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Abstract:In human and animal bodies trace amount of transition metals such as Iron (Fe), Copper (Cu),
Manganese (Mn) etc. are present. Fe is the most essential metal ion usage in hemoglobin for oxygen transport.
Cu is one of the biologically important chemical species that functions as a co-factor in metalloenzymes and
metalloproteins. Mn is also an important microelement for plants and adult human body. Electrochemical
studies of such metal ions in presence of ligands have been carried out in order to understand the mode of
interaction and electron transfer mechanism of transition metals complexes with amino acids or proteins. The
electrochemical behavior of metal Cu(ll) with Val has been studied by Cyclic voltammetry (CV),
Chronamperometry (CA), UV-Vis and FTIR spectroscopic techniques.This research was carried out to studied
the electrochemical behavior of metals Cu(ll) with Valine (Val) by Cyclic voltammetry (CV),
Chronamperometry (CA), UV-Vis and FTIR spectroscopic techniques. Electrochemical and spectroscopic
techniques reveal the interaction of Cu(ll), with the ligands (Val) that may be formed of metal-ligand
complexes. Electrochemical studies have been carried out in variation of metal ion concentration, ligand
concentration, buffer solution of different pH and different scan rate at different electrodes. In this study all the
experiment is carried out only in aqueous buffer solution; KCI or other conventional supporting electrolytes are
not used in the solution. The effect of pH of Cu(ll)-Val was studied by varying pH from 3.0 to 9.0. The maximum
peak current was obtained at pH 4. This shows that the electrochemical oxidation of Cu(ll)-is facilitated in acid
media and consequently the rate of electron transfer is quicker. The slopes of the plots of E, against pH of Cu-
Val metal ligand system was determined graphically as anodic peak 21-31 mV/pH at 0.1V/s, which is close to
the theoretical value of 30 mV which indicates that the oxidation of all the studied metal-ligand systems
proceeded via the 2e /2H" processes. During the bulk electrolysis the electrosynthesized metal-ligand products
were generated. UV-Vis and FTIR techniques were also used to confirm the interaction of Cu(Il) with Val.
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. Introduction

Transition metal complexes are seen at the active sites of a great variety of oxidation-reduction active
proteins owing to their capacity of accessible in more than one stable oxidation state illustration them to
function in detoxification, transport, catalysis and storage in biological processes [1]. Due to the physiological
importance of metal-ligand complexes, there has been much attempt taken to know their redox nature.

The rate of electron transfer of the complexes depends upon the degree of charge localization, that is,
the coupling between the mixed-valence centers. Coupling depends on several factors, including distance
between mixed-valence centers and the environment surrounding each center. Robin and Day developed three
broad categories describing the degree of interaction between mixed-valence centers. Class | compounds are
described as having localized valences, where there is little or no communication between the mixed-valence
centers. Class Il compounds have some degree of communication between mixed-valence centers, with an
activation energy barrier to electron transfer between the centers. Class 1l compounds are described as having
completely delocalized charge, with no barrier to coupling between mixed-valence centers [1].

Electrochemical behavior of polymetallic clusters, such as oligomers of ferrocene, often include cyclic
voltammograms with multiple one-electron couples, the separation of which depends upon the degree of
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coupling between metal centers [2, 3]. These complexes are unique in that it is the metal center of the complex
that acts as the bridge between redox-active ligands, rather than ligands acting as a bridge between metal
centers. Some of these complexes exhibit properties desirable in Cu(ll)-Val, with multiple reversible redox
couples within a narrow range of potential. These may supply or accept multiple electrons to catalyze redox
reactions. One advantage of ligand-based redox chemistry is that it does not rely on oxidative additon/reductive
elimination to transfer electrons, so the chemistry it facilitates does not have to be on substances that ligate with
the metal. Furthermore, the narrow potential range of the redox couples mitigates the problem of
chemicallyactive intermediates by allowing multiple electrons to be transferred nearly simultaneously [2,3].

