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ABSTRACT 

Black holes are the robust predictions of Einstein’s General Relativity. The study 

of the thermodynamics properties of black hole is a major research theme of 

contemporary theoretical physics. In this project work we have studied the 

thermodynamics of Reissner–Nordström , Bardeen black hole and Taub NUT 

blackhole. We have derived the thermodynamic quantities such as Mass, 

Temperature, Entropy, Heat Capacity and Free Energy and plotted their 

variations with respect to entropy. Bardeen black hole shows a smooth variation 

of temperature with respect to entropy, which excludes the chance of first order 

phase transition. Furthermore, the discontinuity in heat capacity for a particular 

value of entropy in Bardeen black hole shows the presence of a second order 

phase transition. For Taub-NUT, heat capacity is negative and it indicates that the 

black hole is unstable and the free energy falls to negative above a certain value. 
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INTRODUCTION 

 

For more than two hundred years, Newton’s theory of gravitation was accepted 

as the valid theory to describe the gravitational force. The framework, provided 

by Newton was considered as extremely successful to describe the motion of 

celestial objects. However, there were several incongruities in this theory such 

as: it could not explain the perihelion precession of Mercury; also, it could not 

explain how the gravitational force comes into play between two objects which 

are very far from each other and not connected via any medium.  

In spite of these limitations, the theory, proposed by Newton, was widely 

regarded as the appropriate theory for gravity as it was highly successful in 

describing the motion of the objects under the influence of gravity. Thus, in 1915, 

when Einstein came up with General Relativity (GR), describing gravity in terms 

of the geometry of the spacetime itself, it took a while for people to accept it as 

the better theory for describing gravity. However, the famous experimental test 

during the solar eclipse of 1919, carried out by Arthur Eddington and Frank 

Dyson, made the theory famous overnight. A few years ago, in 2015, we have 

completed hundred years since Einstein proposed the theory of general relativity 

(GR), which is now considered as one of the most wonderful theories of physics 

ever proposed in the human history. Not only the theory can explain several 

observational phenomena, like the bending of light, perihelion precession of 

Mercury, gravitational lensing, gravitational redshift etc., but also the theory is 

sublime in its mathematical foundation. The recent discovery of gravitational 
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waves in 2016, which was also the prediction of Einstein’s GR, has added another 

feather to the crown of this theory. Time and again, this theory has proved to be 

the most viable theory for gravity. 

A few months after Einstein’s new formulation of GR, in 1916, Karl 

Schwarzschild found the solution of Einstein’s equation for a point mass. About 

the same time, Johannes Droste independently arrived to the same solution. The 

solution had a strange behaviour which, nowadays, known as the Schwarzschild 

radius where the Einstein’s equation becomes infinite. In 1958, David Finkelstein 

identified the surface area of the Schwarzschild radius as the event horizon as it 

acts as a one way membrane and any causal curve can cross it only in one 

direction. This result paved the idea of black hole (BH) and the research on black 

holes became one of the most active areas in theoretical physics till the date.  

Later in 1963, Roy Kerr discovered the solution of the rotating black holes–

known as the Kerr black hole. Meanwhile, the no-hair theorem emerged, which 

states that the stationary black holes can be completely described by only three 

parameters: mass, charge and the angular momentum. For a long time, some 

people doubted the existence of black holes. However, the recent discovery of 

gravitational waves abolished the doubt regarding the real existence of black hole. 

A year ago, in 2019, the first ever image of black hole and its surroundings was 

published, which was observed earlier by Event Horizon Telescope in 2017. 

Now, in the very last month of May, 2022 astronomers have unveiled the first 

image of the supermassive black hole at the centre of our own Milky Way galaxy 

observed by Event Horizon Telescope.  

In the decade of 1970’s, several remarkable works came up which added new 

perception to the study of black hole theory. These new results have shown the   

connection of gravity with the thermodynamics. In one of his famous works, 

Hawking had shown some important results for black holes in general relativity. 

Most importantly, the paper provided the area increase theorem of black hole 
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horizon, which states that the horizon area of a black hole horizon always 

increases when the specific energy condition is satisfied. Bekenstein  realized that 

the black holes must have entropy and he ascribed the entropy of the black hole 

to be proportional to its horizon surface area. Thereafter, the four laws of 

blackhole mechanics were shown by Bardeen, Carter and Hawking, which had 

an astonishing similarity with the four laws of thermodynamics. However, the 

authors in this paper refrain themselves from claiming it as the thermodynamic 

laws of black holes. Instead, they claimed it as an analogy with the conventional 

thermodynamics.   

In fact, this analogy became a robust correspondence with the thermodynamics 

when Hawking revealed that the black holes can radiate when quantum effects 

are taken into the consideration. This radiation was later famously known as the 

Hawking radiation.  Although Hawking initially tried to disapprove Bekenstein’s 

idea about black hole entropy, this work by Hawking justifies the earlier claim by 

Bekenstein and also fix the proportionality constant of black hole entropy with 

the horizon area as 1/4 in natural unit.  

In the meantime, Fulling  Davies  and Unruh  had shown that the accelerating 

observer observes thermal radiation in the Minkowski vacuum whereas the 

inertial observer does not. The temperature of the Unruh particles have the same 

form as of the Hawking temperature, except the surface gravity of black hole 

horizon is replaced by the acceleration of the observer. This radiation was later 

known as the Unruh radiation. The Unruh radiation and the Hawking radiation 

are equivalent on the basis of Einstein’s equivalence principle. These were the 

stepping stone which laid the foundation of black hole thermodynamics. Since 

then, there have been numerous works in the direction of black hole 

thermodynamics and it became one of the most high-yielding domains for the 

theoretical physicists over the years. 
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 Later several thermodynamic features were found in black hole thermody- 

namics and the earlier analogies (the area of the black hole horizon as the entropy, 

surface gravity of the horizon as the temperature etc.) were firmly identified as 

the physical thermodynamic parameters of black holes. 

Phase transition is another important aspect of thermodynamics, which is also 

found in black hole thermodynamics as well and it has been studied for several 

decades. There are several types of phase transitions which are present in black 

hole thermodynamics. It was first introduced by Davies who argued that black 

holes undergo a second order phase transition when it passes through a point, 

which known as the Davies’ point, where the heat capacity diverges. However, 

later Kaburaki et. approved that the Davies’s point is not the critical point. 

Instead, it is a turning point, where the stability changes.   

Another type of black hole phase transition was found in the work of Hawking. 

It was found that a black hole in AdS space makes transition to a no-black-hole 

state (or radiation) at a critical temperature.  In addition, the transition of black 

holes from    a non-extremal to an extremal one is also been found out as a phase 

transition of black holes, which is known as the extremal phase transition. 

 

1.1 GENERAL THEORY OF RELATIVITY 
 

General theory of relativity (GTR), published by Albert Einstein in 1915, is the 

current description of gravitation in modern physics. The general theory of 

relativity is proposed after special theory of relativity (STR). GTR comes to the 

main frame that STR must be modified to include the presence of gravity. This is 

because the STR is similar to dealing Newton’s equations of motion without 

considering friction. When it comes to the realistic situation gravity is inevitable 

so a generalized concept of relativity is needed.  
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The Einstein way of describing gravity is to avoid the notion that is a force and it 

is to find suitable non-Euclidean space time geometry and matter under no force 

moving in straight line trajectories with uniform speed as measured in terms of 

the rules of the new geometry. General relativity pictures gravity as a warping of 

space time due to the presence of a body of matter. An object nearby experiences 

an attractive force as a result of this distortion, much as a marble roll towards the 

bottom of depression in a rubber sheet. According to J. A. Wheeler, spacetime 

tells mass how to move, and mass tells space time how to curve.  

The principle of equivalence is central to general relativity. An observer in a 

closed laboratory cannot distinguish between the effect produced by a 

gravitational field and those produced by an acceleration of the laboratory. To 

understand this, consider two observers. Let of them be in a room which is at rest 

in a uniform gravitational field at the surface of earth and the second observer be 

in a room inside a rocket accelerating at g. Now if the former drops a pebble, it 

will accelerate towards the floor with acceleration g. This would be the same 

situation happening to the second observer.  i.e. in both cases the observers are 

unable to distinguish the two situations by local experiments. This cancellation 

of gravitational fields by inertial forces is applicable to all freely falling systems. 

So that no local experiments can be distinguish between uniform inertial and 

gravitational accelerations. 

 

1.2 THE SPACE TIME METRIC 

 We use a coordinate system to map the space around us. Consider the collection 

of all possible events that occur in the universe- that can be happened in the past, 

events happening now or the one that will happen in the future. The collection of 

these events is called spacetime. Let us assume that we use a linear coordinate 
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system, so that we can use linear algebra to describe it. Physical objects can then 

be described in terms of the basis-vectors belonging to the coordinate system. 

 Let (x, y, z) denote a Cartesian coordinate system and that would give the spatial 

location of the event and t, the time measured by an observer O at rest in an 

inertial frame , that is an observer who is acted on by no force. Let two 

neighbouring events in space and time be labelled by the coordinates (x, y, z, t) 

and (x + dx, y + dy, z + dz, t + dt). The square of the ‘distance’ between the two 

events is given by  

       𝑑𝑠2 = 𝑐2 𝑑𝑡2 − 𝑑𝑥2 − 𝑑𝑦2 − 𝑑𝑧2          

The distance ds is invariant under Lorentz transformation, in the sense that if 

another inertial observer O’ using a different coordinate system (x’, y’, z’, t’) to 

measure this distance will find the same answer. The above equation is the one 

commonly used in special theory, when we transform from special theory to 

general theory, the presence of gravitation requires a more complicated form. 

This can be conveniently written as,  

     𝑑𝑠 2 = ∑ 3i,k=0
  𝑔ⅈ𝑘𝑑𝑥 ⅈ𝑑𝑥𝑘                              

with i =1, 2, 3 representing the three space coordinates and i = 0 the time 

coordinate. Here 𝑔ⅈ𝑘 are the components of a second rank tensor. The matrix 

elements representing the tensors are the coefficient functions that multiply the 

differentials in the metric. The expressions for 𝑑𝑠2 is referred to as the metric. 

Now for convenience we can drop the summation symbol Σ by using Einstein’s 

summation convention (For example, ∑3
i=0  𝐴ⅈ𝐵ⅈ  can be written as 𝐴ⅈ𝐵 ⅈ ) the rule 

being that, whenever an index appears once as a subscript and once as a 

superscript in the same expression, it is automatically summed over all the values 

(here it is from 0 to 3) . Thus, we can write 

                       𝑑𝑠 2 = 𝑔ⅈ𝑘𝑑𝑥 ⅈ 𝑑𝑥k . 
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1.3 EINSTEIN’S FIELD EQUATIONS 

The ground breaking discovery of General theory of relativity was that it 

describes gravity as the effect of curvature in the fabric of spacetime geometry, a 

4- dimensional picture that unifies space and time into a single framework. 

Coming to the field equations,  

𝑅𝑎𝑏 − 
1

2
𝑔𝑎𝑏𝑅 = 

8𝜋𝐺

𝐶4  𝑇𝑎𝑏,          

where 𝑅𝑎𝑏 is the Ricci curvature tensor, 𝑇𝑎𝑏is the stress-energy tensor, 𝑔𝑎𝑏 is 

the metric tensor 𝑅 is the Scalar curvature, 𝐺 is the Newtonian constant of 

gravitation and 𝑐 is the speed of light in vacuum. It consists of a coupled system 

of ten partial differential equations. The right hand side of the equation describes 

the distribution of the mass and energy, whereas the left-hand side describes the 

geometry of space time.  

In other words, Einstein’s field equations give how mass and energy curve 

spacetime give rise to gravity. The right-hand side of the equation would be zero 

if there are no matter fields. Those are known as vacuum Einstein field equation. 

Einstein, using his field equations, predicted the perihelion motion of planet 

mercury; explained the bending of light in the vicinity of sun and the gravitational 

red shift. 

 

1.4 BASIC THERMODYNAMICS 

Thermodynamics is a branch of physics that deals with heat, work, and 

temperature, and their relation to energy, radiation, and physical properties of 

matter. It describes how thermal energy is converted to and from other forms of 

energy and how it affects matter. Thermal energy is the energy a substance or 

system has due to its temperature .The study of thermodynamics deals with 
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systems having large number of particles enclosed in a surrounding. It can be a 

liquid in vacuum flask or a canister of gas and the walls of the system prevents 

the exchange of energy. An ideal insulating wall is purely a theoretical notion. So 

when coming to the real experiments, the wall would not be perfect insulators. 

The observations of these experiments are now formulated to be the laws of 

thermodynamics. The study of thermodynamics can follow two paths, classical 

thermodynamics and statistical thermodynamics. The former approach 

concentrates on the gross behaviour of matter, evaluate measurable properties and 

analyse energy interactions, whereas the latter deals with the statistical s 

1.4.1 Thermodynamic equilibrium 

When the energy flow stops between the systems and all measurable properties 

are independent of time, the combined system is said to be in equilibrium. 

Consider an example to describe the state equilibrium. Consider two closed 

canisters, each having a piston attached to it. Let the piston be pinned so as to 

make the system rigid. Let the pistons be attached by a rod in common so that 

moving one piston moves the second. If we let the pin that place the piston in 

place to move, the two pistons move. Both the pistons may not have the same 

pressure and does not move alike, but after sometime the pistons would stop 

moving, making the pressure on the two pistons equal. This can be described as 

a state of equilibrium. There are three different aspects of equilibrium between 

systems. When there is no unbalanced force in the interior of a system and also 

none between a system and surroundings the system is said to be in a state of 

mechanical equilibrium.  

 

When a system in mechanical equilibrium does not tend to undergoes a 

spontaneous change of internal structure such as chemical reaction or a transfer 

of matter from one part of the system to another such as diffusion or solution, 

however slow then it is said to be in a state of chemical equilibrium. Thermal 
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equilibrium exists when there is no spontaneous change in the coordinates of a 

system in mechanical and chemical equilibrium when it is separated from its 

surroundings by a diathermic wall. All parts of system are at the same temperature 

and this temperature is the same as that of surroundings  

When these conditions are not satisfied a change of state will take place until 

thermal equilibrium is reached. When the conditions for all three types of 

equilibrium are satisfied the system is said to be in a state of thermodynamic 

equilibrium. 

 

1.4.2 Laws of thermodynamics  

Fowler discovered the phenomenon of thermal equilibrium in 1935. All the three 

laws of thermodynamics were discovered before 1935 thus newly discovered law 

was named the Zeroth law of thermodynamics.  

Zeroth law states that if systems A and B are separately in thermal equilibrium 

with C, then systems A and B are in thermal equilibrium with each other. The law 

indicates that when system A and B are placed in contact with each other, no 

property of either system A or B changes with time which indicates that no energy 

flows between them if the system are in same temperature. 

First Law of Thermodynamics states that a small amount o heat given to a system 

is partly used in doing external work and partly to increase the internal energy. 

Consider a quantity called the internal energy of the system, denoted by the 

symbol U. We choose U to ensure that the total energy of the system is constant. 

To preserve the law of conservation of energy we write the change in internal 

energy from its initial value Ui to its final value U𝑓 as  

                         ΔU = 𝑈𝑓 − 𝑈ⅈ  

                         ΔU = W + Q   



11 
 

where Q is defined as the heat which is added to the system,  W is the work done 

on the system. The change in the internal energy is the sum of the work done on 

the system and the heat added. The first law of thermodynamics says that energy 

is conserved if heat is taken into account. 

 

The limitation of the first law is that it doesn’t tell us about the direction in which 

the process occurs. This limitation was solved by the discovery of the second law. 

Second Law of thermodynamics states that Energy prefers to flow from a body 

with higher temperature to one with a lower temperature. Heat will not flow 

spontaneously from a cold object to a hot object. 

Statement of the second law due to Clausius: It is impossible to construct a 

machine which operating in a cycle produces no other effect than to transfer heat 

from a colder to a hotter body. It is not possible for heat to flow from a colder 

body to a warmer body without any work having been done to accomplish this 

flow. Another statement of the second law is due to Kevin and Planck: It is 

impossible for an engine, operating in a cycle to take heat from a single reservoir, 

produce an equal amount of work and to have no other effect. It is impossible to 

extract an amount of heat QH from a hot reservoir and use it all to do work W. 

Some amount of heat QC must be exhausted to a cold reservoir. This precludes a 

perfect heat engine. 

 

Now, before going through the statement of third law, we have to know about 

Entropy which is measure of a system's thermal energy per unit temperature that 

is unavailable for doing useful work. Entropy is a thermal inertia of the system. 

Only changes in entropy of a system can be calculated. It is a point function and 

is an extensive property of the system. Entropy is constant in a                                        

reversible adiabatic process. It is defined as  
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                                                   ds=
δQ

𝑇
 J/K 

Nernst suggested that Entropy change of a transformation between phases 

approaches zero when Temperature approaches zero. And this led to the Third 

Law of Thermodynamics. If entropy of every element in its stable state is taken 

to be zero, then every substance has a positive entropy which at T=0 may become 

zero. Entropy become zero for all perfectly ordered states of condensed matter. 

Third law excludes disordered materials. 

To simplify the analysis of the system, the laws are reformulated to change the 

variables. The  method  Legendre differential transformations is used to to change 

the variable and that would yield functions that are fundamentally important in 

thermodynamics. 

If a function of two variables f (x,y) describes the state of a system, which satisfies 

the equation  

                                 df =u dx + v dy  

and to change the description to one involving a new function g (u, y), satisfying 

similar equation in terms of du and dy, then the necessary Legendre transform  

                               g (u, y) is g=f – ux. 

 The g satisfies the equation  

                              dg= -x du+ v dy. 

 Now, consider a characteristic function H, called enthalpy defined as 

                               H = U + PV  

Since internal energy, U; pressure, P; volume, V are all state functions; H is also 

a state function. 

In differential form,  
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                               dH = V dP+ TdS,  

 where H is a function characterized by P and S. 

The first law can be written as,  

                               dU = TdS – PdV 

The requirement for a characteristic function other than enthalpy was met by 

defining the Helmholtz free energy and is given by  

                                A = U – TS 

In differential form,  

                                dA = - SdT – PdV  

 where A is a function of T and V. 

Gibbs function G, is generated by a Legendre transformation of 

                                 dH = TdS + VdP  

                           i.e., G = H - TS  

 which is also a state function.  

In differential form   

                                  dG = VdP – SdT   

 where G is a function characterized by P and T 

Characteristic functions U (V, S), H (P, S), A (V, T) and G (P, T) are known as 

thermodynamic potential functions. When the characteristic function is minimum 

the system will be in stable equilibrium. The thermodynamic potential is defined 

as the function which is minimized subject to all the constraints that are imposed 

on the system. 
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The relations among the above functions can be represented with the help of 

mathematical aids. If a relation exists among three variables x, y and z, then if we 

express z as a function of x and y; then 

                            𝑑𝑧 = (
𝜕𝑧

𝜕𝑥
)y𝑑𝑥 + (

𝜕𝑧

𝜕𝑦
 )𝑥 𝑑𝑦 . 

 Let     M = (
𝜕𝑧

𝜕𝑥
) and N= ( 

𝜕𝑧

𝜕𝑦
 )𝑥  

Then dz= Mdx + Ndy, 

where z, M and N are all functions of x and y.  

Partially differentiating M with respect to y and N with respect to x,  

we get                    (
𝜕𝑀

𝜕𝑦
)x= 

𝜕2𝑧

𝜕𝑥𝜕𝑦
   

and                         (
𝜕𝑁

𝜕𝑥
)y= 

𝜕2𝑧

𝜕𝑦𝜕𝑥
 

Since the  second derivatives of right hand terms are equal it follows that   

                              (
𝜕𝑀

𝜕𝑦
)x= (

𝜕𝑁

𝜕𝑥
)y   

This is known as the condition for exact differentials and it applies to all for 

thermodynamic potentials.  

