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INTRODUCTION 

Cu2ZnSnS4 (CZTS) is a quaternary chalcogenide, which 

is an emerging solar cell material derived from the CIGS 

structure by the isoelectronic substitution of expensive 

and toxic In and Ga atoms by benign, earth-abundant 

and low cost elements one Zn and one Sn atom. It has 

near-optimum direct band gap energy of 1.5 eV and a 

large absorption coefficient (>104 cm-1) and thus its 

extensive application as absorber material in thin film 

solar cell (Choubracet al., 2012). Thin film absorber 

layers of CZTS can be made from the slurry of its 

nanocrystals through cost-effective easily scalable 
techniques such as spin coating, doctor blading and 

screen printing. 

 

Aside from its application as absorber materials in thin 

film solar cell, the low resistivity of Pt in liquid 

electrolyte and its high cost has necessitated the need for 

its replacement as counter electrode (CEs) in Dye 

sensitised solar cell by metal based sulphides such as 

CZTS. CZTS has been shown to exhibit performance as 

CE that is competitive with Pt (Roy et al., 2018). 

Minority carrier collection in CZTS thin films are 
favorable enhanced by grain boundaries, moreover its 

crystal structure also allows for some deviation in its 

stoichiometry, thus making its deposition easier 

(Choubracet al., 2012 & Li et al., 2012). Various 

deposition and synthesis techniques such as pulsed laser 

deposition, thermal evaporation, and sputtering 

techniques have been employed for the synthesis of 

CZTS (Chan et al., 2010; Tanaka et al., 2006 & Shin et 

al., 2011), they are vacuum based and have the 

disadvantage of the use of complicated equipment, high 

production costs. 

 

In this work facile low cost hydrothermal synthesis has 

been employed in the synthesize CZTS nanocrystalline 

material at hydrothermal temperatures of 150, 190, 239 
and 270 °C. The CZTS nanoparticles were characterized 

for phase composition, morphology, microstructure and 

optical absorption using Raman spectrometry, x-ray 

diffraction (XRD), scanning electron microscope (SEM) 

and UV–vis spectrophotometer.  

 

METHODS 

Experimentals 
The CZTS nanoparticles were synthesised using Copper 

(II) chloride dihydrate (CuCl2.2H2O, 99.9 % Sigma 

Aldrich), Zinc chloride (ZnCl2, 99.9m% BDH), Tin (IV) 
chloride pentahydrate (SnCl4.5H2O, 99.8 %, Fluker), 

Thioacetamide (C2H5NS, 98.9 %, Merck) as source of 
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Sulfur and Polyacrylic acid (PAA, 99.0 %, Fisher) as the 

surfactant. 

 

To synthesise the nanoparticles, 0.2 mmol of 

CuCl2.2H2O, 0.1 mmol of ZnCl2, 0.1 mmol of 

SnCl4.5H2O, 0.5 mmol of C2H5NS and 1.0 g of PAA 
were dissolved in 36 ml of deionised water under 

magnetic stirring. The resulting solution was transferred 

to a Teflon-lined stainless steel autoclave of 45 ml 

capacity, which was then sealed and maintained at 150 

°C, 190 oC, 230 oC and 270 oC each for 24 h, and the 

autoclave in each case was allowed to cool to room 

temperature naturally. The samples were labelled 150-

_24, 190_24, 230_24 and 270_24 for reaction 

temperature of 150, 190, 239 and 270 oC respectively. 

The black precipitate that resulted from the autoclaving 

of each sample was centrifuged and washed with 

deionised water, absolute ethanol and acetone for 
several times. Finally, the products were vacuum-dried 

at 80 °C for 5 h. The resulting nanoparticles were 

deposited as thin film on FTO coated soda lime glass 

(FTO/SLG) substrate and annealed in a graphite box 

containing sulphur powder at 550 °C for 30 min in a 

rapid thermal annealing processing (RTP) system with a 

heating rate of 10 °C/min. A static annealing atmosphere 

of 0.3 atm argon was supplied in the RTP furnace. 

 

Characterisations 
The phase and crystallographic structure of the samples 
were identified by X-ray diffraction (XRD, 

PANanalyticalXPert Pro Multi-Purpose Diffractometer 

(MPD), CuKα, λ = 0.154056 nm). The Raman spectra of 

the samples were recorded with a Raman spectrometer 

(Xplora Plus, Horiba Scientific Raman microscope) with 

a 785 nm excitation laser to distinguish possible 

secondary phases in the films. The morphology and 

quantitative elemental analysis of the samples were 

characterised by scanning electron microscopy (SEM, 

JEOL 7600F) at an acceleration voltage of 20.0 kV 

combined with an energy dispersive X-ray spectroscopy 

(EDS). Ultraviolet-visible (UV-vis) absorption spectrum 
of the samples was measured at room temperature using 

a Shimadzu UV-1800 spectrophotometer.  

