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Thermodynamics of substituted rhodanine 1V:
Potentiometric studies of 3-(p-Tolylsulphonamido)rhodanine Transition

Metal Complexes.
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Abstract

Proton-ligand  dissociation and metal-ligand stability constants of 3-(p-
Tolylsulphonamido)rhodanine (TSR) with some transition metal ions were
calculated potentiometrically in 0.1 M KCl and 20% (v/v) ethanol-water
mixture. The order of stability constants was found to be:

Th*> UOX > Gd¥*> CeM*>La¥*> Mn? < Co?* < Nizt < Cuz*> Zn?*

The dissociation constants p&X. " of TSR and the stability constants \og X of
their complexes were determined at different temperatures (303, 308 and
318 K). The corresponding thermodynamic parameters (AG, AH and AS)
were derived and discussed. The dissociation process is non-spontaneous,

endothermic and entropically unfavourable. The formation of the metal
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complexes have been found to be spontaneous, exothermic or endothermic
(depend on the metal) and entropically favourable. The stoichiometries of
these complexes were determined spectrophotometrically and indicated the

formation of [:1 and 1:2 (metal:ligand) complexes.

INTRODUCTION

The mmportance of metal ions in biological process has been cited [1].
Sulphonamides constitute a class of drugs which are frequently used mn
pharmaceutical preparations, espectally in veterinary practice [2]. Many
sulphonamide drugs are prescribed as sodium salts [3], the acidic hydrogen in the
sulphonamide group (SO,NH) being displaced to give a water soluble drug
Rhodanine and its derivatives are known to play an important role in biological
reactions [4,5], eg, i the inhibition of mycobacterium tuberculosis [6]. The
carbonyl oxygen of the rhodanine moiety constituents chelating backbone in most
complexes and allowing the formation of enol form with displacement ot a proton
in the solution. In continuation of our earlier work [7-10], the objective of this
investigation is to assess the following : (i) the dissoctation constants of TSR at
different temperatures are determined potentiometrically; (1) moreover, the stability
constant of TSR complexes with Mn¥, Co?. Niz Cu?", Zn?", La* Ce¥. Gd*.
UOI" and Th are determined; (iii) the corresponding thermodynamic parameters
are derived and discussed; (iv) the stoichiometeries of these complexes are

determined by molar-ratio and continuous variation methods.

EXPERIMENTAL
Preparation of the ligand

3-(p-Tolylsulphonamido)rhodanine (TSR) was prepared according to the method
[11]. The purity (m.p. 159°C) was checked by elemental analysis (found: C 39.80,
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H3.40, N 9.40; caled.: C 39.72, H3.33, N 9.27), IR and 'HNMR spectra,

Reagents and Materiais
Metal 1on solutions (0.001 M) were prepared from AnalaR metal salt
samples (BDH) in bi-distilled water and standardized with EDTA [12]. The
ligand solution (0.01M) was prepared by dissolving the accurate weight of
the solid in ethanol (AnalaR). Solutions of 0.005 M KCl and 1 M KCl were
also prepared in bi-distilled water. A carbonate-free sodium hydroxide
solution in 20% (v/v) ethanol-water mixture was used as titrant and
standardized against AnalaR oxalic acid.
Potentiometric Measurements

The apparatus, general conditions and methods of calculation were the
same as in the previous work [7,8]. The following mixtures were prepared
and titrated potentiometrically at 303 K against standard 0.02 M NaOH in

20% (v/v) ethanol-water mixture:
1- 5 mi 0.005 MHC] + 3ml 1 MKCl + 10 ml ethanol.
2-5ml 0.005 MHCI +5ml 1 MKCI + 5 ml ethanol + 5 ml 0.01 M ligand.

3- 5 ml 0.005 M HCI +5ml 1 MKCl + 5 ml ethanol + 5 ml 0.01 M ligand
+ 10 ml 0.001 M metal salt.
For each mixture the volume was made up to 50 mi with bi-distilled
water before the titration. These titrations were repeated for temperatures of
308 and 318 K. A constant temperature was adjusted to £0.05 K by using

an ultrathermostate (Gallenkamp thermo stirrer 85). The pH-meter readings



03:22 30 January 2011

Downl oaded At:

142 GHONEIM ET AL.

in 20% (v/v) ethanol-water mixture are corrected according to the Van
Uitert and Hass relation {13].
Spectrophotometric Measurements

The absorption spectra were recorded in the wavelength range 200-
400 nm on a Perkin-Elmer (Lambda 2) spectrometer with a thermostatted

cell-holder using 1 cm matched silica cells.

RESULTS AND DISCUSSION
Potentiometric Studies
Proton-Ligand Stability Constants

The average number of protons associated with the TSR at different pH

values, n,, was calculated from the titration curves of acid in the absence

A

and presence of TSR. Thus, the formation curves (n, vs. pH) for the proton-

ligand systems were constructed and found to extend between 0 and 2 in the

n, scale. This means that TSR has two dissociable protons (the enolized
hydrogen ton of the carbonyl oxygen in the rhodanine moiety and the

sulphonamide proton SO,NH). Different computational methods {14] were

applied to evaluate the stepwise dissociation constants. The average values

obtained are listed in Table 1.

