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ABSTRACT

Molar conductivities of dilute solutions for the complexes: Co(Il)(alanine + valine),
Ni(I)(valine + serine), Ca(Il)(alanine + serine), Mg(Il)(valine + serine) in water were
measured in the temperature range from (293.16-313.16K). The ionic molar conductivity
(A), the association constant (K,), distance parameter (R), and (cA) at best fit values were
determined by treating experimental data with Lee-Wheaton conductivity equation.
Thermodynamic quantities for the ion association reaction were derived from the
temperature dependence of K,. The obtained results provide information on ion — ion and
ion-solvent interactions.

Keywords: Amino acid, conductivity, mixed ligand amino acid complexes, lee-wheaton
equation, thermodynamics.
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INTRODUCTION

Many amino acids and their derived complexes were prepared and identified by using
different methods (ex: spectral (U.V,IR), magnetic susptibility, elemental analysis and X-
ray diffraction], since amino acids as ligands contain two donor atoms (N and O), therefore
the complexes of amino acids with metals are interesting to study. The complexes of Co(1I),
Zn(Il) with mixed ligands of amino acids (systine, histidine, systine methyl ester and
histidine methyl ester) were prepared and identified by elemental analysis, electrochemical
conductivity, magnetic measurements and IR spectra and they have shown a tetrahedral
shape (Rabindra et al., 2005).

Complexes of Fe(Il), Cr(II), Ni(II), Co(Il) and Cu(Il) were prepared using Schiff bases
by the condensation of lyosine with 2-acetyl pyridine, and analyzed by elemental analysis,
electrical conductivity, magnetic susptebelity and spectral methods (IR and UV). The results
show that Co(II) and Ni(II) complexes are tetrahedral while Fe(IIl) and Cr(III) complexes
are octahydral, while Cu(Il) complex is square planer. In addition, the study includes the
measurement of vibrational spectra and equivalent conductance at infinite dilution (A°),
association constant (K,) at 298K using mixed solvent 50% (v\v) (diethylformamide-water)
(Hosny and El-Dossoki, 2008). In differential pulse polarographic study, the complexes of
Cu (IT) with mixed ligands composed of amino acids (therionine, valine, isolyosine) with
tartarate were prepared, the formation constantans and equilibrium constants were also
calculated for these complexes (Killa et al.,1992). The study of Cd (II) with Vit.C (ascorbic
acid) with amino acids (Serine and L-Lysine) and other complexes were prepared and
measured by voltametric technique at pH 7.3 at two temperatures (25 and 37°C) and molar
percent 1:1:1,1:1:2,1:2:1. The stability constants follow the sequence:

L-Lys. <L-Orn. <L-Ser. <L-Phe. < L-Glu. < L-Asp. Depending on steric effect and the
basisity of ligands, the equilibrium constants for the complexes range were between (2.23-
11.33), and the thermodynamic parameters were also calculated (Khan and Khanam, 2008).

EXPERIMENTAL

Conductivity water was prepared by redistilling water three times with the addition of
little amount of potassium permanganate and a small pellets of (KOH) (Palmer,1954) ,the
specific conductance of water was less than 1-2 x 10° (S.cm™). The complexes of Fe(II),
Ca(Il), Ni(I) with histidine and glycine were prepared by mixing 0.0012 mole of each
hydrated salts (FeCl,, CaCl,, NiCl,) in 25 ml of conductivity water with 0.0037 mole of the
amino acid (Glycine or Histidine) in 25 ml of conductivity water and refluxed for about two
hours on a water bath. On cooling, each complex was precipitated, then the product was
dried under vacuum over anhydrous calcium chloride. Magnetic electronic spectra, (UV-Vis
Shimadzu,1650), Infrared (biotech engineering management Co. LTD.UK FTIR-600)
measurement was used for the analysis of the complexes.

