO(II)–SMZ, UO2(II)–SMZ, Co(II)–SMZ
and Hg(II)–SMZ as deduced from TG, DTG and DTA curves have been summarized
in Table 1. Also recorded in Table 1 are the melting points of the complexes. The
DTG and DTA curves of SMZ show that the thermal decomposition of the ligand is
a two–step exothermic process. The parameters of TG curve reveal mass loss effects

Fig. 1 TG, DTG and DTA curves of SMZ

Fig. 2 TG, DTG and DTA curves of [Ag(SMZ)H2O]
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in the 170−610oC temperature range and this loss in mass may be due to the exother-
mic but not endothermic continuous decomposition of the ligand as reported by
Kanagaraj and Rao [5].

Before discussing the thermal behaviour of the metal complexes, it is essential to
comment on the thermal behaviour of different types of water i.e. hygroscopic water,
water of crystallization and chemically bound or coordinated water. The removal of
hygroscopic water occurs in the 80−105oC region while 105−220oC for water of
crystallization. The region of coordinated water lies in the range 220−550oC. How-
ever these ranges of temperature for the removal of water are not unique. Depending
upon the magnitude of the interactions of different types of water molecules, these
temperature ranges vary significantly from one system to another.

The characteristic parameters of TG, DTG and DTA curves of Ag(I)–SMZ com-
plex are recorded in Table 1. The data of DTG and TG curves reveal that the decom-
position of the complex occurs in two exothermic steps (Table 1). The first step of
decomposition starts at 225oC. The broad character of the second DTG peak reveals
that in decomposition of the complex, a number of reactions are involved with the
formation of unstable intermediate species. The temperature range for the decompo-
sition of complex in two steps is 225−610oC. The loss in mass is of the order of 67%
(expected value 72%) which corresponds to the removal of one molecule of water as
well as one molecule of SMZ, with the formation of Ag at 610oC. The mass of the
Ag residue is of the order of 33% and is 5% above the expected value. Keeping in
view the mass loss as a function of temperature, the scheme for the decomposition
of the complex may be presented as:

Fig. 3 TG, DTG and DTA curves of [VO(SMZ)2(H2O)2]

[Ag (SMZ)H2O]  − H2O

− SMZ
  Ag (1)
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The TG, DTG and DTA parameters of Cd(II)–SMZ complex indicate that de-
composition occurs in three steps (Table 1). The first step in the temperature range
110−140oC is endothermic in nature and is assigned to the removal of two molecules
of chemically bound water. The loss in mass corresponding to this step is 5.6%. The
second and third exothermic steps fall in the temperature range 230−530oC. These
steps correspond to the decomposition of Cd(SMZ)2 to CdO. A 77.5% loss has been
observed in this step as expected. CdO is the stable form up to 900oC. The residual
mass due to CdO is ~16% which is well within the range of expected value i.e.
19.6%. In view of the above facts, decomposition of the complex may be written as:

The thermal decomposition of VO(II)–SMZ complex occurs in four stages as is
evident from the characteristic parameters of TG, DTG and DTA curves (Table 1).
The endothermic 4% loss in mass in the temperature region 40−70oC may be due to
the removal of hygroscopic water. The second stage falls in the temperature region
110−200oC. The loss of coordinated water corresponding to this stage is of the order
of 6% and is also endothermic in nature. The exothermic loss in mass in the tempera-
ture region 200−400 and 400−530oC is around 40 and 42% respectively which is
well within the expected value. The loss in mass in two stages is attributed to the
thermal removal of two ligand molecules with the formation of V2O5 at 530oC. The
broad nature of DTG curve reveals that in these two steps a number of reactions are
taking place simultaneously with the formation of unstable intermediate moities.
The residual mass due to V2O5 is of the order of 13% and remains stable upto 690oC
as expected. Keeping in view, to above discussion, the following scheme is proposed
for the thermal decomposition of the complex:

