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Abstract 

Stability constants and thermodynamic functions of formation of 1: 1 and 1:2 binary 
complexes of lanthanons(II1) with 1,2-naphthoquinone-2-thiosemicarbazone-4-sulphonic acid 
(NQTS.4S) ligand have been determined by a potentiometric technique, at various ionic 
strengths (CL = 0.02, 0.05, 0.10 and 0.20 M NaClO,) in aqueous medium and at various 
temperatures (20, 30, 40 and 5OkO.5 a C). The Z and pL values have been subjected to the 
weighted least squares method to obtain p, values on an HCL Busy Bee PC/AT computer. 
The values of Smin have also been calculated. The order of stability constants has been 
found to be La(II1) < Ce(II1) < Pr(II1) < Gd(II1) < Sm(II1) < Eu(II1) < Y(II1) < Tb(II1) < 
Dy(II1) < Ho(II1). The thermodynamic functions (AG, AH, AS) for these complexation 
reactions have also been evaluated under suitable conditions. 

INTRODUCTION 

Thiosemicarbazones (TSCs) are a class of compounds obtained by con- 
densation of thiosemicarbazide with 
can act as chelating agents for metal 
the hydrazino nitrogen atom marked 
1. 

suitable aldehydes or ketones. They 
ions by bonding through sulphur and 
with asterisk [l] as shown in Formula 

R R 

‘CC,: -NH-C-N 
/- 

A’ 

