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ABSTRACT. The photophysical properties of 7-diethylaminocoumarin (DEAC) laser dye have been measured in different solvents.
The emission spectrum of DEAC has also been measured in cationic (CTAC) and anionic (SDS) micelles. The laser parameters have
been calculated in different solvents namely acetone, dioxane, ethanol and dimethylforamide(DMF). The photoreactivity of DEAC
has been studied in CCl, solvent using 366 nm light. The values of photochemical yield (¢.) and rate constant (k) are determined. The
interaction of organic acceptors such as picric acid (PA), tetracyanoethylene (TCNE) and 7,7,8,8-tetracynoquinonedimethane (TCNQ)
with DEAC are also studied using fluorescence measurements in acetonitrile (CH;CN). The electrochemical investigation of (DEAC)
has been carried out using cyclic voltammetry and convolutive voltammetry combined with digital simulation technique at a platinum
electrode in 0.1 mol L™ tetrabutyl ammonium perchlorate (TBAP) in CH3;CN solvent. The electrochemical parameters of the investi-
gated compound were determined using cyclic and convolutive voltammetry. The extracted electrochemical parameters were verified
and confirmed via digital simulation method.

Keywords: Photophysical parameters, Fluorescence, Laser parameters, Convolutive voltammetry, Electrochemical parameters

INTRODUCTION sorption and fluorescence spectra.”* Which are very sensitive

to solvent polarities. " Because of these properties, the 7-amino-

Derivatives of 1,2-benzopyrone, commonly known as the coumarin dyes have been widely used as probes in a variety of

coumarine dyes, are well-known laser dyes for the blue-green investigation, namely, in the study of solvatochromic proper-

. 1-8 . . . . 913 . . .. . . . 14,15
region. ~ Among these dyes, the ones having different amino ties” ~ determination of polarities in microenvironments,

. . . C 16-21 .
groups at 7-position (commonly known as 7-aminocoumarins) measurements of solvent relaxation times. ~ ~ In the literature,

are of special significations.'™ The fluorescence quantum yield it is reported that the coumarin dyes with 7-dialkylamino groups
(dr) of these dyes is usually very high, often close to unity.l'13 behave unusually in higher polar solvents, showing drastic re-
These dyes undergo substantial changes in their dipole moment duction in their fluorescence quantum yield and fluorescence
upon excitation, causing large Stokes shifts between their ab- lifetime values.” " Twisted intramolecular charge transfer (TICT)

13-
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states have been invoked to explain these results in higher
polarity solvents.

On the other hand, study of the electrochemical reduction of
coumarin has been started by Harle™ and Capka.23 Zuman®**°
have reported a half-wave potential and substituents effect for
coumarin derivatives and Gourley27 have obtained the result
that coumarin derivative becomes dihydrocoumarins by the
electrochemical reduction in the presence of tertiary amine
coumarin. Reddy”® have suggested a polarographic reaction
mechanism of 3-acetyl coumarin and Partridge,29 Bond™ have
explained a phenomenon that coumarin becomes adsorbed to
mercury electrode. Helin’' have reported the electrochemilumi-
nescence of 4-methyl coumarin derivatives induced by hot
electrons into aqueous electrolyte solution. Diez’> have survey-
ed the voltammetric determination of coumarin in the emulsified
media and Wang33 have done a differential pulse voltammetric
determination with 7-hydroxy coumarin of human urine. Wang34
have made an amperometric biosensor by modifying antibody
of 7-hydroxy coumarin with glassy carbon electrode, and have
investigated antibody specificity and antibody-antigen inter-
action kinetic. 7-hydroxy coumarins were studied using cyclic
voltammetry, differential pulse voltammetry and chronocoulo-
metry. The results showed that the coumarins undergo a pH-
dependent, irreversible oxidation with product adsorption.35

In the present work, photophysical properties, laser para-
meters, fluorescence quenching and photoreactivity of DEAC
have been investigated. Also, in this article, we have studied
the electrochemical reduction of DEAC laser dye by cyclic
voltammetry (CV), convolutive voltammetry combined with
digital simulation technique.

