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THERMAL DECOMPOSITION OF HALO-BIS(PIPERIDYLDITHIO- 
CARBAMATES) OF As(Ill), Sb(lll) AND Bi(lll) 
Estimation of kinetic parameters (k, n) of some dithiocarbamates 
by QIA techniques 
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Simultaneous TG/DTG/DTA studies under nonqsothermal conditions have been 
carried out in air and nitrogen on some halo-dithiocarbamates of the general formula 
XM[S2CN(CH2)5] 2 ( X =  CI, Br and I; and M = As, Sb and Bi). E* values for the 1st stage 
of decomposition were determined by graphical methods and the TTN temperatures were 
calculated from the TG profiles. A possible mechanism of the decomposition reaction is 
suggested, based on the thermoanalytical and pyrolysis results and the mass spectral data. 

The kinetic analysis data on five of the above dithiocarbamates and nine complexes of 
the general formula M[S2CN<]3 (M----As, Sb and Bi; and N < = N E t  2, N(CH2) 5 and 
N(CH2)40) were studied by the QIA (quasi-isothermal analysis) technique in air at- 
mosphere. An example of kinetic parameter (k and n) estimation for the first decomposition 
stage is given for Bi[S2CN(CH2)s] 3, with the assumption of different kinetic equations. 

A l i terature survey reveals that  l i t t le work  has been done on the thermal decomposi- 

t ion of  halo-di thiocarbamate complexes [ 1 - 5 ] ,  and the reports are mainly confined 

to t in complexes [ 1 - 4 ] .  The f i rst  published papers deal w i th  the pyrolysis of 

d iha lo t in ( IV)  b is(d iethyld i th iocarbamate) in an inert atmosphere to yield carbon 

disulphide and tet raethyl th iourea as the major  products. The main intermediates 

in the solid phase are CI2Sn(NCS) 2 [1] or X2SnS (X = CI, Br and I) [2, 3], which 

subsequently decompose to give t in sulphide. Recently, Kaushik et al. [4]  reported 

the thermal investigation of Sn(PED)2CI 2 (PED =p-e thoxypheny ld i th iocarbamate) ,  

which led to the same results. 

Cont inuing our previous work  on metal di th iocarbamates [6, 7], in the present 

paper we describe the thermal investigation ( T G / D T G / D T A ,  pyrolysis and MS) of 

halo-bis(piper idyldi thiocarbamates) of As( I l l ) ,  Sb( l l l )  and B i ( l l l )  of  the general type 

XM[S2CN(CH2)5]  2 (X = CI, Br and I; and M = As, Sb and Bi). 

* Author to whom correspondence should be addressed. 
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The thermal decomposition kinetics of fourteen dithiocarbamates of As(Il l), 
Sb(ll l) and Bi(l l l)  have also been studied in this paper by means of the QIA (quasi- 
isothermal analysis) technique in air atmosphere. 

The kinetic analysis of TG data obtained under non-isothermal conditions does not 
allow the determination of whether a solid decomposition reaction is of n order or 
follows the Prout-Tompkins, the Avrami-Erofeev or a diffusion mechanism. How- 
ever, the equations developed for the kinetic analysis of TG curves obtained with the 
QIA technique permit differentiation of the above mechanisms. 

Quasi-isothermal analysis (QIA), which was first developed by J. and F. Paulik 
[8, 9], .is a very useful thermogravimetric technique. This method programs the reac- 
tion temperature in such a way that the decomposition rate of the sample is kept 
constant at an arbitrarily selected particular value. Compared to non-isothermal 
thermogravimetry, close-lying reactions can be separated easily and kinetic data can 
be obtained for each intermediate reaction in a single run. Rouquerol [10] has 
described the kinetic analysis of TG curves of n order reactions by this procedure. 

Kinetics: Theoretical 

The shapes of the weight and temperature curves taken under QIA conditions can 
be informative concerning the mechanism controlling the reaction [11, 12]. Once the 
extent of the individual intermediate reactions is established, the fraction of the 
reactant decomposed (a) can easily be calculated (a = Wt/Wmax,  where W t is the 
weight loss at a certain time t, and Wma x is the weight loss at the end of transforma- 
tion). 

The general expression for the reaction rate of a heterogeneous reaction is 

E 
da - R--T- ---- = Ae  �9 f(a) (1) 
dt  

where f(a) is a function depending on the reaction mechanism. For n order reactions, 
f(a) = (1 - a ) n .  By integrating Eq. (1) and making the substitution 

a 

da 
g(a) = .~ f(a) (2) 

0 

Eq. (1) becomes 

g(a) = k t  (3) 

where k is the rate constant of the decomposition reaction. 
The algebraic expressions of the function f(a) and g(a) corresponding to the 

mechanisms commonly used in the literature for the thermal decomposition of solids 
have been summarized in papers [13, 14]. 

J. Thermal AnaL 30, 1985 
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Experimental 

All complexes were prepared by known methods [15-17] ;  they were recrystaltized 
from a mixture of CH2CI2--C2HsOH, and dried under vacuum. The thermal decom- 
position was carried out on a Netsch 429 equipment at a heating rate of 2 deg/min, 
in the temperature region 20-600 ~ using a sample mass of 25 mg and c~-AI203 as 
reference. The measurements under non-isothermal conditions were performed in a 
dynamic atmosphere of air or nitrogen. 

