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ABSTRACT 
 
Photogalvanic effect was studied in cell containing Nephthol Blue Black as 

photosensitizer in ascorbic acid- NaLS System. In the photogalvanic cell system 
Nephthol Blue Black (Loba Chemie, Mumbai), ascorbic acid (Ases Chemical, 
Jodhpur), NaLS (Sisco Research Laboratories, Mumbai) and NaOH (RFCL, New 
Delhi) were used. 

The conversion efficiency of the cell, fill factor and the cell performance 
were observed as 1.02980%, 0.2598 and 170.0 min in dark respectively. The effect of 
different parameters on the electrical output of the cell was observed and current- 
voltage (i-V) characteristics of the cell were also studied. Photogalvanic cells are 
economic than photovoltaic cells because low cost materials are used in these cells.  
 

Keywords: Nephthol Blue Black (NBB), ascorbic acid, Sodium Lauryl Sulphate 
(NaLS), Photogalvanic effect, fill factor, conversion efficiency. 

 
INTRODUCTION 

 
The increasing demand for energy over the past fifty years has resulted in a drive for 

research into possible energy sources that are both commercially viable and do not Create 
waste products that are detrimental to the environment1. Conversion of solar energy into 
Electrical energy through photogalvanic cell is the most importent and desirable route for 
obtaining electricity. Becquerel2 was the first to observe the flow of current between the 
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unsymmetrical illuminated metal electrodes in sunlight, and the photogalvanics were first 
reported by Rideal and Williams3, but it was systematically investigated by Rabinowitch4-

5. Later on Kaneko and Yamada6, Murthy et al.7, Rohatgi Mukherjee et al.8, Folcher and 
Paris9, Alfredo et al.10, Dube et al.11, Bayer et al.12, Matsumoto et al.13 and Shiroishi et 
al.14 have studied some interesting photogalvanic systems. Bisquert et al.15 have reviewed 
the physical–chemical principles of dye-sensitized solar cells, whereas Mayer16 has 
presented the molecular approaches to solar energy conversion. The problems encountered 
in the development of photogalvanic cells have been discussed from time to time. 
Krasnoholovets et al.17, Madhwani et al.18, Gangotri and Bhimwal19, Genwa and 
Chauhan20 and Genwa and Sagar21 have recently developed some photogalvanic systems 
for solar energy conversion and storage. The scientific community has successfully 
converted solar energy in electrical energy up to desired extent through various processes 
but storage capacity of solar energy is still not up to the mark to use it as and when 
required. Many of them have used different photosensitizers, surfactants, reductants in 
photogalvanic cells, but no attention has been paid to the use of this system containing dye 
as energy material to enhance the electrical output and performance of the photogalvanic 
cell. Therefore, the present work was undertaken to achieve better performance and 
commercial viability of the photogalvanic cell. 
 
MATERIAL AND METHODS  
 

In the photogalvanic cell system Nephthol Blue Black (Loba Chemie, Mumbai), 
ascorbic acid (Ases Chemical, Jodhpur), NaLS (Sisco Research Laboratories, Mumbai) and 
NaOH (RFCL, New Delhi) were used. The stock solutions of ascorbic acid (1.4 x 10-3 M), 
Nephthol Blue Black (2.8 x 10-5 M), NaLS (1.6 x 10-3 M) and sodium hydroxide (1M) were 
prepared in doubly distilled water and kept in amber coloured containers to protect them from 
sun light. A mixture of solutions of dye (Nephthol Blue Black), reductant (Ascorbic acid), 
surfactant (NaLS) and sodium hydroxide taken in a blackened H-Shaped (Fig. 5) glass 
container to keep the total volume of reaction mixture always 25.0 ml. A platinum foil 
electrode (1.0 x 1.0 cm2) was immersed in to one limb of H-shaped glass container and 
Saturated calomel electrode (SCE) was immersed in another limb. The whole system was first 
placed in dark. When stable potential (mV) is obtained in dark, it was measured. Then limb 
containing platinum foil electrode was exposed to a tungsten lamp of different wattage. A 
water filter was placed between the light source and cell to cut-off infra-red radiations. The 
pH of the system was adjusted by adding the desired volume of standard NaOH solution. pH 
of the reactive system was measured by a digital pH meter (Systronics model 335). 
Photopotential and photocurrent generated by this system were measured by a digital pH meter 
and micro ammeter (Nucon) respectively. Current-voltage (i-V) characteristics of the cell were 
studied using an external load resistance (log 470 K) in micro ammeter circuit. 



