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In this paper, we demonstrate the application of a novel ternary nanocomposite MoS2/Ag/

TiO2 photoanode in high efficiency plasma dye sensitive solar cell (PDSSC). Ternary

nanocomposites MoS2/Ag/TiO2 was successfully synthesized by a simple solvothermal

method without any hazardous substances. In order to achieve higher photoelectric con-

version efficiency of DSSC, the photoanode’s ability of capturing light and electron transfer

rates needs to be improved. Ag provides a power for light capture, while MoS2 inhibits

electronehole recombination and promotes electron transport in the ternary nano-

composite MoS2/Ag/TiO2. The nanocomposite was characterized by scanning electron

microscope and transmission electronmicroscope, which indicated that the MoS2/Ag/TiO2

was synthesized. Due to local surface plasmon resonance (LSPR), silver nanoparticles were

doped onto TiO2 nanoparticles, which greatly improved the optical parameters. The syn-

thesis of Ag nanoparticles and MoS2 was confirmed by X-ray diffraction (XRD) and X-ray

photoelectron spectroscopy (XPS). The performance of dye sensitive solar cell (DSSC)

composed of ternary nano-composite material MoS2/Ag/TiO2 was tested, the photoelectric

conversion efficiency (PCE) reaches 9.3%, which is 26% higher than that of pure TiO2

nanoparticle photoanode.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Due to the increasing global energy demand year by year, the

energy problem will face great challenges [1,2]. Multiple ef-

forts have been devoted to overcome such kind of issues, solar

based energy is the most beneficial, infinite and eco-friendly

renewable-energy resource [3]. The energy from sun light in

1 h ismuchmore than to consume by one human in thewhole

year [4]. Exploiting the solar energy is one of the best ways to

overcome the energy demand of the world [5]. PDSSC is the

latest advancement in solar cells, which attract scientist due

to its low cost, ease of fabrication, eco-friendly and nontoxic

nature. PDSSC is a device for the conversion of solar energy

into electrical energy, which relies on the sensitization of dye

molecules [6]. The PDSSC consists of the photoanode, the dye,

the electrolyte and the electrode [7].

Titanium dioxide (TiO2) is commonly used as photoanode

material in DSSC due to low cost, high stability and improved

photovoltaic characteristics [8e10]. However, The recombi-

nation of charge carriers in TiO2 nanoparticles with the

conductive substrate adversely affects the performance of

DSSCs [11]. TiO2 has a large band gap (3.2 eV), in order tomake

up for the deficiency of TiO2's wide band gap, reduce the

recombination rate of carriers, improve light absorbance and

promote electron transfer, it's necessary to combine TiO2 with

different nanocomposites [12]. MoS2 has gained huge attrac-

tion because of its excellent thermal conductivity, fast mobi-

lization of charge carriers and high surface area [13,14]. Zhang

et al. reported incorporation ofMoS2 inmesoporous TiO2 as an

interfacial layer [15]. Gurulakshmi M et al. Used MoS2 to pre-

pare flexible counter electrode, and achieved an efficiency of

4.21% in the final synthesized DSSC [16]. Sajjad et al. con-

structed a MoS2/MoTe2 hybrid bilayer structure and applied it

to DSSC. Benefiting from the synergistic performance between

the MoS2 and MoTe2 metal phases, a maximum PCE of 8.07%

was finally achieved [17].