It is known that O, N and S atoms take part a key role in the coordination of metals at the active place
of many metallobiomolecules [4]. O, N, S sites having metal complexes was widely examined because they
have antibacterial, anticancer, industrial, antifungal, herbicidal and antiviral applications [5-10]. They act as
models for biologically important species and have applications in biomimetic catalytic reactions. Chelating
ligands containing N, S and O donor atoms provide wide biological activity and are of particular attention as of
the diversity of behavior in which they are bonded to metal ions. It is recognized that the existence of metal ions
bonded to biologically active compounds may improve their activities [8-10]. The complexes of Fe(lll), Co(ll),
Mn (I1) , Cu(lIl) and Ni(ll) ions with amines have been synthesized and analysis using diverse physico-chemical
process, such as conductance measurements, elemental analysis, and UV-Vis, FTIR and NMR spectra. [11]. In
order to understand the issue of interaction of Cu(ll) with Val at different pH, an experimental aspect of redox
interaction in terms of electrochemical current potential curves analysis is necessary. To the best of our
knowledge, Cyclic voltammetry (CV), Chronamperometry (CA), UV-Vis and FTIR spectroscopic techniques
and differential pulse voltammetric studies of Cu(ll) with Val at different pH, at different electrodes, different
scan rate and variation concentration of ligands has not been analyzed.

Il.  Experimental Method
The electrochemical behavior of Cu (I1)-Val at various pH has been investigated using controlled
potential coulometry(CPC), Amperometry and cyclic voltammetry at glassy carbon (GC) or platinum electrode
(Pt) or gold electrode. Details of the instrumentation are given in the following sections. The thoroughly cleaned
glass pieces were dried in electric oven. The smaller pieces of apparatus were dried in an electric oven and
stored in a desiccator, while larger pieces of apparatus were used directly from the oven.

I11.  Results And Discussion
Electrochemical behavior of Cu(ll)-L-Valine System:

The electrochemical behavior of Cu (1) with L-Valine (Val) system in aqueous buffer solution was
carried out by cyclic voltammetry (CV). Cyclic voltammogram of Cu (1) ion in presence of Val at 0.1V/s at pH
4 is shown in Figure 1 (red line). Electrochemical experiments are performed in only aqueous buffer solution,
KCI or other conventional electrolytes are not used as a supporting electrolyte. Buffer solution contains
electrolyte that act as a supporting electrolyte. It is seen from the Figure, the anodic peak arises at 0.06V and the
corresponding cathodic peak at -0.3V. In contrast, Cu (I1) appears (green line) one anodic peak at 0.09V and
two cathodic peaks at -0.28V and -0.1V in the identical experimental state. Pure Val (blue line) displays electro-
inactivity in the similar investigational condition (Figure 1). It is observed from the Figure, the peak point of the
voltammogram of Cu-Val is altered negatively as regards of only Cu (I). On the adding of Val into Cu (l1) the
anodic oxidation peak moves left to 0.03V and reduction peak also shifts negatively 0.07V (Figure 1). The peak
current also reduces considerably as regards with of free Cu (I1) in the similar investigational conditions. This
activity attributed the formation of Cu-Val complex. Similar voltammetric properties of Cu (I1) and Mn (11)
with ascorbic acid were stated [12-14].
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Figure 1: CV of 2 mM Cu(ll) (green line), 40 mM L-Valine (blue line) and 2 mM Cu(ll) with 40 mM L-Valine
(red line) of GC electrode in buffer solution of pH 4 (without KCI solution) at scan rate 0.1 V/s.
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The CV of Cu-Val in buffer solution (pH 4) at different scan rates is shown in Figure 2. The peak
current of the anodic and cathodic peak rises with the increasing of scan rate (Table 1). The cathodic peaks are
moved in the direction of left and the anodic peak is altered slightly to the right direction with increasing in scan
rate. Figure 3 shows plot of the anodic and cathodic net peak currents of Cu-Val (second cycle) versus the
square-root of the scan rates where the net current is measured by the scan-stopped method [15]. The almost
proportionality of the redox peak current indicate that the peak current of the species is controlled by diffusion
process. The CV of uncoordinated 2mM Cu (I1) in aqueous solution at different scan rates is shown in Figure 4.
Figure 5 demonstrates plots of the anodic and the cathodic net peak currents versus the square-root of the scan
rates (Table 2). The proportionality of the anodic and the cathodic peaks also attributed that the peak current of
the species at each redox reaction is governed by diffusion process.

