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In the present report; we have discussed inorganic 

CuBiS2 NPs-based photosensitized ZnO NRs on ITO 

substrate. ZnO nanorods (NRs) have been grown by 

using simple seeding layer and chemical bath deposition 

(CBD) methods. Inorganic CuBiS2 NPs with varying 

volumes of copper, bismuth at the rate of 2.5 mL and 

keeping the volume of sulphur constant equal to the sum 

volumes of copper and bismuth have been deposited on 

seeding layer and CBD deposited ZnO NRs at lower 

temperatures. The structural elucidation of as prepared 

CuBiS2 NPS-ZnO films have been determined by XRD (X-

ray diffraction) and energy dispersive X-ray analysis 

(EDAX).The films were characterized by UV and Energy 

band gap analysis and observed that when the Bi-volume 

was greater than the Cu-volume, then increase in band 

gap was observed. The CuBiS2 NPS-ZnO electrodes have 

been examined for solar cell application and the 

maximum conversion efficiency () of the film has been 

determined as 0.278 %  for Cu-volume 7.5 mL and Bi-

volume 5 mL than the remaining cases of CuBiS2 and 

bare ZnO. The electrochemical impedance spectroscopy 

(EIS) studies of solar cell have been discussed to study 

the charge transportation. The present work is novel. 

 

Keywords - Seeding layer, CBD, ZnO NRs, Inorganic 

CuBiS2 NPS, Photo-sensitized solar cell. 
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INTRODUCTION 

 

