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Mixed Lngand Complexatmn of Pr(HI), La(IH) and Ce(HI)
with Some Organlc Ligands: A Potentiometric Study
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Intex;acnon of La(lIl), Ce(][H) and Pr(IIL) w1th N-2-mercapto propionyl
g][ycme phenyl alanine and tyrosine at 25°C in aqueous medium was
studied. pH titration data based on Calvin-Bjerrum titration technique were
employed for the ca];culatmn of proton-ligand and metal-ligand stability
constants. :
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INTRODUCTION

The developmems in the study of mlxed hgand complcxes have been very fast
in recent years' and their study is of interest to analytical chemists® and bio-
‘inorganic researchers®. An exhaustive literature survey was therefore undertaken
and it was revealed that generally mixed ligand complexation has been studied
potentiometrically by maintaining metal : ‘primary ligand : secondary ligand ratio
as1:1:1{M:X:Y). It was also revealed that not much work was done on the
present ligands and their complcxatlon with La(IIl), Ce(IIl) and Pr(III). Hence
‘the present work was undertaken to investigate the mixed ligand complexation
- with these ligands by maintaining the metal : primary ligand : secondary ligand
ratio as 1:5:5 (M :X:Y). The. stability constants of ternary complexes log
Kumxy were computed adopting the mefzhod gnven by Thompson Lorras®,

EXPERIMENTAL

The metal salts of La(IIl), Ce(HI) and Pr(HI) were dlssoﬂved in doubﬁy distilled
water and standardized by the method of Flaschka®. All the other solutions were
also prepared in doubly distilled water. The pH measurements were carried out
~on Elico digital model LI-127 pH-meter (accwracy up to £0.01 pH unit) with a
~combined electrode type CL-51B having range 0-14. The method of Calvin-
Bjerrum® as modified by Irving and Rossotti was used to obtain log K} and

Thompson and Lorra s method* was employed to obtain log Ky

* Calculation of stability constants

(a) Proton-ligand stabnhty constants Proton-ligand stability constants
have been calculated as a proton—hgand formatlon number (n4). The proton ligand
stablhty constants log K are calculated by
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(i) Half integral method, :

(il) Method of pointwise calculation, and

(iif) Least squares method.

(b) Calculation of stability constants of mixed-ligand complexes: For the
calculation of stability constant of rmxed hgand complexes, the two types of
equilibria possible are gwen as: e ;

M+X=MX, = MX+Y=MXY
M+Y=MY,  MY+X=MXY
M+ X +Y=MXY (simultaneous equilibria)
where X and Y represent the two different ligands.

Simultaneous equilibria: When the mixed ligand titration curve MXY does

not coincide with either MX or MY curve, the equilibrium involved is simulta-

neous and determination of stablhty constant has been carried out by Thomson
and Lorras method?.

When Ty = TX = Ty, ’
TM»-(A)B/Z :
MXY = W (1)
where :
2T T° + P‘— TOH_H*
4[H+] : 4 2[H"]
K1K2 +Kj K2 K, + K2

)

But when Ty # T% =T% (prcsem work),

(1/2>(T° +m ([ADX)
{TM (1/2>(T° ~T9) - ([Ammmmzx

3

KMXY -

where
{2Tx+ 21% ‘+ P- TOH_[H]}

4[H+] + 2[H"] @)
(Kle) + (K1 K; )(Kz +K3)

A_

RESULTS AND DISCUSSION

Determination of proton ligand stability constants was carried out by the half
integral method. Formation curve for n, against pH was constructed and the
values log K;H were found out as the pH at n, = 0.5 and 1.5 for all the three
ligands and the results obtained are given in Table-1.

The log K¥ values were also calculated adoptmg pointwise calculation and
least squares method. It has been Observed that log K& values obtained by all the
three methods were almost same.

N-2-Mercapto propionyl glycme is a hgand of novel type bearing —SH-—
CONH and —COOH groups; however, pH titration curves of this ligand show
two well’ separated steps of neutralization and hence protonation constants are
caﬁculated
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TABLE-1
PROTONATION CONSTANTS OF LIGANDS
P=0.008395M; N=03906; T% =0.002N;
p=0.1M (NaC10y), V°=50mL

Ligand log Ki' log K}
2MPG 8.380 3.500
PA 10.958 8.836

TR 1059 8845
2ZMPG: © N-2 mercapto propmonyl glycine
PA: phenyl alanine
TR tyrosine

The ionization of N-2 mereapto pmplonyk glycine may be represented by the

following equation: i

CH3—CHCONHCH2COOH —————)CH3—CHCONHCH2COO—
SH , ' SH

’ Kk /

CH;—CHCONHCH,CO0 ———s CH3'—-,—~CHCOIIIHCH2COO——f

gSH | = | S

PA and TR have been shown to be useful analytical reagents because of
- complexing properties. As our aim was to study the interaction of the present
ligands with Pr(II), La(lII) and Ce(IID) ions, the protonation constants of these
ligands were investigated at the identical experimental conditions set for La(I1I),
Ce(III) and Pr(III) mixed ligand studies.

The formation of mixed ligand complexes can be concluded initially by noting
the pH of precnpltattmn for MX, MY and MXY titration curves. Itis expected that the
mixed ligand titration would give a higher value of pH precipitation than the binary
metal complex formation. This can be further confirmed by comparing the
mixed ligand curve with the theoretical composite curve. The composite curve was
drawn by computing the difference between the titration curves. as (NX -
X+ MY +Y)or  MX +MY) ~ (X ~ Y) The composite curve has been found to
be non-superimposable on the experimental MXY curve.

The metal-ligand stability constant values ate tabulated in Table-2. The nature of
complex equilibria was mvestngated accordmg to the method suggested by Carey
and Martell.

:TABLE—Z
METAL- UGAND STABILITY CONSTANT
- P=0.008395M; N=03906; T°L=0002N;
TM=0.0004N; u=01M (NaClOz); V=50 mL.

ngand

Metal ion T
s 2PMG  PA TR
© La(y 532 319 321
Ce(IIl) 540 448 447

Pr(IIl) 555 336 379
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The deviation of mixed ligand complex curve was from pH 2.80 to 3.95. The

stability constants of mixed ligand complexes are tabulated in Table-3.

TABLE-3

STABILTY CONSTANTS OF MIXED LIGAND COMPLEX
‘Metal ion - ‘Mixed hgand system ; LogK MXY

La(IIn) . IMPGPA 5415
S . OMPG-TR 5.359
 Ce(Ill) . IMPGPA 7.221
~ 2MPGIR 6.874
Pl  2MPGPA 7154
: _ IMPGTR 7043

Since the mixed hgand curve did not commde w1th either binary compﬁex

titration curve, the mixed ligand complex formation was therefore assumed to be -
taking place by simultaneous and not by stepwise equilibria and both the ligands
were considered to have been attached simultaneously to the metal ion.
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