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ABSTRACT

The reaction between amino acids and metal ions has been used as a model for transferring the
metallic ions to body tissues. How stable these complexes are formed is our concern. The stability
constants of the complexes between L-aspartic acid (Asp) and Co(ll), Ni(ll), Cu(ll), Zn(ll), Cd(ll) and
Ce(lll) metal ions were determined by potentiometric titrations in aqueous solution and in 25-
75%(v/v) of water-dioxane mixtures(l = 0.1 M, NaNO3) at 15, 20, 25, 35, and 45°C.The observed
increasing stability order for the corresponding complexes in water and water-dioxane mixtures were
as follows:

Kt cd (-asp< Kszn (i1)-asp < Kt co (-asp< Keni (in-asp < Kr ceqitn-asp< K cuginy-asp

Mixed solvents such as water-dioxane provide a better model for in vivo reactions. It was observed
that with increase in the percentage of dioxane, the stability constants were elevated. The results
showed that the reactions were exothermic and spontaneous.
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1. INTRODUCTION

Amino acids are by far the most important low-
molecular—weight ligands in biological systems.
Proteins are constructed from 21 different o-
amino acids including selenocysteine. The amino
acid-metallic ion interactions are found to be
responsible for enzymatic activity and stability of
protein structures [1-3]. The mono acids form
stable five-membered chelates with various
metal ions through the amine and carboxylate
moieties (N, O chelation). Several amino acids
have an additional metal binding site in the side
chain and thus form metal complexes with a
variability in their structures. Metal complexes
play a vital role in nature, they have been
extensively used in clinical applications as
enzyme inhibitors [4], anti-bacterial [5], anti-viral
[6] and anti-cancerous [7].

L-Aspartic acid (Asp) is one of the naturally
occurring a-amino acids, with an additional
carboxylic group in the side chain [8]. Asp takes
part in the thermogenic processes induced by
prostaglandin E1, it is a component of the active
center of some enzymes [9] and forms
complexes with almost all the metal ions through
its three binding sites. Chelation through the
amino and a-carboxylate groups occurs readily,
and study of metal binding has been devoted to
attempts to deduce whether side chain
carboxylates are also coordinated to the metal
ion. Three chelate rings are formed, because
Asp is a tridentate ligand [10,11].

Determination of the stability constants of these
complexes have been carried out in aqueous
media. This may be attributed to the widespread
belief that "in vivo" media are represented by the
aqueous system [12]. In recent years, however, it
has been reported that aqueous media are not
suitable for biological in vivo reactions, on the
contrary the biological one show lipophilic
character and is better represented by non-
aqueous system [13-23]. Also, it is well
established that the “effective” or “equivalent
solution” dielectric constants in proteins [24,25]
or active site cavities of enzymes [26] are small
compared to that in bulk water. Estimates for the
dielectric constants in such locations range from
30 to 70 [27,28]. Hence by using aqueous
solutions containing ~10-50% dioxane, one may
expect to simulate to some degree the situation

in active site cavities and therefore to extrapolate
the data to physiological conditions [28,29].

Metal with the most interaction with Asp creates
a very strong bond and has the largest stability
constants. Several literature reports have been
devoted to the study of stability constants of
metal-Asp complexes. Bukietynska et al. [30]
carried out potentiometric studies on complexes
of vanadium (lll) with L-alanine and Asp. Bottari
[31] studied copper (II) complexes with aspartate
and glutamate. Stability constants of mixed
ligand complexes of bio-molecules and amino
acids with Ni(ll) by the potentiometric titration
method were studied by Phase et al. [32].

Potentiometric study of Mo(VI) complexation with
Asp was conducted by Gharib and Zare [33].
Asp complex of Al(lll) was examined by
Djurdjevic et al. [34]. Interactions of Asp and
glutamic acid with some metal acetates through
volumetric behavior over the temperature range
were probed by Banipal et al. [35]. Metal ion-
binding properties of the Asp in aqueous solution
were investigated by Sajadi [36,37]. Interactions
in copper (Il) complexes of guanidinoacetic acid
with Asp were studied by Miranda and Felcman
[38] Bregier-Jarzebowska et al. [39] examined
the interaction and coordination of copper (II)
ions with Asp. Kroczewska et al. [40] investigated
the role of the carboxylic group in the copper (II)
mixed ligands. Our group probed the interactions
of phenylalanine with some metal ions,
coordination of histidine and glutamine with
nickel(ll) and vanadium (V) nanoparticles and
the interactions of histidine with transition metal
ions in water and water-dioxane mixtures [41-43].