EXPERIMENTAL DETAILS

Laser-grade DEAC dye was obtained from Fluka and used
without further purification. The organic solvents used were
of spectroscopic grade. Picric acid (Aldrich) was recrystallized
from ethanol, TCNE and TCNQ (Aldrich) was purified by sub-
limation, sodium dodecyl sulphate (SDS, Fluka) was used to
prepare anionic micelles and cetyltrimethylammonium chloride
(CTAC, Fluka) to prepare cationic micelles. UV-Visible elec-
tronic absorption spectra were recorded on a Shimadzu UV-160
A spectrophotometer and the steady state fluorescence spectra
were measured using Shimadzu RF 510 spectrofluorophoto-
meter. The fluorescence spectra were corrected for the machine
response using 10” mol L ™" anthracene solution in benzene.™
The fluorescence quantum yield (¢f) was measured relative to
9,10-diphenylanthracene, according to the following equation:37

D, A n
CD/(S):CD/(F)D“ XAF xZ‘z

Where D represents the corrected fluorescence peak area, A
is the absorbance at excitation wavelength, and n is the refrac-
tive index of solvent used. The subscripts 's' and 't' refer to
sample and reference, respectively. All measurements were
made at very low concentration of dye (< 1 x 10° mol L™") to
avoid re-absorption of emitted photons. The photochemical
quantum yields were calculated using method that was describ-
ed in details previously.” The light intensity was measured by
using ferrioxalate actinometry.39 The laser action of DEAC using
GL-302 dye laser, pumped by a nitrogen laser (GL-3300 nitro-
gen laser, PTI). The pump laser (A = 337.1 nm) was operated
at repetition of 3 Hz with a pulse energy of 1.48 mJ and pulse
duration rate of 800 ps. The narrow-band output of the dye
laser was measured with pyroelectric Joule meter (ED 200,
Gen-Tec Inc.).

Cyclic voltammetry measurements are made using a con-
ventional three electrode cell configuration linked to an EG &
G model 170 PAR apparatus. The platinum electrode surface
was 1 x 10" m’asa working electrode, silver-silver chloride as
a reference electrode, coiled platinum wire as a counter elec-
trode and 0.1 mol L™ tetrabutyl ammonium perchlorate (TBAP)
as background electrolyte. Cyclic voltammograms were record-
ed after background subtraction and iR compensation to mini-
mize double-layer charging current and solution resistance. The
working electrode was polished on a polisher Ecomet grinder.
Cyclic voltammetric data were obtained at scan rates ranging
from 0.02 to 5 V's™ in non aqueous media at 22 + 2 °C. Digital
simulation of the data for cyclic voltammetric experiments were
carried out on a PC computer using EG & G condesim package.
Convolution-deconvolution voltammetry was performed using
EG & G condecon software package. All working solutions
were thoroughly degassed with oxygen free nitrogen and a nitro-
gen atmosphere was maintained above the solution throughout
the experiments.

RESULTS AND DISCUSSION

Solvent polarity effect on absorption and

fluorescence spectra

Absorption and fluorescence spectra of DEAC dye are
strongly dependent on solvent polarities (Fig. 1). Table 1 lists
the photophysical parameters such as Aaps (max), Aem (Max),
and fluorescence quantum yield along with solvent polarity
function (Af). The spectral shifts in absorption are generally
found to be smaller than those found in fluorescence emission
implying a greater dipole moment (polarity) of the dye in the
excited state compared to that in the ground state. This is also
in agreement with m,n" nature of the lowest singlet excited
state of DEAC. The marginal deviation in data points for alco-
holic solvents are assigned to solute-solvent hydrogen bonding
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Fig. 1. (a) Electronic absorption spectrum of 3 x 10” mol dm™ of DEAC n-heptane and MeOH. (b) Emission spectrum of DEAC in (---x---)

MeOH and (...) n-hexane.

Table 1. Photophysical properties of DEAC in different solvents

Photophysical properties

Solvents i At Aem Av Ma
¥ am) am) em™ Y (Debye)
n-Hexane 0.0 353 392 2817 085 108
n-Heptane 0.0002 352 390 2768 0.85 10.8
Benzene 0.0052 355 395 2853 0.83 104
Toluene 0.0133 369 418 3177 0.83 103
Diethyl ether 0.166 359 405 3164 080 105
CCly 0.008 360 412 3505 - 10.2
CHCl; 0.233 375 435 3677 0.62 9.6
DMF 0.274 379 440 3657 0.56 9.4
n-Propanol 0.277 379 442 3760 0.52 8.85
Acetone 0.284 370 430 3771 055 107
EtOH 0.290 380 443 3742 0.39 8.6
MeOH 0.309 381 445 3775 027 8.62
Ethylene glycol 0.30 381 445 3775 0.25 -
n-Butanol 0.263 379 442 3376 047 ---

interaction, which causes an extra red shift in the observed
spectra.40'42

Analysis of the solvatochromic behavior allows to estimate
the difference in the dipole moment between the excited singlet
and the ground state (Al - Apg). This was achieved by apply-
ing the simplified Lippert-Mataga equation.*™*