Presently researchers are attracting towards the 

development of heterostructured solar cells using 

wide band gap metal oxides combined with narrow 

band gap inorganic metal chalcogenide 

semiconductors. In the visible and infra-red regions of 

the solar spectrum, many photons are available with 

the energy lesser than 3 eV. The narrow band gap 

materials such as CdX, Cu2X, Bi2X3 (X=S or Se) are able 

to absorb both UV and visible light. But the wide band 

gap materials such as and Zinc oxide (ZnO) can 

absorb only UV light. Utilizing both UV and visible 

lights by combining the narrow band gap inorganic 

semiconductors with wide band gap ZnO or TiO2 

many researches have been done so far to develop the 

efficient heterostructure solar cells. Among many 

metal oxides, like SnO2, CdO, TiO2, MgO which have 

been tested for dye-sensitizing properties, ZnO has 

received much attention owing to its band gap energy 

(3.4 eV), which is similar to TiO2 (3.2 eV) [1].With 

wurtzite structure, high photosensitivity,high electron 

mobility at room temperature, ZnO finds many 

applications in various fields such as, gas sensor [2], 

opto-electronics and nanosensor [3], photo detectors 

[4], piezoelectrics [5],light-emitting diode [6], solar 

cells [1] and so on. ZnO a II-VI semiconductor with a 

direct and wide band gap nature exhibits various 

types of surface morphologies like nano-spikes and 

nanopillars  [7], nano-seeds [8],nano-plates [9], nano-

tubes [10], nano-rods [3,10] and so on. The  ZnO can 

be prepared by many types of synthesis techniques 

that have been developed so far such as, 

electrodeposition [7],hydrothermal [8], chemical bath 

deposition (CBD) [2,9], spray pyrolysis [11], sol–gel 

process [12], SILAR (successive ionic layer adsorption 

and reaction) [13], and so on. Narrow band gap 

inorganic NPs sensitised solar cells are being studied 

due to their certain properties like easy fabrication, 

possibility to realize more light absorption in the solar 

spectrum. So far many researchers have reported with 

the combination of wide band gap semiconductor as 

photo-anode and narrow band  gap inorganic NPs 

such as ZnO/Bi2S3 [14,15], ZnO/Cu2S [14,16], 

PbS/ZnO [17], ZnO/GaAs [18], ZnO/CdTe [19], 

ZnO/CdS [20], and ZnO/CdSe [21], and so on by 

using various methods. The inorganic narrow band 

gap NPs like copper based ternary compounds such 

as CuSbS2, CuSbSe2, CuBiS2, and CuBiSe2 have been 

realized to be possible alternative solar absorbing 

materials. It was reported that the energy band gaps 

to be 1.3 eV  for CuBiSe2, 1.4 eV  for CuBiS2,1.5 eV for 

CuSbSe2, and 1.7 eV for CuSbS2 respectively [22-24].Of 

these ternary compounds, CuBiS2 (Copper bismuth 

disulphide) finds many applications in thin film 

lithography, PECs (Photo-electrochemical cells), solar 

absorber coatings, and so on. To the best of our 

knowledge very few methods have been developed so 

far such as CBD [25], spray pyrolysis [26] for the 

deposition of CuBiS2. There are many reports 

available with the combination of wide band gap ZnO 

and binary metal chalcogenides. But as per our 

knowledge there are no reports available with the 

combination of ternary CuBiS2 NPS with ZnO where 

an attempt is made in this report.  

 

 

MATERIALS AND METHODS 
 

2.1: Synthesis of ZnO NRs on bare ITO: The ZnO 

NRs were grown on ITO by using seeding layer and 

CBD methods. Initially seeding layer was used to 

deposit the ZnO on bare ITO and then CBD method 

was followed.To prepare ZnO solution, Zinc nitrate 

hexahydrate (Zn(NO3)2.6H2O) was taken in a beaker 

to which DDW (Double distilled water) and small 

amount of  aqueous ammonia (NH4OH) were 

added. By adding NH4OH drop wise, the solution 

becomes clear at pH~10.5.Using seeding layer 

method, the ZnO NRs were gown on ITO by 

immersing it in ammonia complexed zinc nitrate 

hexahydrate ([Zn(NH3)4]2+) precursor kept at room 

temperature, and in hot DDW (H2O) maintained at 

88 OC (2) periodically for few cycles. To grow the 

ZnO NRs on pre-seeded ZnO substrate by CBD 

method, Zn precursor solution was prepared as 

described in the above case. The pre-seeded ZnO 

substrate was introduced in zinc precursor solution 

and the beaker was placed in the water bath which 

was maintained at 88 OC (2) for 90 min [13, 15, 27]. 

After 90 min the substrate with whitish film was 

removed and rinsed with DDW to remove the loosely 

bond hydroxide ions and dried in air. CBD second 

deposition was repeated to get the appropriate 

thickness of the film.  
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Table 1: Volumetric ratios of Cu(NO3)2.3H2O; Bi(NO3)3.5H2O and (NH2)2SC reaction process. 

Beaker No Volume of the Solution (mL) Volumetric 

ratio 

Total 

Volume  (mL) Copper Nitrate 

Tri–Hydrate 

Bismuth Nitrate 

Penta–Hydrate 

Thiourea 

1 10 2.5 12.5   

2 7.5 5 12.5 Cu(7.5)Bi(5)S2(12.5) 25 

3 5 7.5 12.5 Cu(5)Bi(7.5)S2(12.5) 25 

4 2.5 10 12.5 Cu(2.5)Bi(10)S2(12.5) 25 

 

 

2.2.: Preparation of Cu-Bi-S Stock Solutions: The 

deposition of CuBiS2 NPS with volumetric ratio of Cu, 

Bi, and S by CBD on ZnO deposited ITO (Indium tin 

oxide) was discussed below. For this Cu(NO3)2.3H2O 

(Copper nitrate tri hydrate), Bi(NO3)3.5H2O (Bismuth 

nitrate penta hydrate) and (NH2)2SC (Thiourea) were 

used as the sources for Cu, Bi and S and 

Cu(NO3)2.3H2O; Bi(NO3)3.5H2O,and (NH2)2SC stock 

solutions in the molar ratio of 0.1:0.05:0.1M were 

prepared at room temperature as discussed below. 

Initially in a beaker Cu(NO3)2.3H2O solution was 

prepared by using 48 mL DDW and 2 mL TEA (Tri-

Ethanalo-Amine) was added while the solution was 

under stirring at 600 rpm stirring at room 

temperature. To optimize the pH, few sodium 

hydroxide (NaOH) pellets were added slowly under 

constant stirring. Further in a separate beaker 

Bi(NO3)3.5H2O chemical was dissolved using 

concentrated HNO3 (Nitric acid) (1.5 mL) followed 

by 12  mL DDW and kept the beaker on the magnetic  

stirrer at 500 rpm stirring at room temperature. After 

15-25 min, 2.5 mL TEA was added as a complexing 

agent followed by the addition of DDW to make 50 

mL solution, while the solution was under stirring. 

