Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2013, 5(5):173-181

. I SSN : 0975-7384
Research Article CODEN(USA) : JCPRC5

Cyclicvoltammetric studies on anodic alkoxylation of selective aromatic
systems in agueous medium on glassy carbon electrode

B. Latha?, D. Abirami®and T. K. Krishnamoorthy”

aDe[l:))artment of Chemistry, National College, Triclppalli, Tamil Nadu, India
AVVM Sri Pushpam College, Poondi, Thanjavur Dt. il@adlu, India

INTRODUCTION

Aromatic compounds are used in many industrial @sees and particularly, benzene is the simpleshese
aromatic compounds and has been studied for seperpbses. Direct functionalization of the aromaiingy using
several electrochemical techniques [1,2] especialhe preparation of conductive polymers, in oigd aqueous
media finds its applications [3-5]. Fundamentaldsts performed on platinum surfaces in the gaseghlad in an
electrochemical environment have also been rep@t&j. Some studies have shown that the orientaiod mode
of attachment of the aromatic compounds, irrevéysatlisorbed from aqueous solutions onto smoothnpliat

electrodes, are dependent on the chemical struettdeconcentration of the adsorbate, the surfatieitac the

supporting electrolyte and the pH of the soluti®h [The study of the electrochemical oxidation fraueous
solution is a preliminary step in order to analylze possible treatment of these compounds by atretdhemical
method. The adsorption and electrooxidation of barzand its homologues on polycrystalline platirelettrodes
have been examined in some papers [7,9]. The mflieof the orientation of the platinum electrode tha

adsorption of benzene has also been studied [h&]approach of electroanalytical methodologiegeaneral and
cyclic voltammetric technique, in particular,sentesbe an effective tool to researchers to undedsthe subtle
aspects of electrochemical reaction routes [10-14].

This paper deals with electroanalytical interpieted on the electrochemical oxidation of mono stltsd
benzenes in acid media on glassy carbon electidu® cyclicvoltammetry technique is exploited tonlriout the
molecular behavior in the electrochemical field enthe stipulated conditions.

EXPERIMENTAL METHODS

The cyclic voltammetric studies were carried outthwa computerized cyclic voltammogranCHi620a —
Electrochemical Analyzer, CH Instruments Inc. IS/e glassy carbon electrode was washed witlilldistwater
and rinsed with conductivity water. The surface vpadished with velvet cloth and was used afreshioige
obtaining the voltammograms, the electrode was fire-polarized, keeping it immersed in the solwaettrolyte
and running a few sweeps, in the scan range chfosehe study. The special cell was cleaned withcemtrated
nitric acid, washed thoroughly with water, rinsethwdoubly distilled water followed with conducttyiwater. 1M
sulfuric acid in 0.5M alcohol-water mixture was eéak The working electrode - glassy carbon was dhtced. A
1x2 cnf area Platinum foil served as the cathode. Theerfe electroddg / AgClwas inserted in such a way the
distance between the two electrodes was kept thermam.

The nitrogen gas employed to deaerate the cell puefied by passing it through wash bottles, tinst containing
alkaline Pyrogallol and the second containing tif@yt distilled water. Purified nitrogen gas wastigly purged
through the electrolytic solution with stirring f&20 minutes and then kept above the solution duthmg
measurement to blanket the surface so as to prexatisorption of oxygen.
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The cell was introduced into the computer contrbltgrcuit. The initial and final potentials betwewmich the
sweep was to take place along with the scan ratieeimange of 100 — 500 mV / sec and the natutbeobcan as
single or multiple was loaded in the software. Hweeep was performed and the cyclic voltammograme we
obtained.

The cyclic voltammetric studies were exhaustivelgleited to generate supportive evidence for anatythe core
electroalkoxylation studies under the followingiaaies.

Substrate variation studies
To confirm the site of electroalkoxylation and tbserve the influence of various functional groupstioe peak
potentials, cyclic voltammograms were run for stdiss with

. Anisole Bnomobenzene
. Acetophenonetil benzoate and Nitrobenzene

a. Electron releasing groups
b. Electron withdrawing groups

Alcohol variation studies

Cyclic voltammograms were run under the identi¢cgdutated condition with 0.5M aqueous solutionsddferent
alcohols viz., Ethanol, 2-Propanol and 2-Methyl¥dgmnol on glassy carbon electrode with 0.1M Am@sat order
to study the effects of primary, secondary andasrialcohols on electroalkoxylation.

pH variation studies
With the intention of understanding the impact éf pariation on the peak potentials and the easthefanodic
process, cyclic voltammetric scans on BromobenxatieEthanol were run in solutions of pH = 1, 410,and 13.

