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Abstract: The electrochemical behavior of 5-(4-Dimethylamino-benylidene)- 1,3-diethyl-2-thioxo-dihydro-pyrimidine-4,6-dione at a plat-
inum electrode was studied by semi-integration, semi differentiation of current, and digital simulation methods in 0.1 mol/L tetra-
ethylammonium perchlorate (TEACI) in acetonitrile solvent. Cyclic voltammetric study revealed that the presence of three oxidative peaks
due to the presence of two electron transfer coupled by chemical reaction (EC) and followed by electron transfer (E) step then EC, i.e., the
overall process is ECEEC scheme. On going to negative potential there are two unidirectional reductive peaks associated with the oxida-
tive peaks. The elucidation of the electrode behavior, the electrochemical and chemical data of the compound under investigation was de-
termined using sweep voltammetry, semi integration & semi differentiation of current. The calculated electrochemical parameters and the
nature of the electrode reaction were established & confirmed via generation of the theoretical cyclic voltammograms.
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1. INTRODUCTION

The unprecedented growth and development of sulfur-nitrogen
(S-N) ring compounds began with the considerable rise in scien-
tific interest for the discovery of their metallic and superconduct-
ing properties [1,2]. Quite large number of studies of these ring
systems have been made and diverse reports have ascertained their
relevance in the field of nanotechnology [3], electrical and elec-
tronics engineering [4-6], medicine [5], industrial and military
applications [5]. One factor that has favored S-N ring compounds
is the strong m-electron delocalization pattern of -S=N-units which
is driven by efficient overlap of pm orbitals of S and N coupled
with the high electronegativities of nitrogen and sulfur [7]. The
aforementioned factor spurred the discovery of theoretical calcula-
tions [8] to come up with electronic factors that explained the ther-
modynamic [7] and kinetic responses from S-N containing ring
systems which have resulted in a unique magnetic [9 ] and con-
ducting properties [10].
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Redox-active heterocycles are candidates for catalysis, sensing
and optical materials [11]. In the presence of substituents of differ-
ent sizes and orientations, the redox potentials of S-N containing
rings and other ring systems are tuned within a certain redox po-
tential window [12-15] , resulting in enhanced electron transfer
rates, redox potentials [16] and other related parameters such as
activation energy [17] by appreciable factors. Moreover, the im-
portance of substituent effects in the stabilization of ring systems
incorporating sulfur-nitrogen and other main group elements to
prevent dimer formation are extremely invaluable [18].

The electrochemical data of 5-(4-Dimethylamino-benylidene)-
1,3-diethyl-2-thioxo-dihydro-pyrimidine-4,6-dione has been assess
using cyclic voltammetry and convolution transforms [19-21]. The
possibility of using all data obtained in individual cyclic voltam-
metric experiment instead only including the data concerned with
the peak values is the main advantage of the convolution tech-
nique. The accuracy in mechanism diagnosis and rate constant
determination would thus be increased. The convolution trans-
forms or semi integral of the current is evaluated via the history
dependent integral [20].
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In equation (1) the symbol i is defined as the current, total
elapsed time is represented by t and u is a dummy variable.
In the case of EC reaction described in equation (2):

koD, ke
O+ne <> R—C 2

o

the reduced form “R” are created by gain electron at cathode and
transfer chemically to C into the solution with rate constant k. The
Second Law of Fick’s is now presented as [22]

[6Cr/0t]x = Dr[6°Cr/0x%]x — kChr (at X) (3)
Which gives the concentration at electrode surface by Eq. (4) [22]
C’r =,/ nFAD"? (4)

where I, is defined by Eq. (5)

!

10y =" [iCe) exp(—k. (¢ = )} (¢ ~ ) du (5)

0

Thus I, exhibits a plateau (at zero) on the reverse sweep in cyclic
voltammetry and this property allows the determination of k..

