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L INTRODUCTION

Cvelie Voltammetry (CV) is the most  versatile
clestrochemical techniques used in the field of electro-
chemistry, inorganic chemistry, organic chemistry and
hiochoinistry {1-6]. It is perhaps the most effective
hu_‘hniquc' available for the mecharistic study of redox
syseros [7-11]. it enables the clectrode potential to be
rapidly scanned in search of redox couples. It would be
h‘.:';c'l:.' el to determine half-wave potentials of redox
systeras. Ir also gives information about the relative
stabilities of the oxidised and ‘reduced forms. It also
provides, the number of electrons involved in the
reaction:~Sometimes -CV reveals th.: presence of new
ursuspecred  compounds.  Oxidised  copper  minctals
cannot he Lﬂc(.luclv separated from carbonate gangue
minerals by floatation and direct acid leaching is not
:‘f'nnnmu,al because of excessive acid cinsumption,
;\'H!mﬁgh the recovery of ('opper:ﬁ'om oxidised copper
ores b'}' ammonia or c_va.nidc 1t?af.'|'-ing is tcchniva“y
feasibled, problems are often encowrtered in leachant
gencration. The main purp})st: of the leaching solvent
chosen for hydrometallurgical pracessm to dissolve the
desired "mineral should be selective and fast. In the
recent times a number of ndn—aﬁ:urnus solvents have
found increasing use as a solvent in electrochemical
studies.” There are various non-aqueous solvents Tike

Dimethyl sulfoxide (DMSO), Dimethyl  formamide
(DMF), acetonitrile (ACN), cte.; which are used in the
study of electrochemical techniques. Among the various
non-aqueous solvents used DMSO finds a wide spread
use in organic chemistry, biochemistry, industry and
medicine [12]. Certain ions and gases which are difficult
to cstimate in other solvents can be determined
DMSO by polarograms and voltammograms. In present
study the Cyclic Voltammogram of Copper oxide with
graphic paste was recorded.

2. MATERIAL AND METHODS

All chemicals used throughout these studies were either
of AR grade or were purified using known techniques
[13]. CuO from S.D. Fine chemicals and were used as
received. DMSO was of AR grade and was purified by
keeping in 3A" molecular sieves to absorb water [14].
AR grade TBAP were obtained from Fluka and was
oven dried for an hour at 100°C before the experiment.
KCI was AR grade and was used as such. Sodium
sulphite, lodine, EDTA of AR grade were used and
were obtained from S. D. Fine Chemicals. Graphite and
paraffin oil used was of reagent grade. Nitrogen gas was
obtained from Industrial Oxygen Ltd. with 99% purity.
Sulfur dioxide gas was supplied by INOX Ltd. in small

volume capacity and was used directly. .
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ABSTRACT

A series of eyclie voltammograms were conducted by varying the sweep potential between -1 and +1.2 V of copper

oxide (CuO)) mixed with graphite paste, In the first anodic ¢

ycle one anodic peak was observed and in the reverse cycle

bwo cathodic peaks appear. The peaks increase in height atter consequent cycles. It was observed that in different solvent

svstems these trends are similar with slight changes in the potential and current density values. The above result indicates

il reaction to pmvvcd L}n'uugh a two cleetrons process. Various parameters like scan rate, scan reversal, concentration,

pH, cte. were studied in both aqueous and non-aqueous solvent systems. The voltam mograms obtained indicate the quasi

reversible nature of copper oxide.

Kcywords: Cyc:lic anmmmelry, CuO, DMSO, Nonaqucous solvents.,

I. INTRODUCTION

Crelic 'v’(:lz.umnelrl\« (CVY is  the most  versatile
etectiochemical techniques used in the field of electro-
chemistry, inorganic chcmistry, organic chcmistr_v andl
biochemistry [1-6]. It is perhaps the most effective
technique available for the mechanistic study of redox
systems [7-11]. It enables the electrode potential to be
rapidly scanned in scarch of redox couples. It would be
largely used to determine half-wave potentials of redox
systems. It also gives information about the relative
stabilities of the oxidised and reduced forms. It also
provides the number of electrons involved in the
reaction. Sometimes CV reveals the presence of new
unsuspected compounds.  Oxidised copper  mincrals
cannot be t'[?i'('ti\'l']).' separated from carbonate ganguc
minerals by floatation and direct acid lcaching is not
ceonomical because of excessive  acid consumption,
"i'furnn:‘_:: the recavery of copper from oxidised copper
cres by ammonia or cvanide leaching is technically
teasible, problems are often encountered in leachant
sencratian, The main purpose of the h-.it.‘hing solvent

