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ABSTRACT

Potentiometric studies on metal complexes of Ni™~ with
Dl-alanine have been carried out, and the formation constants of
its meral complexes have been determined by Bjerrum’s method
at 25, 30, 40 and 45°C; and at different ionic strengths (0.07,

0.12, 0.17, 0.22 and 0.32 M) using sodium perchlorare as
ionic strenth fixer. Also; the thermodynamic equilibrium
constants, and the thermodynamic paramerers AGS, AH® and

AS® were calculated. : .

INTRODUCTION

The paramagnetic and diamagnedc propertes of the nickel (II) complexes
have recatly come under intensive study Haim, er 2/, (1963), Ludwing (1963),
Sacconi, er al., {1962). The investgzions of Krumholz (1953); Figgins and
'I'hbmpson (1962), (1962); Blight and Curis (1962) have resulted in some

interesting compounds having unusual properties. In the present study the
g p g prop p , 3

complex formation between the Dl-alanine and Ni™™ have been carried out using
Bjerrum's method Bjerrum (1941), (1857). Three schemes for ligation of Di-

alanine with Ni™+ were suggested, which are H2A+, HA.and A ; where A

represents the Dl-alaninate ion ( HEN-CHCOO' ). From the theortical point of

CH;
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wiew, the above three species may exist in solution, hwever, the first species

H2A+ was elimenated based on the obtained vatuesof degree of formation of the
ligand number ("n).
EXPERIMENTAL

The pH measursmenrts were made with 2 Radiometer model pH M -62
digital pH - mV meter equiped with a glass pH electrede model GK C-Cl, which
was immersed in 2 double jacketed cell thermostared at the correst temperature by
LEB-2ROMMA model 2209 MULTI TEMP. All chemicals used were

analytical reagent.

The solvent used in this study is deionized disdlledwater. Nicke! perckloraie
water. Nickel perchjlorate was prepared by dissolving nickel carbonate in boiling
perchloric acid (about 3 M) using a slight excess of the former. The ligand
solution was prepared by adding 16 ml. NaOH 0.5 M to 0.7128 gram Dl-
alanine, then completed to 20 ml. with deionized distilled water.

Different concentrations were prepared by tading the required aliquot of the stock
solutions, and diludon were done just before the pH measurements.

The experimental procedure used 10 determine the stability constant of complexes

formed in solution of Dl-alanine with Ni*™ metal jons is based on Bjerrum'’s
method, Bjerrum (1941, 1957) which is applicable whenever there are two
competing equilibria on the ligand and one of the equilibrium constants is known.

Most equilibrinm studies of metal complex formation, the equilibrium constant is
evaluated from measurements on solutions containing varying concentrations of
metal and ligand. Such conecentration changes will produce changes in ionic
-strength and hemce in the values of the formation constant, so that the ionic

strength should be kept-constant by addition of non-reac'ting salt (NaCl0y4 in the

present study).

The experiment can be carried out in one of tw ways, the change of pH can be
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measured as a function of Ii gand concentration, Bjerrum (1941, 1957).
Alternarively the pH can be measured as a function of the cencentration of acid of
alkali added to constant total metal and total ligand concentration, Irving, er al.,
(1953). We used the first approach in this study.

RESULTS AND DISCUSSION

Potentiometric measurements have been made to study the complex formation

between the Di-alanine and Ni2™ ions using Bjerrum's method. Three scheme
for ligation of Dl-alanine with Ni (II) ions at differnet ionic stremgths and

different temperatures are assumed Emarz, e al., (1990). The three possible
ligands are H2A+" HA, and A  where A -represems the Di-alaninate ion
(HyN- CH3

!

CH-COO™ ).

From the theoritical point of view, the above three species may exist in solution,
however, from the calculated values of degree of formation of the ligand number

("n), the first species H2A+ was eliminated; We assume the possibility of
forming (NiA* or ‘NiA,) and [Ni(HAYZ* or Ni(HA)?*] and [Ni(H,A)>*]

depending on which scheme is suggested for the possible interantions.

‘We now discuss each scheme separately :

Scheme ¥:

The HA acts as a bidentate ligand via the carboxylic oxygen and the amino
nitrogen, a release of the proton of the Zwitter ion takes place with complexation
according to the suggested equilibrium in this scheme. When the data were fitted

in the flowing equation
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_______ = Bl[HA] + BZ[HA]

[H] 125 [

using a computer program, the results of, BZ[HA] [H+] were obtained.

The stoichiometric K; {HA]FH+] values at the various ionic strengths are
extrapolated to the zero ionic strength at the corresponding temperature while
thermodynamic value K® is evaluated at 25, 30, 35, 40 and 45°C. Figure (1)

. [HA] . 1 . L
shows the plot of log K_1 =Y against ( /T). Linear behaviour is observed,

and the thermodynamic pauameters AH®, AS® and AG® were obtained.

Scheme II:

Here HA acts as a monodentate ligand, cordinating, via the carboxylic

group, the obtained data were fitted in the following equation :

- [HAT] (2- ) [HA]
e g AL g EAL

(I- m) [HA] (1- )

the final results for Bi [HA] were obtained.

Owing to that the values of BI[HA] are negative, which simply excludes the

possibility of existance of such scheme under the present expreimental conditions.

It is worthnothing that such scheme reaction is unlikely; due to the fact thar the

carboxylic group is wealky chelating group.

Scheme III :

Here the alaninate anion A ', where both carboxylic and amino groups are

deprotonated, could act as the ligating species. When the dat were fitted in the

following equation :

250



M. M. Emara, et. al.,

T @ AT
-pA 1. BA ]

(1- A ] (1- )

using a computer program, we recorded the results of Bl[A 1. The stoichiometric

KI[A 1 Values at the various ionic strenths are extrapolated to the zero ionic

strength at thé ¢orresponding temperature, while themodynamic valuch“l 1s

evaluated at 25, 30, 35, 40, and 45°C. Figure (2) show the plot of log K"IA

against (l/T). Linear behaviour is observed, ad the thermody-namic parameters

AH®, AS°, and AG® were obtained.

~

In all the above three schemes, we observe that NiA™ is the most favored
complex than NiA,, followed by (NiA™ + H) or (NiA, + H™). This of

course is understandable from both statistcal as well as energy pZ)im view.
The data of By for NiAt showed that the tendency of nickel for .
complexation is good which is reflected to BI[A ! values and the AG® values.

On the other hand, it is observed that the complexaton is less stronger with

Ni** than the other divalent metal such as copper, Emara, eral., (1990).
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Table (1) Complex formation constants and thermodynamic parameters for

complexes of Dl-alanine with NiZt assuming that:
[HA
By
o) v .
Ni** + HANiAT + HT
Temperature AG® AH AS®

°C 108 K% [HA]m K 1 mole! KI. mole™l 1. deg'1 mole™!
2 1.96 32.45 15.27 5795
30 3.75 31.45 15.27 -53.39
35 . 4,55 31.47 15.27 -52.60
40 4.25 32.16 15.27 -53.96
45 7.05 31.34 15.27 -50.52

Table (2) - Complex formation constants and thermodynamic parameters for
complexes of Di-alanine with N1 assuming that:

| BT
Ni2t + HA Nia*
Temperature AG” AH AS’

‘¢ 10tk B K Imoe! K mole! T deg ! mole’!

25 0.715 2197 55.37 259.52

30 1.940 -24.85 55.37 264.75

35 3.850 -27.02 55.37 267.48

40 0.880 -23.62 55.37 252.35

45 0.430 -22.10 55.37 -243.62
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