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Abstract

The reduction and oxidation mechanisms for copper chloride were studied in 0.1M KBr in absence
and presence of safranin (Saf) at 19.1°C.The mechanism of oxidation and reduction was examined.
The effect of scan rate for the redox reaction of CuCl; in absence and presence of safranin (Saf) was
carried oue to explain the type of reactions for this electrochemical process. Thermodynamic
parameters such as stability constants and Gibbs free energies for the complex formation of the
interaction of CuCl, with safranin (Saf) were evaluated and discussed.

Keywords: Cyclic Voltammetry Safranin; Stoichiometric complexes; Thermodynamic parameters;
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Introduction

Metal ion extraction as polluents from aqueous
solutions by using electrochemical technique is
very interesting [1-6]. Several metal ions in
aqueous solutions can be examined by the
reductions at different cathodic materials [6, 7].In
our work, the estimation and electrochemical
voltammetric analysis of copperionsin 0.1 M KBr
was studied to explain and illustrate the
characteristics  for  their  discussion in
environmental samples. The binding of copper
with ligands is treated as remediation of Cu in vivo
and vitro [7]. Copper in large quantities cause
many problems, headaches, irritation in nose,
mouth and eye. It also may cause kidney and liver
damage [7].The large amount of it may cause
vomiting and diarrhea. Copper is the third most
abundant metal in the human body [8].
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Experimental

The chemicals used KBr, CuCl, and Safranin are
of high purity and obtained from Sigma Aldrich
Co. The volume of the experiment is 30 ml in three
electrodes cell was used can jointed to potiostate
at of the type DY2100. Ag/AgCl using KClsa
reference electrode was used. Carbon glassy
electrode (CGE) was used as working electrode.
Platinum wire was also used as auxiliary
electrode. Flow of N, as was done for about 5 min
to remove oxygen dissolved in the supporting
electrolyte. The carbon glassy electrode (CGE) is
prepared in our laboratory by joining pure carbon
piece with copper wire and covered with heat
shrink polymer to ensure the closing of the
electrode tip and the surroundings of the electrode
to prevent migration of solutions during
experimental work. The carbon glassy electrode
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(CGE) is polished with aluminum oxide powder
on wool piece area of electrode is 0.502 cm?.

Results and discussion

Cyclic voltammetry of CuCl, in absence of
safranin (Saf)

The cyclic volutammograms (CV) for the redox
behavior of CuCl> in 0.1 M KBr electrolyte
medium at 19.1°C was studied in the range from
the range of 1V to -1V in the reduction process,
whereas the oxidation proceed in the range of -1V
to 1V. Studying different scanning effect in the
range between 1V to — 1V permits the copper
reduction process and ligand reduction. Change of
Cu (11) to Cu (111) state (d8 low spin) involves
reduction of metal ion radii [9]. Voltommograms
shown between 1 and — 1V illustrate reduction
processes involving Cu (1) / Cu (I) and Cu (I) /
Cu (0) processes appear in Fig(1) that indicate a
relation between current in Ampere ( Amp)and
potential in volt(E/V).
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Fig. 1: Voltammograms of different concentration of
CuCl; in 0.1MKBFr solutions at 19.1°C

Scan rate was studied for 1 mM (CuCl,) at 0.01,
0.02, 0.05 and 0.1 V/S. All redox voltamograms
are increased by increasing the scan rate as shown
in Fig.2.
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Fig. 2: Voltammograms of different scan rates of CuCl,
in 0.1M KBr at 19.1°C.

Voltammograms of CuCl: in presence of safranin
(Saf)

Cyclic voltammograms of CuCl; in presence of
ligand Safranin (Saf) was carrwd out in the range
the range of 1 to -1 V. The reduction of Cu(ll) to
Cu(l) is studied and the cyclic voltammograms
giveninFig. 3.
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Fig. 3: Voltammograms of the interaction of different
concentrations of safranin with ImM CuCl; in 0.1M
KBr supporting electrode.

Scanning voltammograms of the complex formed
between CuCl, and safranin (Saf) in the range 1 to
— 1V show two cathodic peaks at ~ 0.1 and ~-0.3
V. In the reverse direction anodic two peaks are
formed at ~0.425, and ~ 0.03 Volt (V).

Table 1: Effect of concentration for ligand safranin (Saf) at 0.1 scan rate at 19.1°C (Cu*! <Cu°).