Pyrolysis of the iodo-bis(piperidyldithiocarbamates) was carried out in a dynamic 
nitrogen atmosphere, using the technique applied in our earlier work [6]. 

QIA measurements in air were made with a Netsch 429 equipment, which is equally 
suitable for simultaneous TG/DTG/DTA examinations under dynamic heating condi- 
tions and quasi-isothermal TG/DTG measurements. The heating rate was 5 deg/min 
and the sample mass, in a covered crucible, was around 25 rag. The rate of transforma- 
tion was selected to be 0.2 mg/min. 

X-ray powder diffraction analyses of the final residues were made with a Phillips 
PW 11300/00 X-ray diffractometer, using Cu-Ka radiation. For the determination of 
TTN, the areas of the TG curves were measured with a Coradi Cora-Senior planimeter. 
Carbon, hydrogen and nitrogen determinations were performed on a Perkin-Elmer 
microanalyser. Infrared spectra were recorded in the range 4000-250 cm -1 on a 
Perkin-Elmer 467 spectrophotometer, using KBr pellets. Mass spectra were recorded 
on an R. M. V.-6L-Hitachi-Perkin-Elmer mass spectrometer. 

Results and discussion 

Thermal analysis 

The thermoanalytical curves (TG/DTG and DTA) of halo-bis(piperidyldithio- 
carbamate) complexes, under non-isothermal conditions, in dynamic atmospheres 
of air and nitrogen, are given in Figs 1 to 10. In all cases the decomposition process 
over the temperature range from 20 to 600 ~ includes various thermal effects. From 
the TG and DTA profiles, it is obvious that the first and main decomposition stage 
displays similarities in air and nitrogen, and for the iodo derivatives begins without 
melting. 

The following stages are also quite similar, but differ as to the temperature ranges 
in which they occur, tn nitrogen, all the decomposition reactions are endothermic, 
whereas in air the majority of them are exothermic, demonstrating the oxidative 
effect of oxygen on the studied complexes. 

The final residues of all the studied halo-dithiocarbamate complexes in a nitrogen 
atmosphere are elemental metals (M0) or metal sulphides (MS), the latter being 
produced from a mixture of M 4- M2S3, where the metal appears to be in greater 
proportion. For the corresponding tris(dithiocarbamates), however, the final residues 
contain only M2S 3 [6, 7]. In air, the solid residues are Sb204 and (BiO)2SO 4, whereas 

J. Thermal Anal 30, 1985 
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Fig. 1 Thermoanalyt ical curves for  IAs[S2CN(CH2)s]  2 in air 
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Fig. 2 Thermoanalyt ical curves for IAs[S2CN(CH2)5] 2 in nitrogen 
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Fig. 3 Thermoanalytical curves for ISb[S2CN(CH2)s] 2 in air 
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Fig, 4 Thermoanalytical curves for ISb[S2CN(CH2)s] 2 in nitrogen 

the As analogues leave the crucible completely empty, due to the volat i l i ty  of the 
As40 6 formed, as in the case of the tr is(piperidyldithiocarbamates) of the same 
metals [6]. 

The temperature ranges and percentage mass losses of the various decomposit ion 
stages are given in Tables 1 to 4. The temperatures of the greatest rate of decomposi- 

t ion (DTGmax), the theoretical percentage mass losses, and the DTA data are also 
given. 

J. Thermal AnaL 30, 19B5 
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Fig. 5 Thermoanalytical curves for IBi[S2CN(CH2) 5 ]2 in air 
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Fig. 6 Thermoanalytical curves for IBi[S2CN(CH2)5] 2 in nitrogen 

The thermoanalyt ical  data obtained on the iodo derivatives show that  in the f irst 

decomposi t ion stage a iodine atom is evolved in i t ia l ly ,  fo l lowed by rupture of  the 

M - S  bond on ly  in the As( I l l )  and B i ( l l l )  complexes, which results in the removal 

of one d i th iocarbamato group or one carbon disulphide. In the bismuth complex,  a 

iodine atom and one molecule of  CS 2 are evolved simultaneously. Thus, we can 

conclude that  the metal-sulphur bond is thermal ly  more stable in the arsenic complex 
than in the complexes of ant imony and bismuth. Further support  for  this conclusion 

J. Thermal Anal. 30, 1985 
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Fig. 7 Thermoanalytical curves for BrSb[S2CN(CH2)5] 2 in air 
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Fig. 8 Thermoanalytical curves for BrSb[S2CN(CH2)sJ 2 in nitrogen 

is provided by the crystallographic data on the complexes M[S2CNEt2] 3 (M = As, Sb 
and Bi) [18, 19], which show that the length of the M-S  bond increases on going 
from arsenic to bismuth. This lengthening decreases the strength of the bond, resulting 
f inal ly in its easier rupture. 