t/ 

Formula 1. 
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Thiusemi~arb~ones find wide applications in biological and medical 
fields. The antituber~ular activity of p-a&amide beuzaldehyde thiosemi- 
carbazone, which is found to be enhanced by the presence of a small 
amount of copper ions [2], was reported for the first time by Domagk et al. 
111. Thiosemicarbazones show antipar~siti~ 131, antineoplastic 141, antiin- 
flammatory [5] and antithyroid [6] types of activities. The metal-TSC 
complexes were found to be active against influenza [7], protozoa [8], 
smallpox [9] and pests [lo]. Antibacterial activity of the 2-benzoylpy~dine 
thiosemicarb~zone and the complexes of the ligand with Ni(II), Co@, 
Fe(H), Cu(II), Mn(II), Zn(I1) and Cd(H) have been studied against KY- 
~~~~~~~u coti by De and Guha [ll]. West et al. have studied chemical and 
anti~ng~ properties of 2-a~e~l-pyridine ‘~-diethyl- and ~~-~propylthio- 
semi~arba~one and their CutIf) [12], NXII) [13f complexes. 

These findings have led recently to an increased interest in the chemistry 
of metal chelates of thiosemi~arbaz~nes~ In this co~uni~ation we report 
the complexation behaviour of another biologically active thiosemi- 
carbazone, 1,2-naphthoquinone-2-thiosemicarbazone-4-sulphonic acid 
(NQTS.4S), 

A digital pH meter (ECIL model pH-S&52> with a ~urnb~~~d glass 
electrode, was used for the pH measurements, It was calibrated with 
potassium hydrogenphthalate and phosphate buffers before perfo~ing the 
actual titrations. An HCL Busy Bee PC/AT computer was used for 
calculations. All measurements were made at a definite temperature, 
maintained constant (S 0.5 o C) by using an MLW (West Germany) (NBE 
type) the~ostat UlO, 

1,2-Naphthoquinone-2-thiosemi~arbazone-4-sulphoni~ acid ~N~TS.4S~ * 

233,O (sodium salt) was prepared by dissolving the requisite amount of 
1,2-napthoquinone-4-sulphonic acid (Na salt) in the minimum amount of 
water (cooled to S°C) and adding to it an aqueous solution entailing 
thiosemicarba~ide hydrochloride, which was also cooled to 5 ‘C. After 
stirring for about 15 min, the sodium salt of 1,2-napthoquinone-2-thio- 
semicarbazone-4-sulphonic acid separated out. The NQTS4S - 2H,O was 
recrystallised from methanol-water mixture. The purity of the ligand was 
checked by TLC and elemental analyses. Solutions of the ligand were 
prepared in doubly distiiled water, 

A 0.04 M tetr~ethylammonium hydroxide ~~~ solution in water 
was used as titrant. All metal ion (as per~hlorates~ solutions were prepared 



171 

from their ~~esponding oxides 1141 (purity 99%; Johnson Matthey}. The 
solutions were standardised ~mpiex~m~t~ca~y using xylenoi orange as 
indicator, Sodium perchlorate @h&al was used to maintain the ionic 
strength constant. All other chemicals used were of reagent grade, The 
titrations were performed in a covered double walled glass ceil under a 
continuous stream of presaturated nitrogen (with doubly distilled water), 

The method of Bjerrum and Calvin as modified by Irving and Rossotti 
[15] was used to determine the values of Z and pL. The following solutions 
were titrated pH-metrically against standard 0.04 M TMAH in doubly 
distilled water: (i) 2.2 ml HGlO, CO.02 M) + 1.0 ml NaCiQ, (2.0 Ml + 16.8 
ml H,U; (ii) 2.2 ml HGiQ, fO.02 M) c 1,U ml NaClU, (2.0 M) + 10 ml 
ligand (0.01 M) + 6.8 ml H,O; (iii) 2.2 ml HGlQ, (0.02 M) + 1.0 ml NaGlO, 
(2.0 M) + 10 ml iigand (0.01 M) + 0.5 ml metal solutian (0.02 M) -+ 6-3 ml 
H,O. 

These titrations were also performed at various temperatures (20,30,40, 
50 f OS O C) and at various ionic strengths Cp = 0.02, 0.05 and 0.2 M 
NaCiQ,). The ligand NQTSBS possesses one ionisable hydrogen ion. From 