Regarding the Job’s method, it provides
qualitative and quantitative insights into the
stoichiometry’s underlying association of m
molecules of A and n molecules of B to form
AnB,. Job plots in which reaction rates are
monitored give the relative stoichiometry in rate-
limiting transition structures [44]. In this study the
different aspects of stabilization of metal ion
complexes regarding to Irving-Williams sequence
[45] for binary complexes of Asp with pertinent
metal ions in water and water-dioxane mixtures
have been investigated. In addition,
thermodynamic parameters of the corresponding
complexes have been evaluated and their
degrees of stabilities have been examined.



2. MATERIALS AND METHODS
2.1 Reagents

Perchloric acid, sodium hydroxide, nitrate salts of
Co(ll), Ni(Il), Cu (), Zn(Il), Cd (ll) and Ce (1),
dioxane and L-aspartic acid (Asp) were obtained
from Merck as analytical reagent grade
materials and were used without further
purification. The NaOH solutions were prepared
and their concentrations were determined by
several titrations with standard HCIO, solution.
All dilute solutions were prepared from double-
distiled water (DDW). Carbonate-free sodium
hydroxide 010 M was prepared and
standardized against Titrisol hydrochloric acid
0.10 M. M(Il) nitrate solutions (0.10 M) were
prepared by dissolving the appropriate amount of
nitrate salts in water and were standardized with
standard solution of EDTA 0.10 M (triplex).

2.2 Procedure

All pH titrations were performed using a Metrohm
794 basic automatic titrator (Titrino), coupled with
a thermo-stating bath Hero (+ 0.1°C). The pH
meter was calibrated using Merck standard
buffer solutions with pH of 4.0, 7.0 and 9.0. A
combination of calomel and glass electrode was
used. To compensate for acid error (pH 2-4) of
the electrode, 30 mL solution containing KCI, 0.1
M was titrated with standardized perchloric acid,
following a plot of calculated pH versus read pH,
and producing the equation for pH correction. To
account for alkaline error (pH 10-12) the same
volume of KCI, 0.1 M solution was titrated with
standardized sodium hydroxide and the pH
correction equation was acquired [46]. For
determination of the stability constant of Asp
complexes, 10 mL each, solution of 1.0x 10° M
of the metal ion, 5.0x10° M of Asp, and 0.01690
M of HCIO, were poured inside a double-walled
glass reactor, stirred well, and was titrated with
standardized NaOH solution under the nitrogen
gas bubbling. Each titration was repeated five
times in order to check the reproducibility of the
data. Potentiometric pH titrations were conducted
in aqueous solution and in mixtures of water and
dioxane at 15, 20, 25, 35, and 45°C. The
calculation of the stability constants of the
complexes were performed using our developed
computer programme. Spectrophotometric
measurements were done with a UV-Vis Specord
210 plus with a GDU computer and using
thermostated matched 10 mm quartz cells. IR
spectra were acquired as KBr disc by Avatar,
USA 370 FT-IR.
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2.3 Synthesis of Asp-metal lons

As an example, for preparation of Co (ll)-Asp
complex, in two separate beakers, 10 mmol Asp,
and 10 mmol of Co (NO3),, 6H,O were dissolved
in 80 and 30 mL of DDW respectively, and they
were mixed. The solution pH was reached to 8.4
by 0.1 M NaOH and stirred for an hour. Then the
volume of the purple solution was reduced to 15
mL and let it aside to dryness, and washed with
ethanol, following the crystallization. The
crystallized complex was dissolved ion 50 mL
DDW and its UV-Vis spectrum was taken. Similar
procedures were used for synthesis of the other
metal ion complexes, except pH, which for Cu,
Cd and Ce were maintained at 6.15 and 8.20 and
8.50 respectively.

24 The Method for Determination of
Stability Constant and Thermo-
dynamic Parameters

In considering the reacting species H2L+ was
used as di-protonated amino acid; HL, the mono-
protonated amino acid; L,- the amino acid anion,
and M, the metal. Indeed HL is the neutral amino
acid. Then the following chemical equations
could be occurred in the solution.