chosen Tor hydrometallurgical processes to dissolve the

Dimethyl  sulfoxide (DMSO), Dimcthyl formamide
(DMF), acctonitrile (ACN), ete.; which are used in the
study of electrochemical techniques. Among the various
non-aqueous solvents used DMSO finds a wide spread
use in organic chemistry, biochemistry, industry and
medicine [12]. Certain ions and gases which are difficult
to estimate in other solvents can be determined in
DMSO by polarograms and voitammograms. In present
study the Cyclic Voltammogram of Copper oxide with
graphic paste was recorded.

2. MATERIAL AND METHODS

All chemicals used throughout these studies were either
of AR grade or were purified using known techniques
[13]. CuO from S$.D. Fine chemicals and were used as
received, DMSO was of AR grade and was purified by
keeping in 3A” molecular sieves to absorb water [14].
AR grade TBAP were obtained from Fluka and was
oven dried for an hour at 100°C before the experiment.
KCl was AR grade and was used as such. Sodium

sulphite, lodine, EDTA of AR grade were used and

" were obtained from $. D. Fine Chemicals. Graphite and

desired mineral should be selective and fast. Gﬂﬁﬂed agraftin oil used was of reagent grade. Nitrogen gas was
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2.1. Electrode systems

Electrochemical studies were conducted using a five
necked round bottom flask. Electrochemical measure-
ments were carried out using a three electrode system
1.e., working electrode (WE), an auxillary or counter
clectrode (CE) and a reference clectrode (RE) [15, 16].
The WE was made up of g&‘aphitc paste, platinum wire
served as a CE and the RE clectrode used was SCE for
aqueous solution and a silver wire whi{-h served as a
quasi - reference electrode  (QRE) in  non-aqueous
solution. The solution was purged for about 1 hour
before cach experiment with pure nitrogen gas to
remove  the dissolved oxygen gas. The studies were
performed in the inert nitrogen atmosphere which was
maintained during the run of the experiment. The QRE
was placed very near to the WE to eliminate the i,
porental drop in the solution. The measurements were

i
taken inan unstirred solution at room temperature.

2.2, Estimation of copper

Copper was estimated by EDTA method [17]. About
200 mg of copper oxide was taken in a beaker and then
2l of cone. HNO,, 2 ml of cone. H,80, and about 1-
2 <{r(1p.\' ol 70% pcr'chi::l'ic acid was added in it. The
solntion was heated strongly to dryness. The decom-
posed sample was dissolved in 5 ml of 2N HCI, then 10
mi ol conc. ammonia solution was added. The resulting
sulution: was titrated against 0.01 M EDTA solution
using Fast Sulphon Black F as an indicator. The colour
¢hanged rom blue to pale green near the endpoint. The
metal %0 was calculated as:

1000 ml of IMEDTA = 63.54 gm of copper.

2.3. Determination of Sulfur dioxide concen-
tration

In a conical flask known volume “of standard 0.1 *N
iodine  solution (10-25 ml) depending upon the
concentration of sulfur dioxide in the solution, was
taken and diluted with distilted. water to about 150 ml
and acidificd with 5 ml of 2 'N HCI [18]. Then the
known volume ol aqueous sulfur dioxide solution was
taken in a pipette was slowly added to the solution in
the conical flask and the excess iodine was immediately
titratedl against standard 0.1 N sodium “thiosul fate
solution, ‘using starch as an indicator. The total volume
ol standard iodine solution taken minus the burctte
reading gave the amount of iodine which has reacted
with aqueous sulfur dioxide.

