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Abstract :

In this paper, we explore the efficiency of ruthenium N3 contact-based ZnS semicon-
ductor in dye-sensitized solar cells DSSCs using charge transport from excited N3 mole-
cules to the conduction band in ZnS. An ethanol solvent was used to immerse the N3 dye
and ZnS in DSSC device under assume continuum energy levels of N3 dye and ZnS in the
solar cell device. The current and current density are calculation depends on semi empiri-
cal approach model for DSSC device and depends on calculate the reorganization energy
using MATLAP program .The J-V characteristics have been calculated under irradiation
( 100 mW/cm?) and room temperature T ( 300) K .Two concentrations concentrations [C]
(5 107 and 6 x10'7) 1/cm® are used to calculate the currentdensity, (J-V) characteristics.
The results show increases in current density with increases concentration and coupling,
J-V characterization revealed to give the high energy conversion efficiency for the DSSC
by sensitizer. Specifically, the ruthenium-620-TiO2 device showed a fill factor of 0.252
and a reach efficiency of 20%

Keywords: Efficiency N3, Zinc Sulfide, Current ,charge transfer, Solar cell.
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Introduction

Electron transfer is an inherent
mechanism in various scientific disci-
plines such as photosynthesis, electri-
cal technology, and solar cell devices
[1]. Electron transfer research has fo-
cused on transport reactions in chem-
istry, biology, and physics. Marcus in-
troduced the classical electron transfer
theory in the 1950s based on a simple
donor-acceptor model. Marcus’ theo-
ry, used to discuss charge transfer in
molecular systems, led to qualitatively
correct conclusions [2].The mechanism
of electron transfer across different
material interfaces plays a fundamen-
tal role in achieving optimal efficiency
in various technological devices. En-
hancing the technological efficiency
of solar devices largely depends on the
electron transfer behavior at interfac-
es [3]. Electron transfer reactions are
a direct reaction in materials due to
the donor-acceptor system. The basic
charge transfer is always considered to
be based on redox reactions. It is rarely
referred to as a reaction involving the
transfer of an electron, not necessarily a

single electron [4]. Markus introduced

a classical theory of charge transfer in
the 1990s to describe charge transfer
in a chemical reaction using thermo-
dynamic postulates, and it has become
a useful tool especially in chemistry
as well as physics with materials [5].
Electron transfer has been greatly ex-
panded due to experimental aspects in
various types of research in the theo-
retical approach to self-exchange re-
actions [6]. Marcus was awarded the
Nobel Prize in 1992 for his theory of
electron transport, which led to the de-
velopment of Marcus’s charge transfer
rate theory. It is related to the charge
transport proposed by Ehring’s theory
due to the charge transfer relationship
between the reorganization energy and
the driving force energy [7]. More re-
cently, electron transfer has been a
key reaction process in photocatalysis,
light harvesting, molecular electronics,
and solar cell devices [8]. The electron
transfer process upon contact of dyes
with semiconductors has been essen-
tial for progress in highly efficient so-
lar cells [9]. Dye-sensitized solar cells
(DSSCs) In solar cell devices, light
absorbed by molecules is converted
to an excited state, causing a shift in
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the state of the semiconductor’s energy
levels [10]. In turn, molecules present
in the dye can prevent electron recom-
bination by coupling the anode-redox
system [11]. The N3 dye, known as
Cis-bis(isothiocyanato)bis(2,2'-bi-
pyridyl-4,4'-dicarboxylato)  rutheni-
um(N3), 1s the oldest ruthenium dye for
electron transfer in dye-sensitized so-
lar cells (DSSCs). It has an exceptional
ability to absorb light and efficiently
transfer charge to the conduction band
of the semiconductor in DSSCs [12].
Zinc sulfide (ZnS) has become a vital
semiconductor in solar cells due to its
wider range, good physical properties,
and electrical and thermal stability that
allows it to perform well at the inter-
face of the semiconductor and the dye
[13-14]. The aim of this research is to
calculate the efficiency of a N3 ruthe-
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Where /4 is Planck’s
(Cc ) 1s coupling constant, /s is length

constant,

of charge transfer into semiconductor,

pg (E) is density of charge through het-

_fae

nium dye based on ZnS semiconduc-
tor in DSSC device depend on charge

transfer reaction.

Theory
The efficiency of solar cell # can be

calculated using [15].
p=beleelt (1)

Where Joc and Voc are short current
and open circuit voltage, F.F 1s filling
factor and / is light power density.

The filling factor F.F defined as max
power and the production power, it
evaluatesvufs.ing [15].

FF = ﬁ (2)

Where Vi and Jm are the maximum
power voltage and current density, re-
spectively. The current of DSSC can be
calculated using an expression given

by [17].

