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Determination of A.C. Impedance Spectroscopic and Cyclic Voltammetric
Behavior of Some Heter ocarbonyl Compoundsin Both Aprotic and Aqueous Media
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Abstract: The electrochemical behavior of eosin, isatin alhokan in aqueous KNQand NaClQ
solutions on the Hanging Mercury Drop Electrode [BIE] and in aprotic DMF and GJ&N on the Pt-
disk electrode at 298 K was investigated usingQielic Voltammetry (CV) and the Electrochemical
Impedance Techniques (EIS). In the CV experimdet,electroreduction of eosin in both aqueous and
non-aqueous media are characterized by a singitr@bereversible step, whereas the response of
isatin in the same solutions is completely irreildesand a diffusion-controlled process is observed
only in aprotic media. The CV results of alloxan dadium perchlorate solution revealed limited
stability of the anion radical and instability dfet dianion. Generally, charge transfer processes to
alloxan suffer from clearly kinetic contributionlSEdata of these compounds is mostly characterized
by a semicircle similar to that expected for a pupacitive response. In case of the presence of
relaxations of the electrode-solution interfac&Varburg impedance locus at low frequencies with a
partially resolved semicircle at high frequencieswbtained.
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INTRODUCTION Farnid“ and others studied the polarographic
behavior of isatin and some of its derivatives kB
The electrochemical characteristics of carbonyllt Was found that isatin is reduced in three staps;
compounds are historically of interest. Therefore,first and the second, reversible, lead to the pyma
ketone¥!, o-keto acid%¥, aldehyde4® and di- and formation of the radicals of isatin and of that itdf

tricarbonyl moleculé$” and many other carbonyl conjugated_ base_, respectively. - Polarographic and
compounds have been frequently studied voltammetric studies of alloxan on a mercury elsaiér

i [15]
In situ Scanning Tunneling Microscopy (STM) and were carried out by Morer al."",

cvelic Voltammetry have been emploved to investoat It is clear that, the dyes under considerationehav
Y . y X ploy ge many applications such as either improvement of the
the adsorption of eosin molecules on Au (lll) in

8] performance of solar cells or in pharmaceutical
aqueous HCIQsolutiori”. The same authors have beent,mations, Therefore, the interest was to use Ah

studying the adsorption structures of some dye®{@m ¢ |mpedance techniques and the cyclic Voltammetry

them eosin) on Au (1ll) also in HCIS. shed some light on the electrochemical behavior of

_ A TiO,/ZnO/eosin Y electrode has_ .been preparetsosin (1), isatin (2) and alloxan (3) in both ajwraind
with a one-step cathodic electrodeposition methodl a jn aqueous media.

used to improve the performance of a dye-sensitized
solar celf"”!.

The kinetics and the scheme for the electrocatalyt O
oxidation of eosin in aqueous medium as a chemical COONa
model for the destruction of dioxin in aqueous ghas o.M . NGO,
were studied and discus$et O ‘
Isatin was a potent endogenous Monoamine Oxidase MaC 0 0
(MAO) inhibitor that is more active against MAO-B Er Br
than MAO-A. The acute effects of isatin on 1.
apomorphine (APO)-induced rotations were evaluated