SO+ I, +H,0 =S0O,*+ 21" + 21
HSO, + I, + H,0 = SO, + 3H" + 2I

Journal of Advanced Scien

It follows that

[ml0.1 NI, =0.0032 gm SO,

In case of determination of sulfur dioxide in DMSO,
due to high concentration of sulfur dioxide, very low
volume of the solvent mixture i.e.; 0.1 ml was taken for

iodometric analysis.

2.4, pH Meter

The pH of the solution was measured with pH-Elico
instrument. The instrument was standardized using
buffer tablets before cach experiment.

2.5. Potentiostat

Electrochemical measurements were performed using a
E.G & G Princeton Applied Research Corporation 273
Potentiostat/ Galvanostat model. M270 electrochemical
software was used to control the instrument. The
instrument was hooked to a 386 computer along with a

pri nter.

3. RESULTS AND DISCUSSION
3.1. Cyclic voltammetry of CuO in water
sodium sulfite system
The cyclic voltammetric measurements were carried
out to study the anodic/cathodic peak potentials and
currents of CuO in water-sodium sulfite system. They
were studied with respect to scan rate, concentration,
potential scan reversal, pH, etc.
The c‘)'ciic voltammetric measurements were taken in a
solution purged with nitrogen gas. CuO was mixed with
graphite in a ﬁ:fed ratio and it served as the working
clectrode. 0.1M KCl was used as the supporting
clectrolyte. SCE served as the reference electrode and
platinum * wire as an auxiliary electrode. Cyclic
voltammograms were measured at fixed scan rate of 20
mV/s. 'C)'!clic ‘voltammetric measurements were made
at different pH values of 8.8, 3.0, 2.2, 1.8 and 1.5.
They arc shown'in fig. 1 & 2. Cyclic voltammogram
were obtained both upto 1.0 Vand 1.3 V at a particular
pH values.
In the first cycle, no anodic peak appears, but in the
reverse scan one cathodic hump appears. In the
consequent cycle, an anodic peak appears on the
positive scan and in the negative scan two cathodic peak
appears. As the number of cycles is increases, the peak
height increases. In case of multicyclic voltammograms,
the anodic peak Potentials shifts towards more positive
potential and conversely the cathodic peak moved
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increased, the two anadic peaks merges to form a broad
peak. Stmilarly, the two cathodic peak merges to form a
broad cathodic peak. This is due to the increase in the
pc.lk ]"wight which merges with  the smaller

anodic/ cathodic peaks.
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Fig. I: C.Srclic Voltammogram of CuO in Water-
Sodium’sulphite system at pH 2.2 (upto 1.0 V)
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Fig. 2: Cyclic Voltammogram of CuO in Water-
Sodium sulphite system at pH1.8 (upto 1.3 V)

When the powmial was increased from 1.0V to 1.3V,
the anodic and cathodic peak height increases compara-
tively. When the positive po[cnlia| was increased
bevond 1.3 V, initially the anodic and cathodic peaks
g_(‘;_s separated and gradually the cyclic voltammograms
gets distorted.

In order to determine the reversibility of the anodic and
the cathodic peaks, cyclir voltammograms were run in
different potential range. The potential range was varied
both in the positive direction as well as in the negative
direction. When we measured the cyclic voltammetry
from 0.0 V to +1.0 V. we observed that there was no

cathodic peak. Similarly when we measured in the

Journal of Advanced Scientific Research, 202112 (2) Suppl 2 July-2021

negative direction i.c., from 0.0 V to -1.0 V, there is no
appearance of the anodic peak. We can thus deduce that
the cathodic peak is due to the anodic peak which
appears when we run the cyclic \'Ultammugrams from -
1.0V to +1.0 V, which was not observed in cither the
positive scan or the negative scan. 'Il"hv. two anodic peak
appears around 0.2 V.and 0.3 V and the cathodic peak
appegrs around 0.0 V. The peaks at pH 2.2 are the
ﬁ,harp'ckt. At pH 1.8, the second anodic peak shifts
around 0.7 V.
It was observed that when the positive potential was
incrcased from 1.0 V to 1.3 V, there occurs a shift of
the anodic pc}tk towards more positive potential and
cathodic peak towards more negative potential. Thus
we can conclude that in the cathodic scan CuO s
reduced to metallic copper, ie.;

Cu"> Cu'"' +¢

Cu'2 Cu? +e¢
Thus we can interpret that the electrochemical reaction
of CuQ basically proceeds through a two electron
process.

