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POTENTIOMETRIC AND THERMODYNAMIC STUDIES OF
2-MERCAPTO-5-2-HYDROXYNAPHTHYLIDEAMINO)-1,3,4-THIADIAZOLE

AND ITS METAL COMPLEXES
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Proton-ligand dissociation constant of 2-mercapto-5-(2-hydroxynaphthylideamino)-1,3,4-thiadiazole (MHT) and the stepwise sta-
bility constants of its metal complexes were determined potentiometrically in 40 mass/mass% ethanol-water mixture containing
0.1 M KCI. The stabilities of the complexes follow the order: Cu?>Ni*>Co?">Mn?". The dissociation constant (pKH) of MHT and
the stability constants (logK) of its metal complexes were determined at different temperatures and the corresponding thermodynamic
parameters were calculated and discussed. The proton dissociation process is non-spontaneous, endothermic and entropically
unfavoured. The formation of the metal complexes was found to be spontaneous, endothermic and entropically favoured.
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Introduction

The interest in the study of Schiff bases and their
metal chelates have been growing due to their appli-
cations in biological systems [1-6], electrochemistry
[7] as well as catalysis [8—10]. Thus, their chelating
properties towards metal ions drew the attention of
many authors [11-15].

In the present article, we report herein the disso-
ciation constant of 2-mercapto-5-(2-hydroxynaph-
thylideamino)-1,3,4-thiadiazole (MHT) and the
stepwise stability constants of its complexes with
Mn*", Co™, Ni*" and Cu®" at different temperatures.
The corresponding thermodynamic parameters are
calculated and discussed.

Experimental
Reagents and materials

MHT was prepared as previously described [11]. The
purity was checked by elemental analyses and IR
spectrum.
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Metal ion solutions (0.0005 M) were prepared
from Analar metal chlorides in bidistilled water and
standardized with EDTA. The ligand solution
(0.001 M) was prepared by dissolving the accurate
mass of the solid in ethanol (Analar). A solution of
1 M KC1 was also prepared in bidistilled water. A
carbonate-free sodium hydroxide solution in 40 v/v%
ethanol-water mixture was used as titrant and stan-
dardized against oxalic acid (Analar).

Apparatus and procedures

Apparatus, general conditions and methods of calcula-
tion were the same as reported by El-Bindary ef al. [16].
The following mixtures were prepared and titrated
potentiometrically at 298 K against standard 0.002 M
NaOH in 40 v/v% ethanol-water mixture:

* 5mL 0.00l M HC1+5 mL1 M KC1+20 mL ethanol

* 5mL 0.001 M HCI1+5 mL 1 M KC1+15 mL etha-
nol+5 mL 0.001 M ligand and

* 5mL 0.00IM HC1+5 mL 1 M KC1+15 mL ethanol
+5 mL 0.001 M ligand+5 mL 0.0005 M metal chlo-
ride.

For each mixture, the volume was increased to
50 mL with bidistilled water before the titration. These
titrations were also carried out at 308 and 318 K. Tem-
perature was kept constant within £0.05°C. The
pH-meter readings in 40 v/v ethanol-water mixture
were corrected, according to the procedure of Van
Uitert and Hass [17].
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Table 1 Thermodynamic functions for the dissociation of MHT in 40 (v/v)% ethanol water mixture in the presence of

0.1 M KCl at different temperatures

Dissociation constant Free energy change/kJ mol™' Enthalpy change/k mol™'  Entropy change/J mol™ K™
T Pk pKY AG, AG, AH, AH, ~AS, —AS,
298 6.20 4.77 35.38 27.22 22.35 9.56
308 6.04 4.64 35.62 27.36 28.72 24.37 22.40 9.71
318 5.90 4.52 35.92 27.52 22.64 9.91

Standard deviation: pK; (0.002); pK, (0.001), G (0.014-0.035), Correlation coefficients: pK; (0.99994); pK, (0.99999),

G (0.9958-0.9978)

Table 2 Stepwise stability constants for ML and ML, complexes of MHT in 40 (v/v)% ethanol-water mixture in the presence

of 0.1 M KCl at different temperatures

- 298 K 308 K 318K
M logk, logk, logk, logk, logk, logk,
Mn?* 7.70 5.70 7.83 5.83 7.97 5.95
Co** 7.89 5.83 8.04 5.98 8.20 6.14
Ni** 8.00 5.95 8.15 6.09 8.31 6.22
cu* 8.20 6.11 8.38 6.26 8.55 6.40

