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Abstract

The photochemistry of dye plays an important role in clarifying and understanding the electron
transfer reactions in photogalvanic cells, photoconductors, semiconductor photo-catalysis, etc. The
present study reports the photogalvanic effect using a suitable surfactant, reductant, and photosensitizer
for solar energy conservation. To improve the solar power generation and storage capacity of the system,
the surfactant NaLS was used and compared with the system without surfactant. Experiments have shown
that the surfactant not only reduces the cost but also increases the storage capacity (56.0 min) and
conversion efficiency (0.28%) of the photogalvanic cell with NaLS.

Keywords: Photogalvanic cell, photogalvanic effect, azure-B, sodium lauryl sulphate, conversion
efficiency.

I. INTRODUCTION
The implementation of plasmonic metals into semiconductors is a successful method to improve
the performance of photocatalysts and photoelectrochemical cells. There are three major mechanisms or
methods are known to transfer plasmonic energy from a metal to a semiconductor, which includes light
scattering or trapping, plasmon-induced resonance energy transfer and hot electron injection which is also
known as direct electron transfer.*

Photogalvanic processes are conveniently defined as the various types of physical and chemical
processes essential to the conversion of a flux of electromegnatic radiations into electrical power by
means of a photogalvanic-device.? First of all in 1925 Rideal and Williamsobserved the photogalvanic
effect® but it was systematically investigated by Robinowitch in Fe[lll] thionine system long back.*®
Becquer%I first observed the flow of current between two unsymmetrical illuminated metal electrodes in
sunlight.

A photogalvanic device is taken to be a battery in which the cell solution absorbs light directly
to generate species, which upon back reaction through an external circuit with the aid of suitable
electrode produces electric power. The charge carrying species have storage capacity if they are long
lived.”® The Photogalvanic cells uses very dilute solutions of sensitizer(s), surfactants and reductants in
basic or acidic medium for solar power generation and storage.'®*® The power from the cell is extracted
by dipping two electrodes a working and a counter electrodes in the solution.*®®

The photochemistry of dye plays an important role to clarify and understand the electron transfer
reactions in photogalvanic cells, photoconductors, semiconductor photo-catalysis, etc. Oxazines and
thiazines dyes have been used widely as a photosensitizer with and without surfactants in the
photogalvanic cells for solar power conversion and storage.’*** Since, the stability and solubility of
photosensitizers (dyes) are increased in the presence of surfactant and these properties lead to enhance the
electrical output of the photogalvanic cells.?***

Pan et al.> developed thiazine based photoelectrochemical cell; which involves photo-reduction
of thiazine using EDTA, which act as the electron donor and photosynthetic electron transporter to
chloroplasts for the generation of electricity. They conclude by the observations that energy conversion
efficiency may be increased by combining the thiazine photogalvanic cell with the chloroplast solar
battery.

Gangotri, and Regar® studied the photogalvanic effect cells which contain safranine as
photosensitizer, and glucose, EDTA, and NTA as reductants in different systems. They observed that in
case of EDTA-safranine system, the photopotential and photocurrent generated were 760 mV and 50 pA,
while in case of glucose—safranine system it is 373 mV and 35 pA and in case of NTA-safranine system
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itis 415 mV and 35 pA in, respectively. They also studied the effects of different parameters on electrical
output of the cells.

Mall et al.?” studied the level of interaction of different dyes with sodium dodecyl sulphate
(SDS), to find out the dye—SDS order. They observed that Brilliant Cresyl Blue, Azur A Nile Blue O, and
TB O shows red shift while methylene blue, Azure B, and Azure C shows blue shift in their Ay, Which
indicates the formation of dye—surfactant complex. They observed that dyes with red shifting have greater
stability in excited state as well as higher electrical output data of the cell than dye with blue shifting.
They conclude that the dye—surfactant complex have greater stability in excited state which will be more
useful for improvement of conversion efficiency and storage capacity of photogalvanic cells.

