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ABSTRACT 

Three different alkali metal oxide containing borosilicate glasses are synthesized by melt 

quench technique. The as quenched glasses are characterized by x-ray diffraction, Fourier 

Transform infra-red spectroscopy, UV-Visible spectroscopy, Impedance spectroscopy and 

Vicker’s hardness tester to check their applicability as substrate materials in thin film solar 

cell applications. The optical band gap is comparable to state of the art glasses i.e. 4.0 eV. 

The conductivity of the glasses is observed to be of order of 10
-6

 S/cm at 400ᴼC. The 

hardness of the glasses decreases as K20S<Na20S<Li20S due to ionic bonding character 

increases with increasing atomic number. 
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Chapter-1                                                                                         Introduction 

1.1 History 

Glass formation history was discovered in ancient Egypt in 3500 BC. According to 

archaeological evidences first glass was found in north Syria, Egypt [1]. Beads were the first 

glass object of the mid 3
rd

 millennium BC. It was accidentally formed as consequence of 

metal workings or during faience production. It is a vitreous material made by a phenomenon 

related to glazing [2]. 

In India development of glass materials had begun in 1730 BC [3]. Across the Roman Empire 

glass materials have been recovered for their use in industrial, domestic and funerary 

contexts. In Anglo-Saxon period, glasses were extensively used in vessels, beads, jewellery 

and windows etc. 

In 20
th

 century, glasses are used as the building materials (such as laminated glasses, 

reinforced glasses and glass bricks). Modern technology became reality after the invention of 

glass. Replacing the copper wires with the glass optical fibres has revolutionised the 

telecommunication industry. It is encouraged detailed studies of glasses with non linear 

optical properties for communication. Usually glasses are very good insulators but they can 

be formed to have wide range of electrical properties. In addition to so many applications of 

glasses every walk of life, they can nowadays be used as sealant in energy technology [4]. 

Additionally, the glasses are also being used as electrolytes in fuel cells and battery 

applications. 

1.2 Glasses 

Glasses are amorphous solid that is generally hard. Glass exhibits glass transition temperature 

(Tg), below this temperature they have arbitrary arrangement of atoms and molecules. Glasses 

are also called “rapidly cooled liquids’’. The most commonly known glass is soda lime glass, 

which is mainly constitutes silicon dioxide (SiO2), lime (CaO), soda ash (Na2O). The glass 
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properties are mainly influenced with the addition of modifiers (CaO, Na2O, K2O, Al2O3 etc) 

[4]. 

Silicate glasses can be used as building materials, window panes, wind screens, paper 

weights, beads, fibre optics etc due to their transparent nature. Due to their good optical 

properties (refractive index) they are used as prisms and optical lenses. With the addition of 

transition metals in glasses, colored glasses can also be obtained which can be used in 

manufacturing of art objects. The properties of the glasses could be tailored according to the 

need based applications. 

1.3 Glass formation 

The cooling of liquid from high temperature to room temperature can be done in two ways: 

rapid cooling and slow cooling as shown in Fig 1.1. . On cooling slowly, crystalline state 

arises as the molecules or atoms get sufficient time for arranging them in ordered (or 

periodic) manner. Secondly, during rapid cooling, molecules and atoms are randomly 

arranged, which leads to formation of glass. In both cases, change in volume and enthalpy is 

observed during cooling [5]. Crystallisation is a natural process which involves two step 

thermal processes. At first nucleation takes place and the secondly is crystal growth. During 

during rapid cooling, the atoms arrange them in random manner following the path1 (as 

shown in Fig 1.1) and forming glass. Due to discontinuous arrangement, the volume do not 

linearly depend upon temperature. 

The cooling curve shows a change of slope at a specific temperature called transition 

temperature of glass (Tg). Transition temperature is decided by cooling rate [6,7]. The 

material obtained after the super cooled liquid has been transformed into non-crystalline solid 

is glass. Here, particles are unable to arrange them in particular way in this temperatrure 

range resulting in forming a glass [4]. 
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Fig 1.1 Temperature versus specific volume curves for glass and crystalline materials [8] 

1.4 Components of oxide glasses 

Glass formation depends on electronegativity and field strength of constituents. On the basis 

of this, there are three components that collectively form a glass. Those are network formers, 

intermediates and modifiers. The other components of glass oxides are colorants and fining 

agents.  

1.4.1 Glass network former 

They are the primary source of glass formation. It forms the matrix and the structure of the 

glass. SiO2, B2O3 and P2O5 are the most commonly used glass formers. In addition to these, 

some are conditional glass formers like V2O5, As2O5, ZrO2 etc. Glasses are predicted 

accordingly the glass former present in them for example, the glasses with silica as glass 

former are called silicate glasses. These substances are having small ionic radii, large charge 

and field strength lying in the range of 1.5-2.0/A⁰ ,forms tetrahedral units. Glass formers 

generally have cation-oxygen bond strength more than 80 Kcal/mol and coordination number 

(CN) is generally small i.e.3 or 4  [4,9]. 

1.4.2 Network modifiers 

The properties of glass materials are altered with the addition of modifiers to the glass 

composition. Oxides with low bond strengths do not become the part of network formers and 
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are known as modifiers. The bond strength of the modifiers generally lies in the range of 10 

to 40 Kcal/mol and the CN varies from 4-10 [9]. They have large radius, small charge and 

very low electronegativity and field strength lies in 0.1-0.5/A⁰ range. Some common glass 

modifiers are Na2O, K2O, Li2O, CaO, BaO, MgO, HgO, SrO, ZnO, PbO etc [4]. The glass 

properties and its applications generally depend upon the choice of the modifiers. Network 

modifier occupies random positions in the glass network and breaks the network and leads to 

increase the number of the NBO’s which alters glass properties [10,11]. 

1.4.3 Intermediates 

These oxides can act both as network formers and modifiers. TiO2, Al2O3, ThO2, Bi2O3, BeO, 

ZnO2, Y2O3, La2O3 and CdO are some examples of intermediates. The intermediates, 

generally, have electronegativity less than glass formers. Glass properties are modified after 

addition of intermediates to glass network [4,12]. 

1.4.4 Colorants and fining agents 

As the name suggests colorants are those which controls colour to the glass. Mostly the 

transition metal oxides (3d elements) or 4f rare earths (for e.g. Cu, Fe, Au, Ag Mn etc) are 

used as colorants. To remove the bubbles from the glass melts fining agents are added to the 

glass batches during glass formation. Arsenic oxide, NaCl, CaF2 etc are used as fining agents. 

Both of them are added in very little amount and therefore they donot alter the properties of 

the glass [4]. 

