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Abstract: The counter electrode plays a vital role in solarcell performance. Instead of using platinum (Pt) CE, 

many inorganic and organic counter electrodes (CEs) have been created for dye-sensitized solar cells (DSSCs). 

However, because of their exceptional chemical stability, low cost, simple fabrication, flexibility, transparence, 

potential for high efficiency and better electrochemical qualities, carbon nanocomposite and MoS2 have been 

crucial to CEs. In this work, we created a graphene nanocomposite with TMDs (MoS2, CoS2, and NiS2) integrated as 

a counter electrode that can be easily manufactured hydrothermally and utilized in DSSCs. Through the use of 

energy dispersive spectrum analysis, Raman, scanning electron microscopy, transmission electron microscopy, and 

X-ray diffraction, the structural, morphological, and elemental content of the samples were examined. In 

comparison to MoS2@graphene and CoS2@graphene, respectively, NiS2@graphene hybrid demonstrated superior 

electrical conductivity and catalytic activity as a substitute for platinum counter electrodes in dye-sensitized solar 

cells (DSSCs). When compared to MoS2@graphene (7.71 ± 0.03%) and CoS2@graphene (8.01 ± 0.05%), the 

resultant NiS2@graphene counter electrodes (CEs) showed greater power conversion efficiencies (8.42 ± 0.05%). 

The availability of catalytic edge sites, the three-dimensional (3D) structure of NiS2, which promotes 

electrolyte/reactant transport, and the exceptional electrical connection to the underneath graphene are 

responsible for the exceptional performance of DSSCs.  Therefore, our findings show that more research should be 

done 2D Graphene on the TMDs materials for dye-sensitized solar cells. 
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1. Introduction 

In compared to conventional silicon solar cells, 

dye-sensitized solar cells (DSSCs) have attracted a lot 

of interest as a potential source of clean energy 

because of their low cost and relatively high conversion 

efficiency [1, 2]. The maximum power conversion 

efficiency (PCE) of 12.3% was recently attained by 

Yella et al. [3] at AM1.5G (100 mWcm-2).The working 

electrode is typically a dye-sensitized TiO2 

nanocrystalline film; the CE is typically a platinized 

favorable glass; and the electrolyte typically contains 

an iodide/triiodide (I-/I3
-) redox couple between the 

two electrodes. The sensitizer is photoexcited as part 

of the working process, and then the semiconductor's 

conduction band is quickly injected with electrons. 

After the oxidized dye is regenerated by I in the 

electrolyte, the resultant I3
- is reduced to I- at the CE 

user experience [4, 5]. CE, a crucial component, plays 

a crucial role in the performance of DSSC by satisfying 

electron transport from the CE contact to the 

electrolyte by electrocatalyzing the reduction of I3
-. Pt's 

remarkable chemical stability and electrocatalytic 

activity in reducing triiodide have made it the material 

of choice for the CE of DSSCs. However, mass 

production of DSSCs is hampered by the availability of 

Pt, a noble metal. Therefore, finding cheaper and more 

abundant elements to replace Pt is a significant area of 

research for DSSCs. Carbonaceous compounds [6, 7] 

and conductive polymers [7] are two examples of 

materials that have been proposed as CEs to replace Pt 

in DSSCs. Recently, electrocatalysts made from 

inorganic materials with high catalytic activity for the 

reduction of I3
- have been introduced into DSSCs. 
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Some examples of these elements include nitrides [8], 

carbides [9], sulfides [10], oxides [11], and selenides 

[12].  

Effective electrocatalysts for the I3
-/I- redox 

pair in DSSCs include 2D MoS2, which may also be 

coupled with G. The G component of these G andMoS2 

composites was first synthesized by adapting the 

Hummer's method for synthesizing graphene oxide. 

