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ABSTRACT: Diolefinic antibacterial laser dye namely 1,4-Bis[2-(4-Pyridyl) Vinyl] Benzene (4PVB) 
have been investigated electrochemically using cyclic voltammetry, chronoamperometry, 
convolution and deconvolution voltammetry combined with digital simulation techniques  
at a platinum electrode in 0.1 mol / L Tetra Butyl Ammonium Perchlorate (TBAP) in  solvent  
1,2-dichloroethane.  The diolefinic species were reduced by consuming  two sequential electrons  
to form radical anion and dianion. The second electron transfer was followed by chemical step  
i.e the electrode reaction proceed as EEC scheme. In scanning the potential to positive direction, 
the diolefinic  laser dye compound was oxidized by loss of one electron, which was followed by a fast 
chemical  process ( isomerization or association). The pathway of electrode reaction and  
the electrochemical parameters of the investigated compound were discussed & determined using cyclic 
voltammetry and chronoamperometry techniques. The extracted electrochemical parameters  
were verified and confirmed via digital simulation and convolutive voltammetry methods. 
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INTRODUCTION 
Certain diolefinic derivatives were found to act as 

antibacterial compounds [1]. It was established that 
photodynamic therapy is an alternative treatment for many 
infections or diseases [2-4]. In vitro studies was exihibted 
the usage of laser combined with a photosensitizer has  
an strong effect against bacteria, yeast, viruses and 
parasites [5]. However, a large number of parameters  
 
 
 
 

can influence the number of microorganisms affected by this 
technique such as; type and concentration of the photosensitizer, 
microorganism’s physiologic stage, photosensitizer incubation 
period before the radiation, exposure period and density 
of laser energy [6]. Photodynamic therapy promotes  
the destruction of the target cell via oxidation mechanisms 
that lead to cell membrane lysis and protein inactivation [7].  
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The parameters related to the laser such as wavelength, 
power density or high intensity that arrive to the tissue and  
the energy density that is responsible for the desired radiation 
effect are very important for sensitization process [8,9]. 

Many diolefinic derivatives have been used as 
monomers for solid state four-center type 
photopolymerization [10-13], laser dye [14-20] and 
fluorescent whitening agents [21,22]. Other applications 
of laser dyes compounds  are in UV stabilization of 
polymers [23], electrochromic display [24], optical imaging 
devices [25] and electroluminescent devices [26]. Both 
photophysical and photochemical properties of these dyes 
are very sensitive to ambient conditions e.g. medium 
viscosity, polarity and temperature as well as material 
concentration and excitation wavelengths [27,28]. These 
factors are important when diolefinic dyes undergo 
molecular association [29-33]. 

In the present paper we report the electrochemical 
investigation of diolefinic antibacterial laser dye 
compound namely, 1,4-Bis[2-(4-Pyridyl) Vinyl] benzene 
(4PVB) at platinium electrode in 1,2-dichloroethane /  
0.1 mol / L TBAP using cyclic voltammetry, convolution -
deconvolution  voltammetry and  chronoamperometry  
combined with digital simulation techniques.  
 
EXPERIMENTAL  SECTION 
Materials 

The preparation and purification of  1,4-bis[2- (4-
pyridyl) vinyl] benzene have been carried out according 
to the general condensation procedure reported for  
the preparation of the series of diolefinic compounds [34]. 
The solvent, 1,2-dichloroethane used in this work was  
of analytical grade. The prepared compound has the 
general structure formula:  
 

Py  Ph   Py 

 
where Py is the pyridine ring and Ph is the phenyl ring. 
 
Instrumentation 

A conventional three electrode cell configuration 
linked to an EG & G model 170 PAR apparatus were used  
for cyclic voltammetry measurements. The platinum 
electrode surface was 1×10-6 m2 as a working electrode, 
Ag/AgCl/KCl as a reference electrode, coiled platinum 
wire as a counter electrode and 0.1 mol / L Tetra Butyl 

Ammonium Perchlorate (TBAP) as background electrolyte. 
Cyclic voltammograms were recorded after background 
subtraction and iR compensation to minimize 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 2 V/s in non aqueous media  
at 22±2 0C. Digital simulation of the data for cyclic 
voltammetric experiments was 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 nitrogen atmosphere was maintained above the solution 
throughout the experiments.  

