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ABSTRACT  

The chevrel phase compound with the 

formula of MnMo6X8 is an important 

material that can be used for many 

applications, such as energy storage and 

electrocatalysis. Therefore, this work aims 

to produce Mo6SnS8  thin film using the 

spray pyrolysis technique and study its 

structural, optical, and electrical properties. 

The Mo6SnS8 ternary thin film has been 

prepared by the spray pyrolysis technique at 

a temperature of 250°C. Characterization 

via X-ray diffraction (XRD), 

spectrophotometry through reflectance and 

transmittance measurements, and electrical 

analysis via impedance spectroscopy were 

performed. X-ray analysis shows that the 

Mo6SnS8 material has a rhombohedral 

structure with a preferred orientation of the 

crystallites along the (110) direction 

parallel to the substrate plane. Optical 

measurements show a direct transition and 

energy gap of 3.60 eV. Electrical properties 

were measured using impedance 

spectroscopy technique over the frequency 

range 5 Hz–13 MHz at various 

temperatures. DC conductivity is thermally 

activated, showing a semiconductor 

behavior. A good semiconductor behavior 

observed for the Mo6SnS8 film annealed at 

a low temperature. 

Keywordsــــ Thin film, spray pyrolysis, 

chevrel, semiconductor, XRD 

 

1.0.   INTRODUCTION 

        The chevrel phase with the formula of  

MxMo6T8 , where M is a metal; T = S, Se, 

or Te has received more attention because 

it exhibits a unique properties in science 

and technology fields [1]. Among the 

chevrel phase family, the molybdenum 

sulfide (Mo6S8) is one of the important 

compound where its crystal structure  is 

related to R3¯ space group with a = b = 

9.1833Å and c = 10.8716Å[2].  The Mo6S8  

is considered an important material 

showing excellent physical and chemical 

properties. Therefore, it is a good candidate 

material to be suitable for energy storage, 

solar cells, and photocatalytic 

applications[1][3]. Many methods were 

used to prepare Mo6S8  material,  such as 

sol- gel [4], hydrothermal [5], precipitation 

and spray pyrolysis [6]. In these methods,  

many elements were added to the Mo6S8 

structure, such as Zn, Al, Cu, Mg, etc, in 

order to enhance its structural, optical and 

electrical properties [7][8][9]. Although 

many studies have been conducted on 

doped Mo6S8 with several elements, and 

they studied its physical and chemical 

properties, no study has been published 

about the spray pyrolysis of Mo6SnS8 thin 

film. In this work, the Mo6SnS8 thin film 

was prepared by using the spray pyrolysis 

and study its structural, optical and 

electrical properties  
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2.0.    EXPERIMENTAL 

         The Mo6SnS8 thin film was deposited 

on a glass substrate at 250° C using 0.01 M 

of tin chloride hexahydrate (SnCl2. 6H2O) 

and 610-2/7 M of Ammonium molybdate 

tetrahydrate [(NH4)6Mo7O24.4H2O] and 

thiourea (SC(NH2)2, 20 10−2 M) aqueous 

solution. During the solution spraying, the 

nitrogen was used as carrier gas (pressure at 

0.35 bar) through a 0.5 mm-diameter nozzle 

with a fixed nozzle-to-substrate plane 

distance of 27 cm and a flow rate was 

maintained at 4 mL/min. In addition, the 

substrate temperature was controlled by a 

thermocouple located on a metallic hot 

plate surface. After the deposition process, 

the coated substrate was kept cooling down 

naturally to room temperature. 

 

2.1.   Characterization 

         The structural measurements of the 

sample were performed using a Philips 

PW1710 X-ray diffractometer (XRD). This 

instrument uses CuKα radiation (λ = 

0.154059 nm) and operates over a 2θ range 

between 10◦ and 70◦. The optical properties 

of the samples were measured using  

Schimadzu UV 3100 double-beam 

spectrophotometer, with the wavelength 

range of 300 - 2500 nm. The impedance 

measurements were recorded using the 

Hewlett–Packard HP4192 impedance 

analyzer. Where the real and imaginary 

components were measured at the 

temperature range of 295–355°C and in the 

frequency range (5 Hz–13 MHz).  

 

3.     RESULTS AND DISCUSSION 

3.1   XRD analysis 

       Fig.1, shows the XRD pattern of 

Mo6SnS8  thin film. The sample has a single 

pure chevrel phase with the rhombohedral 

structure according to the JCPDS card no 

#01-08-1709[10]. The strong peak intensity 

due to enhance the crystallinity of the 

sample. Furthermore, the peak position is 

shifted to the right side which is a sign of 

the Sn incorporated into Mo6SnS8  

structure[11].  The lattice parameters of the 

rhombohedral structure were determined 

using the unit cell software[12]. It is found 

that the lattice parameter values of 

Mo6SnS8 thin film were a= 9.466 Å and c= 

10.736 Å. This value is close to the standard 

value of lattice parameters for pure Mo6S8 

(a=  9.1833Å, and c=  10.8716Å ) [13]. The 

cell volume value is about 833.205 Å3. The 

large value of cell volume is attributed to 

the Sn entered into Mo6S8 structure. 

 

 
Fig.1: The XRD pattern of Mo6SnS8 thin film 

 

3.2.   Optical measurements 

         Fig. 2, shows the transmittance, 

reflectance and absorbance spectra of 

Mo6SnS8 thin film, which occurred below a 

wavelength value of 600 nm. It can be seen 

that, the sample showed transmittance, 

reflectance and absorbance values of ~ 

16%, 15%, and 70%, respectively. The high 

absorbance value indicates that the sample 

is suitable for photocatalytic  

applications.  