Scan rate variation studies
Cyclic voltammograms with variable sweep rates gltimee range of 100 — 500 mV / second, for the systas
shown in the scheme by providing identical envireniras far as the other parameters are concerned

Cyclic Voltammetric Studies
[Substrate] : 0.1M [Electrolyte] :1M kSQ, / KOH
Solvent : 0.5M alcohol -water Temperature :_30%C
Working electrode : C glassy Counter electrode : P

SUBSTRATE ALCOHOL pH SCAN RATE mV / sec
Anisole Ethanol 1 100, 200, 300, 400 and 500
Anisole 2-Propanol 1 100, 200, 300, 400 and 500
Anisole 2-Methyl-2-propano 1 100, 200, 300, 40d 800
Acetophenone| 1-Propanol 1 100, 200, 300, 400 afAd|50
Methyl benzoatg 1-Propanol 1 100, 200, 300, 400584d
Nitrobenzene Ethanol 1 100, 200, 300, 400 and 500
Bromobenzeng  Ethanol 1,4,7,10 & 1§ 100, 200, 300, 400 and 500

Multiple scan studies
For all those systems shown in the table, in aolditdo the single sweep, multiple scannings at a sate of 100
mV/sec, were performed, in order to clarify anynfiation of anode filming, due to polymer formatianotherwise.

RESULTSAND DISCUSSION

Cyclic voltammetric studies on the systems undarsieration in general and on Anisole in particypanvide
substantive and supportive evidences for the elelsmical pathways suggested for these systems. The
electroanalytical data generated in this studyirserpreted with the perspective of its supportiagure. However,
these data may very well be utilized as a usefdliemportant resource to approach the physicochdrasects of

the electrochemical reaction and for the evaluatibrelectron transfer kinetics, based on similachsstudies
reported by earlier workers [15-17].

SUBSTRATE VARIATION STUDIES
The cyclic voltammograms for the following combiisats of the substrate-alcohol mixtures in a medafrpH=1
are considered for the purpose of rationalizingsédéent features of electrochemical processesgzegh

Anisole + Ethanol; Bromobenzene + Ethanol ;Acetomme + 1-Propanol ; Methyl benzoate + 1-Propanol ;
Nitrobenzene + Ethanol

All the runs are observed in the range of scarsrfatean 100 to 500 mV/sec
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Potential 1V Potential /v

Anisole + Ethanol Bromobenzengthanol

Current/ le-4A

Potential | v Potentlal |V

Acetophenone + 1-PropanolMethylbenzoate + 1-Prdpano

Current [ Te-4A

Potential |V

Nitrobenzene + Ethanol

The cyclic voltammograms of Anisole and Bromobermzelearly depicts two distinct peak potentials, @dirat the
same positions, namely 0.4 and 0.9V. These two pe#dntials are indicative of two 1-electron oxidas with a
chemical process in between. That isE@E process. When the peak heights are consideredhetight of the
second peak is observed to be higher than thateofitst peak. This indicates the fact that theosdcelectron
oxidation is more difficult than the first electromidation.

On the other hand, the curve pattern for compowugaining electron withdrawing groups namely -N©
COOCH, and —COCH, looks to be different. The anodic portion of theve has a well pronounced single peak
around 1.2V with an extended peak height. The ggauqmler consideration having unsaturated posigoasound

to destabilize the aromatic system. As a resulipthtential for the first electron oxidation mustvhashifted to the
level at which the second electron oxidation occuirerefore the merger of two peaks occurs evémwatcan rate.
Commonly the phenomenon of merger of two peakdserved when the scan rate is increased. For fyssems
with unsaturated positions in the functional grquipe cathodic peaks do appear on the reverse swsefhe
voltammetric sweep is in undivided cells. The péalght is indicative of the extent of current floWigher the
peak, more the current flow. The peak current §igmihe Faradaic current due to charge transfértamcharge the
electrical double layer. Indirectly it is propontil to the duration of current.

On the basis of electro kinetic principle, the péealight has direct correlation with the rate of thaction[18-19].
Accordingly as the peak height increases, the odt¢he reaction is slow and the formation of thacteve
intermediate corresponding to the summit of thekpsaifficult{20]. Hence the cyclic voltammograrabtained for
the two sets of substrates with electron donatimdjelectron withdrawing groups explain the proposedhanistic
pathway.