 
RESULTS AND DISCUSSION 
Electroreduction of  4PVB 

The diolefinic antibacterial laser dye compound, 
4PVB, was measured  via cyclic voltammetry in  solvent, 
CH2ClCH2Cl  at scan rates ranging from 0.02-2 V/s.  
It was found that the peak current increased with scan rate, 
while the cathodic and anodic peak potentials of the 
reduction process were independent of scan rate. From 
cyclic voltammetric investigation, it was found that the 
cathodic reduction of the diolefinic laser dye proceeded 
as fast charge transfer at low and high sweep rates. This 
behaviour demonstrates that the first charge transfer 
produces a radical anion that gains another electron  
to form a dianion in a reversible process. Fig. 1 gives  
an example of the cyclic voltammograms at various sweep 
rates of the investigated  diolefinic  laser dye compound. 
The second charge transfer is followed by a chemical step 
due to a isomerization process of trans form to cis or  
the product association of the product arising after the second  
charge transfer [35,36]. It was observed that the first 
reductive peak (I) was coupled with the oxidative peak (II)  
in the reverse scan, while the second reductive peak (III) 
was coupled with the small oxidative peak (IV) in the 
backward sweep. The height of the oxidative peak (IV) 
increased with increasing the sweep rate. The cyclic 
voltammograms indicate that the second electron transfer 
is followed by a chemical step (isomerization  or 
association process), which means that the electrode 
reaction behaves as EEC mechanism. The homogeneous 
chemical rate constant of the chemical process is fast 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

Iran. J. Chem. Chem. Eng. Electrochemical Investigation of Antibacterial Laser Dye Compound ... Vol. 31, No. 3, 2012 
 

11 

Table 1: Electrochemical parameters of compound  4PVB of the reduction process. 

Electrochemical Parameters 

E0
1 

V 
E0

2 
V 

ks1x104 
m / s 

ks2 x104 

m / s 
D1x109 
m2 / s 

D2x109 
m / s 

kc 
1 / s α 

a)   -2.15 -2.28 4.6 5.8 4.9 4.5 3.8 0.48 

b)   -2.14 -2.29 4.4 5.9 4.7 4.7 3.7 0.49 

c)      ---- ----- ---- ---- 4.6 4.6 ---- ---- 

d)  -2.11 -2.27 ----- ----- 4.3 4.5 ---- ---- 

a Experimental values; b simulated values; c values of D calculated via Eq. (3); d values calculated from convolutive voltammetry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Cyclic voltammogram of the reduction process of 
diolefinic laser dye 4PVB in  CH2ClCH2Cl  at various scan rates. 
 
as indicated from the low height of the second oxidative 
peak (IV) [36]. 

The peak separation ΔEp of the first and second 
charge transfers were found to be 59 and 56 mV 
confirming the rapidity of charge transfer in  0.1 mol / L 
TBAP/CH2Cl CH2Cl. The redox potential (Eo) was determined 
from the mean position of the peak potentials (Table 1). 
The standard heterogeneous rate constant (ks) was 
extracted from the cyclic voltammograms via peak 
separation using ΔEp values vs. dimensionless parameter (Ψ) 
constants [37]. In this case, the peak current ip, is governed  
by the Randle-Sevcik relationship [38]. For the second peak, 
the decrease of current function (ip/v1/2) exponentially 
with increasing the scan rate is compatible with  
an electrode reaction coupled with a following chemical 
reaction (EC) [38]. Also, the ratio ipc/ipa was found to be 
less than unity confirming EC mechanism. From the plot 
of ip vs. v1/2 , the diffusion coefficient (D) of the  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Matching between reductive experimental voltammogram (— ) 
and simulated voltammogram (…) of  4PVB at a sweep rate of 1 V/s. 
 
electroactive species is  determined.  The calculated 
values  of D are cited in Table 1. 