Applying the above result to the our exact differentials; dU, dH ,dA,dG  

We obtain; 

dU = TdS – PdV    ;     hence (
𝜕𝑇

𝜕𝑉
)S= =-(

𝜕𝑃

𝜕𝑆
)V 

dH = V dP+ TdS    ;     hence(
𝜕𝑇

𝜕𝑃
)S= (

𝜕𝑉

𝜕𝑆
)P 

dA = - SdT – PdV  ;     hence (
𝜕𝑆

𝜕𝑉
)T= (

𝜕𝑃

𝜕𝑇
)V   

dG = VdP – SdT   ;      hence (
𝜕𝑆

𝜕𝑃
)T= −(

𝜕𝑉

𝜕𝑇
)P   
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The four equations on the right are known as Maxwell’s relations. These 

equations expresses relations which hold at any equilibrium state of a hydrostatic 

system. These equations can be used to find equivalent terms related to entropy 

and  can provide relationships between measurable quantities and those which 

either cannot be measured or difficult to measure. 

 

1.4.3 Phase Transitions  

The phase is defined as a state of matter that is uniform throughout, not only in 

chemical composition but also in physical state. A phase transition is a change in 

state in rom one phase to another. It occurs when there is an abrupt change in one 

or more properties of the system. The electrical resistivity of a material goes from 

zero to a finite value in a superconducting to normal phase transition. In a 

ferromagnetic phase transition the magnetic properties of a system change 

abruptly from those of a paramagnet to those of a ferromagnet. An abrupt change 

in properties is one sign of a phase transition. Another sign of a phase transition 

is the appearance of two phases coexisting side by side. 

The phases having higher thermodynamic potential will be unstable and will 

eventually decays into the stable one. In order to simplify the notation, we 

describe all thermodynamic potentials as a simple mathematical function, Φ(ø), 

where ø is the quantity which can vary. Thus, Φ(ø), could be the generalized 

Gibbs free energy as a function of volume, so that ø = V; or Φ(ø) could represent 

the magnetic free energy, F with ø the magnetization. 

The thermodynamic potential is analogous to the potential energy, V(x), of a 

particle in a one-dimensional well . Just like the particle lowers its energy by 

sitting at the bottom of the potential well; the thermodynamic system lowers its 

free energy by sitting at the bottom of the thermodynamic potential. If Φ(ø), has 

two minima the more stable state is the one with the lower energy. The other 
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minimum is unstable and will eventually decay into the lower minimum. We say 

that the system is metastable. 

One minimum could correspond to the liquid phase of matter, the other minimum 

to the gas phase. Suppose the two minima evolve as the temperature (or pressure) 

increases so that one minimum is lower over one range of temperatures, the other 

is stable over another range. When the system evolves from one stable minimum 

to the other the phase changes, say from liquid to gas 

Phase transitions are of two types: First order Phase Transitions are 

discontinuous. They involve a latent heat. Discontinuous phase transitions are 

characterized by a discontinuous change in entropy at a fixed temperature. 

Examples are solid-liquid and liquid-gas transitions at temperatures below the 

critical temperature. Second order phase transitions are continuous transitions 

which involve a continuous change in entropy which means there is no latent heat. 

n. If all the first derivatives of the thermodynamic potential are continuous at the 

transition, we call it a continuous transition.  

The entropy is continuous at a continuous transition. Examples are liquid-gas 

transitions at temperature above the critical temperature. Bose condensation and 

paramagnetic to ferromagnetic phase transitions are also examples of a second 

order phase transition 

Common examples of phase transitions are the ice melting and the water boiling, 

or the transformation of graphite into diamond at high pressures. The first order 

phase transitions are accompanied by abrupt changes in the specific volume and 

entropy. A first-order phase transition is determined by the relations: 

                                  T1 = T2 and P1 = P2 

                                 G1(P, T) = G2(P, T)  
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 where T, P, G are the temperature, pressure, and the Gibbs thermodynamic 

potential, respectively. Using the above relation, we can derive the Clausius–

Clapeyron equation, which defines the slope of the phase equilibrium curves:  

                                      
𝑑𝑃

𝑑𝑇
=

∆𝑆

∆𝑉
 

where ΔS and ΔV are the volume and entropy changes at the phase transition. 

The second-order phase transitions include transitions associated with an 

emergence of magnetism, superconductivity, superfluidity, orientational order, 

etc. Ehrenfest proposed equations relating the slope of the phase transition curve 

to discontinuities in the heat capacity, compressibility, and thermal expansion 

coefficient. 

 

1.5 BLACK HOLE  

 

A black hole is a region of spacetime where gravity is so strong that no particles 

or even electromagnetic radiation such as light can escape from it. The story of 

the black hole begins with Schwarzschild’s discovery of the Schwarzschild 

solution in 1916, soon after Einstein’s foundation of the general theory of 

relativity. 

The Schwarzchild radius is the boundary of the black hole which is determined 

by Karl Schwarzchild and it completely depends on the mass of Black hole. If 

escape velocity is greater than velocity c the light cannot escape and we have a 

black hole .Any object with a physical radius smaller than Schwarzchild radius 

will be a Black hole. Anything that crosses the event horizon needs to be 

travelling at speed greater than velocity of light 𝑐 .We see a black sphere 

reflecting nothing. So it is the event horizon which is the Black part.‘Hole’ part 

in black hole comes from the Singularity.  
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When a massive star has exhausted the internal thermonuclear fuels in its core at 

the end of its life, the core becomes unstable and gravitationally collapses inward 

upon itself, and the star’s outer layers are blown away. The crushing weight of 

constituent matter falling in from all sides compresses the dying star to a point of 

zero volume and infinite density called the singularity. This singularity is covered 

by Event Horizon. Radius of the sphere representing the event horizon is called 

the Schwarzschild radius, 𝑅𝑠 =
2𝐺𝑀

𝑐2
 

 

1.5.1 No hair theorem  

According to no-hair theorem only three parameters are required to define the 

most general black hole. They are mass M, charge Q and angular momentum J. 

Black holes have no hair whereas Star has many hairs (or parameters) 

1.5.2 Classes of Black hole  

Based on no-hair theorem the black holes can be characterized into three, 

a. Static black holes with no charge, described by Schwarzschild solution.  

b. Black holes with electrical charge described by Reissner Nordstrӧm                                          

solutions 

c. Rotating black holes described by Kerr solutions 

 

  

Karl Schwarzschild in 1916 gives the First solution of Einstein’s equations of 

General Relativity. He describes gravitational field in empty space around a 

nonrotating mass space-time interval in Schwarzschild’s solution Schwarzschild 
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metric is a spherically symmetric black hole. It is the simplest kind parametrized 

by a single parameter mass, M. Its line element is defined as 

 𝑑𝑠2 = − (1 −
2𝑀

𝑟
 )𝑑𝑡2 + (1 −

2𝑀

𝑟
 )

−1
 𝑑𝑟2 + 𝑟2 (𝑑𝜃2 + sin2𝜃 𝑑∅2)  

It exhibits a singularity at the Schwarzschild radius r= 2M. This is the surface 

below which one can no longer escape from the black hole. 

  

 The Reissner-Nordström geometry describes the geometry of empty  space 

surrounding a charged black hole. The German aeronautical engineer Reissner 

and the Finnish physicist Nordstrӧm independently solved the Einstein- Maxwell 

field equations for charged spherically symmetric systems, in 1916 and 1918, 

respectively since most stars, and thus most black holes formed from the collapse 

of stars, have angular momentum, it is desirable to generalize the spherical, non-

rotating Schwarzschild solution to that of rotating source. So, the difference from 

Schwarzschild metric is that this has an additional Coulomb field. The line 

element for Reissner- Nordstrӧm black holes is given by 

𝑑𝑠2 = − (1 −
2𝑀

𝑟
 +

𝑄2

𝑟2
) 𝑑𝑡2 + (1 − 

2𝑀

𝑟
 +

𝑄2

𝑟2
) −1 𝑑𝑟2 + 𝑟2 (𝑑𝜃2 + sin2𝜃 𝑑∅2 ) 

As the charged black holes in a realistic environment will quickly attract opposite 

charges from the surroundings and get neutralized, this solution is not of 

astrophysical interest. 

 

  

Both the Schwarzschild and Reissner- Nordstrӧm black holes are spinless. The 

solution for a rotating black hole was put forward by Kerr in 1963 with an 
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additional 37 parameter, the angular momentum, J. The line element for black 

hole having mass and angular momentum is given by, 

𝑑𝑠2 = 
∆

𝜌2
 (𝑑𝑇 − ℎ 𝑠𝑖𝑛2𝜃 𝑑𝜙)2 − 

𝜌2

∆
 𝑑𝑅2 − 𝜌2𝑑02 − 

 𝑠𝑖𝑛2𝜃

𝜌2
 [(𝑅2 + ℎ2 ) 𝑑𝜙 − ℎ 𝑑𝑇]2  

where h ≡ 
𝐽

𝑀
= angular momentum per unit mass, 

 𝛥 = 𝑅2 − 2𝐺𝑀𝑅 + ℎ2   

 𝜌2 = 𝑅2 + ℎ2 𝑐𝑜𝑠2𝜃. 

As charged black holes are not considered physically, astrophysical black holes 

are mainly Kerr. 

 

  

The Kerr–Newman metric is an asymptotically flat, stationary solution of 

the Einstein–Maxwell equations in general relativity. It describes the spacetime 

geometry in the region surrounding an electrically charged, rotating mass. It 

generalizes the Kerr metric by taking into account the field energy of 

an electromagnetic field, in addition to describing rotation 

Such solutions do not include any electric charges other than that associated with 

the gravitational field, and are thus termed as vacuum solutions[1]. Newman 

combined the RN solution with Kerr solution and generated the spacetime 

geometry for a charged spinning mass. The metric equation for charged rotating 

black holes is as same as equation but with 𝛥 defined as 

            𝛥 = 𝑅2 − 2𝐺𝑀𝑅 + ℎ2 + 𝐺𝑄2 

 

 

https://en.wikipedia.org/wiki/Asymptotically_flat
https://en.wikipedia.org/wiki/Stationary_spacetime
https://en.wikipedia.org/wiki/Einstein%27s_field_equation#Einstein%E2%80%93Maxwell_equations
https://en.wikipedia.org/wiki/General_relativity
https://en.wikipedia.org/wiki/Kerr_metric
https://en.wikipedia.org/wiki/Electromagnetic_field
https://en.wikipedia.org/wiki/Vacuum_solution
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Chapter 2 

BLACKHOLE THERMODYNAMICS 

2.1 INTRODUCTION  

Bekenstein and Hawking showed that the black holes have an entropy which is 

proportional to the area of the black hole. This was analogous to the second law 

of thermodynamics. 

The entropy of black hole is given by, 

           𝑆 =
𝑘𝐶3𝐴

4𝐺ℏ 
    Bekenstein–Hawking formula 

Where A is the area of the event horizon, 𝐿𝑃 is the Planck length, G is the 

Newton’s gravity constant, ℏ is the reduced Planck’s constant. 

This laid a milestone in the study of black holes. In later years the four complete 

laws of black hole thermodynamics were introduced. These laws have a strong 

resemblance with the laws of thermodynamics. Thus, it became clear that the 

black holes do indeed behave as thermodynamic system. The crucial step in this 

realization was Hawking’s remarkable discovery of 1974 that quantum processes 

allow a black hole to emit thermal flux particles. 
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2.2 LAWS OF BLACKHOLE THERMODYNAMICS 

 

By the zeroth law of black hole mechanics, the surface gravity of a stationary 

black hole must be constant over the event horizon of the black hole. This is 

analogous to the zeroth law of thermodynamics which states that the temperature 

is unform throughout a system in thermal equilibrium. Here the surface gravity 𝜅 

playing the role of temperature. The black holes have a well-defined temperature, 

which is as a matter of fact proportional to the surface gravity:  

                                     𝑇 = 
 ℏ

2𝜋
 𝜅 

 

First law for a stationary black hole gives relation between change in mass M, 

angular momentum J and area A,  

                    𝑑𝑀 = 
𝑘𝑑𝐴

8𝜋𝐺
 + Ω𝑑𝐽 

where Ω is the angular velocity of the event horizon.  

For a rotating charged black hole, the First law takes the form, 

                   𝑑𝑀 = 
𝑘𝑑𝐴

8𝜋𝐺
 + Ω𝑑𝐽 

This is analogous to the first law of ordinary thermodynamics. 

 According to first law of thermodynamics all the thermodynamic processes are 

subjected to the principle of conservation of energy. The first law states that the 

change in internal energy is equal to the difference of change in heat transfer and 

work done by the system 

                  𝛿𝐸 =  𝑇𝛿𝑆 +  𝑤𝑜𝑟𝑘 𝑑𝑜𝑛𝑒.  
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 We see that the analogous quantities are, E ↔ M, T ↔ ακ, and S ↔ A/8πα, where 

α is a constant. 

 

 

The Area theorem of general relativity states that the area of a black hole can 

never decreases in any process i.e., 

                                             ∆A ≥ 0.  

 Bekenstein observed that this is analogous to the second law of thermodynamics. 

By second law the total entropy of a closed system can never decrease through 

any process. This law requires black hole to have entropy. If it carried no entropy, 

falling of mass into a black hole would violate the second law. But this law is not 

informative in its original form. For example, if an ordinary system falls into a 

black hole, the ordinary entropy becomes invisible to an exterior observer, so 

from the observer’s point of view, the concept of saying increase in ordinary 

entropy doesn’t provide any insight. Thus, the ordinary second law is 

transcended. 

 Including the black hole entropy, gives a more useful law, the generalized second 

law of thermodynamics the sum of ordinary entropy outside black holes and the 

total black hole entropy never decreases and typically increases as a consequence 

of generic transformations of the black hole. When matter entropy flows into a 

black hole, the law requires an increase in black hole entropy more than 

compensate of ordinary entropy from sight. During the process of Hawking 

radiation, the black hole's area decreases, in violation of the area theorem. The 

generalized second law predicts that the emergent Hawking radiation entropy 

shall more than compensate for the drop in black hole entropy. 
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We have already seen the statement of third law in ordinary thermodynamics. 

They are:  

• The entropy of a system at absolute zero temperature either vanishes or becomes 

independent of the intensive thermodynamic parameters.  

• To bring a system to absolute zero temperature involves an infinite number of 

processes or steps.  

The third law of black hole mechanics states that it is not possible to form a black 

hole with vanishing surface gravity. That is, ĸ= 0 cannot be achieved. A black 

hole with T=0 has, ĸ = 0. This corresponds to an extreme Kerr black hole with J 

= 𝑀2 
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Chapter 3 

ANTI DE SITTER SPACE 

The most ideal black holes are those which extend to asymptotically flat empty 

space. But they are of little relevance. The asymptotically flat black holes cannot 

reach thermodynamic stability, due to the inevitable so-called Hawking radiation. 

In order to obtain a better understanding of the thermodynamic properties and 

phase transition of black holes, we must ensure that the black hole can achieve 

stability in the sense of thermodynamics . During the formulations of General 

Theory, the universe was assumed to be static. The cosmological constant was 

introduced by Einstein in 1917 to allow for the possibility of a static universe but 

was dismissed as a mistake after the expansion of the universe was discovered . 

Einstein considered it to be his “greatest mistake,” but it has turned out to be a 

required ingredient of modern cosmology since 1998 . The physical effect this 

constant is to impose, on a large scale, a small repulsive force . This force, if 

adjusted in just the right way, can be made to compensate precisely for the 

average gravitational attraction between the galaxies . Weinberg showed as in 

order to permit our existence as observers the value of cosmological constant 

must be very small and positive. 

The black holes with zero cosmological constant describe homogenous and 

isotropic universe and are called flat-Minkowski space. We can also have 

solutions to Einstein equations with non-zero cosmological constants. If Λ > 0 
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the solutions tend asymptotically to de Sitter space and if Λ < 0 the solution would 

tend to Anti-de Sitter space. The Einstein equation with cosmological constant 

can be written in the form 

𝑅𝑎𝑏 − 𝛬gab =
8𝜋𝐺

𝐶4
(Tab-

1

2
gabR) 

Just like the black holes in a flat space, the one in de Sitter and Anti de Sitter do 

exhibits properties including temperature, entropy and free energy. It was found 

that a black hole in de Sitter space would emit particles with temperature 

determined by the surface gravity of the black hole horizon  

Anti-de Sitter space has been regarded as of little physical interest. The major 

reason for it is because of the negative value of Λ. It when interpreted as a 

negative energy density, there would be a negative energy density corresponding 

to it.. AdS space has no natural temperature associated with it just like the flat 

space. The main interest for these spaces has come from string theory and M-

Theory, but also cosmological models with extra dimensions use properties of the 

anti-de Sitter spacetimes . A black hole in anti-de Sitter space has a minimum 

temperature which occurs when its size is of the order of the characteristic radius 

of the anti-de Sitter space .  

If we take the asymptotically flat black hole as a thermodynamic system, it does 

not meet the requirements to achieve thermodynamic stability due to its negative 

heat capacity. Comparing with the asymptotically flat black holes, AdS black 

holes can be in thermodynamic equilibrium and stable state, because the heat 

capacity of the system is positive when the system parameters take certain values. 

Recently, increasing attention has been paid to the possibility that the 

cosmological constant Λ could be an independent thermodynamic parameter 

(pressure), and the first law of thermodynamics of AdS black hole may also be 

established with 𝑃-𝑉 terms In anti-de Sitter space the gravitational potential 

relative to any origin increases at large spatial distances from the origin. This 
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means that the locally measured temperature of a thermal state decreases and that 

the total energy of the thermal radiation is finite [3]. 

 The metric of anti-de Sitter space in static form is given by 

 

𝑑𝑠2 = −(𝑟) 𝑑𝑡2 + 𝑓(𝑟) −1 𝑑𝑟 2 + 𝑟 2 (𝑑𝜃 2 + sin2 𝜃 𝑑∅ 2 ) 

where 𝑓(𝑟) = 1 + 
𝑟2

𝑙2
 

where L is the AdS length scale and is related to the cosmological constant as  

𝐿 2 = 
−3

𝛬
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Chapter:4 

TAUB-NUT SPACE 

4.1 INTRODUCTION 

The Taub–NUT metric is an exact solution to Einstein's equations. It may be 

considered a first attempt in finding the metric of a spinning black hole. Taub–

NUT solution  was first discovered by Taub (1951), but expressed in a coordinate 

system which only covers the time-dependent part of what is now considered as 

the complete space-time.  

It was initially constructed on the assumption of the existence of a four-

dimensional group of isometries so that it could be interpreted as a possible 

vacuum homogeneous cosmological model.This solution was subsequently 

rediscovered by Newman, Tamburino and Unti (1963) whose initials constitute 

the “NUT” of the TN spacetimes. 

 They rediscovered it as a simple generalisation of the Schwarzschild space-

time.Although they presented it with an emphasis on the exterior stationary 

region, they expressed it in terms of coordinates which cover both stationary and 

time-dependent regions. 

In addition to a Schwarzschild-like parameter m which is interpreted as the mass 

of the source, it contained two additional parameters – a continuous parameter l 

which is now known as the NUT parameter, and the discrete 2-space curvature 
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parameter which is denoted here by ∈.In 1963, when Roy Kerr introduced the 

Kerr metric for rotating BHs, he came up with a 4-parameter solution, one of 

which was the mass of the central body and the other was its angular momentum.  

 

The NUT-parameter or the so-called NUT charge  was one of the two remaining 

parameters, which was eliminated from his solution because Kerr believed that it 

was nonphysical since it made the metric non-asymptotically flat. However, 3 

other researchers interpret it either as a gravomagnetic monopole parameter of 

the central mass or a twisting property of the surrounding spacetime.  

It is only the case in which ∈  = +1, which includes the Schwarzschild solution, 

that was obtained by Taub. The cases with other values of ∈  are generalisations 

of the other A-metrics. We will follow the usual convention of referring to the 

case in which ∈  = +1 as the Taub–NUT solution.  

Two different interpretations: Both of these have unsatisfactory aspects in terms 

of their global physical properties. In one interpretation, the space-time contains 

a semi-infinite line singularity, part of which is surrounded by a region that 

contains closed timelike curves. The other interpretation, which is due to Misner 

(1963), contains no singularities. These are removed only at the expense of 

introducing a periodic time coordinate throughout the stationary region. 

However, this also has other undesirable features, such that Misner was led to 

conclude that the complete space-time has no reasonable physical interpretation 

 

 

In recent years, it has become common to refer to the NUT parameter l as the 

magnetic mass or the gravitomagnetic monopole moment. This interpretation is 
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based on an analogue of one aspect of a property of one of the possible 

interpretations, but is not relevant in the context of the alternative global 

interpretation of the space-time. 

