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ABSTRACT 

The thermal decomposition of metal complexes of biacetylmonoxime isonicotinoylhydra- 
zone (H,BMINH) and 3-isonicotinamido-rhodanine (HINRd) with bivalent nickel, cobalt, 
copper, cadmium and zinc under an atmosphere of air has been investigated by thermo- 
gravimetry (TG), differential thermogravimetry (DTG) and differential thermal analysis 
(DTA). Stoichiometric calculations from the obtained thermograms strongly confirm that the 
complexes Co(HBMINH)Ac .4H *O, Co(INRd)OH . H z0, Cd(INRd)OH .2H z0 and 
Ni(INRd)OHe2H,O decompose through two steps. On the other hand, Ni(BMINH)C,H, 
OHe2H,O, Cu(H,BMINH)Cl,~C,H,OH and Zn(HINRd)(OH),.H,O complexes are fully 
decomposed in one step. These are indicative of the nature of the metal-ligand bonds in the 
above mentioned complexes. Finally, a stepwise thermal character is developed for the 
compounds under investigation. 

INTRODUCTION 

The majority of compounds, including complexes, suffer physical and 
chemical changes such as changes in weight and calorific values, when 
subjected to heat energy. In differential thermal analysis (DTA) and dif- 
ferential thermogravimetry (DTG), overlapping processes can be dis- 
tinguished more easily than in the thermogravimetric (TG) method [l]. 

Very few thermogravimetric studies were found in the literature, even on 
related metal complexes [2]. Thus, the present study is aimed at evaluating 
the thermographical behaviour of some selected and representative metal 
complexes of both biacetylmonoxime isonicotinoylhydrazone (H,BMINH) 
and 3-isonicotinamido-rhodanine (HINRd) with bivalent nickel, cobalt 
copper, cadmium and zinc, and, possibly, at understanding the mechanism 
of thermal decomposition of these complexes in the solid state. 

* Author to whom all correspondence should be addressed. 
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EXPERIMENTAL 

The ligands (H,BMlNH), and (HINRd), and their metal complexes were 
prepared as reported in our previous work [3,4]. The ligands have the general 
structural formula (I) 

-N:C-CH3 
-N-clo 

(H2BMINH);R= 
I 

& (HINRd);R= SC CH2 

HON-C -CHJ 
‘S’ 

(I) 

APPARATUS 

In order to monitor the thermal behaviour of the complexes, a Thermo- 
analyser GDTD 16 (Setaram, Lyon, France) capable of the graphical 
recording of the T, TG, DTG and DTA curves was used from room 
temperature (20 o C) up to 1000 o C in air. 

RESULTS AND DISCUSSION 

Elemental analysis, magnetic measurements, and IR and visible spectral 
measurements have been used to characterize the isolated solid complexes 
]3,41. 

Thermal behaviour of H2 BMINH complex with copper chloride 

During the heating of Cu(H,BMINH)Cl, - C,H,OH, the DTA curve 
undergoes a series of thermal changes associated with a weight loss in the 
TG and DTG curves. These curves show that the complex has great stability 
up to 250°C at which point a weight loss starts to occur. The TG curve 
(Fig. 1) displays 11.31% weight loss at 250-270 o C, which could be corre- 
lated with the elimination of an ethanol molecule. As the temperature is 
raised, the DTA curve shows two weak endothermic peaks at 330 and 
350°C accompanied by 18.09% weight loss which corresponds to the loss of 
the chlorine atoms which are covalently bonded into the complex inner 
sphere [5]. Afterwards, the DTA curve exhibits a series of exothermic effects 
at 515, 600 and 650°C. These effects correlate with full decomposition of 
the complex: the rupture of the chelate bond and loss of the organic portion, 
leaving behind Cu,O which is further oxidized to CuO at 790 O C; this 
indicates the presence of mixed valence copper oxides, namely CuO and 
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Fig. 1. The thermal curves of H,BMINH complex with CIA(H). 

