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Photocurrent response of phloxin B-cetyltrimethylammonium
bromide photogalvanic cell device
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Department of Chemistry, J.N.V. University, Jodhpur, India

Photocurrent and photovoltage generation using phloxin B dye in aqueous and micellar medium at different concentrations
have been studied in a photogalvanic cell. The photopotential and photocurrent generated were 1135.0 mV and 260.0 pA,
respectively. The observed solar energy conversion efficiency with CTAB surfactant was 0.64 % and maximum power of the
cell was 66.72 mW. The output of the cell was sensitive to various parameters, like dye concentration, reductant concentration,
pH., light intensity, electrode area and diffusion length. Current-potential characteristics studied by I-V curve of the cell and the

mechanism of cell photovoltage generation have been presented in the paper.
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1. Introduction

Solar electromagnetic energy can be converted
by photovoltaic or other processes into electrical
energy which can then be stored in a capacitor or in
electrical batteries. Solar energy can be converted
into electricity by photovoltaic and photogalvanic
cell systems. In a photovoltaic cell a semiconduc-
tor material emits photoelectrons directly, whereas
in a photogalvanic cell photosensitizing dye gives
and takes electrons. The efficiency of solar pho-
tovoltaic cells is quite high and photovoltaic tech-
nology is fully developed, whereas the efficiency
of photogalvanic cells is low due to intermediate
reactions involved in conversion of solar energy
into electrical energy and photogalvanic technol-
ogy still needs practical implementation. Further,
photovoltaic technology is costly and needs exter-
nal storage devices for power storage as it lacks in-
herent storage capacity. Photogalvanic technology
is cheap and has inherent storage capacity. Pho-
togalvanic cell is a device in which light is ab-
sorbed within a highly absorbing electrolyte to pro-
vide energy for redox reaction and electric energy
is generated by subsequent charge transfer to the
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electrolyte by redox process. Photogalvanic cells
are based on photogalvanic effect [1-4]. This ef-
fect was studied using an aqueous ethylene blue
Ni mesh by Bayer et al. [6], whereas Markov et
al. [5, 7] reported photopotential and photocurrent
generation by aqueous aliphatic alcohol and salt. A
new photogalvanic cell was reported by Jana [8].
Hamdi and Aliwi [9] observed phogalvanic ef-
fect in Fe(Il)-beta-diketonate/thionine systems in
aqueous acetonitrile. Later, some interesting pho-
togalvanic systems were reported by various work-
ers [10-14]. Recently, we have reported some new
and relatively efficient photogalvanic systems with
a reasonable amount of electrical output and stor-
age capacity [15-17].

A detailed review of literature reveals that many
workers have reported the studies on harvesting the
solar energy in various forms of solar cells. Vari-
ous dyes and surfactants have been used in photo-
galvanic cells but energy conversion of photogal-
vanic cell is still low. In order to reach a significant
value of conversion efficiency and storage capac-
ity, the present system, i.e. phloxin B-CTAB-EDTA
system has been subjected to detailed studies. Sys-
tematic studies of a cell consisting of phloxin B
dye and surfactant redox couple have been carried
out. All important cell characteristics have been
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reported here along with the mechanism of photo-
voltage generation in solution phase cell.

2. Materials and method

The phloxin B dye, obtained from Ases,
Jodhpur, ethylenediaminetetraacetic acid,
cetyltrimethylammonium bromide of AR grade,
Loba Chemie, Mumbai, and sodium hydroxide
from RFCL, New Delhi were used in the present
work. Stock solutions were prepared in double
distilled water. Stock solution of phloxin B dye
(4.4 x 10~ M), reductant EDTA (2.20 x 1073 M),
surfactant CTAB (1.5 x 1073 M) were used and
1 M NaOH was added for maintaining pH in
alkaline range. During preparation of the dye
solution the precaution was taken to protect the
solution from light and to store it in a darkened
container. 25 mL of a mixture having a known
volume of dye, reductant, surfactant and NaOH
was taken into a blackened H shaped glass tube.
A platinum foil electrode (I cm?) was immersed
in one limb of the cell container containing a
transparent window. The counter electrode SCE
was placed in another limb. The pH of the solution
was adjusted and measured by a pH meter.