1.5 Types of glasses 

On the basis of composition and formers the glasses are categorized into following 

categories: 

1.5.1 Silicate glasses 

The most studied glasses are the silicate glasses and their fundamental constituent is silica 

(SiO2). The basic structural unit for silicate glass is tetrahedral. Silicate glasses posses 
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attractive and some interesting properties such as low electrical conductivity, low thermal 

expansion, high corrosion resistance, chemically stable low non linear refractive index, good 

durability and high tensile fracture strength [13]. Silicate glasses are more expensive than 

soda lime glass, that is why soda lime glass is more widely used than silicate glass [14].  

1.5.2 Borate glasses 

The glass systems which have B2O3 as the network forming unit are known as borate glasses. 

Borate glasses have lower Tg as compared to silicate glasses [15,16]. Borate iglasses ican ibe 

iused ifor ienergy istorage iapplications iand ithey ihave ifast iionic iconductive iproperties. iWith ithe 

iaddition iof ithe iheavy imetal ioxide ithe idensity iof ithe iborate iglasses iincreases. iThese iglasses iare 

ihaving ihigh iviscosity iand igood ioptical iproperties [4]. Adding  alkali oxides to the borate 

glasses results in formation of the NBO’s , which increases as the amount of alkali oxide 

increases. 

1.5.3 Phosphate glasses 

The main component of these glasses is P2O5, they have complex structure and poor chemical 

durability. They are commonly used in semiconductor technology because of their negative 

temperature coefficient of resistance and time independent dc conductivity. These glasses 

exhibit interesting magnetic and electrical properties. These glasses are used in making 

gratings in polystyrene-fibres [17]. 

1.5.4 Chalcogenide glasses 

Glasses comprising selenium, sulphur and VI group elements are referred as chalcogenide 

glasses. These glasses can also be formed from IV and V group elements. They are generally 

semiconducting by nature and possess electronic conductivities ranging from 10
-3

 ohm
-1

cm
-1

 

to 10
-13

 ohm
-1

cm
-1

. These glasses are widely used in optical applications as they have strong 

tendency to absorb the radiations in visible region. These glasses have applications in 

amplifiers and lasers after adding rare earth metals in them as modifiers [4,18,19]. 
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1.5.5 Halide glasses 

Halide glasses are generally based on inorganic fluorides of heavy metals. As compared to 

silica glasses, in general halide glasses have low Tg than silica glasses and are comparatively 

less stable. They are used in windows, lenses. They exhibit fewer applications because of 

their low mechanical strength, low chemical durability and highly thermal shocks sensitive. 

1.5.6 Metallic glasses 

It is usually an alloy with the disordered atomic scale structure. These glasses contain metal 

elements instead of oxides. They obtain their metallic properties from the melt. These glasses 

are formed by extreme rapid cooling process and are stronger than the crystalline metals. 

Mostly metals are crystalline in nature but the metallic glasses are amorphous and unlike 

other glasses they are good electrical conductors. Metallic glasses possess extra ordinary 

properties like strength, elasticity, toughness etc [20]. 

1.6 Properties of glasses 

The basic properties of the glasses are related to liquids, for example transparency is the 

characteristic of liquid rather than solids. The other important properties are explained below: 

1.6.1 Physical and structural properties 

The two main physical properties of glasses are density and molar volume. Density of glasses 

increases with addition of the glass modifiers as they occupy the interstitial sites. The 

addition of alkali metals to silicate glasses generally increases density [4]. Density of the 

glass samples also depends upon their processing conditions, cooling rate and hence, glasses 

are obtained with different densities. The behaviour of glass is estimated by density and 

molar volume (volume of 1 mole of structural groups). Both depend on the composition of 

glass. 

1.6.2 Optical properties 

Glasses have excellent optical properties and hence have many applications like in window  
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panes, lenses, prisms, communication technology etc. These applications are mainly based on 

refractive index, transmission, absorption and reflection. The optical properties are affected 

by the creation of the NBO’s and the glass composition. The refractive index increases with 

amount of NBO’s. Refractive index also depends upon the cooling rate i.e. glasses formed 

with faster cooling rate have high value of refractive index and glasses with low cooling rate 

have low value of refractive index [21]. 

1.6.3 Electrical properties 

Glasses are generally ionic conductors by nature and are widely used in solid state batteries 

as electrolytes. Conductivity of glasses can be altered by adding modifiers. Pure glass (silica 

glass) is insulator in nature. Glasses containing the transition metal oxides possesses the 

electronic conductivity and this is influenced by existence of transition metal ions [22,23]. 

The conductivity of the glasses depends upon the size, nature and concentration of hopping 

ion. Dielectric properties depend on composition, temperature and frequency. Generally, 

dielectric constant of glasses depends directly on temperature and inversely on the frequency. 

1.6.4 Mechanical properties 

Glasses are hard materials. As a result, environmental factors are responsible for their 

fracture behaviour and not the inherent strength of the bonds forming the vitreous network. 

The fracture toughness strength of glasses differs with previous surface treatment, chemical 

surroundings, and therefore the technique used to measure the material strength. Being the 

brittle materials, glasses are also quite receptive to failure due to thermal shock [24]. Other 

mechanical properties of glasses are material in-built. The coefficient of elasticity (E) is ruled 

by the structure of the network and by the individual bonds within the material. The hardness 

of depends on the strength of individual bonds. 
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1.7 Objective 

1. To synthesise alkali oxide based borosilicate glasses with composition 60SiO2-5B2O3-

15CaO-20R2O (where R = Na, Li, K).  

2. To study their structural, optical, dielectric and conducting properties using various 

characterisation techniques. 
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Chapter-2                                                                                Literature Review 

The aim of this section is to present the work done so far in the study of different properties 

of alkali ion doped silicate glasses done till now.  

Verhoef et al. [1] studied the dielectric properties of lithium borate glasses with composition 

(B2O3)l-x-(Li2O)x (where x varies from 0.20 to 0.45) in the frequency range of 5MHz to 

10GHz. It was observed that the formation of NBO clusters greatly influences the diffusion 

of lithium ions, which starts diminishing at lithium oxide concentration x=0.4. Further, it was 

concluded that the conductivity exponent (s) depends upon temperature as well as 

composition. Lower values of ‘s’ results in higher rate of hops and hence higher d.c. 

conductivity. 

Eldin et al. [2] observed the variations of conductivity of soda-silica glasses doped with CaO 

or Al2O3. It was noted that as the sodium content increases in these glasses, electrical 

conductivity increases. The dc conductivity for the samples containing substituted CaO and 

Al2O3 was smaller than those containing soda alone. The conductivity of samples is related to 

the mobility of the alkali ions. Conductivity of glasses is related to the change in composition 

which affects the internal structure and hence ability of alkali ion to conduct electricity.  