CuzO (minor). This is further supported by the results of quantitative 
thermogravimetric analysis, given in Table 1. The existence of these two 
oxides together may cause some internal changes in the crystalline lattice [6]. 
Above 800 O C, the remaining residue, comprising 19.33% of the initial mass 
of the complex, is found to be stable up to 1000 o C. The experimental value 
of copper : ethanol : chlorine : reagent ratio, 0.99 : 1.0 : 2.03 : 1.02, is compati- 
ble with the theoretical value 1: 1: 2 : 1. The qu~titative calculations from 
the obtained thermograms (Fig. 1) strongly support the following decom- 
position scheme 

Cu(H,BMINH)Cl,.C2H,0H 250-270”C~Cu(H,BMINH)C1, 270-3800c) 

Cu(H,BMINH) 380-8000CtCuO/Cu,0(minor) + (CO/CO,; N,/NO; N02) 

Thermal behuviour of H,BMINH complex with cobaltous acetate 

For Co(HBMINH)Ac - 4H,O, the thermal curves show that the complex 
is thermally stable up to 140 o C, above which point thermal decomposition 
begins. In the temperature range 140-230 o C, the TG curve (Fig. 2) displays 
17.45% weight loss which could be correlated with the eli~nation of four 
water molecules in one step. This may suggest that these are identical water 
of ~~stal~~tion molecules 131. The strong exotherm at 320°C and its 
connecting shoulder at 345“ C in the forward convex shape of the DTA 
curve seems to be correlated with loss of the acetate portion (14.18% weight 
loss) [2]. Next, over the temperature range 345-500” C, a series of thermal 
effects caused by partial degradation and pyrolysis of the complex occurs. 
The sudden weight loss (24.53%) in the TG curve produced by these effects 
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Fig. 2. The thermal curves of H,BMINH complex with Co(I1). 

is most probably correlated with the elimination of the 2-imino-l-biacetyl- 
monoxime fragment. Above 500°C a double exothermic effect at 585 and 
610” C, attributed to the decomposition of the remaining portion of 
H,BMINH, is observed. In this respect, the final product comprises mixed 
valence oxides CoO/Co,O, (minor) as shown quantitatively in Table 1. In 
our opinion, the two steps of thermal decomposition of Co(HBMINH)Ac - 

4H,O (II) including the relatively low temperature one at which the 2-imino- 
l-biacetylmonoxime fragment begins to decompose, are attributed to the 
destruction of the weak coordinating bond of the CN group with respect to 
the relatively strong covalent bond of the enolized carbonyl oxygen [3]. 

The experimental cobalt : water : acetate : reagent ratio 1: 3.98 : 0.99 : 1.01, 
suggests the theoretical ratio 1 : 4 : 1 : 1. 

OH 

(II) 

Thermal behaviour of H,BMINH complex with nickel acetate 

For Ni(BMINH)C,H,OH - 2H,O, the TG results (Fig. 3) clearly indicate 
that the complex has great thermal stability up to 140 o C, above which point 
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Fig. 3. The thermal curves of H,BMINH complex with Ni(I1). 

elimination of water beginsThe first decomposition step (9.92% weight loss) 
is correlated with the elimination of two molecules of water, ending at 
320” C. This relatively high temperature may confirm that these water 
molecules are coordinated to the central nickel ion and are not water of 
crystallization. In the temperature range 360-380” C, the sudden 12.76% 
weight loss is most probably correlated with elimination of the coordinating 
ethanol molecule. With the increase of the temperature, the DTA curve 
displays a series of exothermic effects located at 435, 580 and 640°C. This 
step is largely due to the complete decomposition of the complex through 
loss of the organic portion and formation of a stable NiO as a final fired 
product, as shown in the thermogravimetric evaluation (Table 1). 

The experimental value of nickel : water : ethanol : reagent ratio, 
1 : 1.99 : 1 : 1.01, is compatible with the theoretical value 1 : 2 : 1 : 1. 

Thermal behaviour of HINRd complexes with cadmium(II), nickeI(II), 
cobalt(II) and zinc(II) 

The probable constitutional formulae for the various metal complexes 
with HINRd are given in Table 2. From these results, it was deduced that 
HINRd reacts with the metal ions in enol form, with the exception of Zn(I1). 
The thermal curves (Figs. 4-7) show that these complexes are thermally 
stable up to 140°C above which point weight loss begins. 



TA
BL

E 
2 

T
he

rm
al

 
be

ha
vi

ou
r 

of
 H

IN
R

d 
co

m
pl

ex
es

 
w

it
h 

C
d(

H
), 

N
i(

II
), 

C
o(

I1
) 

an
d 

Z
n(

I1
) 

Te
m

p.
 

Sa
m

pl
e 

w
ei

gh
t 

(m
g)

 
C

he
m

ic
al

 
fo

rm
ul

a 
M

ol
. 

w
t. 