3.2. Cyclic Voltammetry of CuO in DMSO

CuO was mixed with graphite paste and the cyclic
voltammograms were measured in DMSO solution. The
cyclic voltammetry was measured by varying the sweep
potential between +1.2V and -1.2V at a constant scan
rate of 20mV/s. In the first anodic cycle, no anodic
peak was observed but a straight line was scen. In the
reverse cycle, two cathodic humps were observed.
During the second anodic cycle there appear two anodic
peaks and two cathodic peaks in the reverse scan as seen
in fig.3. These peaks are dependent on the positive
Potential ie.. 1.2V. If it is less than 1.2V, the anodic

and cathodic peaks do not appear.
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Fig. 3: Cyclic VoltamU@'aﬁiOB&' CuO in
Dimethyl Sulfoxide (2™ cycle)
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increased, the two anodic peaks merges to form a broad
peak. Similarly, the two cathedic pcahk merges to form a
broad cathodic peak. This is due to the increase in the
peak  height  which  merges  with  the  smaller
anodic/ cathodic peaks.
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Fig. 1: Cyclic Voltammogram of CuO in Water-
Sodium sulphite system at pH 2.2 (upto 1.0 V)
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Fig. 2: Cyclic antammogram'nf CuO in Water-
Sodium sulphite system at pHL.8 (upto 1.3 V)

When the potential was increased from 1.0 V to 1.3V,
the anodic and cathodic peak height increases compara-
tivelv.  When the positive potential was increcased
bevond 1.3 V, initially the anodic and cathodic peaks
gets separated and gradually the cyclic voltammograms
gets distorted,

In order to determine the reversibility of the anodic and
the cathodic peaks, cyelic ‘:f!!!gmmngrnm\’ were run in

different potential range. The potential range was varied

both in the positive direction as well as in the nteRIWEfied ag
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from 0.0 Vto +1.0 V, we observed that there was
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negative direction i.c., from 0.0 V to -1.0 V, there is no
appearance of the anodic peak. We can thus deduce that
the cathodic peak is due to the anodic peak which
appears when we run the cyclic vultammograms from -
1.0 V to +1.0 V, which was not observed in cither the
positive scan or the negative scan. The two anodic peak
appears around 0.2 V and 0.3 V and the éathodic peak
appcars around 0.0 V. The peaks at pH 2.2 are the
sharpest. At pH 1.8, the second anodic peak shifts
around 0.7 V.,

It was observed that when the positive potential was
increcased from 1.0 V to 1.3 V, there occurs a shift of
the anadic peak towards more positive potential and
cathodic peak towards more negative potential. Thus
we can conclude that in the cathodic scan CuO is
reduced to metallic copper, i.e.;

Cu"=> Cu”' +e¢
Cu'=Cu? #e¢

Thus we can interpret that the electrochemical reaction
of CuO bhasically proceeds through a two electron

PI‘OCCSS.

3.2. Cyclic Voltammetry of CuO in DMSO

CuO was mixed with graphite paste and the cyclic
voltammograms were measured in DMSO solution. The
cvclic voltammetry was measured by varying the sweep
potential between “+1{.2V and -1.2V at a constant scan
rate of 20mV/s.. In the first anodic cycle, no anodic
peak was obscetved but a straight line was scen. In the
reverse cyele, two cathodic humps were observed.
During the second anodic cycle there appear two anodic
peaks and two cathodic peaks in the reverse scan as seen
in fig.3. These peaks are dependent on the positive
potential i.e., 1.2V. If it is less than 1.2V, the anodic

and cathodic poakq do not appear.
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I the positive potential is increased to 1,3V, the anodic
and cathodic peak heights increases comparatively, As
the number of cycles is increased and  the ;'yt'}ia'
voltarmetry is run for a long time, the two anodic
peaks merges to form a broad anodic peak as shown in
fig.4. This may be duc to increase in the peak height

which morges with the smaller anodic peak.
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Fig. 4: Cyclic Voltammogram of CuO in
Dimethyl Sulfoxide (From positive to negative
scan)