In Misner’s interpretation, the Taub–NUT solution has a number of properties 

that are usually considered to be undesirable in any reasonable representation of 

a spacetime. This is so much the case that Misner (1967) has presented it as   “a 

counter-example to almost anything” 
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Chapter 5 

Thermodynamics of Reissner Nordstrom Anti De 

Sitter Black hole 

 

The RN-AdS black hole gives a spherically symmetric, stationery black hole. 

It line element is determined by two parameters: charge Q and mass M.  

It also contains a negative cosmological constant. 

 The metric equation for RN-anti de Sitter black hole is given by  

   𝑑𝑠2 = 𝑔ⅈ𝑘𝑑𝑥i𝑑𝑥𝑘                    -------------------1.1        

               = −(𝑟)𝑑𝑡2 + 
1

𝑓(𝑟)
 𝑑𝑟2 + 𝑟2 𝑑𝛺2   -----------------------1.2 
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  where, f(r) = 1-
2𝑀

𝑟
+

𝑟2

𝐿2
 +

𝑄2

𝑟2
  -----------1.3  

𝑑𝛺2 represents the line element of unit-2 sphere, or 

                                   𝑑𝛺2 = 𝑑𝜃2 + sin2𝜃𝑑∅2 ---------------1.4 

and L is the AdS length scale and is related to the cosmological constant as  

                             ᴧ =- 
3

𝐿2
    ----------------1.5 

This black hole solution has two event horizons and one cosmological horizon . 

The vacuum pressure of the AdS spacetime depends on the cosmological constant 

and is given by  

            𝑃 = −
𝛬  

8𝜋
= 

3

8𝜋𝐿2
        -----------------1.6 

f(r) satisfies the relation f(r) =0, with r, the event horizon 

Solving for M, 

M=
𝑟

2
+

𝑄2

2𝑟
+

𝑟3

𝐿2
  ---------------1.7 

We have the relation between r and S 

S = π𝑟2         ------------------1.8 

Replacing r in terms of S gives 

M=
1

2
√

𝑆

𝜋
 + 

𝑄2

2
√

𝜋

𝑆
 + (

𝑆

𝜋
)3/2 1

2𝐿2
   ----------------1.9 
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FIGURE1.1  The graph shows the variation of mass with entropy with charge Q 

unity and length scale L = 0.5, L = 1.0, L = 1.5 

  

Thermodynamic Potential of a charge black hole is given by,    

 Ø  =
𝜕𝑀

𝜕𝑄
   

       =√
𝜋

𝑆
Q         -----------------------1.10 

The temperature of the black hole is given by, 

T=
𝜕𝑀

𝜕𝑆
 

=
𝜕

𝜕𝑆
(

1

2
√

𝑆

𝜋
 + 

𝑄2

2
√

𝜋

𝑆
 + (

𝑆

𝜋
)3/2 1

2𝐿2
) 

 

𝑻 =
𝟏

𝟒√𝝅𝑺
  − 

𝑸𝟐√𝝅

𝟒𝟑 √𝑺
+ 

𝟑√𝑺

𝟒𝑳𝟐 𝟑√𝝅
 -----------------1.11 
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Figure 1.2 The variation of temperature with S, with L=0.5, L=1, L=1.5 and Q= 

1 is shown in the graph above. 

The Heat capacity is given by 

C=T
𝜕𝑆

𝜕𝑇
   

  =T(
𝜕𝑇

𝜕𝑆
) -1 

𝜕𝑇

𝜕𝑆
 =−

1

4√𝜋 2𝑆3/2
 +

𝑄2√𝞹

4

3

2
𝑆−5/2 +

3

4 2√𝑆 𝜋3/2𝐿2
 

    =
1

  8𝐿2𝜋3/2𝑆5/2   
  (-L2𝜋S+ L2Q23𝜋 5/2 +3S2) 

C= (
1

4√𝜋𝑆
  − 

𝑄2√𝜋

43 √𝑆
+ 

3

4𝐿2 3√𝜋
√𝑆)(

  8𝐿2𝜋3/2𝑆5/2

−𝐿2𝜋𝑆+𝐿2𝑄23𝜋
5
2

 
+3𝑆2

) 

 C =
𝟔𝑺𝟑−𝟐𝑺𝑸𝟐𝑳𝟐𝝅𝟐+𝟐𝑳𝟐𝝅𝑺𝟐

𝟑𝑺𝟐−𝑳𝟐𝝅𝑺+𝟑𝑳𝟐𝑸𝟐𝝅𝟓/𝟐
    ------------------1.12 
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Figure 1.3 The figure shows the variation of heat capacity with entropy. The 

charge of the black hole is assumed to be unity and the length scale is varied as 

L= 0.5, L= 1.0 and L= 1.5 

The free energy of the black hole given by,  

F = M – TS 

= (
1

2
√

𝑆

𝜋
 + 

𝑄2

2
√

𝜋

𝑆
 + (

𝑆

𝜋
)3/2 1

2𝐿2
 )  - S(

1

4√𝜋𝑆
  − 

𝑄2√𝜋

4  3√𝑆
+ 

3√𝑆

4𝐿2 3√𝜋
) 

=
1

2
√

𝑆

𝜋
 + 

𝑄2

2
√

𝜋

𝑆
 + (

𝑆

𝜋
)3/2 1

2𝐿2
 - 

1

4
√

𝑆

𝜋
+ 

𝑄2

4
√

𝜋

𝑆
- 

3

4𝐿2
∛

𝑆

𝜋
 

F=
𝟏

𝟒
√

𝑺

𝝅
 – 

𝟏

𝟒𝑳𝟐
(

𝑺

𝝅
)3/2 + 

𝟑𝑸𝟐

𝟒
√

𝝅

𝑺
     ---------------------1.13 
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Figure 1.4 The graph showing variation of free energy for three different values 

of L. Q is chosen to be unity. 
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Chapter 6 

THERMODYNAMICS OF BARDEEN 

BLACKHOLE 

 

Bardeen’s solution of Einstein’s equation in the presence of nonlinear 

electromagnetic field is parametrized by mass M and charge q. The static and 

spherically symmetric line element is given by  

 𝒅𝒔𝟐 = 𝒇(𝒓)𝒅𝒕𝟐 −
𝒅𝒓𝟐

𝒇(𝒓)
− 𝒓𝟐(𝒅𝜽𝟐 + 𝒔𝒊𝒏𝟐𝜽𝒅𝝋𝟐)                             (2.1) 

where, 

   f(r) = 1 −  
2Mr2

(r2+q2)
3
2

                                                    (2.2) 

Using the area law, (𝑆 = 4𝜋𝑟2), we can write the mass in terms of the entropy S 

and the q as: 

    𝐌 =
(𝐒+𝛑𝐪𝟐)

𝟑
𝟐

𝟐√𝛑𝐒
                                                    (2.3) 

Temperature of the black hole is given by the relation, T = 
∂M 

∂S 
 as, 

  T = 
∂

∂S 
[

(S+πq2)
3
2

2√πS
] 

     = 
3(S+πq2)

1
2

4√πS
−  

(S+πq2)
3
2

2√πS
 

     = 
(S+πq2)

1
2

4√πS2
(3S − 2(S + πq2) 

                T   = 
(𝐒−𝟐𝛑𝐪𝟐)   √𝐒+𝛑𝐪𝟐

𝟒√𝛑𝐒𝟐
                                                  (2.4)                                                
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Figure 1. Variation of temperature with respect to entropy S of Bardeen black 

hole. 

 

We will now calculate the heat capacity, C = 𝑇
∂S

∂T  
, of the black hole and is given 

by 

 C = 𝑇 [
∂T

∂S 
]

−1
  = 𝑇

∂

∂S 
[

(𝑆−2𝜋𝑞2)   √𝑆+𝜋𝑞2

4√𝜋𝑠2
]

−1

 

    = T 
8√πS3

[S(S+πq2)−
1
2(S−2πq2)−√S+πq2(2S−8πq2)]

 

             = 
2S (S−2πq2)   √S+πq2

[S(S+πq2)−
1
2(S−2πq2)−√S+πq2(2S−8πq2)]

 

 

Dividing numerator and denominator with√(𝑆 + 𝜋𝑞2)  
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C = 
−𝟐𝐒 (𝟐𝛑𝐪𝟐−𝐒) (𝐒+𝛑𝐪𝟐)

𝟖𝛑𝟐𝐪𝟒+ 𝟒𝛑𝐪𝟐𝐒−𝐒𝟐
 

 

 

Figure 3. Variation of heat capacity with respect to entropy S of Bardeen black 

hole. 

Then the Gibb’s free energy, 𝐹 = 𝑀 − 𝑇𝑆, is given by    

 

𝑭 =
(𝑺 + 𝝅𝒒𝟐)

𝟑
𝟐

𝟐√𝝅𝑺
−

(𝑺 − 𝟐𝝅𝒒𝟐)   √𝑺 + 𝝅𝒒𝟐

𝟒√𝝅𝑺
                                    (2.6) 

Now we study whether this black hole will undergo a second order phase 

transition or not. This can be done in two ways.  

The first method is by studying the variation of the heat capacity with entropy 

and we can see a discontinuity in heat capacity (Fig3) for a particular value of 

entropy( S = 4.1, q = 0.5). And we also note that heat capacity possesses a positive 

(2.5) 
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phase below this value of S and a negative phase above this value of S. The 

second method is by studying the variation of free energy(F) with temperature(T).  

A second order phase transition is obvious for two reasons. First, of course the 

heat capacity shows an infinite discontinuity (at S = 4.1, where q = 0.5) and 

possesses both positive and negative phases. The positive phase exists for small 

values of S and the black hole is stable only in this region. The same result can 

also be seen from the parametric plot between the free energy and the temperature 

(Fig4) which shows a cusp type double point (at T = 0.046, where S = 4.1 and q 

= 0.5). The F-T variation shows that there are two branches of the curve, for one 

of the branches, the free energy decreases with the increase of Hawking 

temperature to the minimum limit, while for the other branch F increases rapidly 

with T. This behavior also signals a second order phase transition. (The numerical 

values are obtained from the corresponding graphs.) 
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Chapter 7 

Thermodynamics of Taub-NUT Charged Blackhole 

 

     Introduction 

Taub-NUT black hole solution depends on three parameters: Mass M, NUT 

parameter l, 

𝑑𝑠2 = −𝑓(𝑟)(𝑑𝑡 − 2𝑙𝑐𝑜𝑠𝜃𝑑𝜑)2 +
𝑑𝑟2

𝑓(𝑟)
+ (𝑟2 + 𝑙2)(𝑑𝜃2 + 𝑠𝑖𝑛2𝜃𝑑𝜑2) 

     where 𝒇(𝒓) =
𝒓𝟐−𝟐𝒎𝒓−𝒍𝟐

𝒓𝟐+𝒍𝟐
 

When 𝑙 =  0 and 𝑚 ≠ 0, the metric reduces to the Schwarzschild solution     

in which m is the familiar parameter representing the mass of the source. 

Newman, Tamburino and Unti (1963) have shown that, when l is small, the 

inclusion of this parameter induces a small additional advance in the 

perihelion of approximately elliptic orbits in the stationary region of the space-

time. However, when l ≠ 0, the space-time has very different global properties 

to that of Schwarzschild. 
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  TAUB NUT CHARGED BLACK HOLE 

 Charged TNBH solution depends on three parameters: Mass M, NUT parameter 

l, and charge q and the metric of CTNBH describes the vacuum spacetime around 

a source 

𝒅𝒔𝟐 = 𝒇(𝒓)(𝒅𝒕 − 𝟐𝒍𝒄𝒐𝒔𝜽𝒅𝝋)𝟐 −
𝒅𝒓𝟐

𝒇(𝒓)
− (𝒓𝟐 + 𝒍𝟐)(𝒅𝜽𝟐 + 𝒔𝒊𝒏𝟐𝜽𝒅𝝋𝟐) 

  

      where 𝒇(𝒓) = 𝟏 −
𝟐(𝑴𝒓+𝒍𝟐)+𝒒𝟐

𝒓𝟐+𝒍𝟐
 

 

 𝒇(𝒓) satisfies  the relation 𝒇(𝒓) = 𝟎, 

 

 Solving for M; using the relation between r and S as S=π𝑟2 

 And replacing r in terms of entropy S gives, 

 

                  𝑴 =
𝟏

𝟐
√

𝒔

𝝅
−

𝒒𝟐

𝟐
√

𝝅

𝒔
 - 

𝒍𝟐

𝟐
√

𝝅

𝒔
 

  Variation of mass with respect to entropy for length L=0,L=0.5,L=1 with 

charge Q=1. 
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The temperature of the blackhole is given by 

T=
∂M

∂S
 =  

∂

∂S
(

𝟏

𝟐
√

𝐬

𝛑
−

𝐪𝟐

𝟐
√

𝛑

𝐬
 − 

𝐥𝟐

𝟐
√

𝛑

𝐬
) 

T =
1

4√πs
+

q2√π

4s
3
2

+
√πl2

4s
3
2

   

T =
πl2+s+πq2

4√π s
3
2

     

 

𝐓 =
𝟏

𝟒√𝛑𝐬 
+

𝐪𝟐√𝛑+√𝛑𝐥𝟐

𝟒𝐬
𝟑
𝟐

   

 

Variation of temperature with respect to entropy for length L=0,L=0.5,L=1 with 

charge Q=1 
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Heat capacity is given by, 

 

𝐶 = 𝑇
𝜕𝑆

𝜕𝑇
   

C= 𝑇 [
∂T

∂S 
]

−1
 

   

𝜕𝑇

𝜕𝑆
=

−3𝑞2𝜋−3𝑙2𝜋−𝑠

8√𝜋𝑠
5
2

     

𝐶 = (
𝟏

𝟒√𝝅𝒔
+

𝒒𝟐√𝝅

𝟒𝒔
𝟑
𝟐

+
√𝝅𝒍𝟐

𝟒𝒔
𝟑
𝟐

) (
 8√𝜋𝑠

5
2

−3𝑞2𝜋 − 3𝑙2𝜋 − 𝑠
) 

 

𝑪 = (
 𝑺(𝒒𝟐𝝅+𝒍𝟐𝝅+√𝑺)

−𝟑𝒒𝟐𝝅−𝟑𝒍𝟐𝝅−𝑺
) 
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Variation of heat capacity with respect to entropy for length L=0,L=1,L=2 with 

charge Q=1 

 

 

 

 

Free energy of a blackhole is given by 

𝐹 = 𝑀 − 𝑇𝑆 

𝐹 = (
𝟏

𝟐
√

𝒔

𝝅
−

𝒒𝟐

𝟐
√

𝝅

𝒔
 −  

𝒍𝟐

𝟐
√

𝝅

𝒔
) − 𝑆 (

𝟏

𝟒√𝝅𝒔
+

𝒒𝟐√𝝅

𝟒𝒔
𝟑
𝟐

+
√𝝅𝒍𝟐

𝟒𝒔
𝟑
𝟐

) 

𝐹 = (
𝟏

𝟒
√

𝒔

𝝅
−

𝒒𝟐

𝟒
√

𝝅

𝒔
 −  

𝒍𝟐

𝟒
√

𝝅

𝒔
) 

The graph shows the variation of free energy with entropy with length scale 

L=1 and L=0.5 with charge Q=1 
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Chapter -8 

CONCLUSION 

In this project we studied  RN-AdS black hole, Bardeen black hole and Taub NUT 

black hole. We have derived the thermodynamic quantities, and plotted their 

variations with respect to entropy. 

 In Bardeen black hole, from the temperature entropy diagram we have eliminated 

the possibility of a first order phase transition. A second order phase transition is 

obvious, since the heat capacity shows an infinite discontinuity and possesses 

both positive and negative phases. The positive phase exists for small values of S 

and the black hole is stable only in this region. 

In RN-AdS black hole, below a certain value of entropy the mass increases with 

decrease in entropy and the mass and gives an infinite discontinuity at zero 

entropy. At very low values of entropy the temperature of the black hole shows 

an abnormal behaviour. For RN-AdS black hole the heat capacity is negative 

lower values of entropy and reaches zero at a certain value. The free energy of 

the black holes falls to negative above a certain value.  

For Taub-NUT black hole, there is a smooth variation of mass with entropy. The 

black hole shows finite temperature for all values of entropy. For Taub-NUT, heat 

capacity is negative and it indicates that the black hole is unstable and the free 

energy falls to negative above a certain value. 
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ABSTRACT 

The report is presented in the aim of the Verification of Beer’s 

Law. Beer’s law also known as Beer- Lambert law relates to the 

absorption of light to the properties of the material through which 

the light is travelling. The law states that when light passes through 

a solution of a given thickness the fraction of incident light 

absorbed is dependent not only on the intensity of light but also on 

the concentration of the solution. It is done by an experiment 

where the absorption spectrum of a sample of solution of eosin 

yellow is measured and verified. The law is commonly applied to 

chemical analysis measurements and used in understanding 

absorption in physical optics, for photons, neutrons, or rarefied 

gases.  
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CHAPTER 1 

MECHANISM OF ABSORPTION 

AND   EMISSION 
 

1.1 INTRODUCTION 

Atoms are the basic building blocks of all existing matter. They are 

responsible for the characteristic behavior of the basic different types 

of matter, that is, solid, liquid and gas. The term ‘Atom’ was derived 

from a Greek word ‘Atomos’ which means ‘non-divisible’. Many 

physicists did a lot of experiments to figure out if the speculations 

regarding the ‘un-cuttable’ nature of atoms was correct. The first 

atomic theory was given by John Dalton in 1808 and he thought of the 

atom as the ultimate particle of matter. Through his theory, he was able 

to explain the law of conservation of mass, law of constant composition 

and law of multiple proportion successfully but failed to explain the 

dissimilarities in the properties of some elements. Some of the other 

models were Thomson’s plum pudding model, Rutherford’s Nuclear 

Model of Atom, Bohr’s model, and so on. Many of these proposed 

models were able to explain the structure of atoms to a certain extent 

but could not account for several other important factors such as 

stability, existence of double spectral lines, etc. However, through the 

evolution of time and scientific techniques, scientists found that atoms 

are composed of smaller particles, such as electrons, protons and 

neutrons which are collectively known as ‘elementary particles’. 

According to Bohr’s theory, electrons revolve around the nucleus in 

certain orbits of different energy levels. Energy levels show the 

distance of electrons from the nucleus of a particular element. Electrons 

are distributed to different shells of different levels corresponding to 

their energy. There are K, L, M…shells corresponding to the principal 



                                                      

quantum numbers n = 1, 2, 3, … Each shell can only hold a fixed 

number of electrons and after filling a certain energy level, it jumps to 

higher energy levels, if provided with sufficient energy. The K shell 

lies closest to the nucleus and it can accommodate two electrons only. 

The L shell can hold a maximum of 8 electrons. The nth shell can hold 

2n2 numbers of electrons. 

 

Figure 1(a) : Energy levels of an atom 

1.2  ABSORPTION AND EMISSION 

The binding energy of electrons to their parent nucleus is higher for the 

shells closest to it. As the energy level increases, the electrons are less 

tightly bound to the nucleus. The electrons at the outermost energy 

level are known as the valence electrons. They have more chances of 

becoming a free electron under the application of an external energy. 

When an incident photon having a frequency v hits an atom, certain 

changes happen in its energy states. Its electrons absorb the quanta 

energy from the photon and excite to higher energy levels. This process 

is known as absorption of light. The excited electron stays at that 



                                                      

particular higher energy level for a very short time in the range of a few 

nanoseconds. 

 

Figure 1(b): Absorption of a photon when it incidents on an atom 

As the excited state is unstable, the electron de-excites back to its 

original state after some time. During de-excitation, electrons emit 

radiation in the form of photons and this process is known as Emission. 

That is, an atom can absorb or emit one photon when an electron makes 

a transition from one energy level to another. Conservation of energy 

determines the energy of the photon and thus the frequency of the 

emitted or absorbed light. 

 
Figure 1(c) : De-excitation of an electron causing the emission of a 

photon 



                                                      

1.3 PHOTOLUMINESCENCE 

When certain energy is absorbed by a molecule, it becomes excited and 

its electrons are raised to higher energy levels. The electrons do not 

remain there for a longer time and return to lower and more stable 

energy levels. This can occur by non-radiative process or through a 

radiative process. The radiative process involves the emission of 

electromagnetic radiations. This process of emitting radiation is 

collectively called luminescence. Photoluminescence is the emission of 

light which is caused by the irradiation of a substance with other light. 