Serra et al. [3] extensively studied the multi-component glasses containing Na2O-CaO-P2O5-

K2O-MgO-B2O3-SiO2 systems using x-ray photo spectroscopy (XPS) and Fourier transform 

infra-red spectroscopy (FTIR). As the alkali oxides are introduced into silica network, the 

local symmetry and electronic density gets modified. As a consequence there is shifting of IR 

peaks related to bridging oxygen (BOs) stretching vibrations (Si-O-Si). Also the presence of 

Si-O-NBO groups is investigated. 

Galhot et al. [4] prepared two series of glasses with composition xZnO-(0.30-x)Li2O-

0.7Bi2O3 and xZnO-(30-x)Na2O-70Bi2O3 (0≤x≤20) to study their different properties. In both 

cases, density of the samples increases with increase in amount of ZnO. The optical band gap 
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is inversely related to the ZnO content and lies between 2.18 eV-2.38 eV. The sample with 

Na has the highest optical band gap i.e. 2.38eV as it has less number of NBO’s in it. It was 

observed that conductivity of sample series with Na is less than that with Li because Li ions 

can easily move in glass network as compared to Na ions. 

Grandjean et al. [5] synthesised SiO2-B2O3-Na2O glass system over wide range of 

composition to study ionic diffusion. Using differential thermal analysis (DTA) it was noted 

that below Tg Arrhenius law characteristics are followed for the static conductivity, which 

arises due to long range ionic displacements. In these samples, the activation energy (Ea) of 

static electrical conductivity is corelated with the coordination number (CN) of boron. The 

activation energy is found to vary from 0.65eV-0.91eV. These values are found to be in 

agreement with the Na2O-B2O3 and Na2O-SiO2 glass systems. 

Two groups of borosilicate glasses are prepared by melt quench technique one of them 

exhibit fixed SiO2, Al2O3, B2O3, CaO amounts and introduced various alkali metal oxides 

(Na2O, K2O, Li2O). On the other hand, second group is with fixed SiO2, Al2O3, B2O3, Na2O, 

Li2O content and different metal oxides (CaO, MgO, ZnO). It was observed that both the 

groups are having low dielectric constant ranging from 5-6 and loss (10
-2

-10
-3

), higher values 

of electric resistivity (10
12-13

Ω cm) and low temperature firing properties [6]. [Wang et al.] 

Smedskjaer et al. [8] compared the hardness of two series of glass samples that are 68SiO2-

8Na2O-1Fe2O3-23MO (M=Mg, Ca, Sr, Ba) and 68SiO2-23CaO-1Fe2O3-8R2O (R = Na, K, 

Rb, Cs). The network modifying ions affects the hardness of two series differently. The 

variation of hardness with ionic radii is opposite in both cases i.e. for alkali ions, hardness 

increases with increasing ionic radii and opposite for alkaline earth ions. 

Zaid et al. [9] studied the physical properties of ZnO doped soda lime silicate glasses having  

ZnOx-SLS(1-x) composition (where x= 0, 0.05, 0.1, 0.2, 0.3, 0.4). Broad halos were observed 

in XRD pattern of samples. The density and molar volume of glasses increases with 
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concentration of ZnO. The increase in molar volume is due to changes in glass structure with 

addition of ZnO. The optical band of glasses decreased from 3.20 eV to 2.32 eV with 

increasing ZnO content.  

Kaur et al. [10] studied how the modifiers effects different properties of XO-SiO2-B2O3-

La2O3, (X=Mg, Ca, Sr, Ba) composition glasses. With the replacement of heavy metals the 

NBO’s increases in the glass samples leading to decrease the optical band gap and increase 

Urbach energy. Also, as the heavy metal ions are replaced the bands in FTIR spectra shifted 

slightly to lower wavelengths. Sample with Ba has higher values of refractive index, optical 

basicity, oxide ion polarisability and the sample with Mg has highest value of hardness and 

fracture toughness value which corresponds to high Mg-O bond strength. 

He et al. [11] synthesised glasses with composition 81SiO2-12B2O3-(6-x)Na2O-0.50CaO-

0.50Al2O3-xLi2O (x=0, 0.5, 1, 1.5, 2.0 moles of Li2O). FTIR spectroscopy reveals that the 

effect of concentration of Li2O on viscosity is directly related to glass structure. The viscosity 

of the samples decreases until content of 1 mol of Li2O is reached. This abnormal behaviour 

is due to high ionic field strength of Li2O which weakens the Si-O-Si bond strength. The peak 

at 1400 cm
-1

 assigned to stretching relaxation of B-O bond of [BO3] units becomes stronger 

as Li2O content increases, concluding the weaker ability to provide free oxygen of Li2O 

compared to that of Na2O.  

Aboutaleb et al. [12] prepared glass samples with composition (95-x)B2O3-(x)Al2O3-5LiO2 

(x=5, 10, 15, 20, 25) to study the effect of LiO2 on the physical and thermal properties of 

borate glasses. It was noted that the density of glasses increases with increasing lithium 

content and hence the molar volume decreases. The addition of LiO2 has greatly affected the 

structure of borate glasses. As the LiO2 increases (at x= 10, 15) there is termination of phase 

separation but at x=20 phase separation re-occurred. The electrical permittivity also increases 

with increase in lithium content. 
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Jha et al. [13] studied the structural and optical properties of the glass samples with 

composition 55SiO2-10K2O-(35-x)CaO-xMgO (0≤x≤30). The as quenched samples were 

analysed using XRD, FTIR and UV-Visible spectroscopy. It is observed that glasses with 

higher MgO content shows tendency of phase separation. As CaO is replaced with MgO, 

there is decrease in density. Some weak bands near 1393, 1461 and 1530 cm
-1

 are observed in 

FTIR spectra corresponding to Ca/Mg-O-H bonding. Optical band gap ranging from 3.42 eV-

3.72 eV is found indicating that the glass samples can be used in non-linear optic 

applications. 

Arya et al. [14] investigated the various  properties of (70-x)SiO2-xNa2O-15CaO-10Al2O3-

5TiO2 (10≤x≤25) glasses. The density of glass samples increases with increase in Na2O 

content and molar volume follows opposite trend. The activation energy values increases 

with decrease in sodium content and ranges from 32.6 to 82.2 kJ/mol. The glass with highest 

sodium content exhibits highest band gap value that is 4.52 eV. FTIR spectra reveal that there 

is shifting of peaks towards the higher wavenumber as the silica concentration increases in 

sample. This may be due to change in crystalline field effect on increasing silica 

concentration, which leads to strengthening of stretching modes and weakening of vibrational 

modes. 

