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Abstract 

 
In this decade thermoelectric investigations of the layered structured of tin selenide (SnSe) has 

been carried out in more details to explore its great thermoelectric potential. It is found recently 

that SnSe has high efficiency and environmentally benign nature, free of toxic elements such as Pb 

and Te.   Tin diselenide is another important chalcogenide structure from the same family but till 

now its thermoelectric properties are not that much explored.  Due to its layered type of nature, we 

expect that its morphology may have profound effect on its thermal and electronic transport 

properties. Hence we have tried to synthesis SnSe2 structure in different morphological forms via 

solvothermal synthesis mechanism. These various morphologies of the structure were obtained by 

varying different reaction parameters such as time and temperature.  The thermoelectric 

investigations on the various morphologies of the snse2 suggest that by modifying morphology of 

the SnSe2 structure thermoelectric properties may be prominently affected. The peak power factor 

we have obtained for the flower like morphology of the snSe2 was 0.69 μWm-1K-2, which was 

synthesized at 575 K of reaction temperature.  
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Chapter 1 

Introduction 

Currently the world is facing many challenges related to the supply of energy and its 

consumption. The green energy is taking center of attention due to its environmentally 

safe nature. The worldwide value of the oil is increasing day by day with high prices. 

All the problems are driving the requirement to use the energy resources in more 

beneficial way. Some new technologies are under tremendous progress e.g., auto mobile 

engines and transmissions to increase the vehicle fuel efficiency. In these technologies 

there is an important issue that in normal fuel engine, it has 34% of efficiency and 66% 

of the total fuel cost is lost in the form of waste heat. Whereas in case of combustion 

engine wasted fuel energy rate is 40% and only 25% efficiency and other 30% is used 

for engine coolant, 5% is waste in the friction resistance [1, 2]. 

Now days, the fossil fuels are the main source of electrical energy generation. Fossil 

fuels contain carbon and were found as a consequence of geological procedure from the 

remains of organic matter produced by photosynthesis hundreds of years ago. In almost 

every industrial process unit the energy utilized is partly wasted in form a waste heat and 

leads to affect the green planet environment in many ways [3]. All these problems are 

motivating the demand of finding more convenient energy generation. 

 

1.1 Renewable Energy Demand 
 

The world energy statistic is regularly published by International renewable energy 

agency (IRENA). Figure 1.1 shows the energy consumption by region which shows that 

the growth will take place outside the Organization for economic co-operation and 

development (OECD) region. The developed world is basically the western nations 

where the energy consumption is relatively a flat line. The vast majority growth is under 

developing world. From 1995 to 2035 the growth takes place outside the OECD region. 
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The major finding concludes that the energy consumption by world will exceed from 18 

billion toe in the year 2035. 

 

Figure 1.1: Energy consumption by region 

 
 

Fig shows the volume growth by fuel according to the IRENA from 1994 to 2035. Coal, 

gas and oil are the most consumed fuels and from 2017 to 2035 while renewables, 

hydroelectricity and nuclear power are expected to provide half of the overall growth in 

next twenty years. 

 

1.2 Thermoelectric (TE) Materials 

The demand of other resources of energy is increasing rapidly for the entire world. To 

fulfill the need of global energy demand, renewables have an intensified way towards 

the power generation. Alternative energy sources decrease the negative impact on the 

environment. Improvement to the current energy supply must originate from the diverse 
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set of renewable energy sources like solar, wind, biomass and others. Another useful 

source to generate electricity from heat is to use TE materials [6]. Thermoelectric (TE) 

energy is basically a direct conversion of waste heat into electrical energy. A 

thermoelectric material does not have any moving parts, and the waste heat is directly 

converted into electrical energy and solid-state cooling. The heat can be generated from 

the burning of fossil fuels, (e.g. combustion, chemical reactions, nuclear decay). 

Thermoelectric materials have great potential for mobiles and distributed heat 

harvesting, such as vehicle exhaust heat recovery. Thermoelectric phenomenon, involve 

the presence of electronic and phononic transport. The efficiency of thermoelectric 

materials is characterized by the figure of merit (ZT) [4, 5]. 

 

1.3 Application of TE Materials 
 

Thermoelectricity is obtained through the conversion waste heat energy into electrical 

energy directly. There are many applications of thermoelectric devices that can cover a 

wide range of products [7]. The developments of new materials that are more efficient 

are going to expand the area of thermoelectric energy applications for thermoelectric 

generators and coolers. Many researches have been directed to discover highly efficient 

TE materials, mostly nanostructured [8]. The important application of thermoelectric in 

power generators, as TEGs, is power harvester. It can transfer heat energy in the form of 

electricity, for example, solar energy into electricity [11]. According to the research, in 

the process of configuration 60% energy is lost in the form of waste heat [9]. The effect 

of energy loss is high, has lower efficiency and also has a negative impact on the 

environment. TE devices in the automotive industry can provide some unique features 

and these features are divided into two parts i.e. Peltier effect, which is basically focused 

on conversion of electricity into cooling; and Seebeck effect which converts waste heat 

into useful energy in the form of electricity. These approaches are not only highly 

efficient but also are not hazardous to the environment [10]. 

Human body can also be used as a source of heat for TE applications as the human body 

produces constant and stable heat which can be used for precise set of applications. 

Human body has the capacity to release up to 100 watts of heat [12]. There are certain 

electronic devices that have already been developed that can be used for converting the 
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heat generated by human body into useful work. Citizen watches with their eco-drive 

technology, use the heat from human body as the main power source for running their 

wrist watches. Similarly, Seiko and Dyson TE are also working along the same lines 

where heat from the body is used to charge the integrated battery. Research is ongoing 

when it comes to using human body as means to charge one’s mobile phone [13]. 

 
1.4 Thermoelectricity 

When a TE material is exposed to heat energy, it can use that form of energy to convert 

it into electrical energy. When heat is applied, charge carriers diffuse from hot side 

towards the cold side and as a result of moving charge carriers, electric current is 

generated [14]. In TE devices due to temperature gradient that exists between the two 

ends of the module, potential difference is generate which gives rise to generation of 

electrical voltage. The phenomenon is termed as Seebeck Effect. Conversely, when 

electric voltage is applied to a TE device, it can use that voltage to provide a specified 

temperature which can be termed as cooling as well. This phenomenon is call TE 

cooling or Peltier effect [15]. 