A
ss

ig
nm

en
t 

(“
C

) 
Fo

un
d 

C
al

cu
la

te
d

 
(e

st
ab

lis
he

d
) 

(c
al

cu
la

te
d

) 

to
 f

it
 t

he
 

ch
em

ic
al

 
fo

rm
ul

a 

20
-1

40
 

20
.9

 
_ 

C
d(

IN
R

d)
O

H
.2

H
,O

 
41

7.
72

9 
St

ab
le

 
14

0-
23

5 
19

.0
36

 
19

.0
97

 
C

d(
IN

R
d)

O
H

 
38

1.
69

7 
Lo

ss
 o

f 
m

ai
nl

y 
ch

em
ic

al
ly

 
co

m
bi

ne
d 

w
at

er
 

23
5-

36
0 

13
.0

29
 

13
.0

38
 

R
em

ai
ni

ng
 

po
rt

io
n 

26
0.

58
3 

Lo
ss

 o
f 

th
e 

is
on

ic
ot

in
yl

am
id

e 
fr

ag
m

en
t 

(I
II

) 
36

0-
80

0 
6.

40
0 

6.
42

7 
C

d0
 

12
8.

41
 

D
ec

om
po

si
ti

on
 

to
 m

et
al

 o
xi

d
e 

as
 e

nd
 p

ro
d

uc
t 

20
-1

40
 

20
.8

 
- 

N
i(

IN
R

d)
O

H
.2

H
,O

 
36

4.
00

9 
St

ab
le

 
14

0-
22

0 
18

.7
10

 
18

.7
41

 
N

i(
IN

R
d)

O
H

 
32

7.
97

7 
Lo

ss
 o

f 
m

ai
nl

y 
ch

em
ic

al
ly

 
co

m
bi

ne
d 

w
at

er
 

22
0-

39
0 

11
.9

75
 

11
.8

20
 

R
em

ai
ni

ng
 

po
rt

io
n 

20
6.

86
3 

D
is

so
ci

at
io

n 
of

 t
he

 i
so

ni
co

ti
ny

la
m

id
e 

fr
ag

m
en

t 

(I
II

) 
39

0-
80

0 
4.

31
1 

4.
26

8 
N

iO
 

74
.6

9 
D

ec
om

po
si

ti
on

 
to

 m
et

al
 o

xi
d

e 
as

 e
nd

 p
ro

d
uc

t 

20
-1

40
 

21
.2

 
- 

C
o(

IN
R

d)
O

H
 

. H
 2

O
 

34
6.

23
3 

St
ab

le
 

14
0-

20
5 

20
.0

78
 

20
.0

87
 

C
o(

IN
R

d)
O

H
 

32
8.

21
7 

Lo
ss

 o
f 

w
at

er
 h

yd
ro

ge
n 

bo
nd

ed
 t

o 
py

ri
d

in
e 

nu
cl

eu
s 

20
5-

37
5 

12
.6

76
 

12
.6

75
 

R
em

ai
ni

ng
 

po
rt

io
n 

20
7.

10
3 

D
is

so
ci

at
io

n 
of

 t
he

 i
so

ni
co

ti
ny

la
m

id
e 

fr
ag

m
en

t 

(I
II

) 
37

5-
80

0 
4.

60
0 

4.
58

6 
C

oO
/C

o,
O

, 
(m

in
or

) 
D

ec
om

po
si

ti
on

 
to

 m
ix

ed
 v

al
en

ce
 o

xi
d

es
 a

s 
en

d 
pr

od
uc

t 

20
-1

40
 

24
.6

 
- 

Z
n(

H
IN

R
d)

(O
H

),.
H

,O
 

37
0.

69
1 

St
ab

le
 

14
0-

20
5 

23
.3

69
 

23
.4

04
 

Z
n(

H
IN

R
d)

(O
H

)*
 

35
2.

67
5 

Lo
ss

 o
f 

w
at

er
 h

yd
ro

ge
n-

bo
nd

ed
 

to
 p

yr
id

in
e 

nu
cl

eu
s 

20
5-

80
0 

5.
4 

5.
40

1 
Z

nO
 

81
.3

8 
Fu

ll 
d

ec
om

po
si

ti
on

 
of

 t
he

 c
om

pl
ex

 l
ea

vi
ng

 
m

et
al

 o
xi

d
e 

as
 e

nd
 p

ro
d

uc
t 



60 

i 
Endo 

Temperature,‘C 

Fig. 4. The thermal curves of HINRd complex with Cd(H). 