 Rajender Singh, et al., J. Chem. & Cheml. Sci. Vol.7(2), 94-104 (2017)  

96 

(a) Nephthol Blue Black 

 
(b) Ascorbic acid 

O

OH OH

O

OH

OH

 
(c) Sodium Lauryl Sulphate 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5. Photogalvanic Cell set-up 
 
Mechanism  

 
Light energy is converted into chemical energy by driving a suitable redox reaction 

against the potential gradient. The thionine-Fe(II) aqueous photogalvanic system was studied 
by Jana27. When certain dyes are excited by the light in the presence of electron donating 
substance (reductant), the dyes are rapidly changed into colorless form. The dye now acts as a 

CH3(CH2)11 OSO3 Na
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powerful reducing agent and can donate electron to other substance and reconverted to its 
oxidized state. On the basis of earlier studies a tentative mechanism in the photogalvanic cell 
may be proposed as follows: 
Illuminated chamber:  On irradiation, dye molecules get excited. 
  hυ   
Dye    Dye*                    (i) 
The excited dye molecules accept an electron from reductant and converted into semi or leuco 
form of dye, and the reductant into its excited form. 
Dye*  + R   Dye-  (semi or leuco) + R+     (ii) 
At platinum electrode: 
The semi or leuco form of dye loses an electron and converted into original dye molecule.  
Dye-    Dye + e-                   (iii) 
 
Dark Chamber: 
At counter electrode: 
Dye   +   e-      Dye- (Semi or leuco)                (iv) 
Finally leuco/semi form of dye and oxidized form of reductant combine to give original dye 
and reductant molecule. This cycle of mechanism is repeated again and again leading 
production of current continuously.  
Dye-     +   R+      Dye    +    R                                                (v) 
Here Dye, Dye*, Dye-, R and R+ are the dye, its excited form, leuco form, reductant and its 
oxidized form, respectively. The scheme of mechanism is shown in Fig.4 
 

 
Fig. 4 Scheme of mechanism 

SCE = Saturated calomel electrode    D = Dye (Photosensitizer) 
R = Reductant      D = Semi & Leuco form 
 
RESULT AND DISCUSSION  
 
Effect of variation of Nephthol Blue Black, ascorbic acid and NaLS concentration: 
 

The results showing the effect of variation of Nephthol Blue Black, ascorbic acid and 
NaLS concentration are summarized in Table1. Variation of dye concentration studied by 
using solution of Nephthol Blue Black of different concentrations. It was observed that the 
photopotential and photocurrent increased with increase in concentration of the dye [Nephthol 
Blue Black]. A maxima (at 868 mV and 380µA) was obtained for a particular value of dye 
concentration (2.8 x 10-5 M), above which a decrease in electrical output of the cell was 
observed. Low electrical output observed at the lower concentration range of dye due to limited 
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number of dye molecules to absorb the major portion of the light in the path, while higher 
concentration of dye again resulted in a decrease in electrical output because intensity of light 
reaching the molecule near the electrode decrease due to absorption of the major portion of 
the light by the dye molecules present in the path. Therefore corresponding fall in the electric 
output. With the increase in concentration of the reductant [ascorbic acid], the photopotential 
and photocurrent was found to increase till it reaches a maximum value at 1.4 x 10-3 M. These 
values are 868 mV and 380µA respectively. On further increase in concentration of ascorbic 
acid, a decrease in the electrical output of the cell was observed. The fall in power output was 
also resulted with decrease in concentration of reductant due to less number of the molecules 
available for electron donation to the cationic form of dye. On the other hand, the movement 
of dye molecules hindered by the higher concentration of the reductant to reach the electrode 
in the desired time limit and it will also result in to a decrease in electrical output. The electrical 
output of the cell was increased on increasing the concentration of surfactant [NaLS]. A 
maximum (868 mV and 380µA) result was obtained at a certain value (1.6 x 10-3 M) of 
concentration of NaLS. On further increasing the surfactant concentration it react as a barrier 
and major portion of the surfactant photobleach the less number of dye molecules so  that a 
down fall in electrical output was observed.  
 