The TSR has a lower acidic character (higher p&" value) than
3-Phenylsulphonamidorhedanine[8]. This is quite reasonable because the
presence of p-CHy group will enhance the electron density by their high
positive mesomeric and positive inductive effects, respectively, whereby
stronger N-H and O-H bonds are formed. Therefore, the electron-repelling

properties of the methyl group retard the removal of the ligand protons and

hence increase the basicity of the ligand[15].
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Metal-Ligand Stability Constants

The formation curves for the metal complexes were obtained by plotting the
average number of ligands attached per metal ion (7i) versus the free ligand
exponent (pl). according to Irving and Rossotti [16]. These curves were
analyzed and the successive stability constants were determined using
different computational methods [17.18]. The values of stability constants

(log X ,. ‘og ¥, and \og /) as well as the ratio \og X /\og ¥, are given in

Table 2. The following general remarks can be pointed out:

(1) The maxamum n values in all cases were found to be =2, revealing that
both ML and ML, types of complexes are formed in solution.

(it) No precipitate was observed in the titration vessel. indicating that the
possibility of formation ot metal hydroxide is excluded.

(ii1) For all complexes formed. because the vacant sites ot the metal 1ons
move freelv available for the binding of a first ligand than for a second
one.

(iv) the order of stability constants of the metal complexes of TSR was

found to be

Th+> U > Gd¥> Ce¥ >Latt > Mn** < Co?* < Nizt < Cuit> Zn™
The sequence of stability (Mn™ < Co™ < Ni** < Cu* > Zn**) of the
complexes of TSR are in agreement with that found by Irving and Williams
[19. 20]. The order largely reflect the changes in the heat of complex
formation across the series and arise from combination of the influence of
both polarizing ability of the metal ion {21] and crystal-field stabilization
energies [22]. The greater stability of Cu?*complexes is produced by the
well known Jahn-Teller effect. The stability constant of the divalent

oxygenated cation complex (UOZ") has higher value than the other divalent
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cation complexes (Table 2). This may be attributed to the bonded oxygen
atoms which may increase the electrostatic attraction between the metal ion
and the coordinated ligands and overcome any steric hindrance offered by
the oxygen of the oxygenated cation[23]. The higher values of the stability
constants of Th* complexes compared to that of the other divalent metal
complexes is expected in the bases of charge and ionization potential of

Th* 10on[8].
Effect of Temperature

The dissociation constants (p&. and p&.)) for TSR as well as the stability
constants of its complexes with Mn2t, Coz*, Niz* Cu?t, Zn?* La** CeV,
G+ UOY and Th# hz\yt—‘, been evaluated at 303, 308 and 318 K, and are
given in Tables 1 and 2. The slope of the plot (p& ™ or \og X vs.1/;) was
utilized to evaluate the enthalpy change (AH) for the dissociation or
complexation process. respectively. From the free energy change (AG) and
(AH) values one can deduce the entropy change (AS) using the well known

relationships (1) and (2):

AG = -2.303 RT log K = 2.303 RT pK .. (1
AS = (AH-AG)/T oo (2)

All thermodynamic parameters of the dissociation process of TSR are

recorded in Table |. Inspection of these values reveals that:
(1) The stepwise oK™ values decreases with increasing temperature

revealing that its acidity increases with increasing temperature.

(1) A positive value of AH indicating that its dissociation is accompanied by

adsorption of heat and the process is endothermic.
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(ii1) A large positive value of AG indicating that the dissociation process is

not spontaneous.

(1v) A negative value of AS is obtained, due to increased order as a result of

solvation processes.

All the thermodynamic parameters of the stepwise stability constants
of TSR complexes are recorded in Table 3. Itis known that the divalent
metal 1ons exist in solution as octahedrally hydrated species and the
obtained values of AH and AS can then be considered as sum of two

contributions:

(a) release of H,O molecules, and
(b) metal-ligand bond formation.

It was suggested [24] that the 1ons in aqueous solution, order the water
molecules around them and during complex formation between oppositely
charged 1ons (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:

(1) The stepwise stability constants (og¥, and log¥,) for TSR
complexes decreases with increasing temperature in the case of Mn2+,
Co*, Cu¥ . Zn?. La¥, Ce¥. Gd* and UO;" whereas in the case of Ni**
and Th* the reverse happens, L.e., its stability constants increase with

increasing the temperature.

(1) The negative values of AG for the complexation process of Mn#*, Co**.
N, Cu?t, Zn#, La¥, Ce¥, Gd*, UO" and Th* with TSR suggests a

spontaneous nature of such process.
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Table (4) : Stoichiometry of M"™-TSR complexes in 20% (v/v) ethanol-water
mixture by Molar Ratio (M.R.) and Continous Variation (C.V.)

methods at 298 K.

Metal pH A N1 M.R. C.V.

