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The Cu2ZnSnS4 (CZTS) powders are successfully synthesized by using ZnS and Cu2SnS3 as raw materials directly 

without any intermediate phase at 450 °C for 3 h in Ar atmosphere. The crystalline structure, morphology and optical 

properties of the CZTS powders are characterized by X-ray diffraction (XRD), Raman spectrum, field emission scan-

ning electron microscopy (FESEM) and ultraviolet-visible (UV-vis) spectrophotometer, respectively. The results show 

that the band gap of the obtained CZTS is 1.53 eV. The CZTS film is fabricated by spin coating a mixture of CZTS 

powders and novolac resin with a weight percentage of 30%. The photoelectrical properties of such CZTS films are 

measured, and the results show an incident light density of 100 mW·cm-2 with the bias voltage of 0.40 V, and the 

photocurrent density can approach 9.80×10-5 A·cm2 within 50 s, giving an on/off switching ratio of 1.64. 
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Chalcopyrite semiconductor compounds, such as Cu(In,Ga)Se2 

(CIGS), are the promising absorber materials for thin 

film solar cell with demonstrated power conversion effi-

ciency (PCE) of 20.8%[1,2]. However, CIGS requires rare 

scattering elements of In and Ga, which could limit the 

low-cost and large-scale application of CIGS. Therefore, 

seeking and synthesizing an abundant and environ-

mental absorber material candidate with suitable photo-

voltaic properties has been becoming urgent. The qua-

ternary Cu2ZnSnS4 (CZTS) has received remarkable at-

tention as a promising candidate for absorber materials 

due to its abundance, low toxicity, and suitable optical 

and electrical properties[3-5]. CZTS is a p-type semicon-

ductor with a band gap of 1.45–1.6 eV which approaches 

the optimum value for solar photoelectric conversion[6]. 

CZTS has been fabricated by various methods, including 

solvothermal method[7,8], hot injection method[9,10], mi-

crowave-assisted solution method[11,12], and so on[13-15]. 

Among these methods, the use of organic solvent is the 

common shortcoming. Considering environmental and 

energy conservation issues, a more environmental 

method with a low annealing temperature is constantly 

being pursued. Wen Li et al[16] reported a two-step 

hydrothermal method to synthesize Cu2SnS3@ZnS 

nanoparticles with core-shell structure. This method re-

duced the production cost, but the procedure was com-

plex. In this paper, we report a low-cost, simple and en-

vironmental method for the fabrication of CZTS, and in 

the production process, Cu2SnS3 and ZnS directly react 

to synthesize CZTS for 3 h at 450 °C in Ar atmosphere 

without using toxic materials. In addition, this method is 

advantageous to the large-scale application of CZTS so-

lar cell. 

In a typical synthesis process of ZnS, 0.1 mol zinc (II) 

chloride (ZnCl2, 98%) and 0.1 mol sodium sulfide 

(Na2S·9H2O, 98%) were dissolved in deionized water, 

respectively, and then the Na2S solution was slowly 

dripped into ZnCl2 solution. The resulting ZnS precipi-

tates were centrifuged and washed several times with 

distilled water, and then dried at 70 °C for 6 h in vac-

uum. 

The synthesis of Cu2SnS3 powders was carried out by 

chemical precipitation. 0.2 mol copper monochloride 

(CuCl, 97%) and 0.1 mol tin (IV) chloride (SnCl4·5H2O) 

were first dissolved in 100 mL deionized water, and the 

pH value was adjusted to be 1.0–2.0 under Ar gas at-

mosphere at room temperature. Then 0.3 mol Na2S·9H2O 

solution was slowly dripped into the CuCl and 

SnCl4·5H2O solution under Ar gas atmosphere at room 

temperature. The Cu2SnS3 precipitates were then centri-

fuged and washed with ethanol and deionized water sev-

eral times to remove the solvent and by-products, and 

then dried in an oven at 70 °C for 6 h in vacuum. 

The CZTS powders were synthesized by using ZnS2 

and Cu2SnS3 with equal molar ratio for heating process 

of 3 h at 450 °C in Ar atmosphere. 
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The obtained products were characterized with X-ray dif-

fraction (XRD) with Cu Kα radiation (λ=0.154 178 nm). 

Scanning electron microscopy (SEM) images were taken 

with a field emission scanning electron microscopy 

(FESEM, JEOL, JSM-6340F) operated at an accelerating 

voltage of 200 kV. Room temperature Raman spectra 

were recorded using a Horiba’s LabRam HR high resolu-

tion spectrometer equipped with a multichannel charge 

coupled device (CCD) detection system in backscattering 

configuration. Then, the adsorption ultraviolet-visible 

(UV-vis) spectrum of the centrifuged solution was re-

corded using a UV-vis spectrophotometer (UV-2550, 

Shimadzu). 