As the number of cycles is increased, the anodic peak
shifted towards a more negative potential. There is also
an increase in peak height. If we start the cyclic
voltammograms from positive pntu‘ntial say 1.3V, the
cathodic peak appears as usual, but there are two anodic
peaks in the first cycle itself as compared to when we
start from negative potential where there is no anodic
peak i the first cycle. The anodic peak potential and
current values are shown in table 1 and the cathodic
peak potential and current values are shown in table 2
In order to find out the nature of oxidation and
reduction peaks, we have carricd out several short
scans., The pntcntia] range was varicd both in the
positive dircction as well as in the negative direction,
When we measure the cyclic voltammetry from 0.0 V
to +1.0 V. we observe that there was no cathodic peak.
Similarly when we measured in the negative direction
i.c., from 0.0 V to -1.0 V, there is no appearance of the
anodic peak. We can thus deduce that the cathodic peak
is due to the Anodic peak which appcars when we run
the cyclic voltammograms from -1.0 V to +1.0 V,
which was not observed in either the positive scan or
the negative scan. The anodic peak appears around
0.2V,

Table I: Peak Anodic Potential and current
values of CuO:in DMSO

C}'CIC. . ,Ipalv' Epai : lp.\.’_ Epg}
No. ~ 10°A (V) 10" A V)
T = =2 ==

2 -25.90 -0.08 -22.10 0.11
3 21.80 -0.08 -23.20 6,12
4 -105.3 0.20 -89.50. . 0.2

¥ § ¢ - -109.3 0.23
6 s - -141.0 0.33

Table 2: Peak Cathodic Potential and current
values of CuO in DMSO

Cycle Loci E,. | . Eoos
No. 10° A (V) 10° A (V)
1 6.57 -0.06 - o
2 277 -0.15 30.4 -0.55
3 37.9 -0.16 41.8 -0.55
4 88.2 -0.29 91.6 -0.63
5 90. 1 -0.29 9.6 -0.64
6 115.4 -0.36 124.8 -0.72

Therefore we may conclude that the cathodic peak
arises from the electroreduction of CuO(s) to copper
metal. Thus

) Cu™t 42> Cu'
Similarly the anodic peak is due to oxidation of the
metallic copper to Cu”’ ion. Hence

CW'=> Cu™’ + 2¢

Based on the results obtained above, the electrochemical
reaction is said to proceed through a two electron

proccss,

4. CONCLUSION
Based on the results obtained, it can be concluded that

the electrochemical reaction of copper oxides proceeds
through a two electron process. The voltammogfams
obtained indicate the quasi reversible nature of copper

oxide.

Conflict of Interest
It is hoped that these investigations would contribute

signiﬁcantly in the fundamental understanding of the
electrochemical leaching behaviour of copper oxide in

various solvent systems.

5. REFERENCES:
1. Bobbitt JM, Wills JP. J. Org. Chem., 1980; 45:1978.
2. Powers M], Meyer T]. J. Am. Chem. Soc., 1980;
102:1289. Certified ag
TRUE cory

Journal of Advanced Scientific Research, 2021 12 (2) Suppl 2: }u{i'-ZW
Erineipal

Ramniironing Thev it
muiranian Jrunjhunwalg College,

Ghatkopar (W), Mumbai-40008s.



o

-1

3.
9.

10.

Bhattacharya et al., | Adv Ser Res, 2021

Kalvansundararam K, Kiwi |, Gratzel M. Helr,
Chim. Acta, 1978: 61:2720,

Rice CA, .'\'pt'llt‘t' JT. fnnrg. Chem. 1980; 19:2845,
l[u-.u]ridgc JB. "Electrochemical Techniques for Inorganic
Chempses” Academic Press, N . York, 1969, pg 42.
Henton DR, McCreery RE, Swenton S0 [0 Org.
Chem., 1980 45:369.