Singh et al. [15] prepared glasses with composition 55SiO2-30B2O3-xLiO2-(15-x)Y2O3 (x=0, 

5, 10, 15) to study their structural, physical, optical and conducting properties. It was 

observed that except for x=0, all the samples are amorphous. The optical band gap of the 

samples increases with increasing Li content in the samples. The optical band gap values lies 

between 3.64 eV – 3.90 eV i.e. in insulator range. The conductivity is of order of 10
-6 

S/cm at 

620
0
C and the Ea is 1.20 eV, concluding that glasses are ionic conductors in nature. 

Barlet et al. [16] studied the hardness and toughness of sodium borosilicate glasses with 

change in their chemical composition via Vickers’s indentation. It was observed that higher 
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hardness values were obtained for those glasses which have more network formers in them. 

Glasses with low sodium content possess high network connectivity and low value of 

Poisson’s ratio and vice versa. Increase in alkali content in glasses predominates the shear 

flow process. As with increase in sodium concentration shear flow increases, stresses during 

loading and unloading favours lateral-radial cracks. Hence, it was concluded that the fracture 

toughness varies indirectly with Poisson’s ratio. 

Neyret et al. [17] investigated the alkali ion transport in SiO2-B2O3-M2O glasses (M=Li, Na, 

K or Cs) using impedance spectroscopy. It was shown that as the size of alkali ions increases, 

the glass network expands the binding forces between alkali ions and NBO’s gets weakened 

and especially Tg and electrical conductivity changes. Independent of alkali ions present, the 

conductivity was shown to follow Arrhenius law. The greater hopping distance for alkali 

diffusion and high activation energy of diffusion is attributed to decrease in field strength 

from Li to Cs. 

Yadav et al. [18] observed the structural, optical and electrical properties of 0.70TeO2-(0.30-

x)Na2O-xK2O (0 ≤ x≤ 0.3) glasses. Presence of alkali ions affects the structural units of TeO2. 

The optical band gap of these samples is found to be in range 3.43-3.74 eV. With the 

increasing amount of K2O, the density, molar volume, optical basicity, refractive index values 

were found to increase, whereas Urbach energy decreased. Also with the increasing K2O 

content, the conductivity of samples increases. 

Gundale et al. [19] prepared glasses with composition 40Li2O-(60-x)[(2/3)B2O3-(1/3) SiO2]-

xLi2SO4 (x=0, 5, 10, 15 mol%) using melt quench technique. The conductivity of glass 

samples increases with increase in Li2SO4 content. The maximum value of ionic conductivity 

was found to be at x=15 i.e. 4.08×10
-4 

S cm
-1

 at 523K. Density and Tg decreases with the 

addition of Li2SO4 indicating the weakening of glass structure and expansion of network. 

This leads to increase in conductivity. 
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Dagdale et al. [20] prepared glass samples with composition 3Li2O-2K2O-5B2O3 via melt 

quench technique. The amorphous nature of the samples was confirmed using the x-ray 

diffraction technique. The UV-Visible spectroscopy is used to calculate the optical band and 

was found to be 6.3 eV. 

Kaur et al. [21] synthesised (60-x)SiO2-15CaO-10Al2O3-5TiO2-(10+x)Na2O (x = 0, 5, 10, 

15) glass samples by melt and quench technique. It was found that conductivity increases 

with frequency and lies in range of 10
-5

-10
-3

 S/m. Both conductivity and dielectric constant 

rise with increase in temperature and sodium content. The conductivity obeys super linear 

power law. 

Hanumantharaju et al. The glasses with (100–x)(33.35Li2O-66.65B2O3) – xGd2O3, in 

which x = 0, 0.5, 1.0, 1.5 and 2 mol% compositions were prepared. The electrical 

conductivity and dielectric properties were observed in temperature range of 393-573 K and 

frequency range 100 Hz – 5 MHz. The dc conductivity is found to be maximum for x=0 ,i.e. 

1.7516 × 10
−6 

S/cm. The Activation energy is found to lie in range of 0.809-0.903 eV. 

Salinigopal et al. Alkaline earth based glasses of composition 35AO-50B2O3-15SiO2 (A = 

Ba, Ca, Sr) was prepared by melt quench technique. The density of these samples varies from 

3.16 – 3.84 g/cc. Microhardness of these glasses was found to be high (6.18-7.17 GPa) which 

tells higher bond strength of alkaline earth borosilicate glass. The coefficient of thermal 

expansion is found to be  of order of  10
−6 

/⁰C  

From the literature discussed above, it was observed that the presence of different alkali 

oxides or same alkali oxide with different concentration greatly affects the properties of the 

glasses. Hence, it can be concluded that the structural, optical, dielectric and conducting 

properties are greatly influenced by the composition of the glass system and also the content 

and type of alkali ions present in the glasses. So in next section we discussed about the glass 

system effect of different alkali oxides on various properties of glass system. The motivation 
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of the present study is to study effect of different alkali oxides with fixed amount of all other 

four components. These glasses can be used as substrate in solar cell applications. Before 

using them in high end applications, their physical, structural, conducting and optical 

properties can give an essential background for these applications. 
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Chapter-3                                                                           Experimental details 

In this chapter we will discuss about the sample preparation and different characterization 

techniques used to investigate their change in properties. 

3.1 Sample preparation 

Glasses iwith icomposition i60SiO2-5B2O3-15CaO-20R2O i(where iR i= iNa, iLi, iK) iare isynthesized  

iusing imelt iquench itechnique. iAppropriate iamounts iof ithe ihigh ipurity ioxides i(SiO2, iB2O3, iCaO, 

iNa2O, iK2O, iLi2O) iwere imixed iin ian iagate imortar ipestle ifor iapproximately i2hours i(h) iin iacetone 

imedium. iThe isamples iwere ithen iput iin ire-crystallized ialumina icrucible iand ithen imelted iin 

iprogrammable ihigh iresistance ielectric ifurnace iat i1550⁰C iat ithe iheating irate iof i5⁰C/min. iThe 

ifurnace iwas iheld iat idifferent  itemperatures ifor i30 imin iafter ievery ione ihour. iTo iattain 

ihomogeneity ithe imelt iwas iheld iat isame itemperature i(1550⁰C) ifor i2hrs. iThe imelts iare iquenched 

iin iair ibetween itwo ithick icopper iplates. iThe isamples iare ilabelled iaccordingly iwhich ialkali iion iis 

ipresent, ias iNa20S, iK20S, iLi20S. iThe idensity i(ρ) iof ias-quenched isamples iwas icalculated iat 

iroom itemperature iin ixylene iusing ithe istandard iArchimedes iprinciple. iFurther ithe imolar ivolume 

i(  ) iis icalculated iusing ithe iformulae i         i i(  iis ithe imolecular iweight). 

