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Effect of pH on the Electrochemical Redox Behavior of Co?* in Acetate Buffer Solution
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Abstract

The electrochemical redox behavior of transitionahien Cd" at different pH in acetate buffer solution hasrbewestigated using cyclic
voltammetry and differential pulse voltammetry &sgy carbon electrode (GCE). In cyclic voltammatggCVs), Cé' shows a pair of
cathodic and a pair of anodic peak. The peak piatesgparation and peak current ratio revealsttreatedox process of the redox couples,
Cc**/Co" and Cd/Co followed a quasi-reversible behavior and are $tep one-electron transfer processes. The etbemaical processes
are diffusion controlled. The nature of CV of®bas greatly influenced by the potential scan aai# solution pH. With increasing scan
rate both cathodic peaks shifted towards negatoterpial and first cathodic peak was eventuallyidisimed. In the reverse direction,
unexpected behavior such as distinguishable seaoodic peakdentical heights of two anodic peaks, three hufigspeaks and finally
domination of second anodic peak were noticed. Hewen lower pH all the above mentioned behavigreared with higher scan rate.
While at higher pH of the solution the peculiar &elbr was found at lower scan rate. NeverthelespHa6.5, it demonstrated intense
cathodic peaks and a very large anodic peak atafi rates.

Keywords: Cyclic voltammetry, electrochemical processes,aedtuffer.

I Introduction However, more attention must be paid to the exgitameof

Transition metals have great importance becausthaf the electrochemical behavior and redox mechanisrnthef
functions in the living systems. Most of the firsbtw cobalt ions. To understand the insight of the eteettalytic
transition metals are important for enzyméghey have one behavior of cobalt species, the details electroétam

or both of two important properties such as sormaile behavior of C& ion is essential. In this study the
change oxidation state and acting as critical rectmxples. electrochemical redox behavior of Ldn acetate buffer
They are biologically important and can form comgle solution at various pH (3.5, 4.0, 4.5, 5.0, 5.9) &nd 6.5)
with different ligands. Transition metals are ussdcatalysts has been presented. Cyclic voltammetry and diffiak

for the synthesis of carbon-carbon bonds in organpmulse voltammetry have been chosen because of their
compounds. Palladium complexes are efficient cataly potential ability in investigating the redox behaviof
reactions involving nucleophilic substitutions otlylic  electroactive species.

acetates®, Nickel complexes have also been used for th
preparation of many organic compoutfdsSimple cobalt
salts of the type CX, (X = Br, Cl) have been proved to be
a very good and efficient catalyst precursors fbe t Analar grade cobalt(ll) perchlorate hexahydratevehbeen
electrochemical and chemical synthesis of carbehera purchased from Sigma Aldrich and used without ferrth
bond$'*® and in the preparation of many organigurification. Potassium chloride was purchased fi®bH,
compound¥ ™ England. For the preparation of acetate buffertmmyextra

Electrodeposited cobalt is usually used as funafionPure acetic acid (BDH, England) and sodium acetate
coatings because of its high temperature resistandeanti- (Merck, Germany) were used for maintaining the gthe
oxidation properties, and cobalt alloy electrodégs®&2and  Solution. All aqueous solutions were prepared ifctézed
multilayer cobalt electrodeposité* have also attracted a Water obtained from Milli-Q water purification sgsh. The
great interest due to their advanced magnetic ptiege experiments were carried out at room temperature.
Transition metal complexes are capable of catafyzite  Equipments

reduction of protons to dihydrogen at low over ptitds, an
exciting challenge for coordination chemists. Caixne,
metalloporphyrins and certain macrocyclic complexds
cobalt, affect catalytic hydrogen evolution eithéne
presence of sacrificial chemical reductants
electrocatalytically.