Suriani et al.®® used 4-bis(neopentyloxy)-3-(neopentyloxycarbonyl)-1,4-dioxobutane-2-
silphonate surfactant assisted reduced graphene oxide (rGO) in dye-sensitized solar cell as a counter
electrode. They observed that TC14-rGO modified CE based solar cell shows 0.828% power conversion
efficiency and 2.72 mA cm 2 short current density and 0.65 V open circuit voltage which were higher as
compared to counter electrode fabricated from commercially available SDS surfactant assisted rGO. They
conclude that TC14-rGO act as a potential counter electrode material to construct efficient dye-sensitized
solar cell.

Genwa, and Kumar® used methyl green to study the performance of dye-sensitized
photogalvanic cells for the conversion of solar energy to electrical energy. They prepare a system using
methyl green as the photosensitizer (dye) and DTPA as the reducing agent in the presence of sodium
lauryl sulphate. They studied the effect of various rate affecting parameters such as effect of the dye,
concentration of surfactant and reductant, light intensity, temperature, and electrode area, on electrical
output of the cell. They observed that photopotential and photocurrent generated by this system were 815
mV and 310 pA, respectively.

In current scenario, where there is a need of solar energy to fulfill the need of energy, the present
study of preparation of galvanic cell using azure B and Sodium lauryl system is evaluated for the
conversion of solar energy into the electrical energy.

Il. MATERIAL, METHOD AND MECHANISM

The following chemicals are used in the present work: Azur-B (LOBA), Dodecyl Sulphate
Sodium salt (HIMEDIA) (Sodium lauryl sulphate), D(+) Mannose (LOBA), Sodium hydroxide, Oxalic
Acid, Phenolphthalein.In the experiment Azur-B as photosensitizer (M/500), Mannose (M/100),
surfactants NaLS (M/100), Tween-80 (M/100) and CPC (M/100) and NaOH (1M) were prepared in
double distilled water and kept in Amber coloured container to protect from sun light. A H-shaped glass
tube is used which consist of known amount of the solutions of photosensitizer (dye), Sodium hydroxide,
Reductant, surfactant and distilled water so as to keep the total volume of the mixture always 25.0 ml. A
platinum electrode (1.0 x 1.0 cm?) is dipped in one limb and a Saturated Calomel Electrode (SCE) is
immersed in the another limb of the H-tube. The terminals of the electrode are then connected to a digital
pH meter (Systronics Model — 335) and the whole cell is placed in the dark. The potential (mV) is
measured in dark when the cell attains a stable potential. Then the limb containing platinum electrode is
exposed to a 200 W tungsten lamp (Philips). The Light intensity is varied by employing lamps of
different wattage. A water filter is placed between the illuminated chamber and the light source to cut-off
infra-red radiations.

1. MECHANISM

The reactions between surfactant and dye do not effectively react at dark. It may be concluded
that the redox potential of reductant Mannose is much higher than that of the used dye. It was observed
that a rapid fall in potential reaches a static value after some period. On removing the source of
illumination, the directions of change of potential were reversed; however, it never reached the initial
value. It suggests that the main reversible photochemical reaction is also accompanied by some
irreversible side reactions.

Clark and Eckert®® have reportedabout the electroactive species in well established
photogalvanic systems like iron (I1) thionine where ferric ions were considered as reactive species at the
dark electrode, but in all the three surfactants Mannose — AB photogalvanic systems the electroactive
species are quite different. The Leuco dye and the dye itself are the electroactive species at the
illuminated and dark electrode, respectively.

On illumination the photocurrent was increased rapidly in first few minutes to reaching a
maximum (ima), the increase in diffusion length did not affect the photocurrent at equilibrium (i) and
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also the (ieq), should be recycling reaction of the oxidation product of reducing agent and the semi or
leuco dye.

The participation of leuco-forms of the dye as electroactive species was experimentally
confirmed by Wildes and Lichtin®! and Wyarnt Remyetal.* It is to be mentioned that photo-decay and
deactivation of dye follows non-zero order Kinetics. On the basis of observations, the mechanism for
photogeneration of electricity has also been proposed as
Illuminated Chamber
On irradiation, dye molecules get excited

ho
A AB E— AB* (excited) A A

The excited dye molecules AULTL all TIGLUUIL TTULTT 1GUULLalit and converted into semi or leuco

form of dye, and the reductant into its excited form
AB* + R ——> AB(semi or leuco) + R*

At Pt electrode, the semi or leuco form of dye loses an electron and converted into original dye

molecule

ABD — > AB+e

Dark Chamber

At counter electrode, dye molecule accept an electron from electrode and converted in semi or
leuco form

AB + e —>AB™ (semi or leuco)

Finally, leuco/semi form of dye and oxidized form of reductant combine to give original dye and

reductant. Molecule and the cycle will go on
AB+R"—> AB+R

Where,

AB = dye, AB* = excited form of dye, AB~ = semi or leuco form of dye, R = reducing form of
the reductant and R*= oxidized form of the reductant.