The term embraces both fluorescence and Phosphorescence, which 

differ in the time after irradiation over which the luminescence occurs. 

The radiated light is often visible but can also be in the ultraviolet or 

infrared spectral region. 

1.4 FLUORESCENCE AND PHOSPHORESCENCE 

Fluorescence is the phenomenon in which a material absorbs light of a 

particular wavelength followed by a short-lived emission of light of a 

longer wavelength. This process involves a light source to excite the 

molecule, which is then transformed from a ground to an excited state. 

As the molecules return to the ground state, energy is released in the 

form of heat and light. The phenomenon of fluorescence is 

instantaneous and starts immediately after the absorption of light and 

stops as soon as the incident light is cut off. The fluorescent materials 

generally emit the radiation within 10−6 to 10−4 seconds of absorption. 

Thus, the lifetime of fluorescence is generally small. Also, no change 

in Spin state of the electron involved during the process of 

fluorescence. 



                                                      

Phosphorescence is the process in which the radiations are incident 

on certain substances, they absorb them and then emit light 

continuously for a long time even after the incident light is cut off. In 

this process the direction of the electron Spin may change when the 

electrons move to a lower energy state. In Phosphorescence the 

molecule does not return immediately to the ground state. Instead, it 

goes through a metastable state, a state where electrons stay for a 

longer period of time. This transition is known as intersystem crossing. 

The life-time of Phosphorescence is therefore much longer. 

 

Figure 1(d) : Energy level diagram depicting fluorescence and 

phosphorescence 

1.5 CLASSIFICATION OF DE-EXCITATION 

Atomic de-excitation is the process by which an atom transfers from an 

excited electronic state back to the ground state electron configuration. 

It often occurs by emission of heat and light. Electronically excited 

states are unstable. Electrons drop back to their ground states. At the 

same time, the excitation energy is released again. One distinguishes 

between radiative and non-radiative decay processes. Most of the time, 



                                                      

the decay is non-radiative, for example through vibrational relaxation, 

quenching with surrounding molecules, or internal conversion. 

Sometimes, a radiative decay can occur in the form of fluorescence and 

phosphorescence. The energy is emitted as electromagnetic radiation or 

photons. The emitted light has a longer wavelength and a lower energy 

than the absorbed light because a part of the energy has already been 

released in a non-radiative decay process. This is the reason that an 

emission in the visible spectrum can be achieved by excitation with 

non-visible UV-radiation.  



                                                      

CHAPTER 2 

ABSORPTION SPECTRUM 

In 1801 William Wollaston observed a rainbow in close detail and 

noticed tiny dark lines in the visible spectrum. In later years Fraunhofer 

took an even closer look at the Sun’s spectrum (IR, UV and visible) by 

expanding the spectrum onto a large wall. As a result, he found 

thousands of slices that were missing. These are known as absorption 

lines or ‘Fraunhofer lines’. 

2.1  WHAT IS ABSORPTION SPECTRUM ? 

Absorption spectra (singular spectrum) of chemical species (atoms, 

molecules, or ions) are generated when a beam of electromagnetic 

energy (i.e. light) is passed through a sample, and the chemical species 

absorbs a portion of the photons of electromagnetic energy passing 

through the sample. This spectrum is constituted by the frequencies of 

light transmitted with dark bands when the electrons absorb energy in 

the ground state to reach higher energy states. When light from any 

source is passed through the solution or vapour, a pattern comprising 

dark lines is obtained. This pattern is analysed using the spectroscope. 

Depending on the nature of the chemical or element, certain radiation is 

absorbed by the chemical or element when passed through it and dark 

line pattern is seen exactly in the same place where coloured lines are 

seen in the emission spectrum. The spectrum thus obtained is known as 

the absorption spectrum. 

Emission spectra can emit all the colours in an electromagnetic 

spectrum, while the absorption spectrum can have a few colours 

missing due to the redirection of absorbed photons. The wavelengths of 

light absorbed help figure out the number of substances in the sample. 



                                                      

 

2.2 THEORY OF BEER-LAMBERT LAW 

The Beer-Lambert law, known by various names such as the Lambert-

Beer law, Beer-Lambert–Bouguer law or the Beer’s law states that, 

When light passes through a solution of a given thickness the fraction 

of incident light absorbed is dependent not only on the intensity  of 

light but also on the concentration of the solution. 

This law is taken from two other laws that laid the foundation to 

Beer-Lambert law. They are, 

●Beer’s law stated by August Beer : concentration and absorbance are 

directly proportional to each other 

●Lambert law stated by Johann Heinrich Lambert :      absorbance and 

path length are directly proportional 

If material bodies are exposed to radiation, part of the incident 

radiation is absorbed, a part is scattered and a part is transmitted. As a 

result of absorption the intensity of light passing through material 

bodies, i.e. the intensity of transmitted light, decreases.  The fraction 



                                                      

of incident light absorbed depends on the thickness of the absorbing 

medium. 

When a monochromatic light of initial intensity Io passes through a 

solution in a transparent vessel, some of the light is absorbed so that the 

intensity of the transmitted light I is less than Io.There is some loss of 

light intensity from scattering by particles in the solution and reflection 

at the interfaces, but mainly from absorption by the solution.The 

relationship between I and Io depends on the path length of the 

absorbing medium, l, and the concentration of the absorbing solution, c. 

These factors are related in the laws of Lambert and Beer. 

 

From the law we know that the decrease in intensity of light with 

thickness of the absorbing medium at any point is directly proportional 

to the intensity of light. If we express mathematically; 

– 𝑑𝐼 / 𝑑𝑥 ∝ 𝐼                                    (1) 

Where dI is a small decrease in intensity of light upon passing through 

a small distance dx and I is the intensity of the monochromatic light 

just before entering the medium. 



                                                      

Equation (1) can be written as 

– 𝑑𝐼 / 𝑑𝑥 = 𝑎𝐼                                (2) 

Where – 𝑑𝐼/ 𝑑𝑥 is the rate of decrease of intensity with thickness dx , a 

is called the absorption coefficient. 

Integration of equation (2) after rearrangement gives, 

– ln I = ax+C                                (3) 

Where C is a constant of integration. At x=0, I=Io. So, C = – ln Io. 

Introducing this in equation (3) we get, 

ln I/ Io = – ax                                (4) 

Equation (4) can also be written as, 

I = Io 𝑒−𝑎𝑥 (5) 

Equation (5) can also be written 

as, log I/ Io = − a x / 2.303                 

(6) or, log I/ Io = -a` x                         

(7) 

Where a` (= a /2.303 ) is called extinction coefficient and -ln I/ Io is 

termed absorbance of the medium. Absorbance is represented by A. 

Lambert’s law was extended by Beer gives; 

– 𝑑𝐼 /𝑑𝑥 ∝ 𝑐                                        (8) 

The two laws may be combined to write 

– 𝑑𝐼 /𝑑𝑥 ∝ 𝐼 × 𝑐 



                                                      

Or, – 𝑑𝐼 /𝑑𝑥 = b × 𝐼 × 𝑐 — — — — — (9) 

When the concentration, c, is expressed in mol /L, b is called the molar 

absorption coefficient. 

As in the case of Lambert’s law equation (9) may be 

transformed into, log I/ Io = − 𝑏 /2.303 × 𝑐 × 𝑥 — — — — — 

(10) log I/ Io = – ∈× 𝑐 × 𝑥 — — — — — (11) 

Where ∈ (= 𝑏 / 2.303) is called the molar extinction coefficient which 

is expressed in L/mol/cm. 

The molar extinction coefficient ∈ is dependent on the nature of the 

absorbing solute as well as on the wavelength of the incident light used. 

The expression (equation 11) is commonly known as Beer-Lambert’s 

law. 

A = – ∈× 𝑐 × 𝑥 where A is the 

absorbance of the sample 

The Beer-Lambert law allows you, the scientist, to measure the 

absorbance of a particular sample and to deduce the concentration of 

the solution from that measurement! In effect, you can measure the 

concentration of a particular chemical species in a solution as long as 

you know the species absorbs light of a particular wavelength. 

2.3 FACTORS THAT AFFECT ABSORBANCE 

These are the factors that affect absorbance: 

● The concentration of a sample is one factor that affects its 

absorbance. As the concentration rises, more radiation should be 



                                                      

absorbed, increasing the absorbance. As a result, the 

concentration and absorbance are directly proportional. 

● The length of the path is a second consideration. The longer the 

path length, the more molecules in the path of the radiation beam, 

and thus the absorbance increases. As a result, the length of the 

path is proportional to the concentration. 

● The molar absorptivity is the third factor when the concentration 

is expressed in moles/litre and the route length is expressed in 

centimeters. This is more commonly referred to as the extinction 

coefficient in some sectors of study. 

We may construct the Beer-Lambert law (commonly referred to as 

Beer’s Law) to show this relationship because concentration, path 

length, and molar absorptivity are all directly proportional to 

absorbance. 

The absorbance of a transition depends on two external assumptions: 

● The absorbance is directly proportional to the concentration (c) 

of the solution of the sample used in the experiment 

● The absorbance is directly proportional to the length of the light 

path (l), which is equal to the width of the cuvette. 

 



                                                      

2.4 LIMITATIONS OF BEER-LAMBERT LAW 

This law can be used to study the absorptivity coefficient of the sample 

when the concentration is low ie; <10mM,  but as the concentration 

becomes high ie; >10mM there is a deviation as the electrostatic 

interactions become more.  



                                                      

CHAPTER 3 

SAMPLE PREPARATION OF 

BEER’S LAW 
 

The solute taken for the experiment is Eosin Yellow. It is a water-

soluble dye and is a red crystalline powder. The purity of the dye 

content is 88%. The chemical formula of Eosin Yellow is 

C20H6Br4Na2O5. Its molecular weight is 691.8515 g/mol. Stock solution 

is a solution which is prepared by weighing out an appropriate portion 

of a pure solid and placing it in a suitable flask, and diluting to a known 

volume. The steps to get the necessary sample and to obtain the 

absorption spectrum is as follows: 

● To measure the mass of the solute: 

Using butter paper tared on a balance, we carefully weigh the 

amount of Eosin Yellow required for the stock solution. We only 

need a very small scoop of material. Mass of Eosin Yellow 

content is measured using a digital weighing scale. 

Weight of Eosin Yellow dye taken = 0.032g 

● To make Stock solution : 

0.032 g is dissolved in 10ml of distilled water in a beaker. This 

is taken as the Stock solution. 

Number moles of solute, n = (Measured weight of solute) / 

(Molecular weight of solute) 



                                                      

Volume of distilled water used to make the Stocks solution, V = 

10 mln = (0.032g) / (691.8515g/mol) = 4.62527 * 10−5mol 

691.8515 g dissolved in 1L gives one molar (1 M) 

i.e, 6.918515 g dissolved in 10 ml gives one molar 

Therefore, there are (0.032g) / (6.918515g/mol) numbers of moles 

dissolved in 10 ml. 

Molarity of the solution, M = Number of moles / Volume of the solvent 

M =(0.032g) / (6.918515g/mol) * (10 ml) =M = 0.4625  g/L (0. 

032/ 6. 9185 )*(1000/10) 

● Diluting the stock solution to make the standard solutions: 

10 samples are to be prepared. 1 ml of the stock solution is taken 

in a clean test tube using a syringe. Different concentrations of its 

diluted solution gives us the required 10 samples. 1 ml of stock 

solution diluted in 15 ml is taken as the first sample and 1 ml of 

stock solution in 16 ml is taken as the second sample. Likewise, 

each of the ten samples are obtained by adding 1 ml into the 

previously diluted solution. Maximum concentration of the solute 

is found in the first sample and its concentration gradually 

decreases  after each sample solution. 

Concentration of first sample is obtained by 



                                                      

(0. 032/ 0. 69185 ) g in (15 + 1)ml ==( 2.89 g/L0. 032/ 0. 69185 )* 

(1000/16) 

Similarly, concentrations of 10 samples can be calculated. 

● Getting absorption spectrum from Spectrophotometer : 

 

Each of the samples is taken in a cuvette and kept inside the device for 

obtaining required absorption spectrum. Absorption spectrum is 

obtained for 10 samples. 

Eosin Y is a chemical compound with an absorbance peak at 517 

nm. The actual absorption spectrum of a sample solution of eosin 

yellow is shown below : 

 



                                                      

CHAPTER 4 

MEASUREMENT OF ABSORPTION 

SPECTRUM 

4.1 SPECTROPHOTOMETER 

 

Every chemical compound has the ability to absorb, transmit or reflect 

electromagnetic radiation over a certain wavelength. 

Spectrophotometry is a method to determine how much a chemical 

substance absorbs light by measuring the intensity of light as a beam of 

light passes through a sample solution. Absorption spectroscopy is 

widely used in chemical analysis, for determining unknown samples 

from a given mixture, infrared gas analyser (which identifies pollutants 

in the air), remote sensing ( for detecting the presence of hazardous 

elements in a mixture) and so on. A colored solution absorbs all the 

colours of white light and selectively transmits only one colour. 



                                                      

A spectrophotometer is an instrument that measures the amount of 

photons (the intensity of light) absorbed after it passes through sample 

solution. With the spectrophotometer, the amount of a known chemical 

substance (concentrations) can also be determined by measuring the 

intensity of light detected. Depending on the range of wavelength of 

light source, it can be classified into two different types: 

● UV-visible spectrophotometer: It uses light over the ultraviolet 

range (185 - 400 nm) and visible range (400 - 700 nm) of 

electromagnetic radiation spectrum. 

● IR spectrophotometer: uses light over the infrared range (700 - 

15000 nm) of electromagnetic radiation spectrum 

4.2 DEVICE COMPONENTS 

Light Source  

Unlike Deuterium or tungsten-halogen lamps, which provide a constant 

light source, a Xenon flash lamp emits light for an extremely short 

time, in flashes. Since it emits only for a short time and only during 

sample measurement, it has a longer life. The sample is only irradiated 

with light at  the time of measurement. This short illumination time 

makes the Xenon flash lamp suitable for measuring samples that may 

be sensitive to photobleaching. Photobleaching can be observed on 

sensitive samples when exposed to a constant long exposure by a 

continuous light source.   The Xenon flash lamp emits high intensity 

light from 190-1100nm, which means no secondary light source is 

required . The Xenon flash lamp may be used for many years before 

requiring replacement, which makes it a popular choice compared to 



                                                      

systems using D2 or tungsten halogen lamps. An extra benefit is  that it 

does not require warm up time, unlike D2 or tungsten-halogen lamps. 

Cuvettes 

Monochromator source is used; before reaching the sample, light is 

divided in two parts of similar intensity with a half mirror splitter. One 

part travels via the cuvette having the solution of material to be 

examined in transparent solvent. Second beam or reference beam, 

travels via a similar cuvette having only solvent. Reference and sample 

beam containers have to be transparent towards the passing beam. 

Photosensitive Detector 

The detectors are devices that convert radiant energy into electrical 

signals. It should be sensitive, and has a fast response over a 

considerable range of wavelengths. The electrical signal produced by 

the detector must be directly proportional to the transmitted intensity. 

4.3 PRINCIPLE 

A light beam is passed through an object and wavelength of the light 

reaching the detector is measured. The measured wavelength provides 

important information about chemical structure and number of 

molecules (present in intensity of the measured signal). Thus, both 

quantitative and qualitative information can be gathered. Information 

may be obtained as transmittance, absorbance or reflectance of 

radiation in the 190 to 1100nm wavelength range. The absorption of 

incident energy promotes electrons to excited states. For this transfer to 

occur, photon energy must match the energy needed by the electron to 

be promoted to the next higher energy state. 



                                                      

This process forms the basic operating principle of absorption 

spectroscopy. When light having specific wavelength and energy is 

focused onto the sample, it absorbs some energy of the incident wave. 

A photodetector measures energy of transmitted light from a sample, 

and registers absorbance of the sample. The absorption or transmission 

spectrum of the light absorbed or transmitted by the sample against the 

wavelength is formed. Bouguer−Beer law or the Lambert−Beer rule is 

the basic principle of quantitative analysis, and it establishes that 

absorbance of a solution scales directly with analyte concentration. 

4.4 WORKING OF UV-VISIBLE 

SPECTROPHOTOMETER 

Ultraviolet-visible spectrophotometer system focuses electromagnetic 

radiation from the light source to the sample. Depending on the 

configuration set in the system, light is transmitted through the sample 

or reflected off it. Then, the light is collected from the sample through 

reading. 

Initially, light is focused into the entrance slit of the monochromator 

from the source. Monochromator uses dispersing elements, namely 

optical grating to separate the light by wavelength. The light is passed 

into a charged coupled device (CCD), which is made up of individual 

tiny detectors, hence the intensity of light at each wavelength will be 

measured. CCD is read-off to a computer and the result obtained is a 

spectrum, which shows the intensity of each wavelength of light. 

Spectrophotometers are able to measure the electromagnetic radiation 

from ultraviolet to infrared. Spectrum will show the intensity of light 

versus the wavelength.  

 

 



                                                      

 

The absorption spectrum of 10 samples are as follows: 

Sample 1: 

 

Sample 2: 

 



                                                      

Sample 3:

 
 

Sample 4: 

 

Sample 5: 

 
 

 



                                                      

 

Sample 6: 

 

Sample 7: 

 

Sample 8: 

 
 



                                                      

Sample 9: 

 

 

Sample 10: 

 

4.5 APPLICATIONS 

●The absorption of a reactant or product at constant wavelength 

provides a means of monitoring the progress of a chemical reaction. 

Clinical studies using indirect measurement of reactions characterised 

by enzymes can also be carried out. 

●DNA or Deoxyribonucleic acids are involved in protein synthesis in 

living cells and preserve genetic information. Changes in pH or heating 



                                                      

can lead to denaturation with the resultant increase in absorption at 260 

nm. Monitoring absorption at this wavelength is useful for denaturation 

monitoring. 

●Appearance of additional peaks due to presence of impurities can help 

establish purity of standard materials. 

●Absence or presence of functional groups results in absence of 

presence of their characteristic absorption bands. 

●Identification and quantitative determination of polynuclear aromatic 

compounds 

●Non – absorbing molecules can be estimated by combination with 

derivative forming molecules that produce new spices with absorption 

characteristics in the UV – VIS region 

●Quantitative estimation of ionic solutions of transition metals or 

complex forming ligands 

 

 

 

 

 

 

 

 
 

 

 



                                                      

CHAPTER 5 

RESULTS AND CONCLUSION 

Absorption peak of the chemical compound Eosin yellow is at 

wavelength 517 nm. Absorbance (A) at this certain wavelength is noted 

from each of the samples and is plotted against their corresponding 

Concentrations (C). 

They are given as follows: 

Sample Absorption (A) Concentration ( C ) 

1 0.03716 (0.0.032/0.69185)× (1000/16) = 2.89 

2 0.005833 (0.032/0.69185)×(1000/17) = 2.72 

3 0.00197 (0.032/0.69185)×(1000/18) = 2.57 

4 0.108443 (0.032/0.69185)×(1000/19) = 2.43 

5 0.068485 (0.032/0.69185)×(1000/20) = 2.312 

6 -0.134944 (0.032/0.69185)×(1000/21) = 2.20 

7 -0.18949 (0.032/0.69185)×(1000/22) = 2.102 

8 0.055654 (0.032/0.69185)×(1000/23) = 2.01 



                                                      

9 0.129347 (0.032/0.69185)×(1000/24) = 1.927 

10 0.025064 (0.032/0.69185)×(1000/25) = 1.850 

 

The absorption versus concentration graph is given below: 

 

 

 

 

 

 

 
 

 



                                                      

                                     CONCLUSION 

 
In this project, an attempt has been made to verify Beer's law by taking 

the measure of absorption spectrum of the sample of eosin yellow 

solution. But the result was not completely in favour of the aim of the 

project since the absorption spectrum has noise. This has occurred due 

to few errors such improper baseline setting in the device, high 

concentration, impurities in the sample and scattering. This causes 

unclear absorption peaks. Therefore, the corresponding absorbance 

extracted from the data set has anomalies. This could be rectified by 

careful sample preparation of sample, optimization of concentration 

and proper initial settings in the spectrometer. 