7. Experimental
Material and methods

A three electrode electrochemical system consistgassy
carbon electrode as working electrode, Ag/AgCIds&iCl)

as reference electrode and platinum wire as counter
electrode was used. Cyclic voltammetry and difféedn
pulse voltammetry were performed using computerized
electrochemical system, Model CHI 620D, Electrociuain
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Workstation by CHI Inc., USA. Solution pH was measl
by pH meteMetller Toledo, German

Preparation of stock solution

The buffer solution was prepared by mixing reqgai
volume of 0.1 M CHCOONa.3k0 and 0.1 M CKHCOOH
solution. 0.1 M CHCOONa.3F0 and 0.1 M CHCOOH
solutions were prepared using 50% eth-water mixer
individually. Stock solution of 0 mM Cc* was prepared
using analamgrade Co(ll) perchlorate hexahydrate salt
acetate buffer solution as solvt

Preparation of working electrode

Electrode preparation includes the polishing
conditioning of the electrode. At the beginning @dch
experiment, the working electrode was polished
alumina slurry on the surface of water resistartspimg
cloth. It was rined with plenty of d-ionized water and the
whitish alumina was wiped off with a clean tissaper

I11. Results and Discussion

Electrochemical redox behavior of 2 in acetate buffer
solution was investigated at GCE with differentrscate.
The effect of pH (3.%.5) in acetate buffer solution was a

examined.

Cyclic voltammetric investigation of Co®* in acetate buffer
solution

Cyclic voltammetric study of 0 mM Cd** in acetate buffer
solution at different pH value (3.5, 4.0, 4.5, %0, 6.0 anc
6.5) was investigated at GCwithin the potential window of
+0.10 to -1.10V. Fig. 1(A) shows a CV of 0 mM Cd&" in
acetate buffer solution with scan rate of 100 ™ at pH 4.5.
In the forward scan two cathodic peak,; and e, and a
hump like peak at abo-0.518, -1.002 V and -0.750 V were
found respectively. While in the reverse scan twodic
peaks, dai and ps, at about-0.260 and -0.318 V were
observed.

For identification of the hump like peak, CVs of acet
buffer solution has been recorded and CVs are sliowig.
1(B). The peak potential exactly matches with tsiton
of hump like peak which is mentioned in the FigA)L

Effect of scan rate on the voltammetric response of Co?*

Effect of scan rate on the electrochemical respafis@c**
under the identical condition (0.8 mM ?* at pH 4.5) was
examined by recording CVs of ?* with scan rate from 10
to 900 mV&. The recorded voltammograms of scan r5,
50, 100, 150 and 200 m™ is shown in Fig. 2(A). It was
found that with the increase of scan rate, theazithand
anodic peak current increas:
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Fig. 1. (A) CV of 0.8 mM CG&"in acetate buffer solution at pH ¢
with scan rate 100 mV/sat GCE anc(B) CVs of acetate buffer
solution at pH 4.5 (solid) and 5.5 (long dash) wsttan rate 10
mVs® at GCE.
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Fig. 2. (A) CVs of 0.8 mM C&" at pH 4.5 with scan rate of :
(solid), 50 (long dash), 100 (short da 150 (dot) and 200 (dash
dot) mvs! at GCE and(B) Anodic peak current,y, (solid) and
cathodic peak current,i(dash) as a function of square root
scan rate.
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The observation suggests that the electrode proiesscurrent (j), anodic and cathodic peak potential)(Epeak
diffusion controlled in acetate buffer medium. Mover, potential separationAg;), peak current ratio fii,) are
cathodic peaks were slightly shifted towards negati tabulated in Table 1. The peak potential separatiwhpeak
potential, while the anodic peaks were moved delitt current ratio reveals that the redox process oaltdystem
towards positive potential with increasing scarerafhis is quasi-reversible. Moreover, the shifting of tipeak
observation indicates that there is a tendencyhefredox potential at various scan rates indicates quasirsavility of
process shifted from quasi-reversible to irrevdesib the redox process, which is also characterizedhbyshape

direction. The obtained voltammograms of Gire analyzed and separation of the cathodic and anodic peak.
and various parameters such as anodic and catipedik

Table 1. Data obtained from the CVsof 0.8 mM Co? in acetate buffer solution with different scan rateat pH 4.5.