The semi differentiation of the current (dl; /dt) vs. E of fast
charge transfer is described as in literature [19, 22].

e, = (dI;/dt) = nFACND a( / (144) * (6)
Where

a=nvF/RT %
and

¢ = exp [nF/RT (E - E) ®)

It was found that the deconvolution or semi-differential of current
confirms the nature of electron transfer process and determined of
the reduction potential of the electrolyzed species.

Here, we report the electrochemical investigation of the 5-(4-
Dimethylamino-benylidene)-1,3-diethyl-2-thioxo-dihydro-
pyrimidine-4,6-dione compound at platinum electrode via various
electrochemical methods in order to give some light on the elec-
trode mechanism pathway and determination of the electrochemical
and chemical parameters of the investigated compounds.

2. EXPERIMENTAL

The investigated compound was prepared by adding 1, 3-diethyl-
2-thiobarbituric (0.0058 mol) to p-
dimethylaminobenzaldehyde (0.0058mol) and in anhydrous ethanol
(15 ml). The obtained product was purified by recrystallization
from methanol and chloroform. Yield: 73.54% IR (KBr) vpax cm’!
1686 (C=0), 1653 (C=C), 1164 (C-N), 2932 (C-H aliphatic), 2977
(C-H aromatic), 1188 (C=S).'H-NMR (CDCl;) &: 8.40 (HI, d,
J=7.8 Hz), 6.70 (H2, d, J=8.4 Hz), 8.40 (H3,d, J=7.8 Hz), 6.70 (H4,

acid
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Figure 1. Cyclic voltammogram of the investigated compound in
0.1 mol.L" tetraethyl-ammonium perchlorate (TEAP) in acetoni-
trile solvent at a platinum electrode and sweep rate of 0.08 V.s™".

d, 8.4 Hz), 7.20 (H5, s), 4.58 (CH;-CH,-N, t, J=3.6Hz), 1.33 (CHs-
CH,-N, q, J=4.8 Hz), > C-NMR (CDCl;) &: 178.87, 161.48,
160.25, 158.91, 154.67, 148.39, 132.86, 126.16, 116.57, 114.96,
110.43, 56.24, 56.04, 44.21, 43.59, 12.47, 12.41. The prepared
compound has the following structure as shown in scheme 1:

Cyclic voltammetry and convoluted voltammetry transforms
were carried out via a Princeton Applied Research (PAR) Comput-
er — controlled Potentiostat Model 283 and PAR Model 175 Uni-
versal Programmer (from EG and G). The equipment used provides
scan speed up to to 100 V.s™. The used working electrode was
platinum electrode with surface area of 7.85 x 10™ cm?, a counter
electrode is coiled platinum wire and a reference electrode is satu-
rated Ag/AgCl electrode. The potential was measured versus the
Ag/AgCl reference electrode at 25°C and in 0.1 mol/L tetrae-
thylammonium perchlorate (7BAP) as supporting electrolyte dis-
solved in acetonitrile solvent. The captured cyclic voltammetry was
corrected by subtracting the non Fardiac background current and IR
drop. Ecomet grinder paper was used for polishing the working
electrode and the I — E voltammograms were recorded at sweep
speed vary between 0.02 and 1 V.s™ at (25 £ 2) °C. A stream of N,
gas was purged into the solution then keep above the solution dur-
ing the experiments to expel the air from the working solution.

Digital simulation of the data was run using techniques of finite
differences via EG & G condesim software package. Into the con-
desim software package algorithms for the simulation software
were coded and implemented.
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Figure 2. Cyclic voltammograms of the investigated compound in
0.1 mol.L™" tetraethyl-ammonium perchlorate (TEAP) in acetoni-
trile solvent at a platinum electrode at different sweep rates.

3. RESULTS AND DISCUSSION

3.1. Cyeclic voltammetry

Figure 1 gives an example of the cyclic voltammogram response
of the investigated compound in 0.1 mol.L" tetraethyl-ammonium
perchlorate (TEAP) in acetonitrile solvent at a platinum electrode at
sweep rate of 0.08 V.s™\. The scan rates used in this study was in
the range of 0.02 — 1.0 mV.s™. It was found that the compound
under consideration exhibit well defined three oxidative waves (A
+ F), (B+ E) & (C + D). Also, extension of the potential to more
negative value lead to the appearance of associated two peaks (G &
H) which may be due to the reduction of the original compound.