HZLJr HL(aq) +H+(aq) (1)
_[HL][H"]
HL(aq) L-(aq) + (aq) (3)
_[H]
- AL )
M2t + HL ML* + H'
_[ML'][H"]
f1 2+
[M™][HL] 6)
ML" + L ML,
(7)
(ML, |



Here Knand Ky, are the first and the second
stability constants of the complexes. We define 72
as the average number of ligands bound per
metal ion concentration which can be expressed
as:

bound ligand _Lbound L, L,

n= total—free
M

M
C)

The concentration of free ligand is the sum of
concentration of contain species at different form

total metal ionconcentration

Liee= [HoL] + [HL] + [L] (10)

The bound ligand concentration (Lbound) was
then estimated as:

L L L

free (1 1 )

bound — “total

After rearrangement and substitutions we have:

Ty, —[H,L']-[HL]-[L"]

n= T
M (12)
Then:
__ [ML]+2[ML]
[M*]+[ML"]+[ML, ]

(13)
According to mass balance relation we have:

T, =[M” T+[ML']+[ML,]

(14)
THL Z[I_HJ]+[L_]+[MI-’+]+2[MI’2] (15)
[CIO,]=T, 00, +2T,, 16)
[ML']+2[ML,] =[Na*]—THClO4 +[H"] (17)
s [Na*"]-[HCIO,1+[H"]
T (18)
Ka (TH L _HTM)
[HL]=——" =0

From plot of g versus 1 the stability constants
could be calculated.
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: (20)

K. =
£2 [HL]_

oW

(21)

All our calculations in this work were executed by
GRCpeta computer-programme developed in our
lab. The software inputs are: 1) the initial volume
of solution containing the amino acid, metal ion,
and perchloric acid, II), lll) and 1V), the
concentration of perchloric acid, sodium
hydroxide, and amino acid, V) pKa1 and pKa2 of
the amino acid in the specified medium and at
desired ionic strength. After insertion of the
pertinent values, The software output is a plot of
calculated pH (corrected pH) of the titrand
solution versus the concentration of added
standardized NaOH, plus plot of two curves, one
for a m =0.5 and the other for m =1.5.The
intersection of the potentiometric titration curve
with these two curves produces two points
whose corresponding pHs will be used to
evaluate the respective stability constants of the
metallic ion-amino acid complexes. Additionally
the software is capable of plotting first and
second derivative of d-pH versus d-Vyaon 1O
clarify the end points. For each potentiometric
titration approximately12-20 mL of standardized
sodium hydroxide was used.

Fig. 1 illustrates the software output, i.e. the
potentiometric titration curve for Zn(ll)-Asp with
standardized sodium hydroxide in water at 25°.
The value of the calculated stability constants of
respective Asp complexes are given in Table 1.
Thermodynamic calculations were conducted as
follows:

The Gibb’s free energy change, AG®°, can be
calculated from the equation below:

0 —_—
AG” = RTthf (22)
0
InK, = -AGT
RT (23)

By taking the derivative with respect to 1/T from
both side of the equation 23 we have:

dinkK, 1] d AG
al  RgL T
T T

(24)



dinK, _ 1], .0, dAG’
¢l R Td L
T T (25)
dink, _ —l{AHO ~TAS" +TAS' | = _aH
gL R R
T (26)
So:
dlogK, = AH’
qL 2.303R
T (27)

Regarding equation 27, the plot of log K versus
1/T produces straight line with slop equals:

_ —AH’
2.303R

slope
(28)

Using Equation 28 enables us to calculate
Enthalpy change. For calculating AS® we have:

AG® = AH" - TAS® (29)

Knowing Gibbs free energy change and enthalpy
change, AS® could be evaluated.

o AH’—AG’
T (30)

AS

3. RESULTS AND DISCUSSION

Metal ion hydrolysis, if occurs in the pH range of
complex formation, would result in higher than
the true values of stability constants. Use of high
ligand-metal ratio has been recommended to
depress the pH range of complex formation if
necessary. Perchloric acid prevents hydrolysis of
metal ions, otherwise significant errors in the
calculation could be emerged. Sodium nitrate is
added as supporting electrolyte to stabilize the
ionic strength. Asp has one amino and two
carboxylic groups as potential chelating centers.
It may coordinate either via the two carboxylate
groups or by the amino and one carboxylate
group (Scheme 1). Asp forms a five, six and
seven membered chelate ring. The formation of
the seven membered chelate ring in binary
complexes causes a weaker bond.