The crushed powder samples were characterized by X-ray diffraction technique using 

PANalytical X’Pert Pro diffractometer in the diffraction angle range of 2ϴ=10-80⁰, with Cu-

Kα radiation (λ=1.54A⁰). The infrared spectra of the as-quenched samples were recorded 

using Perkin Elmer-Spectrum-RF-1 FTIR spectrometer at room temperature in the range of 

200-4000cm
-1

. The optical reflectance spectra of the powdered samples were recorded in the 

wavelength range of 200-800nm at room temperature using double beam UV-Vis 

spectrophotometer. H). The dielectric measurements of Pt coated pellets were taken on 

Solartron analytical impedance analyzer (Model: SI 1260) in the frequency and temperature 

range of 102-106 Hz and 50-500 °C, respectively. 
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Fig 3.1 Flow chart representing the sample preparation process 

3.2 Characterization Techniques 

3.2.1 Physical Parameters 

The density of prepared samples was calculated using standard Archimedes principle.  

  
     

  
                                                                     (3.1) 

Where,   is the calculated density,    and    is the weight of glass sample in air and xylene 

respectively.    is the density of xylene (0.863 g/cc). The molar volume can be measured 

using the formula given as: 

SiO2, B2O3, 

CaO 
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                                                                 (3.2) 

where,    is the molar volume and   is the molecular mass of the glass.  

Further the inter-ionic concentration ( ), ionic radii ( ) and polaron radii (  ) are calculated 

using following formulae: 

  
                                

  
                                          (3.3) 

   
 

 
 

 

 
                                                             (3.4) 

   
 

 
 
 

 
 
   

                                                        (3.5) 

3.2.2 X-Ray diffraction (XRD) 

X-ray diffraction technique provides data related to crystal structure, chemical composition 

and physical properties of the materials. X-rays are diffracted from crystal atoms at different 

angles and with different intensities and the measurement of these angles and intensities can 

be used to calculate the electron density within the crystal. X-rays are the form of 

electromagnetic radiations that have short wavelength and high energy. X-rays have 

wavelength of the order of atomic spacing within the crystal. The crystal planes acts as 

diffraction grating to the incident x-rays and hence when the x-rays are incident on any 

material it gets diffracted from the crystal planes as shown in Fig (3.2). The Bragg’s law, is 

given as: 

                                                                       (3.6) 

Where,   is the interplanar spacing, ϴ is the angle of incidence,   is the wavelength of 

incident beam and   is order of diffraction. 
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Fig 3.2 Principle of X-ray diffraction analysis [1] 

Using X-ray diffraction method we can find out structural information of the material 

prepared i.e. we can find the nature of sample whether amorphous or crystalline, calculate 

phase, volume fractions of present phases, crystalline size, lattice parameter and strain in the 

samples [1].  

The present samples were analysed by PANalytical X’Pert PRO diffractometer using Cu Kα 

radiation (λ=1.54 A⁰). XRD technique was used to check the nature of the prepared samples, 

whether they are crystalline or amorphous in nature. 

3.2.3 Fourier Transform Infrared Spectroscopy (FTIR) 

The main goal of this technique is to find out chemical functional group present in the 

sample. When the infrared radiations fall on sample, characteristic frequencies are absorbed 

by different functional groups. The final spectrum displays absorption and transmission by 

the sample. An IR spectrum for each functional group is different just like the fingerprints 

[2]. Many types of samples like gases, solids and liquids can be analysed using IR 

spectrometer. The information about bond strength, transmission, functional group can be 

directly extracted from the IR spectra. The frequency of absorbed radiations matches the 

transition energy of the bond or the group that vibrates. Perkin Elmer-Spectrum-RF-1 FTIR 

spectrometer was used to analyse the samples at room temperature. 

Incident x-rays 
Diffracted x-rays 

λ 
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Fig 3.3 Instrumentation of FTIR [6] 

3.2.4 UV-Visible spectroscopy 

UV-Visible ispectroscopy iuses ilight  iradiations iin ivisible iregion iand iadjacent  iranges ito idirectly 

irecord ithe iabsorption ior ireflectance ispectra. iColour iof ithe iinvolved ichemical iis idirectly 

iinfluenced iby ireflectance ior iabsorbance. iIn ithis iregion ithe iatoms iand imolecules iexperience 

ielectronic itransitions. iAbsorption ispectroscopy iand ifluorescence ispectroscopy iare iinterrelated 

ito ieach iother, ias iin ifluorescence ispectroscopy iis irelated ito itransitions ifrom iexcited ito iground 

istate iwhereas iabsorption ispectroscopy imeasures itransition ifrom iground istate ito iexcited istate. 

iThis ispectroscopy iworks ion ithe iprinciple ithat ithe ibonding iand inon-bonding ielectrons iin 

imolecule iare iexcited iafter iabsorbing ienergy iin iform iof ilight. iThe iwavelength iof ithe iabsorbed 

ilight iwill ibe ilonger iif ithe ielectrons iare ieasily iexcited i[3]. 

Various ioptical iproperties ifor ie.g. ioptical iband igap, irefractive iindex, iUrbach ienergy ican ibe 

iaccurately icalculated iusing ithis ispectroscopy i[4]. iAbsorbance ican ibe icalculated iusing iBeer-

Lambert’s ilaw. iThe iintensity iof ilight icrossing ithrough ithe isample i(I) iis imeasured iusing iUV-

Visible ispectrophotometer iand ithen icompared ito ithe iintensity iof iincident  ilight ibefore ipassing 

 through sample (Io). Ratio of these two intensities I and Io is called transmittance ( ) and is 

measured in terms of percentage transmittance. The relation between absorbance ( ) and  
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transmittance is given below in equation 3.7. 

                                                              (3.7) 

 

Fig 3.4 Block diagram representing UV-Visible spectrophotometer [6] 

The as quenched glass samples were analysed at room temperature using Hitachi U-3900 H 

double beam spectrophotometer, in the spectral range of 200-800 nm. 