 

RESULTS AND DISCUSSIONS 

XRD Analysis 
Figure 1 show the XRD patterns of the CZTS thin film 

samples obtained at different temperatures. 

 

 
 
Figure 1: XRD patterns for reaction temperature varia-

tion of CZTS thin films 

 

From the XRD pattern, all films show preferential 

orientation along (112) plane having the most prominent 

peak. The peaks at 2θ values of 28.59o, 47.70o, 33.04 

and 57.54 correspond to lattice planes (112), (220), 

(200) and (312) respectively are indexed to the 

corresponding crystal planes kesterite CZTS (JCPDS 

01-75-4122) with cell parameters a = b = 0.5427 nm and 

c = 1.0848 nm (Schafer and Nitsche, 1974 &Zhenget al., 

2019). At 150 OC, only (112) and (220) peaks were 
observed but at higher hydrothermal temperature of 190, 

230 and 270 OC, the peaks (200) and (312) were 

observed in addition to the (112) and (220) this is also in 

agreement with literature reports [9]. The peak of CZTS 

at 2θ value of 28.59o is observed to shift left by 0.26 

degrees in 190_24 sample. This shift might be due to 

changes in d112-spacing values of 2.947 Å of the sample 

Tionget al., 2014). The other samples had d112-spacing 

in close agreement with theoretical values (CZTS: 

JCPDS 26-0575) as shown in Table 1. 

 
 

 

Table 1: Lattice parameter and crystallite sizes D of samples 

 
Sample ID a (Å) c (Å) d111-spacing 

(Å) 
D (nm) 

150_24 5.43 10.86 3.122 19 

190_24 3.82 19.97 2.947 10 

230_24 5.41 10.75 3.125 15 

270_24 5.41 10.75 3.126 16 

Theoretical value (CZTS:JCPDS 26-0575) 5.427 10.848 3.126 - 
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The crystallite size D were determined from the most 

prominent (112) Debye Scherer’s formula [10]in 

equation (1): 
 

𝐷 =
𝑘𝜆

𝛽𝐶𝑜𝑠𝜃
=

0.9𝜆

𝛽𝐶𝑜𝑠𝜃
   (1)  

 

Where β = full width at half maximum (FWHM), θ = 

diffraction angle k = Shape factor and λ = wavelength. 

The values obtained were 19, 10, 15 and 16 nm for 

values of FWHM the 150_24, 190_24, 230_24 and 270-

_24 samples respectively. 

 

Raman Spectroscopy Analysis 
Definitive structural analysis and electronic excitation 

states of the lattice that provide information on possible 

secondary phases in a material is provided by Raman 

Spectroscopy. Raman scattering gives a more definitive 

structure analysis (Das et al., 2018). The Raman spectra 
shown in Figure 2, clearly reveal the peaks 338 cm−1, 

351 cm−1 and 252 cm−1 which are CZTS peaks for 

samples 150_24, 190_24 and 230_24 (Fernandeset al., 

2009). At temperatures higher than 150 oC the 275cm−1 

peak appearedusually associated with ZnS (Nagoya et 

al., 2010). 

 

 

 
 

Figure 2: Raman spectra for CZTS thin film samples synthesised at different reaction temperatures 

 

At the temperature of 270 oC, the 215 cm−1 peak was 

observed. The 215 cm−1 peak is SnS2 secondary phase 

(Price et al., 1999). For CZTS obtained at 150oC only 

the 252 cm−1, 338 cm−1 and 351 cm−1 peaks were 
observed which are all pure phase peaks of CZTS. 

 

SEM/EDS Analysis 
Figure 3 show the SEM image of the CZTS thin film 

samples obtained at different temperatures. The SEM 

images illustrates that the thin films were composed 
mainly a gradual progression from flower-like quasi-

sphere to spherical aggregations composed of 

agglomerated nanosheets and nanopetals. 

