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ABSTRACT

Photogalvanic cell is a device in which light abdsed within a highly absorbing electrolyte
energy for redox reaction. Electrical power is geated by subsequent changes transfer to the
electrode by a photo reduced molecule diffusingnfibe bulk of the electrolyte. An efficient
photogalvanic cell containing Ascorbic acid as dec&on donar, a dye Bismark brown as
photosensitizer has been investigated for solarrggneand storage. The photopotential,
photocurrent and power generated by the photogatveell were 810.0 mV, 175.0uA and 70.0
MW respectively. The determined conversion effigieri cell was determined as 0.6646% and
fill factor was 0.3743. The current voltage chaexditics of the cell have also been studied. The
effect of diffusion parameters on the electricakpoi of the cell was investigated and a
mechanism for the generation of photocurrent is ffliotogalvanic cell has also been proposed.

Key Words: Current-Voltage characteristics, Fill Factor,n@ersion Efficiency.

INTRODUCTION

All activity requires energy can be obtained frowottypes of sources- renewable and non
renewable. Non- renewable sources are fossil feel, crude oil, etc. Renewable sources are
Sun radiations, wind, biomass, etc. Non- renewablirces are limited and polluting in nature.
Sun is the most powerful source of energy. Therselzergy can be harnessed through
photogalvanic effect. The photogalvanic effect Viest of all observed by Rideal and Willams
but it was systematically Studied by RabinowitthSolar energy conversion and storage has
also been studied by the Ramkumar ét Nbzik’, Bayer et & Miyasaka, and Gratzél
Optimum efficiency of photogalvanic cell for solmergy conversion has been studied by James
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et af. Michael Gratzéfobserved that solar energy can be directly stogeghwtocapacitor.
Conversion of sun- light into electricity by dyensitized solar cell have also been studied by
Quing et al*, Jand? Trupke et al®, Herve et df', Hao et af®> and koumura et &f.

A low cost and high efficiency dye sensitized salall based on Ti®films have been studied
by Burke et al” Control mechanism of charge transfer and recortibinén dye sensitized solar
cell have been studied by Hegberg éfaMargaret et at’, and Blijnyuke et af’.

Characteristics of high efficiency dye sensitizedas cell studied by the Gangotri and al
showed the enhancement of the power output of selaconsisting of mixed dye.

Gangotri and meefizdhave used EDTA as a reductant and mixed dye nertbyblue and
toluidine blue in photogalvanic effect. Gangotridraf>?* have used oxalic acid as a reductant
and methylene blue as photosensitizer in the plabtagic cell for solar energy conversion and
storage.

Gangotri and Pramifa used anionic micelles in photogalvanic cell folas@nergy conversion
and storage. Suresh C. Ameta et?®alsed NaLS in photogalvanic cell for solar energy
conversion and storage. Gangotri and C?Lhave used EDTA as a reductant and methylene
blue and thionine as photosensitizer in photogatvaell for solar energy conversion and
storage. Genwa et’dlhave comparatively studied the photogalvanic éffgcusing Toluidine
Blue and Malackite Green as photosensitizer witabrose-NaLS system

EXPERIMENTAL SECTION

A mixture of photosensitizers - Bismark brown, Adio acid (Ranbaxy), and sodium hydroxide
(s.d.fine) were used in the present work. All solng were prepared in doubly distilled water
and were kept in amber coloured containers to protem from sunlight. A mixture of Bismark
brown, Ascorbic acid and sodium hydroxide was takemn H-type glass tube. A platinum
electrode (1.0 x 1.0 cthwas immersed in one limb of the H-tube and arss&d calomel
electrode (SCE) was immersed in the other limb. Whele system was first placed in the dark
till a stable potential was attained, then the lioamtaining the platinum electrode was exposed
to a 200 W tungsten lamp (Philips). A water filteas used between bulb and H-Cell to cut off
thermal radiations from reaching the cell.

Photochemical bleaching of the dye was studied npiatmetrically. A digital pH meter
(Systronics 335) and a microammeter (INCO-65) weed to measure the potential and current
generated by the system respectively. The currettage characteristics were studied by
applying an external load with the help of a carlpon (log 470 K) connected in the circuit (in
figure).

RESULTS AND DISCUSSION
3.1 Effect of Variation of concentration of photosesitizer

In Bismark brown- Ascorbic acid system it was okiedrthat with the increase in the total
concentration of the photosensitizer, the photag@kewas found to increase till it reaches a
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maximum value. On further increase in the totalcemtration of photosensitizer, a decrease in
the electrical output of the cell was observed.

