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In the present work, flower-like Cu2SrSnS4 (CSTS) sample is successfully prepared by 
solvothermal method. The XRD and Raman analysis confirm that pure CSTS phase with 
trigonal structure is obtained. The band gap of as-obtained CSTS naocrystals is estimated 
to be 1.49eV. The removal of methylene blue (MB) within 100min under simulated solar 
light irradiation is around 90%, depicting that CSTS is a potential material for effective 
solar light photocatalytic application. Meanwhile, The Seebeck coefficient and electrical 
conductivity of CSTS material can reach to 128.57μV•K-1 and 20.35S·m-1 at 675K, 
respectively, indicating its potential for thermoelectric application. 
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1. Introduction 
 
In the course of industrialization for recent decades, water pollution and energy crisis are 

becoming two overwhelming problems over the world. Many researchers have focused on 
environmentally-friendly and energy conversion materials. A novel quaternary chalcogenide 
compound, Cu2ZnSnS4(CZTS) occupies a special place in many fields such as photovoltaic, 
photocatalytic and thermoelectric applications owing to its optimum optical band energy of about 
1.5eV, absorption coefficient of higher than 104 cm-1 and low lattice thermal conductivity [1-6]. 
However, CZTS is facing a problem of anti-site defects caused by the similarity in the ionic radius 
of Cu+ and Zn2+, which result in carrier recombination. A novel solution of prevent anti-defects is 
studied by replacing Zn2+ with larger sized Sr2+. Meanwhile, Cu2SrSnS4 known as CSTS can retain 
the structure and property similar to CZTS, which is also recognized as an excellent alternative 
material for energy application [7-8]. Over the past few years, Only a few reports have been found 
to study CSTS compounds using theoretical and experimental research, which are mainly focused 
on in the field of solar cell devices [9-16].  

In this research work, the present study reports a facile solvothermal method to prepare 
CSTS nanoparticles. The structure, morphology, photocatalytic and electrical transport 
performances of CSTS nanoparticles are systematically investigated. 

 
 
 
2. Experimental details 
 
All chemical reagents, including Cupric nitrate (Cu(NO3)2·3H2O), Strontium acetate 

(Sr(CH3COO)2∙0.5H2O), Tin dichloride (SnCl2·2H2O) and Thiocarbamide (H2NCSNH2), are 
received from Sinophram chemical reagent Corporation, and all materials are used further without 
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purification. In the synthetic procedure, the precursor is prepared by dissolving 2mMol Cupric 
nitrate, 1mMol Strontium acetate, 1mMol Tin dichloride and 6mMol Thiocarbamide in 80ml 
ethylene glycol (EG) as the solvent agent. The homogeneous solution is prepared after continue 
stirring for 3h, then the solution is solvothermally treated in autoclave of 100ml capacity at 200℃ 
for 24h. At last, the obtained products are isolated by adding distilled water and purified by 
centrifugation repeatedly after cooling down to room temperature naturally, and dried at 80℃ 
under vacuum for 3h, which are collected and further used. In a thermoelectric experiment, CSTS 
nanoparticles are utilized to prepare pellet sample by applying 60MPa pressure and sintering 500℃ 
for 1h under vacuum condition. 

The structure of synthesized CSTS is analyzed using PaNalytical X’Pert Pro 
diffractometer and JY-T64000 Raman spectrometer. The surface morphological analysis is done 
using LEO-1530VP scanning electron microscopy. The optical and photocatalytic studies are 
performed by using Varian Cary 5000 spectrophotometer and Shimadzu UV2450 
spectrophotometer. The electrical transport performances are carried out using Namicro-Ⅲ 
thermoelectric system in temperature range from 325K to 675K.  

 
 
3. Results and discussion 
 
The structural analysis measurements are depicted in Fig.1. It is observed from Fig.1(a) 

that obviously seven characteristic peaks of CSTS (PDF NO.30-0504) at 2θ angles equal to 24.1°, 
28.5°, 32.6°, 37.1°, 40.6°, 47.2° and 55.6° corresponding to (103), (110), (105), (203), (204), (213) 
and (118) planes are clearly noted, indicating a single-phase CSTS is obtained. The nanocrystalline 
in nature can be evaluated from the broad Full Width Half Maximum (FWHM). Furthermore, the 
average crystallite size is calculated to be about 25.8nm using Debye-Scherrer formula. Raman 
spectroscopy is further implied to confirm the XRD analysis because of the similarity of the XRD 
patterns of some phases. Raman spectrum of CSTS nanocrystals is depicted in Fig.1(b). It is found 
that only the main peak located at 343cm-1 is observed, which is correspond to the trigonal 
structure of CSTS sample. The possible impurity phases such as Cu2-xS (275, 315 and 475cm-1) 
and Cu2SnS3 (290, 318 and 348 cm-1) are excluded. 