2
Wy -

Av, =Av, + (ﬂc 3,ug) Af
) hca
_e—-1 n* -1

2e+2 2n*+1
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Where Avy; is the Stokes-shift (in cm'l), which increases
with increasing solvent polarity pointing to stronger stabiliza-
tion of excited state in polar solvents, h is the Planck's cons-
tant, c is the velocity of light and « is the Onsager cavity radius,
€ and n are the dielectric constant and refractive index of the
solvent, respectively. The Onsager cavity radius a was calculated
from the energy minimized structures obtained with the AM1
calculation. It defined as the radius of the spherical cavity sur-
rounding the molecular van der Waals radius. The maximum
distance where charge separation can occur across the molecule
must be considered, rather than the actual molecular axis of
the molecule.* For DEAC this distance lies between the average
coordinates of the nitrogen atoms on one side of the molecule
and the oxygen atom in the other side of the molecules it was
estimated to 9.0 A , the cavity radius a was taken as half of this
distance that is 4.5 A. Fig. 2 shows the plot of Stokes shift
versus the orientation polarization (Af). The change of dipole
moment upon excitation which was calculated from slope of
the plot and the cavity radius is 4.76 Debye, indicating the polar
nature of the fluorescent states. We assign this state to be of
intramolecular charge transfer (ICT) character. In the earlier

work, a similar ICT character was assigned to the fluorescent
states of 7-amino coumarin derivatives.* "

The fluorescence quantum yield (¢r) values of DEAC were
estimated in different solvents at room temperature and listed
in Table 1. Fig. 3 shows the plot of ¢r versus Af. The interesting
point from this plot is that the ¢r values reduce in higher polarity
solvents, having Af > 0.2. In lower medium polarity solvent
region (Af<0.2), however, ¢rreduces only marginally with Af
following apparently a linear correlation indicated that the dye
exist in ICT structure in these solvents. Thus the drastic reduc-
tion in the ¢rvalues above Af = 0.2 clearly indicates that in the
higher polarity solvents, the excited state of the dye undergoes
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Fig. 2. Plot of Stokes shift (Av in cm'l) for DEAC against the solvent
polarity function (Af).
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Fig. 3. Plot of fluorescence quantum yield (¢y) of DEAC versus sol-
vent polarity (Af).
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Fig. 4. Emission intensity of 1 x 10” mol dm™ DEAC in different
concentrations of SDS and CTAC (Aex=337 nm).

a fast non-radiative deexcitation process due to stabilization
of twisting intramolecular charge transfer (TICT) non-emissive
state, which is absent in lower medium polarity of solvents.*

The transition dipole moment (M) of DEAC from ground

to excited state was calculated in different solvents from the

. . . . . .40,47,48
absorption spectrum using the simplified expression;

M, = 0.0958 (Emax AV, 0,)"

Where &max is the maximum value of molar absorption coe-
fficient of the absorption band with a maximum at v, and full
width at half maximum of Aual/z, the values of M,are listed in
Table 1.

The emission spectrum of 1 x 10”° mol L of DEAC has also
been measured in CTAC and SDS micelles media, as shown in
Fig. 4. The emission intensity of dye increases as the concent-
ration of surfactants increase, an abrupt change in the fluore-
scence intensity is observed at surfactant concentration of 1 X
10* and 8 x 10 mol L which is very close to the critical micelle
concentration of CTAC and SDS, respectively.*” >