The fall in power output was also resulted with rdase in concentration of dye due to less
number of molecules available for electron donationPt electrode on the other hand the
passage of radiations may be hindered by the highecentration of mixed dyes to reach the
electrode in the desired amount and it will alssulein to a decrease in electrical output. The
effect of variation of mixed photosensitizer corcation on the photopotential and photocurrent
of system is given in table. 1 and graphically esented in Figure 1.

3.2 Effect of Variation of reductant (Ascorbic acig concentration

With the increase in concentration of the reductaet photopotential and photocurrent were
found to increase until they reach a maximum vafDe.further increase in concentration of
reductant the decrease in electrical output ofclewas found. The effect of variation of the
reductant concentration on photopotential and photent of is given in Table 2 and

graphically Bismark brown- Ascorbic acid systempresented in Figure 2.

3.4 Effect of Variation of pH

Photogalvanic cell containing was found to be quskmsitive to pH of the Bismark brown-

Ascorbic acid system solution. The system showsimmnease in the photopotential and
photocurrent of the cell with increase in pH va(irealkaline range). At pH 12.77 a maxima was
achieved. On further increase in pH, there wasaedse in photopotential and photocurrent.
The effect of variation of pH on photopotential aptotocurrent is given in table 3 and

graphically represented in Figure 3.

3.5 -V Characteristics of the Cell

The short circuit current4) and open circuit voltage ¢y of the cells were measured with the
help of a microammeter (keeping the circuit closaaddl with a digital pH meter (keeping the
other circuit open), respectively. The current gotential values in between these two extreme
values were recorded with the help of a carbon(lpgt470 K) connected in the circuit of micro-
ammeter, through which an external load was appligte i-V characteristics of the cell
containing Bismark brown- Ascorbic acid systengiigen in table 4 and graphically represented
in Figure 4.

It was observed that i-V curve deviated from theigular rectangular shapes. A point in i-V
curve, called power point was determined where gheduct of current and potential was
maximum and the fill factor was calculated as 03uding the formula:-

_ ¥ X ipp
Fill factor (n) = _ .. (Q)
Ve X lsc

Where \fp and }, represent the value of potential and current atgogooint respectively.
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Table — 1 Effect of variation of bismark brown conentration

[Bismark brown] = 3.20 x 16 M Light Intensity = 10.4 mW &m
[Ascorbic acid] = 1.00 x 18 Temperature = 303 K
PH=12.77

Bismark brown- [Bismark brown ] x 1M

Ascorbic acid -system 1.60 240 3.20 4.00 4.80
Photopotential (mv) 760.0 785.0 810.0 780.0 740.0

Photocurrent{A) 140.0 160.0 175.0 150.0 120.0
Power (1W) 112.0 128.0 141.0 117.0 109.0
Table — 2 effect of variation of reductant (ascirbt acid) concentration
[Bismark brown] = 3.20 x 16 M Light Intensity = 10.4 mW cm
Temperature=303 K pH =12.77

Bismark brown- [Ascorbic acid ] x 1M

Ascorbic acid system 0.60 0.80 1.00 1.20 1.40
Photopotential (mV)  700.0 740.0 810.0 750.0 710.0

Photocurrent{A) 105.0 120.0 175.0 130.0 100.0

Power(uW) 73.0 80.0 141.0 74.0 69.0

Table — 3 effect of variation of pH

[Bismark brown] = 3.20 x 16 M Light Intensity = 10.4 Mw tm

[Ascorbic acid] = 1.00 x 18M Temperature = 303 K
Bismark brown- PH

Ascorbic acid system12.71 12.74 12.77 12.81 12.84
Photopotential (mV)  785.0 800.0 810.0 795.0 770.0
Photocurrent{A) 160.0 170.0 175.0 160.0 140.0
Power(uW) 125.0 134.0 142.0 128.0 111.0
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Table — 4 current-voltage (i-V) characteristics othe cell

[Bismark brown] = 3.20 x 16 M Light Intensity = 10.4 Mt
[Ascorbic acid] = 1.00 x 16M Temperature = 303 K
PH=12.77
Potential * (mV) Photocurrent (MA) Fill Factor (n)

1055.0 0.0

1030.0 10.0

1002.0 20.0

962.0 30.0

910.0 40.0

872.0 50.0

820.0 60.0

775.0 70.0

726.0 80.0

670.0 90.0

638.0 100.0

610.0 110.0

576.0 120.0 0.3743

500.0 130.0

458.0 140.0

386.0 150.0

258.0 160.0

125.0 170.0

0.0 175.0

* Absolute Values.