The reaction takes place slowly. After 55 min, when 

the solution was stirring, 1 M basic solution of NaOH 

was added slowly to prepare alkaline solution and the 

solution becomes clear at alkaline pH. In another 

beaker (NH2)2SC solution was prepared by using 

(NH2)2SC chemical and DDW in a beaker. The 

solution turned to clear in a short interval of time. 

 

2.3: Deposition of CuBiS2 NPS by CBD on ZnO 

deposited ITO: Cu(NO3)2.3H2O,Bi(NO3)3.5H2O and 

(NH2)2SC solutions were taken in 4 separate  beakers 

in the volumetric ratio to prepare 25 mL of Cu-Bi-S 

mixed solution in each beaker as shown in Table (1). 

Now, previously deposited ZnO-ITOs were dipped in 

these mixed solution beakers. Beakers labelled as No.1 

[Cu(10)Bi(2.5)S2(12.5)], 2 [Cu(7.5)Bi(5)S2(12.5)], 3 

[Cu(5)Bi(7.5)S2(12.5)], and 4 [Cu(2.5)Bi(10)S2(12.5)], (Where, the  

subscripts in the brackets indicate the volumes of Cu, 

Bi and S respectively) were kept in the water bath at 

62 oC temperature for about 65 min. After the 

deposition, the films with dark black colour were 

removed and washed with DDW and dried in air. The 

as-deposited films were annealed at 200  C for 60 min 

and used for the characterization.  

 

 

RESULTS AND DISCUSSION 

 

3.1: Structural Elucidation:  

The structural properties of the CuBiS2 NPS   sensitised 

ZnO-ITO films were studied from the X-ray 

diffraction (XRD) patterns recorded by using an X-ray 

diffractometer  with CuKα1 radiations (= 1.5406 Å) in 

2 range from 20-80 degree. Fig.1   shows the XRD 

pattern of CuBiS2 NPs sensitised ZnO-ITO.The XRD 

peaks of ITO substrate were indicated by asterisk (). 

The XRD peaks of ZnO electrodes on ITO were 

indicated by ZnO revealing the nanostructure well-

aligned growth wurtzite (hexagonal) ZnO NRs 

[JCPDS No: 36-1451]. All the peaks give the hexagonal 

ZnO NRs structure. Fig.1 (a) characterises the 

diffraction peaks centred at 2=24.89o, 56.30o, 67.61o 

and at 68.94o be indexed to the (004), (314), (322) and 

(317) crystal planes, correspond to Cu(10)Bi(2.5)S2(12.5) 

NPs [JCPDS NO: 43-1473] respectively. Fig. 1(b) 

characterises the diffraction peaks centred at 

2=24.87o, 32.78o, 56.45o, and at 67.88o be indexed to 

the (004), (113), (314) and (322) crystal planes, 

correspond to Cu(7.5)Bi(5)S2(12.5) NPs [JCPDS NO: 43-

http://www.irjse.in/
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1473] respectively. Fig.1(c) characterises the diffraction peaks centred at 2 = 25.16o, 53.09o, 56.38o, 67.85o, and

 

  
Fig. 1: XRD images of CuBiS2 NPS sensitised   ZnO 

electrodes 

Fig. 2: EDAX images of CuBiS2 NPS sensitised ZnO 

electrodes 

 

 
  at 68.98o be indexed to the (004), (216), (314), (322) 

and (317) crystal planes correspond to Cu(5)Bi(7.5)S2(12.5) 

NPs [JCPDS NO: 43-1473] respectively. Fig.1 (d) 

characterises the diffraction peaks centred at 

2=25.28o, 32.54o, 56.27o, 66.25o,67.81o, and at 68.83o be 

indexed to the (004), (113), (314), (321),(322), and (317) 

crystal planes correspond to Cu(2.5)Bi(10)S2(12.5) NPs 

respectively [JCPDS NO: 43-1473].All the peaks of 

CuBiS2 NPs in CuBiS2 NPS sensitised ZnO electrodes 

give the orthorhombic crystal structure. 