 

1.4.1 Seebeck Effect 

 

In 1821 Thomson Johann Seebeck discovered the thermoelectric effect. If two 

conductors or semiconductors are linked together and one side of the conductor is hot 

and other side is cold, the potential difference can cause the electric charge to flow and 

as a result, generate electricity. This occurs as a result of the temperature gradient (𝗈T) 

that exists between the two dissimilar conductors [16]. This concept is termed as 

Seebeck effect. From the hot side towards the cold side, maximum charge carriers are 

diverged thermally. As a result of this divergence, electric field is generated, which 

brings out to accumulation and the diffusion of charges can be balanced as shown in fig 

1.3[21]. Seebeck coefficient is basically a relationship between electrical voltage and 

temperature difference [22]. And the equation can be represented as: 

S = 
∆𝑉 

∆𝑇 

S = Seebeck coefficient 
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∆V = Electric field 

∆T = Temperature gradient 

 
 

For p-type material the Seebeck coefficient is positive and for n-type material the 

Seebeck coefficient is negative [23]. 

 

Fig 1.2: Seebeck effect 

 

 
1.4.2 Peltier Effect 

 
Peltier effect is the reverse phenomena of Seebeck effect. A French physicist named 

Jean Charles Athanase, discovered in 1834 that in the existence of temperature 

difference (heating or cooling), electric field is initiated at two different sides of 

conductors or semiconductors [24]. When electric field is initiated and it flows through 

the circuit, at the junction, heat may be added or removed between the two materials 

[25]. Peltier effect is a relationship between heating, cooling and the electric current 
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when it circulates in the circuit. Peltier effect can be expressed through the following 

equation [26]: 

Π = 
   

𝐼 
 
 
 

𝑀 = Peltier coefficient 

I = Absorb heat 

Q𝑀 = Applied Heat 
 

 

Fig 1.3: Peltier effect 
 

 

1.4.3 Thomson Effect: 

 
In 1854 William Thomson discovered that for a single material, if heated, the heat flows 

from hot end to the cold end but it also gives rise to movement of charge carriers, 

resulting in the formation of electric current. This phenomenon is termed as Thomson 

effect [27]. Thomson effect shows the  direct relationship between Peltier effect of 



7  

cooling and Seebeck effect of heating. Thomson effect is defined as, when electric 

current passes through a single material, the heat generated produces a temperature 

gradient along the length of the material [28]. Thomson effect is expressed as 

 

dQ =βIdT 

Where 

dQ = rate of heat generation 

β = Thomson coefficient 

I = Applied current 

dT = Temperature gradient 

dT/dx 
 

 
 

 

I
x

 

 
 
 

Fig 1.4: schematic diagram of Thomson effect 

 

 

1.5 Figure of Merit (ZT) 
 

Figure of merit of the thermoelectric materials can be defined as the performance 

parameter; the higher ZT, higher will be the efficiency of a material [29]. It can be 

represented using the following equations: 

ZT = 𝑆
2 

𝑇 
𝜌𝐾 

 

𝜎 = 1 
𝜌 

ZT = 𝑆
2𝜎 

𝑇 
𝐾 
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S = Seebeck coefficient, T= absolute temperature, 𝜌 = electrical resistivity, k = thermal 

conductivity, 𝜎 = electrical conductivity 

ZT is dimensionless figure of merit and figure of merit is basically dependent on 

temperature and also it is derived from temperature dependent material properties [30]. 

For the maximum value of ZT Seebeck coefficient and electrical conductivity must be 

high along with low thermal conductivity. Furthermore, there are two components of 

thermal conductivity that are k= ke+kl. If the lattice conductivity will be low then overall 

thermal conductivity will drop. These parameters are related to the carrier concentration 

and band gap structure [31]. 

 

1.6 TE Module 
 

Thermoelectric module is based on n-type material and p-type materials. Electrons move 

towards one side and holes move towards the other side, when heat is applied. TE 

materials that have majority charge carriers in n-type and electrons are dominant in 

nature are termed as n-type TE materials while those with majority charge carriers in p- 

type or where holes are dominant are termed as the p-type TE materials [32]. 

 
 

Fig 1.5: Thermoelectric couple consisting of n-type and p-type TE materials. 
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1.7 Material Selection Criteria: 
 

In order to have an improved set of TE properties, a material must have a higher ZT 

value so in order to achieve higher TE properties; we need to achieve higher values of 

ZT. Fig 1.7, show the material selection criteria. The graph depicts that for 

semiconductors class of materials, the required properties for ZT i.e. electrical 

conductivity, Seebeck coefficient and thermal conductivity, all lie at a moderate value, 

making semiconductors the most suitable class of materials for TE research. For 

efficient thermoelectric materials, low thermal conductivity is required. There are two 

parts of thermal conductivity kl is derived from the crystal lattice part while ke is derived 

from the electronic part or charge carriers. For a TE material to have enhanced TE 

properties, it is important that it has a bandgap value of less than 1eV in order to achieve 

a better carrier concentration along with good carrier mobility [34]. 

Fig shows that three classes of materials; insulators, semiconductor and metals. The ZT 

value of insulators is low, 𝜎 is also poor but the Seebeck value is high that’s why 

insulators are not efficient for thermoelectric applications. The metal shows the high 𝜎, 

high k, and low Seebeck value and ZT value remains low. So, metals are also not much 

suitable for TE properties. So, we can choose semiconductors because high Seebeck low 

𝜎 and low k so we can achieve high ZT [35]. 
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Fig 1.6: dependence of ZT on carrier concentrations 

 

 

1.8 Challenges in TE Research: 
 

In thermoelectric research there are lots of challenges. Fig 1.7 shows the figure of merit 

value variation between 1960 and 2016. Fig shows the TE materials divided into three 

parts the ZT value is less than 1and the efficiency of power conversion is 4-5%. 

Between 2004 and 2010, the ZT value was improved from 1 to 1.7 and the efficiency 

from 11% to 15% and in third part the high-performance TE materials showed a ZT 

value of 1.8 and an efficiency of 15% to 20%. It also shows a shift toward 

Insulators Semiconductor 

Seebeck 

coefficient 

Metals 

Figure 

of merit 

Electrical 

conductivity 

Total thermal 

conductivity 

Lattice thermal conductivity 
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chalcogenides. According to the research and graph the SnSe shows good physical and 

chemical properties [36]. 

 

 

Fig 1.7: ZT value of various thermoelectric materials from year 1960 to year 2016. The 

latest research predicts that most of the high ZT TE structures of chalcogenides. 

