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Abstract

Silver (Ag) doped ZnO (SZ0) nanomaterials were synthesized by hydrothermal method and characterized.
ZnO0 nanostructures were doped with 0.0%, 0.5%, 1%, 1.5mol% Ag. These obtained SZO nanomaterials
were analyzed using X-ray diffraction measurement (XRD), Scanning Electron Microscopy (SEM), and
Energy Dissipative X-ray (EDX) spectroscopy. The structural analysis confirmed the formation of
synthesized SZO samples having a hexagonal ZnO wurtzite phase. The morphology of SZO samples
changed partially and the ZnO nanorod length increased somewhat as the Ag doping ratio increased.
Despite this increase, it was seen that the average crystal sizes first increased and then decreased. The
crystallite sizes calculated from XRD data for 0.0, 0.5, 1.0 and 1.5mol% SZO were obtained as 41, 42, 38
and 37 nm, respectively. Ag doping concentration has increased the absorbance of SZO nanomaterials
increased and the transmission decreased was observed. The band gap of the 0.0%, 0.5%, 1.0% and
1.5mol% SZO nanomaterials were measured 3.19, 3.18, 3.16 and 3.19 eV, respectively. Then dye
sensitized solar cells (DSSCs) were fabricated using these SZO nanomaterials, cis-Bis(isothiocyanato)(2,2'-
bipyridyl-4,4'-dicarboxylato)  (4,4'-di-nonyl-2'-bipyridyl)  ruthenium (II) dye (Z907), (Di-
tetrabutylammonium cis-bis(isothiocyanato) bis (2,20-bipyridyl-4,40 dicarboxylato) ruthenium (II) dye
(N719) and examined their photovoltaic performances. The calculated efficiencies of DSSCs fabricated
using Z907 dye for 0.0%, 0.5%, 1.0% and 1.5mol% SZO were 0.005, 0.51, 0.46 and 0.22%, respectively.
Then the calculated efficiencies of DSSCs fabricated using N719 dye for 0.0%, 0.5%, 1.0% and 1.5mol%
SZ0 were 0.06, 0.17, 0.07 and 0.06%, respectively. In both works, DSSCs with ZnO film doped with
0.5mol% SZO showed the best photovoltaic performance. Consequently, these results indicated that the
synthesized SZO nanomaterial for DSSCs of the optimum ratio of Ag doping is 0.5mol% clearly.
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1. Introduction

Renewable energy sources are sustainable and clean alternative energy sources. Among
the renewable energy sources, solar energy is gaining importance day by day. Solar
energy is an inexhaustible source of energy without CO2 emissions. PV solar cells have
the advantages of low maintenance and environmental friendliness, and there are
already many applications. DSSCs, which are the new generation solar cells, have
attracted great interest in recent years due to their low cost and other advantages. DSSCs
have attracted great interest as an alternative to traditional silicon solar cells, especially
after the pioneering work of O'Regan and Gr"atzel [1]. Today they have a power
conversion efficiency (PCE) of 14.3%. DSSCs consist of a semiconductor photoanode
(working electrode) coated with dye on a conductive substrate, a counter electrode and
electrolyte solution containing a redox couple (I-/I3).

Nanomaterials; they are polymers, metals, ceramics or nanocomposite materials ranging
in size from 1 to 100 nanometers. Today, medical, imaging, pharmaceutical, automotive,
textile, electronics, optics, aerospace industry and renewable energy have many
applications in the field [2]. The reason for the increase in research on the synthesis and
characterization of nanosized particles is the observation of quantum behaviors in the
presence of known classical behaviors and the observation of unusual changes in the
physical and chemical properties of the material if the size of the material falls into the
nanometer range. For example, one-dimensional carbon atoms found on the nanometer
scale exhibit a property that can provide even better transmission than gold and silver
chains [3], even though the diamond crystal of carbon atoms is a good insulator. At the
same time, a foreign atom connected to the outside system can exhibit very different and
extraordinary behaviors according to its position in the structure and can change the
magnetic and electrical properties of the nano-sized material [4]. The properties
expected of a nanoparticle in good quality; the material may have a suitable particle size,
large surface area and large pore volume. At the same time, the chemical, thermal,
hydrothermal and mechanical strength of the material is expected to be high. New
nanomaterials which synthesized are used as electron transfer mechanism in different
devices, as photoanode and counter electrode in photoelectrochemical, DSSC and other
solar cell technologies [5- 8].