IV. RESULT AND DISCUSSION

A. Variation of Potential with Time

The photogalvanic cell is placed in dark till it attained a stable potential and then the platinum
electrode is exposed to light. It is observed that potential changes on illumination and it reaches a
constant value after a certain period. When the light source is removed, the direction of change in
potential are reversed and a stable potential are again obtained after sometime.The effect of variation of
potential with time on NaLS-Mannose- Azur-B system studied in the range of ~ 2 hrs and the results are
reported in Table 1 and Fig. 1 A and 1B.
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Table 1: Variation of Potential with Time

NaLS-Mannose-Azur-B system

[NaLS] = 6.00 x 10™

Light Intensity =10.4 mW cm™
[Mannose] = 1.68 x 10°  Temp. =303K

Mannose- Azur-B system
[without surfactant]

[Mannose]= 1.60x10
[Azur-B] = 5.20 x 10

[Azur-B] =5.28 x 10°  pH =12.48 pH =12.17
Time (Min) Potential (mV) Time (Min) Potential (mV)
0.0 -163.0 0.0 -174.0
5.0 -179.0 58.0 -185.0
10.0 -183.0 10.0 -187.0
15.0 -194.0 15.0 -204.0
20.0 -203.0 20.0 -226.0
25.0 -212.0 25.0 -290.0
30.0 -288.0 30.0 -384.0
35.0 -354.0 35.0 -470.0
40.0 -370.0 40.0 -521.0
45.0 -410.0 45.0 -562.0
50.0 -440.0 50.0 -584.0
55.0 -499.0 55.0 -587.0
60.0 -588.0 60.0 -599.0
65.0 -659.0 65.0 -605.0
70.0 -848.0 70.0 -612.0
75.0 -1125.0 75.0 -633.0
80.0 -1125.0 80.0 -1005.0
85.0 -1125.0 85.0 -1005.0
90.0 -1125.0 (light off) 90.0 -1005.0
95.0 1123.0 95.0 -1005.0
100.0 1120.0 100.0 -1005.0 (lights off)
105.0 1113.0 105.0 -998.0
110.0 1109.0 110.0 -998.0
1500 1
1200 1
900
> 600
E 300
= 0 y————
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Fig. 1A: Variation of potential with time (NaLS-Mannose-Azure B System with surfactant)
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Fig. 1 B: Variation of potential with time (NaLS-Mannose-Azure B System [without surfactant])

B. Variation of Current with Time

It is observed that a rapid rise in photocurrent of NaLS—Mannose-Azur B system on
illumination and it reaches a maximum within few minutes. This value is denoted by iy.. Then the
current are found to decrease gradually with the period of illumination finally reaching a constant value at
equilibrium. This value is represented as ieq. Same trend is followed in the Mannose—Azure B system
(without surfactant).The current is found to decrease on removing the source of illumination. The
variation of current in this system i.e. NaLS—Mannose—Azur B with respect to time and in the Mannose—
Azure B system (without surfactant) is given in Table 2.

Table 2: Variation of Current with Time

Mannose- Azur B system

NaLS-Mannose-Azur B system [without surfactant]