For the HINRd complex with cadmium acetate (Fig. 4), the phenomena 
occurring are: the eli~~ation of two coordinating water molecules [4] 
(8.92% weight loss) in the temperature range 140-235 o C; the second weight 
loss (28.74%) at 345 o C, an exothermic effect, most probably correlated with 
the partial decomposition of the complex and elimination of isonicotinyla- 
mide fragment (III); and next, over the temperature range 370-7OO”C, a 
series of exothermic effects at 430, 460, 545 and 665 o C, largely due to the 
complete decomposition of the remaining organic portion leaving Cd0 as 
the final product, comprising 30.62% (Table 2). 

The expe~mental cadmium : water : isoni~otinyla~de : rhodanine nucleus 
ratio, 1: 2.06 : 1 : I, is compatible with the theoretical value 1: 2 : 1: 1. 

For the HINRd complex with nickel acetate, the DTA curve (Fig. 5) 
comprises a broad endothermic peak at 170 o C corresponding to elimination 
of two coordinating water molecules (10.05% weight loss). The sharp ex- 
othermic peak at 355°C correlates with the elimination of an iso- 

First ircgmcnt 

M= Cdfll) I Niflf) and Cofll) 

WI) 
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Fig. 5. The thermal curves of HINRd complex with Ni(II). 

nicotinylamide fragment and displays 32.38% weight loss in the TG 
curve(II1). On increase of the temperature from 390 to 570°C, a series of 
exothermic effects at 480 and 505 “C, accompanied by weight loss, can be 
seen in the DTA curve. This weight loss is correlated with full decomposi- 
tion of the complex and formation of a final stable residue of NiO. This 
remaining residue represents 20.73% of the initial weight of the complex 
(Table 2). 

The experimental nickel : coordinated water : isonicotinylamide : rhodanine 
nucleus ratio, 1 : 2: 0.97 : 1.0, is compatible with the theoretical value 
1:2:1:1. 

Exo 

: 
Ai 

I 
E&o 

350 

A5 

: 217’ 1. 

200 400 600 _ 
Temperature,-C 

Fig. 6. The thermal curves of HINRd complex with Co(H). 
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Fig. 7. The thermal curves of HINRd complex with Zn(II). 

For the HINRd complex with cobaltous acetate (Fig. 6), the phenomena 
occurring are: the elimination of a water molecule, ending at 205 O C, which 
relatively high dehydration temperature supports the opinion that this water 
molecule is most probably hydrogen bonded to the nitrogen atom of the 
pyridine nucleus and is not crystallization or coordination water; the second 
weight loss step (34.92%) at 350 *C, an exothermic effect in the DTA curve, 
most probably correlated with the elimination of isonicotinylamide fragment 
(III); and the exothermic effects at 385,430, 510 and 565 0 C, correlated with 
the full decomposition of the complex to the final product (21.7%) compris- 
ing mixed valence oxides (CoO/Co,O,) shown quantitatively in Table 2. 
The experimental value found for the cobalt : water : isonicotinylamide : rho- 
danine nucleus ratio, 1 : 1.02 : 1 : 1, is compatible with the theoretical combi- 
nationratioof 1:l:l:l. 

The thermal behaviour of the HINRd complex with zinc acetate (Fig. 7) is 
somewhat different from those with Cd(II), Ni(I1) and Co(U). 

For Zn(HINRd)(OH), - H,O, the DTA curve displays an endothermic 
peak at 190°C correlated with the elimination of a water molecule, hydro- 
gen bonded to the nitrogen atom of the pyridine nucleus (5% weight loss). 
The pronounced thermal process which occurs between 365 and 590 o C in 
the DTA curve suggests that some components are eliminated from the 
complex at a high rate, leaving behind ZnO as the final product representing 
21.95% of the initial mass of the complex. 

CONCLUSIONS 

Generally, for all the complexes under investigation, the final products 
have been mathematically related to each formula weight of the starting 
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metal complexes. Data obtained were found to be in good agreement with 
the suggested formulae (compositions given in Tables 1 and 2). 

Accordingly, it is interesting to conclude that: (i) the two steps of thermal 
decomposition (II and III) including the relatively low temperature at which 
the first fragment begins to decompose, are attributed to the weak coordinat- 
ing bonds of the first fragment with respect to the relatively strong covalent 
bonds of the remaining portion; this observation is not considered for 
Cu(H,BMINH)Cl, . C,H,OH, Zn(HINRd)(OH), . H,O and Ni(BMINH) 
C,H,OH - 2H,O owing to their similar metal ligand coordinating or cova- 
lent bonds; (ii) the DTA curve of Co(HBMINH)Ac. 4H,O complex dis- 
plays an exothermic peak with a forward convex shape the presence of 
which could be usefully applied as a rapid and sensitive tool for the 
detection of acetate-containing complexes. 
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