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Abstract 

Proton-ligand dissociation and metal-ligand stability constants of 3-(p- 

Toly1sulphonamido)rhodanine ('TSR) with some transition metal ions were 

calculated potentiometrically in 0.1 M KCI and 20% ( v h )  ethanol-water 

mixture. The order of stability constants was found to be: 

Th'+> UO:+ > Gt13+> Ce'' >La3+> MnZ+< Co2+< Ni2+< CuZ'.> Zn2+ 

The dissociation constants pK" of TSR and the stability constants \og h of 

their complexes were determined at different temperatures (303, 308 and 

3 18 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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140 GHONEIM ET AL. 

complexes have been found to be spontaneous, exothermic or endotheiniic 

(depend on the metal) and entropically favourable. 'The stoichiometries of 

these complexes were determined spectrophotornetrically ,and indicated the 

formation of I :  1 and 1:2 (meta1:ligand) complexes. 

INTRODUCTION 

The importance of metal ions in lnolog~al process has been cited [l]. 

Sulphonamides constitute a class of drug whxh are frequently used in 

pharmaceutical preparations, especially in veterinary practice [r )] .  Many 

sulphonamide drugs are prescribed as sodium salts [3] ,  the acidic hydrogen in the 

sulphonamide group (S02NH) being displaced to give a water soluble drug 

Rhodame and its derivatives are known to play an important role in biological 

reactions [4,5], e.g, in the dubition of mycobacterium tuberculosis [6]. The 

carbonyl oxygen of the rhodanine moiety constituents chelatmg backbone in most 

complexes and allowing the formation of en01 form with displacement of a proton 

in the solution. In continuation of our earlier work [7-lo]. theobjectiveofthis 

investigation is to assess the following : (i) the dissociation constants of TSR at 

different temperatures are determined potentiometrically; (ii) moreover. the stability 

constant of TSR complexes with Mn2+, Co2'. Nii+. Cuz+, Zn2+, Law.Crh. Gd+. 

UO:' and Th4+ are determined; (ii) the correspondmg themodyn&c parameters 

are derived and discussed; (iv) the stoichiometeries of these complexes are 

determined by molar-ratio and continuous variation methods. 

E'VERIMENTAL 

Preparation of the ligand 

3-(p-Tolylsulphonamido)rhohe (TSR) was prepared according to the method 

[l 11. The punty (m.p. 159°C) was checked by elemental analysis (found: C 39.80, 
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THERMODYNAMICS OF SUBSTITUTED RHODANINE. IV 141 

H 3.40. N9.40; calcd: C 39.72. H 3.33. N 9.27), IR and 'HNMR spectra 

0 

0 
c H 3 a ; - - - ~ ~  0 N- I C II 

I I 

Reagents and Materials 

Metal ion solutions (0.001 M) were prepared from AnalaR metal salt 

samples (BDH) in bi-&stilled water and standardzed with EDTA [12]. The 

ligand solution (0.OlM) 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 bidstilled water. A carbonate-free sodium hydroxide 

solution in 20% (v/v) ethanol-water mixture was used as titrant and 

standardized against AnalaR oxalic acid. 

Potentiomerric Measurements 

The apparatus, general conditions and methods of calculation were the 

sanie as in the previous work [7,8]. The following mixtures were prepared 

and titrated potentiometncally at 303 K against standard 0.02 M NaOH in 

20% (v/v) ethanol-water mixture: 

I -  5 ml 0.005 M HCl + 5 ml 1 M KCl + 10 ml ethanol 

2- 5 ml 0.005 M HCl + 5 ml 1 M KCl + 5 ml ethanol + 5 ml 0.01 M ligand. 

3- 5 ml 0.005 M HC1 + 5 ml 1 M KCI + 5 ml ethanol + 5 ml 0.01 M ligand 

+ 10 mlO.OO1 M metal salt. 

For each mixture the volume was made up to 50 ml with bi-distilled 

water before the titration. These titrations were repeated for temperatures of 

308 and 3 18 K. A constant temperature was adjusted to *0.05 K by using 

an ultrathennostate (Gallenkamp thermo stirrer 85). The pH-meter readlngs 
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142 GHONEIM ET AL. 

in 20% ( v h )  ethanol-water mixture are corrected accordmg to the Van 

Uitert and Hass relation [ 131. 