 

 
 

Figure 3: SEM images for the CZTS thin film samples synthesised different reaction temperatures 
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The elemental composition of the samples is shown in 

Table 2. The ideal CZTS stoichiometric compositional 

entails Cu/(Zn + Sn) and (Zn/Sn) be equals 1, while the 

ideal Cu:Zn:Sn:S stoichiometric value is 2:1:1:4. The 

150_24 and 190_24 samples reveal near ideal 

compositional ratio for Cu/(Zn + Sn) of 0.91 and 0.84, 

Zn/Sn ratio of 0.87 and 0.74 respectively, these values 

though shows they are both Cu poor and Zn poor as seen 

in table 1. Cu/(Zn + Sn) atomic ratio of near 0.85 have 

however been reported to show good optoelectronic 

properties and best device efficiency (Katagiriet al., 

2008). 
 

Table 2: Lattice parameter and crystallite sizes D of samples 

 

 
 

Evidently increasing hydrothermal temperature leads to 

decreasing Zn/Sn atomic ratio and shows the samples 

are Sn rich and Zn poor, with 230_24 and 290_24 

showing significantly high Sn content compared to Zn. 

The slight Sn rich and Zn poor composition for 150_24 
and 190_24 and the significant Sn rich and Zn poor 

composition at 230_24 and 290_24 may be ascribed to 

the lower reactivity of Zn2+ ions precursor than Sn4+ ions 

precursor making the reagents to contain more Zn salt 

than the stoichiometric amount for the expected cation 

ratios (Chalapathiet al., 2015). The Cu:Zn:Sn:S ratios of 

1.96:1.00:1.14:4.14 and 1.97:1.00:1.35:4.17 for the 

150_24 and 190_24 samples respectively were close to 

ideal stoichiometric value of 2:1:1:4. Samples 230_24 

and 290_24 however show significant deviation from 

ideal CZTS composition exhibiting very high Cu and S 

content. Thus higher hydrothermal temperature tends to 
favour higher Cu and S content. 

 

Optical Absorption Analysis 
Figure 4 show the spectral transmittance curve of the 

films obtained from the UV-vis spectrophotometer 

measurements for the wavelength range of 350-1000 

nm. 

 

 

 
 

Figure 4: Optical transmittance curves 
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The transmittance curves show the samples have very 

strong absorption in the visible region. From the 

transmittance spectra the optical absorption coefficient 

of the CZTS films were estimated using the relation in 

equation (2): 

 

𝛼 =
1

𝑑
ln

1

𝑇
    (2) 

 
Where d is film thickness and T is the transmittance. 
 

For a direct band gap material, the absorption coefficient 

satisfies the relation in equation (3): 
 

 𝛼ℎ𝑣 2 = 𝐴 ℎ𝑣 − 𝐸𝑔     (3)  
 

whereα, ν, Eg and A are the absorption coefficient, light 

frequency, band gap energy and a constant respectively. 

The direct band gap Eg calculated by extrapolating the 

linear portion of the curves of (αhν)2 vs. (hν) which 

gives the values of Eg as follows; 1.51 eV for sample 

150_24, 1.52 eV for sample 190_24, 1.52 eV for sample 
230_24 and 1.50 eV for sample 270_24 respectively 

(Figure 5), which are in good agreement with the 

reported value in literature (Chalapathiet al., 2015). 

 

 
 

Figure 5: (αhν)2 vs. (hν) plots of the samples 

 

This value for a direct band gap material is ideal for 

application as absorber layer and counter electrode of 

solar energy devices. 

 

CONCLUSION 
Nanocrystalline CZTS were synthesised using 

hydrothermal method while varying the hydrothermal 

synthesis temperature. Influence of the synthesis 

temperature on structural, morphology and optical 

properties of CZTS films were investigated by x-ray 

diffraction (XRD), Raman spectroscopy, scanning 

electron microscopy (SEM), UV-Visible spectroscopy. 

we found that the reaction temperature plays a vital role 

for the crystal phase and morphology control. Kesterite 

CZTS composed of flower-like quasi-sphere and 
spherical aggregations of agglomerated nanosheets and 

nanopetals with preferred (112) orientation were 

obtained. Lower hydrothermal temperatures of 150 °C 

and 190 °C exhibited a near stoichiometric Cu:Zn:Sn:S 

ratios of 1.96:1.00:1.14:4.14 and 1.97:1.00:1.35:4.17. 
Samples 230_24 and 290_24 however show significant 

deviation from ideal CZTS composition exhibiting very 

high Cu and S content. Thus higher hydrothermal 

temperature tends to favour higher Cu and S content. 

Also higher hydrothermal temperature leads to 

decreasing Zn/Sn atomic ratio and shows the samples are 

Sn rich and Zn poor, with hydrothermal temperatures of 

230 °C and 290 °C showing significantly high Sn content 

compared to Zn. All the sample exhibited optical band 

gaps close to 1.5 eV. 
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