TiO2 surface also has been reorganizedwith preciousmetal

nanoparticles such as Au & Ag. Lu et al. performed experi-

ments on the synthesis of Ag/TiO2 nanoparticles by adopting

chemical reduction approach. The doping of Ag with TiO2

nanoparticles increased the optical properties in the visible

range (400e500 nm) with PCE of 4.86% [18]. The Ag nano-

particles play a binary role in the DSSCs performance by

exhibiting an enhancement in the absorption-coefficient of

organic dye and finally improved the optical absorption due to

LSPR [19,20]. LokMan studied Ag nanoparticles, which shows

that Ag/TiO2 nanocomposites are suitable candidates

compared with pure TiO2. The improvement of current den-

sity finally improves the efficiency of DSSC [21]. In addition,

they behaved as an electron collector for photo-induced

charge particles, improved the interfacial charge exchange

process, and curtailed the recombination rate, thereby facili-

tating electronic transport in DSSCs [22]. Liu et al. studied the

enhancement of photocurrent in DSSCs by LSPR of Ag nano-

particles, which increased the effective absorption of dye

molecules [23,24]. Xu et al. studied the SPR of Ag nano-

particles, which increased their surrounding electromagnetic

fields and enhanced the photocurrent generation [25e27].

New design of photoanode that presented another layer of
generally substantial nanoparticles over the TiO2 nano-

particles has been proposed. The over-layer expanded the

light dissipating and thus enhanced assimilation/dispersing

capacity of photoanode [28e30].

In this work, TiO2 nanorods were prepared by hydrother-

mal method, Ag nanoparticles were prepared by electro-

plating method, and sheet MoS2 was prepared by the

hydrothermal method. Composite photoanode materials

(MoS2/Ag/TiO2) were prepared, and their morphology and

optical properties were characterized. The photoanode ma-

terial was applied to DSSC.
2. Materials and methods

2.1. The experimental items

The Fluorine Doped Tin Oxide (FTO) Coated Glass was pur-

chased from Guang Sheng Jia New Materials Co., Ltd., China.

Acetone, ethanol titanium tetrachloride (TiCl4), P25 and hy-

drochloric acid (HCl) were obtained from Henan Dashun In-

dustrial Corporation. Silver nitrate (AgNO3), sodium

molybdate (Na2Mo4) and thiourea (CH4N2S) were acquired

from Beijing Chemical Corporation and Na2SO4 was obtained

from Aladdin Ltd., Shanghai, China. All the experimental

items were used without further processing and deionized

distilled water was used throughout the experiments. The

fabrication method of the photoanode is shown in Fig. 1.
2.2. Preparation of TiO2

The FTO was cleaned with acetone, ethanol and deionized

water for 15 minimums. After cleaning, the FTO is put into

the drying box for drying at 60 �C. First, a photosensitive layer

is grown on FTO. TiCl4 and HCl weremixed 1:1 into a solution

of 10 mL, diluted with equal proportion of deionized water,

and then placed in a water bath with dried FTO at 240 �C for

12 h. After 12 h, the FTO was removed from the water bath,

and a layer of milky white film could be found on the surface

of the FTO. Then, TiO2 was grown on the photosensitive

layer. P25 type TiO2 powder was put into the grinding in-

strument tomake itmore fine, and put into the drying box for

drying at 60 �C. After these preparations, the method of

photosensitive layer preparation is used to configure the

mixed solution of hydrochloric acid and P25, and put it into a

drying box for water bath heating with the sample at 240 �C
for 24 h. When the time is up, take out the reaction kettle

from the drying box and cool it to room temperature. After

taking out the FTO in the reaction kettle, it can be found that

there is white substance growing on it, namely the TiO2 to be

prepared.

2.3. Synthesis of Ag/TiO2

Ag nanoparticles were grown on the samples by electro-

plating. The samples were electroplated with 0.001 mol silver

nitrate and 0.05 mol sodium sulfate with 50 mL deionized

water for 100 s under 0.4 V, then cleaned, and dried at 100 �C
for 1 h to obtain Ag/TiO2.
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Fig. 2 e Microscopic mechanism of MoS2/Ag/TiO2.