Beer’s law plays a very significant part in industries as it is most 

commonly used for chemical analysis, to determine the properties, 

components and concentration of liquids. One of the major uses in 

forensic! By comparing the spectra of suspected toxins with those from 

the crime scene, the nature of the poison can be determined. Once the 

identity of the poison is determined, Beer’s law can be used to 

determine the concentration of poison or even any liquid in concern. It 

is used to find out the concentration in terms of normality of an 

unknown solution. There are many more applications of this law in real 

life and also have the potential for more applications in many more 

fields. 
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ABSTRACT 
 

The world is addressing global challenges- energy and water scarcity. Day by day water 

resources are getting more and more polluted. The sources available when compared to the need of 

the population are very limited. In such a situation it is necessary to find cost effective and efficient 

methods to purify the water resources. The water is mainly contaminated by dyes, heavy metals, 

plastic wastes, other organic and inorganic wastes from industries, households, hospitals etc. One of 

the methods that can be opted for the purification of water is photo catalytic degradation using nano 

catalyst. Two such photo catalyst are TiO2 and MoS2 which fall into the category of semiconductor 

photo catalysts. 

 
In this work, we have doped TiO2 nanotubes (NT) with MoS2 so that we can increase 

the photo catalytic degradation of pollutants more effectively in the presence of visible light. For 

synthesis, we opted hydrothermal method. Structure and composition were determined using 

characterisation techniques X-ray diffraction, High resolution Transmission Electron Microscopy, 

Fourier transform infra-red spectroscopy. The photo catalytic degradation in two most commonly 

used dyes Rhodamine B and Methylene Blue was studied under visible light. The percentage of 

degradation was studied by using UV-visible spectroscopy. Our project is a small step for the 

betterment of society aiming the high scale water purification. 
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CHAPTER 1 

INTRODUCTION 

 

1.1. NANOSCIENCE AND NANOTECHNOLOGY 
 

 

Nanoscience is the study of structures and molecules on the scales of nanometres ranging 

between 1 and 100 nm, and the technology that utilizes it is known as nanotechnology. 

Nanotechnology has become one of the most promising technologies of the 21st century. It has the 

ability to convert the ideas of nanoscience to useful applications by observing, manipulating, 

measuring, assembling, controlling and manufacturing the matter in the nanometre scale. 

 
Nanoscale science and technology are based on the fact that materials at the nano scale have 

the properties (i.e., mechanical, optical, chemical, and electrical) quite different than the bulk 

materials. For example, macromolecules and particles are made up of limited number of molecules, 

i.e., in the size range of 1–50 nm, having distinct chemical (i.e., reactivity, catalytic potential, etc.) 

and physical properties (i.e., magnetic, optical). On comparing with bulk materials, it is seen that 

nanoparticles possess enhanced performance properties when they are used in similar applications. 

Size-dependent properties are one of the most important features of nanoscale objects. 

 
Nanotechnology contributes to almost every field of science, which includes Physics, 

Chemistry, Biology, Computer Science and Engineering. In few decades, nanotechnology and 

nanoscience have become fundamental importance to industrial applications and medical devices 

such as diagnostic biosensors, drug delivery systems and imaging probes. Nanomaterials are useful 

in building solar cells, hydrogen fuel cells and novel hydrogen storage systems which are capable 

of delivering clean energy to countries still rely on traditional, non-renewable contaminating fuels. 

An important application of nanoparticles is recognized to be the production of a new class of 

catalysts known as nanocatalysts. The role of nanoparticles as catalysts results in improving 

chemical reaction performances. The most significant advances in nanotechnology are in the field 

of biomedicine and especially in cancer therapeutics. The innovative biomedical applications are 

currently exploited in a variety of clinical trials and in the near future, may support major 

development in the therapy of cancer. There are many expected advances in nanoscience and 

nanotechnology with applications in agriculture, electronics, energy, medicine etc., which are 
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rapidly increasing. 

 
1.2. THE ORIGIN OF NANOTECHNOLOGY 

 

 

The word „nano‟ is originated from a Greek word means „dwarf‟ or something very small 

and depicts one thousand millionth of a meter (10
-9

 m). The American physicist and Nobel Prize 

laureate Richard Feynman introduced the concept of nanotechnology in 1959. In the annual meeting 

of the American Physical Society, Feynman presented a lecture entitled “There‟s Plenty of Room at 

the Bottom”. In this lecture, Feynman described a vision of using machines to construct smaller 

machines and down to the molecular level. Feynman is considered as the father of Modern 

Nanotechnology. It was Norio Taniguchi, a Japanese scientist who coined and defined the term 

“nanotechnology” in 1974. 

 
In 1986, K. Eric Drexler published the first book on nanotechnology “Engines of Creation: 

The Coming Era of Nanotechnology”, which led to the theory of “molecular engineering”. Drexler 

proposed the idea of the build-up of complex machines from individual atoms, which independently 

manipulate molecules and atoms and thereby produces self-assembly nanostructures. Later on, in 

1991, Drexler, Peterson and Pergamit published another book entitled “Unbounding the Future: the 

Nanotechnology Revolution” in which they use the terms “nanobots” or “assemblers” for nano 

processes in the medicine applications. 

 
In 1981, a new type of microscope, the Scanning Tunnelling Microscope (STM), was 

invented by the physicists Gerd Binnig and Heinrich Rohrer at IBM Zurich Research Laboratory. In 

1986, Binnig and Rohrer received the Nobel Prize in Physics for the design of the STM. This 

invention led to the development of the atomic force microscope (AFM) and scanning probe 

microscopes (SPM). 

 
In 1985, Robert Curl, Harold Kroto and Richard Smalley discovered that carbon can also 

exist in the form of very stable spheres, the fullerenes or buckyballs. The carbon balls with the 

chemical formula C60 or C70 are formed when graphite is evaporated in an inert atmosphere. In 

1991, Iijima et al. observed hollow graphitic tubes or carbon nanotubes by Transmission Electron 

Microscopy (TEM) which form another member of fullerene family. Carbon nanotubes are used as 

composite fibers in polymers and to improve the mechanical, thermal and electrical properties of 

the bulk product. 
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Illustration 1: Schemaic diagram of a Carbon 60 

buckyball(Fullerene) and carbon nanotube. 

 
 

In 2004, a new class of carbon nanomaterials called carbon dots (C-dots) with size below 10 

nm was discovered. C-dots have interesting properties due to their benign, abundant and 

inexpensive nature. Low toxicity and good biocompatibility makes C-dots suitable for applications 

in bioimaging, biosensor and drug delivery. By the discovery of “graphene” in 2004, carbon-based 

materials become the backbone of every field of science and engineering. 

 
Recently, a number of studies prove that nanotechnology play an important role in 

biomedicine for the diagnosis and therapy of many human diseases. DNA nanotechnology has 

already become an interdisciplinary research area which made possible to use DNA and other 

biopolymers directly in array technologies for sensing and diagnostic applications. Nano-oncology 

is a very attractive application of nanoscience and allows for the improvement of tumour response 

rates in addition to a significant reduction of the systemic toxicity associated with current 

chemotherapy treatments. 

 
Nanotechnology improves the environment and produces more efficient and cost-effective 

energy which generates less pollution during the manufacture of materials. Nano-informatics deals 

with the assembling, sharing, envisaging, modelling and evaluation of significant nano scale level 

data and information. 
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1.3. THE IMPORTANCE OF NANO SCALE 
 

 

There are many specific reasons why nano scale has become so important; 

• Quantum mechanical (wavelike) properties of electrons inside matter are influenced by 

variations on the nano scale. Quantum effects can begin to dominate the behaviour of matter 

at the nano scale – particularly at the lower end – affecting the optical, electrical and 

magnetic behaviour of materials. 

• A key feature of biological entities is the systematic organization of matter on the nanoscale 

in nanoscience and nanotechnology has allowed us to place man-made nanoscale things 

inside living cells. 

• Nanoscale components have very high surface-to-volume ratio, making them ideal for use 

in composite materials, reacting systems, drug delivery, and energy storage. 

• Macroscopic systems consist of nanostructures with higher density than those made up of 

microstructures. They are better conductors of electricity which results in new electronic 

device concepts, smaller and faster circuits and greatly reduced power consumption by 

controlling nano structure interactions and complexity. 

 

Nanostructured semiconductors are known to show various non-linear optical properties. 

Semiconductor Q-particles also show quantum confinement effects which has led to properties like 

luminescence in silicon powders and silicon germanium quantum dots as infrared optoelectronic 

devices. 

Nanostructured metal-oxide finds application for rechargeable batteries for cars or consumer 

goods. Nanostructured metal-oxide thin films have a special impact in catalytic applications of gas 

sensors with enhanced sensitivity and selectivity. 

 
1.4. DIFFERENT TYPES OF NANO PARTICLES 

 

Nano particles can be classified into different types according to the size, morphology, 

physical and chemical properties. Some of them are carbon-based nano particles, ceramic nano 

particles, metal nano particles, semiconductor nano particles, polymeric nano particles and lipid- 

based nano particles. 
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1.4.1 CARBON-BASED NANO PARTICLES 

 

Carbon-based nanoparticles contain two main materials: carbon nano tubes (CNTs) and 

fullerenes. CNTs are graphene sheets rolled into a tube. These materials are mainly used for the 

structural reinforcement as they are 100 times stronger than steel. 

CNTs can be classified into single-walled carbon nanotubes (SWCNTs) and multi-walled carbon 

nanotubes (MWCNTs). CNTs are thermally conductive along the length and non-conductive across 

the tube. 

 

1.4.2. CERAMIC NANOPARTICLES 

 

       Ceramic nanoparticles are inorganic solids made up of oxides, carbides, carbonates and 

phosphates. These nanoparticles have high heat resistance and chemical inertness. They have 

applications in photo catalysis, photo degradation of dyes, drug delivery and imaging. 

By controlling the characteristics like size, surface area, porosity, surface to volume ratio, 

etc. they perform as good drug delivery agents. These nanoparticles can be used as drug delivery 

system for a number of diseases like bacterial infections, glaucoma, cancer etc. 

 
1.4.3. METAL NANOPARTICLES 

 

Metal nanoparticles are prepared from metal precursors. These nanoparticles can be 

synthesized by chemical, electrochemical or photochemical methods. They have the ability to 

adsorb small molecules and have high surface energy. 

These nanoparticles have applications in research areas, detection and imaging of bio 

molecules and in environmental and bio-analytical applications. 

 
1.4.4. SEMICONDUCTOR NANOPARTICLES 

 
Semiconductor nanoparticles have intermediate properties between metals and non-metals. They 

are found in the periodic table in groups II-VI, III-V or IV-VI. Some examples of semiconductor 

nanoparticles are GaN, GaP, InP, InAs from group III-V, ZnO, ZnS, CdS, CdSe, CdTe from II-VI 

semiconductors and silicon and germanium from group IV.  

They have a wide band gap, which on tuning shows different properties. They are used in 

photo catalysis, electronics devices, photo-optics and water splitting applications. 
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1.4.5. POLYMERIC NANOPARTICLES 

 

Polymeric nanoparticles are organic based nanoparticles. Depending upon the method of 

preparation, they have structures shaped like nanocapsular or nanospheres. A nanosphere particle 

has a matrix-like structure whereas the nanocapsular particle has core-shell morphology. 

They have applications in drug delivery and diagnostics. The drug deliveries with polymeric 

nanoparticles are highly biodegradable and bio-compatible. 

 
1.4.6. LIPID-BASED NANOPARTICLES 

 

Lipid nanoparticles are generally spherical in shape with a diameter ranging from 10 to 

100nm. It consists of a solid core made of lipid and a matrix containing soluble lipophilic 

molecules. 

The external core of these nanoparticles is stabilized by surfactants and emulsifiers. These 

nanoparticles have application in the biomedical field as a drug carrier and delivery and RNA 

release in cancer therapy. 

 
1.5. APPROACHES IN NANO FABRICATION 

 

Top-down and bottom-up methods are two types of approaches used in nano fabrication. The 

bottom-up approach is more advantageous than the top-down approach because the former has a 

better chance of producing nano structures with less defects, more homogeneous chemical 

composition and better short and long range ordering. 

 

 The top-down approach is the breaking down of bulk material to get nano-sized particles. 

Top-down methods begin with a pattern generated on a larger scale, which is reduced to nano-scale 

after a sequence of operations is performed over them. All the solid state routes fall into this 

category. Typical examples are etching through the mask, bill milling, cutting, grinding and 

application of severe plastic deformation, photo lithography, e-beam lithography etc. 

 

 Top-down approaches are based on grinding a material. The parts of mechanical devices 

used to shape objects are stiff and hard, so these methods are not suitable for soft samples. The 

major drawback of this method is that they require large installations and huge capital for building 

their setup and is quite expensive. Moreover the growth process is slow and is not suitable for large 
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scale production. 

 

The bottom-up approach refers to the build-up of nano-structures from the bottom: atom-by- 

atom or molecule-by-molecule by physical and chemical methods which are in a nano range (1 nm 

to 100nm) using controlled manipulation of self-assembly of atoms and molecules. All the 

techniques that start with liquid and gas as the starting material fall into this category. Typical 

examples are quantum dot formation during epitaxial growth and formation of nanoparticles from 

colloidal dispersion, physical vapour deposition, chemical vapour deposition etc. 

 
Bottom-up approach is based on the principle of molecular recognition (i.e., self assembly). The 

idea of self assembly is to gather precursors in random positions and orientations and supply energy 

to allow them to sample configuration space. 

 
A bottom-up approach is capable of producing devices in parallel and is much cheaper than top- 

down methods but becomes difficult as the size and complexity of the desired assembly increases. 

Illustration 2: Schematic diagram of Top-down and Bottom-up approaches  

 

1.6. ADVANTAGES AND DISADVANTAGES OF NANOTECHNOLOGY 

While nanotechnology is seen as the way of the future and as a technology that people think 

will bring a lot of benefit for all who will be using it, nothing is ever perfect and there will always 

be pros and cons to everything. The advantages and disadvantages of nanotechnology can be easily 

enumerated and here are some of them: 
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1.6.1. ADVANTAGES 
 

 
❖ Nanotechnology can actually revolutionize a lot of electronic products, procedures and 

applications. The areas that benefit from the continued development of nanotechnology when it 

comes to electronic products include nano transistors, nano diodes, OLED, plasma displays, 

quantum computer sand many more. 

❖ Nanotechnology can also benefit the energy sector. The development of more effective energy- 

producing, energy-absorbing and energy storage products in smaller and more efficient devices 

is possible with this technology. Such items like batteries, fuel cells and solar cells can be built 

smaller but can be made to be more effective with this technology. 

 

❖ In the medical world, nanotechnology is also seen as a boon since these can help with creating 

what is called smart drugs. These help cure people faster and without the side effects that other 

traditional drugs have. The research of nanotechnology in medicine is now focusing on areas 

like tissue regeneration, bone repair, immunity and even cures for ailments like cancer, diabetes 

and other life threatening diseases. 

 
❖ Nanotechnology pesticides for crops will directly attack the pathogens in agriculture fields 

without destroying or causing any harm to the crops. At the same time, it will help in increasing 

the efficiency of fertilizers. 

 
❖ Nowadays manufacturing concerns require nano-products like nanotubes, nanoparticles, etc. 

which are durable, strong and lighter than the products which are not prepared with the help of 

nanotechnology. Therefore nanotechnology has changed the manufacturing scenario and made it 

much more advantageous to them. 

 

1.6.2. DISADVANTAGES 
 

 

❖ Possible loss of jobs in the traditional farming and manufacturing industry. 

 

❖ Atomic weapons can now be made to be more powerful and more destructive. These can also 

become more accessible with nanotechnology. 
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❖ Since these particles are very small, problems can actually arise from the inhalation of these 

minute particles, much like the problems a person gets from inhaling minute asbestos particles. 

 
❖ The development of nanotechnology can also bring about the crash of certain markets due to 

the lowering of the price of oil and diamonds due to the possibility of developing alternative 

sources of energy that are more efficient and won‟t require the use of fossil fuels. 

 
❖ There are possibilities that nanotechnology will be a hazard for the environment in a sense that 

these nanoparticles have the tendency to accumulate in the atmosphere and even in the food 

chain. 

 
❖ Nanotechnology is very expensive and developing it can cost a lot of money. It is also pretty 

difficult to manufacture, which is probably why products made with nanotechnology are very 

expensive. 

 
1.7. WATER POLLUTION 

 

 

Pollution has become a major environmental issue due to negligence and carelessness of 

man. Pollution is the introduction of harmful materials into the environment. All types of pollution 

are detrimental to human health and wildlife and contribute to climate change, which puts the 

entire planet in danger. The negative effects of pollution are serious and potentially fatal. 

Water pollution is the release of substances into bodies of water which makes water unsafe 

for human use and disrupts aquatic ecosystems. Water bodies can be polluted by a wide variety of 

substances, including pathogenic microorganisms, organic waste, fertilizers and plant nutrients, 

toxic chemicals, sediments, heat, petroleum (oil) and radioactive substances. 

 

Water pollution may cause diseases or they even act as poisons. Micro-organisms in poorly 

treated sewage may enter drinking water supplies and cause digestive problems such as cholera and 

diarrhoea. Hazardous chemicals, pesticides and herbicides from industries can cause acute toxicity 

and immediate death, or chronic toxicity that can   lead   to   neurological   problems   or 

cancers. Hazardous chemicals in water bodies can also affect the animals and plants which live 

there. Sometimes these organisms will survive with the chemicals in their systems, only to be eaten 

by humans who may then become mildly ill or develop stronger toxic symptoms. 

https://www.britannica.com/topic/fertilizer
https://www.britannica.com/plant/plant
https://www.britannica.com/plant/plant
https://www.britannica.com/plant/plant
https://www.britannica.com/science/heat
https://www.britannica.com/science/petroleum
https://www.britannica.com/science/radioactive-isotope
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1.7.1. NEED OF WATER PURIFICATION 

 

 

Our earth is covered with water two-third of its surface which is almost 330 million cubic 

mile of water. Only 3% of water on our planet is fresh and only 1% is surface water and rest of it is 

frozen or underground. One in six people on the planet do not have access to clean drinking 

water. According to WHO report in 2019 cause of second most death is Diarrhoea which is mainly 

caused by water pollution. Cholera also falls under this category and every year 95,000 death 

occur according to WHO. 

 

Different types of toxic containments are present in water which have adverse effect on 

consumption and lead to various water-borne diseases. Pollutants can be present in the form of 

organic and inorganic chemicals or physical, biological, radiological or heavy metal substances. 

Industry waste is the major cause of water pollution because they discard about 20% of the annual 

dye consumption into the water bodies. There are different water purification methods like 

chemical transformation, distillation, biological treatments, reverse osmosis, coagulation and 

flocculation, micro filtration, ultraviolet treatment, ultra filtration etc. Each of these methods has 

specific limitations and   is not sufficient to remove the containments from water and to supply 

100% pure drinking water. These methods are also expensive and cannot afford by developing 

countries. This points to the necessity of water purification technology which is efficient at the 

same time less expensive. The use of nanomaterials as photo-catalyst has been reported to produce 

efficient and environmental friendly results. 

 

1.8. ROLE OF NANOTECHNOLOGY IN PHOTOCATALYSIS 
 

 
 

Accelerated photo-reaction in the presence of a catalyst is called photo-catalysis. In the 

reaction, light is absorbed by the substrate. Reaction rate of catalyst depends on the ability of 

catalyst in creating electron-hole pairs, which react with the substrate and produce the free radical. 

Secondary reactions take place and these radicals reacts with reactant to produce different useful 

products. 

First Photo-catalysis was reported in 1911, by a German chemist Dr. Alexander Eibnor who 

used the technique to bleach dark blue pigment by using Zinc Oxide in the presence of sun light. In 

1938, there was a major breakthrough in the photo-catalysis. 
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One of the most promising photocatalyst TiO2 was discovered. It was used as a photo-

catalyst for bleaching dyes. Another major breakthrough took place in 1972, when Akira Fujishima 

and Kenichi Honda reported the electrochemical photolysis of water using platinum and titanium 

dioxide electrodes. 

Photo-catalysis is also very effective weapon against the water pollution. To increase the 

efficiency of photo catalytic reaction, instead of using bulk material as a catalyst we can use 

nanotechnology to improve the efficiency of photo catalytic reaction The increased surface to 

volume ratio of nano materials increase catalyst efficiency as compared to bulk materials. 