From the thermoanalytical data obtained on the complexes XSb[S2CN(CH2)5]2 
(X = CI, Br and I), it is evident that they lose a chlorine plus one dithiocarbamato 
group, or a bromine plus one molecule of carbon disulphide. The decreasing strength 
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Fig, 9 Therrnoanalytical curves for CISb[S2CN(CH2)5} 2 in air 
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Fig. 10 Thermoanalytical curves for CISb[S2CN(CH2)5] 2 in nitrogen 

of the Sb-S bond on going f rom iodo to chloro derivatives can be explained in terms 
of  the back-donation effect f rom metal to su(phur, this be{ng less for  the chloro 

derivative, wi th overall weakening of the Sb-S  bond. 
The thermoanalyt ical curves for BrSb[S2CN(CH2}5] 2 (Fig. 11), obtained in 

vacuum, indicate similarities wi th those in a nitrogen atmosphere. The thermo- 
analytical data are given in Table 4, The experimental ly found percentage of the f inal 
residue 110.5%~ ~s muc~ lower than the calculated one (23.30%) if it is considered to 

J, Thermal Anal 30, 1985 



oo
 

T
ab

le
 1

 T
he

rm
oa

na
ly

ti
ca

l 
re

su
lts

 (
T

G
 / 

D
T

G
 / 

D
T

A
) 

o
f 

i o
do

-b
is

(p
ip

er
id

yl
di

th
 i

oc
ar

ba
m

at
es

) 
o

f 
A

s(
 I 

I I
),

 S
b(

I 
I I

 ),
 B

 i(
I 

I I
) 

in
 a

ir
 a

tm
os

ph
er

e 

D
T

A
 

re
su

lts
 

m
.p

.,
 o

C
 

T
e

m
p

e
ra

tu
re

 
T

G
/D

T
G

 
re

su
lts

 
M

as
s 

lo
ss

 
E

vo
lv

ed
 m

o
ie

ty
 

C
om

pl
ex

 
e

n
d

o
th

e
rm

ic
 

pe
ak

, 
~

 
S

ta
ge

 
T

e
m

p
e

ra
tu

re
 

D
T

G
m

a
 x

, 
%

 
F

o
rm

u
la

 
M

as
s 

ca
lc

d.
, 

pe
ak

 
e

n
d

o
th

e
rm

ic
 (

--
) 

ra
ng

e,
 ~

 
~

 
%

 
e

xo
th

e
rm

ic
 (

+
) 

> Z -4
 

O
 

C
 

33
 

IA
s[

S
2

C
N

(C
H

2
)5

] 
2 

--
 

18
5 

(+
),

 1
87

 (
--

) 
1 

1
5

0
--

2
1

0
 

18
5,

 1
95

 
24

.1
 

I 
24

.3
2 

+ 
+ 

21
0 

(+
) 

2
1

0
--

3
6

0
 

24
.7

 
S

C
N

(C
H

2)
 5

 
24

.5
2 

36
8 

(+
) 

2 
3

6
0

--
4

0
0

 
36

8 
6.

5 
S 

6.
13

 
5

1
0

 (
+

),
 5

2
0

 (
--

),
 

3 
4

0
0

--
5

6
0

 
--

 
43

.7
 

S
C

N
(C

H
2)

 5
 

43
.4

8 
5

3
2

 (
+

),
 5

50
 (

--
),

 
+ 

5
5

5
 (

+
),

 5
60

 (
+

) 
A

s2
S

 3
 

re
si

du
e 

> 
56

0 
0 

--
 

0 

IS
b

[S
2

C
N

(C
H

2
)5

] 
2 

--
 

2
2

4
 (

--
),

 2
40

 (
+

) 
1 

2
1

5
--

2
2

7
 

22
7 

21
.6

 
I 

22
.3

0 
+ 

+ 

2
2

7
--

3
6

0
 

12
.6

 
C

S
 2

 
13

.3
5 

36
5 

(+
),

 3
92

 (
+

) 
2 

+ 
3 

36
0-

-.
42

0-
-5

80
 

3
6

5
,3

9
2

 
36

.5
 

N
(C

H
2

) 
5 

+ 
S

C
N

(C
H

2
) 

5 
36

.2
5 

5
1

0
 (

+
) 

re
si

du
e 

> 
5

8
0

 
27

.2
 

S
b

2
0

 4
 

27
.0

4 

IB
i[

S
2

C
N

(C
H

2
)s

] 
2 

--
 

2
3

0
 (

--
),

 2
50

 (
+

),
 

1 
2

2
0

--
2

5
0

 
24

0 
30

..1
 

I 
+ 

C
S

 2 
30

.8
9 

29
2 

(+
) 

37
3 

(+
) 

2 
3

0
0

--
3

8
5

 
3

8
0

 
18

.9
 

S
C

N
(C

H
2)

 5
 

19
.4

5 
4

3
5

 (
+

) 
3 

3
8

5
--

4
6

0
 

4
3

5
 

10
.0

 
N

(C
H

2
) 

5 
12

.7
8 

re
si

du
e 

> 
4

6
0

 
41

.0
 

(B
iO

)2
S

O
 4

 
41

.5
8 

E3
 

rn
 

Cb
 

O
 

"1
3 -1
- 

> r-
 

O
 

m
 

~o
 

-<
 

t-
 E3
 

--4
 

-r
 

6 s ;O
 

03
 

-4
 

r1
1 

o~
 

4~
 

o ~a
 



1
"a

b
le

2
 T

h
e

rm
o

a
n

a
ly

ti
ca

l 
re

su
lts

 (
T

G
/D

T
G

/D
T

A
) 

o
f 

io
d

o
-b

is
(p

ip
e

ri
d

yl
d

it
h

io
ca

rb
a

m
a

te
s)

 o
f 

A
s(

Il
l)