A direct test of the experimental electrochemical 
parameters was verified via matching of the theoretically 
generated voltammograms with the experimental ones 
using the average experimentally determined values of ks, 
D, Eo, and kc cited in Table 1 for a symmetry coefficient   
α  of  0.49±0.02. The results given in Fig. 2 employ  
the experimental and theoretical values of the 
electrochemical parameters of the compound  4PVB,  
at sweep rate of 1 V/s which demonstrate excellent 
agreement between the captured and the simulated data. 

In cases of simple electron transfer or chemical 
reaction coupled with electron transfer, the I1 convolution 
which is defined [39,40] as: 

( ) ( )

t

1 0.5 0.5
0

i(u)1I du
t u

=
π −∫                                                (1) 
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Fig. 3: Convolution voltammetry (I1) of the  reductive cyclic 
voltammogram of 4PVB at a sweep rate of 0.1 V/s. 

 
allows to determine the diffusion coefficient of the 

bulk species from the Eq. (2) [40]: 

Ilim = nFACb D1/2                                                            (2) 

where Ilim is the value of the limiting convoluted 
current achieved for I1 when the potential is driven  
to a sufficiently extreme value past the wave; the other terms 
have their usual significance. 

The value of the diffusion coefficient (D) 
corresponding to the reduction step was calculated via 
Eq. (2) and are listed in Table 1.  

The I1 convolution of the reductive voltammogram of  
4PVB at a scan rate of 0.1 V/s  is indicated in Fig. 3.  
The I1 convolution at all scan rates did not return to initial 
zero current value, confirming the existence of chemical 
reaction (isomerization or association) which follows the 
second charge transfer, i.e. EEC mechanism. The 
deconvolution of the current (dI1/dt) of the voltammogram  
at a sweep rate of 0.1 V/s revealed the asymmetry of  
the forward and reverse scan, further confirming the EEC 
nature of the reduction process (Fig. 4). The standard 
reduction potential of the investigated laser dye  
was determined from the maximum point value of  
the two deconvoluted peaks (Table 1). 

It was found that the forward and backward peaks  
of the first reductive charge transfer and the second 
reductive charge transfer were into alignment at the first 
reduction potential ( E0

1 ) and the second reduction 
potential ( E0

2 ) respectively.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4: Deconvolution voltammetry (dI1/dt) of the reductive 
cyclic voltammogram of 4PVB at a sweep rate of 0.1 V/s. 

 
The values of  E0

1 &  E0
2 determined from 

deconvoltion voltammetry via Fig. 4 agree well with  
the values calculated from cyclic voltammetry (Table 1). 
Also, the value of diffusion coefficient were calculated 
from deduced convoluted current (Ilimd) via the following 
relationship [39,40]:  

( )
prev

limd 1 2

i
I

2.788 n
=

ν
                                                     (3) 

where Ilimd is the deduced limiting convoluted current, 
which is defined as the limiting convoluted current (Ilim) 
from Eq. (2). 

The value of diffusion coefficient calculated from Ilimd 
compare well with the value calculated from cyclic 
voltammetry, convolutive and deconvolutive voltammetry 
(Table 1).  

The diffusion coefficient was also determined from 
deconvolution transforms using Eq. (4) [39].  

2 2 1 2

p
n F CADe

4 RT
ν=                                                        (4) 

where ep is the peak height (in Ampere) of the 
forward deconvolution sweep and the remaining terms 
have their usual meanings. Value of the diffusion 
coefficient estimated from this method is given in Table 1. 