Laser parameters of DEAC

DEAC has high fluorescence quantum yield, high molar
absorptivity and high photostability in most organic solvents.
In addition, the dye is free from molecular aggregation both in
ground and in the excited state since the emission spectrum
suffers no shift as the concentration is raised up to 5 x 10” mol
L. Solution of 2 x 10° mol L in different solvents namely
acetone, dioxane, DMF and ethanol give laser emission upon
pumping by nitrogen laser (Aex = 337.1 nm) of 800 ps duration
rate and 1.48 mJ pulse energy. The dye solution was taken in
oscillator and amplifier cuvetts of 10 mm path length. The output
energy of laser dye was measured as a function of wavelength
to determine the lasing range in different solvents. The gain
coefficient a (A) of laser emission of DEAC was calculated by
measuring the intensity of laser emission from the entire cell
length and that from the cell half-length (I, and I, respec-
tively) according to the following relation:”’

a(ﬁ):zln{ L —1}

L L/2

The cross section for stimulated laser emission o, was cal-
o . . sl
culated at laser emission maximum according to the equation;

MEA)®,

2
8men’z
Where o. is the emission wavelength, n is the refractive
index of solution, c is the velocity of light and E () is the

normalized fluorescence line-shape function. This is correlated
with fluorescence quantum yield by the equation;52

[E(A)di=,
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Table 2. Laser parameters of DEAC laser dye

Laser parameters

Solvent i 16

Lasing A (max) o (em™) Ge X 120 Eun J/L

rang (nm) cm

Acetone  415-451 430 22 1.6 7400
Dioxane 405-450 425 1.8 1.45 13333
EtOH 425-465 440 1.74 1.5 14800
DMF 420-45 438 24 1.65 15564

E ()) is obtained from solution whose absorbance is low to
avoid reabsorption processes (optical density at absorption
maximum < 0.1).

The values of a (A) and o, at maximum laser emission are
listed in Table 2. The photochemical stability of DEAC laser
dye was determined as half-life energy (Ei»)” which is the
amount of total absorbed pump energy until the dye laser energy
has dropped to 50% of its output initial value. By knowing the
concentration of the laser dye and photon energy of nitrogen
laser used the Ei» value was calculated in term of Joule per
liter of solution (7able 2).

Photoreactivity of DEAC in carbon tetrachloride solvent

The photoreactivity of DEAC has been studied in carbon
tetrachloride (CCls) upon irradiation of 2 x 10° mol L™ solution
of DEAC by 366 nm light (I, = 3.6 % 10° Ein/min). The absor-
bance of DEAC decreases with increasing the radiation time
and two isobestic points appear at 325 and 385 nm indicating
the presence of two photoproducts. The two new absorption
peaks appear at 410 nm and 280 nm corresponding to the absorp-
tion of contact ion pair which has large dipole moment and to
the absorption of trichloromthyl radical as shown in Fig. 5. The
net photochemical quantum yield (¢c) of the underlying reaction
was calculated as 0.054. The formation of photoproduct is a
one photon process and represented by the following scheme
as reported earlier™® for some aliphatic and aromatic amine
and also for aromatic hydrocarbon such as anthracene and pe-
rylene derivatives.

DEAC +hv — I(DEAC)* absorption of light -+ 1
(DEAC)" — DEAC +hv  fluorescence -+ 2
'(DEAC)'+ CCly— '[DEAC"™....°CCL]" exciplex -+ 3
'[DEAC"...°CCL]" — DEAC " "Cl+ ‘CCly +++severeeeees 4

It was proposed that the electron transfer from excited sing-
let DEAC" to CCls within transient excited charge transfer
complex is the main primary photochemical process (step 3).
It leads to the DEAC radical cation, a chloride ion and a tri-
chloromethyl radical in solvent cage (step 4). The formation of

2010, Vol. 54, No. 1
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Fig. 5. (a) effect of irradiation on electronic absorption spectrum of
2 x10° mol dm™ of DEAC (Aex=365nm, I, = 3.6 x10 Ein/min). The
irradiation times at decreasing absorption are 0.0, 3, 7, 10, 15, 20, 26,
26, 32, 40, 45, and 50 min.
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Fig. 6. Emission spectrum of 1 x 10” mol dm™ of DEAC in absence
(--x--) and presence (....) of 1.4 x 10 mol dm™ of picric acid (Aex =
337 nm).

a contact ion pair [DEAC" ..."CI] usually occurs by electron
transfer from excited donor molecule to acceptor. In order to
such compound to be formed a low ionization potential of donor
and high electron affinity of acceptor are necessary.

