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Tin selenide (SnSe) is a semiconductor with an orthorhombic crystal structure having an indirect and direct band gap of 
0.9 eV and 1.3 eV respectively. The SnSe and Mg-doped SnSe was synthesized by high energy ball milling technique at 300 
RPM for 22 hrs. The formation of pure orthorhombic phases of SnSe and Mg-doped SnSe were confirmed by X-ray 
diffraction (XRD). From the XRD pattern, the crystalline size was estimated which lies below ~10 nm. The morphology of 
particle size distribution was carried out by scanning electron microscopy (SEM). 
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1 Introduction 
SnSe is a well-known p-type semiconductor which 

has many applications in areas such as thermoelectric1, 
photovoltaics2, solar cells3, electronics4, optics5, 
infrared optoelectronic devices6, phase change memory 
alloys7 and flexible systems8. SnSe is a layered 
orthorhombic crystal structure, where the atoms are 
connected with strong hetero-polar bonds and form a 
zigzag chain like structure9,10, as shown in Fig. 1. The 
adjacent layers are bound by van der Waals forces and 
long-range electrostatic attraction, that easily break on 
applying shear force9,11. Generally, SnSe undergoes a 
structural phase transition from its initial Pnma 
(orthorhombic) structure to a Cmcm (monoclinic) 
structure above 750 K12. During this transition, the c-
axis of the crystal lattice shortens, i.e., the c-axis 
closely resemble to b-axis. This structural change 
occurs due to the compression of the intrinsically 
deformable, zig-zag "accordion-like" layer geometry13. 

SnSe has multi domain applications, and therefore it 
is significant to synthesize SnSe by cost effective, 
environmentally friendly, non-toxic and scalable 
processes. To date, many experimental and theoretical 
investigations have been carried out to understand the 
transport mechanism of SnSe through compositional 
optimization of carrier concentration by doping (Li14, 
Na15, Ag16, Cu17, Ge18) and co-doping (Na+X, X=K19, 
Ag20 etc.). 

So far, SnSe has been synthesized by ball milling, 
hydrothermal, refluxing method, melt-growth and 
Bridgeman technique21,22,23. All these techniques have 
their own advantages and disadvantages. Among them, 
high energy ball milling is a cost effective, non-toxic and 
scalable technique. In this study, SnSe was synthesized 
by high energy ball milling technique and the details of 
optimizations of SnSe and Mg-doped SnSe are 
discussed in detail. 

2 Experiment 
The SnSe and Mg-doped (0.1%) SnSe were 

synthesised by high-energy ball milling technique at 
room temperature. High-purity tin pieces (Sn 99.999%, 
Alfa Aesar), selenium powder (Se 99.999%, Alfa 
Aesar), and magnesium metal turnings (Mg 99.9%, Alfa 
Aesar) were homogenously mixed in a tungsten carbide 
jar along with tungsten carbide balls. The phase and 
crystallinity study were examined by X-ray diffraction 
(XRD) PANalytical X-pert diffractometer with Cu 
Kα-rays (λ = 1.54 Å). The morphology of samples was 
evaluated by scanning electron microscope (SEM, 
ZEISS EVO/18). 

3 Results and Discussion 
The environmentally friendly and scalable, high 

energy ball milling process was used to synthesize 
pure phase of SnSe by optimising various parameters 
of ball milling such as RPM, milling time, on: off 
cycle and ball-to-powder weight ratio. After several 
trials, the pure phase of SnSe was observed at 300 
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RPM and 22 hrs of milling time, which is confirmed by 
XRD. At this milling condition the pure phase of 
orthorhombic SnSe was obtained. The XRD pattern 
was compared with standard database (JCPDS # 014-
0159) as shown in Fig. 2, and no other secondary 
phases were observed. After doping of 0.1% Mg at Sn 
site in SnSe, no structural or phase changes were 
observed, as seen in Fig. 2. The scanning electron 
microscopy (SEM) was used to analyse the 
morphology of purely synthesized SnSe sample (Sn1-

xMgxSe at x=0), as shown in Fig. 3. 
In order to determine the crystallite size of the 

nanostructures observed in Fig. 2, the Debye-Scherrer 
equation was used. The equation is given as: 
 

𝐷 ൌ
ఒ
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where D represents the crystallite size, k is the 
Scherrer constant (k = 0.9), λ denotes the wavelength of 
the incident X-rays (λ = 1.5418 Å), β represents the full 
width at half maximum (FWHM) for the diffraction 

peaks, and θ signifies the diffraction angle. One can 
clearly see the FWHM broadening which indicates the 
nanostructure formation.The crystallite size of pure SnSe 
(Sn1-xMgxSe at x=0) sample was ~9.4 nm, which 
decreased to ~8.3 nm with 0.1% Mg doping in SnSe 
(Sn1-xMgxSe at x=0.001). The broadening of FWHM for 
the main peak (1 1 1) was observed on Mg-doping. The 
lattice parameters and unit cell volume for SnSe and 
0.1% Mg-doped SnSe samples were calculated from the 
XRD pattern. The calculated lattice parameter for SnSe 
are a = 11.493 Å, b = 4.168 Å, c = 4.398 Å, and unit cell 
volume ~210.7 Å³. These values slightly increased to a = 
11.500 Å, b = 4.147 Å, c = 4.424 Å, and unit cell 
volume ~ 211 Å³ on 0.1% Mg-doping at the Sn site in 
SnSe. These estimated values for both the synthesized 
samples are in good agreement with the standard 
database (JCPDS # 014-0159, a= 11.496 Å, b=4.151 Å, 
c= 4.448 Å and unit cell volume= 212 Å3).  

The SEM image (Fig. 3) clearly exhibits the 
presence of different shapes and sizes and random 

 
 

Fig. 1  The crystal structure of (a) Pnma (orthorhombic) (b) Cmcm (monoclinic) space group of SnSe, where the atoms are connected with
electrostatic attraction and van der Waals force, containing zigzag arrangement. 
 

 
 

Fig. 2  XRD pattern of purely synthesised SnSe (Sn1-xMgxSe at
x=0)and 0.1% Mg-doped SnSe (Sn1-xMgxSe at x=0.001) at 300 RPM
for 22 hrs, compared with SnSe standard database (JCPDS # 014-0159). 
 

 
 
Fig. 3  Secondary scattered SEM micrographs of SnSe samples
SnSe (Sn1-xMgxSe at x=0) at 5 μm scale. 
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aggregation. The image shows the wide distribution 
of particle sizes, ranging from the nanometer to 
micrometer scale.  
 
5 Conclusion 

The orthorhombic phase of SnSe and Mg-doped 
SnSe were successfully synthesized by high-energy 
ball milling technique. From the X-ray diffraction 
(XRD) analysis it was found that the crystallite size 
was decreasing from ~9.4 nm to ~8.3 nm on 0.1% 
Mg-doped SnSe, with boarding of FWHM. The 
calculated lattice parameters and unit cell volume 
showed slight increase on Mg doping from a = 11.493 
Å, b = 4.168 Å, c = 4.398 Å, and a unit cell volume 
was ~210.7 Å³ to a = 11.500 Å, b = 4.147 Å,  
c = 4.424 Å, and unit cell volume was ~ 211 Å³, 
which are in good agreement with standard database. 
The non-uniform morphology of different shape and 
size was observed from SEM. 
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