The proportionalities of ep with sweep rate v are 
presented and shown in Fig. 5. It is clear that  for both 
anodic peaks I and III the linearity is satisfactory 
confirming the diffusion controlled nature of 4PVB 
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Fig. 5: Plot of ep versus  the  sweep rate of  the first peak. 
 
reduction at platinum electrode in 0.1 mol/L 

TBAP/CH2Cl-CH2Cl. 
The homogeneous chemical rate constant (kc) of  

the chemical process which follows the second charge 
transfer was determined from the iprev/ipfwd values  
as a function of the theoretically calculated kct values  
at different scan rates [37]. The average calculated value of 
kc (3.61 1/s) agrees well with the value used in the 
generating simulated cyclic voltammograms 

From the obtained results, it can be seen that the 
redox potential of the second reduction process is more 
negative than that of the first one, which indicates that  
the second process requires more energy than the first one. 
The separation of the peak potentials for systems with 
two redox centers is in terms of the comproportionation 
equilibrium constant of the intermediate (i.e. the product 
of the first electron transfer reaction). This is given by the 
following equation [41]: which gives 5.12×105 for Kc 
value, indicating intermediate degree of delocalization 
(100<Kc<106) [42]. 

( )0 0
1 2

c
E E F

K exp
RT

⎡ ⎤−
⎢ ⎥=
⎢ ⎥⎣ ⎦

                                                 (5) 

The presentation of i vs t of the voltammogram  
at sweep rate of  1.0 V/s is shown in Fig 6a. The plot 
produce discontinuity ∆ic  at t = 10.02 s due to the 
reversibility of the scan. By  selecting the data points  
a cottrel plot is obtained as current versus the reciprocal 
Square root of time. The slope of cottrel plot yields 
 

a diffusion coefficient D = 5.9 x 10-9 m2/s and 3.7 x 10-9 
m2 / s of the first and second peak respectively . Fig. 6b 
indicate an example of i vs 1/(t)0.5 of the first peak. 
Inspection of Fig. 6a confirming that the complication of 
the second charge transfer of 4PVB with chemical process. 
 
Electrooxidation of  4PBV 

The diolefinic antibacterial laser dye compound 
4PBV gives only one unidirectional irreversible oxidation 
peak at low sweep rates ≤ 0.2 V/s. An example response 
of the oxidative cyclic voltammograms of 4PVB at sweep 
rate of 0.1 V/s is illustrated in Fig. 7. The presence of  
one peak at low sweep rate values indicates  
an EC mechanism with a fast chemical step. Also the shift of 
peak potential to more positive values with increasing  
the sweep rate  as well as the value of peak width  
124 mV of the voltammogram at sweep rate of 0.1 V/s 
reflects the moderate rate of electron transfer that precedes  
the chemical step. 

At low sweep rates, the reduction  potential (Eo ) of  
4PVB were calculated from the plot of Ep vs. (Ep-Ep/2) 
using the following equation [43]: 

Ep = E0 + (Ep – Ep/2) /Z                                                   (6) 

So, from the intercept of this plot, the value of Eo  
was determined and is listed in Table 2. The standard 
heterogeneous rate constant (ks) was determined from 
digital simulation by the good agreement between the 
experimental and theoretical voltammograms. Also,  
the diffusion coefficient was determined from the slope of 
ip vs. v0.5 [44]. The symmetry coefficient(α)  
was calculated from the values of half-peak width via  
the following equation: 

Ep – Ep/2  =  48/ αna                                                        (7) 

In the case of moderately fast electron transfer,  
the diffusion coefficients (D) of the  compound under 
investigation was determined from deduced limiting 
convoluted current using the following equation [38,39]: 

( )
p

lim
a

i
I

3.099 n
=

α ν
                                                       (8) 

Where ip is the peak current in amp, and the other 
terms have their usual meanings. Value of  the diffusion 
coefficient (D) calculated via Eq. (8) are listed in Table 2. 
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Table 2: Electrochemical parameters of compounds  4PVB of the oxidation process. 