Scanrate, CPC, j. Anodic peak current CPP, B,  Anodic peak potential, PCR AE= Epar Epez
v (mvs?) (HA) (LA) (mV) (mV) ipa/ipcz
ipal(') ipaz(') Epa] (') Epaz(')
25 4.732 17.49 3.925 892.2 334 299.7 3.590 592.5
50 5.931 15.27 6.227 935.1 323 285.9 2.574 649.4
100 10.80 14.09 12.361 1009.2 318 260.1 1.304 749.1
150 13.04 14.47 13.832 1028.2 310 237.7 1.061 790.5
200 - 14.74 20.205 - 299 234.4 - -

CPC = Cathodic peak current, CPP = Cathodic petdnfial, PCR = Peak current ratio

A plot of peak current versus square root of s@e has
been drawn and it is apparent (Fig. 2(B)) that pleak
current for the electrochemical redox reaction @f‘Qn
acetate buffer has linear relationship with squaot of scan
rates. This observation is again in favor of thet that the
electrode process is diffusion controlled. Theoraif the
oxidation peak current with its corresponding reaurc
ipc2) i about 1.061-3.590.
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Fig. 3. (A) Peak current ratioy{i,) dependence on scan rate, édVariation
of peak potential separation with scan rate ohftM8Cc** at pH 4.5

Itis found (Fig.3 (A)) that the peak current rasadecreased
with the increasing of scan rate. Also the peakepiddl
separation AE;) is in between 592.5-790.5 mV. It is
increased with the variation of scan rate (Fig.)B(Bhese
observations suggest that the redox process is asi-qu
reversible reaction rather than a reversible reacti

In presence of chloride ion, Clhe first electron transfer
leads to a Cbspecies which was stable for scan rates above
10 mVs™. Under these conditions, the reduction of Gd€l
mono-electronic and the CV showed quasi-reversible
behavior. Conversely, at lower scan rates, thetrelgene-
rated CO species undergoes disproportionation leading to
solid Co(0) along with the release of half the titgr
Co(INCl,. This phenomenon has a good agreement with the
previous studies %

The electrochemical redox mechanism can be written
follows:
Co(INCl, + e« Co(I)CI + CI
Co()Cl — %Co(s) + ¥Co(INGI
%Co(I)Ch, + Y2e> ¥Co(I)Cl + %2 Cl
And overall reduction reaction observed at lowemnsate:
Co(ICl, + 2e— Co(s) + 2Cl

If the scan rate was increased, the disproportiomat
reaction was progressively kinetically frozen andrenand
more Cd remains in the diffusion layer when its reduction
potential was reached; the reduction of" Gdso leads to
solid Co(s).

Effect of pH on the cyclic voltammetric response of Co?*

Cyclic voltammetric response of Co®* in acetate buffer
solution at pH 3.5

The effect of pH on the voltammetric behavior of tiedox
reaction of C&' in acetate buffer solution at pH 3.5 has been
investigated at GCE. The recorded voltammogramphat
3.5 (Fig. 4) demonstrates that at lower scan rienfVs®),
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in the cathodic region a hump like peak and d&he appearance of second anodic pgakwias observed for
distinguishable cathodic peak at about -0.665 @@74 vV both pH, and in different scan rate it was domidafeable 2
were found while a sharp anodic peak at about9\2was shows the observed data obtained from the recorded
visualized in the anodic region. However, at abtimvs! ~ voltammograms of the Cbspecies at pH 5.0 and 5.5. The
scan rate, two anodic peaks were found meanwhile 6b overall electrochemical behavior of €ds almost similar

the cathodic peaks showed lower peak heights. Tiee tWith those of atpH 4.0 and 4.5.

anodic peaks remained unchanged up to the scaffé® Cyclic voltammetric response of Co?* in acetate buffer
mVs™ while the cathodic peaks were diminished. Aftex thgo|ution at pH 6.0

scan rate of 75 mV/s only one anodic peak was observed in h | . % buff luti
the voltammograms. The voltammetric response of €an acetate buffer solution