3.2.5 Impedance Spectroscopy 

The frequency and temperature dependence of electric and dielectric properties of the 

materials can be studied this technique. From the dielectric constant values as a function of 

temperature and frequency, various polarization mechanisms (such as space charge, atomic 

polarisation of dipoles, electronic and orientational polarisation) occuring in the sample can 

be studied [6]. The real dielectric constant represents the energy stored and the complex 

dielectric constant represents the dielectric loss in the sysytem. The complex dielectric 

constant is given as  

                                                                 (3.8) 

Where    is real permittivity (energy stored in the material),     is imaginary permittivity 

(dissipation ability of material in electric field) and     . Relative loss in the material is 
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measured as the ratio of imaginary part to real part of permittivity. The Arrhenius plots are 

obtained between conductivity and temperature to find nature of conduction [5]. The present 

samples were analysed using Solartron analytical impedance analyzer (Model: SI 1260) at 

different temperatures and frequencies. 
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Chapter-4                                                                      Results and Discussions 

4.1 Physical parameters 

The obtained physical parameters such as density and molar volume of the as quenched 

samples are given in Table 4.1. The density and molar volume variation with the different 

alkali ion is shown in Fig(4.1). It is observed that the density of the Na containing sample is 

highest as compared to others. As the density is additive property so this trend is caused by 

the increasing density of alkali oxides present in the samples. K2O has highest density 

(2.35g/cc) whereas Li2O has lowest density (2.01g/cc) amongst these three alkali oxides 

[1,2]. However, the change in density between Na2O containing glass and K2O containing 

glass is not much. It means that the crosslinking disturbance of glass is less, so packing of 

different units is not increase too much. 

Table 4.1 Density, molar volume, Ionic concentration, Interionic Radii and Polaron radii of 

the samples 

Sample Id Density 

(g/cm
3
) 

Molar 

Volume 

(cm
3
/mol) 

Ionic 

Concentration 

(×10
23 

cm
-3

) 

Interionic 

Radii (A⁰) 
Polaron 

Radii (A⁰) 

Li20S 2.52 21.35 5.67 1.21 0.48 

Na20S 2.58 23.37 5.15 1.24 0.49 

K20S 2.60 24.78 4.64 1.28 0.51 

 

The molar volume of the samples increases as the size of the alkali ions increases i.e. the 

molar volume of Li20S is lowest and that of K20S is highest. This increment in molar 

volume is attributed to the formation of non-bridging oxygens (NBOs) and lower network 

connectivity. The ionic concentration ( ) and inter-ionic radii ( ) are calculated using the 

following formulae mentioned in previous section. 

Fig 4.2 shows the variation in inter-ionic radii along with their ionic concentration as a  

function of different alkali ion modifier. Evidently, the ionic concentration and their inter-

ionic distance show opposite trend. The Li containing sample has highest ionic concentration 

and lowest inter-ionic radii as compared to others because the covalent character of Li is 
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more relative to K and Na. Alkali metal oxides are known to modify the glass network. 

Larger size of the alkali ion leads to creation of more NBOs and more ionic character to the 

glasses. 

 
Fig 4.1. Variation in density and molar volume of the glasses 

 
Fig 4.2 Variation in ionic concentration and inter-ionic radii of the glasses 

 

4.2 X-ray diffraction 

XRD patterns of the prepared samples are shown in Fig 4.3. Evidently, there are no sharp 

peaks present in XRD pattern so, the prepared glasses are amorphous in nature. The broad 

halo is observed between 20⁰ and 30⁰. It can be clearly seen that, compared to Na20S sample 
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there is shifting of broad halo in other two samples. For Li20S sample the halo shifts toward 

lower angle and in case of K20S the halo shifts towards the higher angle. This may be due to 

the compressive stress present in Li20S sample and the tensile stress in K20S sample as 

compared to Na20S. 

 
Fig 4.3 XRD patterns of the glass samples 

4.3 FTIR spectroscopy 

Fig 4.4. shows FTIR spectra of prepared glass samples. These spectra show the transmittance 

bands at 487 cm
-1

, 762 cm
-1

, 941 cm
-1

, 1028 cm
-1

, 1425 cm
-1

 and 1630 cm
-1

. Bands lying 

between 400-1400 cm
-1

 are present due to the silicate group vibrations with different bonding 

arrangements and those between 1200-1500cm
-1

 are present due to vibrations of borate 

network. 

Band at 487 cm
-1

 is attributed to bending vibration of SiO4 tetrahedra [3,4]. The intensity of 

this absorption band increases with increasing size of the alkali ion present. This may be due 

to the more ionic bonds which create more of NBO’s as the size of alkali ion increases. Also, 

due to higher field strength of lithium ions, the bond length of Si-O bond increases and hence 

the bending vibrations decreases. And low field strength of potassium ions leads to more 

bending vibrations and hence stronger band is observed. The absorption band observed at 762 

cm
-1

 is attributed to the Si-O-Si stretching of bridging oxygen [3]. With the substitution of 
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heavier alkali ion, multiple structural units are created with different bond length between Si-

O bond, due to presence of two types of modifier cations (alkali ion and Ca
2+

) with varied 

field strength. Hence, as Li
+
 and Ca

2+
 has more difference in their field strength so it results 

in presence more Si-O units with different bond lengths as compared to K
+ 

and Na
+
. That is 

why the band for Li20S is broader than other two glasses. The most intense bands at 1028 

cm
-1

 and 941 cm
-1

 can be associated with the combined vibrations of the Si-O-Si and B-O-B 

network of tetrahedra units [3,6,7]. The broadening of the band is due to the overlapping of 

the vibration modes among different bonds. Also the randomness of glass structure, 

variations in bond angles, bond length of building units and defects may lead to the band 

broadening. Band at 1425 cm
-1

 can be assigned to the B-O stretching of the BO3 units [5,7]. 

Besides all these bands, band at 1630 cm
-1

 is attributed to the -OH bending mode due to 

presence of water molecules [3]. A slight shifting of band towards higher or lower 

wavelength can be seen which may be due to relative change in bond strengths with 

replacement of different alkali oxides.  

 
Fig 4.4. FTIR spectra of all the glass samples 

4.4 Mechanical properties 

Material hardness (Hv) and indentation fracture toughness (K) can be estimated using  
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Vicker’s indentation tests. Vicker’s hardness measures the ability of a material to withstand 

permanent deformation produced by hard material. Vicker’s hardness can be calculated by 

knowing the diagonal length of imprinted indentation (d) and the applied load (F=0.3 Kgf). 

                                                             (4.3) 

The calculated values of the Vicker’s hardness corresponding to the diagonal indentation 

lengths are given in Table 4.2. As we move from Li to K, the more NBO’s are induced in the 

glass system, as evident from FTIR bands, resulting in change in coordination of boron. As a 

result the indenter penetrates deeper at a given load. Hence, the hardness of the glass samples 

decreases with increased penetration depth [8,9]. As ionic bond character increases, the 

higher atomic number alkali oxide increases the ionic character in the glass which decreases 

the hardness. 