A general method has been used for measuring the conductance of the electrolytes, the
conductivity cell was washed, dried and then weighed empty and kept at a constant
temperature (= 0.1°C) using a water circulating ultra thermostat type VH5B radiometer. A
certain amount of solution was injected into the conductivity cell and the conductivity of
solution was measured by WTW Inolab 740 computerized conductivity meter. Another
known amount of solution was injected by a syringe of Iml and the measurement was
repeated. Generally about (15) addition have been made by weighing the amount for each
one.
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Proposed structure of the complex under study

RESULTS AND DISCUSSION

Conductometric data were treated using (LW) equation in which a wide dielectric
range for electrolytes solution can give detailed information concerning ion-ion and ion-
solvent interaction. For unsymmetrical electrolyte 2:1 a program (RM1) is used to analyze
the concentration- conductivity measurements in which the input data are (T, D, ) where T
is temperature in Kelvin, D and n are the dielectric constant and viscosity (poise) of the
solvent at (37 °C).

Lee and Wheaton obtained an equation of unsymmetrical electrolytes of the form (Lee
and Wheaton, 1979):

A= Ai° [ 1+Z; i X7 X, " [ATO@K)TB (L) (BK) +CTy(t) (BK)'T  —
2,0 [I-i- Vi O Bk + Vi ) (BR) + T /6 ] -------- M
2(1 +1)

all the terms are defined in the original paper (Lee and Wheaton (1978). The program
(RM1) is used to determine values of Ky, Aux and R where K, is the association constant;
R is the average center to center distance for the ion pairs; A°, is the ionic equivalent
conductance of each ion in solution. A multi parameter "Least square" curve fitting
procedure is used to give the lowest value of curve fitting parameter, 6(A), between the
experimental and calculated values. An iterative numerical method which was found to be
very successful has been used to find the minimum( cA).

NP 1/2
cA={z(Am-Aexp_>2m>}

n=l
Tables (A) (1-4) and figures (A)(1-4) show the relations between (A) and concentration
(Nc) for the studied complexes at different temperatures.
A general look at the tables of the solution complexes of amino acids with {Co(II),
Ni(II), Ca(Il) and Mg(Il)} at different temperatures shows that the equivalent conductance
(A) increases with increasing temperatures, which may be due to the dissociation of the
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amino acids complexes at high temperatures leading to the formation of intermediate
compounds which reduce the values of equivalent conductance.

Fig. (A)(1- 4), show the application of Kohlrawsh equation for the complexes under
study at different temperatures, in which the relation between equivalent conductances
against the square roots of concentration gives a hyperbolic relation which indicates that the
solutions of the complexes behave as week electrolytes in this concentration range.

Tables (1- 4) show that the equivalent conductances differ by increasing or decreasing
temperature, this can be attributed to the breaking and formation of hydrogen bonding and
increasing the kinetic energy of the molecules and decreasing viscosity (Dabbagh and
Akrawi, 1992), the relation between equivalent conductance and temperature is illustrated
by the equation (Robinson and Soykes, 1959):

A (t) = AQ50)[1+B(T-29)]

A= the equivalent conductance at temperature (t)
A (25) =the equivalent conductance at (25C)

Lee-Wheaton equation for unsymmetrical electrolyte (2:1) at different temperatures
and at pH7 were applied, the results which include the concentration and equivalent
conductance were analyzed by using a computer program after giving the values of
temperature (T)K, viscosity (1) pois and dielectric constant (D) to determine the ionic molar
conductivities Ay, Avx , association constant K, for the ion pairs. The mean distance
between ions in solution (R) and the standard deviation 6 (A) between the experimental and
calculated values of (A). Tables B(1-4) show the results of analysis of the complexes at
different temperatures.
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Fig. A(1): The relation between the square root of concentration and the equivalent
conductance of Co(II) with alanine and valine at different temperatures
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Fig. A(2): The relation between the square root of concentration and the equivalent
conductance of Ni (II) with valine and serine at different temperatures
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Fig. A(3): The relation between the square root of concentration and the equivalent
conductance of Ca (II) with alanine and serine at different temperatures
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Fig. A (4): The relation between the square root of concentration and the equivalent
conductance of Mg(II) with valine and serine at different temperatures
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Results of Application of Lee-Wheaton Equation to the Complex Solutions of Cobalt,
Nickel, Calcium and Magnesium with Amino Acids:

Lee-Wheaton equation for unsymmetrical electrolytes (2:1) was applied to the
complexes under study mentioned above at different temperatures (283.16, 288.16, 293.16,
303.16, 310.16, and 313.16) at pH7 The experimental results which contain the
concentrations and the equivalent conductances were analyzed by a computer program. The
results of analysis give information about the ionic equivalent conductance (Ay'>, Am'),
association constant (K,), the distance between ions in solution (R) and the value of
standard deviation (6A) as shown in the tables B(1-4) for the complexes under study
(Dabbagh and Akrawi, 1992)

From the above tables, the values of K, decrease with increasing temperatures, this can
be attributed to the increase of the kinetic energies of the molecules and to the break of
electrostatic forces due to the short range reactions (Yokoyama and Kon, 1991), except at
(310.16K) for cobalt complex. The values of K, for cobalt complexes were higher than that
of nickel complexes, the ionic radius of cobalt is lower than that of nickel and besides the
methyl group of alanine molecule, which have an electron donating character, more than
methoxy group in serine molecule. The values of K, for magnesium complexes were more
than that of calcium complexes because the magnesium complexes contain valine and serine
while calcium complexes contain alanine and serine as ligande and because the isopropyl
group in valine has more electron donating character than methyl group in alanine in
calcium complexes, so the reaction will be more active and then will be more associative.
The values of Ay°" for Co and Ni complex ions behave similarly and their values are
around 50-60, while for Ca and Mg complex ions have higher values are around 80-180,
according to the periodic properties between alkali earth metals and transition metals. The
values of R (the distance parameter) were more than the Bjerrium value which means that
the complex ions were separated by solvent molecules (SSIP) and this depends on the metal
ion and the amino acid nature that formed the complex to some extent. The values differ
from one complex in to another depending on the interactions in solution.

Table B (1): The results of analysis for the values of Ayv'>, Ay, R, K, and cA for
aqueous solution of Co(II) complexes with alanine and valine at different

temperatures

T ong 2 0 + 0

K) Ka A°M A'MX R(A°) oA
283.16 962.94 52.20 2.90 22.3 0.038
288.16 470.0 49.09 14.30 26.9 0.017
293.16 220.30 50.00 0.80 8.0 0.008
303.16 145.39 39.09 0.11 10.1 0.021
310.16 234.39 70.09 1.26 6.9 0.016
313.16 144.60 45.40 0.80 10.1 0.011
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Table B (2): The results of analysis for the values of XM“LZ, M R, Ki and oA for
aqueous solution of Ni(IT) complexes with valine and serine at different

temperatures

T onat2 o + o

) Ka A°M A’MX R(A°) oA
283.16 392.20 54.29 5.59 16.7 0.013
288.16 259.82 52.40 0.60 9.5 0.037
293.16 191.50 51.0 0.40 8.6 0.010
303.16 114.43 51.0 0.13 10.2 0.031
310.16 77.58 50.5 2.38 7.5 0.036
313.16 70.1 49.30 0.24 9.0 0.015

Table B (3): The results of analysis for the values of w2 A, R, Ky and oA for
aqueous solution of Ca(Il) complexes with alanine and Serine at different

temperatures

T ongt2 o + o

(K) Ka M A’MX R(A°) oA
283.16 163.10 64.80 5.79 9.8 0.029
288.16 132.95 63.60 0.20 6.2 0.018
293.16 109.95 64.57 0.11 10.0 0.016
303.16 91.90 67.59 0.15 10.1 0.018
310.16 85.63 59.80 2.00 9.0 0.062
313.16 79.84 66.90 0.16 8.7 0.023

