Effect of concentration of the electro
lytes on the out put performances of
PEC cells of both n-WSeg and p-WSeg
photo el ec trod es
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8.1.

INTRODUCTION :

During the last decade, a number of photoelectrochemical
(PEC), photovoltaic or regenerative cells and their chara
cterization based on semiconductor electrodes in aqueous
and non-aqueous media have been put forth by various
authors (1-15).

There have been several discussions in

recent years on PEC methods of solar energy conversion.
An important factor affecting the conversion efficiency is
the electrolyte.

The detailed studies have been carried

out by various workers (16-20) on the PJEC behaviour of
TMDC*sjja contact with different aqueous and non-aqueous
redox electrolytes.

Their results have indicated the

iodide/iodine, I/I2 system to be optimal redox conversion
cduple for the best performance and stablity.

Since the

light conversion efficiency of the cell based on I"/!^
depends upon iodine content of the redox couple, the iodine
eventration has been optimised in the pres sit work for
better conversion efficiencies of n-WSe2 photoelectrodes.
Also the concentration of ferri/ferro cyanide electrolyte
has been optimised in the case of p-WSe2 photoelectrodes
for better conversion efficiency.
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8.2.

EXPERIMENTAL :

(a)

n-WSe2 :

Single crystals grown by chemical vapour transport tech
nique using Br2» TeCl^ and SeCl^ + Se as the transporters,
have been used in the present work.

From Hall coefficient

and Mott-Schottky measurements it was ascertained that

they were n-type semiconductors*

(b)

p-ViSe2

Single crystals grown by chemical vapour transport method
using SeCl^ as a transporter, have also used in the present
investigactions.

Their p-type nature was determined from

the Hall co-efficient measurements which was then confirmed
from Mott-Schottky plots.
8.3.

PEC SOLAR CELL FABRICATION

S

The preparation of PEC solar cells have already been des
cribed in chapter 6.

The n-type and p-type semiconductor

electrodes were immersed in an aqueous iodine/iodide and
ferri/ferro cyanide electrolyte respectively and platinum
grid was used as counter electrode.

All the chemicals vised
.125
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were of AR grade.

The PEC cell was so designed that the

electrolyte could be changed without disturbing the ele
ctrodes configurations.

Different type of electrolytes

were tried and checked by altering the individual con
centrations.

Finally those electrolytes giving better

photovoltage and photocurrent were selected.

Using these

electrolytes the open circuit voltage, short circuit current
density, fill factor and efficiency were measured.

The

results are given in Tables 1 and 2.

From Tablesl and 2 the following conclusions can be drawn.
Amongest the four different electrolytes, the ferri/ferro
cyanide electrolyte gives better results with p-WSe2 ele
ctrodes and iodine/iodide electrolyte with n-type WSe£
electrodes.
In order to observe the effect of iodine concentration, ele
ctrolytes were prepared by adding different amounts of ^ to
a fixed quantity of Nal.

Variations of open circuit voltage

V „ and short circuit current, I „ with iodine conceno.c.
' s.c.
tration are shown in Figs. 8.1 (a), 8.2(a) and 8.3(a) for
the n-type crystals of

^©2

S1*0*81 by usinS ®r2»

SeCl^+Se transporters respectively.

and

While Figs. 8.1(b),

8.2.(b) and 8.3 (b) show a similar variation of fill-factor
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(F,F.) and efficiency

{^1%)

for these photoelectrodes.

with iodine concentration
It is seen that V

_,

I,,,5 _ • and efficiency increases with iodine concentration and after reaching a certain maximum decreases
with further increase in the concentration.

Tbe fill

factor shows only an increasing trend Figs. 8.1(b),
8.2(b) and 8.3(b) show a decrease in efficiency at
higher concentraticn of iodine. This decrease arises
due to absorption of light in electrolyte which results
into lower short circuit currents.

The decrease in

effiency can be attributed to the presence.of large
amounts of elemental iodine which can interact with
the surface and generate surface states capable of tra
pping charges of either sign.

This causes large changes

of potential drop in Helmholtz double layer as well as
shifts in the energy position on band edges.

The amount

of iodine absorption, which affects the band bending in
the semiconductor can also be considered as a factor
affecting efficiency (19).
In the case of p-WSe2 photoelectrodes also the effect of
change of concentration of the electrolyte - K3[Fe(CN)6] +
[Fe(CN)g]| has been studied in detail and the results
are shown in Fig.8.4(a) and 8.4(b).