The order of stability of the binary complexes in
the system under investigation, in terms of the
nature of metal ion, follows the sequence of
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Cu(ll) >Ce(lll) >Ni(ll) >Co(Il) > Zn(Il) > Cd(ll). For
the transition metal ions, this behavior is
consistent with the order of stability of such metal
ion complexes as revealed in the Irving-Williams
series (Table 1).The stability constants of the
binary complex of the Ce (lll)has higher value
than Cu(ll), Ni(ll), Co(ll), Zn (Il) and Cd(Il). This
is due to the fact that Ce(lll) ion is harder Lewis
acid than the other transition metal ions and
constitute the stronger bonds to oxygen and
nitrogen atoms of Asp ligand.

Scheme 1. Asp complexes with a di-metal ion

Table 1. Stability constant values for binary
Asp complexes in water at 25°C and /=0.1 M

Complex Log K

Co(ll)-Asp 6.68+0.06
Ni(ll)-Asp 7.45%0.06
Cu(ll)-Asp 8.80+0.03
Zn(l)-Asp 6.39+0.05
Cd(Il)-Asp 5.17+0.06
Ce(ll)-Asp 8.34+0.07

Although CFSE of copper (ll) is less than nickel
(), but the copper octahedral complexes have
been stabilized by Jahn-Teller distortion, as a
result the stability constant of copper (ll) is more
than nickel (ll). Cd(ll) is a member in group
Zn(ll), but the ionic radius of Cd (ll) is larger than
Zn(ll), so the stability constant of Zn(Il) complex
is higher. In General the stability of the different
binary complexes containing the dicarboxylic
amino acid (Asp) is high. This could be ascribed
primarily to the effective high basicity of Asp, i.e.,
a good ag-donor, where it can probably act as a
tridentate ligand giving rise to dramatic increase
in entropy and Gibbs free energy upon complex
formation.

On the other hand, the 1,4-dioxane — water
mixture is a well-defined solvent of the class of
binary mixtures of water and organic solvents.
These systems are important in fundamental
research and technology, because properties



such as viscosity, relative permittivity (dielectric
constant), molar volume, etc., can be
continuously changed with solvent composition.
Changes in stability constants upon addition of 1,
4-dioxane to aqueous solutions are due to
increasing ion-ion interactions resulting from the
decreasing dielectric constant and from changes
in solvent-ion and solvent-solvent interactions
(Table 2). As the dielectric constant decreases,
the ion interactions involving the proton and
anionic oxygen on the acid decrease to a greater
extent than the ion dipole interaction between the
proton and the solvent molecules. Co-solvent
influences the protonation-deprotonation
equilibrium in solution by changing the dielectric
constant of the medium, which varies the relative
contributions  of  electrostatic and  non-
electrostatic interactions.

Linear variation in the logarithm of the stability
constant (log Kf) values of Asp complexes of
Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(ll) versus the
variation of 1/D (reciprocal of the dielectric
constant of the medium), as demonstrated in Fig.
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2 indicates the dominance of electrostatic
interactions. Fig. 3 exhibits the plot of log ks of
Cd (ll)-Asp complex versus 1/T in 50/50 (v/v)
water-dioxane mixture. By examining the plot we
are capable of calculating the stability constant
for Cd(lly complex at any temperature. The
stability constant of the pertinent complexes
increase with increasing the percentage of
dioxane due to base strength enhancement
(Table 2).

Job’s method was used to acquire the identity of
the predominant form of the respective
complexes in each solution. It involves the
preparation of a series of solutions in which the
sum of the total molar concentration of M and L
is constant while the ligand mole fraction, X, is
varied from O-l. The concentration of the
complex, or its proportional quantity is then
measured and plotted against X. The method
showed that, if certain assumptions were valid,
such a plot would exhibit a maximum at a value
of X=n/(m +n).