Peak current ratios (Ip./l,c) of the corresponding peak of Cu-Val are higher than one (Table 1). It
suggests that redox reactions of Cu-Val are not reversible. Peak potential difference (AE) of the corresponding
peak is > 0.1 V. This is much higher than one electron transfer reaction. Sometimes higher values of AE are
showed owing to uncompensated solution viscosity and the diffusion of the species is not linear [16]. The value
of AE increases with the increasing of scan rate. This attributed that there is a restriction owing to charge
transfer kinetics [17]. When current passage through the cell containing electrolytes need additional driving
force to overcome the viscosity (solution resistance) of the ions to shift towards the electrode. The
corresponding peak potential difference (AE) of Cu(Il)- Val is lower than Cu(ll) in the similar investigational
condition.

pH effect of Cu-Valine system

CV of Cu(ll)-Val in aqueous buffer solution (without additional supporting electrolyte) of various pH
(3.0, 4.0, 5.0, 6.0 and 7.0) at 0.1V/s scan rate is shown in Figure 6. The peak point of the redox species is
strongly influenced by pH and it is shifted negatively with the increase of pH. The peak current versus pH is
plotted as shown in Figure 7. It is observed from the Figure, the oxidation peak current rises with the increasing
of pH upto pH 4 then the peak current decreased (Table 3). At pH 7 the CV is shown electro-inactive. The
highest peak current is found at pH 4 (Table 3). At elevated pH (pH >7) the Cu(ll)-Val complexes are nearly
electroinactive. This ascribed that the redox reaction of Cu(ll)-Val systems is favored in acid media (pH<7).
Therefore the rate of electron transfer is faster in acid media and the optimum condition is found to be pH 4.

The coordination sites of the ligands are most active at pH 4 that may be facilitated for the formation
of Cu(ll)Val complex. With the increase of pH (pH>7), the coordination sites of the ligands may be deactivated,
therefore the anodic and cathodic peak disappeared.

The plot of oxidation peak potential, E, values versus pH is shown in Figure 8. The slope of the plot
has been measured graphically as the anodic peak 31mV/pH at scan rate 0.1V/s. This value is very close to the
value for a two-electron transfer process [13]. This ascribed that the redox reaction of the Cu(ll)-Val carried on
by means of the 2e processes. One step two electron transfer reaction may be occurred in the solution of
without conventional supporting electrolyte as: Cu(ll)-Val +2e « Cu(0) + Val
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Figure 2: CV of 2 mM Cu(ll) with 40 mM Val (1:20) of
GC electrode in buffer solution of pH 4 at scan rate 0.05
V/s t0 0.5 V/s (2" cycle).

Figure 3: Plots of peak current (l,) versus square
root of scan rate (v'?) of 2 mM Cu(Il) with 40 mM
Val of GC electrode in buffer solution (pH 4).
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Figure 4: CV of 2 mM Cu(ll) of GC electrode in buffer ~ Figure 5: Plots of peak current (I,) versus square
solution of pH 4 (without KCI solution) at scan rate 0.05 root of scan rate (v'?) of 2 mM Cu(ll) of GC

V/sto 0.5 V/s (2™ cycle). electrode in buffer solution (pH 4) (2™ cycle).
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Figure 6: Cyclic voltammogram 2 mM Cu(Il) with Figure 7: Plots of peak current vs pH (3, 4, 5 and
40mM L-Valine of GC electrode in different pH (3, 4, 5, 6) of 2 mM Cu(ll) with 40 mM L-Valine of GC
6 and 7) (without KCI solution) at scan rate 0.1 V/s. electrode at scan rate 0.1 V/s (2" cycle).
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Figure 8: Plots of peak potential vs pH (3, 4, 5, 6 and 7) of 2 mM Cu(ll) with 40 mM L-Valine of GC electrode
at scan rate 0.1 VV/s (2" cycle).

