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ABSTRACT

The synthesis of Cu(ll) and Ni(ll) complexes with thiosemicarbazone(L) ligand and their
characterization have been reported in our previous research paper, J. Chem. Pharm. Res,,
2011, 3(5):682-688. By this research work we tried to monitor UV-VIS spectral and structural
changes accompanying electron transfer, the electrochemical properties of metal complexes
particularly with sulphur donor atoms have been studied. The polarograph measurements were
made on the degassed (all solution) was deoxygenated by passing nitrogen into DMF(dimethyl
formamide) solution (10" M) for 10 minutes prior to the recording of polarograms. Solution (10
2 M) containing TEAFB (Tetraethyl ammonium fluroborate) was used as the supporting
electrolyte. The three-electrode system consisting of drooping mercury (working), platinum wire
(counter) and K/KCI (reference e ectrodes).
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INTRODUCTION

Thiosemicarbazone ligands, derived from the contlwnaof a thiosemicarbazide and an
aldehyde or ketone, a useful ligand type for olmgrcoordination spheres with mixed N/S
donors. Thiosemicarbazones and its metal complexeBnically the most used sulfo drug in
medicine as an antibacterial compounds [1]. Theasiteon metal complexes containing
thiosemicarbazones derivatives have been extegmsreplorted in the literature due to being
more effective and desirable drugs than sulfonamj@e3]. Trace metals are important in many
biological systems. In particular the interactiohdivalent ions with nucleic acids plays an
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essential role in promoting and maintaining theindtionalities [4, 5]. Among the metal ions,
Cu(ll) is the most effective available divalent ifam binding to organic molecules. On the other
hand Cu(ll) can readily undergo one electron redeactions in the biological redox range
producing atdonor cation Cu(l), which is one of the most effexavailable monovalent ion for
binding to organic molecules [6]. These effectsoemage us to study the interaction of
pyrimidine contained sulfonamides especially witfliQuand Ni(ll) ions considering that they
are important in many biological systerfidand®NH provide potential binding sites for metal
ions, and any information on their coordinatingpeuies is important to understand the role of
the metal ions in biological systems. Biologicaliaties of metal complexes differ from those
of either ligands or the metal ions and increasetiaa decreased biological activities have been
reported for several transition metal complexdsg Cu(ll) and Ni(ll)[7-9].The activity of these
compounds is strongly dependent upon the naturtheoheteroatom ring and the position of
attachment of thiosemicarbazone to the ring as agethe form of the thiosemicarbazone moiety
[10].These have been studied extensively due to flexibility, selectivity and sensitivity
towards the central metal atom, structural andlamnties with natural biological substances and
the presence of imine group (-N=CH-) which impainis biological activity.

EXPERIMENTAL SECTION

All the chemicals were of analytical reagent gradkeaere commercially available and used as
received.Thiosemicarbazide and ethanol were usedthi® preparation of the ligands (L)
[11].Metal ion solutions (1 x T&M) were prepared from metal salts in ultra-puiglyrdistilled
and deionized water. Owing to the insolubility bfosemicarbazones (L)in aqueous solution,
ethanol should be added to the solution (1 %> M) and was prepared fresh everyday by
dissolving an accurate weight of the ligands in 1@%) ethanol water mixture and protected
from light and air. Solutions with lower concentoats were prepared by dilution with deionized
triply distilled water. TEAFB (Tetraethyl ammoniufluroborate) act as supporting electrolyte,
Different pH values were obtained by adding varyangounts of sodium hydroxide solution (0.5
M) into the sample solution, to obtain a pH range-611. The polarographic measurements
were recorded with a systronicpolarograph Model 416®%upled with Epson dot-matrix
printer.Static mercury dropping electrode unit @geid with a platinum auxiliary electrode and a
saturated KCI reference electrode. A digital pH enefsystronic MK VI) was used for
monitoring the pH. Electronic spectra were recorded a Unicam V2-100 UV-Vis
spectrophotometer in the range of 200—900 nm witmIcell length. Before each polarographic
measurement, the supporting electrolyte solutios praged with nitrogen for 10 min. A known
volume of a standard solution of the ligand waseadtb the polarographic cell, which was
closed, deaerated, and blanketed with oxygen fiteggen and the polarograph is recorded with
supporting electrolyte. The addition of metal(Ijneplex solution to the cell with supporting
electrolyte, and analyses the sample with polapgdgend polarograms are recorded. All results
were obtained at room temperature (approxC25%¥ith a nitrogen atmosphere maintained above
the solution surface. The potential scans wererdetb Each measurement was carried out on a
fresh mercury drop(working electrode). Electromedra of in aqueous solutions were recorded
to follow the changes in absorbance at the wavéheoigthe maximum absorption.
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RESULTSAND DISCUSSION