Zinc oxide (ZnO) is a II-VI group and n-type semiconductor material [9]. Furthermore
ZnO thin films have wide band gap (3.35-3.37 eV) [10], high exciton binding energy (~ 60
meV) [11], piezoelectric properties, high transparency, and ferromagnetism properties at
room temperature. For this reason, these films are used in sensors, piezoelectric
materials, organic light-emitting [12], DSSCs, photocatalytic processes, transparent
conductive oxide (TCO) [13]. ZnO thin films are produced via spray pyrolysis, pulsed
laser deposition (PLD) [14], sputtering [15], molecular beam epitaxy (MBE) [16], electron
beam evaporation [17], chemical vapor deposition [18], microwave-assisted
synthesis[19] and sol-gel methods [20]. Un-doped ZnO thin films, despite their
advantages, are not preferred due to their instability and low conductivity at high
temperatures. For this reason ZnO is doped with some elements such as aluminium [21],
magnesium [22], gallium [23,24], silver [25-28], titanium [29], copper [30,31], and
tellurium[32]. With this doping, the morphological properties and performance of ZnO
varies and become suitable for a variety of uses.
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The doping of ZnO nanomaterials with metal ions is a process that not only improves the
electrical, semiconductor, optical and mechanical properties of the material but also
causes a significant change in the particle size of the material. This process causes
significant changes in the crystal structure and surface / volume ratio of the
nanomaterial [33-36] SZO nanomaterials are noble metal ion doped ZnO nanomaterials.
Silver, a bright white metal, has a density of 10.5, a melting point of 960 ° C, and a boiling
point of 2212 ° C. Along with copper and gold, their elements are in the IB cluster of the
classification chart. Silver, which is extremely soft, conveys heat and electricity very well;
for this reason it is used in electricity. It is attached to centrally-faced cubic systems:
Hardness is low. Silver tends to form covalent compounds. Along with the basic oxidation
level +1, there are also +2 and +3 valences which approach the silver transition elements.
In recent years, SZO nanostructures such as nanofibers, nanoneedles, nanowires,
nanorods[37,38], nanospheres and 3D hollow micro- / nanospheres have been produced
by Zinc Oxide silver doping and reported in the literature [9,39-42].

The determination of optimum doping ratio is significant to prevent excessive cost and
material use in material synthesized processing. The main goal of the current study was
to synthesize the SZO nanomaterials using different doping rates for DSSCs and
investigate the optimum ratio of Ag doping. In the present work, SZO nanomaterials were
successfully synthesized using the hydrothermal production method with doping
concentrations of 0.0, 0.5, 1.0, and 1.5% Ag and characterized by XRD, SEM and EDX
analysis. Two types of SZ0 based DSSC were fabricated using Z907 and N719 dyes. SZO
films act as photoanodes in DSSCs. Structure and optical properties of SZO samples have
also been examined. The photovoltaic performance of SZO based DSSCs were analyzed
and investigated the optimum Ag doping rate.

2. Materials and Method

XRD Crystal structures and crystallite sizes (D) of SZO samples were determined using Cu
Ka radiation (1.540 A) Rigaku Equipment. During this inspection, current and voltage
were keep at 40 mA and 40 kV, respectively. The morphologies of the prepared SZO
samples were investigated by SEM studies. Morphological characterizations of the
samples were performed using the Philips XL 30S FEG, SEM equipped with SEM-EDX. The
current voltage of DSSC fabricated using these samples was characterized by (J-V)
measurement. These examinations and measurements were executed under conditions
of light intensity of 100 mW / cm?and AM 1.5. Radiant intensity at various densities were
provided by A 450 W Xenon light source (Oriel) device. The Keithley 2400 Welding Meter
and LabView data acquisition software was used for J-V data acquisition.