Table B (4): The results of analysis for the values of w2 A, R, Ky and oA for
aqueous solution of Mg(II) complexes with Valine and serine at different

temperatures

T o +2 ) + o

(K) Ka A°’M A’MX R(A®) cA
283.16 179.47 71.00 0.30 5.6 0.029
288.16 147.39 70.00 1.5 6.7 0.012
293.16 124.19 65.40 0.11 4.6 0.013
303.16 113.11 69.90 0.03 14.1 0.017
310.16 95.90 65.09 0.40 10.8 0.027
313.16 86.49 65.60 0.22 52 0.015

Calculation of the thermodynamic parameters (AH, AG, AS):
The relation of InK, against 1\T was shown in figure B (1-4) and the relation between
them was illustrated by Vant-Hoff equation (Eggers et al., 1964).
AH
anA =—— +C
RT
The relation gives a straight line for complex solutions:
This behavior will be illustrated by the fact that the results of association depends on two
opposite effects. The first one was the formation of ion pairs separated by solvent molecules
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(SSIP) and the other was the formation of contact ion pairs (CIP) (Dawod, 1995).
The values of AH were calculated from Vant —Hoff equation and AG from the equation :

AG =—R T InKy4
While AS values were calculated from the equation :

AG =AH —-TAS

From the tables below, the values of AH (enthalpy of association) were negative which
show that the operation was hydration ,while AG (Gibbs free energy) has a negative values
which depends upon the kind of ions (Al-Tamer, 1999) and in agreement with the relation
AG = — RTLnK, which means that the reaction was spontaneous towards association (Doe
et al., 1990; Al-Mustawi, 2002), and the values of AS were also negative due to the negative
values of AH which leads to the ordering of the system as a result of association under the
influence of solvation and columbic effect in spontaneous continuum media (Nancollas,
1960).

Table C (1): Thermodynamic parameters of Cobalt complexes with alanine and valine

T -AH -AG -AS
(K) (KJ.mol™") (KJ.mol™") (J.mol . K

283.16 37.611 16.173 75.710
288.16 14.734 79.390
293.16 13.137 83.483
303.16 12.552 82.659
310.16 14.080 75.867
313.16 12.940 78.781

Table C (2): Thermodynamic parameters of Nickel complexes with valine and serine

T -AH -AG -AS
(K) (KJ.mol™) (KJ.mol™) (J.mol.K™")
283.16 35.631 14.055 76.197
288.16 13.320 77.426
293.16 12.796 77.893
303.16 11.947 78.124
310.16 11.217 78.714
313.16 11.065 78.446
Table C (3): Thermodynamic parameters of Calcium complexes with alanine and
serine
T -AH -AG -AS
(K) (KJ.mol™") (KJ.mol™") (J.mol.K™
283.16 16.244 11.983 15.048
288.16 11.715 15.717
293.16 11.455 16.336
303.16 11.393 16.001
310.16 11.475 15.376
313.16 11.404 15.455




58 Yaser O. Al-Allaf et al.,

Table C (4): Thermodynamic parameters of Magnesium complexes with valine and

serine
T -AH -AG -AS
(K) (KJ.mol™) (KJ.mol™) (J.mol . K™")
283.16 16.000 12.218 13.356
288.16 11.955 14.037
293.16 11.748 14.504
303.16 11.922 13.452
310.16 11.759 13.674
313.16 11.612 14.012
6.5
y = 4.2857x - 9.2846
6 R= 0.9639 o
< 5-5 ]
%
c
= 5 |
4.5
4 T T T
3.15 3.25 3.35 3.45 3.55

1Tx10°

Fig. B (1): The relation of LnK, and 1\T for aqueous solution of cobalt complex with
alanine and valine

5.5
y = 1.9538x - 1.8802
R =0.9778
.
5 _
<
X
£ S
4.5 . 4
4 T T T
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Fig. B (2): The relation of LnK, and 1\T for aqueous solution of Nickel complex with
valine and serine
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Fig. B (3): The relation of LnK, and 1\T for aqueous solution of calcium complex with
alanine and s
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Fig. B (4): The relation of LnK, and 1\T for aqueous solution of magnesium complex
with valine and serine
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