L - Ksc I'c c T'a -)Qa . . -)AG
x10" E;(ac)/z Ana | 104 | x10° x(lDO'S x10°® %02-4 Log B Pi (PgJ)/moI)
0326 | 00429 | 3.7207 | 657 | 2.4983 | 3.37 | 43241 | 131 04071 | 25533 | 2.2780
0.649 | 02338 | 16416 | 108 | 11113 | 6.97 | 51879 | 157 05112 | 3.450 | 2.86062
0.971 | 00404 | 179588 | 8.29 | 2.0991 | 504 | 40423 | 1.22 05140 | 3.2658 | 2.8761
129 | 02407 | 10008 | 143 | 16620 | 8.66 | 57297 | 174 | 04681 | 2.9386 | 2.619
161 | 00444 | 13577 | 9.04 | 2.8601 | 583 | 4.8463 | 147 04853 | 30572 | 2.7158
192 | 0515 | 1.76889 | 842 | 19231 | 4.80 | 3.4098 | 103 | 05450 | 35144 | 3.05448
3.77 | 02586 | 163718 | 7.63 | 15845 | 4.62 | 2.7346 | 828 | 0.6852 | 4.8442 | 3.8343
556 | 02558 | 16914 | 108 | 2.0336 | 6.16 | 3.6193 | 110 | 0.8773 | 7.5391 | 4.9002
727 | 02603 | 18174 | 106 | 1.8768 | 569 | 3.0849 | 9.35 11817 | 151935 | 66123
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Fig. 4: Effect of different scan rates on 1:1 (Metal/Suf)

stoichiometric complexes.

The ratio for cathodic current of the peaks and
square root plan (Ipc /v 1/2) is constant. All data
prove the quasireveresibility of reactions
involving one electron transferred by diffusion
mechanism [10]. The new reduction wave was
observed at i(~ -0.72) Indicating the reduction
process for the complex formed from the

interaction of CuCl, with safranin (Saf)
consuming two electrons.
[Cu(ll) Saf]+ 2e- 2 [Cu(Il)Saf] (D)

The oxidation process can be observed specially
on the use of complexes which appear in the
splitting of the oxidation peak at~ -.0.7 into two
steps. Reaction of CuCl,with gradual addition of
ligand safranin (Saf) was recorded untill:3
(ML/Ligand) molar ratio was reached. All scan
rates effect for CuCl;, in absence and presence of
Safranin (Saf) indicate that the electrochemical
redox reactions here studied are diffusion
controlled .This was supported form the straight
lines relations obtained from the effect of scan
rates. The potential reduction of Cu(ll)/Cu(l)
processes is studied. The electro chemical activity
in range studied showed pattern at all CuCl,
concentrations that may considered as sum of
individual processes. Voltammetric response of
complexes explains the reduction and oxidation of
metal centered processes.

Analysis of voltammograms obtained

The equations used for the cyclic voltammogram
(CV) analysis and further calculations are [11-14]:

IP =0.443n32F%2 D12 AC v*2 (RT)™ )
D= (slope, Ir & v¥/%)*0.4463 v¥*F?AC(RT)"?

(3)
AEp= Epa-Epe = 2.303RT/nF (4)
W = y* ky(m av Da)? (5)
¥ = (Da/Dc)” (6)
a=nF/RT @)
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where  , is the transefer parameter and taken to
be one for better and easier calculation [13], a: is
charge transfer coefficient, Ks: is standard rate
constant for electron transfer, v: velocity of scan,
Da diffusion coefficient of the reduced species, n,
number of electron, F, Faraday constant, R,
universal gas constant, T :is the absolute
temperature for experiment done, A, is the area of
electrode. From Fig.(3), the interaction of CuCl,
with safranin (Saf.) forming complexes from the
cathodic and anodic decrease in current and
potential shift to more negative values for
reduction and less position values for oxidization.
Besides the specific peak appears for the complex
formed at ~ - 0.72 from the interaction of with
CuCl, safranin (Saf.). The complex stability
constant (B) for the interaction of CuCl, with
safranin (Saf) in 0.1 M KBr form complex is
calculated by the use of equation (8) [15-17].

(Ep)m-(Ep)c =
log (X)

2.303 RT/nF logBc+2.303RT/nF
(8)

Where (Ep)w, is the peak potential in volts for the
salt in absence of ligand Safranin (Saf.), (Ep)c, is
the peak potential of the complex, (C) , is the
concentration of the salt used in presence of ligand
Safranin (Saf.)