When compared to the laborious process of chemically 

connecting individual MoS2 species to the G surface for 

decoration, this approach wins out due to the 

abundance of oxygen-containing functional groups it 

generates. Nickel sulfides, which have variable atomic 

ratios depending on the synthesis circumstances, offer 

significant potential as the CE of DSSCs due to their 

low cost and high electrocatalytic activity for reducing 

triiodide. Similar to the reported findings [13], 6–7% 

PCE was generated using nickel sulfide (Ni3S2, NiS) as 

the CE. Low charge mobility in nickel sulfide 

nanoparticles, induced by the random boundaries 

between particles, may, nevertheless, restrict the 

electrocatalytic activity and, by extension, the 

performance of solar cells. One possible solution to this 

problem is a mixture of nickel sulfide and a highly 

conductive material. It is expected that this composite 

will serve as a high-performance CE for low-cost 

DSSCs. Graphene, a two-dimensional carbon material, 

has recently been proved to be an appropriate 

photoelectric material [14-17] due to its charge 

transfer interactions and ballistic conduction of charge 

carriers. Here, we show how to make nanocomposites 

TMDs out of graphene nanosheets coated with MoS2, 

NiS2, and CoS2 in a single, straightforward procedure. 

This is the first study of TMDs@graphene 

nanocomposites specifically for DSSCs to the best of 

our knowledge. Graphene has far lower electrocatalytic 

activity than NiS2, yet the nanocomposites of 

NiS2@graphene show much higher catalytic activity 

than NiS2 alone as a result of their synergistic catalysis. 

NiS2@graphene CE cells generate 8.42 ± 0.05% PCE, 

which is much higher than the PCE produced by 

MoS2@graphene CE cells (7.71 ± 0.03%) and 

CoS2@graphene CE cells (8.01 ± 0.05%).  

 

2. Experimental 

2.1. Materials 

Graphite powders, Sodium molybdate 

(Na2MoO4.2H2O), Nickel nitrate (NiNO3.6H2O), Cobalt 

nitrate ((CoNO3.6H2O), and thiourea were bought from 

Sigma-Aldrich (USA, purity 99.99%). The chemical 

were used for without supplementary distillation. 

2.2. Synthesis of pristine MoS2@graphene, 

NiS2@graphene and CoS2@graphene based 

hybrid nanocomposites  

The following procedures are used to generate 

MoS2 and MoS2/graphene based hybrid 

nanocomposites: First, 1 mmol of Na2MoO4.2H2O is 

dissolved in 4 mmol of thiourea using a magnetic 

stirrer and a strapping mixture of 60 ml of DI water. 

After producing GO, we employed the aforementioned 

solution to disperse the material (0.2 and 0.04 g). After 

carefully integrating all of the materials, they were 

enclosed in a Teflon-lined autoclave and heated to 180 

degrees Celsius for 24 hours. After the hydrothermal 

treatment, the product spent 24 hours in a vacuum 

oven at 80 degrees Celsius to be dried and cleaned. 

The same process was used to create NiS2@graphene 

and CoS2@graphene composites from Ni and Co 

sources, respectively. 

 

2.3. Characterization 

The structure and morphology of the individual 

samples were characterized by powder X-ray diffraction 

(XRD, RigakuDmax/Ultima IV), field emission scanning 

electron microscopy with EDX facility (FE-SEM, JSM-

7600F, JEOL), X-ray photoelectron spectroscopy (XPS, 

Theta Probe, Thermo Fisher Scientific) and Raman 

spectroscopy (NRS-3100, JASCO). 

 

2.4. Fabrication of the DSSC 

Between the ruthenium-based N719 dye-

sensitized TiO2 film (photoanode) and the 

TMDs@graphene CE, the I-/I3
- redox electrolyte 

(consisting of 0.05M I2, 0.1M Lil, and 0.1M LiClO4 and 

dissolved in anhydrous acetonitrile) was injected during 

DSSC fabrication. A TiO2 ultrathin layer and a 

nanocrystalline TiO2 mesoporous layer of 10 nm 

thickness were deposited on an FTO substrate, treated 

with 0.05 M TiCl4 aqueous solution at 90 °C for 30 

minutes, and then fused at 450 °C for 30 minutes to 

prepare the photoanode. The anode was ready after 

being submerged in a 0.3 mM N719 ethanol solution 

for 24 hours. Under the irradiation of 100 mW•cm-2 of 

simulated solar light, photocurrent density-voltage (J-

V) curves were measured using a solar light simulation. 