Electrochemical Parameters 

E0 
V 

ksx106 
m / s 

Dx109 
m2 / s 

Ep – Ep/2, mV 
1 / s kc α 

a)   0.940 9.6 2.91 108 4.20 0.34 

b)   0.935 8.7 3.21 109 4.15 0.35 

c)       ---- ---- 2.41 --- ---- ---- 

d)  0.925 ---- 3.10 --- 4.10 0.35 

a Experimental values; b simulated values; c values of D calculated via Eq. (8); d values calculated from convolutive voltammetry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Representation of  i vs t   (a) and i vs t -1/2 (b) of   the reductive cyclic voltammogram of  4PVB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Cyclic voltammogram of the oxidation  process of diolefinic 
laser dye 4PVB in CH2ClCH2Cl  at scan rate of 0.1 V/s. 

It was observed that the oxidative cyclic voltammetry 
at sweep rates ≥ 0.5 V/s exhibited a reduction peak 
in the reverse direction coupled with oxidation peak. Fig. 8 
gives an example of the oxidative cyclic voltammogram 
at sweep rate of 2 V/s. 

The peak separation ΔEp allows us to calculate  
the standard heterogeneous rate constant (ks) [37] which 
found to be in agreement with that calculated from 
simulation method. Also the homogeneous chemical  
rate constant (kc) can be calculated via the kinetic 
convolution (I2) of  voltammogram at a sweep rate of 2 V/s, 
which is defined as [39]: 

( )
( )( )

( )

t

2 0.5 0.5
0

i(u)exp kc t u1I du
t u

− −
=

π −∫                             (9) 

which are presented in Fig. 9 as calculated from the 
appropriate value of the chemical rate constant obtained 
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Fig. 8: Oxidative cyclic voltammogram of 4PVB in CH2Cl-
CH2Cl at sweep rate of 2 V/s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9: Kinetic convolution (I2 ) of the oxidative process of 
4PVB in CH2Cl-CH2Cl at scan rate of 2 V/s. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 10: Matching between oxidative experimental 
voltammogram (— ) and simulated voltammogram (…) at  
a sweep rate of  2 V/s. 

by inserting trial value of the homogeneous chemical rate 
constant (kc) into the convolution calculation until I2 

returned to zero immediately after the wave. This is 
merely a reflection of the absence of the reductive species 
of 4PVB at the electrode at potentials before the wave 
when the bulk concentration of this species is zero.  
The true kc value determined from I2 convolution is 4.1 s-1, 
which agrees well with the values calculated from cyclic 
voltammetry and the value used in generating the cyclic 
voltammograms. 

Fig. 10 shows an example of the comparison between 
experimental and theoretical voltammograms of  4PVB  
at sweep rate of  2 V/s, which indicates well matching 
between the two curves confirming the accuracy of the 
electrochemical parameters obtained from experimental 
cyclic voltammograms. The oxidative experimental and 
theoretical data of  4PVB are listed in Table 2.  

Fig. 11 explain the convoluted and deconvoluted 
voltammograms of 4PVB recorded at a sweep rate of  2.0 V/s.  

The values of the diffusion coefficient (D)  
was determined via Eq. 2 while the value of standard 
reduction potential (Eo) was determined from the average 
peak position  values of deconvoluted voltammograms 
(Table 2). 

The diffusion coefficient of the oxidative process  
was also determined from deconvolution transforms using  
Eq. (4) [40]. Value of the diffusion coefficient estimated 
from this method is given in Table 2. 

The proportionalities of ep with sweep rate v  
are presented and shown in Fig. 12.  It is clear that  
the linearity of the plot is satisfactory indicating  
the diffusion controlled nature of 4PVB oxidation  
at platinum electrode in 0.1 mol / L  TBAP/CH2ClCH2Cl. 