, 
S

b
(l

ll
),

 
B

i(
ll

l)
 

in
 n

it
ro

g
e

n
 a

tm
o

sp
h

e
re

 

O
 

0
0

 

r-
 3>
 

r-
 ,>
 

D
T

A
 r

es
ul

ts
 

T
G

/D
T

G
 

re
su

lts
 

E
vo

lv
e

d
 m

o
ie

ty
 

C
o

m
p

le
x 

m
.p

.,
 ~

 
T

e
m

p
e

ra
tu

re
 

M
as

s 
ca

lc
d.

 
e

n
d

o
th

e
rm

ic
 

pe
ak

, ~
 

S
ta

ge
 

T
e

m
p

e
ra

tu
re

 
D

T
G

m
a

x 
' 

M
as

s 
lo

ss
, 

ra
ng

e,
 ~

 
~

 
%

 
F

o
rm

u
la

 
%

 
pe

ak
 

e
n

d
o

th
e

rm
ic

 

z 0 c 

IA
s[

S
2

C
N

(C
H

2
)5

] 2
 

--
 

18
7 

1 
1

5
0

--
2

2
0

 
18

5,
 1

95
 

3
0

.6
 

S
2

C
N

(C
H

2
) 5

 
3

0
.9

5
 

o
r 

o
r 

o
r 

o
r 

1
5

0
--

2
8

0
 

3
9

.0
 

I 
+ 

C
S

 2 
3

9
.2

5
 

2 
2

6
0

--
3

6
0

 
3

1
0

 
4

7
.2

 
I 

+ 
S

C
N

(C
H

2
) 5

 
4

8
.8

 
o

r 
o

r 
o

r 
o

r 
2

8
0

--
3

6
0

 
4

0
.8

 
N

(C
H

2
) s

 +
 S

C
N

(C
H

2
) 5

 
4

0
.6

 
3 

3
6

0
-4

8
0

 
4

4
0

 
13

.6
 

--
 

r
e

s
i

d
u

e
 

> 
6

0
0

 
8

.6
 

A
s 

14
.5

 

IS
b

[S
2

C
N

(C
H

2
)5

] 2
 

--
 

2
3

3
 

1 
2

2
0

--
2

6
0

 
2

3
3

 
3

5
.0

 
I 

+ 
C

S
 2 

3
5

.6
4

 
+ 

+ 

2
6

0
--

3
0

0
 

15
.6

 
N

(C
H

2
)5

 
14

.9
5 

2 
3

6
0

-4
9

0
 

3
8

0
 

2
2

.0
 

S
C

N
(C

H
2

)5
 

2
2

.4
9

 
re

si
du

e 
> 

6
0

0
 

2
2

.0
 

S
b 

2
1

.4
0

 

IB
i[

S
2

C
N

(C
H

2
)5

}2
 

- 
2

2
2

,2
2

7
 

1 
2

1
5

--
2

5
0

 
2

2
2

, 
2

2
7

 
3

1
.0

 
I 

+ 
C

S
 2 

3
0

.8
9

 
+ 

+ 

2
5

0
--

3
2

0
 

12
.4

 
N

(C
H

2
) 5

 
12

.7
8 

2 
3

2
0

-3
6

0
 

3
4

0
 

15
.8

 
C

N
(C

H
2

) 5
 

14
.6

0 
re

si
du

e 
> 

5
4

0
 

3
5

.0
 

B
i2

S
2

(B
i2

S
 3

 +
 

B
i 0

) 
3

6
.6

8
 

-=
 

EJ
 

m
 

D
 

O
 

"1
1 

-r
" 

r-
 9 I;

o "O
 

m
 

30
 

.<
 

I-
- E~
 

m
 3:
 

('
3 3>

 

> -H
 

m
 

o3
 

v 



T
ab

le
 3

 T
h

e
rm

o
a

n
a

ly
ti

ca
l 

re
su

lts
 (

T
G

/D
T

G
/D

T
A

) 
of

 h
al

o-
bi

s(
pi

pe
ri

dy
ld

it
hi

oc
ar

ba
m

at
es

) 
o

f 
S

b
(l

ll
) 

in
 a

ir
 a

tm
os

ph
er

e 

r"
 

> r-
 

> > z -4
 

O
 

D
T

A
 r

es
ul

ts
 

m
.p

.,
 ~

 
T

em
pe

ra
tu

re
 

T
G

/D
T

G
 r

es
ul

ts
 

M
as

s 
lo

ss
, 

C
om

pl
ex

 
e

n
d

o
th

e
rm

ic
 

pe
ak

, ~
 

S
ta

ge
 

T
e

m
p

e
ra

tu
re

 
D

TG
m

m
ax

, 
%

 
pe

ak
 

e
n

d
o

th
e

rm
ic

 (
--

) 
ra

ng
e,

 ~
 

~
 

e
xo

th
e

rm
ic

 (
+

) 

E
vo

lv
ed

 m
o

ie
ty

 M
as

s 
ca

lc
d.