Figure 2 represents the cyclic voltammograms of the compound
under consideration at various scan rates. As shown, the height of
backward peaks increase with increasing in the sweep rate confirm-
ing the existence of moderate rapid chemical reaction following the
electron exchange at the first and third peaks.

The change of anodic peak position (E,) to more positive poten-
tial by increasing the sweep rate and the magnitude of half peak
width (E;,_E,»), confirm the irreversible and/ or slow electrode
process [19].

Table 1. Values of kinetic parameters of investigated compound

Peak number o E’V ke, m.s™!
= 0.34 0.375 6e-5
2nd 0.29 0.900 3e-5
3H 0.41 1.330 8e-5

Table 2. Variation of the peak characteristic of the investigated
compound at various scan rates.

nzzrer v, mV.s" Ep, mV ip, mA Ep ;]3)/2’ AEp, mV

1™ peak 20 500 0.08 130 250
40 550 0.09 158 290
60 610 0.12 180 360
80 665 0.14 198 377
200 698 0.15 205 390
400 730 0.17 240 405

600 763 0.19 269 430
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Figure 3. I, convolution of the investigated compound in 0.1
mol.L" tetraethyl-ammonium perchlorate (TEAP) in acetonitrile
solvent at a platinum electrode and sweep rate of 0.2 V.s™",

The symmetry coefficient values (o) was calculated using equa-
tion (9) and listed in Table 1 confirming the irreversible character
of the anodic step [21]:

Ep = Eyy + 1.857 (RT/0yF) ©9)

For irreversible charge transfer [22], the peak current (i,) can be
expressed by the following equation:

i,=2.99x10° n (an,)"* AD"*Cy'? (10)

where i, denotes the peak current in amp, and C denotes concentra-
tion of the reactants species or groups which equals 2x10*M in the
recent study, and the other parameters have their normal definition.
On drawing of the i, versus v straight line passing through the
origin is obtained and reveals how the current diffuses. The second
Table revealed that the half peak width (E, — E;) grows directly on
increasing the scan rate, indicates increasing of irreversibility of the
electrode process as the scan rate increases [22]. The standard rate
constant (k) value was calculated through 4E), values versus rate
constants (k) [23, 24] (Table 1).

In the case of simple charge transfer or EC scheme, the I; convo-
Iution [25] determines the magnitude of diffusion coefficient (D) of
the species from Eq. (11):

Lim=nFACN D (11)

where lj, denotes the limiting convoluted current, the remaining
symbols have their usual definition. The diffusion coefficients (D)

Table 3 Diffusion coefficient (m2.s™) of the investigated com-
pound via different methods

Peak (0% Tiim Eq. (12) Eq.(13)  Simulation
number DxE" DxE'’ DxE'’ DxE'"’ DxE"
I 6.2 6.7 6.9 6.8 6.6
ond 5.6 52 5.4 5.6 5.8
3 45 4.1 4.4 43 42
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Figure 4. Deconvolution voltammogram of the investigated com-
pound in 0.1 mol.L" tetraethyl-ammonium perchlorate (TEAP) in
acetonitrile solvent at a platinum electrode and sweep rate of 0.2
Vs

of the investigated compounds were determined using Eq. (11) and
cited in Table 3. The semi integration of current (I;) at a scan speed
of 0.2 V.s! is displayed in Figure 3. The I, exhibits a wide distance
between the oxidative and reductive direction and do not reach to
initial zero point, due to the slow nature of the two electrons ex-
change and the presence of rapid chemical process.