The presentation of i vs t of the voltammogram  
at sweep rate of  1.0 V/s is shown in Fig 13. The plot 
produce discontinuity ∆ic at t = 0.8 s due to the 
reversibility of the scan. By  selecting the data points  
a cottrel plot is obtained as current versus the reciprocal 
square of time. The slope of cottrel plot yields a diffusion 
coefficient D = 3.9 x 10-9 m2 / s. Inspection of Fig. 13 
revealed that, the height of the forward and backward 
peaks is different , i.e the height of  the oxidative peak  is 
unequal to the height of  the reductive peak   confirming 
the complication of charge transfer of 4PVB with 
chemical process. 
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Fig. 11: Convoluted voltammogram (a) and deconvoluted 
voltammogram  (b) of 4PVB at sweep rate of 2 V/s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12: Plot of ep versus  the  sweep rate of  the oxidative 
process of 4PVB. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13: Representation of i vs t  (a) and I vs 1/ t0.5 (b)  of  the 
oxidative  cyclic voltammogram of 4PVB. 

 
From the above electrochemical studies the reductive  

and oxidative electrode behavior of the  diolefinic 
antibacterial laser dye can be proposed to proceed  
as follows: 
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CONCLUSION 
It is evident from this studies that the electrochemical 

behavior of 4PVB in 0.1 mol / L  TBAP / CH2Cl-CH2Cl 
at a platinum electrode takes place at two reduction peaks 
(I & III) coupled with two anodic peaks (II & IV).  
The obtained results in the present work demonstrates  
that the first charge transfer produces a radical anion that gains 
another electron to form a dianion. The second charge 
transfer is followed by a homogeneous chemical step due 
to an isomerization or  association  process. Electrooxidation 
of 4PBV gave only one unidirectional irreversible peak  
at low sweep rate ≤ 0.5 V/s. The experimental kinetic 
parameters were determined experimentally and verified 
via a digital simulation method by comparing the generated 
theoretical voltammograms with the experimental ones.  

 
Received : Apr. 28, 2011  ;  Accepted : Dec. 19, 2011 

 
REFERENCES 
[1] Osman A.M., Benzdioxazoles, J. Am. Chem. Soc., 79, 

p. 966 (1957). 
[2] Wilson M.., Dobson J., Harvey, W., Sensitization of 

Oral Bacteria to Killing by Low-Power Laser 
Radiation, Curr. Microbiol., 25, p. 77 (1992). 

[3] Wilson M., Dobson J., Sarkar S., Sensitization of 
Periodontopathogenic Bacteria to Klling by Light 
from a Low-Power Laser, Oral Microbiol. 
Immunol., 8, p. 182 (1993). 

[4] Wilson M., Mia N., Sensitisation of Candida Albicans 
to Low-Power Laser Light, J. Oral Pathol. Med, 22, 
p. 354 (1993).  

[5] Wilson M., Pratten J., Sensitisation of Staphylococcus 
Aureus to Killing by Low-Power Laser Light,  
J. Antimicrob. Chemother, 33, p. 619 (1994). 

[6] Wilson C.L., Solar J.M., El-Ghaouth A., 
Wisniewskiet M.E, Botrytis Cinerea. Pl. Dis., 81,  
p. 204 (1970). 

[7]  Wilson M.R.S., Henderson B., Bacterial Perturbation 
of Cytokine Networks, Infect. Immunol., 66, p. 2401 
(1998). 

[8] Nostro A., M.A., Cannatelli I., Morelli A.D., 
Musolino F.S., Pizzimenti Alonzo A., Interactions 
between Components of the Essential Oil of 
Melealeuca Alternifolia, J. Appl.  Microbiol, 4,  
p. 395 (2004). 

[9] Rice M.J., Legg M., Powel K.A., Natural Products in 
Agriculture a View from the Industry, Pestic. Sci, 
52, p. 184 (1998). 

[10] Hasegawa M., New Polym React, Adv. Polym. Sci., 
42, p. 1 (1982). 

[11] Hasegawa M., Photo-Polymerization of Diolefin 
Crystals, Chem. Rev, 83, p. 507 (1983). 

[12] Hasegawa M., Topochemical Photopolymerization 
of Diolefin Crystals,  Pure Appl. Chem,  58, p. 1179 
(1986). 