Table 4.2 Calculated values of hardness, elastic modulus and fracture toughness of all 

samples 

Sample Id Vicker’s 

hardness (HV) 

Elastic Modulus 

(E) 

GPa 

Fracture 

Toughness (K) 

MPa m
½

 

Li20S 631.07 80.57 -- 

Na20S 604.32 67.96 0.82 

K20S 524.56 65.11 0.80 

 

Fracture toughness (K) is defined as the ability of a material to overcome the fracture. 

Fracture toughness can be calculated by measuring the crack length (c) generated off the 

corners of indenter. The fracture toughness (K) can be estimated using half-penny median-

radial cracks model [8], and the formula is given as  

        
 

 
 

 

 
 
 

 
 
 

                                                    (4.4) 

where, E is the modulus of elasticity and is calculated using the formulae: 

                                                                   (4.5) 

where,    is the packing density of the glass. Further    and    values are calculated as: 
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                                                                   (4.6) 

   
 

 
        

      
                                                (4.7) 

     
                                                            (4.8) 

where, RM and RO are the respective Pauling’ s ionic radius of metal M and oxygen O, NA is 

Avogadro’s number, VM the molar volume of glass, xi the mole fraction of i
th

 oxide and Gi is 

dissociation energy per unit volume of the i
th

 oxide [10,12,13]. 

The calculated values of fracture toughness are mentioned in Table 4.2. It is observed that 

there is no fracture toughness observed in Li containing sample. This may be due to the 

reason as the Li20S samples has the highest hardness value, being more brittle in nature there 

is no crack observed under the applied stress. It clearly indicate that the covalent bond 

characteristic is higher in this glass than other two glasses.The Na20S has fracture toughness 

greater than that of K20S, this is attributed to greater bond strength of Na2O than K2O and 

hence Na2O has greater much attraction between bonds [11]. Similar values of hardness and 

fracture toughness are observed in studies done before (as discussed in chapter2) [8,9].  

4.5 UV-Visible spectroscopy analysis 

According to Tauc, relation among absorption coefficient and the photon energy contains 

three portions. First region is used to measure the optical band gap i.e. Tauc’s region which 

corresponds to high absorption coefficient For Tauc’s region, relation among absorption 

coefficient and the photon energy is discussed by Mott and Davis [11], and is given as: 

             
                                                     (4.9) 

where,   is proportionality constant, hυ is photon energy and Eg is the optical band gap.  

The value of direct optical band gap is calculated by extrapolating the linear region of (   )
2
 

w.r.t      plot. The x-intercept will give the value of optical band gap. In same way to 

calculated indirect energy band gap, the x-intercept of linear region of     )
1/2

 versus (  ) is 

calculated. The calculated values of direct band gaps are listed in Table 4.2. It can be clearly 
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seen that the band gap of glasses lies in insulator range. The K20S glass has highest optical 

band gap. 

Urbach region is the tailing region which is exponential in nature and it corresponds to 

disordered and disoriented structure of the system [11]. In this region    ) depends 

exponentially on photon energy as follows: 

                                                                (4.10) 

where, αo is constant and    is Urbach energy. The reciprocal of the slope of ln(α) versus hυ 

graph gives the value of Urbach energy. 

 

Fig 4.5 Optical band gap of the glass samples 

The Urbach energy values are listed in Table 4.3. The Li20S sample has lowest and K20S 

sample has highest value of Urbach energy. It may be due to presence of more number of 

NBO’s in K20S sample as discussed in previous section. Arya et al. [3] studied the optical 

properties of glasses with composition ((70-x)SiO2-xNa2O-15CaO-10Al2O3-5TiO2, where 
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prepared and the glasses studied by Arya and his team, there are more number of NBO’s 

present in later glass system. 

Table 4.3 Optical parameters of the glass samples 

Sample 

Id 

Optical band gap 

(eV) 

Optical 

Basicity  

Polarisability 

(αm)×10
-23

cc 

Urbach 

energy(eV) 

Li20S 4.27 

4.24 

4.38 

0.582 1.43 0.203 

Na20S 0.600 1.45 0.221 

K20S 0.626 1.49 0.288 

 

4.6 Theoretical optical basicity 

Duffy iand iIngram iproposed ithe iformula ifor icalculating ithe ioptical ibasicity i(˄m) igiven iby 

iequation i4.11. iThe iterm ioptical ibasicity irefers ito ithe itendency iof ioxygen iatoms ito itransfer ia ipart 

iof inegative icharge ito ithe isurrounding iions. iThe ioptical ibasicity ivalues ifor ithe ithree iglass 

isamples iare igiven iin iTable i4.3. 

                                                                 (4.11) 

Where, O is the total number of oxygen atoms,    is the basicity moderating parameter and 

Oi is the number of individual atoms present in oxides. Therefore, for the three glass samples 

the optical basicity (˄m) can be calculated as given in equation 4.12. 

   
 

 
 
        

        
 

        

        
 

       

       
 

       

       
                            (4.12) 

(Where X=Li, Na, K). 

It is noticed that the optical basicity of glasses with Li ions is least and that with K ions is the 

highest. This is due to the reason that as the size of the alkali ions increases the NBO’s in the 

glass system increases and hence the optical basicity increases [11]. 

4.7 Oxide ion polarisability 

Oxide ion polarisabiltiy (αo) is strongly related to the optical basicity. Increase in oxide ion  

polarisability indicates the stronger ability of oxide ions to transfer the negative charge [11]. 

To calculate the oxide ion polarisability, Duffy gave the following equation  
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                                                            (4.13) 

It is clearly seen that the oxide ion polarisability and optical basicity are directly related to 

each other. The αo values of the three glass samples are mentioned in Table 4.3. The K20S 

glass has the highest value of oxide ion polarisability and optical basicity also. This means 

that K20S glass oxide ions have more electron donating ability as compared to other two 

glasses. 

4.8 Dielectric properties 

The dielectric properties of glasses arise due to different polarisation mechanisms (electronic, 

ionic, orientational and space charge polarisation). The dielectric permittivity of the glass 

samples is expressed as:  

                                                              
        

                                                 (4.14) 

where   
     represents the real part of dielectric permittivity which gives information about 

the energy stored in the system,   
      represents the imaginary part of the dielectric 

permittivity (dielectric loss),   is the angular frequency.  