(4 N+.w'5}z
4AGkgT

——— ["F(E)pp(E)dE  (3)

7 ASkgT A kgT

v

erogenous solar cell, A5 (eV) is reorga-

nization energy , driving force AV* and

pp (E) is density of state in dye .The

solution integral is [18].
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[CF(E)pp(EYE=[C] (&)

Where [(] is concentration. Inserting Eq.(4) in Eq.(3) to get.
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The current density coefficient is given by [19].

Je(ma) =272 ()

Where A is the area of the solar cell. Inserting Eq.(5) in Eq.(6) to produce
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The reorganization energy AS (el) can write as [20].

Ay(eV) =

e 1 1] g

gme-p Ln® ¢ 16me=R

here ¢o 1s permittivity, D and R are
radius and distance between dye and
semiconductor electrode, ¢ and »n are
dielectric constant and refractive index
of solvent, €. and n_ are dielectric and
refractive index of ZnS. The radius is
function of molecular weight M and
density p, it can be evaluated using [21].

D= AGD): 9)

where A is constant (:—nﬁ and N is

n=—n® 1
[=—=

n%+ n? n?

2 2
fg—em 1

(®)

sr+e2 &2
Avogadro number.

Result and discussion

Current was calculated using the
charge transport reaction from excited
N3 dye to conduction band in ZnS in
solar cells. In first, the reorganization
energy is determining the current, it is
a function of the properties of the N3
dye and ZnS. It refers to the optical and
electrical properties of the devices. It
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1s limited by the dielectric and refrac-
tive index of the solvent with ZnS, the
radius of the ZnS and N3 molecule,
and the distance between them. The ra-
dii of N3 dye and ZnS semiconductor
using Eq.(9) with taken the molecular
weight (705.64—-[22],97.46—[23]
) and mass density (1.36 g/cm?3[22],
4.079 g/em?[23]) of N3 dye and ZnS
to results 5.9 4%, and 2.11 A’ The reor-
ganization energy in Eq (8) can be using
to calculate using the radius value 7.5
A”and 1.96 4°5.9 A°, and 2.11 A", for
N3 and ZnS, the distance R = 8.01 4, ,
refractive index and dielectric constant

of the semiconductor ZnS [23] and the

distance between N3 and ZnS ,results
were showing in table (3).and taking
1.36 and 24.55 [24] from the refractive
index and dielectric constant of ethanol
solvent to obtain the results A5,=0.487
eV.The atomic density p, can be tak-
en (5X102)em. The current J,(mA) of
DSSC with ethanol solvent calculates
using Eq.(5) using reorganization ener-
gy 0.487 eV, length path /= 34, , cou-
pling (C. ) =(0.3,0.4,0.5,0.6,0.7, 0.8,0
9,1,1.1,1.2,1.3,1.4,1.5,and 1.6) XI0
(eV/state), with taken concentration
[c] (5 and 6) X10'7 — and using MAT-
LAB software program, the results are
listed in Table (1)

TABLE 1. Current J,(mA) calculation for N3-ZnS DSSC with ethanol solvent.

Concentration carrier
coupling (C.) (eV/ state < x 1017 ia. € x 10t ia
0.3 0.7 0.8
0.4 1.3 1.6
0.5 1.8 2.4
0.6 2.3 3.2
0.7 3.1 3.9
0.8 3.7 4.7
0.9 43 5.5
1.0 4.9 6.3
1.1 5.5 7.1
1.2 6.1 7.8
1.3 6.7 8.6
1.4 7.3 9.4
1.5 7.9 10.1
1.6 8.5 10.9
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Table 1.show that the current duo
to charge transfer occurred from N3
to inject in the conduction band of
ZnS and increases with increasing
concentration from (0.7to 8.5)mA at
[c] (5) X107 — to values (0.8 to 10.9)
mA at [C](6)x 107

— by 7Increasing
the concentration in DSSCs resulted in
an increase in cell current and efficien-
cy. Results in Table 1 show increased

current in the solar cell device by in-

creasing the concentration to improve
the transfer of electrons. It reduces
the resistive losses and increases the
current in DSSC. Current in Table 1.
Increases with coupling increases be-
tween the N3 dye molecule and the
ZnS semiconductor. Then the current
density J,. (mA/cm?) can estimate us-
ing Eq (6) usingresults show in Table
(1) and the area A (0.20 cm?), results
list in Table (2).

TABLE 2. Current density J. (mA4/cm?) Calculation
for N3-ZnS DSSC with ethanol solvent.