Table 2. Log of the Stability constant (Log K;,) of the respective Asp complexes in dioxane-
water mixtures, I= 0.1 M (NaNO;) at 25°C

Dioxane %(v/v) Cd(ll)-Asp  Zn(ll)-Asp  Co(ll)-Asp  Ni(ll)-Asp  Ce(III)-Asp Cu(ll)- Asp
0.0 517 6.39 6.68 7.45 8.34 8.80
25 5.32 6.54 6.84 7.61 7.40 8.96
50 5.59 6.70 718 7.75 8.28 9.17
75 6.43 7.54 8.77 8.50 8.46 9.81
=
o v}
Q |
_

Conc. of added standardized NaOH solution (molL)

Fig. 1. A potentiometric titration curve of corrected pH versus the concentration of added
standardized NaOH for Zn(ll)-Asp in aqueous solution at 25°C and n =0.5, n =1.5 curves
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Fig. 3. A Plot of log K;; of Cd(ll)-Asp complex versus 1/T in 50/50 (v/v) water-dioxane mixture

Here practically, different amounts of stock
solutions of A and B are mixed, varying the mole
ratio of reactants in such a compensatory
manner that their total molar concentration is
kept constant. Under given circumstances, the
maximum amount of complex will form in the
solution in which the two species are present in
the correct combination ratio, provided that the
mixing ratio has been varied from 0 to some
value certain to be larger than n=m. Usually, this
is achieved by preparing a series of mixture
solutions such that the total moles of reactants
and the total volume across the set of solutions
are fixed. The great thing in complexation
process of Asp is pH effect, since all sites of
complexation in the ligand are strongly
dependent on the pH of the solution. Asp in basic
media can act as three dentate and in an acidic

media as a bidentate ligand. To recognize Cu (ll)
complex forms in acidic or basic media, Job’s
procedure was performed in two different pHs.
Only one hydrogen in the acidic medium of the
Asp is replaced by a metal ion (Fig. 4) but in the
basic solution two protons of Asp separated and
replaced by metal ions (Fig. 5). Therefore the
complex formula in acidic solution is Cu(HAsp),
and in basis medium is Cu (Asp), imparting that
coordination sites of Asp in different media
depend on pH of the solution. All the
thermodynamic parameters, i.e. AG® AH° and
AS° were evaluated and are shown in Tables 5-
8. They have negative values. Negative AG°
means that the complex formation is a
spontaneous reaction. Increase in dioxane
percentage causes AG°s to become more
negative, because they have been under the



influence of entropy change. Hence the stability
of complexes and release of ions and water
molecules will be affected by decrease in
dielectric constant of the medium. Negative AH°s
conveys that the reactions are exothermic, and
negative AS° are the indication that the
complexes are more organized than the
reactants. Some workers have conducted
research on complex systems of mixed ligands
as ternary complexes with transition metal ions
which needed sophisticated softwares and more
rigorous treatment of data [47-51].

3.1 The vibrational Modes Analysis of
Asp Complexes

To confirm the formation of the complexes, their
FT-IR spectra were examined. The vibrational
modes of pure Asp and its complexes are
summarized in Table 3. There are peaks with
higher frequencies than that of 3300 cm”,
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indicating the presence of water or hydrogen
bonds in their structures. Bending vibrations of
amino group in the spectra of complexes convey
that amino group coordinates to metal ions. The
frequency of the M-O is observed at frequency of
lower than 600 cm™. The asymmetrical stretching
vibration frequency of COO’ in the complexes
increases in comparing with pure Asp, but
symmetric stretching vibration frequency of COO”
group has decreased. The increase in difference
between the frequency (COQ") z¢ym and (COO-)
sym iN the complex with respect to pure Asp is
indication of asymmetric bond formation of COO"
with metal ions. According to the results, copper
bonding to the oxygen and nitrogen atoms in
complex with Asp is stronger than the other
metals. Since copper is a harder Lewis acid than
the other first row of transition metal ions, prefers
forms bond to oxygen and nitrogen atoms of Asp.
Cerium is a harder Lewis acid and forms a
stronger bond with the oxygen of Asp.

Fig. 4. Job’s method-A plot of Absorbance vs. mole ratio for
Cu (ll)-Asp at pH=4.5

Table 3. IR vibrational frequency modes for the respective Asp complexes as compared with

Asp
Cm” H-bond COO.eym. COO¢ym  U'nmz NH,-bend M-O or M-N
Asp - 1618 1419 - - -
Cu(ll)-Asp 3474, 1622 1300 3267 (asym), 1599 <500
3422 3150 (sym)
Co(ll)-Asp 3300 1642 1374 3169 (asym) 1604 <600
Cd(Il)-Asp 3521 1629 1368 3151 (asym) hidden <670
Zn(I)-Asp 3432, 1631 1389 3278 (asym), 1585 <500
3476 3174 (sym)
Ni(ll)-Asp 3500 1629 1395 3364 (asym), 1544 <630
3003 (sym)
Ce(lll)-Asp 3470 1640 1416 3359 (asym), 1599 <600