[NaLS] = 6.00 x 10 Light Intensity =10.4 mW cm™ [Mannose]= 1.60x10°
[Mannose] = 1.68 x 10°  Temp. =303K [Azur-B] = 5.20 x 10
[Azur-B] = 5.28 x 107 pH = 12.48 pH =12.17
Time (Min) Current (pA) Time (Min) Current (pnA)
0.0 0.0 0.0 0.0
2.0 85.0 1.0 18.0
3.0 96.0 2.0 29.0
4.0 110.0 3.0 35.0
5.0 122.0 4.0 45.0
6.0 130.0 5.0 52.0
10.0 126.0 5.5 55.0
20.0 119.0 6.0 67.0
30.0 114.0 6.5 75.0
40.0 110.0 7.0 73.0
50.0 104.0 10.0 70.0
60.0 99.0 20.0 66.0
65.0 95.0 30.0 62.0
70.0 89.0 40.0 57.0
75.0 85.0 50.0 53.0
80.0 85.0 60.0 49.0
85.0 85.0 70.0 44.0
90.0 85.0 (light off) 80.0 40.0
100.0 80.0 90.0 40.0
110.0 77.0 100.0 40.0 (lights off)
115.0 74.0 110.0 38.0
120.0 73.0 120.0 35.0
125.0 70.0 125.0 35.0
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Fig. 3.2 (A): Variation of current with time (NaLS-Mannose-Azure B System with surfactant)
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Fig. 3.2 (B): Variation of current with time (Mannose-Azure B System without surfactant)
C. Effect of variation of pH

Photoglavanic cell containing NaLS—Mannose—Azur-B system are found to be quite sensitive to
the pH of the solution. It is observed that there is an increase in the photopotential of this system with the
increase in pH value (In the alkaline range). At pH = 12.48 a maxima is obtained for NaLS-Mannose-
Azur-B system whereas in the Mannose-Azur-B system at pH 12.17 a maxima is obtained. On further
increase in pH, there is a decrease in photopotential. Consequently the conversion efficiency also shows
the same trend but the storage capacity of the photogalvanic cell was observed in irregular manner. The
effect of variation of pH concentration on conversion efficiency and storage capacity of NaLS-Mannose-
Azur-B system and Mannose-Azure-B system (without surfactant) are reported in Table 3.

Table 3: Effect of variation of pH

Mannose- Azur-B system
NaLS-Mannose-Azur-B system [without surfactant]
[NaLS] = 6.00 x 10™ Light Intensity =10.4 mW cm™
[Mannose] = 1.68 x 107 Temp. =303K
[Azur-B] = 5.28 x 107

[Mannose]=1.60x 107
[Azur-B] =5.20 x 107
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pH
NaLS- Mannose-Azur-B system
12.00 12.20 12.48 12.63 12.81
Conversion efficiency 0.1530 0.2160 0.2795 0.2360 0.1954
Storage capacity (min.) 42.0 51.0 56.0 50.0 44.0
(in dark)
MRS P2 Rl (IS 11.72 11.93 1217 12.38 12.55
surfactant)
Conversion efficiency 0.599 0.904 0.1028 0.873 0.624
Storage capacity (min.) 11.0 18.0 21.0 15.0 19.0
(in dark)
0.30 1 - 70.0
0.28 | 650
o 026
B o
S 024 - 60.0 2
> 022 L 550 E
5 020 - =
g 018 1 - 50.0 ]
® 016 1 L 450 8
2 014 1 S
g 012 A [ 400 5
[ wn
g o010 T T T T T T T T T 35.0
11.90 1200 1210 1220 1230 1240 1250 12.60 1270 12.80 12.90
pH
—e— Conversion efficiency —&— Storage capacity

Fig. 3.3: Variation of conversion efficiency and storage capacity with pH

D. Effect of Variation of [NaLS] Concentration

Electrical output of the cell is found to increase on increasing the concentration of NaLS
reaching a maximum value. On further increase in their concentration, a fall in photopotential,
photocurrent and power of photogalvanic cell is obtained. Consequently the conversion efficiency also
shows the same trend but the storage capacity of the photogalvanic cell was observed in irregular manner.
The effect of variation of NaLS concentration on conversion efficiency and storage capacity of NaLS-
Mannose-Azur-B system is reported in Table 4.