Fig. 4 TG, DTG and DTA curves of [Co(SMZ)2(H2O)2]⋅H2O

[Cd(SMZ)2(H2O)2]  
− 2H2O

a
  Cd(SMZ)2  

− 2SMZ
b

  CdO (2)

[VO(SMZ)2(H2O)2]  
− 2H2O

a
  VO(SMZ)2  

− 2SMZ
b

  V2O5 (3)
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The characteristic parameters of TG, DTG and DTA curves of UO2(II)–SMZ
complex show that thermal decomposition of the complex is a four step process. The
first step is endothermic in character and is in the temperature range 25−50oC and is
due to the hygroscopic water. The loss in mass corresponding to this step is 3%. The
second step in the temperature range 50−150oC which is also endothermic represents
the loss of one molecule of water of crystallization. The mass loss is of order of 2.4%
and is well within the range of expected value. The third and the fourth steps which
are exothermic in nature fall in the temperature range 105−620oC. The mass loss in
this temperature range have been found to be of the order of 62%. This may be at-
tributed to the decomposition of two SMZ molecules from the complex, finally with
the formation of U3O8 via UO3 at 620oC. The broad nature of DTG and DTA curves
corresponding to the fourth step indicates that the number of reactions are taking
place simultaneously without giving stable intermediate species. Beyond 620oC,
there is no measurable change in the mass. In brief, the thermal changes can be
shown as:

The decomposition of Co(II)–SMZ complex takes place in four steps as is evi-
dent from the characteristic parameters of TG, DTG and DTA curves. The first en-
dothermic step in the temperature region 100−130oC shows a 3% mass loss and is at-
tributed to the one molecule of water of crystallisation. The 5.8% mass loss in the
second endothermic step in the temperature region 185−240oC is due to two mole-
cules of chemically bound water. The third and fourth steps are exothermic in nature
and fall in the temperature range 240−450 and 450−535oC respectively. The ob-
served mass loss corresponding to these steps is of the order of 40% in each step.
This mass loss corresponds to the thermal removal of two ligand molecules from the
complex consequently with the formation of stable Co3O4 at 535oC. In the light of
above discussion, the decomposition of the complex may be presented as:

The characteristic parameters of TG, DTG and DTA curves of Hg(II)–SMZ com-
plex reveal that the thermal decomposition of Hg(II)–SMZ complex occurs in two
steps in the temperature regions upto 180 and 180−600oC respectively. First step is
endothermic and correspond to the loss of two coordinated water molecules with
4.8% loss in mass. The second decomposition temperature ranges from 180−600oC
and is exothermic in character. The broad nature of DTA peak in this temperature
range is indicative of the fact that number of chemical reactions are occurring simul-
taneously with the formation of unstable intermediate moities. The loss in mass dur-
ing this step is of the order of 92% and this may be due to the thermal removal of two
molecules of ligand, as well as the decomposition of HgO formed to Hg. In the light

UO2(SMZ)2H2O  
− H2O

a
  UO2(SMZ)2  

− SMZ

b
  UO2(SMZ)  

− SMZ

c
  U3O8

(4)

[Co(SMZ)2(H2O)2]⋅H2O  
− H2O

a
  [Co(SMZ)2(H2O)2]  

− 2H2O

b

[Co(SMZ)2]  
− SMZ

c
  [Co(SMZ)]  

− SMZ

d
  Co3O4

(5)

RANDHAWA et al.: METAL COMPLEXES OF SMZ 555

J. Therm.  Anal. Cal., 57, 1999



J. Therm. Anal Cal., 57, 1999

556 RANDHAWA et al.: METAL COMPLEXES OF SMZ

Ta
bl

e 
1  

T
he

 c
h

ar
ac

te
ris

tic
 p

ar
am

et
er

s 
of

 T
G

, D
T

G
 a

nd
 D

TA
 c

ur
ve

s 
o

f S
M

Z
 a

n
d 

its
 m

et
al

 c
om

p
le

xe
s

C
o

m
p

o
u

n
d

T
G

D
T

G
D

TA

R
e

a
ct

io
n

, 
st

e
p

s 
   

   
   

   
 

T
ra

n
g

e/o C
M

a
ss

 lo
ss

/%
P

e
a

ks
/o C

o
b

s.
ca

lc
.