Fig. 1 e The fabrication method of the photoanode.
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2.4. Synthesis of MoS2/Ag/TiO2

MoS2 was prepared by the hydrothermal method. The exper-

imental steps were as follows: 0.06 g Na2Mo4 and 0.12 g

CH4N2S were dissolved in 70 mL deionized water by ultra-

sound; The above Ag/TiO2 samples were vertically placed in

the inner wall of the reactor at an Angle of 45� downward and

poured into the prepared solution. The tank was put into the

reactor and assembled. Put the assembled reactor in a drying

oven and heat it up from room temperature to 180 �C at a rate

of 3 �C per minute for 24 h, the reaction kettle was taken out

from the drying box and cooled naturally to room tempera-

ture. The sample was taken out and the impurities of the

sample were cleaned with a large amount of deionized water

and dried naturally to obtain MoS2/Ag/TiO2.

2.5. Materials characterization and electrochemical
measurements

Surface features of the electrodes were scanned by scanning

electron microscopy (SEM, Tescan MIRA 3XMU) and Field-

emission transmission electronmicroscope (TEM, JEM

2100 F). XPS and XRD were used to study the composition and

valence of the samples. The electrochemical workstation

(Shanghai Chenhua CHI760D) was used to test in 0.1 M Na2SO4

aqueous solution. The counter and reference electrodes were

the platinum foil and saturated calomel electrode, respec-

tively. The polarization curves (LSV) were acquired at a

scanning rate of 10 mV/s. Electrochemical impedance spec-

troscopy (EIS) study was carried out in the frequency range

from 100 kHz to 0.01 Hz. Current densityevoltage (J-V) test was

carried out to study the Performance of DSSC with the sam-

ples. Ultravioletevisible absorption spectrometry (UVevis),

Chronoamperometry (CA) and Open Circuit Voltage Decay

(OCVD) were used to study the absorbance of the samples.
3. Results and discussion

3.1. Characterization

The microscopic mechanism of MoS2/Ag/TiO2 is shown in

Fig. 2. When the DSSC is irradiated by sunlight, the dye mol-

ecules on MoS2/Ag/TiO2 absorb the incident light, and the

excited electrons jump from the highest occupied orbital to

the lowest unoccupied orbital inside the dye. The excited

electronswill be injected into the TiO2 conduction band by dye

https://doi.org/10.1016/j.jmrt.2022.07.134
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and converge on the surface of FTO conductive layer by TiO2

and MoS2. Flow through the external circuit to the opposite

electrode. I3
- in the electrolyte is reduced to I� at the counter

electrode, and I� provides ions for the holes caused by electron

loss of the dye. Through these electron transfers, the DSSC

forms a loop.

The morphology characteristics of MoS2/Ag/TiO2 photo-

anode were studied by SEM, as shown in Fig. 3. In order to

clearly see the shape of each layer of the composite sample,

the SEM tests of TiO2, Ag andMoS2 were carried out, as shown

in Fig. 3(a)e(c). Nanorods TiO2, granular Ag and flower-like

MoS2 can be clearly seen in the figures. Flower-like MoS2 is

formed by flake MoS2 without the attachment point during

growth. The surface area of the nanorods TiO2 is 100 times

than granular P25. Such a large surface area of nanomaterials

is more conducive to the adsorption of dyes and the attach-

ment of other nanomaterials, which is the prerequisite for the

preparation of nanocomposites. Figure 3(d) is a ternary

nanocomposite composed MoS2/Ag/TiO2. It can be seen that

Ag nanoparticles and flake MoS2 grows on the top of rod-

shaped TiO2. In the SEM picture, the sample arrangement is

not orderly because the sample is treated by ultrasound before

the test, which leads to the aggregation. However, from

another perspective, it shows that the ternary nanocomposite

layer is firmly connected between layers without adhesive,

which helps to improve the structural stability of the

nanocomposite.

In order to verify the substance of the picture is real MoS2/

Ag/TiO2, Energy Dispersive Spectrometer (EDS) test is per-

formed on Fig. 4(a), and the test results are shown in

Fig. 4(b)e(f). It can be seen from the figure that all elements (O,

Ti, Ag, Mo and S) contained in the tested sample are evenly

distributed on the nanocomposite, thus verifying the nano-

composite is the desired MoS2/Ag/TiO2. The proportion of

each element in ternary nanocomposite MoS2/Ag/TiO2 is

shown in Fig. 4(g), among which Mo element is too much

because there is still large MoS2 in the test material. But there

is not much MoS2 growing on TiO2. TEM results of MoS2/Ag/

TiO2 are shown in Fig. 4(h). The picture shows that rod-shaped

TiO2 is smooth and neat, Ag nanoparticles are clearly visible.

