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Stability constants of bivalent (Mn2+, Co2+, Ni2+, and Cu2+) metal ion complexes with rho-
danine azosulfonamide derivatives have been determined potentiometrically in 0.1 M-KCl and 30
vol. % ethanol—water mixture. The stability constants of the formed complexes increase in the
order Mn2+, Co2+, Ni2+, Cu2+. The influence of substituents on the stability of the complexes was
examined on the basis of electron repelling property of the substituent. The effect of temperature
on the stability of the complexes formed was studied and the corresponding thermodynamic quan-
tities (∆G, ∆H, and ∆S) were derived and discussed. The stoichiometries of these complexes were
determined conductometrically and indicated the formation of 1:1 and 1:2 (n(metal):n(ligand))
complexes.

Much interest has been shown in the chemistry of
sulfonamide antibacterials with respect to their bio-
logical activities [1]. Rhodanines have been extensively
investigated by organic chemists due to their close as-
sociation with various types of biological activities [2].
They are also of particular interest because of their
use as local anesthetics [3]. Drug log K values can be
used to predict possible precipitation in admixtures
and solubilities in aqueous solutions as well as to pro-
vide optimum bioavailability by maintaining a certain
ratio of ionized to unionized drug [4]. In continuation
to the earlier works [5—7], we report herein the sta-
bility constants of Mn2+, Co2+, Ni2+, and Cu2+ com-
plexes with rhodanine azosulfonamide derivatives at
different temperatures and the corresponding thermo-
dynamic quantities of complexation are evaluated and
discussed. Moreover, the stoichiometries of these com-
plexes are determined conductometrically at 298 K.

EXPERIMENTAL

Ligands of N-substituted 4-[(4-oxo-3-phenyl-2-thi-
oxothiazolidin-5-yl)azo]benzenesulfonamides I—V and
their derivatives were prepared as previously described
[5—8]. Their purities were checked by elemental anal-
yses, IR, and 1H NMR spectra.
Metal ion solutions (0.001 mol dm−3) were pre-

pared from Analar metal chlorides in bidistilled water
and standardized with EDTA [9]. The ligand solutions
(0.01 mol dm3) were prepared by dissolving the accu-
rate mass of the solid in ethanol (Analar). Solutions of
0.005 M-HCl and 1 M-KCl were also prepared in bidis-
tilled water. A carbonate-free sodium hydroxide solu-
tion in 30 vol. % ethanol—water mixture was used as
titrant and standardized against oxalic acid (Analar).
The potentiometric measurements, apparatus, gen-

eral conditions, and methods of calculation were the
same as in the previous works [5—7]. The following
mixtures were prepared and titrated potentiometri-
cally at 298 K against the standard 0.02 M-NaOH in
30 vol. % ethanol—water mixture:
i) 5 cm3 0.005 M-HCl + 5 cm3 1 M-KCl + 15 cm3

ethanol;
ii) 5 cm3 0.005 M-HCl + 5 cm3 1 M-KCl + 10 cm3

ethanol + 5 cm3 0.01 M-ligand;
iii) 5 cm3 0.005 M-HCl + 5 cm3 1 M-KCl + 10 cm3

ethanol + 5 cm3 0.01 M-ligand + 10 cm3 0.001
M-metal chloride.

For each mixture, the volume was made up to 50 cm3

with bidistilled water before the titration. These titra-
tions were repeated for temperatures of 308 K and 318
K. A constant temperature was maintained to ± 0.05
K by using an ultrathermostat (Neslab 2 RTE 220).
The pH measurements were carried out using VWR
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Scientific instruments model 8000 pH-meter accurate
to ± 0.01 units. The pH-meter readings in 30 vol. %
ethanol—water mixture are corrected according to the
Van Uitert and Hass relation [10].
The conductometric measurements solutions of

10−4 M-metal chloride were titrated with 10−3 M-
ligand. These titrations were performed using YSI
model 32 conductivity meter at 298 K.

