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This report is a continuation of the solution studies on Cu(II)-, Ni(II)-, 
Co(II)-, Mn(II)- and Zn(II)-p-N.BzH.THSMC ( p-nitrobenzaldehyde thio- 
semicarbazone) systems by Sawhney and Sati [l]. In the previous work an 
explanation was given of the change of the thione to the thiol form when 
p-N.BzH.THSMC undergoes tautomerism in solution; the dominating form 
is conjugated (=N-N=) thus 

OtN -o- / \ 
m 

CH=N-hi--C-t&l- 

- 
SH 

Thione form 

or 

op --o- / \ CHALLC-iH2 
- I 

SH 

Thiol form (la) 

This work is concerned with the stoichiometries, stability and thermody- 
namics of La(III)-, Pr(III)-, Nd(III)-, Gd(II1) and Eu(III)-p-N.BzH.THSMC 
systems under the experimental conditions. 

EXPERIMENTAL 

All the chemicals used were of BDH grade. Synthesis of p-N.BzH.THSMC 
involved addition of equimolecular quantities of p-nitrobenzaldehyde 
(Koch-Light, London) in acetone and thiosemicarbazide (LOBA) in water, 
followed by mild shaking, filtering, washing of precipitate with water and 
drying at 3540°C. Chemical analysis data were in agreement with the 
empirical formula: C,H,N,O,S. Metal solutions in water, duly standardised, 
were used for the present study. 

0040-6031/84/$03.00 0 1984 Elsevier Science Publishers B.V. 



T
A

B
L

E
 

1 

S
te

p
w

is
e 

fo
rm

a
ti

o
n

 c
o

n
ta

n
ts

 a
n

d
 t

h
er

m
o

d
y

n
a

m
ic

 
fu

n
ct

io
n

s 
o

f 
m

et
a

l 
co

m
p

le
x

es
 

o
f 

p
-n

it
ro

b
en

za
ld

eh
y

d
e 

th
io

se
m

ic
a

rb
a

zo
n

e 

M
et

a
l 

io
n

 
M

et
a

l 
li

g
a

n
d

 
M

et
h

o
d

 
a

 
T

em
p

. 
A

G
O

 
A

H
0 

0 

st
a

b
il

it
y

 
28

O
C

 
3

8
°C

 
-(

k
ca

l 
m

o
l-

‘)
 

(k
ca

l 
m

o
l-

‘)
 

21
 

m
o

l-
’ 

d
eg

-‘)
 

co
n

st
a

n
ts

 
2

8
°C

 
38

O
C

 
28

%
 

38
“C

 

L
a

(I
II

) 
lo

g
 k

, 

lo
g 

k,
 

lo
g 

k,
 

P
r(

II
I)

 
lo

gs
, 

lo
g

 k
, 

1%
 k

, 

lo
is

 k,
 

N
d

(I
I1

) 
lw

s 8
3 

lo
g

 k
, 

A
 

B
 

C
 

M
ea

n
 

A
 

B
 

C
 

M
ea

n
 

A
 

B
 

C
 

M
ea

n
 

A
 

B
 

C
 

M
ea

n
 

A
 

B
 

C
 

M
ea

n
 

A
 

B
. 

C
 

M
ea

n
 

10
.8

5 
9.

40
 

10
.8

3 
9.

46
 

10
.8

5 
9.

44
 

10
.8

4 
,9

.4
5 

9.
50

 
7.

50
 

9.
61

 
7.

59
 

9.
62

 
7.

60
 

9.
62

 
7.

60
 

7.
10

 
5.

80
 

6.
93

 
5.

72
 

7.
05

 
5.

74
 

6.
99

 
5.

73
 

27
.4

5 
22

.7
8 

- 
37

.8
1 

- 
32

.4
2 

- 
20

0.
05

 
11

.1
0 

10
.4

0 
11

.0
4 

10
.4

2 
- 

11
.0

4 
9.