 
1.8.1. MECHANISM FOR PHOTOCATALYTIC REACTION 

 

 

In photo-catalysis, reaction rate depends on crystal structure of catalyst and the energy of 

incoming photons of visible or UV light. Materials used as catalyst acts as a sensitizer for the 

irradiation of light-stimulated redox processes depending on their electronic structure which in turn, 

depends on filled valence and vacant conduction band. 

If the band gap of the catalyst is equivalent or less than the energy of incident light, the 

electrons in valence band will absorb the photon and they will reach to the conduction band. 

Leaving holes in the valence band. Donor molecules are oxidized by these holes, also the hydroxyl 

is produced when H2O react with these holes. Electron present in conduction band is absorbed by 

water to make superoxide ion, which is a reducing agent. This free electron is causes redox 

reactions to occur. These pairs of free electrons and holes can perform oxidation reduction reaction 

with any material which comes in contact with the catalyst and convert it into the desired products. 

 

 

 

Illustration 3: General reaction mechanism for photocatalytic process 
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1.8.2 MATERIAL SELECTION FOR NANOMATERIALS AS 

PHOTOCATALYST 

 

In photocatalytic reaction, oxidation and reduction reaction occur simultaneously. Therefore, 

the catalyst for photocatalytic reaction should support both oxidation and reduction reaction. 

Materials are divided into three categories on the basis of electronic properties -conductor, insulator 

and semiconductor. 

In conductors, valence and conduction bands overlap. For photocatalytic reaction, the 

necessary condition is oxidation and reduction simultaneously, but in conductors only free electron 

are available and hence can perform only oxidation reaction at a time. Best conductors like alkali, 

alkaline earth metals and transition metals have no suitable band gap and hence are not suitable for 

photocatalytic reaction. 

 
Insulators have high band gap, therefore high energy is required to perform oxidation and 

reduction reaction. Insulator is deficient of free electron so no oxidation takes place and is why 

insulators are not suitable for photolytic reaction. 

 
Semiconductors have moderate band gap and have the capabilities of oxidation and 

reduction reactions to occur simultaneously. When light falls, free electron hole pairs are generated. 

Necessary condition for a semiconductor to be a photocatalyst is the low recombination rate. 

 

Semiconductors whose absorption wavelength (350–700 nm) in visible region or band gap in (1.5– 

3.5 eV) are suitable for photo catalytic activity. Generally semiconductors have a wide range of 

band gap but for a photo catalyst of UV visible region, we require only 1.5–3.5 eV band gap. Metal 

oxides generally fall in this category and they have   many other properties which make them 

suitable as photo catalysts. 

They include stability of the structure, morphology, reuse-ability, high surface area 

etc. Oxides of chromium, zinc, vanadium, cerium and titanium are used as photo-catalysts.
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1.8.3. TITANIUM DIOXIDE ( TiO2) 

 

Improvements in the performance of photo catalytic materials have been largely correlated 

with advances in nanotechnology. Many of the materials have been studied for photocatalysis in 

which titanium dioxide (TiO2; titania) has been extensively researched because it possesses many 

merits such as high photocatalytic activity, excellent physical and chemical stability, low cost, non- 

corrosive, nontoxicity and high availability. Titanium was first discovered in 1791 by William 

Gregor. It is white and a poorly soluble material. It consists of three crystalline phases; the anatase, 

rutile and brookite. The anatase phase is metastable and has a higher photocatalytic activity, while 

the rutile phase is more chemically stable but less active. 

 

 

Illustration 4: Different crystal structures of Titanium dioxide 

 

 

When titania is irradiated with light of sufficient energy, electrons from the valence band are 

promoted to the conduction band, leaving an electron deficiency or hole, h+, in the valence band 

and an excess of negative charge in the conduction band. The free electrons in the conduction band 

are good reducing agents while the resultant holes in the valence band are strong oxidizing agents 

and can participate in redox reactions.
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. 

 
Titania suffers from a number of drawbacks that limit its practical applications in 

photocatalysis. The photo generated electrons and holes coexist in titania and the probability of 

their recombination is high. The relatively large bandgap energy (~ 3.2 eV) requires ultraviolet light 

for photo activation, resulting in a very low efficiency in utilizing solar light. UV light accounts for 

only about 5% of the solar spectrum compared to visible light (45%). There is also the challenge to 

recover nano-sized titania particles from treated water. Several strategies have been used to 

overcome these drawbacks. These strategies aim at extending the wavelength of photoactivation of 

TiO2 into the visible region of the spectrum thereby increasing the utilization of solar energy. 

;preventing the electron/hole pair recombination and thus allowing more charge carriers to 

successfully diffuse to the surface. 

 

 

1.8.4. MODIFICATION OF TiO2 PHOTO CATALYSTS 
 

 

The modifications have been done in many different ways which include metal and non- 

metal doping, dye sensitization, surface modification, fabrication of composites with other materials 

and immobilization and stabilization on support structures. 

 

 

1.8.4.a METAL DOPING 
 

 

Metal doping is used to modify TiO2 photo catalysts to operate efficiently under visible light. 

Doping TiO2 with metals results in an overlap of the Ti 3d orbitals with the d levels of the metals 

causing a shift in the absorption spectrum to longer wavelengths. This in turn favours the use of 

visible light to photo activate the material. 
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Illustration 5: Metal doped TiO2 

 
 

Doping of TiO2 nanoparticles with Li, Na, Mg, Fe and Co by high energy ball milling with 

The metal nitrates was found to widen the TiO2 visible light response range. Noble metal 

nanoparticles such as Ag, Pt, Pd, Rh and Au.have also been used to modify TiO2 for photocatalysis 

and have been reported. 

 
During the past few decades, transition metal dichalcogenides have been proved to be useful in 

many fields such as water splitting, optoelectronics, supercapacitors, solar cells, photocatalysis, 

hydrogen generation, sensors and lithium-ion batteries due to their admirable chemical, electrical, 

optical and mechanical properties. Among these, MoS2 has been established as a significant 

material in sensitizing a wide band gap TiO2 due to its potential properties like having a two- 

dimensional layered structure, good charge carrier transport capacity, and high surface area. The 

surface sensitization of TiO2 by MoS2 can systematically control the electron−hole pair 

recombination by acting as trapping centers of the electron. 

 

1.8.5 MOLYBDENUM DISULFIDE (MoS2) 
 

 

Molybdenum is a Block D, Period 5 element, and sulfur is a Block P, Period 3 element. 

MoS2 has a S−Mo−S sandwich layered structure seized together via weak Van der Waals interaction. 
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It is analogous to graphene, in which Mo is surrounded by the S atoms through covalent bonding. 

Molybdenum does not occur naturally as a free metal on Earth. Molybdenum disulfide has very 

good chemical and thermal stability. They can form a highly efficient dry lubricating film. 

Molybdenum disulfide nanoparticles possess a low friction coefficient, good catalytic activity and 

excellent physical properties. They also have a large active surface area, high reactivity, and 

increased adsorption capacity compared to the bulk material. Molybdenum disulfide nanoparticles 

appear in a black solid form. 

 
1.8.5.a APPLICATIONS 

 

The key applications of molybdenum disulfide nanoparticles are as follows: 

♦ In lubricant applications 

♦ In difficult to maintain equipment, such as space vehicles, satellites and military fields 

♦ In composite applications 

♦ As a conductive filler 

♦ As a catalyst for coal liquefaction 

♦ Can be used to prepare special materials, catalytic materials and gas storage. 
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CHAPTER 2 

EXPERIMENTAL METHODS 

 

 

 

2.1. SYNTHESIS TECHNIQUES 
 

2.1.1. HYDROTHERMAL METHOD 
 

Hydrothermal synthesis is one of the solution reaction based approach that can be used for 

synthesizing the nano materials. In hydrothermal method it is possible to set the parameters 

according to our requirement and it will result in different nano structures with wide variety of 

properties. To control the morphology of the materials to be prepared we can use high/low 

temperature or pressure conditions. The time of the synthesis can be also varied. Many types of 

nano materials have been successfully synthesized by the use of this approach. 

 
 

Opportunity to control the parameters is itself the significant advantage of the 

hydrothermal synthesis method over others. Hydrothermal synthesis can generate nano materials 

which are not stable at elevated temperatures. Nano materials with high vapour pressures can be 

produced by the hydrothermal method with minimum loss of materials. The compositions of nano 

materials to be synthesized can be well controlled in hydrothermal synthesis through liquid phase or 

multiphase chemical reactions. 

 

2.1.1.a. HYDROTHERMAL SYNTHESIS OF TiO2 NANO POWDER 
 
 

7 ml of Titanium Isopropoxide(0.65 M) in 25 ml of isoproponol was prepared. After 

vigorous stirring for 5 minute at room temperature a clear solution was obtained to which 50 ml of 

distilled water was added under the magnetic stirring, turning the clear solution into a milky 

suspension which is done at 50 
0
 C for one hour and autoclaved at 50 

0
 C for one hour. Finally on, 

cooling,the sample is obtained in liquid form, which is washed with distilled water and centrifuged 

a number of times. The settled product is separated and dried at 80
0
C for 1.5 hours. The obtained 

sample is then crushed into fine powder using mortor and pestle. 
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2.1.1.b. SYNTHESIS OF TiO2 NANO TUBES 
 

0.6 g of TiO2 nano powder was dispersed in 60 ml of 10M NaOH( 24 g of NaOH) solution 

and is vigorously stirred at room temperature for 2 hours. The sample is autoclaved at 130 
0
 C for 26 

hours. It is re dispersed in 400 ml of 0.1 M HCl for 3 hours, centrifuged and washed with distilled 

water to stabilize PH to 7 and is dried at 400 
0
 C for 2 hours. 

 
Preparation of 0.1 M HCl 

 

To prepare HCl solution, 3.6ml of 35% HCl is taken in a beaker. The beaker is filled with 

distilled water up to 400 ml and the mixture from Teflon vessel was added into the above beaker. This is 

stirred for 3 hours.                                                                                                                                                   

 
2.1.1.c. HYDROTHERMAL SYNTHESIS OF MoS2 NANOSHEET 

 

 

MoS2 nano sheets were prepared by a hydrothermal route. In the typical synthesis process of 

MoS2, 1.21 g sodium molybdate (0.005 mol) and 1.56 g thiourea (0.02 mol) were mixed into 30 mL 

double distilled water. The resulting mixture was stirred constantly for 30 min and poured into 50 

ml Teflon-lined stainless autoclave. Then, the autoclave was placed in a hot air oven at 180 °C for 

different time (8 hours, 10 hours,12 hours , 24 hours). Subsequently, the autoclave was allowed to 

cool and the obtained nano powder was centrifuged multiple times with double distilled water and 

ethanol. Finally, the resultant black powder was kept to dry under a vacuum oven at 80 °C. 

  

2.1.1.d. SURFACE SENSITIZATION OF NANOSTRUCTURED TiO2 BY              MOS2 

NANOSHEET 

 
The surface sensitization of nano structured TiO2 was carried out by using hydrothermally 

synthesized MoS2 via the mechano-chemical method. The typical synthesis process is as follows: an 

appropriate amount of TiO2 nano powder is mixed with a certain amount of MoS2 (2, 5 wt %) in a 

minute quantity of ethanol. The above mixture was ground constantly in a mortar and pestle for 2 h. 

At the completion of grinding, the obtained powder was rinsed with double distilled water and 

allowed to dry at 80 °C for 12 h. The sensitized material could be labelled as x wt % MoS2−TiO2 

 
Here, two different values were chosen for x; x=2 and 5 wt%. 
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For 2% wt MoS2 in 0.25 g TiO2 nanotube; the amount required can be calculated as: 

x(2%) = (100M1)/(M1+0.25) 

50 M1 = M1+0.25 

49 M1 = 0.25 

M1 = mass of MoS2 = 0.00510 g 

 
 

So, 0.00510 g of MoS2 nano sheet is mixed with 0.25 g of TiO2 nanotubes (NT). A small 

amount of ethanol is added and grounded for 30 minute in mortar and pestle. The mixture is then 

rinsed with distilled water and is kept in oven to dry at 80 degree Celsius for 5 hours. The obtained 

sample is kept in bottle as nanocomposite and termed as MT*2%. 

 
For 5% wt MoS2 in 0.25 g TiO2 nanotube: 

x(5%) = (100M1)/(M1+0.25) 

20 M1 = M1+0.25 

19 M1 = 0.25 

M1 = mass of MoS2 = 0.01316 g 

 
 

So, 0.01316 g of MoS2 nano sheet is mixed with 0.25 g of TiO2 NT. A small amount of 

ethanol is added and grounded for 2 hrs. in mortor and pestle. The mixture is then rinsed with 

distilled water and is kept in oven to dry at 80 degree Celsius for 5 hours. The obtained sample is 

kept in bottle as nanocomposite and termed as MT*5% 

The samples are named as follows: 
 

 

2.1.1.e. SYNTHESIS OF TiO2 @ MoS2 HETEROSTRUCTURE 
 

 

TiO2 @ MoS2 heterostructure with different phases were synthesized by using hydrothermal 

and mixing method. 1.6 g of ammonium molybdate and 0.5 g of thiourea were dissolved in 80 ml of 

distilled water in a beaker. 0.37 g of TiO2 nanotube was added to it and stirred until it forms a 

suspension. Solution was transferred in to the autoclave of Teflon lined stainless steel and was 



24  

heated at 200
0
C for 24 hours in the oven. The obtained powder was washed using distilled water, 

centrifuged a number of times and dried at 80
0
C for 4 hours to obtain a grey coloured TiO2@MoS2 

heterostructure. 

SAMPLE SYMBOL 

2 wt% MoS2 -TiO2 MT*2% 

5 wt% MoS2 -TiO2 MT*5% 

MoS2 @ TiO2 MT 

Table1: Name of the sample and corresponding symbols used 

 

 
2.1.2. PREPARATION OF DYE SOLUTION FOR PHOTO CATALYSIS 

 

 

2.1.2.a RHODAMINE B 
 

 

For photo catalytic study, 300 ml 0.00001 M Rhodamine B dye solution is prepared in 

distilled water. For this 300ml of distilled water and 0.00144 g of Rh B were added and stirred for 

10 min in darkness. 

 
From this 10 ml of the solution is taken and 2.5 mg of TiO2 NT is added. And to another 10 

ml solution 2.5mg of MoS2@TiO2 is added which is kept in the presence of sun light and absorption 

spectra is taken at different interval of time. The same procedure is repeated at dark also. 

 
Similarly, the nanocomposite MT, MT*2%, MT*5% was added into 10ml of the dye 

solution. It was kept under dark and also sunlight and the UV-Vis spectra was taken at different time 

intervals. 

 
2.1.2.b. METHYLENE BLUE 

 

 

For photo catalytic study, 300 ml Methylene blue dye solution is prepared in distilled water. 

For this to 300ml of distilled water and 2.5mg of methylene blue was added and stirred for 10 min 

in darkness. 

 
From this 10 ml of the solution is taken and 2 mg of TiO2 nanotube is added. And to 
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another 10 ml solution 2mg of MoS2@TiO2 (MT) is added. And kept in presence of sun light and 

absorption spectra is took at different interval of time. The same procedure is repeated at dark also. 

 
Similarly, the 2 mg nanocomposite prepared MT, MT*2%, MT*5% was added into 10 ml of 

the dye solution. It was kept in dark and also sunlight. The UV spectra was taken at different time 

intervals. And the data was studied. 

 

2.2. CHARACTERIZATION TECHNIQUES 
 

 

For exploring the features of the nano particles we can use two major domains. In one of the 

cases, we try to obtain the type of crystal group, determine lattice parameters and measure the 

average nano crystallite size. For such measurements, we generally perform X-ray diffraction 

experiments (XRD). The second domain is the microscopy/imaging in which we see the particles, 

lattice planes in the crystal and thus enabling direct measurement of the particle size, inter-planar 

distance and particle size distribution. We can use electron microscopy, atomic force microscopy; 

scanning tunnelling microscopy, field ion microscopy etc. for such informations. 

The characterisation techniques employed in this study are discussed in detail in the following 

sections. 

 

2.2.1. X-RAY DIFFRACTION 
 

Most of the nano particles exhibit crystalline structure and therefore characterization 

techniques for these particles should be able to identify the crystallographic structure and lattice 

parameters. From X-ray diffraction pattern we can obtain these details. 

X-ray powder diffraction is primarily used for the identification of the crystalline material 

and thus can provide information regarding the unit cell dimension. For preparing the sample for 

XRD, it must be finely grounded and spread to the substrate. Therefore, the result we obtain will be 

averaged over several crystallites. 

 
From the XRD pattern we compare the theta values of X-ray diffraction peaks to the 

standard values provided by the already known elements and obtain the best match. 
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2.2.1.a. BASIC PRINCIPLE 
 

 

When the propagating beam wavelength is of the order of inter-planar distances for a 

particular crystal, the rays get reflected from different planes and these monochromatic reflected 

rays will constructively interfere resulting in the diffraction pattern. 

 

Typically X-rays used for diffraction are electromagnetic waves with wavelength in the 

range 0.05 to 0.25 nm. X-ray beam should be monochromatic. So, it is filtered by graphite, and the 

collimated, focused and directed towards the sample. The interaction of the incident rays with the 

sample produces constructive interference and it will depend upon the angle of incidence. 

 

Illustration 6:.X ray diffraction from parallel planes in a crystal. 

 

Consider the illustration 6, in which different parallel planes with same (h,k,l) values are 

given. The distance between the adjacent planes is the inter-planar distance is taken as d. 

 

AB, DE, GH are the incident radiation incident on the plane at an angle theta that get 

reflected along BC, EF, HI. The ray DEF travels an extra distance of 2d sinθ which is the path 

difference. For constructive interference of the reflected rays to occur path difference must be 

integral multiple of the wavelength of the X-ray (nλ ) 
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The relation between the wavelengths of the electromagnetic radiation to the diffraction 

angle and the lattice spacing in a crystalline sample given as 

nλ = 2d sinθ ..................... (eq. 1) 

This relation is what we call Bragg‟s law. 
 

 

The inter-planar distance d in the Bragg‟s equation is decided by the lattice parameters a,b 

and c 

1/d
2
 = (h/a)

2
 + (k/b)

2
 +(l/c)

2 ........................... (eq 2) 
 

If we find the value of d from the detected Bragg‟s angle, we can figure out the value of the 

lattice parameters which in tern provide vital information regarding the crystal. 

 

2.2.1.b. LATTICE PARAMETERS 
 

 

The lattice parameters are the quantities specifying a unit cell (smallest repeating unit of the 

crystal). Lattice parameters are represented by a, b, c as lengths of the unit cell in three dimensions, 

and "α, β, γ," their mutual angles. The equations connecting lattice parameters (a, b, c) and the inter 

planar distance (d) different crystal structures are given below. 

 

 

 

Illustration 7: Crystal axis, lattice paramters a,b,c and angle between them
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Where S represents constants relating lattice parameters. 
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2.2.1.c. XRD PATTERN 

 

X ray pattern is a simple graph between intensity of diffracted X-rays and the angle of 

diffraction. To record this pattern, sample is needed to be scanned through a range of angles (2θ). 

Since the sample is in the form of powder, it presents all the diffraction direction of the beam. A 

single peak in the diffraction pattern will indicate a series of planes facing the X-ray beam at the 

correct angle to satisfy the Bragg‟s condition. So the peak can tag inter-planar distance (d) and will 

help in the identification of the material element involved having a set of unique d- spacing. This 

can be typically obtained by comparing these values with the standard reference pattern. 

All planes in the crystal may not produce reflected signal or satisfy Bragg‟s equations. For 

example, in body centred mono atomic lattice, only those plane with h+k+l =n will produce Bragg 

reflection only if n is an even integer. For face centred cubic lattice, constructive interference takes 

place when h, k and l are either all even or all odd which arises because of the effect of structure 

factor. From simple cubic structure, reflections from all the planes are possible. 

The pattern will consist of sharp peaks for crystallite nano particle. And for the nano sheets 

like structures it is seen that the peak extends and become broader. Given below is an example of 

XRD pattern. 

 

Illustration 8: XRD pattern with 2theta on x axis and intensity along y axis
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. 