The rate constant of photodecomposition of DEAC was cal-
culated by applying the simple first order rate equation as follow:

ln AU _A:x: k
At _A:x: -

Where Ay, A and A, are the initial absorbance, absorbance
at time (t) and infinity, respectively. k is the rate constant. The
rate constant was found to be 0.067 min.

It worthwhile to mention that the DEAC is highly photo-
stable in polar solvents.
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Fluorescence quenching by organic acceptors

The fluorescence quenching of 1 x 10™ mol L™ DEAC are
also studied in acetonitril solvent using organic acceptors such
as picric acid (PA, Es=0.7 eV), TCNE (Es=1.7 V) and TCNQ
(Ea =2.2 eV). It was observed that the absorption spectrum
when taken with increasing concentration of acceptor does not
show any shift in wavelength. There is no additionally peak
appearing, hence there could not be any ground state interaction
between DEAC and acceptors. The emission spectrum of DEAC
shows (i) no change in fluorescence spectra other than dimini-
shing fluorescence intensity with increasing quencher concent-
ration, (ii) no appearances of any new band at longer wavelength
as shown in Fig. 6, this shows the absence of emissive exciplex
and (iii) the Stern-Volmer plot for the fluorescence quenching
of DEAC by organic acceptor is linear (Fig. 7). The Stern-
Volmer equation is given by:

1
o -1 _
=1k, [0]

Where I, and I are the fluorescence intensities in the absence
and presence of the quencher [Q], K,y is the Stern-Volmer rate
constant obtained from the slope. For dynamic quenching K, =
kqtrwhere kg is the bimolecular quenching rate constant (M'1 s'l)
and 17 is the excited singlet lifetime of fluorophore in the
absence of quencher. For DEAC 1¢is 2.25 ns, the bimolecular
quenching rate constants kq were calculated as 5.3 x 10%, 8.8 x
10”and 1.5 x 10 M's™" for PA, TCNE and TCNQ, respecti-
vely, indicating that the fluorescence quenching rate constant
increases with increasing the electron affinity of acceptor. The
effect of temperature of fluorescence quenching of DEAC by
picric acid was also studied in the range 25 - 60 °C. The acti-
vation energy E, associated with kq was calculated assuming
the Arrhenius equation to be valid for kg:

k,=Aexp(-E,/RT)

The value obtained is 9.8 kJ mol”', which is very close to the
activation energy associated with solvent viscosity (En= 10 -
13 kI mol™), indicating a diffusion mechanism for fluorescence
quenching (dynamic quenching mechanism). Thus, we infer
that quenching of DEAC by organic acceptor proceed predomi-
nantly via a non-emissive exciplex with charge transfer occurr-
ing from the excited fluorophore to acceptor according to the
following scheme.®'

D"...AD'A—[DA]' > D"A">D" .. A" D" +A"
Encounter collision exciplex contact solvent separated free

ions
Complex complex ion pair ion pair

PA
o TONE

284 A TCNQ
2.4
2.0-

1,/1
164

A

124
t—¥——5
0.00000 0.00002 0.00004 0.00006 0.00008 0.00010

[Q] mol dm™®

Fig. 7. Stern-Volmer plots for fluorescence quenching of 1 x 10 mol
dm™ of DEAC in CH;CN using PA, TCNE and TCNQ (Aex =337 nm).

A molecular orbital wave function representation is used to
express the electronic interaction in an exciplex a summation
of possible state’’ (when ground-state interaction are neglected).

¥ =cy (D'A) + coy (DA) + cay (DAY

If c;3 >> c,, the exciplex has pronounced charge-transfer
character and will have a tendency to dissociate into radical
ion pairs, especially in polar solvents. In the extreme case, an
exciplex is more accurately described as a contact ion pair.
Emission from exciplexes proceeds by a vertical, Franck-Con-
don allowed transition from a minimum on an excited-state
surface to a low lying repulsive ground-state surface. If the
transition to the low lying repulsive ground state involves a
significant nuclear change, then emission may not be observed.
Other decay processes, such as ionic dissociation into solvent-
separated radical ions or chemical reactions may prevail.”'
For ¢3 << c;, exciplex formation leads to energy transfer. In
such a case, exciplexes tend to emit light or undergo separa-
tion to form the excited state of the acceptor and ground state
of donor.