Fig.1(a) shows the XRD pattern of ZnS powders and 

the standard card of ZnS (JCPDS No.65-1691). The 

FESEM image of ZnS is shown in Fig.1(b). It can be 

seen that the ZnS powders are severely agglomerated, 

and the smallest particle size is less than 100 nm. 

 

 

(a) 

 

(b) 

Fig.1 (a) XRD pattern of ZnS powders and the stan-

dard card of ZnS (JCPDS No.65-1691) and (b) FESEM 

image of ZnS powders  

 

The XRD pattern of Cu2SnS3 obtained by chemical pre-

cipitation and the standard card of Cu2SnS3 (JCPDS 

No.27-198) are shown in Fig.2(a). The FESEM image of 

Cu2SnS3 is shown in Fig.2(b). It can be seen that the 

Cu2SnS3 powders have better dispersivity than ZnS pow-

ders, but the powders with particle size of 100–300 nm are 

also agglomerated. 

 

(a) 

 
(b) 

Fig.2 (a) XRD pattern of Cu2SnS3 powders and the 

standard card of Cu2SnS3 (JCPDS No.27-198) and (b) 

FESEM image of Cu2SnS3 powders  
 
Fig.3(a) shows the XRD pattern of obtained mixtures after 

being calcined at 450 °C for 3 h and the standard card of 

CZTS (JCPDS No.26-0575). It demonstrates that ZnS and 

Cu2SnS3 phases react and directly transform into CZTS 

without any intermediate phase at 450 °C for 3 h. It can be 

seen clearly that the major XRD diffraction peaks appear at 

2θ of 28.52°, 33.08°, 47.64°, 56.60° and 76.44° which are 

attributed to (112), (200), (220), (312) and (332) planes, re-

spectively. The phase composition of CZTS is further exam-

ined with Raman analysis as shown in Fig.3(b). A peak lo-

cated at 335 cm-1 and the weak peak at 287 cm-1 are observed, 

which is consistent with the reported value (333–338 cm-1) of 

the characteristic peak of kesterite CZTS[17]. No other charac-

teristic peaks of impurities[18] are observed, such as Cu2S 

(475 cm-1), ZnS (351 cm-1 and 274 cm-1) and Cu3SnS4 

(318 cm-1, 348 cm-1 and 295 cm-1). This result excludes the 

presence of other binary or ternary impurity phases, and con-

firms that the composition of products is only CZTS. 

Fig.4 shows the SEM image of the as-obtained CZTS 

powders. It can be seen that the shape of CZTS powders is 

close to that of the raw material Cu2SnS3. But the particle size 

of CZTS powders is about 100 nm, which is smaller than that 

of Cu2SnS3 powders, and the CZTS powders are also a little 

more dispersed. 

Fig.5(a) shows the room temperature UV-vis absorption 

spectrum for the as-prepared CZTS powders. In Fig.5(a), the 

spectrum exhibits a broad absorption in visible region with a 

tail in the long wavelength direction, which indicates a poten-

tial application for solar cells. (ahν)2 as a function of the pho-

ton energy hν is plotted as shown in Fig.5(b), where a repre-
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sents the absorption coefficient, h is the Plank’s constant 

and ν means the frequency, and the optical band gaps for 

CZTS nanoparticles can be estimated from Fig.5(b) as 

1.53 eV, which is consistent with the reported value of 

1.45–1.60 eV[19]. It further evidences that this phase is CZTS. 

This value is close to the optimum for photovoltaic solar 

conversion in a single-band-gap device.  
 

 
(a) 

 
(b) 

Fig.3 (a) XRD pattern of CZTS powders obtained after 

being calcined for 3 h at 450 °C and the standard card 

of CZTS (JCPDS No.26-0575) and (b) Raman spectrum 

of the CZTS powders 
 

 

Fig.4 SEM image of the CZTS powders 
 
The film of CZTS was fabricated by mixing CZTS 

nanoparticles and novolac resin with a weight percentage of 

30%, spin coating the mixture onto molybdenum substrate 

and drying in air. The CZTS hybrid film exhibits excellent 

photoresponse characteristics under AM 1.5 G irradiation 

(100 mW·cm-2) as shown in Fig.6. With the light irradiation 

on and off, the current in the film shows two distinct states, 

which are a low current in the dark and a high current under 

illumination. The switching between these two states is very 

fast and reversible, allowing the film to act as a high-quality 

photosensitive switch. In the dark, the current density is only 

1.52×10-4 A·cm-2. However, at an incident light density of 100 

mW·cm−2 and a bias voltage of 0.40 V, the current density can 

approach 2.50×10-4 A·cm-2, giving an on/ off switching ratio 

of 1.64. The photocurrent density of CZTS thin film is 

9.80×10-5 A·cm-2 within 50 s. It should be noted that the 

CZTS film shows outstanding stability, and no obvious deg-

radation is observed during the test cycles. 