 
F

o
rm

u
la

 
%

 

C
 

3E
l 

EJ
 

11
1 o 

B
rS

b[
S

2C
N

(C
H

2)
5 

] 2
 

20
5 

21
8 

(-
-)

, 
24

0 
(+

) 
1 

19
0-

-2
50

 
22

2 
32

.3
0 

33
5 

(+
) 

2 
3

2
0

--
3

7
0

 
33

5 
5.

84
 

43
0 

(+
) 

3 
3

7
0

--
5

0
0

 
37

5 
34

.0
0 

re
si

du
e 

> 
50

0 
23

.3
0 

C
lS

bI
S

2C
N

(C
H

2)
5 

] 2
 

16
4 

24
2 

(+
) 

1 
1

6
0

--
2

6
0

 
22

4 
41

.2
 

34
0 

(+
),

 3
60

 (
+

) 
2 

2
6

0
--

3
7

0
 

6.
3 

+ 

45
0 

(+
) 

3
7

0
--

4
8

0
 

45
0 

19
.0

 
51

0 
(+

) 
3 

4
8

0
--

5
2

0
 

51
0 

5.
5 

re
si

du
e 

> 
5

2
0

 
28

.0
 

B
r 

+ 
C

S
 2 

29
.9

0 
0 

o
r 

o
r 

"1
" 

$2
C

 +
 N

(C
H

2)
 s

 
30

.6
5 

3>
 

r-
 

S
 

6.
13

 
O

 
N

(C
H

2)
5 

+ 
C

N
(C

H
2)

 5
 

34
.4

8 
6~

 
or

 
o

r 
"~

 
B

r 
+ 

C
N

(C
H

2)
 5

 
34

.2
0 

-~
 

11
1 

S
b

2
0

 4
 

29
.5

0 
:~

 
5 

C
I 

+ 
S

2C
N

(C
H

2)
 s

 
40

.9
7 

"<
 

r-
 

S
 

6.
70

 
m

 
+ 

"4
 

-1
- 

C
N

(C
H

 2
)s

 
20

.0
8 

~ 
S

b2
S

 3 
~-

* S
b

2
0

4
 

6.
69

 
S

b
2

0
4

 
32

.0
0 

:~
 

> > -4
 

11
1 

C
n 

O
 

~O
 



=0
 

T
a

b
le

 4
 

T
h

e
rm

o
a

n
a

ly
ti

ca
l 

re
su

lts
 (

T
G

 / 
D

T
G

 / 
D

T
A

) 
o

f 
h

a
lo

-b
is

(p
ip

e
ri

d
yl

d
it

h
io

ca
rb

a
m

a
te

s)
 o

f 
S

b
(l

l 
I)

 

4~
 

o f-
 

3>
 

r-
 

3>
 

3>
 

z 
D

T
A

 r
es

ul
ts

 
T

G
/D

T
G

 r
es

ul
ts

 
m

.p
,,

 ~
 

T
e

m
p

e
ra

tu
re

 
M

as
s 

lo
ss

, 
C

o
m

p
le

x 
e

n
d

o
th

e
rm

ic
 

p
e

a
k,

 ~
 

S
ta

ge
 

T
e

m
p

e
ra

tu
re

 
D

T
G

m
a

x,
 

%
 

p
e

a
k 

e
n

d
o

th
e

rm
ic

 
ra

ng
e,

 ~
 C

 
o 

C
 

E
vo

lv
e

d
 m

o
ie

ty
 

F
o

rm
u

la
 

M
as

s 
ca

lc
d.

, 
%

 

O
 

C
 

C
IS

b
[S

2
C

N
(C

H
2

)5
 ] 

2 
17

0 
2

2
5

 
1 

1
6

0
--

2
3

5
 

2
2

5
 

4
1

.5
7

 
2 

2
3

5
--

3
2

0
 

3
0

0
 

2
0

.0
3

 
(n

it
ro

g
e

n
) 

5
1

0
 

3
2

0
--

5
6

0
 

7~
 

6
0

0
 

re
si

du
e 

> 
5

6
0

 
3

1
.0

 

B
rS

b
[S

2
C

N
(C

H
2

)5
] 2

 
2

0
5

 
2

1
5

 
1 

1
8

6
--

2
1

7
 

2
1

5
 

3
1

.0
 

+ 

2
1

7
--

2
8

0
 

15
.0

 
(n

it
ro

g
e

n
) 

2 
2

8
0

--
3

7
0

 
3

2
0

 
24

.5
 

3
7

0
--

5
0

0
 

5.
5 

re
si

du
e 

> 
5

0
0

 
24

.0
 

B
rS

b[
S

2C
N

 (
C

H
2)

5 
] 2

 
2

0
0

 
2

1
5

 
1 

1
8

0
--

2
1

7
 

2
1

5
 

3
2

.7
5

 
+ 

2
1

7
--

2
6

0
 

2
4

0
 

2
9

.7
5

 
(v

ac
uu

m
 1

0 
-2

 
T

o
rr

) 
2 

4
6

0
--

5
6

0
 

5
2

0
 

2
0

.0
 

re
si

du
e 

> 
5

6
0

 
10

.5
 

~.~
 

S
2

C
N

(C
H

2
) 5

 +
 C

I 
4

0
.9

7
 

E3
 

C
N

(C
H

2
) 5

 
2

0
.0

8
 

m
 

P
 

S
 

6
.7

0
 

O
 

S
bS

(S
b2

S
 3

 +
 S

b 
0)