When the cell attained a stable potential in dark,
the platinum foil electrode was exposed to light
source (tungsten lamp). A water filter was placed
between the light source and the cell to cut-off ther-
mal radiation. Electrical output of the cell — poten-
tial and current — were measured with pH meter
and microammeter, respectively. The I-V charac-
teristics of the cell were also studied by applying
an external load in a form of a variable resistor in
the microammeter circuit. The experimental setup
and circuit are shown in Fig. 1.

2.1. Variation of photovoltage and current

The potential generated in the photogalvanic
cell was found to change with time. Initially, the
photogalvanic cell was placed in dark till it attained
a stable potential and then the platinum electrode
was exposed to the tungsten lamp. It was observed
that the potential increased on illumination, which
was due to the increase in electrons donating the
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Fig. 1. Experimental set up with electrical circuit [17].

excited dye molecules during illumination, and it
reached a maximum constant value after a certain
period. This maximum potential is termed Vpax.
At Vax the number of excited dye molecules and
electron donating the dye molecules was the high-
est. When the light source was removed, the direc-
tion of potential was reversed and a stable potential
was again obtained after some time (Fig. 2). There
was a rapid rise in the photocurrent of the photo-
galvanic cell on illumination and it reached a max-
imum value within few minutes. This maximum
value of current was denoted by i,,,,. The current
was found to decrease gradually with the period of
illumination and finally reached a constant value
at equilibrium. This value is represented as ieq in
Fig. 3. After that the current was found to decrease
on removing the source of illumination (Fig. 3).

2.2. Study of absorption properties of
pure phloxin B and phloxin B+CTAB.

Absorption spectra were recorded using sys-
tronics spectrophotometer 106 with a matched pair
of silica cuvettes. Phloxin B showed an absorp-
tion peak in the visible region at 545 nm. The
concentration of the dye solution was kept at
44 x 107* M in all the experiments. Absorption
spectra of the dye-surfactant combination, phloxin
B-CTAB, were also taken. The value of absorbance
increased with increasing CTAB concentration in
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Fig. 2. Variation of potential with time. Fig. 4. Absorption spectra of photosensitizer.

Phloxin B-EDTA-CTAB System

320 triplet state. In particular, when certain dyes are ex-
cited by light in the presence of electron donating
substances, the dyes are rapidly changing into col-
orless ("reduced”) form. The dye is now a powerful
reducing agent and donates electrons to other sub-
stances, while it returns to its oxidized state. Pho-
tovoltage and photocurrent generation in photogal-
vanic cell can be explained by the following mech-
anism schemes:
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Fig. 3. Variation of current with time. At platinum electrode:

in the phloxin B solution and it reached its maxi- Dye” — Dye+e 3)

mum value at 1.5 x 107> M CTAB (Fig. 4).

2.3. Mechanism of photovoltage and pho- Dark chamber
tocurrent generation in a cell At counter electrode, SCE:

According to photochemistry of dyes in solu-  Dye+e~ — Dye (semi or leuco form of dye)
tion, chemically reactive species is the dye in the @)
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Dye” +RT — Dye+R (5)

where Dye, Dye*, Dye™, R and R™ represent the
phloxin B dye, its excited form, reduced form, re-
ductant EDTA, and oxidized form of reductant, re-
spectively. The triplet state being relatively more
stable than the singlet state plays a role in stor-
age performance. The scheme of the mechanism is
shown in Fig. 5 [18].
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Fig. 5. Schematic representation of cell reactions.

3. Results and discussion

3.1. Effects of dye (phloxin B), reductant
(EDTA) and surfactant (CTAB) concentra-
tion

Experimental results at various dye, reductant
and surfactant concentrations are summarized in
Table 1.

To improve the efficiency of a system a par-
ticular dye concentration should be chosen. The
phloxin B-EDTA-CTAB system showed the best
efficiency at the dye concentration of 4.4 x 10™* M.
It was observed that as the dye concentration was
increased, the photopotential and photocurrent in-
creased to a maximum value and decreased on fur-
ther increase in dye concentration. At low concen-
tration of dye there was low availability of dye
molecules to excite and donate electrons to the plat-
inum electrode, whereas at higher concentration of
dye, density of dye molecules in the path of plat-
inum electrode was high and, therefore, they ab-
sorbed a major portion of light which resulted in
the high electrical output.