The figure 8.4 (a)

clearly depicts the effect of concentration on open circuit
Voltage (V

), short circuit current (I_ _), while figure

8.4(b) shows a similar variation of efficiency (°?%) and
fill factor (F.F.)
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It is seen that V\ „

and I

„

gradually increases with

increase in the concentration of the electrolyte aquiring
a maximum at 0.05 M

[ Fe (CN)6]

+ 0.05 M

K4[Fe(CN)6]

and there after show-a decreasing trend, with further
increase in the concentration of the electrolyte*
Altering the composition of the electrolyte
K4 [Fe(CN)g]

K^[Fe(CW)g] +

will therefore change its redox potential.

Since the open circuit voltage and photocurrent change
with the redox potential of the electrolyte, the observed
change in their values can be attributed to this effect (21)*
The maximum power will

course be obtained at a particular

concentration of the redox couple.

Similar to^kline etal(\L9)

the fill factor in the present case also increases with the
increase in the concentration of the electrolyte.

The

variation of efficiency with concentration Fig.8.4(b) shows
that the maximum efficiency 9f.05S& is obtained at a concen
tration of 0.05MK3

[Fe(O06] + 0.05M K4 [Fe(CN)6] + 1M KCL.

This value of convesion efficiency appears to be much higher
than the values reported earlier with p-WSeg electrodes by
different investigators (15,22,25).

The investigations on

layer type electrode materials prepared by different tech
niques have shown that the perfection in the growth para
meters and transporting agents play an important rote

in
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role'in- the quality of their photo electro chemical perfection
(24,25).

During the course .of the present work, detailed experiments
(Chap-3) were carried out to grow WSeg crystals using di
fferent transporters.

It has been observed that use of

SeCl^ as a transporter improves the perfection of the
groTuffi

p-WSeg crystals considerably.

A possible factor

which is likely to contribute to the enhancement of con
version efficiency with these crystals as photoelectrodes^
may come about from the growth parameters adopted in their
growth.

When SeCl^ is used as a transporter, Se atoms

are involved which are native to WSe2 crystals, the incor
poration of selenium in the growing crystal does not result
in the creation of additional recombination type energy
states (gap .states),in the band gap.

This reduction in the

energy states might be responsible for the improved effi
ciency values obtained in the present work.
8.4.

CONCLUdlONS :

1.

In all the different electrolytes the iodine/iodide
electrolyte gives better results with n-WSe2 ele
ctrodes and,the ferri/ferro cyanide electrolyte
gives better results with p-l^eg electrodes.
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2*

Ferri/Ferro cyanide electrolyte with concentration
0.05M K3 [ Fe(CN)6]

+ 0.05M K4 [ Fe(CN)6]

+1M KCl

gives an efficiency of 9*05% and iodine/iodide
electrolyte with concentration 1M Nal + 0.OSKOL,
gives an efficiency of 8*26% with p-WSeg and
n-wSeg electrodes respectively.
3.

Effect of concentration of iodine/iodide and
ferri/ferro cyanide electrolytes gives a syste
matic variation in the results which is found to
be similar to the reported data in the literature.
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CAPTIONS OF TOE FIGURES s
Fig.8.1. (a)

plots of variations of open circuit voltage
(V^ „ )» and short circuit current (I_ „ >
of n-WSe2 electrode (grown by Br2) with
concentration of iodine.

Fig.8.1. (b)

plots of variations of fill factor (F.F.)
and efficiency ( °? %) of n-WSe electrode

2
(grown by Br2) with concentration of iodine.
Fig.8.2. (a)

plots of variation of open circuit voltage
(V
) and short circuit current (I _ J of
O • O•

5«C#

n-WSe2 electrode (grown by TeCl^) with
concentration of iodine.
Fig.8.2. (b)

plots of variation of fill factor (F.F.)
and efficiency (
%) of n-WSe2 electrode
(grown by TeCl.) with concentratio nof
iodine.

Fig.8.3. (a)

plots of variations of open circuit voltage
(V
) short circuit current (I0 _ ) of n-WSe0
O•S • C *

4

electrode (grown by SeCl^ + Se) with concentra
tion of iodine.
Fig.8.3. (b)

plots of variations of fill factor (F.F.)
and efficiency ( ^ %) of n-WSe2 electrode
(grown by SeCl^ + Se) with concentration
of iodine.

Fig.8.4. (a)

plots of variations of open circuit voltage

a. „

(V
) and short circuit current
> of
p-WSe2 electrode (grown by SeCl^) v/ith con
centration of Kj [ Fe(FN)g]
Fig.8.4. (b)

+

[

Fe(CN)g ] .

plots of variations of fill factor (F.F.) and
efficiency ( ”2 %) of p-WSe2 electrode (grown
by SeCl^) with concentration of
K3 [F'e (CN)6]
+K4[Fe(CN)6]
.
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