 
The figure 1.8 shows the Sn and Se are both abundant as well as low-cost materials as 

compared to other options. Selenides are high performance thermoelectric materials and 

highly efficient. Compared to the other sulfides and oxides SnSe is cheaper and 

environmentally friendly as well [37]. 
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Fig 1.8 Abundance and Price of different TE materials 

 

 

1.9 Advantages of TE materials: 
 

Thermoelectric materials are most widely used as renewable energy resources. Many 

advantages of TE materials are as follows: the solid-state TE devices have no moving 

parts that are why they are more reliable and efficient. The TE devices are not like 

compressor-based cooling system hence the response times are faster [71]. In TE 

devices there is no noise as compared to the other compressor technology. Solid state TE 

devices can be arranged in any orientation. 
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Chapter 2 

Literature review 

In this research our major focus is how to improve thermoelectric properties of tin 

diselenide. There are many ideas and methods to boost the TE properties of SnSe2. And 

some of the plans are discussed further. 

 

2.1 Approaches to control electrical conductivity of TR materials 
 

The electric conductivity measures the capability of the material to conduct electric 

current. Electrical conductivity is equal to the product carrier concentration and carrier 

mobility. 

𝜎 = 𝜇ne 

The acceptable electrical conductivity value for TE materials is 10−5S𝑚−1. That can be 

achieved through high carrier mobility or high carrier concentration. 

 
2.1.1 Carrier concentration 

 
For enhancing the electrical conductivity of SnSe2 carrier concentration plays an 

important role because electrical conductivity depends on carrier concentration and 

mobility. For good thermoelectric material, the range of carrier concentration is 1018 to 

1021𝑐𝑚−3 which is a desired value for achieving ideal power factor [42]. There are two 

individual methods to control the carrier concentration. 

I. Extrinsic doping 

II. Tuning intrinsic defects 

 
 

The simplest way to do extrinsic doping is the alloying with the adjacent columns from 

periodic table. In many cases the ideal concentration is difficult to achieve, the reason 

behind this difficulty is solubility limit and doping capability of dopants. This is the 

reason why the properties displayed in theoretical study of TE materials cannot be 

achieved in experimental work. In addition, few complicated semiconductors consist of 
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𝑑 

two or more elements and as a result of the existence of new dopants, the solubility of 

the dopant becomes difficult [43]. 

Tuning intrinsic defects involve vacancies, interstitials, etc. to obtain the desired carrier 

concentration. These defects decrease the TE performance and reduce the efficiency. 

The carrier concentration of the defects is totally dependent on the composition of 

elements [42]. 

2.1.2 Carrier mobility 

 
Carrier mobility is a major variable to improve electrical conductivity. Carrier mobility 

is an ability that tells us how fast the charge can move among the semiconductors. These 

are some techniques to improve the TE properties [44]. 

 

2.2 Approaches to improve Seebeck coefficient 
 

The equation of ZT shows that the Seebeck coefficient is dominant than other variables 

e.g., electrical conductivity and thermal conductivity in order to obtain high figure of 

merit value. Improved Seebeck coefficient is more important than lowering thermal 

conductivity and increasing the electrical conductivity [45]. Seebeck coefficient is 

represented as: 

s² = 8𝜋 
2 
𝐵 𝑚* 𝑇 ( 𝜋 ) 

 
 

3𝑒ℎ2 𝑑 3𝑛 

In this equation the variables𝐾𝑏, eh, 𝑚* are the Boltzmann constant, carrier charge 

planks constant and DOS effective mass respectively [46]. 

 

 

 
2.3 Approaches to reduce thermal transport properties: 

 

Thermal conductivity is the capability of any material or structure to pass heat at some 

specific temperature. The total conductivity depends on two factors that are thermal 

conductivity of electrons(𝑘𝑒𝑙𝑒 ) and thermal conductivity of lattice(𝑘𝑙𝑎𝑡) [47]. 

K = 𝑘𝑒𝑙𝑒 + 𝑘𝑙𝑎𝑡 

2𝐾 
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+ 

To determine the thermal conductivity of electron the Wiedemann- Franz law can be 

applied. 

𝑘𝑒𝑙𝑒 = L𝜎T 

L is Lorentz parameter; and the range of Lorentz parameter is 1.6 to 2.5 WΩ𝑘−2. 

Wiedemann- Franz law states that the thermal conductivity of the electrons increases 

with the rise in electrical conductivity. That’s why suitable TE materials and enhanced 

carrier concentration is essential to achieve higher ZT [48]. 

 

2.3.1 Point defects: 

 
The reason behind introduction of point defects is to generate lattice imperfection along 

the length of interatomic distance. The thermal conductivity model was developed by 

Kelemen’s and Callaway. According to them, in point defect, the phonons are scattered 

at shot MFP (mean free path). This is due to the local bond strain is the influence of 

defects. And all this is due to the scattering parameter and is expressed by equation. 

𝐹 = x (1-x ) [(∆𝑀/𝑀)]2 𝗌 (
𝑎𝑑i𝑠𝑜𝑟𝑑𝑒𝑟 − 𝑎𝑝𝑢𝑟𝑒 )² 

𝑎𝑝𝑢𝑟𝑒 

 

The above equation shows that the x is doping fraction, ∆𝑀/𝑀 is the change in atomic 

mass, 𝑎𝑑i𝑠𝑜𝑟𝑑 , 𝑎𝑝𝑢𝑟𝑒 shows the lattice constant of pure alloy and disorder while s is elastic 

property [49]. 

 
2.3.2 Nano structuring 

 
This is another strategy to decrease thermal conductivity. This strategy can be obtained 

from a solid solution or nano scale particles in a single phase. Nano scale particles can 

be obtained by bottom-up process or mechanical methods (ball milling and melt 

spinning). And the remaining second phase precipitations particles can be obtained 

through the method of solid-state solution that are highly doped and then rapidly 

quenched. The second phase consistency in the solid state must have no or low 

solubility, and in liquid phase it must be fully soluble [50]. 
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2.4 Metal chalcogenide: 
 

Metal chalcogenides is basically a chemical compound which contains minimum one 

chalcogen anion and minimum one or more electropositive element. In the group VIA, 

the elements present are called chalcogens [38]. The word metal chalcogenides are 

usually adopted for selenides, tellurides, and sulfides. Metal chalcogenides exist with 

different composition like binary, ternary, etc. along with different structures as well 

[39]. 