Throughout photovoltaic testing, the mask's aperture 

size was 22 mm × 22 mm, while the active device area 

was 20 mm × 20 mm. Before taking any readings, a 

reference Si cell from NREL was used to calibrate the 

light intensity. The repeatability and reliability of the 



NanoNEXT 5(3) (2024) 1-8 

 

 Vol 5 Iss 3 Year 2024 Dineshkumar et.al, /2024 

 

Page 3 of 8 

 

device built with the improved CE material was 

evaluated by testing up to ten devices. 

 

3. Results and Discussion 

3.1. XRD analysis 

X-ray diffraction (XRD) spectra are shown in 

Figure 1 for the identification of the structural 

characteristics of graphene, MoS2, and MoS2/G sheets. 

The (002) plane of graphene is responsible for the 

peak at 26.97°, which translates to a d-spacing of 0.38 

nm [18]. There is excellent agreement between the 

standard data (JCPDS card no. 37-1492) and the 

reflected planes of (002), (100), (103), (105) and 

(110) from MoS2. Graphene's (002) plane is present in 

the MoS2/G composite, as are all planes linked to MoS2. 

Cubic pyrite NiS2 with lattice parameters of a = 5.67 Å 

is clearly indexed by the diffraction peaks at 26.8, 31.3, 

36.5, 38.1, 45.3, 49.1, 52.3, 53.4, 58.5, 61.2, and 67.0 

degrees, which correspond to their characteristic (111), 

(200), (211), (220), (221), (311), (023), (321), and 

(400) planes, respectively [19]. The existence of (002) 

plane coupled with NiS2 diffraction in the combined 

samples suggest that nanocomposite were produced 

among NiS2 and graphene. the as-synthesized CoS2/G, 

which may be classified based on the cattierite CoS2 

phase (JCPDS card 41-1471) at the (200), (210), 

(211), (220) and (311) diffraction planes, 

demonstrating the production of the CoS2 crystalline 

phase. In addition, the XRD patterns of as-synthesized 

CoS2/G showed diffraction reflections at 2 of around 

26, 8o, which may be attributable to the existence of a 

graphene phase at the (002). 

 

 

3.2. Morphological Analysis 

The morphological properties of the 

synthesized samples were analyzed using scanning 

electron microscopy and transmission electron 

microscopy. Figure 2 displays SEM images of composite 

samples made of MoS2@graphene (a), NiS2@graphene 

(b), and CoS2@graphene (c). Graphene has a 2D sheet 

form with a wrinkled surface. The nanoparticles used in 

the MoS2, NiS2, and CoS2 experiments were all round 

and had sizes between 30 and 40 nm; they were 

uniformly placed on the surface of the graphene 

nanosheets. Additional transmission electron 

microscopy (TEM) images of MoS2@graphene (Figure 

2d) and NiS2@graphene (Figure 2e) validated the SEM 

results and showed that the nanosheets and TMDs 

consistently displayed surface ornamentation. Mo, S, 

and C were all discernible in the MoS2@graphene EDAX 

image. 

 

3.3. Raman Spectra Analysis 

Figure 3 shows the results of Raman 

spectroscopy used to learn more about the films' 

architectural accuracy and the successful hybridization 

of graphene into MoS2. The D and G bands of carbon 

are responsible for the Raman intensity peaks at 1356 

cm-1 and 1553 cm-1 in pristine graphene [20]. The 

estimated ID/IG ratio is close to 1.28, suggesting that 

graphene was highly disordered. There are two Raman 

modes in the hexagonal structure of MoS2 [21], 

designated E2g at 375 cm-1 and A1g at 411 cm-1. NiS2's 

pair libration vibration and phase stretching vibration 

are responsible for the peaks at 280 cm-1 and 490 cm-1 

in Raman spectra [22]. The Raman spectra of 

NiS2/graphene nanocrystals have been shown. Both the 

D band (with a peak at 1352 cm-1) and the G band 

(with a peak at 1583 cm-1) in graphene were found. 

ID/IG ratios of 1.05 for graphene and 1.32 for CoS2/G 

indicate a significantly diminished sp2 carbon domain, 

respectively [23]. The ID/IG intensity ratio is enhanced 

[24], which may be due to CoS2 intercalation into 

graphene causing the widely spread graphene layers. 