Table 1. Effect of variation of NBB, ascorbic acid and NaLS concentrations 
 

Light Intensity = 10.4 mW cm-2,     Temperature = 303 K,           pH = 12.58 
Concentrations Photopotential (mV) Photocurrent (µA) 
[Nephthol Blue Black]× 10-5 M 

2.2 770.0 287.0 
2.5 806.0 328.0 
2.8 868.0 380.0 
3.2 812.0 342.0 
3.5 780.0 287.0 

[Ascorbic acid] x 10-3 M   
1.0 744.0 275.0 
1.2 810.0 325.0 
1.4 868.0 380.0 
1.6 810.0 340.0 
1.8 740.0 285.0 

[NaLS] x 10-3  M   
1.1 740.0 299.0 
1.3 799.0 335.0 
1.6 868.0 380.0 
1.9 775.0 337.0 
2.2 716.0 290.0 

 

Effect of variation of pH 
 

Photogalvanic cell containing Nephthol Blue Black – Ascorbic acid –NaLS system 
was found to be quite sensitive to pH of the solution. It was observed that there is an increase 
in the photopotential and photocurrent of the system with the increase in pH value (In the 
alkaline range). At pH 12.58 a maxima was obtained (868 mV and 380µA). On further increase 
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in pH, there was a decrease in photopotential and photocurrent. The optimum electrical output 
was obtained at particular pH value. It may be due to better availability of reductants donar 
form at that pH value. The results showing the effect of pH are summarized in the Table 2.  

 
Table –2 Effect of Variation of pH 

 
[Nephthol Blue Black] = 2.8 x 10-5 M   Light Intensity = 10.4 mW cm-2 
[Ascorbic acid] = 1.4 x 10-3 M       Temperature = 303 K  [NaLS] = 1.6 x 10-3 M 

pH Photopotential (mV) Photocurrent (µA) 
12.20 719.0 277.0 
12.40 785.0 339.0 
12.58 868.0 380.0 
12.76 768.0 322.0 
12.96 715.0 285.0 

 
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) was 
studied using H-shaped cells of different dimensions. It was observed that in the first few 
minutes of illuminations there is sharp increase in the photocurrent. As a concequence, the 
maximum photocurrent (imax) increase in diffusion length because path for photochemical 
reaction was increased, but this is not observed experimently. Whereas equilibrium 
photocurrent (ieq) decreased linearly. Therefore, it may be concluded that the main 
electroactive species are the leeuco or semi form of dye (photosensitizer) in the illuminated 
and dark chamber respectively. The reductant and its oxidation product act only as electron 
carriers in the path. The results are summarized in Table 3.  
 

Table– 3 Effect of Diffusion Length and electrode area 
 

[Nephthol Blue Black] = 2.8 x 10-5 M   Light Intensity = 10.4 mW cm-2 
[Ascorbic acid] = 1.4 x 10-3 M    Temperature = 303 K 
[NaLS] = 1.6 x 10-3 M     pH = 12.58 
 

Diffusion length                    
DL (mm) 

Maximum 
photocurrent imax (µA) 

Equilibrium 
photocurrent ieq  (µA) 

Rate of initial generation of 
current (µA min -1) 

35.0 434.0 380.0 15.50 
40.0 439.0 377.0 15.68 
45.0 448.0 380.0 16.00 
50.0 452.0 377.0 16.14 
55.0 460.0 375.0 16.43 

 
The effect of electrode area on the current parameters of the cell was also studied. It 

was observed that with the increase in the electrode area the value of maximum photocurrent 
(imax) is found to increase. The results are summarized in Table 6. 
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Table – 6 Effect of Electrode Area 
 

[Nephthol Blue Black] = 2.8 x 10-5 M    Light Intensity = 10.4 mW cm-2 
[Ascorbic acid] = 1.4 x 10-3 M                             Temperature = 303 K 
[NaLS] = 1.6 x 10-3 M                                         pH = 12.58 

Electrode Area (cm2) Maximum photocurrent i max (µA) Equilibrium photocurrent i eq (µA) 
0.70 429.0 384.0 
0.85 435.0 383.0 
1.00 448.0 380.0 
1.15 455.0 373.0 
1.30 464.0 368.0 

 

Effect of light intensity 
 

The effect of light intensity was studied by using intensity meter (Solarimeter model-
501). It was found that photocurrent showed a linear increasing behaviour with the increase in 
light intensity whereas photopotential increases in a logarithmic manner. This increase in 
number of photons with increase in light intensity. The effect of variation of light intensity on 
the photopotential and photocurrent is graphically represented in Fig. 1. 

