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Abstract- The interactions of transition metals cobalt(ll) and
nickel(ll) ions with the amino acids L-threonine(L-thr), L-
proline(L-pro) and L-lysine(L-lys) in aqueous solution have been
studied by using visible spectroscopic method. On addition of
amino acids to the aqueous solution of the metal ions, a change
in the visible spectra is observed due to the replacement of the
water molecules from the coordination sphere of the aquo-
complex [M(H,0)s]** by the amino acid molecules.

[M(H,0)e]*+ L = [M(H,0)sL]** + H,0

(where M = Co(ll) and Ni(ll); L = L-thr, L-pro and L-lys). The
equilibrium constants and the change of Gibbs free energy AG°
of the water exchange process at room temperature have been
determined. For Ni(ll)-H,O-amino acid systems the equilibrium
constants have been determined for five variable temperatures
(318-298 K) and the corresponding thermodynamic parameters
AG®, AH° and AS° have been calculated.

Index Terms- Visible spectrophotometry, cobalt(ll), amino
acids, equilibrium constant, thermodynamic parameters.

I. INTRODUCTION

Amino acids are the chemical units of proteins, which
construct the structure for all living organism [1] and
essential for variouus biochemical processes that support the
maintaining of life in the individuals [2,3]. They are good
chelating agents [4] and can coordinate to transition metals
through their amino or carboxylic groups [1,5]. During the last
few decades the complexation of transition metal ions with amino
acids have been studied [6,7,8,9]. The amino acid-metallic ion
interactions are found to be responsible for enzymatic activity
and stability of protein structures [10,11,12]. The metal-amino
acid complexation is important field of study as they can be used
as representative model systems to understand the metal-protein
interaction in biological systems. Moreover the study of
thermodynamic parameters will help to investigate the driving
forces that lead to the formation of metal-amino acid complexes
in Dbiological systems. The anticancer, antibacterial and
antifungal effects of Cobalt(l11) complexes with amino acid are
well proved [13]. Cobalt is an essential trace element in animal
nutrition and in the form of vitamin By, it is essential for human
health as it stimulates the production of red blood cells. For the
treatment of pernicious anaemia a small amount of cobalt is
invaluable. It associates with important synthetic reactions in the
metabolic process [14, 15]. Nickel is also essential for healthy

life of animal. It associated with several enzymes [16]. Nickel is
play a role in physiological processes as a co-factor in the
absorption of iron from the intestine [17]. Any change in its
concentration leads to metabolic disorder [18]. With the
discovery of biological importance of cobalt and nickel, it is
important to study its complexation with amino acids in order to
understand more about functions of their complexes.

In the present work the interaction of L-thr, L-pro and L-lys
with Co(ll) and Ni(ll) ions in the agueous solution have been

studied spectrophotometrically and some thermodynamic
parameters are reported.
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Figure 1: Used amino acides

Il. MATERIALS AND METHODS

The salts CoCl,.6H,0 and NiCl,.6H,0 used in this study were
of AR grade which were purchased from E.Merck. The amino
acids L-lysine, L-threonine and L-proline were purchased from
Loba Chemie which were used as received. The metal and amino
acid solutions were prepared just before each measurement by
direct dissolution salts and amino acids in doubly distilled water.
The concentration of the amino acids in the sample solutions

were kept as low as possible.

The visible spectra were recorded in aqueous solution by using
1 cm® quartz cell in the range 800-360 nm on Shimadzu UV-240
spectrometer. The variable temperature (318-298 K) experiments
were performed by using temperature regulated cell holder. The
pH of the solutions was measured by using Elico Li-120 pH
meter.
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The replacement process for Co(ll)-L-lysine system can be
represented on the basis of the report that only one water
molecule has been replaced by the amino acid ligand from the
coordination sphere of the metal ion [19].

[Co(H,0)e]*" + L-pro = [Co(H,0)s(L-pro)]*" + H,0

The equilibrium constants for the replacement process have
been evaluated by Srivastava and Newman’s linearised equation
[20].

1 _ 1 [Hzo]f + 1 @
€ —€, K[L]f € —€

E—E, °

where ¢ is the apparent extinction coefficient of the sample
solution; &, and &, are those of [Co(H,0)s]** and [Ni(H,0)s]**
respectively. [H,O]; and [L]; are the concentration of free solvent
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equilibrium constants K for the metal-amino acid systems have
been calculated putting the values of the slopes and intercepts in
equation (1).

The thermodynamic parameters have been calculated by using
the following equations.

AG° =-2.303RT log K = AH°-T.AS°

AH® 4 AS°
2.303RT 2.303R

AS° = (AH°- AGY) / T

logK = —

Where AG® is the Gibbs free energy change, AH® is the change
of enthalpy and AS° is the change of entropy. AH® were
calculated from the slope(-AH®/2.303R) of the straight line found
from the plot of log K against 1/T. The standard entropy change,
AS° of the replacement process can be calculated by using
equation (2).