Nicholson RS, Shain 1. Anal. Chem. 1964; 36:706,
Evans DI, Jlee. Chem. Res. 1977: 10:313.

Heineman WR, l\'issinger PT. Am. lLah., 1982:
14(11)£29.

Evans DH, O'onncil KM, Peterson RA, ]\'L‘”_\-‘ M].
J. Chem. Edu., 1983; 60:290.

- Kissinger PT, Heineman WR. [ Chem. Edu., 1983;

60:702.

12.

3.

12(2) Suppl 2: 284-288 288
Vaisman l, Berkowitz ML, [ Amer. Chem. Soc. .
1992;.114:7889.

DD, WLF.
Lahoratory Chemicals; Pergamon Press, N. York, |98g;
pg.65.

Perrin Armarego Purification  of

. Martin D, Hauthal H G. Dimethylsulfoxide; John

Wiley & Sons, N. York, 1975; pg. 41. -

.[)clahayi’. New Instrumental  Methods in  Electro-

rhcmisrr)-, Interscience, New York, 1954; pg. 72,
115, 179.

. Bond AM. Modern Polarographic Methods in Analytical

Chemists, Marcel Dekker, N. York, 1980; pg. 169.

. Vogel Al. A Text book of Quantitative Inorganic

Analysis, ELBS & Longman, 1975; pg. 441.

. Vogel Al. A Text book of Quantitative Inorganic

Analysis, ELBS & Longman, 1975; pg. 370,

Certified as
TRUE COPY

Ramniranjan Thunjhunwala College
Ghatkopar (W), Mumbai-40008¢ .

Journal of Advanced Scientific Research, 2021; 12 (2) Suppl 2: July-2021




3

4,
5.

6,

. Evans DH,

- Kissinger PT, Heineman WR.

Bhuirurf:u.-}';: ot al., | Adv Sei Res

Kalyansundararam K, Kiwi |,
Chim. Aera, 1978; 6I;?.72'(_),I ) .
Rice CA, Spence i 2 !nérg. Chem. 1980: 19:2845
HtadridgcJB. “Electrochemiral Techm’que.f_jbr Inorganic
Chemists” Academic Press, N.York, 1969, pg 42,
Henton DR, M{TCrncry RIL, Swenton JS. L Org.
Chem., 1980; 45:369.

Nicholson RS, Shain I. Anal. Chem. 1964 36:706,
Evans DH. Aec. Chem. Res. 1977: 10:313.
Heineman WR, Kissingor PT. Lah. |
14(11):29,

Gratzel M. Helr.

Am. 1982
O’onnell KM, Peterson RA, Kelly MJ.
[ Chen. Edu., 1983 60:290.

] Chem. Edu., 1983
60:702,

Journal of ',{z{vanc'ed Scientific Research,

12¢2) .\’{lppﬂ' 2: 284-288

L2021 288

12, Vaisman I, Berkowitz ML. J. Amer. Chem. Soc. ,
1992, 114:7889,

13. Perrin DD, Ar‘marr:gu. WLF, Purification of
Laboratory Chemicals; Pergamon Press, N. York, 1988;
pg.65.

4. Martin D, Hauthal H G Dimethylsulfoxide. John

Wi|cy & Sons, N. York,
[5 r)(']ah.lyp. New
Interscience, New York, 1954, pg. 72,

197S; pg. 41

Instrumental Methods in  Electro-
chemi stry,
115, 179.

. Bond AM. Modern Po,’awgraphic Methods in Analytical

Chemists, Marcel Dekker, N, York, 1980, pg. 169,

17. Vngci Al A Text book of Quantitative Inorganic
Analysis, ELBS & Longman, 1975; pg. 441,
18, Vingcl Al A4 Text book of Quantitative Inorganic

Analysis, ELBS & Longman, 1975; pg. 370.

Certified ag
TRUE COPY

' Prineipal
Ramniranjan 14 unibunwala College,
Ghatkopar (W), Mumbai-400086.

2021; 1212 Suppl 2: July=2021