[13] Dilling W.L., Polymerization of Unsaturated 
Compounds by Photocyclo Addition Reactions.  
Chem. Rev, 83, p. 1 (1983). 

[14] Ebeid E. M., Sabry M.M.F. , El-Daly S.A.: 1,4-
Bis(Beta-Pyridyl-2-Vinyl)Benzene(P2VB) and 2,5-
Distrylpyrazine(DSP) as Blue Laser dye, Laser 
Chem, 5, p.223 (1985). 

[15] Ebeid E.M., Issa R.M., El-Daly S.A., Sabry M.M.F.: 
New Diolefinic Laser Dyes: 1,4-Bis(Beta-Pyrazinyl-
1,2-Vinyl)Benzene, J. Chem. Soc., Faraday  Trans, 
82, p.1981 (1986). 

[16] El-Daly S.A., Photophysical Properties:  
Laser Activity of and Energy Transfer from 1,4-
Bis[Beta-(2-Benzothiazolyl)Vinyl]Benzene(BVB), 
J. Photochem. And Photobiol. A:chem., 124, p. 127 
(1999). 

[17] El-Daly S.A., Al-Hazmy S.M., Ebeid E.M., 
Bhasikuttan A.C., Palit D.K., Spare A.V., Mittal  J.P., 
The Spectral, Acid Base and Laser Characteristics of 
1,4-bis[Beta-(2-Quinolyl)Vinyl]Benzene, the Spectral, 
Acid Base, J. Phys. Chem, 100, p.9732 (1997). 

[18] El-Daly S.A., Fayed T.A. , Photophysical Properties 
and Laser Activity of 1,4-Bis[Beta-(2-
Quinolyl)Vinyl]Benzene, Spectrochimica Acta A, 
55, p.2579 (1999). 

[19] El-Daly S.A., Ebeid E.M., El-Hazmy S.M., Babaqi A.S., 
El-Gohary Z., Duportail G., Spectral, lifetime and 
Laser Activity of 2,5-bis-2(1-naphthyl)vinyl pyrazine 
and 2,5-bis-2-(2-naphthyl) vinyl pyrazine, Proc. 
Indain Acad. Sci (Chem. Sci), 105, p.651 (1993). 

[20] Al-Hazmy S.M., Babaqi A.S.,  Daltrozzo E., Kilinik M., 
Sauter J., Ebeid E.M. , A New Diolefinic  
Laser Dye: 2,5-Bis-2-(2-Naphthyl)vinyl Pyrazine,  
J. Photochem, Photobiol, A: Chem, 122, p. 17 (1999). 

[21] Allen R.L.M., "Colour Chemistry", Academic Press, 
Nelson Bath., London, p. 278 (1971). 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

Iran. J. Chem. Chem. Eng. El-Hallag I.S. et al. Vol. 31, No. 3, 2012 
 

18 

[22] Yonjia S., Shengwu R., Dyes and Pigments, 157,  
p. 183 (1991). 

[23] Irick Jr G., Kelly C.A., Martin J.C., USP 4075162,  
Chem. Abstr, 88, 192129 (1978). 

[24] Hirohashi A., Akutagawa K., Sumiya M., Ito Jpn. 
Kokai Tokkyo Koho, (1988).  

[25] Bykh A.I., Golovenko V.M., Rozhitskii N.N., Study 
of the Effect of Electronic Structure of 
Electrochemically Active Compounds on Emitting 
Properties of Electrochemiluminescent 
Compositions, Deposited Doc., p. 42 (1982). 

[26] Hosokawa C., Kusumoto T., Tokailin H., Higshi H., 
EP 373582, Chem. Abstr, 114, 153731 (1990). 

[27] Ebeid E.M., Abdel-Kader M.H., Morsi S.E., Kinetics 
of the Photopolymerization of 2,5-Distyrylpyrazine 
in Solution, .J. Chem. Soc., Faraday Trans, 78,  
p. 3213 (1982). 