 

 

      (a) 

 

       (b) 

Fig.5 (a) UV-vis absorption spectrum of CZTS nanocrys-

tals; (b) The plot of (ahν)
2
 against hv for the absorp-

tion spectrum 

 

 

Fig.6 On/off switching of the device fabricated from a 

CZTS hybrid film at an incident light density of 

100 mW·cm
−2
 and a bias voltage of 0.40 V 
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CZTS powders are successfully prepared by using ZnS 

and Cu2SnS3 as raw materials at 450 °C for 3 h in Ar at-

mosphere. This method is relatively simple and environ-

mental. The FESEM image shows that the particle size of 

CZTS powders is about 100 nm. The absorption spectra 

show that the band gap of the obtained CZTS is 1.53 eV, 

which is optimal for photovoltaic applications. In our sys-

tem, at an incident light density of 100 mW·cm−2 and a bias 

voltage of 0.40 V, the photocurrent density can approach 

9.80×10-5 A·cm-2 within 50 s, giving an on/off switching 

ratio of 1.64. 

Acknowledgments 

This study is supported by the Beijing Key Laboratory 

of Special Melting and Preparation of High-End Metal 

Materials.  

 

References  

[1] GUO Wei, XUE Yu-ming, ZHANG Xiao-feng, FENG 

Shao-jun, ZHANG Lian-lian and SUN Yun, Journal of 

Optoelectronics·Laser 24, 1936 (2013). (in Chinese) 

[2] P. Jackson, D. Hariskos, R. Wuerz, W. Wischmann and 

M. Powalla, Physica Status Solidi-Rapid Research Let-

ters 8, 219 (2014). 

[3] J. P. Leitão, N. M. Santos, P. A. Fernandes, P. M. P. 

Salomé, A. F. da Cunha, J. C. González and F. M. Mat-

inaga, Thin Solid Films 519, 7390 (2011). 

[4] S. Suehiro, K. Horita, K. Kumamoto, M. Yuasa, T. Ta-

naka, K. Fujita and T. Kida, The Journal of Physical 

Chemistry C 118, 804 (2014). 

[5] Y. Zou, X. Su and J. Jiang, Journal of the American 

Chemical Society 135, 18377 (2013). 

[6] Koichiro Oishi, Genki Saito, Kiyoshi Ebina, Masanori 

Nagahashi, Kazuo Jimbo, Win Shwe Maw, Hironori 

Katagiri, Makoto Yamazaki, Hideaki Araki and Akiko 

Takeuchi, Thin Solid Films 517, 1449 (2008). 

[7] W. H. Zhou, Y. L. Zhou, J. Feng, J. W. Zhang, S. X. Wu, 

X. C. Guo and X. Cao, Chemical Physics Letters 546, 

115 (2012). 

[8] W. Xie, X. Jiang, C. Zou, D. Li, J. Zhang, J. Quan and L. 

Shao, Physica E: Low-dimensional Systems and Nanos-

tructures 45, 16 (2012). 

[9] M. Wei, Q. Du, D. Wang, W. Liu, G. Jiang and C. Zhu, 

Materials Letters 79, 177 (2012). 

[10] S. C. Riha, S. J. Fredrick, J. B. Sambur, Y. Liu, A. L. 

Prieto and B. A. Parkinson, ACS Applied Materials & 

Interfaces 3, 58 (2011). 

[11] S. W. Shin, J. H. Han, C. Y. Park, S. R. Kim, Y. C. Park, 

G. L. Agawane and J. H. Kim, Journal of Alloys and 

Compounds 541, 192 (2012). 

[12] R. S. Kumar, B. D. Ryu, S. Chandramohan, J. K. Seol, 

S.-K. Lee and C.-H. Hong, Materials Letters 86, 174 

(2012). 

[13] K. Tanaka, Y. Fukui, N. Moritake and H. Uchiki, Solar 

Energy Materials and Solar Cells 95, 2855(2011). 

[14] K. Maeda, K. Tanaka, Y. Nakano and H. Uchiki, Japa-

nese Journal of Applied Physics 50, 5 (2011). 

[15] K. Muska, M. Kauk, M. Altosaar, M. Pilvet, M. Gross-

berg and O. Volobujeva, Energy Procedia 10, 203 

(2011). 

[16] W. Li, X. X. Han, Y. Zhao, L. Liu, J. Q. Wang, S. R. 

Yang and T. Tanaka, Materials Letters 125, 167 (2014). 

[17] L. Shi, C. Pei, Y. Xu and Q. Li, Journal of the American 

Chemical Society 133, 10328 (2011). 

[18] P. A. Fernandes, P. M. P. Salome and A. F. Cunha, 

Journal of Alloys and Compounds 509, 7600 (2011). 

[19] Y. L. Zhou, W. H. Zhou, M. Li, Y. F. Du and S. X. Wu, 

Journal of Physical Chemistry C 115, 19632 (2011). 

 