titration curves of (i) and (ii), the values of Ei, were calculated at various 
pH values and from the plot of log(Zu/l - ?I,) versus pH, the pk’, values 
of the ligand were determined. From the titration curves of solutions (i), (ii) 
and (iii) the values of E and pL of the metal complexes were determined at 
various pH values by using an HGL Busy Bee PC/AT computer. The 
corresponding values of stability constants were calculated using the 
weighted least-squares method of Sullivan et al. [16] which determines the 
set of p, values which makes the function 

u, U= f (y-“-PIZ)&X” 

nearest to zero, by minimising 

s, s = i ll$U2fX,, yj, Zi) 
i=l 

with respect to variation in &. S,, has the same statistical distribution as 
x2 with K degrees of freedom and the weights defined in accordance with 
Sullivan et al, [17]. 

RESULTS AND DISCUSSION 

The order of log K, values for NQTS,4S-Ln complexes have been 
found to be La(II1) < Ce(III) < P&II) < Gd(II1) < Sm(II1) < IZu(fII) < 
Y(II1) < Tb0II) < Dy@II) < HofIII). 
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TABLE 1 

Stability constants of trivalent metal complexes of NQTSAS in aqueous medium at different 
ionic strengths and temperature of 30 f 0.5 ’ C 

Metal Stability 
ion constant 

Ionic strength 

0.02 0.05 

log K, 

0.10 0.20 

H+ 
Ho(II1) 

DY011) 

Tb(II1) 

Y(II1) 

Eu(II1) 

Sm(II1) 

Gd(II1) 

Nd(II1) 

Pl-011) 

Ce(II1) 

La010 

log K, 
log K, 
Smin 

log K, 
log K, 
Smin 

log K, 
log K, 
hi” 
log K, 
log K, 
Smin 

log K, 
log K, 
Smin 

log K, 
log K, 
Smin 

log K, 
log K, 
&in 
log K, 
lois Kz 
SIlli” 
log K, 
log K, 
Smin 

log K, 
log K, 
Smin 

log K, 
log K, 
Smin 

8.19 8.04 7.93 7.68 
6.06 5.94 5.85 5.79 
5.40 5.28 5.19 5.14 
0.0234 0.0233 0.0222 0.0328 
5.80 5.76 5.70 5.65 
4.62 4.58 4.52 5.47 
0.0078 0.0064 0.0063 0.0062 
5.58 5.54 5.50 5.44 
4.41 4.36 4.33 4.27 
0.0085 0.0086 0.0084 0.0081 
5.40 5.38 5.34 5.26 
4.18 4.14 4.06 3.96 
0.0379 0.0086 0.0365 0.0053 
5.26 5.20 5.14 5.02 
3.87 3.81 3.75 3.63 
0.0057 0.0061 0.0056 0.0046 
5.05 5.00 4.92 4.82 
3.82 3.77 3.69 3.60 
0.0318 0.0300 0.0270 0.0044 
4.76 4.72 4.64 4.57 
3.69 3.65 3.57 3.48 
0.0077 0.0073 0.0060 0.0052 
4.52 4.46 4.38 4.30 
3.61 3.55 3.47 3.39 
0.0059 0.0052 0.0044 0.0372 
4.48 4.28 4.20 4.10 
3.45 3.35 3.29 3.11 
0.0077 0.0060 0.0022 0.0016 
4.20 4.08 4.00 3.90 
3.48 3.32 3.31 3.21 
0.0130 0.0115 0.0105 0.0091 
3.96 3.89 3.82 3.72 
2.94 2.86 2.68 2.58 
0.0035 0.0028 0.0003 0.0002 

5.85 

5.70 

5.50 

5.34 

5.14 

4.92 

4.64 

4.38 

4.20 

4.00 

3.82 

Log K, (Tables 1 and 2) values have been found to increase with the 
increase in atomic number from lanthanum(II1) to holmium(III), in agree- 
ment with increasing acidity of the metal ion. Betts and Dahlinger [18] gave 
an agreement for the trends in the stability constant of the lanthanon 
complexes from measurements of changes in free energy, entropy and 
enthalpy of the reaction. They showed that for lanthanons beyond eu- 
ropium, though enthalpy changes become positive, complex formation still 
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TABLE? 2 

Stability constants of trivalent metal complexes of NQTSAS in 
strength I_L = 0.10 M NaClO, and at different temperatures, 
enthalpy and entropy changes at 30 f 0.5 ’ C 

aqueous medium at ionic 
with overall free energy 

Metal 
ion 

Stability Temperature (T It 0.5 ’ C) - AG -AH AS 
constants 2. 4. 5. &.I mole-‘) &.I mole-l) &.I K-l 

mole-‘) 

H+ 
Ho(II1) log K, 

log f(, 

Dy(II1) >;K, 
b fc, 

&in 
Tb(II1) log K, 

log K2 

&in 
Y(II1) log K, 

log K; 
s min 

E&II) log K, 
la K, 

hi” 

Sm(II1) log K, 
log K, 

&II 
Gd(II1) log K, 

log K, 

Smin 
Nd(II1) log K, 

log K, 
Smin 

P&II) log K, 
log K, 
&iIl 