2.2.1.d. DETERMINATION OF THE PARTICLE SIZE FROM XRD PATTERN 
 

 

XRD gives account of the nano crystalline size from the width of the prominent diffraction 

pattern. It provides an easy and fast method for determining the size of nanocrystals using Debye- 

Scherrer‟s equation. 

 

The coherence length of the particle/the particle size (L) is given by 
 

𝐿 =
0.94𝜆

𝐵 cos 𝜃
. ....................................... (eq 3) 

 

Where λ is the wavelength of the X-ray, B is the full width half maximum, ie the width of 

the peak(radian) at the half of the maximum intensity, θ is the angle of diffraction for that particular 

peak. 

 

 

Illustration 9: XRD peak indicating 

the full width half maximum. 

 

For spherical nanocrystals the coherence length (L) and the diameter (d) of the core of the 

nanocrystals/crystallite are related through the equations 

d= (4L/3)………(eq 4). 

And no contribution to the XRD pattern from an amorphous segment in the sample. 

 
 

2.2.2. TRANSMISSION ELECTRON MICROSCOPY 
 

 

Electron microscopy is a powerful tool that can be used to measure the size and shape of the 

nanostructures. The image of the material can be obtained just like optical microscopy. The 
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resolution provided by electron microscope is in the order of nanometre and hence is very high. 

Electron microscope uses few thousand electron volt energized electron. The energy of such 

electron is very high and about 1000 times greater than that of the visible photon energy. So, a 

resolution of 0.01nm can be obtained. 

 
TEM or Transmission electron microscopy is a tool that can be utilized to analyse the 

structure of very thin specimen through which electron can transmit through. TEM is much 

identical to the optical electron microscopy in the transmission mode with only difference that here 

instead of light, electron is transmitted through the specimen. Hence, the specimen must be thin 

enough so the electron can penetrate through. This transmitted beam then can be recorded and 

processed to get an image of the specimen. 

 
The components of the transmission electron microscope are similar to that of the optical 

microscope which are as follows: 

 
1. Source of energized electron – electron gun 

 

2. A monochromatic source. 

 

3. To focus electron beam to particular spot in the specimen – electromagnetic condenser lens. The 

lens will have current carrying coil surrounded by iron. 

4. To eliminate the high angle electron and to restrict the size of the beam – condenser aperture. 

 

5. To hold the sample – A sample holder. 

 

6. To focus the transmitted beam another lens can be used. 

 

7. To block the high angle diffraction and thus to enhance the diffraction image – optical objective 

and selection area metal aperture. 

8. To enlarge the image and allowing optical image recording projector lens is used. 

 
The sample will be kept in extreme vacuum condition. It should be thin enough so that high 

energetic electron will penetrate. The electron get scattered at the points on the specimen and 

degrees of scattering which can be elastic/ inelastic depend on the constituent atom of the 

specimen . Heavier the atoms, more will be the scattering. If scattering is more, then the transmitted 

intensity will be less. For lighter atom, scattering will be less, transmitted intensity will be high. So 

the intensity of the electron reaching the detector will be determined by the no. of the transmitted 
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beams, which in tern depends on the nature of the specimen atoms. Heavy atoms produce dark spot 

and lighter atom produce brighter spot. The transmitted beam is allowed to fall on the phosphor 

screen or is digitally processed with the help of a computer. From the TEM image we can obtain the 

information regarding the shape and size of the nano particle. 

 

 

Illustration 10: Components of TEM 

 

For obtaining atomic level image, one may use high resolution TEM (HRTEM) which is an 

improved version of TEM. It uses interference in image plane of electron wave itself instead of 

scattering by sample for image formation. Each imaging electron will interact with the sample and 

electron wave passes through the microscope system which will undergo a phase change and 

interferes with image wave in imaging plane. From such an image obtained even the inter planar 

distance d can be directly measured. 

 

2.2.3. UV VISIBLE SPECTROSCOPY 
 

 

UV-Vis spectroscopy is basically an analytical technique that is used to measures the amount 
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of discrete wavelengths of UV or visible light that are absorbed by or transmitted through a sample 

in comparison to a reference or blank sample. 

 
This absorption/transmission of light is influenced by the sample composition, thus 

potentially able to provide information regarding the sample and concentration. 

 

 
The energy of light/photon is inversely proportional to the wavelength of the light. Shorter 

wavelengths of light carry more energy and longer wavelengths carry less energy. Threshold energy 

is required to promote electrons in a substance to a higher energy state which we can detect as 

absorption. Electrons in different bonding environments in a substance require a different specific 

amount of energy to promote the electrons to a higher energy state. Thus, absorption of light for 

different substance occurs for different wavelengths. Humans can see the wavelength from 

approximately from 380 nm to 780 nm. UV light has wavelengths with shorter wavelength than 

visible light range. Thus light can be useful in UV-Vis spectroscopy to analyse or identify different 

substances by locating the specific wavelengths corresponding to maximum. 

 

 
Illustration 11: Components of UV -Visible spectrophotometer 

 

 

 

Tungsten lamp/xenon lamp are usually used as the source of light. The light will be poly 

chromatic and hence they must be made monochromatic by allowing it to pass through the 

monochromator. For beam splitting one may use prism/diffraction grating. This monochromatic 

light is then allowed to fall on the sample which will be kept in the sample holder. We can use 

cuvette made up of glass for visible light range and quartz for UV light range as sample holders. For 

all analysis, measuring a reference sample, often referred to as the "blank sample", such as a cuvette 

filled with a similar solvent used to prepare the sample, is imperative. If an aqueous buffered 

solution containing the sample is used for measurements, then the aqueous buffered solution 

without the substance of interest is used as the reference. The reference sample signal is later used 

automatically by the instrument to help obtain the true absorbance values of the analytes. The light 

incident on the sample, some of its part is absorbed by the sample and the rest is transmitted. This 
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light is then detected by the detector. The electric signal is fed in to the computer to get the output. 
 

 
 

Illustration 12: Schematic diagram of dual beam UV-VIS Spectrometer. 
 

 

2.2.3.a. UV- VISIBLE ABSORPTION SPECTRUM 
 

UV-Vis spectroscopy information may be presented as a graph of absorbance/optical density 

/transmittance as a function of wavelength. However, the information is more often presented as a 

graph of absorbance on the vertical y axis and wavelength on the horizontal x axis. 

 

 

 

 Illustration 13: Absorption spectra 
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The absorbance (A) is equal to the logarithm of a fraction involving the intensity of light 

before passing through the sample (Io) divided by the intensity of light after passing through the 

sample (I). The fraction I divided by Io is also called transmittance (T), which expresses how much 

light has passed through a sample. Absorbance is the logarithm of the ratio of incident to 

transmitted radiant power through a sample. However, Beer–Lambert's law is often applied to 

obtain the concentration of the sample (c) after measuring the absorbance (A) when the molar 

absorptivity (ε) and the path length (L) are known. Typically, ε is expressed with units of L mol
-1

 

cm
-1

, L has units of cm, and c is expressed with units of mol L
-1

. As a consequence, A has no units. 

 
Beer–Lambert's law is especially useful for obtaining the concentration of a substance if a 

linear relationship exists using a measured set of standard solutions containing the same substance. 

Equation 6, shows the mathematical relationships between absorbance, Beer–Lambert's law, the 

light intensities measured in the instrument, and transmittance. 

---(eq 5) 

ADVANTAGES 

 

 The technique is inexpensive and non destructive, allowing the sample to be reused or 

proceed to further processing or analysis. 

 Measurements can be made quickly, allowing easy integration into experimental protocols and 

its easy to use. 

 Data analysis generally requires minimal processing; again meaning little user training is 

required. 

 

DISADVANTAGES 
 

 

 Possibility of presence of stray light since in practical instrumentation, wavelength selector may 

not be perfect. 
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 Light scattering caused by suspended solids in liquid samples, which may cause serious 

measurement errors. The presence of bubbles in the cuvette or sample will scatter light, resulting 

in irreproducible results. 

 Interference from multiple absorbing species – if sample has multiple types of the species 

overlapping of the spectra may occur. For a proper quantitative analysis, each chemical species 

should be separated from the sample and examined individually. 

 Geometrical considerations - Misaligned positioning of any one of the instrument's components, 

especially the cuvette holding the sample, may yield irreproducible and inaccurate results. 

Therefore, it is important that every component in the instrument is aligned in the same orientation 

and is placed in the same position for every measurement. Some basic user training is therefore 

generally recommended to avoid misuse. 
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CHAPTER 3 

RESULT AND DISCUSSION 

3.1. XRD ANALYSIS 
 

3.1.1. XRD SPECTRUM OF SYNTHESIZED TiO2 NANOPOWDER 
 

Illustration 14: XRD pattern of the TiO2 nanopowder 
 

 

The X Ray diffraction spectrum of synthesized TiO2 nano powder is shown in illustration 

15. The peaks in the spectrum match with the standard peaks of TiO2 anatase phase. There is a 

major peak centered at 25.39⁰ , which is of (101) plane of anatase TiO2. Also, the peaks around 

37.96⁰ , 47.93⁰ , 54.34⁰ , 62.66⁰  are compatible with the standard peaks of anatase TiO2.. The 

corresponding crystal planes are (004), (200), (105) and (204) respectively. Other than these 

peaks, an additional peak of TiO2 Brookite phase is present around 30.77⁰ . 

Particle size is calculated using the formula, 
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Particle size  𝐿 =
0.94𝜆

𝐵 cos 𝜃
 ............................... ( eq. 6) 

 
 

Where λ is the wavelength of x ray, B is the full width at half maximum of the xrd peak obtained 

and theta is the diffraction angle. 

The particle sizes of the synthesized TiO2 are tabulated below: 
 

 

2Θ 

(DEGREE) 

Θ 

(DEGREE) 

Θ 

(RADIAN) 

FWHM 

(DEGREE) 

FWHM 

(RADIAN) 

PARTICLE 

SIZE(NM) 

25.33819 12.6691 0.221005 1.31089 0.022868 6.21445 

37.87463 18.93732 0.330351 1.54064 0.026876 5.454008 

47.96137 23.98069 0.41833 1.45075 0.025308 5.99579 

54.62099 27.3105 0.476416 1.67964 0.0293 5.325142 

63.1131 31.55655 0.550486 1.74207 0.030389 5.35343 

Table 2. Particle size determination  

 

Average Particle size = 5.66856453nm. 

 

 

3.1.2. XRD SPECTRA OF SYNTHESIZED MoS2 NANO STRUCTURES 

OBTAINED AT DIFFERENT AUTOCLAVED TIME PERIODS 

 

The X ray diffraction spectrum of synthesized MoS2 nano structures at various autoclaved 

time periods are shown below. It is seen that, as the time duration increased the ex foliation of 

MoS2 nano structures have taken place and finally after 24 hours we have got nanosheets of 

MoS2. Also, the obtained peaks in the spectra are in agreement with the standard peaks of MoS2. 

The detected peaks around 13.58⁰ , 32.2⁰ , 39.69⁰ , 43.8⁰  and 57.77⁰  respectively correspond to 

(002), (100), (103), (006) and (110) planes of Hexagonal MoS2.. 

It is seen that as time duration increases, the peaks decrease in intensity except the 

prominent ones. The peaks become less and less sharper as the time period increase from 8 to 24 

hours. At 8 and 10 hours the peaks are sufficiently sharp but as the time increased to 24 hours it 

becomes more broadened which indicate the finite small size of the nanosheet developed. 
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Illustration 15: Stack of the XRD pattern of the MoS2 synthesised by varying time 
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3.2. TEM IMAGES OF THE SYNTHESIZEDTiO2 NANOTUBES 
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Illustration 16:A,B,C,D,E,F,G : HRTEM inage of TiO2 nanotube at different resolutions 
 

 

Illustrations marked from A to G are the obtained TEM images of the synthesized nano 

tubes. Figure B reveals that the nanotubes are almost clustered in nature and randomly oriented. 

But, nanoparticles are not seen which indicates that the nanopowder has totally transformed into 

nanotubes. Illustration 21.F shows that the nano tubes are of thickness less than 10nm.We could 

synthesize nanotubes of average thickness 9.19 nm(marked in the image). From the HR TEM 

image of illustration 21 G, it can be understood that the inter planar spacing (d) is 0.30nm 

which is perfectly agreeing with the (101) plane of TiO2. 

 

 
3.3. PHOTO CATALYTIC STUDIES 

 

 

3.3.1 DEGRADATION OF METHYLENE BLUE DYE(MB) 
 

 

3.3.1.a DEGRADATION OF MB WITH TiO2 NANOTUBE 
 

 

Methylene blue is a salt that is used as a dye and as medication. It is a thiazine dye. It is 

often used to treat condition called mathemoglobinemia which is condition that occur when blood 

cannot deliver oxygen where it is needed in the body. It is a safe drug when used in therapeutic 

doses(<2 mg/kg). But it can cause toxicity at high level. Overdose symptoms include vomiting, 

stomach pain, feeling like you might pass out,confusion, numbness, blue coloured skin or lips etc. 
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Degradation of MB dye was studied by varying the amount of the TiO2 nanotube added to the 

solution at 40 min. 

 
The percentage of degradation of the dye can be calculated by the equation 

% of degradation = 
A0− At 

X 100 ........................................ (eq. 7) 
A0 

where , 

A0 – Absorbance of initial methylene blue 

At – Absorbance after illumination at time t 

MB dye shows absorbance peak at 609 nm and 668 nm and the corresponding absorbance were 

1.088552 and 1.761653 respectively. 

 
The table below shows the % of degradation of MB dye as amount of TiO2 NT added to 

solution increase from 1 mg to 5 mg. 

 

 

 

 
 

 
 

Illustration 17: Absorption spectra  of  MB dye with TiO2 nanotube added. 
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TiO2 NT 

PEAK 

CORRESPONDING 

TO WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

 
668 nm 

Dark 10 min- 2 mg 0.689198  

1.761653 
60.88 

40 min - 1 mg 0.857952 51.30 

 

40 min- 2 mg 

 

0.095542 

 

94.5 

40 min-3 mg 0.123523 92.99 

40 min-4 mg 0.20724 88.24 

 

 
609 nm 

Dark 10 min- 2 mg 0.365905  

1.088552 

66.39 

40 min - 1 mg 0.456166 58.09 

40 min- 2 mg 0.091345 91.61 

40 min-3 mg 0.149912 86.23 

40 min-4 mg 0.237715 78.16 

Table 3. Percentage of degradation for various amount of TiO2 nanotube added. 

 
 

Comparing the percentage of degradation one can conclude that the degradation is 

maximum when 2 mg of TiO2 NT added to the solution. At this amount the degradation reaches 

94.58 and 91.61 percentage respectively at 40 min exposure to visible light. On adding further 

amount of TiO2 NT the degradation efficiency is seen to decrease. This happened because photo 

catalysis happens only for optimum amount of photo catalyst. If the amount of photo catalyst is 

excessive, it reduces the capture of photons ( a screening effect). In order to speed up the photo 

degradation TiO2 NT is doped with MoS2. 

 
3.3.1.b. DEGRADATION OF MB WITH MoS2 NANO SHEET 

 

2 mg of MoS2 nano sheet was added to 10 ml of the MB dye solution. The photo 

degradation of MB dye was studied at different times. The comparison of the absorption spectra 
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of MB when MoS2 nano sheet is added at different time period is given below. 
 
 

Illustration 18:  Absorption spectra  of MB dye with 

MoS2 nanosheet 

 

MoS2 NANO SHEET 

PEAK 

CORRESPONDING 

TO WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

 

 
668 nm 

30 s 0.757522  
1.761653 

56.999 

1.5 min 0.281769 84.005 

5 min 0.063579 96.391 

 

 
609 nm 

30 S 0.402923  
1.088552 

62.985 

1.5 min 0.155858 86.682 

5 min 0.075074 93.103 

Table 4. Percentage of degradation of MB with 2 mg of MoS2 nano sheet. 

 
From the data, we may conclude that MoS2 nano sheet prepared can cause dye 

degradation up to 96.391 and 93.103 respectively within 5 min. 

 

3.3.1.c.  DEGRADATION OF MB DYE WITH MoS2 NANO SHEET 

DOPED TiO2 NANOTUBE (MT) 

 

2 mg of the nanocomposite (MT) was added to the dye solution and photo degradation 
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was studied at different time. The absorption spectra was taken and the comparison plot is given 

below. 

 

Illustration 19:  Absorption spectra of MB dye with MoS2@TiO2  
 

 
 

NANOCOMPOSITE(MT) 

PEAK 

CORRESPONDING 

TO WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

 

 

 

668 nm 

Dark 10 min 0.107152  

 

1.761653 

93.92 

30 s 0.523016 70.311 

1 min 0.51326 70.865 

5 min 0.056759 96.778 

 

 

609 nm 

Dark 10 min 0.062385  

 

1.088552 

94.269 

30 s 0.72019 75.011 

1 min 0.261978 75.933 

5 min 0.03354 96.919 

Table 5. Percentage of photo catalytic degradation of MB dye with MoS2@TiO2  

 
 

From the data we may conclude that the synthesized nanocomposite has high efficiency 

and the percentage of photo degradation increase as the time increased from approximately 70 to 
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97 percentage as the time increase from 30s to 5 min. 

 
 

Also it is seen that the synthesized nanocomposite shows good degradation of the MB 

dye in darkness. In a time duration 10 min, the dye was degraded to approximately 94%. 

 
3.3.1.d. DEGRADATION OF MB WITH MoS2 NANO SHEET DOPED TiO2 

NANOTUBE PREPARED BY MECHANO CHEMICAL METHOD 

 

Doping of TiO2 NT with MoS2 nanosheet was also done by physical method. They were 

respectively labelled as MT*2wt% (2 wt% MoS2 in TiO2) and MT*5wt%(5 wt% MoS2 in TiO2). 

The photo degradation of MB dye was studied for these composites at different times. The obtained 

absorption spectra and the tabulated percentage of the degradation of the dye are given below. 

 

Illustration 20:  Absorption spectra of MB with 2 wt% MoS2@ TiO2 
 

 
 

Illustration 21 Absorption spectra of MB with 5 wt% MoS2@ TiO2 
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MT*2% 

PEAK 

CORRESPONDI 

NG TO 

WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

668 nm 2 mg – 1.5 min 0.127689  

1.761653 
92.752 

2 mg-3 min 0.111401 93.676 

609 nm 2 mg – 1.5 min 0.106708  
1.088552 

85.577 

2 mg-3 min 0.214923 90.197 

Table 6. Percentage of photo catalytic degradation of MB dye with 2 wt% MoS2@TiO2  

 

MT*5% 

PEAK 

CORRESPONDING 

TO 

WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

668 nm 2 mg – 1.5 min 0.17527  

1.761653 
90.051 

2 mg-3 min 0.328939 81.328 

2 mg – 5 min 0.208773 88.149 

609 nm 2 mg – 1.5 min 0.179249  
1.088552 

83.533 

2 mg-3 min 0.355191 67.370 

2 mg – 5 min 0.206867 80.996 

Table 7. Percentage of photo catalytic degradation of MB dye with MoS2@TiO2 

 
MT*2wt% degraded the dye up to 93.676 % within 3 min while the MT*5% could 

degrade only 81.328 %. Further more MT*5% is showing a decrease in the percentage of the 

degradation when time increased from 1.5 to 3 min and an increase in the interval 3 to 5 min. 

From the degradation data, we confirm 2 wt% of MoS2 in TiO2 is more efficient when compared 

to the 5 wt% MoS2 in TiO2. 
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3.3.1.e. COMPARISON OF THE DOPED TiO2 NANOTUBE (MT) WITH UN 

DOPED TiO2 NANOTUBE 

 

A comparison of the photo-catalytic degradation of the MB dye was done by comparing 

the absorption spectra of the MoS2 doped TiO2 nanotube and  undoped TiO2 nanotube 

. 

From the absorption spectra we may interpret that the photo-catalytic activity of the TiO2 

is improved when doped with MoS2 nano sheet. TiO2 undoped sample could degrade MB dye to 

94.58% . but, it took almost 40 min. while the doped forms MT, MT*2%, MT*5% could degrade 

the dye up to 97 % , 93 %, 90% within 5, 1.5,1.5 minutes respectively. MT*2% is more efficient 

as a photo catalyst in the photo degradation of MB dye. 