Table — 5 Performance of the cell
[Bismark brown] = 3.20 x 16 M Light Intensity = 10.4 Mw ém

[Ascorbic acid] = 1.00 x 18M Temperature = 303 K

PH=12.77

Time (Min)  Power W)
0.0 70.0
5.0 65.0
10.0 60.0
15.0 55.0
20.0 50.0
25.0 45.0
30.0 40.0
35.0 35.0
40.0 30.0
45.0 25.0
50.0 20.0
55.0 15.0
60.0 10.0

3.6 The performance of the photogalvanic cell

The performance of the photogalvanic cell was oleseby applying an external load (necessary
to have current at power point) after terminatio@ llumination as soon as the potential reaches
a constant value. The performance was determingetrins of 1, i.e., the time required in fall

of the output (power) to its half at power pointdark. It was observed that the cell can be used
in dark for 35.0 minutes. The results are summdriséable 5.

3.7 Conversion Efficiency
The conversion efficiency of the cell was deterrdias 0.6646 % using the following formula:
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V
Conversion efficiency = pp—pp_z x100% (2)
10.4mWcm

g P oot ertisl

=——a— Fhotomurrent

250 135
200 130
S50 125
t
4800 12
A :
A 4
TS0 11
3 s
z i
2700 11
2 4
4 d
& &
=) 1082
K
B
&00 100
== as
00 a0
16 2.4 32 4.0 45 56 6.4

[bismark brown] x 10° M +

Fig. 1 VARIATION OF PHOTOPOTENTIAL, PHOTOCURRENT
AND POVWER WATH RISMARK RROVWNCONCENTRATION

240 T 240
———— Photopotential
——8— Photocurrent
820 220
T
=] ZDDE
T -
=
£
w70 1808
= -
: 3
¥ F]
g &0 160 g
¥ g
g
T40 140
Tao 120
Too ¥ 100
0.40 0.60 0.20 1.00 1.20 1.40 1.60

[ASCORBIC ACID] x 10° M+

Fig. 2. VARIATION OF FHOTOPOTENTIAL AND
PHOTOCURRENT WITH [ASCORBIC ACID]
CONCENTRATION

558



Narpat Raj Nenival et al J. Chem. Pharm. Res., 2011, 3(6):553-561

———— Fhatopotential

830 - =S Fhotoourrent - 210

820 - 200
t
810 190,
i
+ -
?oo ISOE
] £
g 3
goo A 1703
& g
E g
50 L 1605

770 150

760 L 140

750 130

12.68 12.71 12.74 12.77 12.80 12.83 12.86
pH —
Fi.g.3 VARIATION OF PHOTOPOTENTIAL, PHOTOCURRENT
AND POWER WITH pH

0.0 1000 2000 300.0 <400.0 S00.0 &000 7000 2000 @000 1000.011000

120
160
140
120
-
oo
=
d
]
E a0
&0
FPower point =
40 142
20
o4

Potential m¥)

Fig. 4 CURRENT VOLTAGE (i-V] CURVE OF THE CELL

4. Mechanism
On the basis of above investigations the mecharoérthe photocurrent generation in the
photogalvanic cell may be proposed as follows:
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ILLUMINATED CHAMBER

Dye —— > Dye* . ()
Dye*+R — Dye (semiorleuco)+R ... (i)

At platinum electrode :

Dye —— > Dye+e . (iii)
DARK CHAMBER
At counter electrode:
Dye+é — » Dye (semiorleuco) .. (iv)
Dye'+R" — Dye+R ... (v)

Here Dye, Dye, R and R are the dye, its leuco form, reductant and its iaeid form,
respectively.

CONCLUSION

Scientists have been studying the harvesting @frsiergy in various forms of solar cells like
photoelectrochemical, photovoltaic and photogalvaeils. Photovoltaic cells are widely used in
most countries for conversion and storage of sa@rgy but owing to their nil storage capacity,
photogalvanic cells are emerging as thrust researea as they have the added advantage of
inherent storage capacity. The use of photoseasiBsmark brown - Ascorbic acid System not
only enhances the electrical output of the cell dab increases the conversion efficiency and
storage capacity in comparison to the photogalveslicusing single photosensitizer. Efforts will
be made in future to make it more efficient.
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