The absence of static quenching of DAEC by organic accep-
tor is indicated from the following observation (i) the absorption
spectrum of the fluorophore shows no change in the presence
of the quencher. (ii) No excitation wavelength dependence of
kq was observed, (iii) Stern-Volmer plot is linear and (iv) the
quenching rate constant increase with increasing the tempera-
ture.

Cyclic Voltammetry study

Cyclic voltammetry of the reductive process of the laser
dye compound, DEAC, was measured in CH3CN, solvent, at
scan rates ranging from 0.02 - 5 Vs The cyclic voltammogram
shown in Fig. 8 exhibited two reductive peaks coupled with

Journal of the Korean Chemical Society
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Table 3. Electrochemical parameters of the reduction process of DEAC laser dye
) Electrochemical Parameters
TeChnlque 5 1 5 1 10 1 10 1
-E°V -EYV k1x10°ms kox10°ms D1 x10"ms" D;x10 "'ms oy o
CvV 1.520 1.680 2.30 1.50 4.50 4.85 0.35 0.32
Conv -—-- -- - -—-- 4.60 4.79 -—-- -
Decon 1.510 1.690 - -—- 4.46 4.46 --- -
Sim 1.513 1.675 3.23 3.54 -—- -
2x10" - 2x10"
1x10' _ 1x10" -
04 0]
< g
= =
~ Ax10'4 T Ax10'-
-2x10" -2x10" 1
-3x1 01 T T T T T T -3x1 01 T T T T T

20 18 46 -4 12 10
E/V vs Ag/AgCl

Fig. 8. Cyclic voltammogram of DEAC at sweep rate of 0.1 Vs !

two anodic peaks. It was found that the peak currents increase
with increasing the scan rate, while the cathodic peak potentials
of the reduction process are dependent on the scan rate. From
cyclic voltammetric investigation, it was found that, the catho-
dic reduction process of the investigated DEAC laser dye pro-
ceeded as a simple moderate fast charge transfer at all sweep
rates. This behaviour demonstrates that the first charge transfer
of the first peak produces a radical anion which gains another
electron to form a dianion in the second peak. Fig. 8. Gives an
example of the cyclic voltammogram at sweep rate of 0.1 Vs !
of the compound DEAC. It was observed that the forward peak
potentials (Eyr) shift to more negative potential with increas-
ing the sweep rate confirming the moderate rate of electron
transfer. In the selected media, the first and the second reduc-
tive peaks were coupled with the oxidative peaks in the reverse
scan. The ratio of the backward peak to the forward peak (ipn/ipr)
equals to one for the two peaks, confirming the absence of
chemical step, i.e., the electrode reaction behaves as EE scheme.

The reduction peak current, after elimination of the back-
ground current, is proportional to the square root of the scan
rate (vl/z) and the difference between the forward and backward
peak potentials, AE,, is dependent on the value of the scan rate
(v) used. The measured values of peak width Ep - Ey2=76.5/n
mV £ 2 and 81/n mV = 2 at scan rate of 0.1 Vs™ for the first and
the second peak respectively demonstrate the quasireversibile
behaviour of the system, where E,, Ep2 and n are the peak
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v —
-2.0 -1.8 -1.6 -1.4 -1.2 -1.0
E/V vs Ag/ AgCl

Fig. 9. Matching between experimental (: ) and simulated (------ )
voltammograms of DEAC at sweep rate of 0.1 Vs ™.

potential, the half peak potential and the number of electrons
respectively. At scan rate of 0.2 Vs~ the peak separation AE,
of the first charge transfers was found to be 110 mV while for
the second peak is 115 mV confirming the moderate fast of
charge transfer in 0.1 mol L TBAP/CH;CN. The redox poten-
tial (E° ') was determined from the mean position of the peak
potentials (7able 3). The standard heterogeneous rate constant
(ks) was extracted from the cyclic voltammograms via peak
separation using a table of AE;, values vs. heterogeneous rate
constants.” In this case, the peak current ip, is governed by the
Randle-Sevcik relationship.63 From the plot of i, vs. v, the
diffusion coefficient (D) of the electroactive species was deter-
mined. The calculated values of D are cited in 7able 3. A direct
test of the experimental electrochemical parameters was verified
via matching of the generated cyclic voltammograms with the
experimental one using the average experimentally determined
values of ks, D and E° cited in Table 3 for a symmetry coefficient
(o) of 0.32 = 0.01 which determined from digital simulation.
The results given in Fig. 9 employ the experimental and theo-
retical values of the electrochemical parameters of the com-
pound DEAC, which demonstrate good agreement between
the captured and the simulated data.