[28] Ebeid E.M., Kandil S.H., 13C Nuclear Magnetic 
Resonance Spectroscopy and Lifetime Studies of the 
Solution Photoactivity of 1,4-Bis (?-Pyridyl-2-
Vinyl) Benzene and 2,5-Distyrylpyrazine, 
Photochemistry, 32, p. 384 (1986). 

[29] Sakamoto M., Huy S., Nakanishi H., Nakanishi F.,  
Yurugi T.; Hasegawa M, Chem. Lett, 99 (1981). 

[30]  Nakanishi F., Nakanishi H., Hasegawa M, Nippon 
Kagaku Kaishi, 1575 (1976).   

[31] Ebeid E.M., Lees A.J.   Molecular Association in 
Flexible Diolefinic Dyes , J. Phys. Chem, 91,  
p. 5792, (1987).  

[32] Ebeid E.M., El-Daly S.A., Hasegawa M.,  Excimeric 
Emission and Photochemical Behavior of  
p- Phenylene Diacrylic Acid and its Diethyl Ester, 
Laser Chem, 5, p. 309 (1985). 

[33] Morris J.V., Mahaney M.A., Huber J.R, J. Phys. 
Chem, 80, p. 969 (1985). 

 [34] Nakanish F., Hasegawa M, J. Polym. Sci. Polym. 
Chem. Edu, 8, p. 151 (1970). 

[35] El-Hallag I.S., Hassanien A.M., Electrochemical 
Studies of the Complex (OC-6-22)-W(CO)(3) 
(dppm)(2) at a Glassy Carbon Electrode in CH2Cl2,  
Collect. Czech. Chem. Commun, 64, p. 1953 (1999). 

[36] El-Hallag I.S., Ghoneim M.M., Electrochemical 
Investigation of Some Ruthenium-Carborane 
Complexes at a Glassy Carbon Electrode,    
Monatsh. Chem, 130, p. 525 (1999). 

[37] Nicholson R.S., Theory and Application of Cyclic 
Voltammetry for Measurement of Electrode 
Reaction Kinetics, Anal. Chem, 37, p. 1351 (1965). 

[38] Nicholson R.S., Some Examples of the Numerical 
Solution of Nonlinear Integral Equations, Anal. 
Chem, 37, p. 722 (1965). 

[39]  El-Hallag I.S., Ghoneim M.M., Hammam E., New 
Method for the Investigation of CE System via 
Convolutive Voltammetry Combined with Digital 
Simulation,  Anal. Chim. Acta, 414, p. 173 (2000). 

[40] Bard A.J., Faulkner L.R., Electrochemical Methods, 
Fundamentals and Applications, Wiley, New York, 
(1980). 

[41] Catton R.H., Chisholm M.H., Huffman J.C., 
Lobkovsky E.B., Metal-metal Multiple Bonds in 
Ordered Assemblies.  Tetranuclear Molybdenum 
and Tungsten Carboxylates Involving Covalently 
Linked Metal-Metal Quadruple Bonds. Molecular 
Models for Subunits of One-Dimensional Stiff-
Chain Polymers, J. Am. Chem. Soc, 113, p. 8709 
(1991). 

[42] Robin M.B., Day P., Mixed Valence Chemistry- 
A Survey and Classification Adv. Inorg. Chem. 
Radiochem, 10, p. 247 (1967). 

[43]  El-Hallag I.S., Hassanien A.M.,  Convolutive 
Voltammetry of Closo- 2,3-Dicarbaundecaborane in 
Dichloromethane at a Glassy Carbon Electrode.   
"1999 Joint International Meeting", The 
Electrochemical Society, Honolulu, U.S.A., 463 
(1999). 

[44] Delahay P., Theory of Irreversible Waves in 
Oscillographic Polarography, J. Am. Chem. Soc., 75, 
p. 1190 (1953). 

www.SID.ir

www.sid.ir