 
3

2
.2

0
 

-n
 

-i-
 

3>
 

S
2

C
N

(C
H

2
) S

 
3

0
.6

5
 

t-
 

O
 

+ 

B
r 

15
.3

2 
S

C
N

(C
H

2)
,~

 
2

4
.5

0
 

_~
 

-o
 

S
 

6
.1

3
 

m
 

S
b 

2
3

.3
0

 
30

 
5 -<

 
S

2
C

N
(C

H
2

)~
 

3
0

.6
5

 
r-

 
+ 

B
r 

-t-
 C

S
 2 

2
9

.9
0

 
-I-

 
N

(C
H

2
) 5

 +
 S

b 
p

a
rt

ia
lly

 
16

.0
9 

O
 

S
b 

p
a

rt
ia

lly
 

2
3

,3
0

 
3>

 
33

 

3>
 

3>
 

-4
 

rn
 

69
 



Am 

0100 

20- 

4c- 

Exo 
A I 
AT 
I 
u 

Endo 

DTA 

DTG ~ 2 4 ~ 0  

20 100 200 300 400 500 600 
Temperature, oC 
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Fig. 12 Corrected TG curves of iodo-bis(piperidyldithiocarbamates) of As(Ill) (a), Sb(lll) (b) 
and Bi(lll) (c) in air 

be elemental antimony. Unfortunately, the X-ray powder diffraction data are not 
sufficiently clear to elucidate its chemical nature. 

Conclusively, we can say that our results show the dependence of the whole 
procedure of thermal decomposition of the studied complexes on the nature of the 
metal and on the nature of the halogen. This was established by determining the TTN 
[20] of the complexes from their corrected TG curves in air (Figs 12, 13), also taking 
into account the buoyancy effect. Thus, the TTN values (Table 5) for the complexes 
with the same ligands but different metals (IM[S2CN(CH2)5]2, Fig. 12) indicated that 
the decomposition temperature increases from the As to the Bi complex. For the 
complexes with the same ligands and the same metals, but different halogens 
(XSb[S2CN(CH2)5]2, Fig. 13), the TTN values indicated that the thermal stability 
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of these complexes fol lows the sequence CI < Br < I. This is in accord with the 
strength and the length of the S b - X  bond [21] and wi th the electronegativities of 
the halogens. 

0100 

2C 

4( 

6C- 

J 
~ 80- 

~ 100- 

Temperature, ~ 
200 300 400 500 600 ). 

Fig. 13 Corrected TG curves of halo-bis(piperidyldithiocarbamates) of Sb(lll) in air. (a) X = C I ,  
(b) X =  Br,(c) X- -  I 

Apparent activation energy (E *) 

E *  was calculated for the first decomposit ion stage for the complexes 

IAs[S2CN(CH2)5]2, BrSb[S2CN(CH2)5] 2 and CtSb[S2CN(CH2)5] 2 in air by the 
modif ied n = 1 method of Freeman-Carrol l  [22] and Piloyan's two methods [23]. 

The same methods applied to the iodo-bis(piperidyldithiocarbamate) complexes of 

Sb( l l l )  and B i ( l l l )  do not give acceptable E *  values. 

The E *  values (Table 5) do not correlate well wi th the nature either of the metal 

or of the halogen, and consequently we have been unable to make comparisons. 

Furthermore, each of the three calculation methods employed gives values which 

dif fer significantly for a certain complex. 

Table5 Activation energy's values, E*, and TTN temperatures of 
halo-bis(piperidyldithiocarbamates) 

Activation energy, E*,. kJ/mol 
TTN, 

CompTex o C Freeman--Carroll Piloyan Piloyan 
(n = 1) TG DTG 

IAs[S2CN (CH2)s ] 2 140 255 111 192 
ISb[S2CN(CH2)s ] 2 213 . . . .  
IBi[S2CN(CH2)5 ] 2 215 - - - 
BrSb[S2CN(CH2)s ] 2 180 318 211 249 
CISbIS2CN(CH2)S ] 2 168 230 119 167 

J. Thermal Anal. 30, 1985 
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Pyrolysis and mechanism 

A sample of the complex ISb[S2CN(CH2)5]2 was heated in nitrogen up to the 
end of the first and main decomposition stage. The compound appears first to 
shrink and the decomposition begins slowly. CS2 was detected from its characteristic 

smell in a liquid-air trap. The salt (CH2)5NCS2H21~(CH2) 5 and the sulphenamide 
i 

(CH2)5NC-SN(CH2) 5 were found in small amounts. 
Ii 
S 

A major decomposition product, isolated from the walls of the pyrolysis flask, 
was an orange solid compound. This solid, which melts at high temperature (> 250~ 
turned out to be an inorganic compound, since its ir spectrum shows no absorptions 
due to organic moieties. Moreover, the presence of iodine anions was detected. The 
black residue which remains after heating of the sample up to 250 ~ contains mainly 
Sb2S 3 and 20% carbon. Accordingly, we can say that the thermal decomposition of 
the iodo derivative appears to be similar to that of the corresponding tris(dithio- 
carbamate) complex. 