20
 

9.
25

 
9.

15
 

9.
20

 
6.

90
 

6.
87

 
6.

84
 

6.
86

 
27

.1
0 

9.
00

 
9.

09
 

_ 9.
09

 

_ 

10
.4

2 
9.

00
 

8.
80

 
8.

70
 

8.
75

 
6.

00
 

5.
95

 
5.

92
 

5.
94

 
25

.1
1 

- 
37

.3
3 

- 
35

.7
3 

- 
85

.2
4 

8.
20

 
8.

42
 

8.
40

 
8.

41
 

- 
53

9.
00

 

- 
15

9.
20

 



1%
 k,

 

1%
 k,

 

E
u

(I
I1

) 
lo

i! 
8,

 
lo

g 
k

, 

1%
 k,

 

1%
 k,

 

G
d(

II
I)

 
1%

 B
, 

lo
g 

k
, 

1%
 k,

 

1%
 k,

 

1%
 8,

 

A
 

B
 

C
 

M
ea

n
 

A
 

A
 

B
 

C
 

M
ea

n
 

A
 

B
 

C
 

M
ea

Il
 

A
 

B
 

C
 

M
ea

n
 

A
 

B
 

C
 

M
ea

n
 

A
 

B
 

C
 

M
ea

n
 

7.
90

 
6.

10
 

7.
76

 
6.

04
 

7.
70

 
6.

03
 

7.
73

 
6.

04
 

5.
70

 
4.

30
 

5.
64

 
4.

26
 

5.
64

 
4.

25
 

5.
64

 
4.

26
 

22
.4

6 
18

.7
1 

- 
30

.9
4 

- 
26

.6
3 

- 
16

0.
64

 
- 

43
0.

90
 

10
.8

0 
10

.1
5 

10
.8

0 
10

.1
5 

10
.8

0 
10

.2
3 

10
.9

0 
10

.3
0 

10
.8

5 
10

.2
7 

8.
10

 
8.

50
 

8.
27

 
8.

59
 

8;
20

 
8.

62
 

8.
24

 
8.

61
 

5.
90

 
5.

10
 

6.
06

 
5.

63
 

6.
10

 
5.

45
 

&
O

S
 

5.
54

 
25

.1
7 

24
.4

2 
- 

34
.6

7 
- 

34
.7

5 
- 

32
.1

3 
+

 0
8.

42
 

10
.6

0 
10

.0
0 

10
.5

6 
9.

99
 

10
.5

8 
10

.1
5 

10
.5

7 
10

.0
7 

8.
60

 
7.

65
 

8.
89

 
7.

80
 

8.
84

 
7.

80
 

8.
87

 
7.

80
 

6.
90

 
5.

30
 

6.
91

 
5.

22
 

6.
95

 
5.

37
 

6.
93

 
5.

30
 

26
.3

7 
23

.1
7 

- 
36

.3
2 

- 
32

.9
7 

- 
13

7.
08

 
- 

33
4.

76
 

a 
A

 =
 B

je
rr

u
m

’s
 

h
al

f 
in

te
gr

al
 m

et
h

od
; 

B
 =

 p
oi

n
tw

is
e 

ca
lc

u
la

ti
on

 
m

et
h

od
; 

C
 =

 g
ra

ph
ic

al
 

m
et

h
od

; 
M

ea
n

 
=

 B
 a

n
d 

C
. 



384 

pH-Metric titrations of the following solutions: (a) 4 X 10e3 M HCl, 
1 x10-r M KCl; (b) 4x 1O-3 M HCl, 1 x 10-l M KCl, 1 x 1O-3 M 
p-N.BzH.THSMC; (c) 4x 1O-3 M HCl, 1 x10-r M KCl, 1 x 1O-3 M 
p-N.BzH.THSMC, 2 x lo-’ M metal ion, were performed with 0.1 M NaOH 
(50% acetone-water) on a Beckman H-2 pH-meter equipped with a glass and 
calomel electrode assembly and standardised with standard buffers. pH 
values were corrected for volume and non-aqueous media (50% 
acetone-water) according to Van-Uitert and Haas [2]. The ensuing curves 
(pH vs. volume of NaOH) have the usual shapes. 