And thin MoS2 can make photons pass through smoothly.

Figure 5 shows the XRD spectrum of TiO2 and MoS2/Ag/

TiO2. As can be seen from the figure, TiO2 has diffraction peaks

at 2q¼ 36.08�, 54.33�, 62.77�, 69.01� and 69.82�. This is basically
consistent with the crystal planes of (101), (211), (002), (301)

and (112) of rutile TiO2 (JCPDS No. 65-0191), which indicates

that the prepared TiO2 belongs to rutile TiO2. The character-

istic peaks can be observed at 2q¼ 26.58�, 33.77�, 37.76�, 51.76�,
61.75� and 65.74�, which are derived from (110), (101), (200),

(211) of SnO (JCPDS46-1088) on FTO (310) and (301) planes.

There are two new characteristic peaks (JCPDSNo.65-2871) at

2q ¼ 38.11� and 44.29� for the (111) and (200) crystal planes of

Ag. The results show that Ag nanoparticles have been suc-

cessfully grown on TiO2. In the XRD diffraction pattern of

MoS2/Ag/TiO2, it is difficult to observe the XRD diffraction

peak of MoS2, which may be due to the small volume and low

concentration of MoS2.

The chemical composition and valence states of MoS2/Ag/

TiO2 were studied by XPS analysis. Typical XPS measurement

spectra ofMoS2/Ag/TiO2 are shown in Fig. 6a. The figure shows
the diffraction peaks corresponding to each valence element

in the nanocomposite. The measurement spectra of Ti, O, Ag,

Mo and S obtained by separate measurement of each valence

element are shown in Fig. 6(b)e(f). The high resolution XPS

spectrum of Mo3d is shown in Fig. 6(b). The two XPS peaks

located at 232.3 and 228.3 eV are assigned to Mo3d3/2 and

Mo3d5/2 states of Mo respectively. In Fig. 5(c), the high-

resolution XPS spectra of S2p shows that the two XPS peaks

are located at 162.1 and 161.0 eV, respectively, corresponding

to S2p1/2 and S2p3/2. The results showed that MoS2 was

successfully deposited on Ag/TiO2. In Fig. 5(d), two XPS peaks

at 374.0 and 368.0 eV can be attributed to Ag 3d3/2 and Ag 3d5/

2 states of Ag element respectively. It can be seen that the

diffraction peak of Ag prepared in this experiment is slightly

lower than that of puremetal Ag. Similar resultswere found in

other Ag and semiconductor heterostructures, which may be

due to the interaction between Ag nanoparticles and TiO2.

These results can be interpreted as follows: when Ag nano-

particles are loaded onto TiO2 and MoS2, some electrons are

transferred from Ag to TiO2 and their corresponding Fermi

energy levels are adjusted to the same value at the interface

between Ag and TiO2 heterostructures. The results show that

some Ag nanoparticles change from zero valent Ag to univa-

lent Ag. Since the binding energy of univalent Ag isminor than

that of zero-valent Ag, the peak of Ag3d in the sample shifts to

a lower binding energy. In Fig. 6(e), the high resolution XPS

spectrum of O1 shows two diffraction peaks at 530.0 and

531.9 eV, respectively. Low binding energy is due to lattice

oxygen, which refers to the TieO bond of TiO2, and high

binding energy is due to the presence of surface hydroxyl

groups. As shown in Fig. 6(f), Ti2p1/2 and Ti2p3/2 can be

observed corresponding to XPS peaks located at 464.6 and

458.8 eV. The energy separation value between Ti2p1/2 and

Ti2p3/2 is 5.8 eV, indicating that the main state of Ti element

in MoS2/Ag/TiO2 is Ti4þ.