Concentration carrier
coupling (C.) (eV/ state) 107 ia ‘o 1ov %

0.3 49 5.1

0.4 8.7 10.1
0.5 12.6 14.9
0.6 15.4 19.7
0.7 19.2 24.6
0.8 23.1 29.5
0.9 26.8 34.6
1.0 30.7 394
1.1 34.5 443
1.2 38.3 49.2
1.3 42.1 54.1
1.4 459 60.1
1.5 49.8 64.9
1.6 53.6 69.8

Current density J,. (mA/cm?) increas-

es with increases coupling as wellas

concentration , as shown the current

density increased due to increase car-
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rier from 5X10' to 6X10' as well as
increasing the coupling from 0.3 (eV/
state) to 1.6 (eV/ state) .The increas-
ing in indicates the increasing the den-
sity in the ZnS to results high current
density, because more electrons from
the N3 dye are injected into the ZnS
conduction band. However, increase
the concentration can be allowing in-
jection of electrons to results increase

current density. Furthermore, high
concentration may improve the trans-
fer of charge cross of ethanol media for
ZnS semiconductors. Increasing cou-
pling between the dye and ZnS indi-
cated increasing in current density and
produced increases in efficiency. Due
to using results in table 2, the J -V of
N3 based ZnS in DSSC with ethanol
showing in table (3).

TABLE 3. J -V characteristics of N3 based ZnS in DSSC.

Current density of electrons transfer(mA/cm?)
Carrier concentration (1/cm?)
5x1017i3 ﬁxm”ia
I CTm
V(Volt) Current density(mA/cm?) Current densitym(A/cm?)

0.79 0 0

0.80 4.9 5.1

0.76 8.7 10.1
0.71 12.6 14.9
0.67 15.4 19.7
0.65 19.2 24.6
0.54 23.1 29.5
0.51 26.8 34.6
0.46 30.7 39.4
0.43 34.5 443
0.37 38.3 49.2
0.32 42.1 54.1
0.28 45.9 60.1
0.22 49.8 64.9
0.17 53.6 69.8
0.0 57.7 74.9
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The J-V property is limited by in-
creasing concentration with coupling,
and increases with increasing coupling
and concentration in the N3 based ZnS
solar cell. Moreover, the current-volt-
age characteristics show in Table (3).

The J -V characteristic in table 3
used to evaluate fill factor and efficien-
cy of device by sing both Eq.(2) and
Eq.(1) for Fill factor and efficiency us-
ing results in table (3), results list in the
Table (4) for DSSC solar cell .

Table 4. The photovoltaic parameters of the N3 based in ZnS in DSSC.

Variables The concentration carrier m?
Concentration 35x10% 45x10%
Joc (MA/cm?) 57.7 74.9

Ve Volt 0.80 0.80
J, (MA/cm?) 34.5. 443

V,, Volt 0.43 0.43
F.F 0.321 0.317
efficiency 14.8 19.04

The voltage and current densi-
ty in the open-circuit are found to be
(0.43) Volt and (34.5, 44.3) mA/cm2
where open circuit voltages V__is (0.8)
Volt and short-circuit current Joc is
(57.7.,74.9)(mA/cm?),

It means when increasing the coupling

respectively.

produced increases the current density
and results in a high short circuit Jyc
(mA/cm? (57.7 and 74.9) because in-
creases injection more electrons being
resulting in a high current density. At
concentration of 5X10Ycm3, the fill

factor was 0.321 and the efficiency was
14.8 and increases efficiency to be-
come 19.05 when increasing concen-
tration 6X10"7cm™. The efficiency in-
creased from 14.8 to 19.05 by a factor
of 4.15 with increasing concentration
and increasing the current density but
also the overall efficiency. It can be ob-
served that changes in current density
Jo (mA/cm? supports more transfer to
transfer from the excited state in N3 to

the conduction band of ZnS electrode
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Conclusion

An efficiency of N3 dye with ZnS
in a DSSC solar cell device calculates
theoretically based on charge trans-
port. The performance exam used two
concentrations and calculate current,
current density, F.F, and overall effi-
ciency to understanding the behaviour
and its effectiveness as a photovoltaic
system. The J-V characteristics of the
N3 dye based ZnS DSSC device show
that the efficiency is affected by the
increases current density and concen-
tration. At a concentration 5X10' cm,
the DSSC exhibited current density Jo
(57.7 mA/cm?) and voltage (0.8 V),
with fill factor (FF = 0.312), resulting
efficiency of 14.8%. comparing, at a
concentration of 6X10' cm, the Jo¢
74.9 mA/cm?, Vye (0.8) Volt V, FF =
0.312, and efficiency of 19.05%. The
increases efficiency observed at 6X10"
cm?3, indicated an enhanced transfer

and light absorption.
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