_ _ e at pH 6.0 has also been recorded. The voltammogram
Cyclic voltammetric response of Co™ in acetate buffer obtained for 0.8 mM CB in acetate buffer solution with
solution at pH 4.0 and 4.5 scan rate 20 mVsat pH 6.0 is shown in Fig. 7. The

The voltammetric response of 0.8 mM%in acetate buffer voltammo_gram shqwed two cathodic peaks,and hca and
solution at pH 4.0 and 4.5 were also carried oute T two anodic peaksyd, and jq2 at the scan rate of 20 mvis

voltammograms obtained for 0.8 mM dn acetate buffer

solution at scan rate of 100 mVat two different pH are o : : : ' —
shown in Fig. 5. For both the pH, the voltammograms ol | wome |
showed two cathodic and two anodic peaks at a satarof ~ sk ¢ o2omvsd |
100 mvs'. However, at lower scan rate (10-30 riyswo El oL ]
cathodic and an intense anodic peak were observedse '.;
of pH 4.0. While at pH 4.5, two cathodic peaks amk o r 1
intense anodic peak was found at the scan rateQef51 3 of .
mVs™. With the increase of scan rate the anodic peajhhe a0k i
of peak, j;pvas decreased anghiwas increased. Both the i ) ) ) ) ) )
anodic peaks were identical heights at the scan o210 4210 08 06 04 02 00 02
mVs* for pH 4.0, and 180 mVsfor pH 4.5. Again with the E(V) vs. Ag/AgCI (satd. KC)
increase of scan rate the reverse behavior waswausand A
at the very high scan rate (900 mYspeak, a2 Was
disappeared for both the pH and only was existed. 100 —
Cyclic voltammetric response of Co® in acetate buffer or — §§§E§1 ]
solution at pH 5.0 and 5.5 g oor ¢
Electrochemical study of 0.8 mM €oin acetate buffer =T
solution at pH 5.0 and 5.5 has also been perforrBeth § 20r
these media the CVs (Fig. 6) presented were alidestical S of
in character, consists of two cathodic peaks, a 20|
distinguishable anodic peak, at lower scan ratelithahally, o , , , , , ,
in the forward direction (at lower scan rate) digtiishable 12 10 08 06 04 02 00 02
cathodic peak,yi, was found but with the increase of scan E(V) vs. Ag/AgCI (satd. KCI)
rate it is shifted towards negative potential andneually B
disappeared at higher scan rate. Fig. 5. CVs of_ 0.8 mM 06_" in acetate buffer solution with scan
rate of 10 (solid), 30 (medium dash), 100 (dash, &it0 (dot), 900
40 T T T T T T (dash dot dot) mvsat (A) pH 4.0 and 25 (solid), 100 (medium
T om dash), 180 (dash dot), 900 (dot) m\a (B) pH 4.5.
30 |
—~ 80 T T T T T T
2 ol - oy = =
E ol | g wob B ———
3 1 | ';;j'& -l
-191.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 20T
E(V) vs. Ag/AgCI (satd. KCI) -40

-1.2 -1.0 -0.8 -0.6 -04 -0.2 0.0 0.2
Fig. 4. CV of 0.8 mM Cd&" in acetate buffer solution at pH 3.5 with E(V) vs. Ag/AgCl (satd. KCI)

scan rate of 10 (solid), 40 (medium dash), 68 (disth and 75

(dot) mvs'at GCE. A
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Fig. 6. CVs of 0.8 mM C&" in acetate buffer solution with scan
rate of 12 (solid), 175 (medium dash), 300 (dothylad85 (dot),
700 (dash dot dot) mVsat (A) pH 5.0 and 10 (solid), 75 (medium
dash), 185 (dot-dash), 410 (dotted), 500 (dashddijt-mVs! (B)
pH 5.5.

Table 2. Effect of scan rate on CVsof 0.8 mM Co®* at pH
5.0and 5.5.