3018
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0.4 -

035 -

0.3 -

0.25 -

0.2 -

0.15 -

ML (X, =0.66)

04 0.6 0.8

X

Fig. 5. Job’s method-A plot of Absorbance vs. mole ratio for Cu (ll) -Asp

complex at pH=8.5

Table 4. Absorbance data regarding different X, for Cu(ll)- Asp at pH=4.5 and 8.5 respectively

XL 1.00 083 0.77 075 0.66 0.55 0.5 044 0.33 0.22 0.00
A(Anax=690nm) 0.00 0.05 0.09 0.165 021 026 030 0.27 022 011 0.042
A(Anax=645nm) 0.00 0.08 0.14 021 041 0.18 0.14 0.10 0.08 0.04 0.03

Table 5. AG° values for the respective Asp complexes in aqueous solution at different

temperatures
Complex AG AG (KJ/mol)
15 20 25 35 45(°C)
Cd(I)-Asp -AGy 15.2 15.5 15.7 16.0 16.3
-AG, 13.7 13.9 14.2 14.6 14.9
Zn(ll)-Asp -AGy 15.4 15.5 15.6 15.9 16.1
-AG, 14.2 14.3 14.5 14.6 14.9
Co(ll)-Asp -AGy 20.7 20.5 19.8 19.5 17.4
-AG, 16.8 17.2 18.3 17.2 17.5
Ni((I1)-Asp -AG; 23.0 23.3 23.5 24.2 24.6
-AG, 19.3 19.5 19.5 20.2 20.6
Ce(lll)-Asp -AG, 29.5 27.6 26.8 26.2 24.7
-AG, 23.0 222 20.8 19.9 19.6
Cu(ll)- Asp -AGy 26.0 26.3 26.5 25.8 26.1
-AG, 245 23.5 23.7 23.1 21.0
Table 6. AH° and AS° values for the respective Asp complexes in aqueous solution at different
temperatures
Complex AS AS(J.mol-1.K) AH (KJ/mol)
T(°C)
15 20 25 35 45
Cd(ll)-Asp -AS, 34.7 34.9 35.1 34.9 34.8 -AH, 5.23
-AS, 40.1 40.2 40.2 40.3 40.1 -AH, 2.16
Zn((I)-Asp -AS, 251 24.8 25.1 25.0 25.0 -AH, 8.18
-AS; 22.7 22.8 23.0 225 22.8 -AH, 7.66
Co(ll)- Asp -AS, 103.0 101.8 102.5 100.3 103.8 -AH4 50.38
-AS, 81.1 78.3 73.1 74.5 71.0 -AH, 40.13
Ni(ll)-Asp -AS, 56.0 56.2 56.0 56.3 55.9 -AH4 6.83
-AS, 44.0 43.8 43.4 44.0 43.8 -AH, 6.62
Ce(lll)-Asp -AS, 138.0 142.2 142.4 139.7 140.3 -AH4 69.30
-AS; 113.3 114.2 116.9 116.1 113.3 -AH, 55.66
Cu(ll)-Asp -AS, 123.9 120.6 117.8 116.3 111.7 -AH, 61.68
-AS, 99.2 101.0 98.7 97.5 100.9 -AH, 53.13
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Table 7. AG® values for respective the respective Asp complexes in 50/50 (v/v) water-dioxane
solution mixtures at different temperatures

Complex AG AG (KJ/mol)
15 20 25 35 45(°C)
Cd(Il)-Asp -AG, 222 21.9 22.0 221 22.0
-AG, 18.8 19.3 18.9 19.1 19.2
Zn(ll)-Asp -AG, 23.2 23.0 225 222 20.7
-AG, 21.3 19.9 19.5 19.2 19.3
Co(ll)-Asp -AG, 257 255 219 21.8 20.0
-AG, 221 20.8 19.0 18.5 17.8
Ni((I1)-Asp -AG; 25.0 24.0 23.4 23.0 22.7
-AG, 20.8 20.8 20.0 19.3 18.9
Ce(lll)-Asp -AG; 26.8 25.7 255 25.6 25.0
-AG, 22.6 22.3 21.8 22.2 21.9
Cu(ll)- Asp -AG; 31.8 31.2 30.7 294 28.9
-AGy 22.9 222 21.6 21.3 20.1