By combining the thermogravimetric and the pyrolysis results on the above com- 
plex, as well as the similarities of its pyrolysis products with those of the tris(piperidyl- 
dithiocarbamate) complexes, we propose the following reaction path for the complex 
I As[S2CN (CH2)5 ]2 : 

+ 

--C--N(CH2) 5 fl 
S 

IAs[S2CN(CH2)5] 2 - > SAs[S2CN. (CH2)5] 

In this path, the first and main decomposition step involves the homolytic dissociation 
of the arsenic-iodine bond and the subsequent removal of one piperidyldithio- 
carbamoylo group, and the presumed intermediate product SAs[S2CN(CH2)5] is 
formed. As the temperature is raised, this further decomposes to the possible products 
As and (ASS)2, with concomitant loss of one dithiocarbamato group, from which the 

+ 

salt (CH2)5NCS~-H2N(CH2)5, found amongst the pyrolysis products of the complexes 
can be formed. 

As far as the corresponding complexes of Sb(ll l) and Bi(l l l)  are concerned, in the 
former homolytic dissociation of the iodine atom follows rupture of the Sb-S bond. 
In the latter, however, the B i - I  and Bi -S bonds are ruptured simultaneously. 

Accordingly, for the thermal decomposition of iodo-(piperidyldithiocarbamate) 
complexes of Sb(l l l) and Bi( l l l )  we propose the general mechanism shown in 
Scheme 1. 

The studied complexes are monomeric, with the dithiocarbamato groups acting 
as bidentate ligands, and have a square pyramidal structure with the iodine atom 
on top [ 17]. 

J. Thermal Anal. 30, 1985 
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I 
~S---~----:.~S, 

( CH2)5 N -- C/~//'- ~ / '  ~ -- N(CH2)5 

[ [(c.=)~ .cs=]z M--M [s~c.(cH~)s]~] 

- S2CN (CH2)5 I 

M~S 3 - (CFI-z) 5 C~H2N(CH2) 5 �9 CS 2 �9 ~C~) 5 NCN(CH2) 5 
il 
s 

a b c 

Schemes 1 Thermal decomposition of the complexes IM[S2CN (CH2) 512, (M = As, Sb, Bi) 

The intermediate dimeric product M2[S2CN(CH2)5] 4 was not isolated, the reason 
probably being its instability at temperatures higher than 250 ~ . It rather decomposes 
just after its formation to give the final products M0 + M2S3 and the volatile com- 
poundsa, b and c, in the same manner as reported earlier [6]. 

The reaction path for the thermal decomposition of the iodo derivatives is 
in line with the fragmentation pattern in their mass spectra [17]. Study of these 
spectra reveals the absence of the molecular ion M +, whereas the ionic fragments 

M(S2CNR2)7+ and I~(S2CNR 2) were found; these can be produced by removing 
either a iodine atom or a dithiocarbamato group from the parent compound. The 
ionic fragments detected at lower m / e  values are considered to be products of the 
pyrolytic decomposition of the initial fragments in the probe by the removal of the 
species R2NCS 2, R2NCS and I. The basic peak could be due either to R2NCS 7+ or 

to CS 7+, depending on the temperature at which the spectrum was taken, The ions 
observed at lower m / e  values were those corresponding to the decomposition of a 
dithiocarbamato group. In order to complete our study, we took the mass spectra 
of the complexes XSb[S2CN(CH2)5] 2 (X = Br and CI). The main features of these 
spectra are the absence of the molecular ions and the presence of peaks corresponding 

to XSb(S2CN(CH2) 5) and Sb(S2CN(CH2)5) 7+. It is worth emphasizing the absence 
+ 

of Sb(S2CN(CH2)5) 2 both from these spectra and from those of the iodo derivatives, 
which is further support of our view that these two complexes lose their halogen and 
one dithiocarbamato group simultaneously. The basic peak of the spectra corresponds 
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to CS;~ +, while ionic fragments due to pyrolytic decomposition of the initial ions 
were detected at suitable m/e  values. 

Consequently, during the thermal decomposition of the complexes 
XSb[S2CN(CH2)5] 2 (X = CI and Br), where the metal and the dithiocarbamato group 
remain the same, we notice that the removal of one dithiocarbamate ligand is accom- 
panied by the simultaneous loss of chlorine and by a gradual loss of bromine, re- 
spectively. The mechanism of their thermal decomposition therefore follows that 
proposed for the corresponding iodo-piperidyldithiocarbamate complexes. The frag- 
mentation pattern in their mass spectra is in accord with the above mechanism, which 
means that the existence of certain of the detected ions is due to pyrolytic decom- 
position. 

Interpretat ion o f  QIA curves 

The weight and temperature curves obtained with the QIA technique for all the 
studied complexes in air are given in Figs 14 to 27. Analysis of these curves showed 
that these complexes decompose in two or three stages. This situation is reminiscent 
of that observed in thermogravimetry curves under non-isothermal conditions in air 
as reported previously [6, 7]. 

The kinetic data were analyzed through various kinetic expressions, by plotting 
suitable functions o'f g(a) (see theoretical part) vs time. k values for the linear 
region were then calculated from the appropriate equation or from the slope of the 
corresponding straight line. 