Convolutive voltammetry has been successfully applied to
analysis of mechanism of several electrochemical processes.””
Convolution of the current with an inverse square root of time
function was defined as:*>"
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Fig. 10. I, convolution of DEAC at sweep rate of 0.1 Vs
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Fig. 11. Deconvolution voltammogram of DEAC at sweep rate of
0.1Vs™.

t
I = #{ ) (t{f’)% du (5)
where [; is the convoluted current at the total elapsed time (),
i(u) is the experimental current at time «. The diffusion coe-
fficient of the investigated complex was determined, after
applying background subtraction and correction for uncom-
pensated resistance, from Eq. 6:

Lim = nFSD"’C" (6)

Where I is the limiting value achieved for /; when the
potential is driven to a sufficiently extreme value past the peak,
and the other terms have their usual meanings. The diffusion
coefficient was also determined from a simple and accurate
method via combination between the definition of both limiting
convoluted current and peak current of the cyclic voltammo-
gram using Egq. 7.%

Tiim - i,/3.099 (anav)"? (7)

Table 4. Peak characteristics of the first peak of DEAC laser dye
extracted from cyclic, deconvolution transforms voltammetry and
digital simulation techniques at 0.1 V s

Ep — Ep/z, mV 76.5a 767C
Wp, mV 112° 111.8°
AE, deconv. mV 74° 85°

ept/epp (deconv) 1.0° 1.0°

*Values determined from CV. "Values determined from deconvolution.
‘values determined from digital simulation.

where i, is the peak current, and the other parameters have
their usual meanings. The /; convolution of the investigated
system illustrated in Fig. 10 shows a distinct separation bet-
ween the forward and reverse sweep and clearly indicates the
sluggishness of electron transfer of the reduction process. At
all sweep rates, the reverse sweep of the /; convolution return
to zero due to the absence of chemical reaction at time scale of
the experiments. Values of the diffusion coefficient D evaluated
via Egs 6 & 7 are listed in Table 3.

The deconvolution transforms gives a rapid assessment of
either the electron transfer regime or value of E°. Also, as
shown in Fig. 11, the equality of peak heights of the forward
and backward sweep of deconvoluted current (e,»/e,) gives
strong evidence for the simple electron transfer scheme. The
mean values of the cathodic (Epcgiecony) and the anodic (Epagiecon))
peak potentials were taken as the redox potentials (E° ) of the
system under consideration. The estimated values of £ is given
in Table 3.

The cathodic half-peak width (w”) was taken as a route for
knowing the nature of electron transfer. The values of w’ shown
in Table 4 confirm the quasi-reversibility of the system under
consideration.

The diffusion coefficient was also determined from decon-
volution transforms using Eq. 8:%

o — an’FvCD"” ®
7 3367RT

where ¢, is the peak height (in Ampere) of the forward de-
convolution sweep and the remaining terms have their usual
meanings. Values of the diffusion coefficient estimated from
this method are given in 7able 3.

Also from combination between convolution and deconvolu-
tion transforms the following relationship was deduced:

_ ¢, 3.367RT
(ZFVI/,‘m
©)
0.086 e,
I/,'m aF v
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where n is the number of electrons consumed in electrode
reaction, the other symbols have their usual definitions. From
Eq. 9 the number of electrons was calculated and found to be
1.1 = 1.0 for the first peak and 1.03 = 1.0 for the second one.
As shown the number of electrons was determined without
knowing the electrode surface area which considers a good,
precise and simple method for determination of the number of
electrons involved in the electrode reaction via convolution-
deconvolution voltammetry.

CONCLUSION

From our study we concluded that DEAC has high photo-
stable in non-chlorinated solvents, undergoes solubilization in
cationic and anionic micelles. DEAC displays formation of
non-emissive exciplex with some organic acceptors.

DEAC was studied electrochemically via cyclic voltammetry,
convolutive voltammetry combined with digital simulation. It
was found that, the electroreduction of DEAC in 0.1 mol L'
TBAP/CH;CN proceeds as EE mechanism. The first charge
transfer produces monoanion radical while the second charge
transfer produces dianion. Digital simulation was used to con-
firm the electrochemical parameters and the electrode nature
of the investigated system.
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