IIl. RESULTS AND DISCUSSION

The absorption peak for [Co(H,0)g]* ion has been observed at
502 nm. The spectra of [Ni(H,0)s]*" ion shows three peaks at
392 nm, 656 nm and 736 nm respectively. The equilibrium
constants for Ni(ll) ions have been determined with respect to the
sharper peak at 392 nm. The peaks of Ni(ll) shifted towards blue
to ~385 nm on addition of amino acids to their aquo-complexes.

The both amino acids L-threonine and L-lysine are tridentate
with the three coordination sites —-COOH, —-NH,, —OH and
COOH, —NH, —NHj; respectively while L-proline has two viz., —
COOH, —NH-. In aqueous solution Co(ll) and Ni(ll) ions exist as
octahedral [M (H,0)¢]** [21] aquo ions. When amino acid is
added to the aquo ion, replacement of water molecules by amino
acids occur from the coordination sphere of the metal ions. The

coordination mode of amino acids to the metal center depends on
the pH of the solution. In solution amino acids exist as zwitter
ion predominantly at pH < 7 [22,23] and the amino acids behave
as monodentate ligand coordination of the amino acids to the
metal centre occurs through the oxygen atom of its carboxylate
group. When the pH of the solution is 12, both the nitrogen and
oxygen atoms take part in coordination with the metal ions [24].
The equilibrium constants for Co(ll) and Ni(ll) ions complexes
with the L-threonine, L-proline(L-pro) and L-lysine(L-lys) are
listed below (Table 1).

Table 1: The equilibrium constants and AG® at 25°C

Metal . . pH -AG°
ions Amino acids Log K KImol™:
L-pro 5.19 | 3.245 | 18.515
Ni(I1) L-thr 5.67 | 3.186 | 18.179
L-lys 5.97 | 3.069 | 17.511
L-pro 5.04 | 2.350 | 13.409
Co(ll) L-thr 5.29 | 1.981 | 11.303
L-lys 5.88 | 1.785 | 10.185

The equilibrium constants for Co(ll)-amino acid complexes
are lower than the Ni(ll)-amino acid complexes which reflects
the good agreement of the results of Irving-Willium order [25].
For both the metals-amino acid complexes the equilibrium
constants for the amino acids is of the order L-pro > L-thr > L-
lys. The lower value of equilibrium constants of Co(Il) and Ni(ll)
complexes of L-threonine and L-lysine than L-proline complexes
is due to the presence of bulky substituent into the ligand
molecules [26]. The lowest value of equilibrium constants for L-
lysine is due to the formation of sterically hindered eight
membered ring [27] as it bearing another —NH, group in its
structure which make the sample solution more basic lead to the
formatin of the big ring which causing lower stability in the
complex. The higher stability of the complex of L-threonine over
L-lysine can be attribute to the intramolecular hydrogen bonding
in threonine complex that forms due to the presence of polar —
NH and ~OH groups [28,29,30]. The negative value of AG® of
all the complexes indicates the spontaneity of the reactions and
the most stable complex having hight -AG° value.

The equilibrium constants for Ni(ll)-amino acid complexes at
temperature range 318 K-298 K are given bellow (Table 2). With
the increase of temperature, the equilibrium constants for the
Ni(Il)-amino acid system decreases (Figure 2) which may be
attributed to the exothermic nature of the reaction.
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Figure 2: Variation of log K with temperature T

Table 2:
Thermodynamic parameters for Ni-amino acid-H,O systems
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0
Metal Amino | PH Temp. | (/T)x10? loa K -AG° -AH® ?lfl r
ions acids TK K* 09 kImol* | kImol* | 3¢ MO

298 3.36 3.334
303 6.30 3.287

L-pro 5.17 308 3.25 3.262 | 19.023 15.557 11.631
313 3.19 3.194
318 3.14 3.133
298 3.36 3.115
. L-thr 303 6.30 3.097

Ni (11) 5.47 308 3.25 3.057 17.774 15.318 8.242
313 3.19 3.013
318 3.14 2.969
298 3.36 3.000
303 6.30 2.910

L-lys 5.99 308 3.25 2.883 17.118 15.088 6.812
313 3.19 2.833
318 3.14 2.756

IV. CONCLUSION
[12] S. S. Dara, A textbook of Environmental Chemistry and Pollution

The interactions of cobalt(ll) and nickel(ll) ions with the
amino acids L-threonine, L-proline and L-lysine in aqueous
solution have been studied by visible spectroscopic method. The
equilibrium constants for Ni(ll)-amino acid complexes are found
to be higher than the Co(ll)-amino acid complexes. The
equilibrium constants for the amino acids follow the fellowing
order L-pro > L-thr > L-lys. Different thermodynamic parameters
have been calculated. Stability of the metal-amino acid
complexes have been compared.
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