 

The presence of elements was identified by using 

energy dispersive X-ray (EDAX) spectroscopy joined 

with FE-SEM unit in the CuBiS2 NPS sensitised ZnO 

electrodes heterostructre. Fig. (2) shows the EDAX 

spectra of the Cu(10)Bi(2.5)S2(12.5)-ZnO,Cu(7.5)Bi(5)S2(12.5)-

ZnO,Cu(5)Bi(7.5)S2(12.5)-ZnO,and Cu(2.5)Bi(10)S2(12.5)–ZnO 

films. The spectrum shows solid evidence for the 

existence of Zn, O, Bi, Cu and S elements in Zn-O and 

Cu-Bi-S respectively. 

 

3.2: UV analysis and Energy Band gap Study:  

Fig. 3 describes the absorption spectra and energy 

band gaps of ZnO and CuBiS2 NPS sensitised ZnO 

samples studied by using a UV-vis spectrophotometer 

(WantechWPG-100 Potentiostat /Galvanostatic) in the 

wavelength range between 350-650 nm for varying 

volumes of Cu, Bi and keeping the volume of the S 

constant. The absorption spectra of ZnO and CuBiS2 

NPS sensitised ZnO electrodes were studied and the 

absorption data were analysed to estimate the energy 

band gap by using the Tuac’s relationship. Fig. 3(a) 

shows the absorbance peaks of ZnO and CuBiS2 NPS 

sensitised ZnO electrodes. As prepared ZnO nano rod 

film shows good absorbance for 350<<400 nm [Fig 3: 

{a(A)}]. In visible region, CuBiS2 NPS sensitised ZnO 

electrode heterojunction shows good absorbance for 

400<<475 nm and low absorbance above 450 nm [Fig 

3: {a (B-E)}]. Thus CuBiS2 NPS sensitised ZnO 

heterostructure absorbs both visible and UV light 

indicating the wide range of absorption of light. 

 

The relationship between “α” and“ hν”  is given by,  

                                        (1) 

Where α = absorption coefficient, Eg = optical band 

gap, ν=frequency of light, h = plank’s constant,  hν = 

photon energy, n = constant. 
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 Fig 3:  (a) UV and (b) Energy band gap images of 

ZnO and CuBiS2 NPS sensitised ZnO electrodes 

[Fig. 3 (b)] depicts the Tuac’s plot for ZnO [Fig 3: 

{b(A)}] and CuBiS2 NPS sensitised ZnO electrodes [Fig 

3: {b(B-E)}]. The Tauc’s plot of (αhν)2 versus hν is 

linear and x-intercepts of the plot (αhν)2 versus hν 

(photon energy) illustrates the optical band gaps for 

ZnO and CuBiS2 NPS sensitised ZnO. The energy band 

gap values have been given in Table (2).From Fig. 3 

(b)  it can be understood that the band gap of 

Cu(7.5)Bi(5)S2(12.5)-ITO  was observed to be lower than the 

remaining cases of CuBiS2 NPS sensitised ZnO 

electrodes and ZnO. Thus it can be concluded that 

when Bi volume was higher than Cu volume and sum 

volumes of copper and bismuth equal to S volume 

constantly, the increased energy band gap can be 

observed.  

 

Table 2: Energy band gap values of ZnO and CuBiS2-

ZnO electrodes. 

S.NO. Compound Band gap  

(eV) 

A ZnO-ITO 3.19 

B Cu(10)Bi(2.5)S2(12.5)-ITO 2.49 

C Cu(7.5)Bi(5)S2(12.5)-ITO  2.45 

D Cu(5)Bi(7.5)S2(12.5)-ITO 2.56 

E Cu(2.5)Bi(10)S2(12.5)-ITO 2.89 

  

 

 
Fig. 4:  JV analysis images of ZnO and CuBiS2 NPS 

sensitised ZnO electrodes. 