With an increase in reductant concentration the
electrical output increased and reached a maxi-
mum value at a particular concentration of reduc-
tant, equal to 2.20 x 103 M. On further increase
of reductant concentration the electrical output de-
creased because fewer reductant molecules were
available for electron donation. The cell output in-
creased with an increase in CTAB concentration
but after achieving a particular value, the output of
the cell started decreasing. The maximum was ob-
tained at a CTAB concentration of 1.5 x 1073 M.
In absence of CTAB, some decrease in electrical
output was also observed. It indicates the presence
of the charge transfer interaction between the dye
and surfactant. The photoejection of electrons from
dye-surfactant system depends on the charge on
micelle.

3.2. Effect of pH variation

It was observed that the photopotential and pho-
tocurrent of the phloxin B-EDTA-CTAB system in-
creased with pH and reached the maximum at pH
= 12.64 and then decreased with a further increase
of pH value. It was found that the optimum electri-
cal output obtained at a particular pH value might
be caused by better availability of reductant donors
formed at that pH value.

It was also observed that in an acidic medium
the efficiency of the cell was poor. It might be
due to proton attachment to the dye and reductant
molecules, which resulted in poor electron donat-
ing power of the dye and reductant molecules to
the platinum electrode. On the other hand, in an al-
kaline medium, the anions formation in the dye and
reductant enhanced the electron donating power of
the dye. The results showing the effect of pH on
photopotential and photocurrent are summarized in
Table 2.

3.3. Effect of diffusion length

The photogalvanic cell consisted of a plat-
inum foil electrode and a saturated calomel elec-
trode immersed in a two limb H shaped glass
tube filled with solution. Diffusion length is a
distance between these two electrodes. The cell’s
current parameters were studied by variation of



616

K.R. GENWA et al.

Table 1. Effects of variation of phloxin B, EDTA and CTAB concentration.

Concentration

Photopotential (mV)

Photocurrent (pLA)

[phloxin B] x10~* M

437 772.0 195.0
4.42 815.0 214.0
4.46 852.0 242.0
4.40 894.0 260.0
4.54 855.0 237.0
4.59 809.0 212.0
4.64 770.0 193.0
[EDTA] x10° M
1.88 772.0 194.0
1.92 814.0 214.0
1.96 852.0 242.0
2.00 894.0 260.0
2.04 847.0 237.0
2.08 802.0 212.0
2.12 767.0 190.0
[CTAB] x10 * M
1.38 762.0 189.0
1.42 804.0 206.0
1.46 843.0 234.0
1.50 894.0 260.0
1.55 851.0 229.0
1.59 802.0 207.0
1.64 766.0 185.0

Light intensity = 10.4 mW-cm
Table 2. Effect of variation of pH.

~2; Temp. = 303 K; pH = 12.69

pH Photopotential (mV) Photocurrent (LA)
12.52 777.0 199.0
12.56 818.0 218.0
12.60 857.0 245.0
12.64 894.0 260.0
12.68 851.0 242.0
12.72 814.0 215.0
12.76 772.0 194.0
[phloxin B]| = 4.4 x 107* M Light intensity = 10.4 mW-cm >
[EDTA] =224 x 103> M Temp. =303 K

[CTAB]=15x10"3M

diffusion length using H-shaped containers of dif-
ferent dimensions.

It was observed that the maximum photocur-
rent (Ina.x) and the rate of initial generation of
the current increased regularly with an increase
in diffusion length but the equilibrium photocur-
rent remained unaffected. The current generation in

the cell resulted from the flow of electrode active
species produced in the cell reaction. The results
are summarized in Table 3.

3.4. Effect of electrode area

The current generation of the phloxin
B-EDTA-CTAB system was also studied by
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Table 3. Effect of variation of diffusion length.

