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ABSTRACT

The stability constants of mixed ligand complexes of sulphur containing ligands and amino
acids $'ith Cu (II) and Fe (IIr) have been studied by pH titration method at26+ 0.5oC and ionic strength
0.1NI (NaClOr)' The sulphur containing ligand was thiomalic acid (TMA) and amino acids were glycine
(gll ). alanine (ala), and valine (val). The preferential formation of ternary complexes over binary
compleres has been discussed in terms of the equilibrium constants.

Kev rr'ords: Copper (II), Iron (II), Thiomalic acid, Amino acid, complex

INTRODUCTION

The Cu (lI) complexes of thiocompounds have been reported to be biologically
activer. In trace amounts, copper is essential for life but even in moderate lorv

- 
concentration, it causes emesis and gastrointestinal irritation. The action of copper is due to
its affinity for sulphydryl group2. About 98 % of the copper in normal human blood plasma
is present as ceruloplasmin, a blue colored copper containin g enzyme. Ceruloplasmin has
direct effect on the availability of iron for synthesis of hemoglobin and other essential iron
proteins3. The deficiency of ceruloplasmin is associated with Wilson's disease caused by
accumulation of copper in brain and liver. The copper requiring enzyme tyrosinase
catalyses the conversion of amino acid tyrosine to melanin pigments. This pigment ,shields
the body from damaging ultraviolet radiationa.

The chlorosis is caused by iron deficiency. Iron proteins are of different fypes and
perform various functions like reversible oxygen binding for its transportation (bv
hemoglobin), its storage (by myoglobin), and reduction of H2 to HzO (by cytochrome C)
and decornposition of HzOz (by peroxidase). It is interesting to study the ternary complexes
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of biologically active elements like Cu (II) and Fe (III) with sulphydryl group containing

ligands like TMA and amino acids. In the present investigation, the same study is carried

out. In sulphydryl compounds. the chemical equilibria is determined by soft characters of
mercaptosulphur atom. Through the sulphdryl group, these compounds can participate in

both acid-base and redox reactions6.

EXPERIMENTAL

0.50 1.00 1.50

Volurne

I Acid
II Acid * Glyciue + Cu (ll)
Ill Acid - TN{A - Cu (ll)
IV Acid ':-Glycinc + TIv{A-t- Cu (ll)
V Acicl * Glycine
VI Acid - TMA
Vll Compositc cun'e

Fig. 1. Cu (II) - TMA - glycine system

The ligands TMA, (Sigma), gly, ala, val (Sd fine) were used (AR grade). The

ligands were purified by crystallization and their purity was checked by their melting

points. The solutions of these were prepared in double distilled rvater. 'The copper ion

solution was prepared by dissolving requisite amount of AR grade copper nitrate in glass

distilled water and standardized using EDTA7. Details regarding other chemicals are

described in earlier papert.



lnt. J Chent Sct 5/2 t. 2007 787

The measurements were carried out at 26 + 0.5"C and ionic strength was
maintained to 0.1 M with the help of sodium perchlorate. The pH measurements were
carried out r.vith ELICO digital pH meter model LI 120 with combined glass electrode
having pH range 0 - 14. The experiments r,vere carried out in an inert atmosphere by
bubbling oxygen free nitrogen gas through out the course of titration. The stability
constants were determined by Bjerrum'r pH titration technique as modified by Irving and
Rossottie. Experimental titrations are ,eraphicallv shou'n in Fi_e. 1

RESULTS AND DISCUSSION

- The T\1.\ is terdentate ligand. The T\,1A contains two carboxylic groups and a

sulphidn I lroup. There are three proton ligand stabiliry'constants for thiomalic acid. The
amino acids are bidentate lisands harin,e carboxylic and amino groups. The proton ligand
and metal lisand stabilitr constants of Cu (ll) and Fe (lfl) chelate are calculated by Irving
and Ross.'tti method:r and are presented in Table l. The TMA forms I : I and | :2
compleres rrirh Cu (ll) and Fe (lfl) in rhe pH range 2.00 to 6.25 and 2.50 to 6.50,
respectivejr. nhile elr'. ala. and val forms the I : I and 1 :2 complexes with copper ion in
the pH ran ge 3 .80 to 6. 1 0 and rvith iron ion in the pH range 2.20 to 6.25. The glycine like
binding me-rde" results in the five membered rings. In all these complexes, the copper and
iron forms t-ir e membered chelate rings which are more stable because such rings cause
less strain to molecules''. [n metal chelate, TMA coordinates the metal ion through sulphur
of sulphl'dr1'l and oxygen of carboxylate group while amino acid coordinates throush
oxysen of carboxylate group and nitrogen of amino group''.

Table 1. Proton ligand stability constants and metal ligand stability constants

_ Temp. -- 26 + 0.5"C p :0.1 M (NaClO+)

Ligand LogKlII LogK2II LogK3H LogK,cu(Irl LogKrc'(II) LogK,Fe(III) LogK'F.(IIII

TMA

Glv

Ala

Val

10.50 4.0

9.56 2.40

9.63 2.4

9.50 2.36

3.20 13.48

- 8.18

- 8.09

- 8.41

7.41

6.65

6.78

t0.22

10.24

9.34

9.59

9.36

12.18 7.08

6.77 10. 1 8

In the titrations of mixed ligand system against standard sodium hydroxide, the
following equilibria are possible.
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