 

2.5 SnSe based TE materials: 
 

SnSe based crystals are magnificent thermoelectric materials because the reported ZT 

value of SnSe is high (∼ 2.6 ZT). The ZT value ranges from 0.1 to 0.9 when the 

temperature range is in between 300-773k. For higher ZT, higher temperatures are 

required. Tin selenide is simple in structure, stable and earth abundant material that is 

the reason it is chose for our TE research [52]. 

 

2.5.1 Structure of SnSe: 

 
Another name of tin selenide is stannous selenide. It has a layered structure and belongs 

to the group of metal chalcogenides. Because of a low thermal conductivity and good 

electrical conductivity, tin selenide is included among the efficient thermoelectric 

materials. It has an orthorhombic structure at room temperature [53]. There are two 

atoms present along the b and c planes. The joining of SnSe atoms is with heteropolar 

bonds and it consists of a chain like zigzag planes. Every Sn atom is attached to three Se 

atoms. The forces present in these layers are Van der wall forces [54]. 
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Fig 2.1: unit cell of SnSe and crystal structure 

 

 
2.5.1.1 Anharmonic bonding 

 
Anharmonicity corresponds to the lattice vibration and consequently, it affects the SnSe 

structure’s heat transportation. The important characteristic between the Sn and Se is the 

anharmonic bonding between the crystal structures of SnSe. Under the light of this 

reasoning, SnSe has a low thermal conductivity. Fig 2.2 shows the connection between 

the harmonicity and anharmonicity, where Ø(r), 𝑎𝑜, and r are the potential energy, lattice 

parameter and distance between two atoms [55]. 

For harmonicity, when the vibrational motion of phonon is taking place, during this 

period, if an atom is diverging due to the force from its equilibrium position, then the 

force that is applied is proportional to its displacement, and the displacement in turn, is 

proportional to the spring constant. The harmonicity indicates balanced phonon 

transport. Anharmonicity is the relation between the displacement and the restoring 

force. When anharmonicity is high, it results in increase in phonon concentration and 

consequently, 𝐾𝑙 reduces [56]. 
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Fig 2.2: schematic diagram of harmonicity and anharmonicity 

 

 

 
2.5.1.2 Phonons scattering effect 

 

In polycrystalline materials SnSe, at grain boundaries lattice defect, such as dislocations, 

phonons scattering takes place. The phonon scattering reduces lattice thermal 

conductivity. The main reasons for the origination of phonon scattering in 

polycrystalline SnSe materials involve dislocations, precipitates, point defects and grain 

boundaries. At an atomic level, vacancies and substitutions, which are a part of point 

defects, are encountered. Dislocations and precipitates are associated with nano scale 

while grain boundaries are associated with sub-micro scale [57,58]. 
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2.6 Structure of SnSe2 

 
Tin selenide also called stannous selenide and represented with the formula SnSe, is a 

part of metal dichalcogenides, with a close packed hexagonal structure [40]. The 

structural analysis can be divided into different portions e.g., phase diagram, crystal 

structure, mechanical properties and thermoelectric properties. As SnSe2 is a family 

member of metal dichalcogenide semiconductor (MDCs), as mentioned above as well, 

and belongs to the group VI, SnSe2 exhibits a layered structure and the stacking 

sequence is dependent on three layers of (Se-Sn-Se) which are parallel to the plane 

(001). There are weak van der wall forces present in each layer. The nature of SnSe2 is 

n-type semiconductor. Every three-layered sandwich consists of tin atoms (monolayer) 

and packed between the monolayer of close-spaced selenium atoms [40]. Fig 2.1 shows 

3.08Å is the distance between the three layers and 1.53Å is the distance between the two 

layers. Chalcogenides structures are performing much better as thermoelectric materials 

than conventional semiconductors. Snse2 is an important chalcogenide with binary 

layered structure owning hexagonal lattice of CdI2 type with P3m1 space group, which 

is used extensively in so many applications like optoelectronics and solar cells [8-10]. 

The chemical composition in general form of SnSe2 can be represented in MX2 form 

where M represents metal and X represents any chalcogenide element.  

In more detail, it is similar to 2H poly type brucite structure where Se-Sn-Se two 

dimensional networks are formed along 001 plane. Here each packet of these three 

layers having closely packed Se atomic layers with centrally exists Sn atom [11].  

  

The SnSe2 structure has Vander walls type of bonding among layers while covalent 

bonding among each packet. [12]. The electronic transport nature of SnSe2 is n-type 

with an indirect narrow band gap of around 0.9 eV. Due to narrow band gap 

chalcogenide structure it is widely applied for so many applications like, gas sensors, 

optoelectronics solid state devices and micro transistors.  

Due to its layered type of nature, we expect that its morphology may have profound 

effect on its thermal and electronic transport properties. 

Various studies are available in literature regarding the synthesis of SnSe2 structure in 

different morphological forms. And it was found that various reaction parameters can 
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affect the morphology and structure of Snse2 [15, 16], but no one explored the effect of 

its structure and morphological variations on the thermoelectric properties. Hence we 

have tried to synthesis SnSe2 structure in different morphological forms via 

solvothermal synthesis mechanism. These various morphologies of the structure were 

obtained by varying different reaction parameters such as time and temperature.  The 

thermoelectric investigations on the various morphologies of the snse2 suggest that by 

modifying morphology of the SnSe2 structure thermoelectric properties may be 

prominently affected. 

 

 

 

 

Fig 2.3: crystal structure of SnSe2 

 

 

2.7 Reports on Synthesis of SnSe2 

Dabdel Hady synthesized SnSe2 thin films using the thermal evaporation method. The 

pressure in the vacuum is 10−3Pa. Glass substrate is used for casting. Annealing time of 
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the film is 500k for 2h. Thermal energy band gap is measured that is enhanced from 1eV 

to 0.96eV [61]. D. Martinez synthesized the SnSe2 and SnSe thin films by spray 

pyrolysis technique compounds with the ratio Sn:Se=1:1. The substrate temperature 

range is 275 to 400°C. The band gap of deposited film of SnSe2 achieved was 1.59eV 

and the electrical conductivity is n-type. The annealed film then represents a bandgap of 

0.81eV and it shows the p-type electrical conductivity [62]. 

 
Jewan Sharma synthesized SnSe2 thin film by salinization at high temperature, the 

application of this paper is on phase change memory applications. He faced many 

problems due to selenization [63]. 

