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Abstract  

     Well dispersed Cu2FeSnSe4 (CFTSe) nanofilms were synthesized by hot-injection 

method. The structural and morphological measurements were characterized using 

XRD (X-ray diffraction), Raman spectroscopy, SEM (scanning electron 

microscopy), and TEM (transmission electron microscopy). Chemical composition 

and optical properties of as-synthesized CFTSe nanoparticles were characterized 

using EDS (energy dispersive spectroscopy) and UV-Vis spectrophotometry. The 

average particle size of the nanoparticles was about 7-10 nm. The UV-Vis 

absorption spectra showed that the synthesized CFTS nanofilms have a band gap 

(Eg) of about 1.16 eV. Photo-electrochemical characteristics of CFTSe nanoparticles 

were studied and indicated their potential application in photovoltaic applications.  
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 النانوية Cu2FeSnSe4أغذية وتوصيف تحضير 

 

 عمر عبد الدادة علي* ، سرمد صالح مهدي
 قدم الفيزياء, كلية العلهم, جامعة بغداد, العراق, بغداد.

 الخلاصة
تم إجراء قياسات  .الداخنبطريقة الحقن  Cu2FeSnSe4 (CFTSe) تم تحزير الأغذية الشانهية     

باستخدام حيهد الأشعة  الشانهية CFTSeالتركيب البشيهي والدطحي والكيسيائي والخرائص البررية لجديسات 
و  (SEM)الإلكتروني الساسح ، والسجهر (EDS)، وطيف رامان ، مطيافية تذتت الطاقة  (XRD) الديشية

 01-7متهسط أحجام الجديسات الشانهية حهالي وكان  UV-Vis و (TEM) السجهر الإلكتروني الشافذ 
تست دراسة الخرائص  .الكترون فهلت 0.01بحهالي  CFTS قدرت فجهة الطاقة للأغذية الشانهية .نانهمتر

، مسا يذير إلى تطبيقها السحتسل في التطبيقات  CFTSe الكهروكيسيائية الزهئية للجديسات الشانهية
 الفهتهفهلطائية.

 
Introduction  

     Semiconductor compounds, such as the ternary and multinary ones, received a significant interest 

in the recent years due to their physical properties and technological applications [1,2]. I2-II-IV-VI4 

can be considered as one of the two available groups of fourfold normal derivative (A2BCD4) of the II-

VI binaries, in which there are three types of cations instead of cation II. Among these, Cu2ZnSnS4 

(CZTS), Cu2FeSnS4 (CFTS), Cu2ZnSnSe4 (CZTSe) and Cu2FeSnSe4 (CFTSe) received additional 

interest due to their earth-abundance and identical crystal structures to CuInGaSe2 (CIGSe) [3-6]. The 

conversion efficiency of (CZTS-based) solar cells was reported to approach the value of 12.6% [7]. 
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Due to its optimum Eg (~1.5 eV), the quaternary semiconductor CFTSe has been used as an alternative 

choice with a high absorption coefficient (>10
4
 cm

-1
). Nevertheless, the photo-electronic properties of 

CFTSe are still partially unstudied.  

A hydrothermal method was formerly used to synthesize CFTSe nano-sheets [8]. Here we report the 

synthesis of CFTSe nano-crystals by the hot-injection method, which represents a major function in 

the large-scale fabrication of solar cells based on the synthesis of nanocrystals. This process decreases 

fabrication costs compared with the conventional physical vapor deposition (PVD) technique [9, 10], 

which is a contribution to the development of low-cost photoelectronic devices.   

In this paper, the growth procedure was examined preliminarily. The structural, morphological, and 

optical properties of CFTSe nanoparticles were investigated. These nano-crystals can be readily 

dispersed in solvents which have low toxicity and are good fabricated into CFTSe films by drop-

casting. The photo-electrochemical response of the obtained film was also investigated. Our study is a 

contribution to put forward the photoelectric device applications of CFTSe nanocrystals. 