Electrochemical Behaviuor

Freeligands (L)

The polarograms of thiosemicarbazones in 0.04 MBudRer (pH 7) showed three reduction
peaks at0.01, —-1.32 and -1.55 V, respectively I)Figt hasbeen observed that the peak
potentials of thiosemicarbazones shiftslightly todga more negative potentials if its
concentration increases.In the polarograms, thk ae@.01 V is, to ourknowledge, not reported
in the literature.Althoughthis unexpected abrupakpat 0.01 V could not beexplained by the
reduction of functional group inthiosemicarbazonespuld be attributed to the reduction of a
mercury—thiosemicarbazones complex which had foratethe electrode surface. This is also
supported by the solid statestudy of Hg(ll) compieth thiosemicarbazones [12], where it
isreported that Hg(ll)-thiosemicarbazones complexcoordinatedthrough the sulfonamide
nitrogen, sulfonyl oxygenatom and pyrimidinyl nigen atom [12]. The anodicpeak ofHg(ll)-
thiosemicarbazones complex can be clearly seerg.inEi The anodic peak at —0.04 V is
attributed to theformation of Hg(ll)-thiosemicarbaes complex adsorbed on the mercury
electrode surface. This complex is formed by theaton of mercury in the presence of
sulfamethazine. It is well known that at the deieation of somesulfonamides, their adsorptive
properties on theHgelectrode were analytically ud&8]. Finally,it can be said that
thiosemicarbazones has an adsorption property @umer electrode. In the caseof
thiosemicarbazones the peak may be attributedei@duction of Hg(ll) bound in the adsorbed
Hg(ll)-thiosemicarbazones complex which could benfed by the interaction between the
positively charged mercury surfaceand the hetetmcpdrogen atom of the pyrimidine moiety.
It has been reported that compounds possessingtdromegroup are polarographically
reducible.The peak at —1.32 V is attributed toviersible reduction of the azomethine group of
the substituted pyrimidine ring of thiosemicarbaz®n The reduction of the azomethine
groupinvolves two electrons and two protons. Inrgauction process, a proton is bonded to the
heterocyclicnitrogen at substituted pyrimidine, thilner one isinvolved in reduction of one
double bond of the pyrimidine ring. The peak at51V can be attributed tothe reduction of the
—SO2NH- group in the thiosemicarbazones[14]. It basn reported that several arylsulfone
compounds show polarographic reduction peaks @&npats ranging from -1.4 to -2.1 V [15].
In general, the pH of the electrolysis medium iearthe variables that commonly and strongly
influencethe shape of the polarograms, and thexafavasimportant to investigate the effect of
pH on the electrochemical behaviuor of the druge Tancentrationof thiosemicarbazones (1 x
10-4 M) was maintained constant, and analyze ig @bvariable pH from 2 to 12 (Fig. 2). The
investigation ofpH of B—-R buffer (pH 2-12) showdtatt thiosemicarbazones exhibits two
reduction peaks most probably originatingfrom reduc of the azomethine group of the
substituted pyrimidine ring and from the reductimf the —-SO2NH- group in the
thiosemicarbazones at pH values lowerthan 5.5, e@dseit has three cathodic peaks overpH 6. In
alkaline medium (pH: 10), no reductionpeaks were seen, except forel& pt 0.01 V. Thepeak
potentials and the peak currents of the cathodicpe@.01 V are strongly influenced by the pH
of thesolution. Due to the weak interaction of #usorbedneutral thiosemicarbazones molecule
with mercury, no peaks areseen at pH < 6. This @inemon can easily beexplained by the fact
that the formation of deionizedthiosemicarbazondsclv are stronger complexing agents
thanuncharged thiosemicarbazones occurs at>pH As the pH (2-9)increased, the peak
potentials at —1.32 and —1.55 Vwere observed tfh giwards more negative valuesindicating
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the existence of a protonation rdion coupled with theéhiosemicarbazon reduction process
[16].The current of the peak at 0.01 V was observaactease with increasing pH in the |
range of 6 and.5, while it becomepHindependent at pH > 7.5.The currents of the pea—
1.32 V and —1.5%depend on the hydren ion concentration of the sugrting electrolyte
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Fig.1- Polarograms of ligands
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Fig.2- Analyze at variable pH