 
Fig. 1 Variation of photocurrent and log V with light intensity 

 

i-V Characteristics: 
 

Current-Voltage (i-V) characteristics of the cell 
 

The short circuit current (isc) and open circuit voltage (Voc) of the photogalvanic cell 
were measured with the help of a microammeter (keeping the circuit closed) and with a digital 
pH meter (keeping the circuit open), respectively. The current and potential values in between 
these two extreme values were recorded with the help of a carbon pot (log 470 K) connected 
in the circuit of multimeter, through which an external load was applied. The i-V 
characteristics of the photogalvanic cells containing Nephthol Blue Black –Ascorbic acid –
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NaLS system is graphically shown in Fig. 2. It was observed that i-V curve deviated from its 
regular rectangular shape.  A point in the i-V curve, called power point (pp), was determined 
where the product of curve of current and potential was maximum. With the help of i-V curve, 
the fill-factor was calculated as 0.2598 using the formula: 

 
                     Vpp x ipp 

  Fill factor (η) = _______________     (1) 
                      Voc x isc 
 

Cell performance and conversion efficiency: 
 

The performance of the photogalvanic cell was observed by applying an external load 
(necessary to have current at power point) after termination the illumination as soon as the 
potential reaches a constant value. The performance was determined in terms of t1/2, i.e., the 
time required in fall of the output (power) to its half at power point in dark. It was observed 
that the cell containing Nephthol Blue Black - Ascorbic acid - NaLS can be used in dark for 
170.0 minutes. With the help of current and potential values at power point and the incident 
power of radiations, the conversion efficiency of the cell was determined as 1.02980% using 
the formula. The results are graphically represented in time-power curve (Fig. 3). 

 

 
2

100%
10.4

pp ppV i

A mWcm−

×
= ×

×
Conversion efficiency 

                     

   (2) 

 

 
 

Fig. 2 Current voltage (i-V) curve of the cell 
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Fig. 3 Time-power curve of the cell 

 

Solar energy presents a scientific challenge beyond the efficient conversion of solar 
photon to electricity fuel and heat. Once conversion on a large scale is achieved, we must find 
ways to store the large quantities of electricity and heat that we will produce. Access to solar 
energy is interrupted by natural cycles of day-night, cloudy-sunny and winter-summer 
variation that are often out of phase with energy demand. Solar fuel production automatically 
store energy in chemical bonds. Electricity and heat, however is much more difficult store cost 
effectively storing even a fraction of our peak demand for electricity of heat for 24 hours is a 
task well beyond present technology. 

Photogalvanic cell is a third type of photoelectrochemical cell which is used for solar 
energy conversion.22 In photogalvanic cell two inert electrodes are applied and the light is 
absorbed by the electrolyte, for instance a dye solution. An electron transfer occurs between 
the excited dye molecules and electron donor or acceptor molecules added to the electrolyte. 
A photovoltage between the two electrodes is developed if the light is absorbed by the 
electrolyte. Accordingly, the photogalvanic cell is essentially a concentration cell and is based 
on some chemical reaction, which gives rise to high energy products on excitation by a photon. 
This energy product loose energy electrochemically lead to generate the electricity called as a 
photogalvanic effect.   

In photovoltaic cell, the photochemical changes take place in the surface layer of the 
electrode where as in photogalvanic cells the photochemical changes occur in the electrolyte.  

Photovoltaic cells involve direct excitation of an electron by photon and thus produce 
electricity where as photogalvanic cells give rise to high energy products on excitation by a 
photon, this energy rich products loose energy electrochemically. 
The photovoltaic cells have lesser storage capacity as compared to photogalvanic cells. 
              In a study by Arie Zaban the analysis of the decay of photovoltage at open circuit 
conditions in dye solar cells constitutes a very simple procedure for   obtaining the relevant 
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information on the electron lifetime n t and also the parameter b (effective recombination 
order) that governs the change of the lifetime24. 

The photovoltaic cells are expensive and high cost devices whereas photogalvanic 
cells are cheaper and easily constructed devices23-26. 
 
CONCLUSIONS  
 

The photogalvanic conversion of solar energy has attracted attention of scientists 
towards solar energy conversion and storage. This cell undergoes cyclical charging and 
discharging process. The charging of cell occurs only in presence of illuminating source. The 
discharging of cell takes place only when we apply the external circuit for electron transfer. 
As long as there is no external circuit, the cell will keep light energy stored. The photogalvanic 
cell have inbuilt storage capacity  and stored energy can be used in absence of light whereas 
photovoltaic cells needs extra hardware as batteries for energy storage, photogalvanic cells are 
economic than photovoltaic cells because low cost materials are used in these cells. The 
conversion efficiency, storage capacity and fill factor are recorded as 1.02980%, t1/2170.0   min 
and 0.2598 respectively in Nephthol Blue Black - Ascorbic acid – NaLS system.  
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