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ABSTRACT

Phthalic acid is an organic compound of modest cencial importance. The literature revealed that ttemical
and physical properties of phthalic acid had begplered much. But a very little work has been diontde electro
analysis of phthalic acid and of other aromatic gmuands in general. This work is concentrated on dhelic
voltammetric studies of phthalic acid. Cyclic vaftamograms have been recorded using different working
electrodes, in different pH conditions, in differecan rates and with multiple scans. These ssudigealed that
ethoxylation of phthalic acid is diffusion contiedl and there is no polymer formation on the elet#s
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INTRODUCTION

Phthalic acid is a disubstituted aromatic compoohchodest commercial importance. It is very muskdias an
ingredient for the manufacture of polyester ang/@liesins. It is also used in the manufacturentfiaquinone (a
dye intermediate), phenolphthalein (a laxative @t — base indicator) and pthalocyanine pigmeptregal
chemical and physical studies have been extensd@tyg on phthalic acid. But the literature corgavery little
reports on electro analysis of phthalic acid. Régehe electro chemical analytical studies ontrogylation[1] of
various mono substituted aromatic compounds haga bgamined and reviewed.

In this present work cyclic voltammograms were reed using platinum and glassy carbon electrodegoaking
electrode, Ag/AgCI electrode as reference electiantt® platinum electrode as counter electrode. éthexylation

of phthalic acid was carried out in a solution eiming 1X10°M phthalic acid, 0.5M ethanol and 1M
H,SOYKCI/KOH. H,SO,, KCI and KOH were used as supporting electrolgted also used to change the pH of
the medium. In the present work anodic peak piatewias found out in different pH conditions and different
working electrodes. The scan rate was variedrtd 6ut whether the ethoxylation of phthalic aciddiffusion
controlled or adsorption controlled. For assertdrpolymer formation on the electrode surfacesl|tiple scans
study was also done.

MATERIALSAND METHODS
Apparatus

Voltammograms were recorded using Versa STAT 3n{leton Applied Research, USA) interfaced with a
computer. Three electrodes system containing &ingrelectrode of platinum or glassy carbon, a rexfee
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electrode of Ag/AgCI electrode and a counter ebatgrof platinum wire was used. The working elatdand the
counter electrode were pretreated by polishing thém alumina-water slurry followed by washing in altrasonic
bath.

Reagents and solution

All the chemicals used were of analytical reagemsidg. Double distilled water was used to prepatatisns.
0.001M phthalic acid, 0.5M ethanol and 1M3D/KCI/KOH were prepared freshly. A pen type pH emetvas
used to find the pH of the reaction mixture. ThkRiSons were stored in a light tight and cool looa.

M ethodology

The three electrode system was constructed witkinpla/glassy carbon working electrode, platinum riteu
electrode and Ag/AgCI reference electrode in anivideld cell. To change the pH of the reaction tomi@ 1M
solution of HSOY/KCI/KOH was added. These solutions also workedasces of supporting electrolytes. Then
the cyclic voltammograms were recorded at diffenentking electrodes, with different pH conditionsdawith
different scan rates.

RESULTSAND DISCUSSION

Cyclic voltammograms on platinum and glassy carbon e ectrodes:

al KCIHIM
Ethanol 0.5M
Scan rte L 100 mVis

Neutral KCI 1M
I Ethanol 0.5M
| Sean rte 00 mV s

a8 94 0 04 o8 12 15 20 20 A6 12 08 04 0 04 08 92 16 20

Current / 1e-3A

Current / 1e-3A

Potential / V Potential / V

According to the earlier studies done by D.R. Ha[fththe oxidation of substituted aromatic compounds i&o
electron process. Hence two distinct peaks wepeaed but in the cyclic voltammogram only ondidi peak
was obtained. This indicates that the electrorhdviwing group present in the benzene ring desabilthe
aromatic system and reduces thelectron density, which makes the removal of etectifficult consequently the
oxidation potential increases to higher positivuga As a result the potential for the first efentoxidation must
have been shifted to the second electron oxidgtaiantial. Therefore even at slow scan rate onglesipeak was
observed with increased current flow. For phthatiid reduction peak was also observed in thersalvecan. The
height of the peak is a qualitative indication gfemd of current flow. On the basis of electrokingrinciple, the
peak height and the rate of the reaction are iectlicorrelation [3, 4]. Hence increased heighhés ihdication of
difficulty in the formation of intermediate and tlev reaction rate [4, 5, 6]. Significant peaks@vaot observed on
glassy carbon electrode. This may be due to tilserpton of the reactant molecules on the electrautéace.
Hence the further studies like pH variation stuslyan rate variation study and multiple scan studgevdone with
platinum working electrode.