For all the studied complexes, the data obtained from the TG curves in the QIA 
examination, were tested for all the functions of g(a). The results indicated that in 
no case did the reaction of the first decomposition stage follow a diffusion-controlled 
mechanism (D) or an Avrami mechanism (A2, A3). Instead, it was found that the 
thermal decomposition obeys n-order reaction kinetics or the power law, where 
f(a) could be a n or (1 - a) n. The valid values of n are 0, 1/2, 2/3, 1 and 2. The order 
of reaction (n) is different for each complex. 

An example of the evaluation of the kinetic parameters (rate constant k and reac- 
tion order n) is given for the complex Bi[S2CN(CH2)5] 3. The values obtained are 
presented in Table 6 and in Figs 28 and 29. We can see that only the a l /3  function 
exhibits a good linear correlation with time. The reaction is therefore controlled by 
the power law with the order of reaction equal to 2/3. The k value was found to be 
(6.26+0.2) X 10 -2  min-1 with r2 = 0.9953. 

The results of kinetic analysis for the studied tris(dithiocarbamates) and halo- 
bis(dithiocarbamates) are given in Tables 7 and 8, respectively. From these we can 
see the equation which best describes the decomposition reaction at a certain tem- 
perature. The regression coefficient r2 is also given for each equation, as well as 
the validity range for the fraction of reactant decomposed (a). 

It is obvious that for some complexes the first decomposition stage consists of two 
parts (a change in slope in the curve) which may or may not be controlled by the 
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Fig. 16 Weight and temperature curves for Bi[S2CNEt2] 3 obtained with the QIA technique 
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same mechanism. For complexes w i th  the same metals, the decompos i t ion  is described 

by similar equations, wh i le  the values of  the rate constants (k, rain - 1 )  have the 

same order  of  magnitude. Thus, we can conclude that  the nature of  the metal  in- 

f luences the decompos i t ion  mechanism of  these d i th iocarbamate  complexes. The k 

values are w i th in  the l imi ts referred to  in the l i terature for  the thermal  decompos i t ion  

of  solid complexes or salts o f  various metals [24, 25]. 
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Zusammenfassung -- Einige helo-Dithiocarbamate der allgemeinen Formal XM[S2CN(CH2)5] 2 
(X = CI, Br und I; M = As, Sb und Bi) wurden mittels simultaner TG/DTG/DTA unter nicht- 
isothermen Bedingungen in Luft und Stickstoff untersucht. Fiir den ersten Zersetzungsschritt 
wurden E*-Werte durch graphische Methoden bestimmt und die TIN-Temperaturen aus den TG- 
Profilen berechnet. Ein auf den Ergebnissen der Thermogravimetrie und Pyrolyse sowie auf massen- 
spektroskopischen Daten beruhender mSglicher Mechanismus wird vorgeschlagen. F(Jnf der ange- 
fiJhrten Dithiocarbamate und 9 Komplexe der allgemeinen Formel M[S2CN<]3 (M = As, Sb und 
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Bi; N = NEt2, N(CH2) 5 und N(CH2)40) wurden mittels QIA (quasi-isotherme Analyse) in Luft  
untersucht. AIs BeispieJ ist die Bestimmung der kinetischen Parameter (k und n) fSr den ersten 

Schritt der Zersetzung von Bi[S2CN(CH2)5] 3 unter Annahme verschiedener kinetischer 
Gleichungen angegeben. 

Pe31oMe -- COBMeLU, eHHblM MeTO~,OM mr, ~TF  H ~,TA s HeH3oTepMHHeCKHX yCJIOBHRX e aT- 
MOCdpepe Bo3Ayxa H a3oTa H3yqeHbl KOMnJ'IeKCbl FaJ1OFeH-~HTVlOKaD6aMaTOB C O6LI4eR c~opMyno~l 

XM[S2CN(CH2)5]2, rAe X = CI, Br H I, a M = As, Sb H Bi. 3HaqeH~R E *  /~n~ nepsoR CTa~,~H 
pa3rlO)KeHHR 6bITIH BblqHCneHbl rpadpHqeCKHMH MeTOAaMH, a THH TeMnepaTybl 6biJll, t onpeAerleHbl 
H3 npo~Hne~t Tr'-KpHBblX. Ha OCHOBe rlOTlyqeHHblX pe3yJlbTaTOB H p.aHHblX Macc-cneKTpOB 
npe~no)KeH BO3MO)KHblVI MeXaHH3M peaKLI, HH pa3TION(eHHR. MeTO~OM KBa3HH3OTepMHHeCKOFO 
aHaJ1H3a B aTMocdpepe BO3Ayxa npoBeAeH aHanH3 KHHeTHKH peaKU.HH pa3TION(eHHR nRTH 
BblLUeynOMRHyTblX AHTHOKap6aMaTHblX KOMnneKCOB H ~.eBRTH KOMnJ'IeKCOB C O6LU.e~ dpopMynoR 
M[S2CN<]3, r~,e M = As, Sb H Bi, a N<  = NEt2, N(CH2) 5 H N(CH2)40.  Ha OCHOBe pa3nH4HblX 
KHHeTHgeCKHX ypaBHeHHVI onpeAe.neHbl napaMeTpbi k H n nepeoR CTa,/],HH pa3TIO;~,KeHHR 
KOMn.neKca Bi[S2CN (CH2)5 ] 3. 
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