Standard deviation: logk, (0.002—0.01); logk, (0.001-0.01), Correlation coefficients: logk; (0.9988-0.9999); logk, (0.9989-0.9999)

Results and discussion
Proton-ligand stability constants

The acid dissociation constant of the Schiff base ligand
(MHT) was first determined from the titration curve of
HCI with NaOH in the absence and presence of MHT.
The average number of protons associated with the
MHT at different pH values (ny) was calculated ac-
cording to Irving and Rossotti [18]. Thus, the forma-
tion curves (n5 vs. pH) for the proton-ligand systems
were constructed and found to extend between 0 and 2
on the n, scale. This means that MHT has two
dissociable protons (the hydrogen ions of the OH and
SH groups). The number of replicates are three and the
average values obtained are listed in Table 1.

Metal-ligand stability constants

The formation curves for the metal complexes were
obtained by plotting the average number of ligands at-
tached per metal ions (1) vs. the free ligand exponent
(pL), according to Irving and Rossotti [18]. These
curves were analyzed and the successive stability
constants were determined using different computa-
tional methods [19, 20]. The values obtained were in
good agreement within 1% error. The average values
are represented in Table 2. The following general re-
marks can be pointed out:

« The maximum value of n, was ~2 indicating the
formation of 1:1 and 1:2 (metal:ligand) complexes.
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+ The ligand and metal ion solutions used in the pres-

ent study were very dilute, hence there was no pos-
sibility of formation of polymerised complexes.

* The metal titration curves (Fig. 1) were displaced

to the right-hand side of the ligand titration curve
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 titra-
tion curves relative to the ligand titration curves
points to the formation of stable metal complexes.
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Fig. 1 Potentiometric titraton curves of (MHT) and its metal
complexes in 40% ethanol-water mixture at 298 K.
The given scale (0, 2...etc. mL) is just for Cu(Il) com-
plex and is shifted in parallel for the others
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« In most cases, the colour of the solution after com-
plex formation was different from the colour of the
ligand at the same pH.

+ At constant temperature, the stability of the che-
lates increases in the order Cu®">Ni*">Co*">Mn*"
which is in a good agreement with the order ob-
served by Irving and Williams [21].

+ The values (logk,—logk,) are usually positive, since
the coordination sites of the metal ions are more
freely available for binding of the first ligand than the
second one. The difference reveals the importance of
the electrostatic and steric effects resulting from the
addition of the second ligand molecule (the statistical
effect contributes only 0.68 log units [20]).

Effect of temperature

The dissociation constant pK™ of MHT, as well as the
stability constants of its complexes with Mn*", Co*",
Ni*" and Cu’" have been evaluated at 298, 308 and
318 K, and the values are given in Tables 1 and 2. The
slope of the plot (pK" or logK vs. 1/T) was utilized to
calculate the enthalpy change (AH) for the dissocia-
tion or complexation process, respectively (Figs 2
and 3). From the free energy change (AG) and (AH)
values one can determine the entropy change (AS) us-
ing the well-known relationships (1) and (2):

AG=-2.303RTlogK=2.303RTpK (D
AS=(AH -AG)/T 2)
6.4
pK;
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Fig. 2 Variation of pK of MHT with the temperature
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All thermodynamic parameters of the proton dis-
sociation process of MHT are recorded in Table 1. In-
spection of these values reveals that: (i) The pK" val-
ues decrease with increasing temperature; (i7) A posi-
tive value of AH indicates that dissociation is an en-
dothermic process and follows the general pattern for
ionisation processes of acids; (ii7) A positive value of
AG reveals that the dissociation process is not sponta-
neous and (iv) A negative value of AS is obtained, as a
result of solvation processes i.e. the total number of
solvent molecules bound with the dissociated ligand
is greater than that originally accompanying the un-
dissociated form [22].

Thermodynamic parameters of the stepwise sta-
bility constants of MHT complexes are recorded in
Table 3. It is known that the divalent metal ions exist
in solution as octahedrally hydrated species and the
obtained values of AH and AS can then be considered
as the sum of two contributions: a) release of H,O
molecules and b) metal-ligand bond formation.