Diffusion length Maximum photocurrent Equilibrium Rate of initial generation of
Dy, (mm) Tinax (HA) photocurrent current
leg (LA) (RA-min— ")
30.0 288.0 272.0 8.23
35.0 292.0 268.0 8.34
40.0 296.0 264.0 8.46
45.0 300.0 260.0 8.57
50.0 305.0 256.0 8.71
55.0 309.0 254.0 8.82
60.0 314.0 250.0 8.97
[phloxin B]|=4.4 x 10°* M Light intensity = 10.4 mW- cm >
[EDTA] =220x 103 M Temp. =303 K
[CTAB]=15x107M pH = 12.64

varying the area of platinum electrode. It was
observed that with increasing the electrode area,
Imax regularly increased but L., negligibly de-
creased. The effects of variation in electrode area
on the maximum and minimum photocurrent
values are shown in Table 4.

3.5. Effect of light intensity

Effects of variation of light intensity on pho-
topotential and photocurrent were studied using
a solarimeter. It was found that the photocurrent
showed a linearly increasing behavior with an in-
crease in light intensity, whereas the photopoten-
tial increased in a logarithmic manner. The increase
in the light intensity increased the number of pho-
tons per unit area (incident power) falling on the
dye molecules around the platinum electrode and,
therefore, an increase in the electrical output was
observed. The results are given in Table 5.

3.6. Cell current-voltage characteristics,
storage performance and conversion effi-
ciency

The cell I-V characteristics showed inversely
proportional relation between current and potential.
The open circuit voltage and the short circuit volt-
age of the system were measured under the con-
tinuous illumination with light using a digital pH
meter (keeping the circuit open) and a microam-
meter (keeping the circuit closed), respectively. In
I-V curve we obtained a point, where the product

of the current and potential was maximum (called
power point) (Fig. 6). For the phloxin B-EDTA-
CTAB system the power point was 66.72 uW. The
performance of the cell, i.e. the storage capacity
(denoted by t;,) was observed for 100 minutes by
keeping the cell at the power point stage in dark and
noting the time required for power output to fall to
its half value (Fig. 7).

Phloxin B-EDTA-CTAB System
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Fig. 6. Current-voltage curve.

The conversion efficiency and fill factor of the
cell (with platinum foil electrode of 1 cm?) were
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Table 4. Effect of variation of electrode area.

Electrode area (cm?)

Maximum photocurrent

Equilibrium photocurrent

Imax (LA) qu (HA)
0.55 285.0 276.0
0.70 290.0 270.0
0.85 295.0 265.0
1.00 300.0 260.0
1.15 305.0 255.0
1.30 310.0 249.0
1.45 315.0 243.0
[phloxin B] = 4.4 x 107* M Light intensity = 10.4 mW-cm >
[EDTA] =220x 1073 M Temp. = 303 K
[CTAB]=15x103M pH = 12.64
Table 5. Effect of variation of light intensity.
Light intensity Photopotential Photocurrent log V
(mW-cm?) (mV) (HA)
3.1 830 250 2.9455
5.2 866 254 2.9479
10.4 894 260 2.9513
15.6 906 265 2.9542
26.0 960 272 2.9566
[phloxin B] = 4.4 x 107 M Temp. = 303 K
[EDTA] =220 x 1073 M pH = 12.64
[CTAB]=15x 1073 M
70 Phloxin B-EDTA-CTAB System
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determined as 0.64 % and 0.2261, respectively, by
the following formula:

Conversion efficiency:

Vop X ipp/A x 10.4 mW/cm? x 100 % (6)
Fill factor:
Vpp X ipp/ Ve X isc )

where V,,, and ip, represent the value of potential
and current at power point, respectively.

4. Conclusion

Photogalvanic cell using phloxin
B/EDTA/CTAB have been successfully fabri-
cated. The maximum value of photocurrent and
photopotential, obtained in the present work, were
300.0 pA and 1135.0 mV, respectively. The effi-
ciency of the cell depended on the dye-surfactant
combination. For further improvement of perfor-
mance of the photogalvanic cell, the selection of
efficient dye-surfactant combination in maximum
coverage of light radiation (solar spectrum) is
necessary.
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