Table 4: Effect of variation of [NaLS] Concentration

[Azur-B] =
pH =12.48

NaLS- Mannose-Azur-B

[Mannose] = 1.68 x 107  Light Intensity =10.4 mW cm™

5.28 x 107 Temp. =303K

[NaLS] x 10 M

Eur. Chem. Bull. 2023,12(5), 2604-2622

system 5.00 5.50 6.00 6.50 7.00

Conversion efficiency 0.1781 0.2178 0.2795 0.2345 0.1831

Storage capacity (min.) (in dark) 47.0 50.0 56.0 53.0 49.0
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Fig. 3.4: Variation of conversion efficiency and storage capacity with [NaLS] concentration
E. Effect of Variation of [Mannose] Concentration

With the increase in concentration of the reductant [Mannose] the photopotential is found

to be

increase till it reaches a maximum. On further increase in concentration of Mannose a decrease in the

electrical output of the cell is observed.

Consequently the conversion efficiency also shows the same trend but the storage capacity of
the photogalvanic cell was observed in irregular manner. The effect of variation of Mannose
concentration on conversion efficiency and storage capacity of NalLS-Mannose-Azur-B system and

Mannose-Azur-B system (without surfactant) are reported in Table 5.

Table 5: Effect of variation of [Mannose] concentration

Mannose- Azur-B system

NaLS-Mannose-Azur-B system [without surfactant]

[NaLS] = 6.00 x 10°* Light Intensity =10.4 mW cm™ e 5
[Azur-B] =5.28 x 10°° Temp. =303K g 20
P pH = 12.17

[Mannose] x 10° M
NaLS— Mannose—Azur-B system

1.20 1.42 1.68 1.82 2.00
Conversion efficiency 0.2067 0.2120 0.2795 0.2045 0.1870
Storage capacity (min.) 340 440 56.0 430 300
(in dark) ' ' ' ' '
Mannose-Azur-B system
(Without surfactant) 1.23 1.49 1.60 1.89 212
Conversion efficiency 0.793 0.999 0.1028 0.973 0.886
Storage capacity (Min.) 13.0 16.0 210 18.0 11.0
(in dark) ' ' ' ' '

Eur. Chem. Bull. 2023,12(5), 2604-2622
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Fig. 3.4 (A): Effect of variation of conversion efficiency and storage capacity with [Mannose]
concentration
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Fig. 3.4 (B): Effect of variation of conversion efficiency and storage capacity with [Mannose]
concentration without surfactant

F. Effect of Variation of [Azur-B] Concentration

It is observed that the conversion efficiency and storage capacity are increased with the increase
in concentration of the dye. A maxima is obtained for a particular value of Azur-B concentration, above
which a decrease in the electrical output of the cell is obtained. Consequently the conversion efficiency
also shows the same trend but the storage capacity of the photogalvanic cell was observed in irregular
manner. The effect of variation of Azur-B concentration on conversion efficiency and storage capacity of
NaLS-Mannose-Azur-B system and Mannose-Azur-B system (without surfactant) are reported in Table
6.

Table 6: Effect of variation of [AB] Concentration

Mannose- Azur-B system

NaLS-Mannose-Azur-B system [without surfactant]

[NaLS] = 6.00 x 10™ Light Intensity =10.4 mW cm _ 3
[Mannose] =1.68 x 10°  Temp. =303K [Ma_nnc;si]{ 1.60x10
pH = 12.48 pH =12

[Azur-B] x 10°M
NaLS- Mannose-Azur-B system

4.80 5.09 5.24 5.48 5.60
Conversion efficiency 0.1123 0.2402 0.2795 0.2073 0.1316
2612
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Storage capacity (min.) 30.0 44.0 56.0 45.0 29.0
(in dark)
Mannose-Azur-B system
(Without surfactant) 4.80 5.01 5.20 5.42 5.68
Conversion efficiency 0.598 0.701 0.1028 0.787 0.623
Storage capacity 11.0 17.0 21.0 19.0 13.0
(in dark)
o 8'% 1 - 80.0
S 028 A 750 o
S 026 A - 700 ©
o Des - 600 >
g oh 5
2 gl SR
.g . ’ F 450 o
S 0k 00k
£ 008 - - 350 &
O 0.06 1 - 300
0.04 -
0.02 - L 25.0
0.00 T T T T T 20.0
470 480 490 500 510 520 530 540 550 560 570
[Azure B] x 105 M
—e— Conversion efficiency —&— Storage capacity

Fig. 3.4 (A): Variation of Conversion efficiency and Storage capacity with [Azure B] Concentration
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Fig. 3.6 (B): Effect of variation of azure B concentration (Mannose- AB system [without surfactant])

G. i-V Characteristics of the Cell

The short circuit current (isc) and open circuit voltage (V) of the photogalvanic cells are
measured with the help of a multimeter (keeping the circuit closed) and with a digital pH meter (keeping
the other circuit open), respectively. The current and potential values in between these two extreme
values are recorded with the help of a carbon pot (log 470 K) connected in the circuit of multimeter,
through which an external load is applied. The i-V characteristics of the photogalvanic cells containing
NaL S-Mannose-Azur-B system and Mannose-Azur-B system (without- surfactant) are given in Table 7.