Ligandsin the Presence of Cu(ll)

The polarogramsof 5 x 1(° MCu(ll) ions in B-R buffer (pH 8) in the absen

ofthiosemicarbazonebas a peak at a potential -0.106 V. This peakwas attributed to -
reduction of Cu(ll) ions toCu(0). The addition o&k5LC® M Cu(ll) to the electrolyte containir
1 x 10* M thiosemicarbazon ions, over thepotential range from C to —1.8 V, strongly
modified the polarogramand two qua-reversible peaks at}-18 V and—-0.35 V occurred(Fig.
2). With increasing the Cu(ll) concentration(5 ¥ ®— 5 x 10° M), the potential of the peak —

0.35 V is shifted towards slightly negat potentialsand fixed at0-38 V. The shape of this pe
is welldefined at 8.38 V. As can be seen in Fig.thiosemicarbazoné&sms the complexes «
both Cu(l) and Cu(ll) ions.Thbehaviuor ofthe redox couple Cu(ll)/Cu(0) inelectrochemi

reactions depwls strongly on thepresence of ligands. Indeeddtdex mechanismCu(ll) Cu(l
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may include the appearance ofCu(l) species if peetel stabilizationof copper in thisoxidatio
state takes place due to complex forme. However, the stabilization of Cl) species mayalso
be due to d= interactions between the cop, thederbitals and the aromatiesystem. Simila
behaviuor has already beehserved for copper in the pence of some pyrimidine bases [3
We propose thatthe first composed pea—0.18V corresponds to twoprocesses: the reduc
of Cu(llL to Cu(l)L and thereduction of Cu(l)L wwopper metal. Thesecond peal-0.38 V is
attributed to the reductionof Cu(ll, complex to the copper metdlhe currents of the cathoc
peaks at—0.18 and)-38 V showed a linear increase up to theCu(ll)ceotration of 2.5 x 1-5
M; however, abovethis concentration, a plateauoregias observe Data obtained under the
conditions show that thepredominance of the compenplex increases withincreasing (I1)
concentrations. Adsorbed mercurycomplex in the gmves of Cu(ll) is transformed into:
adsorbed copper complex. As a result of the folwnatif the copper complex, the peak curi
of freethiosemicarbazon€8.01 V) decrease with increasing Cu(lI'ncentration
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Fig.3- Polar ograms of complex of Cu(ll)

Ligandsin the Presence of Ni(ll)
The polarogram®f Ni(ll) in theabsence othiosemicarbazoneis characterized by a cathoc

peak at1.08 V at 0.04 M B_R buffer (pH 6). The peak wasingéd from irreversible reductic

of the hydratedNi(ll) iongFig. 3}. In the presence dhiosemicarbazon, the similarresults to
that with Co(ll) ions have beenbservedwith Ni(ll) ions. It was noticed from t

experimentalsteps that thieiosemicarbazon peak currents decreases (about68 percent fc
peak at 4.55 V) with addition of Ni(ll) solution (5 x 7>-8 x 10* M) to the cellcontaining 1