in Parkinsonian rats induced by 6-hydroxydopaméze ( O

OHDA) lesion. The effects of isatin were monitored

using cyclic Voltammet?. 0
The electrochemical reduction of isatic acid at a M

mercury electrode has been studied in aqueous 1H

solutions over a wide pH rang@ 2
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dependant. Adsorption processes at negative charges
O O were concluded to be due to coulomb folées
Y The cyclic voltammetric experiment demonstrates
N that the radical anion of eosin in both aqueous KNO
“ 'S and non-aqueous DMF is fairly stable. The solupibit
H eosin in CHCN and NaClIQ solutions, is found to be
3. @] very limited so that measurements of the molecnle i
both solvents are unuseful.
MATERIALSAND METHODS Lower concentrations of eosin in DMF or KNO
were investigated. The peak current response ah6
Solutions of sodium perchlorate (NaGJOand of eosin was 0.93%A which corresponds 1.56A
potassium nitrate (KN§) and other needed aqueous mM™ and in good agreement with the 1,68 mM™
solutions were prepared using bidistilled water andcalculated from the data for 0.6 to 2.2 mM
reagent-grade chemicals. Reagent-grade N, N eoncentration range.
dimethylformamide and acetonitrile were further The Nyquist plot of EIS of eosin in KNGand in
purified and dried according to recommendedDMF was approximately similar and reveal a linear
method§*®. Tetrabutylammonium hexafluorophosphateimpedance locus (Warburg impedance response) with
(TBAPF;) obtained from FLUKA was recrystallized an angle of ~45to the real axis at low frequencies,
twice from pure ethanol and vacuum dried at 120°C. with partially resolved semicircle at high frequiasx
For sample preparation and purification for This latter characteristic is attributed to reléxas
electrochemical measurements in Superdry media, accurring at the electrode-solution interface asd i
type of cell is uséd’. In this cell, three electrodes can indicative of a diffusion controlling charge traesf
be used; the working which is either a platinunkdis  process. Therefore, the equation describing the
a Metrohm EA 290 hanging mercury drop electrode. Aboundary conditions of a diffusion-controlled &
platinum wire is used as an auxiliary electrode ied can be applied to assume that, the standard
reference electrode normally used is an Ag/AgClnehe heterogeneous rate constant for the reduction siheo
its potential is calibrated for each experimentimsfa ks, must be much greater than 0.01 ¢f Burthermore,
the reversible oxidation peak of ferrocene. In amse the shape of the observed plot hasn't changed by
solutions, the Saturated Calomel Electrode (SCHEfs w varying the concentration of eosin:
used as the reference electrode.
An EG&G Princeton Applied Research 5208 Two- Z=Ry+Rytco™+i(cw™?+26%Cy)
Phase Lock-in analyzer is used in conjunction veith
computer controlled 273A Potentiostat/Galvanostat t where, Z is the cell impedancen R ohmic solution
perform the desired signals. A positive feedbackctvh resistance, R= charge transfer resistanees Warburg
is installed inside the 273A is used in all thecoefficient, ® = angular frequency of a sinusoidal
measurements to minimize the iR-drop effects. oscillation and equals i2 and G = differential
The A. C. responses were obtained using a small atapacitance of the double layer.
amplitude (10 mV peak to peak) and a relativelyewid
frequency range (100 kHz > f > 0.01 Hz) . The aycli 5.000 T T r T T - -
voltammograms (CV curves) were registered at a
HEWLET PACKARD Cloropro Plotter, whereas the
EIS results were obtained using an Epson fx-850. 8.000 -

2.000 -

H magnitudes were found to be eosin-concentration
|
N

4.000 -

RESULTSAND DISCUSSION

I (uA)

1.000

A) Eosin: The CV parameters for the reduction wave of ~ ooof  ev” 4 .
eosin in both aqueous and aprotic media such as the 1 " |
peak current ratio of the cathodic wave to the r&ve S

anodic wave ()Uipa): peak pOtential Separatiom&p) 000 o.lo -zolo.o -4olo.o -solo.o -solo.o -xoooﬁa —12&;0.0 -1400.0
and WW"’C values show that this reduction wave is € w0

near-reversible one electron transfer step on tthis
scale. The CV signal (Fig. 1c) for this compound inFig. 1: Cyclic voltammograms far=200 mVs'at 298K

KNO; medium is characterized near the,Eof its of the electroreduction of (a) 2.45 mM of Isatin
reduction voltammogram on both the forward and in 0.3 M KNG; on the [HMDE] and (b) 1.38 mM
reverse scan by a distinguishable absorption pEla. of alloxan in DMF/0.1 M TBAPEon the Pt-disc
adsorption signals were found to be associated tivih electrode and (c) 1.6 mM Eosin in 0.3 M KNO
electroreduction of eosin in KNOonly and there on the [HMDE]
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Fig. 2: Cyclic voltammograms of the electroreductad -1 5

2.5 mM of alloxan in 0.3 M NaClQon the log Freauency (Hz)

[HMDE} at two different switching potentials
and at 298 K Fig. 4: The Bode magnitude plot of Complex impedanc
plane of 2.27 mM of Isatin/0.3 M NaCJ@n the
(3. B00ES [HMDE] at 298 K
- The impedance data show that, at low frequencéss (I
than 100 Hz) almost linear Warburg response at an
+ angle of ~ 45 to the real axis. Under these
circumstances, the results reveal that the electron
transfer process to the isatin molecule is fasten the
diffusion of ions across the electrode-solution
interfacé”. The behavior between 100 Hz and 100kHz,
become dominated by nondiffusional component and a
relatively depressed semicircle are obtained. The
) ) response can be interpreted in terms as a reeutttie
Fig. 3:Complex impedance plane plot of 2.27 mM ofnon-warburg impedance element. Basically, the form
Isatin in 0.3 M NaCl@on the [HMDE] at 25°C  of the semicircle becomes significantly distorted a
values for the heterogeneous rate constajtdiieater
The impedance results obtained for the electrghan 0.01 cm=2
reduction of eosin in both KNor DMF (Table 1) are Examination of the absolute impedance associated
consistent with the assumption that specific adsmmp \\ith isatin/KNO; on the [HMDE], a typical Bode
of th? radical r_;mio!'l of eosin ac_celerates the.ﬂddet magnitude plot is obtained as shown in Fig. 4. Fthen
reaction. The view is further confirmed by the tistely diagram, the solution resistance,, Bhe charge transfer
small values evaluated for the charge tranSferresistance, R and the double-layer capacitancey, C
resistance, R Also, the smaller values obtained for the were calculated. The latter parameter was evaluated

double-layer capacitance,qCfor the electrolytes of : . .
DMF and KNG in absence of eosin than those in thefr(_)m e>_<trap0|at|ng the straight obtameq at theaksre
presence of it. mid point of the curve at log =0, where: |Z| =1/ &