3.2. Electrochemical test of the samples

LSV curves of TiO2, Ag/TiO2 and MoS2/Ag/TiO2 photoanodes

are shown in Fig. 7(a). The test range is �0.9 to 0.9 V. The

current potential and current density can predict the charge

recombination degree between the photoanode conduction

electrons and the electrolytic liquid oxygen reduction electron

pair. It can be seen from the figure that the three curves show

a roughly linear relationship, in which the change degree of

the current density of TiO2 with voltage is not obvious. The

current density is increased at the same potential with the

addition of Ag and MoS2 in the photoanode material, and the

oxidation peak appears on the negative half axis of the ternary

nanocomposite MoS2/Ag/TiO2. It indicates that redox reaction

occurs between electrode material and electrolyte under po-

tential at this time, which promotes electron transfer and

inhibits the recombination of charge and hole. The combina-

tion of electrons and holes can be attributed to the narrow-

band material MoS2 providing a transport channel for elec-

trons from the electrode surface to the electrolyte.

In order to better explain the photoanode material’s

response to light, CA test was added as Fig. 7(b). First, the light

source was turned on after 55 s and continued for 15 s, then

the light source was turned off to obtain the current response

https://doi.org/10.1016/j.jmrt.2022.07.134
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Fig. 3 e Top-view SEM images of (a) TiO2 (b) Ag (c) MoS2 (d) MoS2/Ag/TiO2.
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of the three photoanode materials prepared with light and no

light. In Fig. 7(b), the protrited position is the current of each

photoanode material in light condition. In no light condition,

the material is not conductive inside, and the current is 0.

When there is light, photogenerated carriers will flow from

the N region of the semiconductor to the P region to form a

path of the semiconductor. By comparison, it can be found

that the response of MoS2/Ag/TiO2 and Ag/TiO2 to the input

light is significantly better than that of bare TiO2, which in-

dicates that the introduction of Ag and MoS2 promotes

photoelectron generation. Although the light response effect

of MoS2/Ag/TiO2 is not as obvious as that of Ag/TiO2, it shows

that the introduction of MoS2 promotes the transmission of

charge from another Angle, and the existence of MoS2 does

not hinder the generation of photogenerated electrons, which

proves that the ternary nano-composite MoS2/Ag/TiO2 is

suitable for light sensitive materials. Application to DSSC

components has a positive impact on their performance.

The absorbability of photoanode material to various

wavelengths of light wave was studied by UVevis test as

Fig. 7(c). It shows the absorption spectra of TiO2, Ag/TiO2 and

MoS2/Ag/TiO2. The spectral analysis shows that the presence

of Ag nanoparticles andMoS2 has significant adsorption effect

to light. The wide retention peak at 510 nm is related to the

plasmon resonance of Ag nanoparticles. The absorbance of

MoS2/Ag/TiO2 was improved by adding MoS2. In general, MoS2
has a negative impact on performance due to its heat-

absorbing ability, but this does not affect the material's ab-

sorption of light. Therefore, the obvious improvement in the

spectrum of MoS2/Ag/TiO2 in the range of 400e600 nm is

related to the presence of Ag nanoparticles.

In order to test performance indicators of DSSC, JeV test

was conducted, and the test results are shown in Fig. 8a. It can

be seen that three regular curves conform to JeV curves tested
of DSSC. Some performance indexes of DSSC can be obtained

directly, such as Short circuit current density (JSC) and open

circuit voltage (VOC). Through calculation, the filling factor (FF)

and photoelectric conversion efficiency (PCE, can be expressed

as h) can be obtained. In order to make a better comparative

analysis on them, their performance parameters are sum-

marized into a table, as shown in Table 1. It can be clearly seen

from the table that the JSC and VOC of DSSC are increasing with

the introduction of Ag and MoS2, and the h is also increasing.