C
1

0H
1

1N
3O

3S
1

7
0

–
6

1
0

1
0

0
1

0
0

1
7

5
b

1
8

0
(e

xo
)

4
6

5
b

(e
xo

)
e

xo
th

e
rm

ic
 c

o
n

ti
n

u
o

u
s 

d
e

co
m

p
o

si
ti

o
n

[A
g

(S
M

Z
)H

2O
]

2
2

5
–

6
1

0
 6

7
.0

 7
1

.4
1

9
0

 
2

0
0

(e
xo

)
e

xo
th

e
rm

ic
 d

e
co

m
p

o
si

ti
o

n
 o

f 
th

e
co

m
p

le
x 

w
it

h
 t

h
e

 f
o

rm
a

ti
o

n
 o

f 
A

g
, (

1
)

> 6
1

0
 3

3
.0

*
 2

8
.6

4
4

0
b

4
3

5
b

(e
xo

)
A

g

[C
d

(S
M

Z
) 2

(H
2O

) 2
]

1
1

0
–

1
4

0
 5

.6
  

5
.5

1
0

0
 

1
1

0
(e

n
d

o
)

e
n

d
o

th
e

rm
ic

 r
e

m
o

va
l o

f 
tw

o
 c

o
o

rd
in

a
te

d
w

a
te

r 
m

o
le

cu
le

s,
 (

2
)a

2
3

0
–

5
3

0
 7

7
.5

 8
1

.7
2

5
0

 
2

5
0

(e
xo

)
e

xo
th

e
rm

ic
 r

e
m

o
va

l o
f 

tw
o

 S
M

Z
m

o
le

cu
le

s 
a

n
d

 f
o

rm
a

ti
o

n
 o

f 
C

d
O

, 
(2

)b

5
3

0
–

9
0

0
 1

6
.0

*
 1

9
.6

*
5

2
0

 
4

8
5

(e
xo

)
C

d
O

[V
O

(S
M

Z
) 2

(H
2
O

) 2
]

4
0

–
7

4
  

4
.0

–
  

4
5

 
5

5
(e

n
d

o
)

e
n

d
o

th
e

rm
ic

 r
e

m
o

va
l o

f 
h

yg
ro

sc
o

p
ic

w
a

te
r

1
1

0
–

2
0

0
  

6
.0

  
6

.1
1

7
0

 
1

1
0

(e
n

d
o

)
re

m
o

va
l o

f 
tw

o
 m

o
le

cu
le

s 
o

f 
co

o
rd

in
a

te
d

w
a

te
r,

 (
3

)a

2
0

0
–

4
0

0
 4

0
.0

 9
0

.8
2

1
5

b
1

8
0

(e
xo

)
d

e
co

m
p

o
si

ti
o

n
 o

f 
tw

o
 m

o
le

cu
le

s 
o

f 
S

M
Z

w
it

h
 th

e
 f

o
rm

a
ti

o
n

 o
f 

V 2
O

5
, 

(3
)b

4
0

0
–

5
3

0
 4

2
.0

3
4

0
b

3
9

0
(e

xo
)

V 2
O

5

5
3

0
–

6
9

0
 1

3
.0

*
 1

5
.4

*



J. Therm. Anal Cal., 57, 1999

557RANDHAWA et al.: METAL COMPLEXES OF SMZ

Ta
bl

e 
1  

C
o

nt
in

ue
d

C
o

m
p

o
u

n
d

T
G

D
T

G
D

TA

R
e

a
ct

io
n

, 
st

e
p

s 
   

   
   

   
 

T
ra

n
g

e/o C
M

a
ss

 lo
ss

/%
P

e
a

ks
/o C

o
b

s.
ca

lc
.