 

3.4. DSSCs analysis 

Sandwich-structure devices were constructed 

to test TMDs@graphene for their possible usage in 

DSSCs. Figure 4 depicts a schematic illustration of the 

final product. Photovoltaic metrics such as short circuit 

current density (Jsc), open circuit voltage (Voc), power 

conversion efficiency (PCE), and fill factor (FF) map to 

the J-V curves seen in Figure 5.  

Figure 1. XRD pattern of (a) MoS2@graphene; (b) 

NiS2@graphene; (c) CoS2@graphene 
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Figure 2. SEM images of (a) MoS2@graphene; (b) NiS2@graphene; (c) CoS2@graphenel TEM 

images of (d) MoS2@graphene; (e) NiS2@graphene; EDAX image of (f) MoS2@graphene 

Figure 3. Raman spectra of (a) MoS2@graphene; (b) NiS2@graphene; (c) CoS2@graphene 

Figure 4. Schamatic representation of the fabricated DSSC 
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Table 1. Photovoltaic performance of DSSCs with various CEs under AM1.5G illumination (100 mWcm-2) 

CEs VOC (mV) JSC (mAcm-2) FF PCE (%) 

MoS2@graphene 736 15.01 0.67 8.01 ± 0.05% 

NiS2@graphene 748 16.57 0.72 8.42 ± 0.05% 

CoS2@graphene 756 14.86 0.65 7.71 ± 0.03% 

 

 

Figure 5. Current-voltage plot 

Figure 6. Incident photo-conversion electron plot 
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With a Voc of 748 mV, a Jsc of 16.57 mAcm-2, 

and an FF of 0.72, the NiS2@graphene CE DSSC 

achieved an overall PCE of 8.42±0.05%. The device 

utilizing NiS2@graphene CE had a lower photovoltaic 

efficiency (Voc = 756 mV, Jsc = 14.86 mA cm-2, FF = 

0.65, = 7. 71± 0.03%) than the one without. Based on 

these comparisons, we may deduce that the 

enhancements to Jsc and FF are mostly responsible for 

the rise in PCE (Table 1). The improved Jsc may be 

linked back to the quick reduction of I3
- ions by 

NiS2@graphene, which in turn allows for faster 

regeneration of N719 molecules. These results were 

confirmed by the IPCE evaluation, which found that the 

NiS2@graphene based device performed the best out 

of the three CEs under scrutiny (Figure 6). Similar 

trends were seen in the IPCE as were shown in the 

PCE and Jsc values, indicating that the as-prepared 

NiS2@graphene CE was efficient in regenerating I3
- ions 

in solution. We also conducted a long-term stability 

experiment lasting 60 days, checking the system every 

10 days to ensure it was holding up. Under the same 

experimental parameters, the I-V characteristics of the 

device were measured, and the resultant graph is 

given in Figure 7. The PCE% has depreciated by just 

1.85% after being tested for 60 days. The results show 

that the created device may be relied upon for lengthy 

periods of time and might have practical uses in 

photovoltaics. 

 

4. Conclusion 

Hydrid electrodes based on TMDs, such as 

MoS2, NiS2, and CoS2, were successfully manufactured 

and used as counter electrodes in DSSC applications. 

The XRD results suggest that the manufactured 

samples are both very pure and nanocrystalline in 

nature. Scanning and transmission electron microscopy 

revealed an equal deposition of TMD nanoparticles on 

the graphene nanosheets' surface. Raman spectra 

showed that graphene had successfully hybridized with 

TMDs. The spectral analysis of the constructed 

sandwich DSSCs was investigated using J-V and IPCE 

measurements and comparisons. When compared to 

MoS2@graphene (7.71± 0.03%) and CoS2@graphene 

(8.01± 0.05%), the power conversion efficiency of the 

resulting NiS2@graphene counter electrodes (CEs) was 

higher (8.42 ± 0.05%). The improved Jsc may be 

linked back to the quick reduction of I3
- ions by 

NiS2@graphene, which in turn allows for faster 

regeneration of N719 molecules. Because of this, these 

electrodes may serve as a suitable alternative to the 

platinum electrode often used in DSSC devices. 
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