The various electroanalytical parameters derivedhfthe cyclic voltammograms are provided. The paakent
(ip) values are plotted against the square root obtiae ratey?). The slope values for the linear curves derived,
for these systems are observed to be higher tBambis emphatically conveys that these electrodtemprocesses
conducted on carbon electrode are only adsorptamiralled phenomenal21,22]. This analytical intetption
accomplishes a vital support for the electrochehtiehavior of substrates assumed in this studyraplte.
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Scan rate (mV/s)
Parameters 100 200 300 200 500
v1/2 10 14.14 17.32 20 22.36
ip (WA) 1.854 3.364 4.74 6.262 7.829
Ep (V) 0.999 1.117 1.119 1.120 1.122
Scan Rate Variation Studies
Anisole with Ethanol at pH=1
9
8 4
7 4
6 4
ip 51
4 4
3 |
2
]_ 4
0
10 14.14 17.32 20 22.36
vl/2
Scan rate (mV/s)
Parameters 100 200 300 200 500
v1/2 10 14.14 17.32 20 22.36
ip (WA) 4.362 8.951 13.14 16.93 20.96
Ep (V) 0.995 1.062 1.071 1.082 1.096
Scan Rate Variation Studies
Bromobenzene with Ethanol at pH=1
25
20|
154
ip
10
5,
0 ‘ ‘
10 1414 17.32 20 22.36
vl/2
Parameters Scan rate (mV/s)
100 200 300 400 500
v1/2 10 14.14 17.32 20 22.36
ip (WA) 12.37 36.3 57.34 76.86 96.51
Ep (V) 0.566 0.617 0.649 0.67b 0.696
Scan Rate Variation Studies
Acetophenone with 1-Propanol at pH=1
120
100
80+
ip 60+
40+
20+
0 T T
10 14.14 17.32 20 22.36
1/2

Further the diagnostics of cyclic voltammogram yétems under study correlate to the ECE mechar2&h As
the scan rate gets increased, tb)é(()il’z) value also increases still it reaches a steatlyevat higher scan rate. This
characteristic observation is phenomenal for EGIEtiens.
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Scan rate (mV/s)

Parameters 55 T 200 | 300 | 400 | 500
vl/2 10 14.14| 17.32 20 22.36
ip (MA) 37.09| 82.18| 119.2 149.p 182{4
Ep (V) 0.751| 0.916] 0.997 1.072 1.080
Scan Rate Variation Studies
Methyl benzoate with 1-Propanol at pH=1
200
1804
1604
140
1204
ip 1001
80
60-
404
20
0
10 14.14 17.32 20 22.36
vl/2

In addition, the absence of reverse peaks in Aaisold Bromobenzene indicates irreversible electransfer
reactions in these cases.

ALCOHOL VARIATION STUDIES
The cyclic voltammograms for Anisole with Ethan®lPropanol and 2-Methyl-2-Propanol can be analyzed

Current / Te-4A
Current / Te-4A

2l SO ——
48 42 0B 04 0 04 DB 12 18

Potential / V Potential / V

Current / 1e-5A

Potential / V

Irrespective of the alcohol used, not much dewmaiiothe peak potential values for the first anel $kcond electron
oxidation on carbon in acidic solutions is observEais prompts to infer that oxidation does notwaen alcohols.
It must be the aromatit cloud that is involved in both the oxidation steps

Further when the peak current values are obsethede is a slight increase in these values forfitisé electron
oxidation from falcohol to 8 alcohol and a well pronounced increase for theesponding second electron
oxidation.

As far as the first electron oxidation is concernéiere is not much observable impact on the rételextron
transfer, due to the variation in alcohols. Theiobs increase in the peak currents for the secteuiren oxidation
varies with the nature of alcohols. In other wotttig, rate of reaction of the C process prior talatibn seems to be
slow. This must be due to the steric hindrance Zhalcohols experience in accessing the radical ratiothe
chemisorbed state.
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i Scan rate (mV/s)
Parameters—55T00 | 300 | 400 | 500
V12 10 | 14.14] 1732 20| 22.3p
ip (WA) | 12.37| 36.3] 5734 7686 9651
Ep (V) | 0566 0.617] 0649 0675 0696

Scan Rate Variation Studies
Acetophenone with 1-Propanol at pH=1
120

100+
80

ip 60+
40

20+

10 14.14 17.32

1/2

20 22.36

pH VARIATION STUDIES

When the cyclic voltammograms generated for Bromabee with Ethanol on Glassy carbon at the scanaft
100mV/sec in solutions of pH ranging from 1 to &8 analyzed, not much of observable variatiortkerpattern of
the cyclic voltammogram are detected. This suggestt the initial oxidation occurs at the aromaticloud only

irrespective of the medium present. In other wotts, change in the pH of the medium does not infteethe

mechanistic pathway through the aromatic radicéiboaformation, though it may produce different ieties of
products.