It was suggested [23] that the ions in aqueous so-
lution, the order of water molecules around them and
complex formation between oppositely charged ions
(ligand L* and M™") will lead to the breakdown of
metal-water arrangement resulting in positive entropy
and enthalpy changes. Examination of these values
shows that:

(i) The stepwise stability constants (logK; and
logK,) for MHT complexes increase with increasing
temperature; (ii) The negative values of AG for the
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Fig. 3 Variation of pK of MHT complex with the temperature
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complexation reaction suggests a spontaneous nature
of such process. Also, the data indicate that
—AG>-AG,. This may be attributed to the steric hin-
drance produced by the first ligand molecule for the
entrance of the second ligand molecule. Due to the
complex formation, the electron density on the metal
ion generally increases. Thus, its affinity for subse-
quent ligand decreases, leading to an increase in AG
of complexation. (iii) The positive AH values denote
that these processes are endothermic and favourable
at higher temperature and (iv) The AS values for the
MHT complexes are positive confirming that the
complex formation is entropically favourable. This
indicates that the increase in entropy by the release of
bound solvent molecules on chelation is greater than
the decrease resulting from the chelation process it-
self. This is due to the fact that the solvent molecules
which are arranged in an orderly fashion around the
ligand and the metal ion have acquired a more random
configuration on chelation. This is referred to as a gain
in configurational entropy [22].

Relation between pK of the complexes and properties
of metal ions

The stability constants of the metal complexes are
discussed in terms of the characteristic properties of
the metal ions e.g. ionic radius, ionisation enthalpy,
hydration enthalpy and electronic configuration. The
overall AG and AH for the formation of MHT metal
complexes are correlated well with the reciprocal of
the metal ionic radius (Fig 4), the total ionisation
enthalpy at 35°C for the process
M(gas)—M*"(gas)+2e (Fig. 5) and the enthalpy of
hydration AHy (Fig. 6). Figure 5 reveals that the metal
complexes are similar in size and geometry of the coor-
dination sphere of the corresponding aquo ions [24].
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Fig. 4 Variation of the overall thermodynamic functions at
35°C for MHT complexes with the reciprocal of the ra-
dius of M*" ions

—AG and —-AH increase with increasing the electro-
negativity of the metal. This is in agreement with the
fact that increasing the electronegativity of the metal
will decrease the electronegativity between the metal
atom and the donor atom of the ligand. Thus, the metal-
ligand bond would have more covalent character, which
may lead to greater stability of the metal complexes
(higher —AG and —AH). The overall ~AG and -AH
(Fig. 7) values for the MHT complexes follow the order
Mn?**<Co?"<Ni*'<Cu*", which is in agreement with the

Table 3 Thermodynamic functions for ML and ML, complexes of MHT in 40 (v/v)% ethanol-water mixture in the presence of

0.1 MKCl

Free energy change/k] mol™

Enthalpy change/kJ mol™

Entropy change/J mol™ K™

M"  Temperature/K

-AG, -AG, AH, AH, AS; AS,
298 43.93 32.52 243.79 179.80
Mn* 308 46.18 33.26 28.72 21.06 243.18 176.36
318 48.53 36.22 242.92 180.13
298 45.02 33.26 253.89 190.13
Co*" 308 47.41 35.27 30.64 23.40 25341 190.49
318 49.93 37.38 253.36 191.13
298 45.65 33.95 260.27 195.30
Ni** 308 48.06 3591 31.91 24.25 259.64 195.32
318 50.60 37.87 259.47 195.35
298 46.79 34.86 274.80 208.86
cu* 308 49.42 36.92 35.10 27.38 274.42 208.77
318 52.06 38.97 274.09 208.65

Standard deviation: G, (0.107-0.149 ), G, (0.076-0.978), Correlation coefficients: G; (0.9991-0.9996), G, (0.936-0.9997)
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Fig. 5 Variation of the overall thermodynamic functions at
35°C for MHT complexes with the ionization enthalpy
of M*" ions
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Fig. 6 Variation of the overall thermodynamic functions at
35°C for MHT complexes with the hydration enthalpy
of M*" ions
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Fig. 7 Variation of the overall thermodynamic functions at
35°C for MHT complexes with the atomic number of
M ions

Irving—Williams series [25]. The thermodynamic func-
tions of the Cu®" complex are higher than those of the
other metal ions, due to the stabilization exerted by its
unique electronic configuration (4°), which results in
the Jan—Teller effect. This explains the deviation from
the straight line observed for the thermodynamic param-
eters of the Cu”" complex.

Conclusions

An attempt was made to determine, potentiometrically
the dissociation constant of MHT as well as stepwise
stability constants of its metal complexes. The results
showed that the stabilities of the complexes follow the
order Cu*>Ni*>Co”">Mn**. The dissociation process
is non-spontaneous, endothermic and entropically un-
favoured. Also, complex formation is spontaneous, en-
dothermic and entropically favoured.
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