K. Sareetha synthesized the SnSe2 thin films. The method they chose was sputtering tin 

followed by selenization process. The temperature for selenization is 300, 350, and 

400°C. In the results, SEM shows plates-like structure. Optical band of the thin film in 

the range of 1.60 to 1.81 eV was achieved [64]. Enue Barrios synthesized SnSe2 thin 

films by the heat treatment of SnSe at the temperature of 350°C. The thickness of thin 

film is 120 to 280nm. Thin film deposition was performed through chemical bath and as 

a result orthorhombic crystal structure was achieved. The band gap achieved was 

0.94eV. At 430°C thin film shows n-type behavior and when heated at 530°C, it 

converts into p-type thin film. The applications of this research are photovoltaic and 

thermoelectric [65]. Hongwen Chen synthesized SnSe2/CNTs. In this research work 

SnSe2 and CNTs are combined to form a hybrid nano structure SnSe2/CNTs. The 

structure is regular hexagonal structure with CNTs and SnSe2 nano sheets. The efficient 

electrochemical performance of these CNTs helped them in using these in the lithium 

ion batteries [66]. 

Zhen Fang synthesized SnSe2 nano sheets via a solvothermal route. Solvent is benzoyl 

alcohol and PVP is added as a surfactant. Benzoyl Alcohol act as a reducing agent as 

well as solvent and it help to develop hexagonal structure of SnSe2. PVP creates the 

environment for Nano sheets of SnSe2. The applications include in this research is photo 

detector and photovoltaic devices [67].   Hogwen Chen synthesized SnSe2 Cu-doped 

nano flacks from the hydrothermal method/ technique. The obtained SnSe2 structure is 

hexagonal layered 2-D structure and the thickness is 10-50nm. The application of this 
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research is to improve/enhance the electrochemical performance with the help of doping 

[68]. Kegao Liu synthesized SnSe2 nano flacks by hydrothermal co-reduction method 

and the temperature used was 180°C. In this research the main focus was on the 

morphology and growth direction. The thickness of the nano flacks is 30-40nm and the 

side length is about 600-700nm [69]. 

 
Synthesized SnSe2 thin films and the film is grown-up on the Al2O3 substrate. Pulsed 

laser deposition method is used to grow the films. Thin film is annealed at 400°C for 

60min. The film shows the n-type semiconductor behavior. The carrier concentration is 

achieved from 1019 to 1020 which is in the range of acceptable value for better 

performing TE materials [70]. 

 

2.8 Objective of research 

 
• Synthesis of tin diselenide (SnSe2) phase pure structure using solvothermal route. 

 

• To control the morphology of solvothermally synthesized SnSe2, by varying 

reaction time. 

• To study the effect of morphology  of SnSe2 thin films on its thermal and 

electrical transport properties 
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Chapter 3 

Experimental work 

3.1 Material Selection 

 
● Reactants (SnCl2.2H2O, SeO2) 

● Polyvinylpyrrolidone (PVP) present as a reducing agent, growth modifier and 

surface stabilizer. 

● Benzoyl Alcohol (C6H5CH2OH) as a solvent. 

● Ethanol (C2H6O) for washing. 

 
 

3.2 SnSe2 Synthesis (Experimental Procedure) 

We have synthesized various morphologies of SnSe2 via solvothermal synthesis route. 

In the detail experimental procedure, 40 ml of benzoyl alcohol was poured into a 250 ml 

beaker and put on to a hot plate for stirring at room temperature. After that 

polyvinylpyrrolidone (PVP) was added slowly up to 6 g, followed by a continuous 

magnetic stirring for around 8 minutes. The solution was turned transparent and 

apparently all the PVP was fully dissolved. Now 0.22 g SnCl2.2H2O was added and left 

for 15 minutes magnetic stirring to achieve the transparent solution again. In the last 

0.011 g of SeO2 was added to the reaction and the transparent solution turned into a dark 

orange color. After the proper mixing of the required precursors, the reaction media was 

transpired into a solvothermal reactor containing a stainless steel autoclave. The reactor 

vessel was tightly closed and kept the setting temperature at 180 C for around 16 hours 

of heating time. The dark particles were obtained at the end of the solvothermal process 

which was washed several times with ethanol with the help of the centrifuge to remove 

the reaction media and obtain the pure SnSe2 particles. This washing process was 

repeated five to six times per sample. We have repeated the same procedure with 

varying the reaction time during solvothermal process as 16, 20, 24 and 48 hours for the 

samples M1, M2, M3 and M4 respectively.  
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Fig 3.1: synthesis of tin diselenide 
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3.3 Deposition of the thin films 
 

The resultant can then be used to be deposited as thin film on a glass substrate or silica 

substrate to obtain different properties. Substrate plays an important role in achieving 

different properties. 

There are many techniques to deposit thin films e.g. vacuum thermal evaporation, 

electron beam evaporation, laser beam evaporation, spin coating and drop casting. We 

chose simple method of coating that is drop casting to obtain uniform thin films [17]. 

Basically, drop casting is a procedure to form a uniform thin film on a substrate. Drop 

casting is uncomplicated and a simpler technique than other techniques [20]. This 

technique is close to spin coating, but the main distinction is no spinning of substrate is 

required [18]. The diameter of the film and its effectiveness relies on the concentration 

and volume of dispersion. The major advantage of the drop casting is that there is no 

wastage of material during the process [19]. 

 

 

 

Fig 3.2: Process of Drop Casting 

 
 

Thin films were drop casted on the glass substrate of SnSe2. In detail procedure, the 

glass slides were cut into 10 by 10 mm square type substrates with the help of a diamond 

cutter. These substrates were thoroughly washed with ethanol and then Sonicated for 20 

minutes with the help of a sonication bath in the ethanol media to remove any impurities 

from the glass substrate surfaces.   

Now the viscous suspension of SnSe2 nanostructure was prepared by mixing it in the 
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a b 

ethanol solution. The dark thick suspension obtained were drop casted with the help of 

micropipette on the glass substrate and air dried for few hours. The air dried thin films 

were heated at 80 C for 24 hours in oven to dry it completely followed by annealing in a 

tube furnace in the presence of N2 media at 300 °C for 30 minute. 

 

Fig 3.3: (a) solution after sonication (b) after drop casting of thin film 

3.1 Characterization Techniques 
 

The annealed thin films were characterized with various tools to study its structure, 

phase, and thermoelectric transport properties. To study the phase and structure of the 

samples, these thin films were characterized by XRD machine to obtain the 

corresponding XRD spectra and identify its structure and phase details. 