 

 

Fig. 1. XRD pattern(a) and Raman spectrum(b) of CSTS nanoparticles. 
 
 
Fig. 2 shows the morphology of pristine CSTS sample. We can observe that CSTS 

nanoparticles are composed of flower-like morphology by self-assembling of nano sheet-like 
structures. The growth mechanism such as nucleation, nanosheet growth orientation and 
self-assemble action is in agreement with experimental results in literature [17-18]. High 
magnification image shows the average thickness of each nanosheet is about 25nm, while low 
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magnification image exhibits uniform distribution. The flower-shape particles with large surface 
area can enhance more absorption sites, lead to improvement of catalytic efficiency [19]. 
Meanwhile, the nanosheet structure with a large number of grain boundaries can enhance phonon 
scattering, result in decreasing the thermal conductivity [20]. 

 

 

 
Fig. 2. Low magnification(a) and high magnification(b) SEM images of CSTS nanoparticles. 
 
 
The UV-Vis absorption spectrum is displayed in Fig.3. We can observe that CSTS sample 

exhibits strong and broad absorption band over entire visible region and its tail extends to IR 
region. As shown in the set, the band gap of CSTS nanocrystals is calculated to be 1.49eV using 
Tauc formula by plotting the linear region of (αhν)2 vs. hν, which is proper band gap energy 
required for catalytic semiconductor material. The value is low compared to those reported by 
several researchers [10, 13-14], it may be attributed to quantum confinement effect and the 
formation of microstrain owing to increasing grain sizes.  

 

 
 

Fig. 3. UV-Vis spectrum of CSTS nanoparticles; Inset: Optical bandgap estimation of CSTS nanoparticles. 
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The photocatalysis activity of CSTS nanoparticles is examined by degradation of 
methylene blue (MB) under simulated solar light irradiation in 100min. The efficiencies of 
degradation against the time of light exposure are presented in Fig.4(a). We can observe that about 
2% of MB is removed without CSTS nanoparticles while that with the addition of CSTS shows the 
removal rate falls to 90% after 100min illumination, indicating that CSTS plays an important role 
on the degradation of MB. This result suggests that CSTS material opens up a door to visible-light 
photocatalytic application. The cycling performance of CSTS nanocrystals for the degradation of 
MB are studied. As depicted in Fig.4(b), the degradation rate only decreases from 90% to 88% 
after reuse three times, indicating reuse stability of CSTS photocatalyst. Furthermore, Fig.4(c) 
shows that the XRD patterns of CSTS nanocrystals after use has no obviously change compare to 
those before use, confirming the structural stability. 

 

 

 

 
Fig.4 (a)the efficiencies of degradation of MB as a function of different time (b) the photo stability of CSTS 

nanoparticles (c) the structural stability of CSTS nanoparticles. 
 
 
The variation in Seebeck coefficient (S) and electrical conductivity (σ) of CSTS sample as 

a function of temperature are plotted in Fig.5. It is observed that CSTS sample exhibits P-type 
semiconductor behavior owing to the positive Seebeck coefficient values. The Seebeck coefficient 
and electrical conductivity of CSTS sample increase with increasing measured temperature. CSTS 
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nanocrystals show a high Seebeck coefficient value of 128.57μV•K-1 while the value of electrical 
conductivity reaches to 20.35S·m-1 at 675K.  

 

 
 

Fig. 5. Temperature-dependent plot of Seebeck coefficient and electrical conductivity of CSTS sample. 
 
 
4. Conclusions 
 
In the work, P-type semiconductor material Cu2SrSnS4(CSTS) with trigonal structure is 

synthesized via solvothermal approach. The flower-like morphology being composed of nano 
sheet-like is confirmed. Cu2SrSnS4 nanocrystals with the narrow band gap of 1.49eV remove 90% 
of the methylene blue (MB) in 100min under simulated solar light irradiation, depicting a promise 
in treatment of water pollutants. The large Seebeck coefficient and moderate electrical 
conductivity of Cu2SrSnS4 sample are obtained, which indicates that Cu2SrSnS4 is a promising 
material for thermoelectric application. 
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