3
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z 3 AT
= = a B
i 14/
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il
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AR s on 2 as
Potentinl / V
— —— S
P
e -

Current/ 1e-5A
Current / 1e-5A

Current / le-5A

Potential / V. Potential / V

SCAN RATE VARIATION STUDIES

The cyclic voltammograms obtained at different sc@es mainly describes the reversible or irrebdestharacter
of the electrochemical process. The cyclic voltargrams for Anisole and Bromobenzene accomplishesdnge
peak potential irrespective of the increase insitemn rates. This behavior is characteristic ofavérsible electron
transfer pathway. On the contrary, the well knovaversible electrochemical conversions in the forfn o

Acetophenone, Methyl benzoate and Nitrobenzene shehift in the higher peak potential value asdten rate is
increased.

Further the plot between the peak curregt &nd the square root of the scan raté’)( produces a straight line
which does not pass through the origin suggestiagrteversible character for electron transfeicpsses involving

Anisole and Bromobenzene. The other conversiong imeiseversible as the plot generates straighs ljpessing
through the origin[24].
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MULTIPLE RUN STUDIES
In the multiple scan technique, the potential swaem specific scan rate namely 100 mV/sec is tedba
performed for 10 segments through the same solutigthout disturbing the assembly of the experimdris

technique finds its use in ascertaining the prabdbtmation of any polymer films on the surfacettoé working
electrode.

For a system capable of forming polymer coats pibtential sweep is responsible for the first segninway of

initiating polymerization. As the electrode getsimal with the polymer of conducting nature, thessgjoient sweeps
cannot show any peak current.

1_0-1\\\\‘\||\‘\|\|\\\\ T

Dec. 8, 2005 10:29:11
Tech: CV
File: AnEpH1MR10.bin

0 . U InitE (V) = -1.5
T High E (V) = 1.5
/W// LowE (\)=-15
////%' Init PIN =P
10 ,/,y m Scan Rate (V/s) = 0.1
-1. wr Segment = 10
e Smpl Interval (V) = 0.001
I -yl Quiet Time (s) = 2
i Sensitivity (A/V) = Te-4

-20 Segment 1:
Segment 2:
Segment 3:
Segment 4:

Ep = 0.678V
ip=-2.332e-TA
Ah=-1,837e-7C

Segment 5:
Segment 6:
Segment 7:
Segment 8:
Segment 9:
Segment 10:

-3.0

Current / 1le-4A

-4.0

5.0

} Dec. 12, 2005 12:05:45
Tech: CV

File: BbEpH1MR10.bin
Init E (V) =-1.5

High E (V) = 1.5

LowE (V) =-15

It PN =P

Scan Rate (V/s) = 0.1
Segment = 10

Smpl Interval (V) = 0.001
Quiet Time (s) =2
Sensitivity (A/V) = 1e-4
Segment 1:

Segment 2:

Segment 3:

Segment 4;

Ep = 0.780V
ip=-2.403e-TA

Ah = -2.283e-7C

Current / 1e-5A

Segment 5:

6.0 Segment 6:

Ep = 0.794V
ip=-2.450e-TA

101 | Ah = -1.806e-7C

‘ Segment 7:
8.0 | Segments:
| | Ep=0805V
| =-2.443e-TA
90 1 i T = T T F ok ‘ :\:n =1 .5639::-75
-16 -1.2 -0.8 04 0 0.4 08 12 16 Segment 9:
Segment 10:
jal / V e 185 TA
ip=-2.1550-
POtentla Ah =-2.702e-7C

In the present study the cyclic voltammograms vatith multiple scans for Anisole, Phenol, Bromobarze
Acetophenone and Nitrobenzene in aqueous solutmstadied. It is clearly understood that no polsimeoatings
seem to have occurred in the systems except inohhEhis decision has been derived from the obsenvahat the
peak current fluctuations at the respective pea&rg@l do appear at multiple scan rates.
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When the multiple scan cyclic voltammogram of pHeiso analyzed the sensing of peak potential with an
appropriate peak current value appears duringrigsdegment. This peak current hub disappearsdrstibsequent
segments. This characteristic observation is iidieaf the fact that only the initiation of theaaion has occurred
which have propagated to a conducting polymer &ifrphenol, because of the coating of this film ealpcurrent is
realized, at the peak potential in the subsequegrhents.

CONCLUSION

Cyclicvoltammetric studies on selective aromatistegns with 1, 2° and 8 alcohols reveal an adsorption controlled
electrode process with ECE mechanism. The cycliromograms reveal the participation of aromatigin the
first electron transfer. Diversified behavior withanges in Substrates was identified from multis@nd scan rate
variation studies.
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