L
-1.0 0.2

Scan rate Scan rate
(mvshatpH (mvs? at pH
5.0 5.5

Pattern of the peaks

Distinguishable j,; 12 10
Almost identical ja1 175 75
and jaz

Quasi state (three 300 185
peaks appeared) of

ipala.nd .baz

Again visibility of 485 410
two anodic peak

Dominating ja1 700 500

However, at lower scan rate (10 mYswo cathodic peaks,
and an intense anodic peaky,and hump like peakyd; was
observed. With the increase of scan rate the peaihhof

ipaoWas decreased ang,iwas increased gradually, and both

the anodic peaks were identical in heights at tae sate 75

mVs™'. However, with increasing scan rate three peake wer

appeared at scan rate of 175 nfVand then at 410 mVs
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Fig. 7. CV of 0.8 mM C&" in acetate buffer solution with scan rate
of 20 (solid), 75 (medium dash), 185 (dot dash} 440 (dot)
mvstat pH 6.0.
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ig. 8.(A) CV of 0.8 mM CG&" in acetate buffer solution at pH 6.5
with scan rate 10 mV5 (B) Differential pulse voltammograms of

among them,pj; was dominating peak. Moreover, cathodicc@?* in identical condition.

peak e, was slightly shifted towards negative potentiadl an
eventually diminished, while the peak,iis moved a little
towards negative potential with scan rate.

Cyclic voltammetric response of Co® in acetate buffer
solution at pH 6.5

Cyclic voltammetric behavior of Gb in acetate buffer
solution at 6.5 has been carried out. Fig. 8(Anghthe CV
of 0.8 mM CG" in acetate buffer solution in an identical
condition. In the forward scan two cathodic peals,and
ipc2 at about -0.548 and -0.897 V while in the revessan
an intense broad anodic peak, iat about -0.372 V were
observed. For the verification of the intense brqemk,
differential pulse voltammetry (DPV) was performaad it
was visualized that the broad peak consists of peaks
(Fig. 8(B)).

The voltammetric behavior of €ohas also been carried out
with various scan rate at pH 6.5. With increasiognsrate it

is found that both the cathodic peaks were shifted
significantly towards negative direction. Among #ie pH,
the sharp and well defined peaks were observetiarnpt
6.5. This condition may be useful for the deterriora of
cobalt species in various environmental samplewaded.

Several reporté? explained that during the electrochemical
reduction of C&" from aqueous solution, the hydrogen
evolution reaction takes place more readily becafsis
position in the emf series. This may lead to foiorabf OH
ions causing local pH increase in the diffusiorelayt was
reported® that a mechanism of cobalt deposition occur for
the formation of CoOHand Co(OH). Variation of the pH
in the vicinity of the cathode and deposition ofbalh
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through hydroxide mechanism can be shown by thHg
following ways:

2H,0" + 26— Hy + 2H,0
2H,0O + 2e— H, + 20H

At lower pH, the cathodic surface is covered by the
hydrogen and the reaction proceeded as follows:

Co(ll) + OH — CoOH
H +e— Hads
COOH' + Hagst 26— Co(S) + OH+ Hygs

At higher pH, the reactions proceeded as follows:

Co(ll) + 20H — Co(OH)
Co(OH), + e— Co(OH)g4s+ OH
Co(OH)4s*+ €— Co(s) + OH

9.

12.

V. Conclusion

15.

Cyclic voltammetric investigations of &oshow a pair of
cathodic and a pair of anodic peaks. The peak pfaten
separation and peak current ratio reveals thatuBdergoes
redox processes which are two steps one-electaorsfar
processes. The results further indicated that theéox

processes were quasi-reversible in nature and sibfiu 18-

controlled. Solution pH and scan rate has a greaience

on the CV of C&". In forward direction, with increasing 19.

scan rate both cathodic peaks shifted towards ivegat
potential and first cathodic peak was eventualtpidished.
In the reverse direction, unexpected behaviors sash
distinguishable second anodic pedkntical heights of two
anodic peaks, three humps like peaks and finaliyidation
of second anodic peak were found. However, allabeve
mentioned behaviors were appeared in lower pH gitehni
scan rate. While at higher pH of the solution tleeyiar
behavior was found at lower scan rate. Nevertheldss
demonstrated intense cathodic peaks and a very &rgdic
peak around the neutral pH (6.5) at all scan rates.
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