Table 1: Peak potential (Ey), corresponding peak potential difference (AE), peak current Ip (uA) and
corresponding peak current ratio (Is/l,c) of 2mM Cu (1) with 40mM L-Valine (1:20) of GC electrode in buffer
solution of pH 4 without conventional supporting electrolyte (SE) at scan rate 0.05 V/s to 0.5 /s (2™ cycle).

v/Vst Epar IV Epcr IV AE = Epcl~Epal lpar IAA loct IAA Ipal/ Ipcl
0.05 0.05 -0.32 0.37 47.69 -25.35 1.88
0.10 0.05 -0.33 0.38 180.26 -35.73 5.04
0.15 0.05 -0.33 0.38 217.29 -46.13 471
0.20 0.06 -0.34 0.40 243.47 -57.46 4.23
0.25 0.06 -0.34 0.40 269.51 -61.83 4.35
0.30 0.08 -0.34 0.42 309.04 -64.98 4.75
0.35 0.08 -0.36 0.44 327.23 -66.97 4.88
0.40 0.10 -0.36 0.46 342.16 -69.18 4.94
0.45 0.10 -0.39 0.49 350.17 -66.30 5.28
0.50 0.10 -0.39 0.49 358.18 -63.36 5.65
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Table 2: Peak Current 1, (LA ) and peak potential E, (V) of 2 mM Cu (II) with 40 mM L-Valine of GC
electrode without conventional SE at scan rate 0.1 /s in different pH media (2™ cycle)

pH Peak Current, lpa (MA) Peak potential, Epa(V)
3 179.230 0.05
4 231310 0.04
5 197.270 0.03
6 131.130 -0.05

UV-Vis spectra Analysis of Cu (1) and Valine:

The electronic spectrum of the Cu (I1)-Val complex and only Val are shown in Figure 9. In this Figure,
it is seen that Cu (I1)-Val adduct shows a broad absorption spectrum at 264nm (red line). Uncoordinated Val
shows no absorption peak. The wavelength shift of Cu(Il)-Val complexes from that of pure Cu (1) and pure Val
ascribed the formation of complexes [18].
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Figure 9: UV-Vis spectra of 0.2 mM L-Valine (blue line) and 0.2 mM Cu(Il)-Valine (red line) in buffer
solution of pH 4 (without KCI solution).
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FTIR Spectral ana Valis of Cu (11)-Valine complex:

The FTIR spectrum of the vibrational modes of the Cu(ll)-Val complex and pure Val were shown in
Figure 10.The spectrum of Cu(ll)-Val is different from that of pure Val specially in finger print region. The
bending vibration of Cu (11)-Val decreases enormously with respect to pure Val suggesting that the formation of
complexes of Cu(ll) with Val [19].
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Figure 10: FTIR spectra of L-Valine (blue line) and Cu(ll)-Valine (red line). Product Cu(ll)-Valine extracted
from bulk electroValis of Cu(ll) with L-Valine in buffer solution of pH 4.

IV.  Conclusion
Cyclic voltammetry (CV), UV-Vis and FT-IR techniques were used to investigate the interaction
behavior of biologically important metal ions such as Cu(ll), with L-Valine, in aqueous solution with various
pH, and scan rates. Electrochemical and spectroscopic techniques reveal the interaction of metal (Cu,) with the
ligands (Val) that may be formed of metal-ligand complexes. L-Valine, is electro-inactive ligand. The
voltammogram of Cu(ll)-ligand system is irreversible. From the voltammogram studies, it is seen that Cu (1)
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interacts with L-Valine. The peak current of metal-ligand complexes increases with the decrease of pH
indicating that at lower pH the metal-ligand complexes are highly electro-active. The electrochemical oxidation
of the studied metal ligand complexes are facilitated in acid media. The slope of peak potential, E, against pH
of studied metal-ligands varies linearly and the slopes of the plot are close to 30 mV which indicates that the
oxidation of the metal-ligand complexes proceeded via the 2e /2H" processes. The peak current of the
complexes at each redox reaction is controlled by diffusion process. The optimum condition of
elelectrochemical reaction such as pH, composition of metal:ligands, scan rate are determined. The spectra of
the studied pure metals and ligands were different from metal-ligand complexes indicating the complexation of
metals with ligands. The behavior of electrode reaction of all the studied systems is electron transfer, chemical
reaction and electron transfer (ECE) type.