Fig 2: (a) transmittance, (b) reflectance and (c absorbance 

of Mo6SnS8 thin film 
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The absorption coefficient (𝛼 ) is estimated 

from absorbance spectra using the 

formula[14]: 

𝛼(𝜆) = 𝑙𝑛
(1−𝑅(𝜆))2

𝑇(𝜆)
                         (1) 

where R is the reflectance and T is the 

transmittance. The value of α was in the 

range of 106 cm-1 (Fig 3a  ), which is the 

same range as strong semiconductor 

materials with the direct band gap (α 

between 104- 106  cm-1)[15]. 

  The energy gap (Eg) of the thin film was 

estimated using the formula[16]: 

(𝛼ℎ𝜈) = 𝐴(ℎ𝜈 − 𝐸𝑔)𝑛                      (2)                                                                             

where n has two values,  
1

2
 for direct and n=1 

for indirect energy gap, h is Planck’s 

constant, and ν is the frequency. The 

Mo6SnS8 thin film has a direct Eg.  

Therefore, to determine the Eg value, the 

transition is allowed to find the best fit for 

the extrapolation for the x- axis. Then, the 

direct Eg value was estimated from the Tauc 

plot of (αhν)2  versus hν (see Fig 3b). From 

the Figure it, can be seen that the sample has 

an energy gap value of about 3.60 eV, 

which is higher than 1.76 eV for Ni2Mo6S8 

[9]. The optical properties of the chevrel 

phase are still under investigation. 

Fig 3: (a) absorption coefficient and (b) energy gap of 

Mo6SnS8 thin film 

3.3.    Electrical analysis 

         Fig 4 , shows the impedance analysis 

of the Mo6SnS8 thin film at the temperature 

ranges from 295 to 355 °C. Fig 4a shows the 

imaginary part (Zˊˊ) against real part (Zˊ) 

(Nyquist plot). From the Figure, it can be 

seen that  the semi-circles are shifted to the 

low frequency as the temperature is 

increased to 355°C due to a small contribution 

from impedance equipment[17]. Also, the 

single arc indicates that relaxation process 

occurred in the film; in this case, the 

parallel RC circuit was used [18]. 

Furthermore, the decrease in the semi-

circles` diameters with increased 

temperature is a sign to enhance the 

electrical conductivity and the reduction in 

the bulk resistance [19]. The variation of 

the Zˊˊ with the frequency of the film at 

different temperatures is illustrated in Fig 

4b.  A high relaxation peak of the film 

appeared at a low temperature value of 295 
°C. Then, this peak is decreased with 

increased the temperature, and it shifted to 

the higher frequency value, which referred 

to the thermal activation of local charge 

carriers and a temperature-dependent 

relaxation time[6]. 

 

 

 

 

 

 

 

 

 

 

Fig 4: (a) variation of the real and imaginary parts (b) 

variation of imaginary component with the frequency at 

different temperature of Mo6SnS8 thin film 
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Fig. 5, shows the relation between ionic 

conductivity (ln σ) and the temperature 

(1000/T). The results show a linear drop 

and the regression value (R2) of 0.99 near to 

unity, which matches with the Arrhenius 

law (Eq(3)[20]:  

𝜎 =  𝜎0  exp (
−𝐸𝑎

𝑘𝐵𝑇
 )                                (3)                                                

   Where σ is the ionic conductivity,  σ0  is 

the exponential factor, Ea  is the activation 

energy (eV), kB is the Boltzmann constant 

(8.617 x10-5 eV/K) and T is the absolute 

temperature (K).  

       The value of Ea was found to be about 

0.88 eV, which  means the ionic mobility is 

poor at lower temperatures as this value 

indicates the semiconductor behavior with 

a high activation energy[20][21].     

Fig 5: the relation between ionic conductivity (ln σ) 

and the temperature (1000/T)  

The variation of  ln (σ)  against ln (f) (f was 

selected from 3 Hz to 13MHz) at different 

temperatures is shown in the Fig 6, where σ 

is the measured conductivity, which 

contains  two terms, dc and ac 

conductivities, according to the  following 

formula[22]: 

𝜎 =  𝜎𝑎𝑐 + 𝜎𝑑𝑐                (4) 

At low frequency values, σ is 

approximately  independent; this might be 

related to the σdc contribution[22]. The 

conductivity observed to increase linearly 

in the higher frequency range. The 

mechanism of this behavior can be 

explained by correlated barrier hopping 

(CBH) model, where the ions mostly 

transfer through a material by hopping 

between sites. The hopping probability 

between nearby sites is correlated, resulting 

in a frequency-dependent AC conductivity[23]. 

Fig 6: the plot of ln(σt) versus ln(f) at different 

temperatures for Mo6SnS8 thin film  

Fig.7, illustrates the variation of the 

exponent s with the temperature. The s 

value was determined from the slope of 

logarithmic conductivity against frequency 

( it is not shown in this work).  It can be seen 

that, the value of s decreased with the 

temperature. This gives an idea that the 

charge is being bound in traps-like 

manner[19]. The value of s is recorded to be 

-0.003, which is smaller than the value of 

the energy gap (weak charge bond). This 

result is reasonable due to the increase in 

conductivity[21].  

 

 

 

 

 

 

 

Fig 7: the plot of  s  versus T for Mo6SnS8 thin film  

4.0   CONCLUSIONS 

        The Mo6SnS8 thin film was prepared 

using the spray pyrolysis technique at a 

temperature of 250 °C. The film has a 
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rhombohedral crystal structure with a 

preferred orientation of the crystallites 

along the (110) plane. The optical 

measurement of the thin film exhibits a 

strong absorption spectrum and a high 

direct energy gap. The electrical properties 

of the film illustrated a high activation 

energy and a strong semiconductor 

behavior. This unusual behavior will be 

investigated in the Future work 
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