Experiments 

Materials 

CuCl2·2H2O (Copper II chloride dihydrate), FeCl2 (Iron II chloride), SnCl4·5H2O (tin IV tetrachloride 

pentahydrate), selenium powder, DPP (diketopyrrolopyrrole) and OLA (Oleylamine) were purchased 

from Sigma-Aldrich Chemical Co.  

Synthesis of CFTSe nanoparticles 

In a perfect synthesis process, a mix of (0.2 mmol) CuCl2·2H2O, (0.1 mmol) FeCl2, (0.1 mmol) 

SnCl4·5H2O, and (10 ml) OLA were dissolved in a 3-neck bottle at Ar atmosphere. The solution was 

magnetically stirred and heated to 553 K. selenium powder (0.4 mmol)was dispersed in 5 ml DDP to 

form DPP-Se complex in a glove box. At a reaction temperature of 553 K, 5ml DPP-Se was injected 

into the three neck bottle and kept for 5 minutes. After reaction, CFTSe nanopartilces were centrifuged 

using alcohol and toluene. Figure- 1 A and B show the schematic representation and SEM image of 

CFTSe nanopartilces which were sprayed onto FTO substrates, followed by the deposition of 15 nm 

CdS layer onto CFTSe thin film via chemical bath deposition (CBD) method. At last, a 5 nm Pt 

electrode layer was sputtered on CdS thin film surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- (a) Schematic representation and (b) SEM image of FTO/ CFTSe /CdS/Pt. 

 

Characterization  

     The microstructures and the crystal of the prepared samples were characterized by XRD using a 

(Rigaku R-Axis Spider diffractometer) with  Cu  Kα  (λ  =  1.54  Å) radiation operated at 40 kV and 

40 mA  and an  image-plate  detector. The phase purities of CFTSe nano-particles were examined by 

Raman spectra (JY-H800UV). UV-vis (Jasco UV-570) spectrophotometer was used to study the 

optical properties  of CFTSe nanoparticles. The morphological properties of CFTSe nanoparticles 

were characterized using SEM FEI Sirion 200  and JEOL 2010F TEM  at 200 kV accelerating voltage. 

The photocurrent-time response of the CFTSe thin films was measured in 0.5 M of Na2SO4 (pH=0.5) 

under 100 mW/cm
2
 (AM 1.5 G) light source. FTO/ CFTSe and FTO/ CFTSe /CdS/Pt were fabricated 

as the efficient electrodes.  

b 
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Results and discussion 

     XRD patterns of CFTSe nano-particles are demonstrated in Figure- 2. Obvious diffraction peaks 

appeared at 27.17°, 45.07°, 53.41°, 65.65°, 72.41° and 83.22°, which correspond to (112), (204), 

(116), (400), (316) and (422) of CFTSe tetragonal structures, respectively (PDF No. 52-0998). 

According to FWHM (full width of half maximum), the values of (112) diffraction peak, their average 

crystallite sizes were estimated to be about 10 nm, using Scherrer’s equation: 

𝐷 =
0.9

𝑐𝑜𝑠
                                                                    (1) 

     where D is the grain crystallite diameter, θ is the peak location, and  is the half-width of the 

diffraction peak at half height [11, 12]. 

As known, Cu2SnSe3 and Cu2Se have crystal structures which are very close to that of CFTSe. Thus, 

Raman characterizations were performed to examine the phase purity of CFTSe nanoparticle thin 

films. Three obvious peaks appeared at 209, 277 and 378 cm
-1

 which confirmed the main products of 

CFTSe. No Raman peaks at 180, 236, 251 and 260cm
-1

 were found, which indicates that no secondary 

phases, such as Cu2SnSe3, CuSe and Cu2Se, existed [11, 12].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- (a) XRD and (b) Raman spectra of CFTSe nanofilms. 