Although the FF is decreased whenMoS2 is introduced, it does

not affect the overall performance of DSSC. The JSC, VOC and h

of DSSC assembled by ternary nanocomposites, which were

increased by 3.3 mA/cm2, 19 mV and 1.93% respectively than

DSSC assembled by monolayers exposed TiO2 nanomaterials.

The above analysis shows that the introduction of Ag and

MoS2 has positive significance on the short-circuit current and

open-circuit voltage of the battery, and has little influence on

the filling factor, thus enhancing the overall performance of

DSSC. The voltage and power density curves of DSSC can be

obtained by multiplying the current and voltage at each point

on the current density curve, as Fig. 8(b). As can be seen from

the figure, when the voltage is 650 mV, the maximum output

power density of DSSC is 9 mW/cm2. According to the formula

for calculating the filling factor and photoelectric conversion

efficiency, the filling factor of DSSC is 0.802, and the photo-

electric conversion efficiency is 10%.

In order to study the photoanode electron recombination

dynamic process, OCVD test was adopted for photoanodes of

different materials, and the test results are shown in Fig. 8(c).

When a semiconductor is illuminated by a beam of light, a

large number of photogenerated carriers are produced. A large

number of electrons are transferred from the n region of the

semiconductor to the P region, where a small number of car-

riers are formed. When the illumination is over, the excess
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Fig. 4 e (a) Top-view SEM image of MoS2/Ag/TiO2; (bef) EDS test diagram of each component (O, Ti, Ag, Mo, S) of MoS2/Ag/

TiO2; (g) element content of MoS2/Ag/TiO2; (h) TEM images of MoS2/Ag/TiO2.
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carriers in the P zone will compound with the holes in the N

zone and the voltage will decrease. The whole test is divided

into two stages: light test and no light test. Before the test, the
Fig. 5 e XRD patterns of TiO2 and MoS2/Ag/TiO2.
light source is opened to measure the voltage of the photo-

anode, and when the voltage is stable, the light source is

closed to observe the voltage attenuation. The first 100 ms of

the test was carried out under the condition of light.When the

light sourcewas opened, the voltage of the photoanodes of the

three materials was about 0.76 V, and tended to be stable in

the course of 100 ms. It can be seen from the figure that the

voltage of MoS2/Ag/TiO2 photoanode is the highest, followed

by TiO2 depositing Ag nanoparticles, indicating that the

introduction of MoS2 and Ag helps the generation and trans-

mission of photogenerated electrons. After that, the power

supply was turned off to observe the changing trend of the

curve. Since there was no excitation from the light source, the

photogenerated electrons would compound with the holes

until they disappeared, and the voltage trend became atten-

uation state. By observing the voltage change, we could know

the persistence of the existence of photogenerated electrons

in various materials under certain light excitation. When the

test lasted for 600 ms, the voltage of TiO2 reached 0 V and

tended to be stable without any fluctuation. At this point, the

photoanode voltage of Ag/TiO2 nanomaterial growing Ag was

https://doi.org/10.1016/j.jmrt.2022.07.134
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Fig. 6 e XPS survey spectrum of (a) Ag/MoS2/TiO2; (b) Mo3d; (c) S2p; (d) Ag 3d; (e) O1s; (f) Ti2p.
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slightly higher than that of exposed TiO2, indicating that the

photogenerated electrons did not disappear and the holes and

electrons did not completely recombine, and still carried out

transmission between electrode and electrolyte. MoS2/Ag/

TiO2 photoanode material has a slower open-circuit voltage

decay rate than Ag/TiO2 photoanodematerial, It is shown that

the introduction of Ag and MoS2 can improve the perfor-

mance of the battery.

Similarly, in order to obtain more detailed electron

transport dynamics, the corresponding Nyquist was ob-

tained by measuring the photoanodes of different materials

through electrochemical impedance, as shown in Fig. 8(d).