The data were equal to the value calculated for the

B) Isatin: Figure la depicts the CV response of theSystem in absence of isatin, indicative of no digant

reduction of 2.45 mM of isatin in 0.3 M KNGn the absorption of isatin or its radical anion on thecélode

[HMDE] at 298 K. surface. Selective EIS-results of isatin are coeapih
Qualitative consideration of the theory for cyclic Table 1.

Voltammetry suggests that, the system of isatin in

aqueous KN@is characterized by only one irreversible C) Alloxan: As indicated by the cyclic voltammogram

wave at = -0.636 V vs. SCE. Good linear plots gf i in Fig. 1b, alloxan undergoes an electrochemically
Y2and of j, vs. the concentration of isatin can be reversible reduction at,g = -0.309 V and f= -0.887

Cohm)

—zn

1 i

2’ (ohm)

T 5 5 BE0ES

VS. Vv

obtained. E, - E, is nearly 60 mV fov = 0.1 Vs' at

298 K.

The data indicative of 1le transfer wave.

V vs. Ag/AgCI. A peak separation of ca 582 mV, an
indicative of a relatively high stability of theadiion of

The complex plane representations for isatin inalloxan. Another observation is the peaks of the
CH;CN/0.2 M TBAPFK is shown in Fig. 3. and is very forward scan are extremely separated from thoshen

similar

to that obtained from eosin in the sameitsoh

with nearly a completed semicircle in this case.

reversal one. The calculated peak-separationaBre-
210 mV andAE, ~ 146 mV which are obviously greater
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than the theoretical predictions expected for rsble
one-electron transfer proc&ss It was concluded that, capacitive (dielectric) response. As has been shiown

the

two reduction steps of alloxan to its radicailoa

The data, is concluded, to be characteristic fpuely

case of isatin/KNg) a typical Bode-magnitude plot is

and further to the dianion on a mercury electrooe a obtained (Fig. 6) for the electroreduction of adaxto
kinetically controlled®.
The EIS spectra at the reduction peak of the firsparameters are contained in Table 1. The doubkrlay
charge transfer process for alloxan in DMF/TBAPRR

the

semicircles beside each other.

Pt-disk electrode (Fig. 5),

semicircle (on the left) which is concluded to #serto
bulk electrolyte properties and a low frequency (ore

the right) which it is corresponding to the eled&o

polarization phenomena.

Fig.
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5: Complex impedance plane (Nyquist) plot ¢f51
mM of Alloxan in DMF/0.1 M TBAPE on the
Pt-disc electrode at 298 K
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.6:The Bode magnitude plot of the complex
impedance plane of 1.25 mM of Alloxan in S
DMF/0.1 M TBAPK; on the Pt-disc electrode at 5

298 K

Table 1: Selected impedance Spectroscopic data ofnes

Heterocarbonyl compounds on electrodes at 25°C
System R—Q R Q Cy - Farad
Eosin/KNG, 1585 - 4.0x16
Eosin/DMF 15210 7.64 8.3xf0
Isatin/NaClQ 904.7 106.9 4.2x10
Isatin/KNQ;, 488.1 100 1.25x10
Isatin/CAN 12343 9.12 5.8x10
Alloxan/DMF 14791 6.761 9.12x10
Alloxan/CAN 12463 8.43 6.70x10

its radical anion in DMF. The calculated EIS

capacitance value obtained for alloxan in both DbiF

consists of twoACN containing TBAPE were somewhat larger than
A high-frequencythose obtained from the system in the supporting

electrolyte without alloxan. Therefore, it is cambéd
that the electrode system cannot be described éy th
simple Randles circuit due to specific adsorptibthe
alloxan or its anion radical at the electrode-sotut
interface.

CONCLUSION

It is obvious from the data presented here that
aprotic organic media clearly represent the best
conditions for the determination of CV behavior.
Nevertheless, the peak currents for eosin, isatid a
alloxan in DMF are found to be approximately 80 to
90% of the corresponding measured insCN (except
that eosin has limited solubility in ACN). The
difference can be accounted for by the greateosisg
of DMF compared to CKCN. Change in the solution
viscosity would, as known, affect peak currentstigh
the diffusion coefficient of the depolarizer.

Minimizing the rate of the follow-up chemical
reaction enhances the sensitivity of the technidfus.
also stated that, aqueous solutions are convefoent
the EIS investigation of the compounds under
consideration than aprotic media, where the salutio
resistance of the first becomes relatively low.
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