,~pectro~hotonteiric Memiireinents 

The absorption spectra were recorded in the wavelength range 200- 

400 t u n  on a Perkin-Elmer (Lambda 2) spectrometer with a thermostattetl 

cell-holder using I cm matched silica cells. 

RESULTS AND DISCUSSION 

Potentiometric Stirdies 

Proton-Ligand Stability Constants 

The average number of protons associated with the 'I'SR at different pH 

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

and presence of TSR. Thus. the fortnation curves (6, vs. pH) fot- the proton- 

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

nh scale. This means that TSR has two dissociable protons (the enolized 

hydrogen ion of the carbonyl oxygen in the rhodanine moiety and the 

siilplioti;itiiitlc procoil S0,NH). fli ITcrcnt cotiipiilalioti;il niclliotls [ I41 WCI'C 

- 

applied to evaluate the stepwise dissociation constants. The average values 

obtained are listed i n  Table I .  

The TSR has a lower acidic character (higher pK'\ value) than 

3-Plietiylsulplionatuidorhodrtnine[8]. -i liis is quite reasonable because the 

presence of' p-CH, group will eniiance the electron density by their high 

positive niesomeric and positive inductive effects, respectively, whereby 

stronger N-H and 0 - 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[ 151. 
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144 GHONEIM ET AL. 

Metal-Ligand Stability Constants 

The formation curves for the metal complexes were obtained by plotting the 

average number of ligands attached per metal ion (fi) versus the free ligand 

evponent (pLj. accordmg to I n i n 3  and Rossotti 11 61. These curves were 

analyzed and the successive stabilih constants were detei-mined using 

dfferent computational methods [ 17.181. The values of stability constants 

( \ogK, .  \oo,K, and \oo,p) as well as the ratio \oe,K,/\ogKz are given in 

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

( i )  The maximum ii values in all cases were found to be =2. revealing that 

both blL and ML2 types of complexes are formed in solution. 

( i i )  No precipitate was observed in the titration vessel. indicating that the 

possibility of formation of metal hydroxide is excluded. 

(iii) For all complexes formed. because the vacant sites of the metal ions 

move freely available for the bindmg of a first ligand than for a second 

one. 

( i l . )  the order of stability constants of the metal complexes of TSR \vas 

found to be 

Th+> UOl- > Gd’T> Ce7- >L:$+> Mn”< Co?*< Ni”< Cii:+> Zn:’ 

The sequence of stability (Mn’’ < Co:’ < Nt2-’ < CiP+ > Zii2+) of the 

complexes of TSR are in agreement with that found by Irving and Williams 

[LC). 701. The order largely reflect the changes i n  the heat ofcomplex 

formation across the series and arise from combination of the influence of 

both pol‘ariziiig ability of the metal ion [2 I ]  and crystal-field stabilization 

energies [XI .  The greater stability of Cu2+ complexes is produced by the 

well known Jahn-Teller effect. The stability constant of the dvalent 

oxygenated cation complex (UOl+) has hgher value than the other divalent 
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THERMODYNAMICS OF SUBSTITUTED RHODANINE. IV 145 

cation complexes (Table 2 ) .  'This niay be attributed to the bonded oxyperi 

a tom which niay increase tlie electrostatic attraction hetweeii the metal ion 

and the coordinated ligands arid overcome any steiic hindrance offered by 

the oxygen of the oxygenated cation[23 I.  The higher values of the stability 

constants of Th4+ complexes compared to that of the other divaleiit metal 

complexes is expected i n  the bases of charge and ionization potential of 

Thai ionlS]. 

Ef fec t  nf T e m p e r a t u r e  

_.  I lie &ssoci:ition constants ( V K ~  anci ~IL;  ) for TSR as well as tIie stability 

constants of its complexes witli Mill+, Co2+. Ni*', C'iP+, Zn2+. La". C:eT'. 