Table 7: Current-Voltage (i-V) characteristics of the cell

NaLS-Mannose-Azur-B system Mannose- Azur-B system
[without surfactant]
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[NaLS] = 6.00 x 10 Light Intensity =10.4 mW cm  [Mannose] = 1.60 x 10°°
2 [Azur-B] =5.20 x 10™°
[Mannose] = 1.68x10°° Temp. =303 K pH= 12.17
[Azur-B] = 5.28 x 107 pH = 12.48
Potential Photocurrent Fill Potential Photocurrent Fill
(mV)* (nA) Factor (1) (mV)* (nA) Factor (1)
-1125.0 0.0 -1005.0 0.0
-1099.0 5.0 -960.0 5.0
-1001.0 10.0 -815.0 10.0
-956.0 15.0 -712.0 15.0
-873.0 20.0 -678.0 20.0 0.2680
-780.0 25.0 -490.0 25.0
-691.0 30.0 -372.0 30.0
-678.0 35.0 -289.0 35.0
-545.0 40.0 0.0 40.0
-499.0 45.0 0.3083
-444.0 50.0
-398.0 55.0
-324.0 60.0
-278.0 65.0
-204.0 70.0
-189.0 75.0
-137.0 80.0
0.0 85.0
* Absolute value
900 Power at
80.0 A1 Power Point = 29.07 pW
> 700 A
é 60.0
g 50.0 A
§ 40.0 -
& 300 -
20.0 A
10.0 -
0.0

100

200 300 400 500 600
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Fig. 3.5 (A): Current—voltage (i-V) characteristics of the cell
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Fig. 3.5 (A): Current—voltage (i-V) characteristics of the cell (Mannose—Azure B system
[without surfactant])

It is observed that i-V curve deviated from their regular rectangular shapes. A point in i-V curve,
called Power Point (pp) is determined where the product of current and potential is maximum and the fill-
factor is calculated using the formula: Vox i

pp~* Tpp

Fill factor () =

Vnr.x isr.
Where, V, and ip, = the value of potenuar and current at power point, V. and isc = open circuit

voltage and short circuit current, respectively.
H. Effect of Diffusion Length

The effect of variation of Diffusion Length (distance between the two electrodes) on the current
parameters of the cell (imax, Ieq) and initial rate of generation of photocurrent) are studied using H-shaped
cell of different dimensions. It is observed that with an increase in diffusion length (i), and rate (nA
min ') both showed an increase but the (ieq) showed a negligibly small decreasing behaviour with the
increase in diffusion length. So, virtually, it may be considered as unaffected by the changes in diffusion
length. The results are summarized for NaLS-Mannose-Azur-B system and for Mannose-Azur-B system
(without surfactant) in Table 8.

Table 8: Effect of diffusion length

Mannose- Azur-B system

NaLS-Mannose-Azur-B system [without surfactant]

[NaLS] = 6.00 x 10 Light Intensity =10.4 mW cm [Mannose]= 1.60 x 10~
[Mannose] = 1.68 x 10°° Temp. =303K [Azur-B] =5.20 x 10°
[Azur-B] =5.28 x 10°° pH =12.48 pH =12.17
e . Equilibrium Rate of initial
lefu5|(zrr1nlr;1e)ngth D, MaX|mL:m phz\tocurrent ohotocurrent generation of
max(HA) ieq (UA) current (uA min™)

NaLS-Mannose-AB system

35.0 127.0 95.0 18.8
40.0 129.0 90.0 27.2
45.0 130.0 85.0 21.6
50.0 132.0 82.0 22.0
55.0 133.0 80.0 224