 

3.3: Photo-Electrochemical Measurement :  

The J-V characteristics for the devices under dark and 

illumination conditions of light were performed using 

Solar Simulator (with IGOR program and Keithley-

2400 power sources meter) [Fig.4]. Under dark, the 

non-changing behaviour of curve upto 0.30 V 

indicates the formation of the good heterojunction of 

the formed device. Under illumination, the output 

photovoltaic performance i.e. the short circuit 

photocurrent density (Jsc), open-circuit photo voltage 

(Voc), fill factor (FF) and power conversion efficiency 

() of the device were calculated. It was observed that 

the obtained solar cell efficiency of 0.278% [Fig.4 (C)] 

was observed to be higher than ZnO and the 

remaining cases of CuBiS2 sensitized ZnO electrodes 

[Fig.4.( A, B, D, and E)]. Due to lower band gap, 

CuBiS2-ZnO electrodes could absorb more number of 

photons than bare ZnO which led to the generation of 

higher number of electron-hole pairs and hence, 

improved solar cell power efficiency was obtained. 

Hence, CuBiS2-ZnO heterostructure electrode showed 

improved solar cell performance than bare ZnO. 

Moreover when Cu volume is smaller than Bi volume, 

more efficiency was observed. Solar cell parameter 

values for all the electrodes are listed in Table 3. 

 

Table 3: Photovoltaic parameters of photo 

electrochemical cells composed of CuBiS2-ZnO 

electrodes. 

Working 

electrode 

VOC (V) JSC 

(mA-

cm-2 ) 

FF (%) Efficiency 

(%) 

A 0.27 0.46 0.67 0.083 

B 0.30 1.03 0.55 0.171 

C 0.30 1.60 0.58 0.278 

D 0.29 0.70 0.65 0.131 

E 0.30 0.50 0.63 0.095 

 

3.4: Electrochemical Impedance Spectroscopy 

Measurement:  

The most important electronic and ionic phenomena 

in the solar cell can be investigated by using 

electrochemical impedance spectroscopy or EIS 

technique. In general EIS technique is a principal 

technique to describe the relation between the 

capacitance and resistances of the photo-anode 

materials and to study the charge transportation.Fig.5 

represents the Nyquist plots for ZnO and CuBiS2 NPS-

ZnO electrodes. The Nyquist plot is a graph plotted by 

taking the real part of the impedance on X-axis (Z/) 

and imaginary part on Y-axis (Z//). The Nyquist plots 

http://www.irjse.in/
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of ZnO [Fig.5(A)] and Cu(10)Bi(2.5)S2(12.5)-ZnO [Fig.5(B)],,  

Cu(7.5)Bi(5)S2(12.5)-ZnO [Fig.5(C)],Cu(5)Bi(7.5)S2(12.5)–ZnO 

[Fig.5(D)],and Cu(2.5)Bi(10)S2(12.5)–ZnO [Fig.5 (E)] 

electrodes consisting of two arcs in the high and low 

frequency regions corresponding to charge transfer at 

counter electrode-electrolyte and electrolyte-photo-

anodes, respectively. The series resistance values of 

CuBiS2-ZnO electrodes are given in Table 4.  

 

Table 4: Series resistance values of ZnO and CuBiS2-

ZnO electrodes. 

Working electrode RS (-cm) 

A 41 

B 50 

C 57 

D 61 

E 52 

 

 
Fig. 5: EIS analysis images of ZnO and CuBiS2 NPS 

sensitised ZnO electrodes 

 

 

CONCLUSION 

 

In summary, we demonstrate the use of simple and 

inexpensive seeding layer and CBD methods for the 

ZnO NRs synthesis. Inorganic CuBiS2 NPs have been 

sensitised on ZnO electrodes and CuBiS2 NPs 

sensitised ZnO electrodes solar cell heterostructre was 

achieved using CBD method. The present 

heterostructure of CuBiS2 NPs-ZnO electrode solar cell 

has been successfully demonstrated for the solar cell 

application and observed power conversion efficiency 

for CuBiS2 NPs sensitised ZnO electrodes as 0.278 % 

(for Cu-7.5 mL and Bi-5 mL volumes) which is greater 

than  the remaining cases of Cu-Bi-S-ZnO and ZnO.  
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