AG = -2.303RT log Bc 9)
All data obtained applying equations (8) and (9)
are given in Table (1), indicating the increase of
thermodynamic parameters by increase in
Safranin (Saf.) concentration due to its increase in
complexation ability with CuCl..

Conclusions

Safranin (Saf) affect the redox properties and
solution properties of CuCl; in 0.1 M KBr. By
more adding Safranin (Saf) to CuCl, solutions
increase in the electron transfer rate constants
observed and also the cationic and anionic surface
coverage at the electrode were increased. Quantity
of electricity for both cationic and anionic parts of
CuCl; solutions in 0.1M KBr are decrease on
using analysis of the first couple redox waves.
The opposite trend were observed for following
the second redox waves according to more
illustrating waves were observed here. The
thermodynamic parameters are clear represented
in the second redox waves indicating more
increase in the stability constants and Gibbs free
energies of interactions between CuCl, and
Safranin (Saf).



Solvation Interaction Parameters Between CuCl2 and Orange ... Scientific Journal for Damietta Faculty of Science 8 (1) 2018, 96-99

References

M. Hunsin, K. Prmksakorn, S. Damonglerd, H.
Vegnesk, P. Duverneuit, Water Res,39(2005)610-
61.

. M. S. Kaminaria ,D.R.Shult, M. J. Ponte, H. A.
Ponte, C. E. B. Marina,

. Neta, Chem.Eng.J.,126(2007) 139-146.

. B. Basha, N. S. Bhadrinarayana, N. Anantharaman,
K. M. M. S. Begam, J. Hazard Mater.,152(2008)71-
78.

Doulabes, K. Nory, S. Stuchi, Ch. Comninellis,
Electrochim. Acta, 46 (2000)349-356.

C. C. Yang, J. Power Sources, 115(2003)352-359.

N. P. Brandon, D. Pilone, G. H. Kelson, Q. Yin, J. Appl.
Electrochem., 23(2003)853-862.

Josko Osredkar, N. Sustar, J. Clin.Toxilo, 54(2011) 2-
18.

A. M. Pizarro, F. Olivares, M. Arredonda, M.
Gonzalez, Biol. Res.54 (2006)183-187.

E. France, E. L'opez-Torres, M. A. Mendiola, M.

L.

Table 1:

T.Sevilla,Polyhedron,19(2000) 441-451

D. X. West, E.LlIberta, S. B. Padhye, R. C. Chikate, P.
B. Sonawane, A.S.Kumbar, R.S.Yeranda, J. Hazard
Mater.,123(1993)49-55.

S. E. EL-Shereafy, E .A. Gomaa, A. H. Yousif and A.
S. Abou El-Yazed, Iran. J. Mater Sci. Eng.,
14(4)(2000)11-20.

. K. Telhan , R. G .Compton, Electrochem., 2(2015)
64-67.

. Eloul , R. G .Compton, J. Phys. Chem. C, 114(
2015)27540-27549.

. S. Nicholson, Anal. Chem., 37(11),(1965) 1351-
1355.

. M. El-Askalany, M. Abou —-EL-Magd, Chem.
Pharm. Bull., 42(10)(1995) 1791-1792.

. M. Ibrahim, E. A. Gomaa, R. R. Zaky, M. Abdel
Hady, Amer. J. Chem,, 2(2012)23-26.

E. A. Gomaa, Inter. J. Mater. Chem., 2 (1)(2012)16-
18.

s KBr Jslaa & Safranin (Saf) e CuCl2 JeWl 4yl al) ASualial) clibyl) ) o) gic
(CGE) ala) U528 b aladiualy 4y gia da ja 1 4,0

Vgl Ae ailia ‘*3.1.49 el.m:- c‘g.h\..\.'\u.“ ‘;Sj Jie ol O..)A\ uib.a.a

bl,.\.aéaa.dle sejﬂ\@Sc;M . \?.\.ua\
3 guaiall daaly cagladl 43S (Adind) agle and

popalisd) Lage Jslae 3529 o ALY QoS Gl aladialy (uladll &) slsd (5 saa Ul gil) & gleal) Al 3 Gy
25299 Gl B (ulall) 4ysls B Guladl) )38 5 B liasS g Sl gbeall Al o Lyl | g S glaas
Al G clagall e ) hadl g Galadl) el e ARLA ol 38l 8 A 3o a3 IS Adie BalaS ) jdad)
a2 Ay ol (B uladl) il ) A g BacsVl Aualdl) s gall Ao (ull) A ju il A 2 3 gl Jguaal)

99

Ol sl