Mannose-AB system (Without Surfactant)

35.0 65.0 50.0 10.5
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Fig. 3.6 (B): Variation of current parameters with diffusion length (Mannose—Azure B system [without

surfactant])
|.Effect of Electrode Area

The effect of electrode area on the current parameters of the cell is also studied. It is observed
that with the increase in the electrode area, the value of maximum potential (in.) is found almost
independent of this variation (rather it is affected in reverse manner). The effect of variation of electrode
area on ima and ieq is reported in following table for the NalLS-Mannose-Azur-B system and for the

Mannose-Azur-B system (without surfactant).
Table 9: Effect of electrode area

NaLS-Mannose-Azur-B system

[NaLS] = 6.00 x 10 Light Intensity =10.4 mW cm™
[Mannose] =  1.68 x 107 Temp. =303K
[Azur-B] = 5.28 x 107 pH = 12.48

Electrode Area (cm?)

NaLS— Mannose—Azur-B system
0.36 0.64

1.00

Mannose- Azur-B system
[without surfactant]

[Mannose]= 1.60x107

[Azur-B] =5.20 x 10°
pH = 12.17

1.44 1.69
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Maximum photocurrent (imax)

111.0 116.0 130.0 142.0 156.0

(HA)

Equilibrium photocurrent (ieg) 99.0 91.0 85.0 80.0 76.0

(HA) ' ' ' ' '

Mannose—Azur-B system

(without surfactant)

Maximum photocurrent iy 56.0 69.0 750 89.0 108.0

(uA) . . . . .

Equilibrium photocurrent i 50.0 46.0 40.0 340 28.0

(uA) . . . . .
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Fig. 3.7: Variation of current parameters with electrode area
J.Effect of Temperature
With an increase in the temperature, the photocurrent of the photogalvanic cell is found to
increase with a corresponding rapid fall in potential. Consequently the conversion efficiency also shows
the same trend but the storage capacity of the photogalvanic cell was observed in irregular manner. The
results are reported in Table 10 for NaLS-Mannose-Azur-B system and for Mannose-Azur-B system
(without surfactant).
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Table 10: Effect of temperature

NaLS-Mannose-Azur-B system Mannose- Azur-B system

[without surfactant]
[NaLS] = 6.00 x 10 Light Intensity =10.4 mW cm™ [Mannose]= 1.60x10°
[Mannose] =  1.68 x 1073 pH= 1248 [Azur-B] = 5.20 x 10°
[Azur-B] = 5.28 x 107 pH = 12.17

NaLS- Mannose —Azur-B Temperature (K)

S 298.0 303.0 309.0 315.0 320.0
Conversion efficiency 0.2936 0.2795 0.2018 0.1901 0.1823
Storage Capacity (min.) 50.0 56.0 59.0 620 64.0
(In dark) ' ' ' ' '

Mannose—-Azur-B
system (without surfactant)

Conversion efficiency 0.1382 0.1028 0.849 0.683 0.565
Storage Capacity (min.) 15.0 210 29.0 36.0 48.0
(In dark) ' ' ' ' '

The effect of temperature on total possible power output in the NaLS-Mannose-Azur-B system
and Mannose-Azur-B system (without surfactant) are also studied and it is observed that with the increase
in temperature (temperature range under observation) the power output of the cell increase slowly
irrespective of the rapid fall in photopotential.

o 823 - 115.0

S 025 - - 1050 @
g 0.20 I =
& 015 A %0 £
3 010 - r 850 %
£ 005 - - 750 G
T 000 - - L 650 &
§ -0.05 1 — - 550 9
‘B -0.10 A . o
g -0.15 A - 450 3
S -0.20 35.0 ;‘,3,
o

295 300 305 310 315 320 325
Temperature (K) g
—&— Conversion efficiency —&— Storage Capacity

Fig. 3.8: Variation of conversion efficiency and storage capacity with temperature

K.Effect of Light Intensity

It is found that photocurrent showed a linear increasing behaviour with the increase in light
intensity whereas photopotential increases in a lograthmic manner. Consequently the conversion
efficiency also shows the same trend but the storage capacity of the photogalvanic cell was observed in
irregular manner. The result are reported in given table for NaLS-Mannose-Azur-B system and for
Mannose-Azur-B system (without surfactant).