RESULTS AND DISCUSSION 

The formation function (fi) was computed following Bjerrum’s concept 
[3]. Free ligand exponent (pL) was calculated corresponding to different pH 
values utilizing the reported values of ‘KH (10’1.20 and lO’o.25 at 28°C and 
38OC) of p-N.BzH.THSMC by Sawhney and Sati [l] in Bjerrum’s expression 

pL = log[ 1 + (H+)PKH/ANaOH] (1) 

Separation of the metal titration curve from the p-N.BzH.THSMC curve 
in all the systems under study led us to believe that H+ furnished to the 
solution by OH- was removed by the formation of neutral H,O and that the 
anion of p-N.BzH.THSMC was subsequently involved in complexation. 
Hydrolysis of the metal was avoided in each set by keeping a ratio of five 
parts of p-N.BzH.THSMC to one part of metal ion. 

Formation curves were obtained by plotting n vs. pL; completeness was 
clearly shown at both ends. From these curves, the values of log ‘K H, log k,, 
log k, and log k, at % = 0.5, 1.5, 2.5 were read, which subsequently gave log 
k,/k, values of less than 2.5, overruling the application of Bjerrum’s half 
integral method for the evaluation of constants. For some systems the log 
k,/k, value neared 2.5. However, to increase the dependence of the data, for 
all systems, pointwise calculation and graphical methods utilizing eqns. (2), 
(3) and (4) were used. 

logk,=pL+log%/l-% @=0-l) (2) 
logk,=pL+logfi--1/2--n (fi=l-2) (3) 
logk,=pL+logn-2/3-E (6=2-3) (4) 

In Table 1 are listed the stability constants and thermodynamic functions 
of the systems. 

Data in Table 1 show that log k,, log k, and log k, of La(III)-, Pr(III)-, 
Nd(III)-, Gd(III)- and Eu(III)-p-N.BzH.THSMC systems decrease with in- 
creasing temperature, indicating that the low temperature is favourable for 
the reactions. This is because of the decrease in the number of collisions with 
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the decrease of kinetic energy of the participating molecules; hence the 
lowering of stability of the systems as the temperature rises is justified. 
Assumption of negative values of AGO for the systems indicates that the 
reactions are spontaneous processes. The less negative values of AGO at the 
higher temperature hinted at the lessening of the reaction-feasibility as the 
temperature increases; only for the Eu(III)-p-N.BzH.THSMC system was a 
more negative value observed. Negative AH0 values for all the systems 
indicate the exothermic nature of the reactions, concluding lower tempera- 
ture as favourable for chelation, which agrees with the previous inferences. 
Complexation of La(III), Pr(III), Nd(II1) or Gd(II1) with p-N.BzH.THSMC 
under the experimental conditions appears to be enthalpy-controlled. Higher 
values of AH0 hint at the considerable degree of covalency in the metal-p- 
N.BzH.THSMC chelates probably through the terminal hydrazine nitrogen 
N(II1) atom, established by Goronback and Rasmussen [4], Beecroft et. al. 
[5], Ronaldhaines and Sun [6] and Malic and Phillips [7] through spectro- 
scopic studies. Favourable entropy (AS’) was only observed for the Eu(III)- 
p-N.BzH.THSMC system. 

The formation function, 3, neared 3 in all the systems, meaning thereby 
that 1 : 1, 1 : 2 and 1 : 3 complexes exist in solution. 

Analytical data suggest the following possible structure of metal-p- 
N.BzH.THSMC chelates 

Tris( p-nitrobenzaldehyde thiosemicarbazonato) M(III), where M = 
La(III), Pr(III), Nd(III), Gd(II1) and Eu(II1). 
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