Fig 4.6 shows the variation of dielectric constant with frequency at different temperatures (in 

⁰C) for all the three samples. It is clear from Fig 4.6 that dielectric constant remains almost 

frequency independent at lower temperatures up to 300°C, and increases sharply at lower 

frequencies, beyond 400°C. As the temperature increases, mobility of alkali ions increases. It 

is found that the ɛ' values for Li20S sample is higher than that of K20S and Na20S glasses. 

This is because of higher mobility of lithium ions leading to more hopping of Li
+
 ions. At low 

frequencies the ɛ' variation is due to the contribution of deformational (ionic and electronic) 

and relaxational (orientational and interfacial) polarisations [14,15]. The decrease in ɛ' value 

at high frequency can be attributed to orientational polarisation because relative to ionic and 

electronic polarisation, orientational polarisation takes more time and decreases with 

frequency [14]. The decrease in dielectric values with frequency is also evident from Fig 4.7.  
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The variation of dielectric constant with temperature at different frequencies is shown in Fig 

4.7. The dielectric values remain constant upto 300⁰C and then increases with increasing 

temperature. Space charge polarisation and orientation polarisation both strongly depend 

upon temperature, but in opposite manner i.e. space charge polarisation increases with 

temperature whereas orientation polarisation decreases with temperature. Hence, increase in 

dielectric constant with temperature is dominated by space charge polarisation [16,18]. 

As observed from Fig 4.6, lithium containing glass has highest and potassium containing 

sample has lowest value of dielectric constant. Similar dielectric characteristics were reported 

by Wang and his team in 2008 [16]. 

 

Fig 4.6 Change in dielectric constant with frequency at different temperatures (⁰C) for  

(a) Li20S (b) Na20S and (c) K20S glass samples 
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Fig 4.7 Change in dielectric constant with temperature for all the glass samples 
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iwhich iaffects ithe ire-orientation iof idipoles ialong ithe idirection iof ielectric ifield i[14,21]. iAt ilow 

itemperatures ithere iare ino irelaxation ipeaks ipresent  ibecause ithere iis ino itrapping iof ialkali iions iin 

 ithe iglass imatrix. 

 

Fig 4.8 Variation of tangent of loss with frequency at different temperature of all samples 

4.11 Conductivity analysis 

The change in conductivity for all three glass samples with respect to frequency at different 

temperatures has been plotted and shown in Fig4.9 (a)-(c). The conductivity curve consists of 

two regions, the one with frequency independent curve that is known as plateau region at 

lower frequency which attributes to long range migration of ions and the second region which 

corresponds to ac conductivity [14]. The frequency dependent conductivity follows 

Jonscher's power law given by equation 4.15 
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where, σo is the dc conductivity, which is frequency independent, ω is the angular frequency, 

A is pre-exponential factor and s is power law exponent. The term Aωs
 represents the 

dispersive component of ac conductivity. 

It may be noted that for all three samples, at low temperature and high frequency the  

conductivity increases sharply. In case of alkali oxides, the hopping of charge carriers from 

one site to other nearest neighbouring site is responsible for ac conductivity [14]. The low 

frequency plateau region corresponds to dc conductivity of the glasses. It is observed that the 

dc conductivity increases directly with temperature. DC conductivity is thermally activated 

phenomenon. The ac conductivity and dc conductivity follows same trend. The Li20S has 

highest value of dc conductivity, this may be due to higher ionic concentration and higher 

mobility of Li
+
 ions. 

Activation energy of the samples is calculated from Arrhenius plots for thermally activated 

conduction mechanism given as follows 

         
   

   
                                                     (4.16) 

where, Ea is the activation energy for conduction, T is absolute temperature and kB is the 

Boltzmann constant. The values of activation energies for all samples are listed in Table 4.4 
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Fig 4.9 Frequency dependence of conductivity for (a) Li20S, (b) Na20S and (c) K20S 

samples at different temperatures (⁰C) 

 

Fig 4.10 Arrhenius plot for all glass samples 

Table 4.4 Activation energy and dc conductivity (at 400⁰C) values of all three samples 
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Activation Energy 
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DC 

conductivity 

values (S/cm
-1

) 

Li20S 180-440 1.11 0.00195 

Na20S 190-470 1.13 0.00137 

K20S 250-410 1.43 8.58×10
-6 

 

It is clear that K20S has highest and the sample Li20S has least value of activation energy.  

As discussed above the conductivity of sample with Li
+
 ions is more that means they are 

102 103 104 105 106 107

1E-4

0.001

0.01

0.1

s
a

c
(S

-c
m

-1
)

Frequency (Hz)

 300

 350

 400

 450

 500

 550

 600

(b) Na20S

102 103 104 105 106 107

1E-7

1E-6

1E-5

1E-4

0.001

s
a

c
(S

-c
m

-1
)

Frequency (Hz)

 300

 350

 400

 450

 500

 550

 600

(c) K20S

1.0 1.5 2.0 2.5

-20

-15

-10

-5

0
 K20S

 Li20S

 Na20S

ln
(s

d
c

) 
(S

-c
m

-1
)

1000/T (K-1)



41 
 

more mobile than other two and this conductivity variation supports the activation energy 

value of Li20S. This shows that among different alkali ions, Li ions have the highest 

tendency to conduct, while Na ions are also comparable. K ions have the least potential 

towards conductivity in the glass network, owing to their higher ionic radii. Neyret et al [22] 

showed the similar trend in activation energy with different alkali ions present in the glasses. 

Also he showed that independent of alkali ion present, conductivity of glasses follow the 

Arrhenius law. 
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Chapter-5                                        Conclusion and Future Scope of the work 

Different alkali oxide containing glasses are synthesised by melt quench technique. The 

density increases as atomic weight increases of substituted alkali metal oxides. The ionicity 

of the glasses increases as Li2O is replaced by Na2O and K2O in the glass composition. On 

the other hand, the hardness and elastic modulus decreases from Li2O to K2O containing 

glasses. From FTIR spectra, it is observed that as Li2O is replaced with K2O the bands 

become stronger. As the size of alkali ion increases in the glass, the tendency of oxide ions to 

donate electron also increases. The optical band gap of glasses lies in insulator range i.e. from 

4.27 eV – 4.38 eV. Activation energy of glasses lies from 1.11 eV to 1.43 eV. Li20S glass 

has the highest value of ionic concentration and lowest interionic radii. The highest 

conductivity is observed in Li20S glass. 

Future scope of the work: 

The present glasses can be further characterized to study the thermal properties using TG-

DTA and dilatometry for possible application as substrate in thin film solar cells. The 

diffusion kinetics of alkali ions from substrate to the overlayers of solar cell can be performed 

to check their suitability as a substrate for Cu2ZnSnS4 thin film solar cell. 