Table 11: Effect of light intensity

NaLS-Mannose-Azur-B system Mannose- Azur-B system
[without surfactant]
[NaLS] = 6.00 x 10 Temp. = 303K [Mannose] = 1.60 x 10
[Mannose] =1.68 x 10° pH =12.48 [Azur-B] =5.20 x 10°°
[Azur-B] =5.28 x 10°° pH = 12.17
NaLS- Mannose —Azur-B system Light intensity (mW cm?)
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3.2 5.0 10.4 15.0 25.0
Conversion efficiency 0.2290 0.2463 0.2795 0.2811 0.2982
Storage Capacity (min.) 49.0 53.0 56.0 58.0 62.0
(In dark)
Mannose —Azur-Bsystem (without
surfactant)
Conversion efficiency 0.842 0.963 0.1028 0.1121 0.1341
Storage Capacity (min.) 14.0 18.0 21.0 23.0 26.0
(In dark)
0.35 - - 80.0
0.30 A - 75.0
2 0.25 | ._./.—’_.7 [ oo o
< 0.20 - [0 £
) L 60.0 <
S 015 1 F 550 G
E’ 0.10 - L 500 g
2 0.05 1 L 45.0 3
g 0.00 40.0 2
3 0.0 5.0 10.0 15.0 20.0 25.0 30.0

Light intensity (mW cm-2) g

—&— Conversion efficiency

—&— Storage Capacity

Fig. 3.8: Variation of Conversion efficiency and Storage capacity with Light Intensity
L.Storage Capacity of The Cell
The storage capacity of the photogalvanic cell is observed by applying an external load
(necessary to have current at power point) after terminating the illumination as soon as the potential
reaches a constant value. The storage capacity is determined in terms of ty, i.e., the time required in fall of
the output (power) to its half at power point in dark. It is observed that the cell can be used in dark for
56.0 minutes for NaLS-Mannose-Azur-B system. Where as in Mannose-Azur-B system (without
surfactant) it can be used in dark for 21.0 minutes. The results are reported in following table for NaLS-
Mannose-Azur-B system and for Mannose-Azur-B system (without surfactant).

Table 12: Storage capacity of the cell

[Azur-B] =

0.0

5.0

10.0
15.0
20.0
250
30.0
35.0
40.0
42.0
44.0
46.0

Time (Min.)

[NaLS] = 6.00 x 10™
[Mannose] =

NaLS-Mannose-Azur-B system

Light Intensity =10.4 mW cm™

1.68 x 107 Temp. =303K

5.28 x 10° pH = 12.48
Power (uW) Time (Min.)
29.07 0.0
27.6 2.0
26.5 4.0
25.2 6.0
243 8.0
235 10.0
22.8 12.0
21.8 14.0
20.5 16.0
19.7 18.0
18.6 19.0
17.6 20.0

Mannose- Azur-B system
[without surfactant]
[Mannose] =1.60x107
[Azur-B] =5.20 x 10°

pH = 12.17

Power (LW)
10.7
10.3
9.5
9.0
8.8
8.3
75
7.1
6.8
6.2
5.7
5.4
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Fig. 3.9: (B) Storage Capacity of the Cell without surfactant

Conversion Efficiency of Cell

The used formula for determine conversion efficiency of the cell is:
) o Vop X pp
Conversion Efficiency= x 100%
10.4 mW/cm?

With the help of current and potential values at Power Point (pp) and the incident power of
radiations, the conversion efficiency of the cell is determined as 0.28% in the presence of NaLS-
Mannose-Azur-B system where as for Mannose-Azur-B system (without surfactant) the conversion
efficiency of this cell is 0.10%.

VI. CONCLUSION
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The experimental observation of present work has given an impetus to explore the more suitable

selection of surfactant, reductant and photosensitizer to increase the electrical out put and storage
capacity and lower down the concentration of substrate to reduce the cost of photogalvanic cells. It still
has the scope to put up efforts in this direction. The systems to be select must have surfactants of low
cost, high stability along with reductant and photosensitizer. The present study reveals that surfactants
have not only increased the conversion efficiency®**® but also the storage capacity of the photogalvanic
cells.
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