Illustration 22:  Absorption spectra of undoped TiO 2 nanotube( NT )and   doped composites 

MoS2@TiO2 NT, 2 wt% MoS2@TiO2 NT , 5wt% MoS2 @ TiO2 NT 
 

 

 

TiO2 and MoS2 are semiconductors and hence falls into the category of heterogeneous photo 

catalyst. They posses forbidden energy gap which needs photon to excite an electron from 

valence band to conduction band thus producing electron hole pair. The generated holes react 

with redundant producing oxidised product and excited electron react with oxidant to produce 

reduced product. These oxidation-reduction reaction take place on the surface of photo catalyst. 

The positive holes, will react with the moisture on the surface to produce hydroxyl radicals. 

Hence adsorption of the dye on the surface of the photocatalyst is the first step towards photo 
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catalysis. 
 

It is observed that, the dye was degraded upto 61% on stirring with 2 mg of TiO 2 nanotube 

for 10min in darkness. This is due to the adsorption of the molecule on the surface of the photo 

catalyst(TiO2 NT). Thus, an amount of dye is removed along with the nanotube once we 

centrifuge it out. All other solutions with MB and TiO2 nanotube(added in different quantity say 1 

mg, 2 mg,3 mg,4 mg) were first stirred in darkness for 10 minute, so that the methylene blue dye 

get adsorbed on the surface of the nanotube and then exposed to light. When exposed to light, 

free radicals produced on the surface of the nanotube, will continuously react with the dye 

reducing it until it became harmless. From the comparative study, it is seen that the degradation 

reach the highest percentage (94. 58%) for 2 mg of TiO2 nanotube added. For small amount of 

catalyst added, the degradation will increase as the amount of photo-catalyst added and reaches a 

maximum at the optimum quantity of photo catalyst. As the quantity of TiO2 nanotube added to 

dye solution increase from 1 mg to 2 mg the the degradation has increased from 51.3% to 94.58 

%. But, when we added 3 mg and 4 mg of TiO2 nanotube, the percentage of degradation 

decreased from 94.58% to 93% and 88.24% respectively. This happens because, as the amount of 

photo catalyst increases, the photon density that can be absorbed by the photo catalyst will 

decrease. Thus production of reactive oxygen species will decrease. But, this high percentage of 

degradation was reached after 40 min. 

 
Similarly, the comparison study of the photo degradation of the MB dye with MoS 2 

nanosheet was done. Nano sheet being one of the quantum structure having high surface area, 

highly reactive and has high adsorbing capability. It was seen that the MB dye get reduced 

instantly, on adding 2 mg of MoS2 nanosheet agreeing with the high adsorption efficiency of 

MoS2 nanosheet. The adsorbed dye get further reduced on exposure to light. In this case, it is seen 

that dye get degraded  57%, 84%, 96.4% on exposure to visible light for      30s, 1.5 min and 5 min 

respectively. 

 
The nanocomposite also shows better result in MB, as compared to un doped TiO 2 

nanotube. On doping TiO2 nanotube with MoS2 nanosheet, the surface area increases thus 

providing more surface area for the dye to get adsorbed. More over, surface sensitization of TiO2 

nanotube with MoS2 nanosheet can control the electron hole pair recombination by acting as 

trapping centres for electron, thus increasing the visible light driven photo-catalytic activity of 
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TiO2. This is clear from the observation. On doping with MoS2 nano sheet, the percentage of 

degradation has enhanced from 94.58 % in 40 min to 97% (MT), 93% (MT*2%), 90% ( 

MT*2%) within 5, 1.5, 1.5 minutes respectively. These result indicate that the nano composite 

developed are much better photocatalyst than un doped TiO2 NT in degradation of MB dye. 

 
It is observed that as MoS 2 nano sheet doped with TiO2 nanotube, MoS2 will trap 

the photo excited electron of TiO2. From the study of photo degradation of MB it was observed that 

2 wt% MoS2-TiO2 nanocomposite is more efficient than 5wt% MoS2-TiO2. The appropriate amount 

of MoS2 would permit maximum photoelectrons trapping. Excessive amount of MoS2 can hinder 

the efficient absorption of light by TiO2 and screen the TiO2 surface from catalytic reaction. 

 
3.3.2. ANALYSIS OF DEGRADATION OF RHODAMINE B DYE(Rh B) 

 

 

Rhodamine B is an organic chloride salt. It is a chemical compound and a dye which is most 

often used as tracer dye to determine the direction and rate of the water flow. Rh B dye is also used 

for dyeing purposes. It finds application in many other field like fluorescence microscopy, 

Fluorescence correlation spectroscopy and flow cytometry. But, the high doses of Rh B can cause 

several health issues, more over it is suspected to be carcinogenic. 

 

3.3.2.a DEGRADATION OF Rh B WITH TiO2 NANOTUBE 
 

 

Degradation of Rhodamine B dye was studied by adding 2.5 mg of TiO2 nanotube at different time 

Rh B dye shows absorbance peak at 554 nm and the corresponding absorbance is 1.5894. The table 

below shows the % of degradation of Rh B dye 2.5 mg TiO2 NT added to solution at different times. 

 
 

TiO2 NT 

PEAK 

CORRESPONDI 

NG TO 

WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

554 nm 2.5 mg Dark 10 min 1.4732  

 
1.5894 

7.3090 

2.5 mg – 15 min 1.5772 0.7671 
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 2.5 mg – 30 min 1.6055  -1.0123 

2.5 mg – 45 min 1.6600 -4.4438 

Table 8. Percentage of degradation of Rh B dye with un doped TiO2 
 

Illustration 23:  Absorption spectra of Rh B dye with un doped TiO2 nanotube 
 

 

Comparing the percentage of degradation one can conclude that the degradation is maximum 

when 2.5 mg of TiO2 NT added to the solution in dark. In the presence of light, TiO2 does not 

have much effect on Rh B dye. 

 
3.3.2.b . DEGRADATION OF Rh B WITH MoS2 NANO SHEET 

 

 

2.5 mg of MoS2 nanosheet was added to 10 ml of Rh B dye solution. The photo degradation of Rh 

B dye was studied at different time intervals. The comparison of the absorption spectra of Rh B 

dye when MoS2 nanosheet is given below. 
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MoS2 NANO 

SHEET 

PEAK 

CORRESPONDIN

G TO 

WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

 

 

554 nm 

30 s 0.5089    1.5894 67.9980 

1.5 min 0.3913 75.3795 

5 min 0.4558 71.3207 

Table 9. Percentage of degradation of Rh B dye with un MoS2 nanosheet 
 
 

Illustration 24:  Absorption spectra of Rh B dye with 2.5 mg MoS2 

nanosheet 
 

 

From the data, we may conclude that MoS2 nanosheet prepared can cause dye degradation 

up to 75.3795% within 1.5 min. 
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3.3.2.c. DEGRADATION OF Rh B DYE WITH MoS2 NANO SHEET 

DOPED TiO2 NANOTUBE (MT) 

 

 

2.5 mg of the nanocomposite(MT) was added to the dye solution and photo degradation 

was studied at different different time. The absorption spectra was taken and the comparison plot 

is given below. 

 
The percentage of dye degradation are tabulated in the table given below. 

 

 

 

Illustration 25: Absorption spectra of Rh B with 2.5 mg of MoS2 @TiO2 
 

 

 

 

NANOCOMPOSITE(MT) 

PEAK 

CORRESPONDING 

TO WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

 
554 nm 

15 min 1.0031  
1.5894 

36.8855 

30 min 0.5861 63.1243 

45 min 0.4585 71.1497 

Table 10. Percentage of degradation of RH B dye with un doped MoS2 @TiO2
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From the data we may conclude that the synthesized 2.5 mg nanocomposite can cause 

degradation of Rh B dye up to 71.145% within 45 minutes. Its seen that the photo degradation 

percentage increase from 36.885 % to 71.1497 % on increasing the time of exposure to light from 

15 to 45 minutes. 

 

3.3.2.d. DEGRADATION OF Rh B DYE WITH MoS2 NANO SHEET 

DOPED TiO2 NANOTUBE PREPARED BY MECHANO CHEMICAL 

METHOD 

 

 

The photo degradation of Rh B dye was studied for nanocomposites(MT*2%,MT*5%) at 

different time. The obtained absorption spectra and the tabulated percentage of the degradation of 

the dye are given below. 

Illustration 26: Absorption spectra of Rh B with 2.5 mg of 2wt% MoS2 @TiO2  
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Illustration 27: Absorption spectra of Rh B with 2.5 mg of 5wt% MoS2 @TiO2  

 

MT*2% 

PEAK 

CORRESPONDIN 

G TO 

WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

 

554 nm 

2.5 mg – 10 min 1.6087  

1.5894 
-1.2146 

2.5 mg – 20 min 1.5783 0.6942 

2.5 mg – 40 min 1.5782 0.7024 

Table 11. Percentage of degradation of Rh B dye with 2 wt% MoS2 @TiO2 

 

 

MT*5% 

PEAK 

CORRESPONDIN 

G TO 

WAVELENGTH 

TIME At A0 % OF 

DEGRADATION 

 

554 nm 

2.5 mg – 10 min 1.6946  
1.5894 

-6.6185 

2.5 mg – 20 min 1.7475 -9.9490 

2.5 mg – 40 min 1.6500 -3.8148 

Table 12. Percentage of degradation of Rh B dye with 5 wt% MoS2 @TiO2 
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From the spectra we can see that, the nanocomposite does not work in Rh B dye. 

 

 

3.3.2.e. COMPARISON OF DOPED TiO2 NT(MT) WITH UN DOPED TiO2 

NANOTUBE 

 

A comparison of the photo-catalytic degradation of the Rh B dye may be done by 

comparing the absorption spectra of the MoS2 doped TiO2 NT and un doped TiO2 NT. Since MT 

is more efficient in causing degradation of Rh B dye than MT*2% and MT*5% we may compare 

the absorption spectra of MT and un doped TiO2 NT. 

 

It is seen that as for TiO2 NT alone, degradation was very less( below 1%). But, for the 

nanocomposite MT, the degradation was seen to increase with time and reached up to 71%. 

 

Illustration 28: Absorption spectra of Rh B with undoped TiO2 nanotube and 

MoS2@TiO2 nanotube composite at 15 min. 
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Illustration 29: Absorption spectra of Rh B with undoped TiO2 nanotube and 

MoS2@TiO2 nanotube composite at 30 min. 

 

 

 

Illustration 30: Absorption spectra of Rh B with undoped TiO2 nanotube and 

MoS2@TiO2 nanotube composite at 45 min. 
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From the absorption spectra, we may interpret that the photocatalytic activity of the TiO2 

nanotube is improved when doped with MoS2 nano sheet. TiO2 NT alone could degrade Rh B dye to 

less than 1% even kept under light up to 45 minute. MT*2% and MT*5% in which 2 wt% and 5wt 

% of MoS2 nanosheet was doped to TiO2 nanotube,no effect was observed. In this context Rh B 

adsorption on TiO2 NT is less than that of Methylene blue dye. While the doped form MT could 

degrade the dye up to 71 % within the same time span. It is observed that, as the amount of MoS2 

increases photo catalytic degradation of Rh B increase. In comparison with TiO2 NT, MT is more 

efficient as a photo catalyst in the photo degradation of Rh B dye. 

 
`When comparing the degradation, the nanocomposite MT*2% work in Methylene blue and 

nanocomposite MT work in Rhodamine B. This happens because Rh B is having stable 

structure. Hence, it is very difficult to degrade Rh B than MB. More over, MB adsorb more to TiO2 

nanotube owing to its cationic nature than Rh B which is anionic . MoS2 shows affinity to anionic 

dyes. So, as the percentage of MoS2 increases in nanocomposite, adsorption of Rh B increases. This 

is the reason why the less MoS2 doping more efficient in the case of MB, while the nanocomposite 

with highest doping efficient in Rh B. 

 

3.4 . RE-USABILITY STUDIES 
 

 

The nanocomposite of TiO2 nanotube and MoS2 nano sheet synthesised by hydrothermal 

mixing does not dissolve in water. Because of this reason, it is possible to separate the 

nanocomposite from the solution by centrifuging a number of times and drying. Hence, it is a good 

photo catalyst for degradation of dyes since it increases the rate of degradation without getting 

dissolved itself. 
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CHAPTER 4 

CONCLUSION AND FUTURE SCOPE 

 

 

Water pollution has become a global challenge to both nature and human beings. Our 

water resources are getting polluted because of the improper discharge of waste from industries 

and households. The organic contaminants like synthetic dyes, heavy metals, pesticides, phenols 

etc. Present in waste water are toxic/carcinogenic. Effluents from the textile industries are 

important sources of water pollution, because dyes in waste water undergo chemical as well as 

biological changes, consume dissolved oxygen, destroy aquatic life and endanger human health. 

 
Synthetic dyes are employed extensively in a variety of industries, including textiles, 

leather, cosmetics, and paint industries. They are difficult to degrade due to its complex structure. 

For instance, methylene blue (MB, a thiazine cationic dye) has adverse health effects, which 

include breathing difficulties, vomiting, eye burns, diarrhoea, and nausea when MB is 

accumulated in waste water. Due to its non biodegradability, it is highly persistent in the 

environment. Another pollutant that is extensively used for dyeing purpose is Rhodamine B (Rh 

B). It is a water-soluble fluorescent xanthene dye used to dye various substances. It is highly 

toxic to various organisms and may cause long-term undesirable effects when improperly 

disposed of. The traditional physical methods like filtration, adsorption, filtration, ozonation, 

coagulation etc. are nondestructive, but instead of eradicating pollutants, they only transfer 

pollutants to other media, generating secondary pollution. Therefore, there are intensive demands 

for advanced technologies for the complete degradation of dye from the aquatic environment. 

 
Photocatalysis has been recognised as an effective and economic method for dye 

degradation. This method is used for the removal of refractory pollutants from waste water and 

for the complete mineralization of organic dyes. It has the ability to convert pollutants into 

harmless end products like CO2, H2O and mineral acids. TiO2 is one of the most promising 

catalysts for the removal of toxic organic pollutants, because of its chemically inertness, cost- 

effectiveness, excellent durability, non-toxicity and environment-friendly characteristics. On the 

other hand, TiO2 can only be absorbing UV light, because of its 3.2 eV bandgap, resulting in the 

faster electron–hole pair recombination, which restricts its activity for the photocatalysis process. 

Surface sensitization of TiO2 is an effective approach to enhance photocatalytic performance; 
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additionally, surface sensitization contributes to shrinking the crystallite size and band gap of 

TiO2. 

Among transition metal dichalcogenides, MoS2 has been established as a significant 

interest in sensitizing a wide band gap TiO2 due to its potential properties like having a two- 

dimensional layered structure, good charge carrier transport capacity, and high surface area. The 

present work focused on the surface sensitization of nanostructured TiO2 surface by MoS2. 

 
Transmission electron microscopy (TEM), X-ray diffraction (XRD) and Fourier transform 

infra red (FTIR) were used for structural analysis. The photocatalytic performance of surface- 

sensitized TiO2 was tested for rhodamine B (Rh B) and methylene blue (MB) under UV–vis light, 

and its degradation mechanism are discussed. 

 
The thesis has been divided into four chapters including summary. First chapter contains 

the introduction regarding the research and the second chapter elaborates details of experimental 

set up, materials used and the methods adopted. The third chapter contains the result and 

discussion followed by the summary in the fourth chapter. 

 
TiO2 nanotubes and MoS2 nanosheet were synthesized by a facile hydrothermal technique. 

The surface sensitization of nano structured TiO2 by MoS2 was carried out via mechano - chemical 

method. MoS2-TiO2 nanocomposite of different x wt% (x = 2.0, 5.0 wt%) are obtained. The peaks 

in the X-ray diffraction spectrum of synthesized TiO2 match with the standard peaks of TiO2 

anatase phase. The average particle size of the synthesized TiO2 was found to be 5.668 nm. The X- 

ray diffraction spectrums of synthesized MoS2 nano structures autoclaved for different time 

periods are obtained. The detected peaks corresponds to hexagonal MoS2. As the time duration 

increases the ex foliation of MoS2 nano structures have taken place and we have got MoS2 nano 

sheets. 

 

The morphological investigations of TiO2 nanotube were performed via TEM and HR– 

TEM analysis. Nano particles are not observed in the TEM image which implies that the nano 

powder has completely transformed into nanotubes. The obtained TEM images of the synthesized 

TiO2 nano tubes reveals that the nano tubes are randomly oriented and are almost clustered in 

nature. The HR-TEM image shows that it has got an inter planar spacing (d) of 0.30nm, which 

is i n perfect agreement with the (101) plane of TiO2. 
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The photodegradation efficiencies of MB and Rh B using TiO2 NT, MoS2 and MoS2– 

TiO2 nanocomposites were determined under UV–vis light irradiation. The absorption spectra 

shows that the photo-catalytic activity of the TiO2 is improved when doped with MoS2 nano 

sheet/nano flower TiO2. Undoped TiO2 could degrade MB dye to 94.58% which took almost 40 

min, while the doped forms MT, MT*2%(2 wt% MoS2 in TiO2), MT*5%(5 wt% MoS2 in TiO2) 

could degrade the dye up to 97 % , 93 %, 90% within 5, 1.5,1.5 minutes respectively. MT*2% is 

more efficient as a photo catalyst in the photo degradation of MB dye. MT is more efficient in 

causing degradation of Rh B dye than MT*2% and MT*5%. TiO2 NT alone could degrade Rh B 

dye to less than 1% even kept under light up to 45 minute, while the doped forms of MT could 

degrade the dye up to 71 % within the same time span. This concludes that the photocatalytic 

activity of the synthesized nanocomposite is admirable toward Rh B and MB degradation. 

 
FUTURE SCOPE 

 

 

For efficient photocatalytic performance, the nanoparticles should have good adsorption 

capacity. There are various strategies to improve the photocatalytic efficiency of MoS2–TiO2 

nanocomposite. The photocatalytic performance can be increased, by increasing the intensity of 

light source. The usage of xenon lamp having high intensity is efficient to increase the percentage 

of degradation. 

 
By optimising the factors like effect of time, effect of temperature, nature of pollutant and 

nature of light source the photocatalyst can be commercialized. For practical applications, the uv 

light source must be replaced with sunlight in order to save energy and money. The increase in 

band gap hinders the widespread use of photocatalyst using sunlight. Surface modification of the 

photocatalyst can enhance the utilization of solar energy. The band gap of MoS2–TiO2 samples 

can be reduced by introducing co-catalysts. 



67  

REFERENCES 
 

 
 

1. Liu, Peitao, Yonggang Liu, Weichun Ye, Ji Ma, and Daqiang Gao. "Flower-like N-doped MoS2 

for photocatalytic degradation of Rh B by visible light irradiation." Nanotechnology 27, no. 22 

(2016): 225403. 

 
2. Shathy, Romana Akter, Shahriar Atik Fahim, Mithun Sarker, Md Saiful Quddus, Mohammad 

Moniruzzaman, Shah Md Masum, and Md Ashraful Islam Molla. "Natural Sunlight Driven 

Photocatalytic Removal of Toxic Textile Dyes in Water Using B-Doped ZnO/TiO2 

Nanocomposites." Catalysts 12, no. 3 (2022): 308. 

 
3. Wang, Ding, Ying Xu, Feng Sun, Quanhua Zhang, Ping Wang, and Xianying Wang. "Enhanced 

photocatalytic activity of TiO2 under sunlight by MoS2 nanodots modification." Applied Surface 

Science 377 (2016): 221-227. 

 
4. Vieira, Yasmin, Jandira Leichtweis, Edson Luiz Foletto, and Siara Silvestri. "Reactive oxygen 

species‐induced heterogeneous photocatalytic degradation of organic pollutant Rhodamine B by 

copper and zinc aluminate spinels." Journal of Chemical Technology & Biotechnology 95, no. 3 

(2020): 791-797. 

 
5. Kite, Sagar V., Abhijit Nanaso Kadam, Dattatraya J. Sathe, Satish Patil, Sawanta S. Mali, 

Chang Kook Hong, Sang− Wha Lee, and Kalyanrao M. Garadkar. "Nanostructured TiO2 

sensitized with MoS2 nanoflowers for enhanced photodegradation efficiency toward methyl 

orange." ACS omega 6, no. 26 (2021): 17071-17085. 

 
6. Ghaedi, Mehrorang, ed. Photocatalysis: Fundamental Processes and Applications. Academic 

Press, 2021. 