The detail morphological investigation was carried out with the help of scanning 

electron microscope (SEM) and various morphologies of the SnSe2 structure were 

revealed. The absorption properties of the thin film Snse2 samples were studied with the 

help of Ultraviolet-visible (UV-Vis) spectrophotometry and Tauc plot analysis were 

carried out to find the optical band gap. Raman spectroscopic investigations were used 

to trace any impurity phases exists and to confirm the XRD investigations. For the 

thermoelectric analysis a custom lab scale designed thermoelectric setup was used to 

record the Seebeck and electrical resistivity from room temperature up to 675 K.  
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3.4.1 Scanning Electron Microscopy 

 
Scanning electron microscopy is the major technique to determine the morphology, 

microstructure, shape, size, phase differences and surface topography of the sample 

material. 

Scanning electron microscopy is a highly important characterization technique for 

investigation of size, morphology, microstructure, chemical composition, phase 

differences, surface topography and shape. It works by directing and focusing electron 

beam produce by heated filament source (gun), on surface of sample using objective and 

condenser lenses. The focused beam then interacts with a specific amount of sample 

either elastically or in-elastically. 

 

Fig 3.4: Scanning Electron Microscope (SEM, Model JEOL JSM-64900) 
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As a result of this interaction, the result comes out in the form of morphology, external 

structure, chemical composition and crystalline structure. The elastic interaction tells us 

about the compositional differences and the inelastic interaction generates secondary 

electrons which can tell us about the surface of our sample. We used scanning electron 

microscope (SEM, Model JEOL JSM-64900) to analyze the different samples. 

 

3.4.2 XRD 

 
To find the crystallographic structure identification of different elements and 

identification of different compound, X- ray diffractometer was used. The working of 

XRD consists of X-ray tube. Generation of rays occur in X-ray tube and assemble 

towards the substrate or sample at the angle of 𝜃. When the rays strike to the sample the 

diffraction occur from the crystal lattice and they interact with each other either 

constructively or destructively. The constructive interference tells us about the crystal 

structure. The crystal structure involves interatomic distances, position of atoms and 

atomic arrangement. This interference is based on Bragg’s law. Bragg’s law suggests 

that the path difference of  X-rays is integral multiple of the incident wavelength. 

 
nλ = 2dsin𝜃 

 
where, 

λ = wavelength 

n = integer 

d = spacing of path difference 

θ = angle between the scattered plane and incident ray 

 

 

 
The XRD graph is drawn between the intensity and the angle. The identification of XRD 

pattern is confirmed through the standard reference card. The crystalline structure shows 

from the peaks and the humps shows the amorphous sample. The width in the graph 

shows the microstructure. 
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Fig 3.5: Bragg’s Law 
 

 

3.4.3 UV-VIS 

 
Ultraviolet-Visible spectroscopy is basically absorption technique or reflectance 

technique in the ultraviolet and full visible region of the spectrum. Atoms and molecules 

go through electronic transition that take place in the ultraviolet and visible range. The 

basic principle of UV-VIS absorption is, molecules containing electrons that consume 

energy in the form of visible and ultraviolet light source, are used to stimulate the 

electrons towards the higher orbit. The electrons that are easily excited from lower 

energy band gap have a longer light absorption wavelength. When the light is passing 

through the sample the intensity is measured and then compared to the reference sample 

which in our case was ethanol. 

The main parts of this instrument are the light source and holder that holds the sample, a 

prism and a detector. Tungsten filament is the source of radiations, and a deuterium arc 

lamp is also used. The detector used in this spectroscopy is basically photomultiplier 

tube. 
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The sample can be prepared in the form of suspension. Small amount of thick 

suspension is mixed in ethanol and transferred to the cuvettes. Then the cuvettes are 

placed in the instrument. One cuvette is placed as a reference sample. 

 
 

Fig 3.6: UV-Visible spectroscopy 

 
 

3.4.4 Raman spectroscopy 

 
Raman spectroscopy is a non-destructive approach which can give us the information 

about the chemical structure, crystallinity and molecular interactions. It is the 

phenomena of light interaction with the chemical bonds within the deposited sample. 

Raman spectroscopy is called the light dispersion technique in which light source from 

high intensity falls on the sample and is scattered. 

The scattered light that has the same wavelength as that of the incident light, it does not 

provide useful information and is called Rayleigh scattering. And the scattered light that 

has a different wavelength than the incident light is termed as Raman scattering and it 
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depends on the chemical structure. Raman spectra peaks tell us about the wavelength 

and intensity. 

Raman spectroscopy gives us the information about chemical structure and identity, 

intrinsic stress/strain, contamination and impurity. This spectroscopy is used for 

microscopic analysis with resolution in order 0.5 to 1µm. 

 

 

 

Fig 3.7: Raman spectroscopy 

 

 
3.4.5 Hall Effect Measurements 

 
In this method, samples are connected to a battery source, making a complete circuit. 

Electric current is then passed through this circuit and as a result of that, magnetic field 

is produced. A magnet is placed in the equipment and when the sample is brought near 

the magnet, a distortion in the magnetic field occurs. As a result of this distortion, the 
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carriers that were previously flowing along a linear path, now choose a certain direction 

where electrons flow to one side while the holes flow towards the other side. The 

deformation force is termed as Lorentz Force and the potential difference that is created 

is called hall voltage. 

 
 

VH = 𝐼𝐵 
q𝑛𝑑 

 

 

VH = Hall voltage 

I = Current that flows to the circuit 

B = Magnetic field 

q = Charge in the circuit 

n = Number of charges carries 

d = thickness 

 
Hall Effect is used for magnetic field sensing, used to measure the direct current, also 

used for phase angle measurement. 

 

 

 
 

This is the Hall mobility. 

 = 


 
ne 
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Fig 3.8: Hall Effect Equipment 

 

 
3.4.6 Thermoelectric properties 

 
As we discussed these thermoelectric properties in the Chapter 1, here is a short 

overview on these TE properties. Using the required parameters, Power factor (PF) can 

be calculated. The required parameters for power factor are Seebeck coefficient and 

Electrical conductivity. The variation of Seebeck and Electrical conductivity with the 

variation in temperature helps us calculate PF at a wider temperature range; therefore, T 

is also used as one of the parameters. 
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Fig 3.9 Schematic diagram of Hall Effect 

 
 

The required parameters in TE are Seebeck coefficient and Electrical conductivity. The 

variation in Seebeck and Electrical conductivity is due to the variation in temperature 

that helps us to calculate PF at a wide temperature range; therefore, T is also used as one 

of the parameters. 