pH variation studies:
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In neutral and alkaline condition the peak potdsitigere almost similar. The oxidation and reduttieaks were
not found in the cyclic voltammogram recorded ie #tidic condition. This is due to the difficuitythe formation
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of ethoxide ion and also due to the protonatiorthef medium to a greater extend. In the ethoxylaicocess,
production ethoxide ion from ethanol was expectetiappen. Production of ethoxide ion is evidenthsy work
done by Reeve, Erikson and Alutto[7]. Accordingliem ethoxide ion formation is favored in neutnadl alkaline
conditions but such ion formation is not found aidéc condition.

Scan rate variation studies
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As significant peaks were missing in the cyclictsoimograms recorded in acidic condition, scan vatétion
studies were done in neutral and alkaline medigboth cases a linear relationship is observeddsstiog (i) and
log (1 (where j, is anodic peak current andis scan rate). Furthermore the plot betweerp#ak current and the
square root of scan rate produces a straight limehwdoes not pass through origin which suggestsrtbversible
character of the electron transf@y and the direct proportional relation betweewndin peak current and the square
root of scan rate indicates that the electron fearnmocess is diffusion controlled [9].

Multiple scan studies
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In the multiple scan studies, the potential swetep scan rate of 100mV/s was repeated for ten tithesugh the
same reaction mixture without disturbing the asdgmbthe experimental setup. This was done teedamn the
probability of formation of polymers on the eleateosurface. If polymerization was possible, an@diak current
would be present in the first scan, at this poédmolymerization would take place and a film woblel formed on
the electrode, and the peak would be missing insilifesequent scans. In the present study anodic was
observed in all scans, but there was a small lowgeof the anodic peak current, with the number wafcessive
scans, this was due to the adsorption tendendyeaéthoxylated product but not due to polymer faiome[10].

CONCLUSION

In the present work the cyclic voltammograms ofhpht acid were recorded by changing the conditides pH,
working electrodes, scan rate and multiple scame féllowing are the conclusions arrived at from tbservations

 Phthalic acid is susceptible for oxidation
» Ethoxylation is not taking place on glassy carblecteode
» Ethoxylation is effective in neutral and alkalirenditions.
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» The process is diffusion controlled on platinuncaiede.
» Ethoxylation process is irreversible.

Acknowledgement

The authors thank the staff of Instrumentation e St. Joseph’s college, Thiruchirappalli foeithhelp in
recording the spectra of the synthesized moleculéwy also acknowledge Prof. S. Antony Sakthi fés h
suggestions.

REFERENCES

[1] Norman L, Weinberg,J. Org. Chem 1968, 33 (12), 4326 — 4329.

[2] Henton D. R, Chenard B. L and Swenton J.Shem. soc, Chem. Comma@79, 326.
[3] Ahlberg E and Parker V.DActa Chem. Scan@® 1980, 34,71.

[4] Scharbert B and Speiser B,Chemometl988, 3, 61-80,.

[5] Evans C. HChem. Rewv990, 90, 739-751,

[6] Amatore C and Saveat M, J. Electro anal. Chemi997, 85, 27-46,

[7] Reeve, Erikson and Aluott@an. J. Chem 1979, 57, 2747.

[8] Feldberg S.W and Jeftic U, Phys.Chertt972, 76, 2439.

[9] Shui Ya Kishika and Akifuni Yawad&lectrochimca Acta2005, 51, 464.

[10]Yuan D.S, Tan S.Z, Zeng J.H, Hu F.P, Wang X anch$h&, Carbon2008, 46, 531.

37
Pelagia Research Library