[U
O

2(
S

M
Z

) 2
]⋅ H

2
O

2
5

–
5

0
  

3
.0

–
 5

0
6

0
(e

n
d

o
)

e
n

d
o

th
e

rm
ic

 r
e

m
o

va
l o

f 
h

yg
ro

sc
o

p
ic

w
a

te
r

5
0

–
1

0
5

  
2

.4
  

2
.2

 9
0

 
1

1
5

(e
n

d
o

)
re

m
o

va
l o

f 
o

n
e

 m
o

le
cu

le
 o

f 
w

a
te

r 
o

f
cr

ys
ta

lli
za

ti
o

n
, 

(4
)a

1
0

5
–

6
2

0
 6

2
 6

5
.1

1
8

0
 

1
8

5
(e

xo
)

d
e

co
m

p
o

si
ti

o
n

 o
f 

tw
o

 m
o

le
cu

le
s 

o
f 

S
M

Z
w

it
h

 t
h

e
 f

o
rm

a
ti

o
n

 o
f 

U 3
O

8
,v

ia
 U

O
3

(3
)b

,c

> 6
2

0
 3

5
.0

*
 3

5
.4

*
4

8
5

b
4

8
5

(e
xo

)
U 3

O
8

[C
o

(S
M

Z
) 2

(H
2O

) 2
]⋅ H

2
O

1
0

0
–

1
3

0
 3

.0
 2

.9
1

0
0

 
1

1
0

(e
n

d
o

)
e

n
d

o
th

e
rm

ic
 r

e
m

o
va

l o
f 

o
n

e
 m

o
le

cu
le

 o
f

w
a

te
r,

 (
5

)a

1
8

5
–

2
4

0
 5

.8
 6

.0
1

8
0

 
2

0
0

(e
xo

)
e

n
d

o
th

e
rm

ic
 r

e
m

o
va

l o
f 

tw
o

 m
o

le
cu

le
s

o
f 

co
o

rd
in

a
te

d
 w

a
te

r,
 (

5
)b

2
4

0
–

4
5

0
4

0
.0

8
9

.4
2

4
0

 
4

5
0

(e
xo

)
re

m
o

va
l o

f 
tw

o
 m

o
le

cu
le

s 
o

f 
S

M
Z

 w
it

h
th

e
 f

o
rm

a
ti

o
n

 o
f 

C
o 3O

4
 a

t 
5

3
5o

C
, 

(5
)c

,d
4

5
0

–
5

3
5

4
0

.0

> 5
3

5
1

2
.0

*
1

3
.0

*
4

3
0

 
C

o 3
O

4

[H
g

(S
M

Z
) 2

(H
2O

) 2
]

u
p

to
 1

8
0

 4
.8

 4
.9

1
8

0
 

1
3

0
(e

n
d

o
)

e
n

d
o

th
e

rm
ic

 r
e

m
o

va
l o

f 
tw

o
 c

o
o

rd
in

a
te

d
w

a
te

r 
 m

o
le

cu
le

s,
 (

6
)a

1
8

0
–

6
0

0
9

2
.0

9
5

.1
4

6
0

b
4

6
0

(e
xo

)

e
xo

th
e

rm
ic

 r
e

m
o

va
l o

f 
tw

o
 m

o
le

cu
le

s 
o

f
S

M
Z

, 
(6

)b
,c

 a
lo

n
g

 w
it

h
 t

h
e

d
e

co
m

p
o

si
ti

o
n

 o
f 

H
g

O
 f

o
rm

e
d

 t
o

 H
g

,
(6

)d

*-
 r

e
si

d
u

a
l m

a
ss

, b
 -

 b
ro

a
d



of this discussion, the scheme for the thermal decomposition of Hg(II)–SMZ com-
plex may be presented as:

To summarise, it is concluded that in these complexes, the mass loss as a function
of temperature occurs as expected from the molecular formula as deduced from ele-
mental analysis.

*   *   *

The authors are indebted to central building research institute (CBRI) Roorkee for thermal
studies.
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