RESULTS AND DISCUSSION

The values of both the deprotonation constants
and their thermodynamic functions for the ligands
studied in this work were as those previously reported
[5]. The formation curves for the metal complexes were
obtained by plotting the average number of ligands
attached per metal ions (n̄) vs. the free ligand expo-
nent (pL), according to Irving and Rossotti [11]. These
curves were analyzed and the successive stability con-
stants were determined using different computational
methods [12, 13] and they agree within 1 % error.
Accordingly the average values are represented in Ta-
ble 1. The following general remarks can be pointed
out:
– The maximum value of n̄ was ≈ 2 indicating the

formation of 1:1 and 1:2 (n(metal):n(ligand)) com-
plexes only.
– The metal ion solution used in the present study

was very dilute (10−4 mol dm−3), hence there was
little possibility of polynuclear complexes formation
[14].
– The metal titration curves were displaced to the

right-hand side of the ligand titration curves along the
volume axis, indicating proton release upon complex
formation of the metal ion with the ligand. The large

decrease in pH for the metal titration curves relative
to ligand titration curves points to the formation of
strong metal complexes [15].
– In most cases, the colour of the solution after

complex formation was observed to be different from
the colour of the ligand at the same pH.
– For the same ligand at constant temperature, the

stability of the chelates decreases in the order Cu2+,
Ni2+, Co2+, Mn2+ [7, 16, 17]. This order largely re-
flects the changes in the heat of complex formation
across the series from combination of the influence
of both polarizing ability of the metal ion [18] and
crystal-field stabilization energies [19]. The greater
stability of Cu2+ complexes is produced by the well
known Jahn—Teller effect.
An inspection of the results in Table 1 reveals that

the stability constant values of the complexes of rho-
danine azosulfonamide derivatives are influenced by
the inductive or mesomeric effect of the substituents
[5, 6]. This behaviour correlates with the effect of dif-
ferent sulfa drugs as follows:
– The high stability of I and II complexes can be at-

tributed to the presence of —OCH3 and —CH3 group
in the p-position relative to the azo group, respec-
tively. This is quite reasonable because the presence
of the above groups (i.e. an electron-donating effect)
will enhance the electron density by their high posi-
tive indicative or mesomeric effect, whereby stronger
chelation was formed.
– The low stability of IV and V complexes can

be attributed to the absence of —OCH3 and —CH3
group. This is caused by the negative indicative effect
which decreases their ability for chelation and there-
fore the stability of the complexes.
– For the ligands with the same metal ion at con-
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Table 1. Stepwise Stability Constants for the Complexation of Rhodanine Azosulfonamides with Mn2+, Co2+, Ni2+, and Cu2+

in 30 vol. % Ethanol—Water Mixture and 0.1 M-KCl at Different Temperatures

298 K 308 K 318 K
Ligand Mn+

log K1 log K2 log K1 log K2 log K1 log K2

I Mn2+ 6.40 4.40 6.60 4.62 6.80 4.84
Co2+ 6.80 4.92 6.98 5.10 7.16 5.28
Ni2+ 7.25 5.42 7.45 5.64 7.65 5.86
Cu2+ 7.62 5.82 7.82 6.00 8.00 6.22

II Mn2+ 5.87 3.56 6.10 3.76 6.32 3.98
Co2+ 6.82 3.66 7.03 3.88 7.25 4.20
Ni2+ 7.50 4.30 7.72 4.50 7.95 4.70
Cu2+ 7.70 4.50 7.92 4.72 8.15 4.95

III Mn2+ 6.35 3.58 6.50 3.70 6.70 3.83
Co2+ 6.50 3.60 6.75 3.85 7.00 4.09
Ni2+ 6.60 3.63 6.80 3.90 7.05 4.15
Cu2+ 6.72 3.65 6.94 4.00 7.19 4.25

IV Mn2+ 7.65 4.60 7.40 4.40 7.20 4.20
Co2+ 7.80 4.68 7.52 4.46 7.30 4.24
Ni2+ 7.85 4.72 7.60 4.58 7.40 4.40
Cu2+ 8.00 5.00 7.70 4.80 7.50 4.46

V Mn2+ 6.60 3.60 6.82 3.80 7.00 4.00
Co2+ 6.80 3.82 7.00 4.00 7.22 4.25
Ni2+ 7.03 4.00 7.25 4.25 7.40 4.50
Cu2+ 7.30 4.20 7.50 4.50 7.70 5.00