2.1.Synthesis of SZOs

SZ0 nanostructures are produced in a typical synthesis using zinc nitrate hexahydrate
(Zn (NOs) 2.6H:0), silver nitrate (AgNO3) and NaOH in a microwave oven using simple
hydrothermal production method. These chemicals used were purchased from Sigma-
Aldrich and used as purchased without any modifications. 3.15 mmol of Zn (NOs)2 .6H20
and the appropriate amounts of AgNOs were dissolved in distilled water and 50 ml of
solution were obtained. To this resulting 50 mL of the solution was added 37.5 mmol of
sodium hydroxide (NaOH). This process was repeated to prepare five samples with SZO
molar ratios of 0.0, 0.5, 1.0 and 1.5%. These solution samples were placed in a beaker and
mixed using a magnetic stirrer. These blend samples were then transferred to teflon
containers and placed in a microwave oven. The furnace was turned on and the mixtures
were treated at 195 °C, 195 PSI and 1 hour. After 1 hour the reaction was complete and
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the teflon containers were removed from the oven. Mixture samples were placed in
filtration funnels for filtration and precipitates were collected by filtration. These
precipitates were then washed with distilled water. Then, the obtained materials were
placed in an oven and dried at 70°C. These processed samples were then characterized
for morphological, structural and DSSC applications.

2.2. DSSC Fabrication

The basic structure of DSSC is as shown in Fig. 1.
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I FTO Coated Glass Plate

i G

>

Fig. 1 The basic schematic design of ZnO nanomaterial based DSSC

DSSC starts working when sunlight hitting to the cell surface is absorbed by the dye
adhere to the ZnO nanomaterial coated on the conductive glass (FTO or TCO). Light
absorbing dye is induced and injects an electron from the valence band (VB) to the ZnO
conduction band (CB). This electron passes through the nanocrystalline structure in ZnO
to reach the photoanode. The electrolyte containing the redox couple neutralizes the dye
cation. Then the electrolyte is reduced by electron from the coming external circuit.
Finally, photocurrent occurs as a result of these electron movements and continues as
long as the light comes on. During this operation, the net charge is always zero and
chemically unchanged (Fig. 2-3).
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Fig. 3 Simplified energy level illustration and electron transmission of FTO/ZnODSSC
[44]

In this solar cell fabrication, FTO (TEC 8; Hartford Glass) and TCO containing Solaronix,
Platisolcatalyzed by platinum as counter electrode was used. An ethanol solvent was
added to the SZO materials and SZO pastes were prepared using a dispermat. SZO coated
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FTO and TCO substrates were submerged in a 0.5 mM solution of the Ruthenium complex
of Z907 and N719 in ethanol overnight. Then SZO coated FTO and TCO substrates were
dried. The active area of sell was 0.16 and 0.25cm2. The cell was joined sandwich shape
using a Surlyn. Then electrolyte was injected through pre-drilled hole and the hole was
covered using a glass.

3. Results and discussion
3.1. XRD Analysis of the SZO nanomaterials

The XRD patterns of the synthesized SZ0O samples are as shown in Fig. 4.
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Fig. 4 The XRD patterns of the SZO samples with different Ag/Zn molar ratio: 0.0%; 0.5%;
1.0%; 1.5%

All diffraction peaks of each sample were compared with the JCPDS card of ZnO. It is seen
that all of the peaks that match the result are in agreement with the data peaks. These
results demonstrate the formation of synthesized SZO samples having a hexagonal
wurzite structure. In other words these results showed that the as-synthesized SZO
samples with a hexagonal wurtzite structure. The diffraction peaks positioned at 26
values of 31.74, 34.43, 36.24, 47.53, 56.60, 62.84, 67.96, 69.09° can be indexed to the
hexagonal wurtzite phase of zinc oxide (JCPDS card no. 36-1451). Furthermore the main
peaks of SZO film correspond to the crystalline planes (100), (002), (101), (102), (110),
(103), (112) and (201) at angles 31.74°, 34.43°, 36.24°, 47.53°, 56.60°, 62.84°, 67.96°, and
69.09° respectively.In addition to the ZnO reflections, some small peaks were arosed
corresponding to Ag at 38.15 and 44.3° (red circle region) [45]. No other reflections
weren't observed except for ZnO, Ag, and impurities in the pattern.
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The crystallites size (D) was calculated from XRD data using Scherrer equation [46]:

k.A
D= B cos6 (1)

Where, Dis crystallites size (nm), k is Scherrer constant, A is wavelength of the x-ray
sources, § is FWHM (radians) and 6 is peak position (radians).

From this XRD analysis, the average crystallite sizes corresponding to the undoped ZnO
and doped ZnO with 0.5, 1.0 and 1.5mol% silver were 41, 42, 38 and 37 nm, respectively.

The crystallite sizes of SZ0 nanoparticles are presented in Table 1.