Power factor is defined by formula 

P.F = 𝑆2𝜎𝑇 

And to find the figure of merit ZT we require the power factor and thermal 

conductivity. 

ZT = 
𝑃.𝐹 

𝐾 

High performance thermoelectric materials require higher ZT value. Custom designed 

TE Properties Apparatus was used to record the Seebeck and electrical resistivity with 

increasing temperature. The system was designed by the students of University of Oslo, 

Norway as can be seen in Figure 3.14. In this apparatus, the measurement cell is located 

in a vertical tubular furnace of 50cm length, fitted with the temperature controller. After 

placing the sample in the cell, the cell is sealed tightly in a quartz tube. The pressure 

enclosed in the measurement cavity is 1atm. The preferred composition in the chamber 

is measured by an in-house build gas mixer. The apparatus is optimized to measure disk 
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shape samples which are easiest to manufacture. In this apparatus, the TCs to be in 

direct interaction with the model, performing as both temperature and voltage probe. 

Overall three thermo couples are attached to the samples surface by spring loaded 

system to keep the TCs in the position. Springs are positioned at the end of the 

measurement chamber and not exposed to temperature significantly higher than of room 

temperature. One thermocouple placed at the bottom of the sample (TC1) and other 

thermocouples (TC2) and (TC3) is located above the sample with the distance ∼10𝑚𝑚 

above (TC2). Another Pt-wire is used being in direct connection with the surface 

sample. Thin thermocouple wires were used with the diameter of (0.2mm) to minimize 

the cold finger effect. On the other hand small contact area between sample and the TC 

result in the non-zero thermal resistance through the interfaces. 

The equipment is attached with the two small Pt10Rh- coils below the TC1 and behind 

the TC2. These thermocouples act as internal heaters to fluctuate the temperature 

differences across the sample. These probes are used as a voltage measure and 

temperature measure. This phenomenon is called the van der Pauw method. 

The Seebeck coefficient is obtained by the open circuit voltage that is formed due to the 

temperature differences. 

𝑎 = ∆𝑈/∆𝑇 

In maximum setups the temperature difference ∆𝑇 IS altered with in a definite range and 

corresponding voltage is noted. For both in plane and cross-plane same procedure is 

adopted. The only difference occurs in the heating coil and the recording pair of 

thermocouples. 

The conductivity of the disk shape sample can be obtained through a van der Pauw 

method. In case of bar sample the two thermocouples attached at the ends and serve as 

the current electrodes, whereas two extra platinum wires have to be attached to the 

sample to act as voltage probes. 
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Figure 3.10: TE Measurement Apparatus 
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Chapter 4 

Results and Discussion 

4.1 Structural and Morphological studies 
 

Figure 4.1 shows the XRD plot of Se and SnSe2 Nano structured thin films of different 

four samples at the temperature of 180°C. 

The XRD spectra of all the four samples, M1, M2, M3 and M4, are given in the Figure. 

1. As we can see from these spectra that the snSe2 structures were successfully formed 

in all the fours samples along with small impurity phase of Selenium (Se). The presence 

of unreacted se is a common issue during synthesis of selenium based chalcogenides 

structures. Other findings which this XRD data reveals are that as we have increased the 

reaction time the amount of unreacted Se goes down and more pure structure of SnSe2 

was obtained.  

The intense sharp peaks are indication of fine crystal structure of SnSe2. The broad 

humps in the XRD pattern show the amorphous nature of the sample. The M4 sample 

peaks are more accurate and sharp and show the pure Se and SnSe2 crystal structure. 
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Figure 4. 1 The XRD spectra of all the four samples, M1, M2, M3 and M4. The detail 

of different samples along with reaction time and temperature is given. 

 

4.2 Scanning Electron Microscopy (SEM analysis) 
 

Morphological control via different reaction time and its effect on the thermoelectric 

properties was the motive behind our study. Figure.3 shows the SEM images of SnSe2 

thin films annealed at 300 °C for 30 minutes in the presence of nitrogen. Figure. 3a 

shows that the overall morphology of the sample consists of irregular agglomerates with 

few elongated structures. Figure. 3b shows that with the increase of reaction time from 

16 to 20 hours the agglomerated types of structures start to elongate in form of rod type 

morphology. With further increase of reaction time at 24 hours, mix morphology 

consists of flowers and rods can be easily identified from the SEM micrograph Figure 

3c.     
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When the reaction time was increased up to 48 hours, flowers type morphology was become 

dominant as shown in Figure. 3d. the presence of rods are actually unreacted Se which are 

grown in form of rods type morphology and it is confirmed from XRD results that with 

increasing time the amount of Se going to be reduced. This argument may well be supported 

with the help of Raman analysis where the peaks at 240 cm-1 in M1, gradually moves towards 

left which shows the reduction of Se amount present w h i c h  i n  t u r n  e n h a n c e  t h e  

p h a s e  p u r i t y  o f  t h e  S n S e 2  s t r u c t u r e .  

Figure.4.2 SnSe2 thin films obtained by drop casting of the thick solution on the glass 

substrate. The different morphological structures can be identified from these 

micrographs.  

 

 
4.3 Raman Spectroscopy analysis 

 

Raman spectroscopy was used to look for any impurity present in the SnSe2 structure 

and confirm the XRD findings of SnSe2 nano structured thin films shown in Figure. 2. 
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The characterstic spectra was recorded at room temperature in the range of raman shift 

from 50 to 350 𝑐𝑚−1 while the exciting photon energy was 2.41ev. These peaks were 

achived by using the laser excitation wavelength is 532 nm. The first peak indicate the 

Eg mode which is almost at 148.6 cm-1 and the second peak corrosponding to the A1g 

mode is the wide peak at around 240 𝑐𝑚−1 for the M1sample. The actual positions of 

pure SnSe2 Raman shifts are around 115 𝑐𝑚−1 and 170 𝑐𝑚−1 respectively as obtained 

for the sample M4. The overall spectra shifts towards lower values of the Raman shift as 

the reaction time was increased and the Raman shifts alligned more with the pure SnSe2 

Raman spectra. From these observations it can be concluded that at low reaction time 

some unreacted Se was present in the samples , which has been decreased with 

increasing reaction time. The Raman results supports the overall XRD analysis 

 

 
 

 

Figure 4.3 Raman spectroscopic analysis of the four samples M1, M2 M3 and M4 

from 50 to 350 Raman Shift. 
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4.4 UV-Visible Spectroscopy Analysis 
 

The optical analysis of deposited SnSe2 thin film can be measured from the wavelength 

range of 300 to 2400 nm by using UV-Visible spectrometer. Figure 4.4 shows the graph 

between wavelength and absorbance spectra. The graph shows that the SnSe2 film grows 

at 180°C temperature. The M1 shows the lesser absorbance than the M4 by varying heat 

treatment time. 