CktIII) log K, 

log K, 
Smin 

La(II1) log K, 
log K, 
Smin 

8.32 7.89 7.53 
6.10 5.69 5.54 
5.44 5.03 4.88 
0.0225 0.0219 0.0216 
5.76 5.55 5.42 
4.58 4.37 4.24 
0.0064 0.0061 0.0058 
5.64 5.34 5.22 
4.47 4.17 4.05 
0.0091 0.0075 0.0067 
5.50 5.20 5.10 
4.20 3.93 3.80 
0.0061 0.0322 0.0046 
5.37 5.00 4.86 
3.96 3.60 3.45 
0.0171 0.0044 0.0034 
5.06 4.77 4.67 
3.85 3.52 3.40 
0.0325 0.0211 0.0172 
4.81 4.50 4.38 
3.74 3.41 3.29 
0.0078 0.0048 0.0035 
4.50 4.24 4.12 
3.59 3.33 3.21 
0.0057 0.0034 0.0026 
4.26 4.01 3.88 
3.34 3.10 2.97 
0.0026 0.0012 0.0008 
4.10 3.89 3.79 
3.35 3.20 3.05 
0.0132 0.0090 0.0061 
3.92 3.70 3.60 
2.78 2.54 2.44 
0.0005 0.0002 0.0001 

32.35 27.71 0.0150 

31.39 

30.31 24.24 0.0196 

29.59 26.00 0.0117 

28.56 27.71 0.0112 

27.21 26.00 0.0038 

24.24 0.0046 25.66 

22.53 0.0054 24.16 

20.82 0.0067 22.86 

19.06 

20.82 

20.82 

0.0100 

0.0008 

0.0347 

22.11 

21.15 

proceeds because of the large entropy changes (which readily rise from 
lanthanum to lutetium). This explains the gadolinium break. According to 
Rossotti [19], the stability constant of Y(III) complexes and GdCIII) com- 
plexes should be equal (both ions have no ligand field stabilisation) but he 
explained that due to the smaller size of Y(III1, complexes of Y(R) are 
expected to have higher stability than those of Gd(II1). 
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The stability constants of the 
with increasing ionic strength of 
the Debye-Huckel equation (in 
Table 1. 

complexes have been found to decrease 
the medium, which is in agreement with 
ref. 19). The results are summarised in 

The stability constants decrease with increase in temperature [18] along 
with pK, values (Table 2). These results are in good agreement with those 
of Pitzer [20]. There are no absolute regularities in thermodynamic func- 
tions among the lanthanon(II1) ions, which indicates that the ligand field 
stabilisation energy is negligible for these complexes. 

The thermod~amic parameters (AG, AH and AS) were calculated by 
using the relationships 

AC= -RT In K 

d log K/d(l/T) = -AH/2.303R 

and 

AS = (AhN- AG)/T 

The overall free energy change, enthalpy and entropy changes at 30 + 
0.5 ’ C are reported in Table 2. The negative free energy change (AG) in 
each case indicates that the complexation is spontaneous. 

The enthalpy changes are exothermic. The positive values for AS indi- 
cate that complexation reactions are entropically favoured under the exper- 
imental conditions used. 

Ligand NQTS4S has been compared with NQS.4S (semicarbazone) for 
its chelating ability towards lanthanons. Results presented in Table 3 show 
that the stability of NQS-4S-Ln complexes is higher than that of 
NQTS.4S-Ln complexes. 

TABLE 3 

Comparison of log K, values of lanthanon complexes of NQS.4S and NQTS.4S at ionic 
strength p = 0.10 M NaClO, and temperature = 30 f 0.5 o C in aqueous medium 

Metal ion 

Ho(U) 
IMIII) 
Tb(III) 
Y(II1) 
Eu(II1) 
Sm(II1) 
Gd(II1) 
Nd(III) 
PliIII) 
Ce(II1) 
La(W) 

log K, 

NQS.4S NQTSAS 

5.98 5.85 
5.88 5.70 
5.69 5.50 
5.46 5.34 
5.27 5.14 
5.06 4.92 
4.81 4.64 
4.50 4.38 
4.37 4.20 
4.19 4.00 
3.98 3.82 
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This is explained on the hard-soft acid-base (HSAB) principle. Oxygen 
is a harder base than sulphur. The lanthanons behave as typical hard acids, 
bonding preferentially to oxygen donor ligands. Therefore the stability of 
lanthanon complexes of 1,2-naphthoquinone-2-semicarbazone-4-sulphonic 
acid (sodium salt) (NQS.4S) is higher than that of lanthanon complexes of 
NQTS.4S. In both the cases 1: 1 and 1: 2 complexes were found to be 
formed. 
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