 

     The synthesized CFTSe nano-particles were dip-coated onto FTO substrates and the surface 

properties were characterized by SEM. As shown in Figure- 3, the surface of CFTSe thin films was 

very compact and composed of small nanoparticles. The figure shows that the film surface had 

relatively homogeneous polycrystalline grain structure. The atomic composition ratio of CFTSe 

nanopartilces was 20.1：12.2：13.4：54.3 as indicate by EDS measurements. The TEM images 

proved that the nanocrystals are regular in shape and have mono-disperse, i.e. similar in size and 

shape. TEM characterizations indicated that CFTSe nanoparticles have uniform average sizes, which 

are about 8-10 nm, which agreed well with those calculated by XRD. HRTEM image shows that the 

(220) peak of CFTSe sheets is equal to 2.01 Å interplanar spacing. The diffraction spot of (111) plane 

in the image of the selected area electron diffraction (SAED) indicates the single crystal nature of 

CFTSe nanoparticles.  
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Figure 3- (a) TEM, (b) SEM, (c) SAED pattern and (d) HRTEM of CFTSe nanofilms. 

 

     CFTSe nanoparticles were dispersed in chloroform and their absorption spectra are presented in 

Figure- 4. As shown, CFTSe nanofilms have an obvious absorption in the visible light range and their 

band-gaps were determined to be about 1.16 eV, according to Tauc law which could be used to obtain 

the band gap energy of CFTSe nanofilms [13, 14], as follows.  

𝛼 (ℎ𝜐)  =  𝐴 (ℎ𝜐 –  𝐸𝑔)𝑟                                                                 (2) 

     where A is a constant and inversely proportional to amorphously, 𝛼 is the absorption coefficient, ℎ 

the Planck constant, υ is the frequency, and Eg is the band-gap energy, The presence of a single slope 

in the curves in the plot of (αhν)
 2

 versus hν of CFTSe suggests that the film is in nature with direct 

allowed transition. r value representing the optical transmission mode; when r = 1/2 the transition 

mode is direct allowed, r = 3/2 is direct forbidden, r = 2 is indirect allowed, and r = 3 is indirect 

forbidden. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

 

 

Figure 4- Absorption spectra and band-gap of CFTSe nanofilms. 

 

     Under chopped light illumination condition, PEC responses of FTO/CFTSe thin films were studied. 
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Figure- 5a shows that the I-V curves were decreased from -0.4 to 0 V, which represents the cathodic 

potential scan range, indicating  p-type CFTSe thin films. The deposition of Pt thin films onto the 

surface of CFTSe films can enhance their catalysis characteristics [15]. The deposition of n-type CdS 

thin films to form a p-n junction with CFTSe can also separate the photo-generated charge carriers 

efficiently [16]. All of these results are confirmed by the current-potential curves which are shown in 

Figure- 5a. The I-t curves in Figure- 5b, show that the photocurrent densities of FTO/CFTSe are about 

9 μA/cm
2
. After depositing of CdS and Pt thin films, the fabrication of FTO/CFTSe/CdS/Pt can 

enhance the photo-electrochemical properties of FTO/CFTSe greatly, due to the fact that the 

photocurrent density of FTO/CFTSe/Pt and FTO/CFTSe/CdS/ Pt thin films were increased to 15 and 

38 μA/cm
2
, respectively 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5- I-V (a) and I-t (b) curves of FTO/CFTSe, FTO/CFTSe/Pt and FTO/CFTSe /CdS/Pt. 

 

Conclusions  

     In conclusion, CFTSe nanoparticles were prepared by a convenient hot-injection method. The as-

synthesized CFTSe nanoparticles were well dispersed and the averaged particles sizes were about 10 

nm. From the optical absorption spectra, the energy band gap of CFTSe nanofilms was estimated to be 

about 1.16 eV. The fabrication of FTO/CFTSe/CdS/Pt enhanced the photo-electrochemical properties 

of FTO/CFTSe greatly, which confers a contribution to the development of CFTSe nanoparticles and 

their potential application in photovoltaic applications.  
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