(id". ( l o : '  n ~ i d  Th*+ tiaw heen e~.:iluated at 303. 308 and 3 I X  I<, and a ~ e  

i p i w i  i n  Tables I and 2. The slope of the plot ( p k "  or \trg K vs. I/-, ) was 

utilized to evaluate the eiithslpy change (AII) for the dissociation or 

coiiiplesation process. respectively. From the free energy change (AG) and 

(A1 I )  valttes oiie can deduce tlie entropy change (AS) using the well known 

~-elationsliips ( 1 )  and (2): 

A G  = -2.303 RTlog K = 2.303 R 7  p K .  . .... ( I )  

All thertnodynatiiic parameters of the dissociatioii process of 'I'SR are 

i-ecoi.ded in 'T'able I . Inspection of thest. val tic's reveals that: 

( i )  The stepwise pK" values decreases with increasing teniperature 

revealing that its acidity increases with increasing temperature 

(ii) A positive value of AH iiitlicatiiig that its dissociation is accompaiiied by 

adsor-ption of heat and the process is endotherinic. 
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(iii) A large positive value of AG indicating that the dissociation process is 

not spontaneous. 

(iv) 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 compleses are recorded in Table 3. It is known that the lvalent 

metal ions exist in solution as octahedrally hydrated species and the 

obtained values of AH and AS can then be considered as sum of two 

conmbutions: 

(a) release of H,O molecules. and 

(b) metal-ligand bond formation. 

It was suggested [24] that the ions in aqueous solution. order the water 

molecules around them and during comples formation between oppositel?. 

charged ions (ligand L'- and Mu+) will lead to the breakdown of metal-mater 

arrangement resulting in positive entropy and enthalpy changes. 

Examination of these values shows that: 

( i )  The stepwise stability constants ( \ ogK,  and \ogK1) for TSR 

complexes decreases with increasing temperature in the case of Mn2', 

Co?+. Cu2+. Zn'l. La'-. Ce'+. Gd3+ and UOi- whereas in the case of Ni?+ 

and Th4+ the reverse happens. i.e.. its stability constants increase with 

increasing the temperature. 

(ii) The negative values of AG for the complexation process of M n 2 ' .  Co2+. 

Ni2+, Cu2+, Zn2+, La-7' , Ce3+, Gd", UO;' and ThJ+ with TSR suggests 3 

spontaneous nature of such process. 
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150 GHONEIM ET AL. 

Table (4) : Stoichiometiy of M”-TSR Complexes in 20% (v/v) ethanol-water 

mixture by Molar Ratio (M.R.) and Conhnous Variation (C.V.) 

methods at 798 K.  

Metal PH 4,,& ””’ M.R. C. v 
Mn2+ 

co2+ 

Ni2+ 

Cu’+ 

Zn” 

La3+ 

Ce’+ 

U0.B 

380 1 . 1  

3 so 1 . 1  

360 I I  

360 1 . 1  

3 70 1 1  

365 1 . 1  

320 I 1  

3 2 0  I I  

I : 2  

I : 2  

I : Z  

1 2  

1 2  

1 2  

I .2 

1 2  

1 .z 
I I  

1 1  

I : I  

I 2  

1-2 

1 2  

1 2  

(111) The AH values are negative in the case of M n 2 + .  Coz+. Cuz+, Zn2+. La.l-. 

Ce3+. Gd3’ and UO:+ whereas in the case of Nil+ and ThJ+ are positive. 

Tlus means that these processes are exothemic and favourable at 

lower temperatures for Mn:+, Co2+, Cuz+,Znz+. La3-. Cej+, Gd3+ and 

U0:- complexes. wlule in the case of Ni2+ and Th-“ complexes the 

process are endothermic and favourable at hgher temperature. 

(iv) The positive values of AS for the complexation process of TSR with 

CoZT. NiZt. Cu2+. La3+, Gd”. UO:+ and ThJ+ confirming that the complex 

formation is entropically favourable. In contrary, the Mnz-. Zn2+ and 

Ce3+ complexes have negative values of AS. Such negative entropy 

change can be atmbuted 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].  

Spectrophotometric studies 

Stoichiometrres 

Stoichometries of the complexes of TSR with MI$+, Coz+. Ni’+. Cu”. 

Zn?+, La3’. €e3+ and UO? result from the measurements in the range 300- 

400 nm at the optimum pH values. These studies were carried out to 

investigate the stoichometries of the formed complexes at the characteristic 

absorption maximum from the molar ratio [26] and continuous variation 

[27] methods. Both methods indicated the formation of 1 : I  and I : ?  

(metal:ligand) complexes (Table 4). 
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