Table 1.The crystallite sizes of SZO nanoparticles

Sample Average crystallite size (nm)
0.0% SZO 41
0.5% SZ0 42
1.0% SZ0 38
1.5% SZ0 37

Average crystalllite size of undoped ZnO is 41 nm, increases from 41 nm to 42 nm when
Zn0 is doped with 0.5% silver, and then decreases to 38 and 37 nm when doped 1.0%
and 1.5% (Fig. 5).

| —Hl—-5Z0 Average Crystallite Size

42 4 |

7 \.

Average crystallite Size (nm)

0,0 05 1,0 1,5
Ag (%)

Fig. 5 Graph of the average crystallite sizes of SZO nanomaterials
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3.2. SEM and EDX analysis of the SZO materials

The structural morphologies of the SZ0 samples were investigated using SEM (Scanning
Electron Microscopy) and the results are shown in Fig. 6(a-1). It was observed that the
morphology of SZO samples changed partially and the ZnO nanorod length increased
somewhat as the Ag doping ratio increased. Despite this increase, it was seen that the
average crystal sizes first increased (Fig. 6d-f) and then decreased (Fig. 6g-1). There is
good accordance between the values in Table 1 and the SEM images in Fig. 6.

Fig. 6 (a) SEM Images of 0.0% SZO (5um); (b) SEM images of 0.0% SZO (2pm); (c) SEM
images of 0.0% SZO (1um); (d) SEM Images of 0.5% SZO (5um); (e) SEM Images of 0.5%
SZO (2um); (f) SEM images of 0.5% SZO (1um); (g) SEM images of 1.0% SZO (5um); (h)
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SEM Images of 1.0% SZO (2um); (i) SEM images of 1.0% SZO (1um); (j) SEM images of
1.5% SZO (5um); (k) SEM images of 1.5% SZO (2um); (1) SEM images of 1.5% SZO (1pum)

The compositions and purity of SZ0 nanomaterials were investigated using energy -
dispersive X-ray (EDX) spectroscopy and the EDX spectra obtained were shown in Fig.
7(a-d). When EDX spectra were examined, it was found that Zn, O and Ag showed various
well defined peaks. Furthermore, no peaks were detected for any foreign matter in the
spectra. These results showed that the synthesized ZnOs were Ag-doped.
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Fig. 7 The EDX images of the Ag-doped ZnO samples with different SZO molar ratio: (a)
0.0%; (b) 0.5%; (c) 1.0%; (d) 1.5%

3.3. Optical properties

Examination of optical properties of the SZO thin films have been performed using UV-
visible spectroscopy and the results are shown in Fig. 8 and 9. The absorbance of SZO
nanomaterials is in the range of 0.2-0.5% in the visible section of spectrum. The
absorbsion of 0.0% SZO nanomaterial is in the range of 0.3-5% in the visible section of

spectrum. On the other hand, when the Ag doping rate has increased the absorbance of
SZ0 nanomaterials increased was observed (Fig. 8).
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Fig. 8 Absorbance spectra of doped SZO nanomaterials
The transmission of SZ0 nanomaterials is in the range of 37-52% in the visible section of
spectrum. The transmission of 0.0% SZO nanomaterial is in the range of 37-46% in the

visible section of spectrum. Furthermore, when the Ag doping rate has increased the
transmission of SZ0 nanomaterials decreased was observed (Fig. 9).
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Fig. 9 UV-visible transmission spectra of SZO nanomaterials

Band gap variations of SZ0 nanomaterials are shown in Fig. 10. The band gap of the
undoped ZnO and 0.5%, 1.0% and 1.5% SZO0 nanomaterials are 3.19, 3.18, 3.16 and 3.19
eV, respectively. It was observed that the band gap decreased when doping 0.5% and
1.0%, and increased when doping 1.5%. The reason for the narrowing of the band gap
with Ag doping may be the displacement of Ag?* and Zn?* [47].
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Fig. 10 Band gap variations in SZ0 nanomaterials
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3.4.Photovoltaic Performances of DSSCs

The fill factor (FF) and efficiency (n) values of each cell were calculated using the
following equations:

_ Im.ym

~ Isc.Voc (2)
Isc .Voc .FF
T sat ()

Where, Im is maximal current, Vim maximal voltage, Isc is short circuit current, Voc is open
circuit voltage, S is the surface area of the cell and Gt is the incident light density.