Also, the following equation (12) was used for determination of the
“D” value of the investigated compound [22]:

Lim = ip/3.099(om,v) " (12)

For moderate fast charge transfer, the D value of the compound
under consideration was extracted from deconvolution transform
(Fig.4) via the ratio [(dI,/dt)¢]/i,:

[(d1,/dt))/i, = 3.73(a/n,) Pnv'? (13)

where [(dI;/dt)]] = an’F’SCD"?v/3.367RT is the height of the de-
convoluted peak and the other symbols have their normal defini-
tion. Hence from relationship (13), the values of [(dI,/dt)¢] can be
used as a simple and accurate tool for determination the diffusion
coefficient. The values of (D) calculated via various equations are
indicated in Table 3, and shows an agreement between the D values
calculated via different equations.

3.2. Digital simulation in electrochemistry

Dynamic simulation is defined as the imitation of the behavior of
a system with respect to time [26]. Digital simulation has become a
very useful tool to researchers of theoretical and experimental elec-
trochemistry [27]. Digital simulation of electrochemical experi-
ments was pioneered by Stephen Feldberg [28 - 30] who is still at
work developing the field till date.

In this work digital simulation method was used for generating
the first peak of theoretical cyclic voltammogram of the inspected
compound. The verification of the parameters was carried out by
good agreement between the generated voltammograms and the
experimental one, using the mean values of the experimental pa-
rameters [24].

The electrochemical parameters used in simulated cyclic voltam-
mograms were:
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Figure 5. Matching between captured ( — ) and generated ( ----- )
cyclic voltammograms of the investigated compound at sweep rate
of 0.1 V.s™.

i- D values (diffusivity) of the investigated compound ; ii- the
standard redox potential (E°); iii- bulk solution concentration (C
mol.I"); iv- standard heterogeneous rate constant (k,, cm.s™); v-
scan speed (V.s™); vi- temperature (T. K); vii- rate constant of the
forward homogeneous chemical step (k; s™'); viii- rate constant of
the backward homogeneous chemical step (kys™) and symmetry
factor (a).

Figure 5 indicates the matching of the captured against simulated
voltammograms of E(Ci; model for first peak with its semi-
integration and semi-differentiation of current of investigated com-
pound at scan speed of 200 mV.s™. The values of kinetic parame-
ters and k. for chemical steps were determined via theoretical treat-
ment and its value was found to 8.9 s, The agreement between
theoretical and experimental data confirms the accuracy of the elec-
trochemical parameters calculated from the experimental tech-
niques as well as the proposed mechanism.

The kinetic convolution I, was used for determination of the
homogeneous chemical rate constant (kc). The procedure was done
via introducing various test values of k. until a value is found that
returning I, to zero at the end of the reverse sweep. The true k.
value of the chemical step following the electron transfer is found
to be 8.9 5! for the compound under investigation.

According to obtained results the electrode pathway of 5-(4-
Dimethylamino-benylidene)-1,3-diethyl-2-thioxo-dihydro-
pyrimidine-4,6-dione can be summarized as follows:

Oxidation process
DMA —-e==—=DMA"'-¢e=—==—=DMA " -¢ ==—=DMA"™""
| rearrangement | rearrangement
Product Product
Reduction Process

DMA + e DMA. +¢ ==—==DMA"™



Investigation the Electrochemical Behavior of 5-(4-Dimethylamino-benylidene)- 1,3-diethyl-2-thioxodihydro-pyrimidine-4,6-dione using Semi-
integration of Current /J. New Mat. Electrochem. Systems

4. CONCLUSION

In 0.1 mol/L tetra-ethylammonium perchlorate (TEAP) and ace-
tonitrile  solvent, the electrochemical behavior of 5-(4-
Dimethylamino-benylidene)-1,3-diethyl-2-thioxo-dihydro-
pyrimidine-4,6-dione at a platinum electrode was studied by cyclic
voltammetry, semi-integration, semi differentiation of current, and
digital simulation methods. Cyclic voltammetric investigation re-
vealed that the overall oxidative electrode process is ECEEC
scheme. On going to negative potential there are two unidirectional
reductive peaks associated with the oxidative peaks. The calculated
electrochemical parameters and the nature of the electrode reaction
were established & confirmed via digital simulation method.
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