Mn?** 9 380 11 1:2 - 1:2
Co* 9 380 1:1 12 1:1 -
Niz* 9 360 1:1 1:2 11 -
Cu?* 9 360 1:1 12 1:1 -
Zn?* 9 370 1:1 1:2 - 12
La3* 9 365 1:1 1:2 - [:2
Ce't 7 320 1:1 1:2 - 1:2
uozr 9 320 101 1:2 - 1.2

(i11) The AH values are negative in the case of Mn2*, Co*, Cu?*, Zn?*, La’",
Ce¥*, Gd* and UO" whereas in the case of Ni2* and Th** are positive.
This means that these processes are exothermic and favourable at
lower temperatures for Mn*, Co?*, Cu?*,Zn?*, La’*, Ce¥, Gd3* and
UOI" complexes, while in the case of Niz* and Th*" complexes the

process are endothermic and favourable at higher temperature.

(iv) The positive values of AS for the complexation process of TSR with
Co?r. Nizr, Cu?* La¥, Gd*. UO;" and Th* confirming that the complex
formation is entropically favourable. In contrary, the Mn?*, Zn?* and
Ce3* complexes have negative values of AS. Such negative entrepy

change can be attributed to the extensive solvation of metal chelates in
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aqueous-ethanol medium. This may be due to the exposure of the polar

oxygen, nitrogen and metal ion of the chelate to solvent molecules [25].
Spectrophotometrie studies
Stoichiometries

Stoichiometries of the complexes of TSR with Mn2*, Co2*, Ni%*. Cu®,
Zn*, La*, €Ce* and UO7" result from the measurements in the range 200-
400 nm at the optimum pH vaiues. These studies were carried out to
investigate the stoichiometries of the formed complexes at the charactenistic
absorption maximum from the molar ratio [26] and continuous variation
{27] methods. Both methods indicated the formation of [:1 and 1:2

(metal:ligand) complexes (Table 4).

REFERENCES

I H. Sigel, Metal Jons Biological Systems, V. 2, Dekker, New York, 1973.

"~

W. Sadee and J.C.M. Beelen, Drug Level Monitoring, Wiley, New York,

1980.

(9]

J.J. Berzas, ). Rodriguez, J.M. Lemus and G. Castandad, Anal. Chim. Acta,

273 (1993) 369.

4 F.C. Brown, C.K. Bradsher, M. Tetenbaum and P. Wilder, J. Am. Chem.
Soc., 78 (1956) 384.

5 F.C. Brown, C.K. Bradsher, B.F. Moser and S. Forrester, J. Org. Chem., 24
(1959) 1056.

6 S. Tadashi and O. Masaki, J. Pharm. Soc. (Jpn), 75 (1955) 1535.

7 A.Z El-Sonbati and A A. El-Bindary, New Polymeric Mater, 5 (1996) 51.



03:22 30 January 2011

Downl oaded At:

152

O8]
[}

88
[¥5)

GHONEIM ET AL.
A A El-Bmdary, M.M. Ghoneins, A.Z Fl-Soubati and S.A. Barakat,
Monatsh. Chem., In Press (1998).
A A. El-Bindary, Transition Met. Chem., 22 (1997) 381,
A A Et-Bindary and A.Z. El-Sonbati, Gazzetta Chim. Ital | 127 ( lQ‘)"/) 597,

K.M. Ibrahim, A.M. Shallaby, A.A. ELBindary and M.M. Mostafa,

Polyhedron, 5 (1986) 1105.

G.H. Jeftery, J. Bassett, J. Mendham and R.C. Denney, Vogel's Textbook of

Quantitative Chemical Analysis, 5th Edn., Longman, London, 1989.
L.G. Van Uitert and C.G. Hass, J. Am. Chem. Soc., 75 (1953) 451.
H. Irving and H.S. Rossotti, J. Chiem. Soc., (1954) 2904,

AA. El-Bindary and I. Shehatta, Monatsh. Chem., 125 (1994) 841.

H. frving and H.S. Rossotti, J. Chem. Soc., (1953) 3397.

F.I.C. Rossotti and H.S. Rossotti, Acta Chem. Scand. 9 (1955) 1166.

M.T. Beck and I Nagybal. Chemistry of Complex Equilibria, Wiley, New
York. (1990).

H.M. Irving and R.J.P. Williams, Nature (London), 162 ( 1948) 746.
H.M. Irving and R.J.P. Williams, Analyst (London), 77 (1952) 813.

F.R. Harlly, R.M. Burgess and R.M. Alcock. Solution Equilibria. Ellis

Harwood, Chichester, (1980) 257:

C.S.G. Phillips and R.J.P.Williams. Inorganic Chemistry, Oxford. 2 (1966)

268.

M. Abdel-Moez. H. Sleem and B. El-Shetary, Thermochim. Acta. 149

(1989)317.

H. Frank and L. Evans. J. Phys. Chem.. 13 (1945) 507.



03:22 30 January 2011

Downl oaded At:

THERMODYNAMICS OF SUBSTITUTED RHODANINE. IV

25 W.D. Johnston and H. Frieser, Anal. Chem. Acta, 11 (1954) 201.

26 JH Yoeand A.L. Jones. Ind. Eng. Chem. Anal. Edn.. 16 (1944) 111.

27 P. Job, Ann. Chim.. 9 (1928) 113.

Date Received: September 2, 1998
Date Accepted: October 1. 1998

153