3.4.1.Photovoltaic performances of DSSCs fabricated using Z907 dye

The photocurrent density-photovoltage (J-V) and incident photon to current conversion
efficiency (IPCE) of DSSCs fabricated using Z907 dye based on SZO nanomaterials were
exhibited in Fig. (11-12) and their photovoltaic characterization is summarized in Table
2. IPCE of 0.5% SZO based DSSC showed 13% efficiency at 500 nm in Fig. 12. The fill
factor of 0.0% SZO, 0.5% SZO, 1.0% SZO and 1.5% SZO are 0.32, 0.56, 0.56 and 0.51,
respectively. The current density was affected by the doping concentration. The
calculated efficiency of the DSSCs with ZnO photoanode doped with 0.0, 0.5, 1.0 and
1.5mol% of Ag are 0.005%, 0.51%, 0.46% and 0.22%, respectively. Under the standard
global AM 1.5 solar irradiation, 0.0% SZO based DSSC gave a short circuit current density
(Jsc) of 0.13 mA/cm?, open circuit voltage (Voc) of 100 mV, and a fill factor of 0.31,
corresponding to an overall conversion efficiency of 0.005. When the 0.0% SZO was
doped with 0.5% Ag, band gap narrowed and dropped from 3.19 eV to 3.18 eV. This
reduction in energy gap led to the increased efficiency in the use of this material in DSSC
device [48]. Furthermore, the average crystallite sizes increased from 41 nm to 42 nm
and surface area increased for dye adhering. Then more dye was adhered to the crystals
and thus more light was absorbed by dye. Consequently, short circuit current density
increased from 0.13 mA/cm? to 1.88 mA/cm?, open circuit voltage from 100 mV to 500V,
fill factor from 0.31 to 0.56, and efficiency from 0.005 to 0.51. Subsequently, when the
0.0% SZO0 was doped with 1.0% and 1.5% Ag the average crystallite sizes decreased from
42 nm to 38 nm and 37 nm. This resulted in less dye adherence and therefore less light
absorption. In addition, the performance of DSSC decreased as the light reaching the dye
decreased due to the increase in absorbance and decrease in transmittance (Fig. 8-9). For
this reason, it was observed that the short-circuit current density decreased from 1.88
mA/cm? to 1.66 mA/cm? and 0.88mA/cm?, the efficiency from 0.51 to 0.46 and 0.22.

As a result, 0.5% SZ0 nanomaterial based DSSC fabricated using Z907 dye was showed
the best performance.
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Fig. 11 J-V curve of DSSC fabricated using Z907 dye under illumination
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Fig. 12 Incident Photon to Charge Carrier Efficiency (IPCE) curve of DSSC fabricated

using Z907 dye
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Table 2.Photovoltaic Performance of SZO based DSSCs fabricated using Z907 dye

Sample Jsc (mAcm2) Voc (mV) FF n (%)
0.0% SZ0 0,13 100 0,32 0,005
0.5% SZ0 1.88 500 0.56 0.51
1.0% SZ0 1.66 500 0.56 0.46
1.5% SZ0 0.88 500 0.51 0.22

3.4.2.Photovoltaic performances of DSSCs fabricated using N719 dye

The photocurrent density-photovoltage and incident photon to current conversion
efficiency of DSSCs fabricated using N719 dye based on SZO nanomaterials were
exhibited in Fig. (14-15) and their photovoltaic characterization is summarized in Table
3. The lowest unoccupied molecular orbital (LUMO) level of N719 dye is higher than the
conduction band of ZnO nanomaterials [49,50]. This facilitates electron transfer from
N719 to the ZnO nanomaterial surface. The cascading energy levels of the DSSC material
components are shown in Fig. 13.
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Fig. 13 Energy level diagram of the FTO/Zn0/N719/Electrolyte/Pt/FTO device

N719 dye molecules are chemically bonded to ZnO nanomaterials. This structure occurs
the formation of cascading energy levels that lead to easy electron flow from the N719
dye to ZnO (Fig. 13). N719 dye absorbs the photon of light hitting the cell surface and
creates an electron hole pair. This electron efficiently transfers from the LUMO level of
the N719 dye to the conduction band of ZnO nanomaterials, and from there it reaches the
conductive glass FTO. It is then transmitted to the counter electrode via the external
circuit. Thus, under illumination the DSSC creates a regenerative and stable photovoltaic
energy conversion mechanism (Eq. 1-4)[51]. Firstly photon is absorbed by sensitizer
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(N719 (S)) (Eq. 4) Then the electron is transferred to the conduction band of ZnO.
Injected electron to conduction band of ZnO leads to excitation of sensitizer (S*) and
leaves sensitizer in oxidized state (S*) (Eq. 5). The injected electron flows through the
semiconductor network to reach the back contact and then flows through the external
charge to the counter electrode to reduce the redox mediator (Eq. 6), which regenerates
the sensitizer (Eq. 7). This completes the circuit mechanism [51].