Table 2. Thermodynamic Functions for the Complexation of Rhodanine Azosulfonamides in 30 vol. % Ethanol—Water Mixture
at 298 K

−∆Gj

kJ mol−1
∆Hj

kJ mol−1
∆Sj

J mol−1 K−1
Ligand Mn+

1 2 1 2 1 2

I Mn2+ 36.52 25.11 31.02 36.38 266.64 206.34
Co2+ 38.81 28.08 36.38 31.79 252.32 200.91
Ni2+ 41.36 30.92 35.84 30.44 259.06 205.91
Cu2+ 43.47 33.21 36.37 31.78 267.92 218.09

II Mn2+ 27.78 20.31 38.29 33.29 222.71 179.86
Co2+ 33.21 20.88 34.80 31.91 228.22 177.14
Ni2+ 37.09 24.53 36.47 33.30 246.84 194.06
Cu2+ 38.80 25.67 42.54 35.29 272.90 204.56

III Mn2+ 36.23 20.42 30.06 20.12 222.40 136.10
Co2+ 37.03 20.54 45.05 19.17 275.40 133.15
Ni2+ 37.66 20.71 30.63 17.23 229.12 127.32
Cu2+ 38.34 20.82 42.12 27.70 270.00 162.82

IV Mn2+ 43.64 26.24 41.81 28.29 286.74 182.99
Co2+ 44.51 26.70 42.86 27.86 293.19 183.09
Ni2+ 44.79 26.93 41.79 25.95 290.54 177.45
Cu2+ 45.64 28.52 43.59 23.22 299.43 173.62

V Mn2+ 37.66 20.54 34.81 34.81 243.18 185.73
Co2+ 38.80 24.54 43.85 35.90 277.34 202.81
Ni2+ 48.24 22.82 30.63 43.51 264.66 222.58
Cu2+ 41.05 23.96 34.81 43.51 256.57 226.41

stant temperature, the stability of the chelates de-
creases in the order I, II, III, IV, V [6].
Stability constants of the complexes of ligands

studied with Mn2+, Co2+, Ni2+, and Cu2+ have been
evaluated at 298 K, 308 K, and 318 K, and are given
in Table 1. The slope of the plot (log K vs. 1/T ) was

utilized to evaluate the enthalpy change (∆H ) for the
complexation process. From the Gibbs energy change
(∆G) and (∆H) values one can deduce the entropy
changes (∆S) using the well known relationships

∆G = −2.303RT logK (1)
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∆S = (∆H −∆G)/T (2)

All the thermodynamic parameters of the stepwise
stability constants of complexes are recorded in Ta-
ble 2. It is known that the divalent metal ions exist
in solution as octahedrally hydrated species and the
obtained values of ∆H and ∆S can then be consid-
ered as a sum of two contributions: a) release of H2O
molecules, and b) metal—ligand bond formation. Ex-
amination of these values shows that:
– The stepwise stability constants (logK1 and

logK2) for ligand complexes increase with increas-
ing temperature, i.e. their stability constants increase
with increasing the temperature.
– The negative value of ∆G for the complexation

process suggests a spontaneous nature of such process
[6, 20].
– The ∆H values are positive, i.e. these processes

are endothermic and favourable at higher tempera-
ture.
– The ∆S values for the ligand complexes are posi-

tive confirming that the complex formation is entrop-
ically favourable.
Stoichiometries of the complexes of ligands with

Mn2+, Co2+, Ni2+, and Cu2+ result from the con-
ductometric measurements. These studies were carried
out to investigate the stoichiometries of the formed
complexes by breaks denoting the formation of 1:1
and 1:2 (n(metal):n(ligand)) complexes. Therefore,
the relation between the metal ions and ligand occurs
via the formation of a covalent linkage with the oxy-
gen of the —OH group (rhodanine moiety) and the
nitrogen of the azo group [6]. The increase in conduc-
tance upon titrating metal ions by ligand is probably
due to the liberation of the hydrogen ions from the
—OH group during the complex formation [21]. The
decrease of the conductance value occurs due to i) the
increase of the volume of the metal ion chelate forma-
tion which is accompanied by the decrease in the value
of diffusion coefficient of the particle, and ii) the low-
ering of the charge on the metal ion through covalent
bond formation with ligand.
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