Table 8. AH® and AS® values for the respective Asp complexes in 50/50 (v/v) water-dioxane
solution mixtures at different temperatures

Complex AS AS(J.moI'1.K) Enthalpy AH
T(°C) (KJ/mol)
15 20 25 35 45
Cd(Il)-Asp AS, 1.426 0.416 0.896 1.158 0.889 -AH;, 21.77
AS, 4.154 5.771 4.480 5.060 5.133 -AH, 17.61
Zn(ll)-Asp -AS;4 74.55 74.01 74.32 7272 75.21 -AH;, 44.65
-AS, 66.06 69.98 70.16 68.64 66.25 -AH, 40.38
Co(ll)-Asp -AS; 190.8 188.1 196.7 191.0 190.7 -AH;, 80.63
-AS, 136.0 138.2 141.9 139.1  136.9 -AH, 61.32
Ni(Il)-Asp -AS; 68.79 71.11 71.99 70.93 69.62 -AH;, 44.87
-AS, 67.44 66.40 67.74 67.95 66.92 -AH, 40.23
Ce(lll)-Asp AS; 4211 4517 45.05 43.11 43.74 -AH;, 38.89
AS, 15.67 16.55 17.87 16.06 16.36 -AH, 27.14
Cu(ll)-Asp -AS4 99.44 99.88 99.86 100.8 99.37 -AH; 60.49
-AS, 83.33 84.19 84.76 83.10 84.26 -AH, 46.91
Table 9. Comparison between our data and the literature
Complex log Ky Ref. Our Data
Cd(ll)-Asp 6.62, 4.85, 6.62 50, 51, 32 5.17
Zn(ll)-Asp 5.87,6.82,5.35 11, 51, 36 6.39
Co(ll)-Asp 6.65, 6.69, 6.74,5.81,6.14 47,50, 32, 11, 48 6.68
Ni((Il)-Asp 7.42,7.41,7.07,7.357.20, 7.50 47,50, 11, 51, 48, 49 7.45
Ce(lll)-Asp 8.70, 8.46 32,48 8.34
Cu(ll)- Asp 8.78, 8.85, 8.92 8.83,8.64 47,48,32,11, 49 8.80
Figs. 6-11 compare UV-Vis spectra of the transfer. For the nickel complex, d-d
pertinent Asp complexes. For the copper fransitions transfer to the visible region of

complex, d-d ftransition transfers to 745 nm.
Cobalt complex has absorption bands in the 510,
465 and 275 nm. the first two peaks are related
to the transfer of d-d electrons and the third
peak corresponds to ligand to metal charge
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640 and 370 nm and 305 nm with regard to
ligand to metal charge transfer. For the Asp
complexes of Zn(Il),Cd(Il) and Ce(lll) only charge
transfer is observed, conveying complex
formation.
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Fig. 6. UV-Vis spectra of Asp and Cu (ll) — Asp complex
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Fig. 7. UV-Vis spectra of Asp and Co (ll) - Asp complex

A 1+

2 -
1.8
1.6 -
1.4 A

17 Ni(Il)-Asp

0.8 -

0.6 - Asp
0.4 -
0.2 - N
0 . . . . '
500 600 700 800 900

200 300 400 0
A(nm)

Fig. 8. UV-Vis spectra of Asp and Ni (ll) — Asp complex
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2 -
1.5 -+
Ce(III)-Asp
A 1 -
Asp
0.5 -
0 - T 7 : ; ; ; d
200 300 400 500 600 700 800 900
A(nm)

Fig. 11. UV-Vis spectra of Asp and complex Ce (lll) - Asp complex

4. CONCLUSION

We have measured the stability constants of L-
aspartic acid with some divalent metal ions and
Ce (lll) in water and water-dioxane mixtures by
potentiometric titration method in five different
temperatures. In  addition, thermodynamic
parameters of AG® AH° and AS° have been
estimated. In this systematic investigation we
were able to measure the stability constants of
the pertinent Asp complexes at any temperature

12

and in water and water-dioxane mixtures. The
obtained stability constants were in good
agreement with the values of similar condition in
the literature. The mechanism of the reactions
and effect of the temperature and solvent on
complex stability were discussed.
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