S(avsorved) TRV =>S(apsorvea) (4)
S(*absorbed) - S(szsorbed) + e(_injected) (5)
13_ +2. e(_cathode)_> 31(_cathode) (6)
+ 3._ 1.
S(absorveayt; 1= Sabsorveay + 513 (7)

N719 dye molecules fitted between ZnO nanoparticles increase the efficiency of solar
cells by increasing charge transfer and decreasing charge recombination. In addition, in
literature, it was reported that the interaction between ZnO nanorod and N719 is high,
which leads to a better charge transfer[52]. Furthermore, it was reported that the
distance between the N719 dye skeleton and the point attached to the ZnO surface is
narrow, and therefore, better performance can be obtained by facilitating an electron
transfer from N719 to the surface of ZnO nanorod arrays [52].

IPCE of 0.5% SZO based DSSC showed 2.7% efficiency at 525 nm in Fig. 15. The calculated
efficiency of the DSSCs with ZnO photoanode doped with 0.0, 0.5, 1.0 and 1.5mol% of Ag
are 0.06%, 0.17%, 0.07% and 0.06%, respectively. SZO nanomaterials showed due to the
above-mentioned properties the same effect in this DSSC device as it affected DSSC
fabricated using Z907 dye, and it was observed that DSSC based on 0.5% SZO
nanomaterial fabricated using N719 dye showed higher performance than others.
Although efficiency values are low the change in efficiency rate is remarkable when the
doping concentration changes. The results of similar type of study in literature, reported
that 0.5% Ag-doped ZnO showed the highest efficiency [45].
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Fig. 15 Incident Photon to Charge Carrier Efficiency (IPCE) curve of DSSC fabricated
using N719 dye
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Table 3. Photovoltaic Performance of SZO based DSSCs fabricated using N719 dye

Sample Jsc (mAcm2) Voc (mV) FF 1 (%)
0.0% SZO 0,61 400 0,21 0,06
0.5% SZO 1,27 500 0,22 0,17
1.0% SZO0 0,59 400 0,25 0,07
1.5% SZO 0,46 400 0,27 0,06

4. Conclusion

e The aim of the present research was to synthesize the Ag-doped ZnO nanomaterials
(SZO) for DSSCs and investigate the optimum ratio of Ag doping.

e SZO nanomaterials were successfully synthesized using the hydrothermal production
method with doping concentrations of 0.0, 0.5, 1.0, and 1.5% Ag and fully
characterized by XRD, SEM and EDX analysis.

e The structural analysis confirmed the formation of synthesized SZO samples having a
hexagonal ZnO wurtzite phase.

e Further examines also have revealed a change in crystal structure when the doping
concentration of silver increased.

e The morphology of SZO samples changed partially and the ZnO nanorod length
increased somewhat as the Ag doping ratio increased.

e Despite this increase, it was seen that the average crystal sizes first increased and
then decreased. The crystallite sizes calculated from XRD data for 0.0, 0.5, 1.0 and
1.5mol% SZO were obtained as 41, 42, 38 and 37 nm, respectively.

e Ag doping concentration has increased the absorbance of SZO nanomaterials
increased and the transmission decreased was observed.

e The band gap of the 0.0%, 0.5%, 1.0% and 1.5% SZO nanomaterials were measured
3.19, 3.18, 3.16 and 3.19 eV, respectively. Two types of SZO based DSSC were
fabricated using 7907 and N719 dyes and investigated their photovoltaic
performances.

e The calculated efficiencies of DSSCs fabricated using Z907 dye for 0.0%, 0.5%, 1.0%
and 1.5% SZO were 0.005, 0.51, 0.46 and 0.22%, respectively.

e Then the calculated efficiencies of DSSCs fabricated using N719 dye for 0.0%, 0.5%,
1.0% and 1.5% SZO were 0.06, 0.17, 0.07 and 0.06%, respectivelyln both studies and
above mentioned similar study in literature, DSSCs with ZnO film doped with 0.5%
SZ0 showed higher photovoltaic performance as compared to other DDSC samples.

e The results of this investigation show that the optimum ratio of Ag doping is 0.5%.
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