10" M thiosemicarbazoneand that of the Ni(ll)simultaneously increa, The potentialand
current of the peak a0-77 V are dependent on thenickel concentratioe. dthrent of the pee
at -0.77 Vincreases linearlyith increasing Ni(ll) concentration and thexaches plateau regic
the peakpotential shifting in a positive directigiso, shiftingpeak potentials are indicative
the formation of labilecomplexes. Bthis we canconcluded that the effect of Ni(l
concetration on the catalytic current is musmaller thanthat of GU) concentration in th
presence ofhiosemicarbazonwith fixed concentration[16]According to the effect ofmetal ic
concentration, the similar results were alsoobthimethe Ni(ll-thiosemicarbazonecomplex
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system[17]. This ase indicates the electrochemical reduction of Imetas catalysed b
adsorbed ligands. Theseexperimental results alsty wedecrease in the frthiosemicarbazones
concentration and decreasing the surface excessheofadsorbe Hg-thiosemicarbazones
complex. Because, it wasobserved that the peak dsrrehthiosemicarbazon and Hg—
thiosemicarbazonesmplex decreased by increasingu(ll) or Ni(ll) concentration.The
irreversible peak at more positive poten-0.77 V) than that of the hydrated Ni(ll)ns (—-1.09
V)originates from the catalytic reduction of comy@dNi(ll) with thiosemicarbazones.
Thiosemicarbazondsas catalytic activityon the reduction of Ni(llj.rhay be concluded ttthe
polarographic processs the reduction of Ni(llcatalyzedby the formation of a comple
betweenNi(ll) andhiosemicarbazon adsorbed on the electrode surfd8]. The reduction of
nickel ion is preceded by theelimination of an aguelecule from the coordination sphe
Because this step requires high activn energy, the electrode reaction occurs only °
theapplication of a very large overvoltacl9. However,in the presence of certain ligal
present at the tracelevels, the overvoltage isedsed. In this case, thereduction of
complexed nickel iongepresented as N,) occurs more readily at a more positive potertéat
that of Ni(ll) hydrate (£.09 V)

p L— 1 L 1 1
i 0.2 0. Lt 8 1.0 1.2 1.4
E. ¥

Fig.4-Polarograms of complex of Ni(ll)

This electrode process involvestwo main steps:

(1) Formatiorof a reducible complex by reactiorthe ligandcatalyst with Ni(ll) ion; an

(2) Reductionf nickel ion in this complex, resulting in theeabke ofthe ligand molecule, whi
can enter step (1) again.Such behaviour was alseredd in some other Ni(ll)complexe20,
21].

The catalytic reduction of Ni(ll) is very dependemtthe structure of the catalyst, providing
containssuitable binding sites required for themfation of achelate complex with Ni(ll
Thiosemicarbazonesselfreacts as a complexing agent in aqueolutions. Thecomplexatio
takes place mainly via the sulfonamidenitrogen atoynimidine nitrogen atoms and the gen
of the sulfoxide goup. The appearance of the (plex at a more positive potential than tha
Ni(I)hydrate clearly indicate the roleof sulfonamide nitrgen atom and/or pyrimine nitrogen
atoms in facilitathg complex reduction at the mercury electr

1014



Sugam Shivhareet al J. Chem. Pharm. Res,, 2011, 3(6): 1009-1016

UV-Vis spectroscopyM easur ements

The interactions of copper and nickel with thioseambazone (L) in solution were also studied
by UV-Vis spectroscopy. We have determined the M{Imolar ratio and stability constant of
metal complexes in solution by Job’s method. Th&tmms of the absorption band and stability
constants of ligandsand its complexeswere givemalne (I). As can be seen in table, UV
absorption bands (Band 1) of the complexes cansbigaed to the metal ligand charge transfer
bands while their absorptions (Band 1l) in the blisiregion are attributed to the d —d transitions.
From electronic spectra data of the complexesy tteichiometries of 1. 2(metal-ligand) in
agueous medium are determined. In the binary coraplethiosemicarbazones binds to metal
ions with sulfonamide nitrogen atom and pyrimidmé&ogen atoms [21-22]. The results are
consistent with the voltammetric studies. The $tas of the complexes are in agreement with
Irwing-Williams series (Ni < Cu) [22].

Table 1-Electronic absor ption spectra of L and its Cu(l1) and Ni(ll) complexes

Amax, nm . .
Compounds Band-1 Band-1 LogB | M(ll) : L ratio
Thiosemicarbazone (L) 286, 292,310 - . -
Cu(Il)-L complex 297, 316 742 10.81 1:2
Ni(Il)-L complex 299, 317 388, 659, 745 7.99 1:2
CONCLUSION

By this research work we describedthe polarographimd spectroscopic behaviuor

ofthiosemicarbazones with of Cu(ll)and Ni(ll).Pagraphic and electronic spectroscopy
measurements have proved the complex formatiomiogeémicarbazoneswith metal ions. The
complex formation of thiosemicarbazonesin the preseof Cu(ll) ions was observed for both

Cu(ll) and Cu(l). The processes studied may helpnderstanding some of the features of the
binding mechanism between copper ion and nuclet. dhe study will also contribute to a

better understanding on the binding of Ni(ll) ana(l ions in biological systems.
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