References

[1]. M.B. Robin, P. Day., H. Emeleus and A. Sharpe, 1968, “Advances in Inorganic Chemistry and Radiochemistry”, Vol. 10, pp. 247 —
422.

[2]. P. Zanello, 2003, “Inorganic Electrochemistry: Theory, Practice, and Application”, Royal Society of Chemistry, 1st Ed.

[3]. Zanello, P., Opromolla, G., Herberhold, M. and Brendel, H.D., 1994, Journal of Organometallic Chemistry, VVol. 484, pp. 67-70.

[4]. D.H. Brown and W.E. Smith, 1990, “Enzyme Chemistry-impact and Applications”, Chapmann and Hall, London.

[5]- Vermeulen, N. P., Bessems, J. G. and Van de Straat, R., 1992, “Drug Metab. Rev”,Vol. 24, p. 367.

[6]. Prescott, L. F., 1996, “Paracetamol (Acetaminophen) a Critical Bibliographic Review”, Taylor & Francis Ltd., London, pp. 285—
351.

[7]. Bisby, R.H., Brooke, R. and Navaratnam, S., 2008, Food Chem., Vol. 108, p. 1002.

[8]. Ferrari, M.B., Capacchi, S., Pelosi, G., Reffo, G., Tarasconi, P., Albertini, R., Pinelli, S. and Lunghi, P., 1999, “Synthesis, structural
characterization and biological activity of helicin thiosemicarbazone monohydrate and a copper(ll) complex of salicylaldehyde
thiosemicarbazone”, Inorg. Chim. Acta. Vol. 286, p. 134.

[9]. Khalafi, L., and Rafiee, M., 2010, Journal of Hazardous Materials, Vol. 174, p. 801.

[10].  Yildiz, M., Dulger, B., Koyuncu, S.Y. and Yapici, B.M., 2004, “Synthesis and antimicrobial activity of bis(imido) Schiff bases
derived from thiosemicarbazide with some 2-hydroxyaldehydes and metal complexes”, J. Indian Chem. Soc. Vol. 81, p. 7.

[11]. Bensaber, S.M., Maihub, A.A. and El-ajaily, M.M., 2005, “Complexation behavior of some Schiff base complexes towards
transition metal ions”, Micro. J., Vol. 81, pp. 191-194.

[12]. Haque, F., Rahman, M.S., Ahmed, E., Bakshi, P.K. and Shaikh, A.A., 2013, “A Cyclic Voltammetric Study of the Redox Reaction
of Cu(ll) in Presence of Ascorbic Acid in Different pH Media”, Dhaka Univ. J. Sci. vol. 61, pp. 161-166.

[13]. Motin, M. A. Rahman, M.M., Hafiz Mia, M.A. Reza, K.M.S., Aziz, M.A. and Hashem, M.A., 2015, Anal. Bioanal. Electrochem.,
Vol. 7, pp. 264-276.

[14].  Habib, A., Shireen, T., Islam, A., Begum, N. and Alam, A.M.S., 2006, “Cyclic voltammetric studies of copper and manganese in
the presence of L-leucine using glassy carbon electrode”, Pak. J. Anal. & Envir. Chem., Vol. 7, pp. 96 -102.

[15]. Tanaka, N., Kitani, A., Yamada, A. and Sasaki, K., 1973, Electrochim. Acta, VVol. 18, p. 675.

[16]. Hawkridge, M. and Bauer, H. H., 1972, Anal. Chem., Vol. 44, p. 364.

[17].  Altermatt, J.A. and Manahan, S.E., 1968, Anal. Chem., Vol. 40, P. 655.

[18].  B.K. Sharma, 2007, “Spectroscopy”, 20th Ed.

[19]. D.L. Pavia, G.M. Lampman and G.S. Kriz, 2001, “Introduction to Spectroscopy”, United States of America, 3rd Ed., pp.13-29.

K. M. Salim Reza, et. al. “Redox behavior of Biologically Important Cu(l1)-Valine Complexes at |
Different pH by Electron Transfer Process.” I0SR Journal of Applied Chemistry (IOSR-JAC), i
14(8), (2021): pp 01-06. |

1

DOI: 10.9790/5736-1408010106www.iosrjournals.org 6 |Page