The test condition is dark, the bias voltage is open circuit

voltage, and the test frequency range is 0.1 Hze100 kHz. As

shown in the figure, the photoanodes have two obvious

semi-arc shapes. Compared with the photoanodes of other

materials, the pore of MoS2/Ag/TiO2 photoanode makes the

electrolyte fully diffuse, so the low-frequency semi-arc
disappears. At the same time, with the introduction of Ag

and MoS2 as scattering points into the photoanode, the

corresponding low-frequency semi-arc gradually decreases,

which may be caused by the electrolyte diffusion enhance-

ment caused by the gap between Ag and MoS2 introduced. By

fitting the equivalent circuit model in the attached figure, the

corresponding EIS parameters are obtained, as shown in

Table 2. As can be seen from Table 2, with the introduction of

MoS2 and Ag into the photoanode, the corresponding

transmission resistance Rt decreased significantly compared

with that of TiO2 (9.43 U). The transmission resistance of Ag/

TiO2 photoanode was 6.85 U, and that of MoS2/Ag/TiO2 was

6.80 U. The reduced transmission resistance indicates that

the introduction of Ag and MoS2 accelerates electron

transport.

Compared with traditional dye-sensitive solar cells that

only use TiO2 as the photoanode, we introduced Ag and MoS2
into the photoanode in this study to improve the performance

https://doi.org/10.1016/j.jmrt.2022.07.134
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Fig. 7 e (a) LSV; (b) CA; (c) UVevis spectra of TiO2, Ag/TiO2 and MoS2/Ag/TiO2.
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of the cell. The main reason for the improved performance is

because of the unique properties of Ag and MoS2, as shown in

Table 3. Among them, Ag improves the light absorption
Fig. 8 e (a) J-V spectra of TiO2, Ag/TiO2 and MoS2/Ag/TiO2; (b) pow

TiO2, Ag/TiO2 and MoS2/Ag/TiO2.
capacity of the photoanode by virtue of its LSPR properties.

MoS2 improves electron transport capability with narrow

band gap.
er spectra of MoS2/Ag/TiO2; (c) OCVD and (d) EIS spectra of

https://doi.org/10.1016/j.jmrt.2022.07.134
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Table 1 e Photoelectric parameters of dye sensitive solar
cells with different materials.

Names Jsc (mA cm
�2 ) Voc (mV) FF (%) h (%)

TiO2 11.6 728 75.5 7.37

Ag/TiO2 13.3 744 75.3 8.76

MoS2/Ag/TiO2 14.9 747 74.7 9.30

Table 2 e EIS parameters of dye sensitive solar cells of
different materials.

Names Rl (U) Rt (U) Rr (U)

TiO2 6.41 9.43 41.11

Ag/TiO2 7.37 6.85 30.69

MoS2/Ag/TiO2 8.04 6.80 15.86

Table 3 e Main properties of Ag and MoS2.

Names Characteristic

Ag LSPR

MoS2 Narrow Band Gap
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4. Conclusion

We experimentally verified the idea that the use of TiO2, Ag,

and MoS2 to fabricate photoanode can enhance the perfor-

mance of DSSC. The PDSSCs were prepared by using ternary

nanocompositesMoS2/Ag/TiO2 as photoanode and the ternary

nanocomposites MoS2/Ag/TiO2 were synthesized by the sol-

vothermal method. The surface phase of MoS2/Ag/TiO2

ternary nanocomposites was analyzed by SEM. XRD was used

to characterize MoS2/Ag/TiO2, which proved that Ag is a

nanometer particle and TiO2 belongs to anatase. The results of

UVeVis show that the nanocomposites have a good light

response in a wide range of visible light. The lspr response of

Ag is about 510 nm, and the power conversion efficiency of

ternary nano-composite photoanode is 9.3%, which is about

26% higher than pure TiO2 nanomaterial photoanode.

The novel photoanode can significantly improve the per-

formance of dye-sensitive solar cells, making further contri-

butions to the future development of new energy fields and

new energy devices such as flexible DSSC-based wearable

devices [31].
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