 

 

 

Fig 4.4: absorption curve of SnSe2 thin film 

 

 

 
The absorption coefficient 𝛼 can be expressed in the equation 

𝑎 = 
2.303(𝐴) 

𝑡 

𝛼ℎ𝑢 = A (ℎ𝑢 - 𝐸g) 𝑛 
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t is the thickness of sample and A is the absorbance while Eg represent the optical 

band gap of the  sample, ℎ𝑢 is the energy of the photon and n represent the transition 

while A is absorption constant. The optical band gap is usually obtained with the 

help of the Tauc plotting.  

The calculated band gap values of the SnSe2 thin film samples from the absorption 

data and Tauc plot are shown in the Figure. 4.4. Usually the band gap value is 

taken as the intercept extended from the hump of the Tauc plot spectra to 

the X-axis as show in the Figure 4.5. The band gap analysis reveals that 

with increasing reaction time morphological changes were resulted which 

further changes the band gap values and hence the electronic transport 

properties were also affected. As we can see from the figure 4.5 that with 

increasing reaction time the band gap of the sample M4 is going to shrink 

compare to the sample M1. These findings are very helpful to further 

understand the thermal and electronic transport properties of the SnSe2 

structure. 

 

 

Fig 4.4: Energy Band gap 
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. 

4.5 Hall measurement 
 

Hall measurement is done at different temperatures from 300k to 680k. The method is 

used for hall measurement is vender Pauw method and the magnetic field is reversible of 
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0.7T. Table shows the temperature dependent of carrier concentration n (T) that values 

are obtained from hall measurement. Formula that is used in hall measurement is 

𝑉𝐻 
= 

1 
H

 

𝐼 𝑛𝑒𝑑 

Where 𝑉𝐻 is the Hall voltage, n number of carriers, I is the current, e is the electric 

charge, d sample thickness, H is hall magnetic field. 

In table clearly shows that as increasing temperature the value of carrier concentration 

increases. In the sample M1 the value of carrier concentration increases at 300k to 675k 

with the concentration value 1.39* 108𝑐𝑚−3to 26.79* 108𝑐𝑚−3. The carrier mobility is 

decrease as carrier concentration increase the reason behind this is the acoustic phonon 

scattering. 

The table shows the hall measurement values of four samples at different time of heat 

treatment. 

Table 4.1: Hall measurements at Room Temperature 
 

 
Sample Carrier Concentration (n)108𝑐𝑚−3 Carrier mobility 𝜇 (𝑐𝑚2/v.s) 

M1 1.39× 1018 41.95 

M2 1.53× 1018 40.03 

M3 1.61× 1018 38.19 

M4 1.80× 1018 35.30 

 

 

 

4.6 Thermoelectric Properties 

 
Thermoelectric materials convert heat into electricity and come up with the possible 

solution for the energy crisis in the world. We study the thermoelectric properties 

parallel to the plan. The sample must be in bar shaped is used to measure the Seebeck, 

electrical conductivity and power factor. Electrical conductivity and Seebeck coefficient 

is measured in Argon environment is to avoid the oxidation and evaporation. Some of 

the achievements in thermoelectric properties are texturing, hole doping and 
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Microstructures can be obtained in TE properties. In thermoelectric properties different 

parameters involved Seebeck, electrical conductivity power factor, thermal conductivity 

and the most important figure of merit value. We will start with the electrical 

conductivity graph. 

 
The behavior of the electrical conductivity (σ) for the four SnSe2 samples can easily be 

understood with the help of band gap data in Figure 4.5. The temperature based 

electrical conductivity data is given in Figure. 6 (a). Here it is noticeable that as we 

increase the temperature the σ going to decrease. This type of behavior is metallic type 

nature with high carrier concentration. Further it can be seen from the same figure that 

The overall all temperature values of σ are relatively higher for M4 sample than M1.   

 

 

 

 

Fig 4.6(a): Electrical conductivity data of the SnSe2 samples 
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4.6(b): Temperature dependent Seebeck coefficient data for the four samples 
 

 

 

4.6(c): Power factor 

Values calculated from the electrical conductivity and Seebeck data.
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This data can be related to the band gap values of these samples. With increasing 

reaction time the change in flower like morphology may leads to band gap lowering 

which further enhance the σ values respectively. 

 

Similarly the Seebeck (S) values are given in Figure 4.6 (b) which is again in agreement 

with the electronic properties of the SnSe2 samples. With increasing measurement 

temperature the S values for all the samples are going to increase up to 570 K. after 570 

K the fall of S values for the entire four samples can be noticed which actually the result 

of bipolar effect is. At some high temperature the bipolar effect is activated in these 

chalcogenides where low energy carriers start to take part in the electronic transport of 

the structure. Due to these low energy carriers the overall S values are negatively 

affected. More over the negative S values of all the studied samples reveals the n-type 

electronic transport nature of the SnSe2. Although the S values for the studied samples 

are good but still the overall power factor values of these sample are not that much good 

enough. The reason behind this is the compromised values σ. The peak value of power 

factor we have obtained is for M4 sample at around 0.69 μWm-1K-2 for peak temperature 

at 580 K as shown in Figure 6d. 

The observed thermoelectric properties are in good range of already reported related 

literature. The final findings of the study is that with increasing reaction time flower like 

morphology was obtained where low band gap values were resulted and hence slightly 

improved the thermoelectric performance of the SnSe2 structure.  
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Conclusion 

 
We have successfully synthesized SnSe2 structure with different morphologies via 

solvothermal route and obtained somehow control over its morphology by varying the 

reaction time. The solvothermal synthesis route was selected due its better control on 

morphology and microstructure. We have studied the thermoelectric properties of the 

SnSe2 samples and found that morphology and phase purity can affect thermoelectric 

performance of the structure. The comparatively larger power factor value of the sample 

M4 can be related to the increase in its electrical conductivity due to increase in phase 

purity and band gap reduction. The summary of the study is that with increasing reaction 

time flower like morphology was obtained where low band gap values were resulted and 

hence slightly improved the thermoelectric performance of the SnSe2 structure.  
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