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Module 3: Materials for Energy Systems 
 

Nanomaterials: Introduction, Synthesis of TiO2 nanoparticles by the sol-gel method and their 

uses in catalytic converters. Size-dependent properties of nanomaterial: surface area, catalytic, 

electrical and thermal conductivity. Graphene - Synthesis by chemical vapour deposition (CVD) 

method, properties and engineering applications. Role of carbon nanotubes (CNTs) in energy 

devices. 

Energy Systems: Batteries – Introduction, classification of batteries, characteristics (capacity, 

power density, shelf life and cycle life). Construction, working and applications of Li-ion battery. 

Fuel cells - Introduction, Construction and working of solid oxide fuel cells (SOFCs) and its uses 

in auxiliary power units (APUs). Differences between fuel cell and battery. Solar photovoltaic cells 

(PV cells) - construction, working, advantages and limitations. 
 

Nanomaterials: 

The term nano originated from the Greek nanos which means ‘dwarf’. It is one billionth of a meter. 

The size of the materials at least in any one of its dimension ranges between 1 to 100 nm is called 

nanomaterial. 

Size-dependent properties 

Surface area to volume ratio: 
The total surface area (or) the number of surface atoms increases with the reduction in size of the 

particles. The physical and chemical properties of nanomaterials are size-dependent because, at the 

nanoscale, more surface area is exposed than in bulk materials. If bulk materials are subdivided into 

nanomaterials, the collective surface area increases significantly, as shown in the figure. 

The change in surface-to-volume ratio when breaking down molecules invariably affects physical, 

chemical, mechanical, and other properties. 

1. Surface-to-Volume Ratio: Nanomaterials have a high surface-to-volume ratio, which means 

a larger fraction of atoms are on the surface compared to bulk materials. This increases the 

surface energy and reactivity.  

2. Chemical Reactivity: The increased surface area enhances the chemical reactivity of 

nanomaterials. This is beneficial in applications like catalysis, where nanoparticles can 

provide more active sites for chemical reactions.  
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3. Adsorption Properties: High surface area makes nanomaterials excellent for adsorption 

applications. They can effectively adsorb gases, liquids, or other substances, making them 

useful in sensors, environmental remediation, and filtration.  

4. Surface Functionalization: Nanomaterials can be easily functionalized with various 

chemical groups due to their high surface area. This allows for tailoring their properties for 

specific applications, such as targeted drug delivery or improved compatibility in composite 

materials.  

5. Surface Energy: High surface energy can lead to agglomeration of nanoparticles to minimize 

the energy. This needs to be controlled or utilized depending on the desired application, such 

as in the stabilization of emulsions. 

 

Catalytic properties  

The catalytic activity of the catalyst increases with an increase in surface area, hence the nanomaterial 

exhibits better catalytic activity. Better catalytic activity can be achieved only by precisely controlling 

the size, shape, spatial distribution and surface composition of the individual nanocomponents. Since 

nanoparticles have a large surface-to-volume ratio compared to bulk materials, they are attractive 

candidates for use as catalysts.   

High Reactivity: The high surface-to-volume ratio makes nanomaterials highly reactive, which is 

advantageous in catalytic applications.  

Surface Functionalization: Nanomaterials can be easily functionalized with various chemical 

groups, enhancing their reactivity and specificity for targeted applications. 

Example,  

• Gold in macro medium is an inert catalyst, whereas on the Nano scale it acts as a good catalyst. 

• Hydrogen production by steam reforming ethanol over nanostructured indium oxide catalysts 

Electrical property 

The properties like conductivity or resistivity come under category of electrical properties. These 

properties are observed to change at the nanoscale level, like optical properties. 

When several atoms are brought together into a molecule, their atomic orbitals split and produces 

several molecular orbitals proportional to the number of atoms.  
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In solids, there are so many atoms that the difference in energy between them becomes minimal, so 

that they form bands of energy rather than discrete energy levels form nearly continuous bands of 

states. 

Each band has a width that reflects the interaction between atoms, with a bandgap between the 

conduction and the valence bands that reflects the original separation of the bonding and antibonding 

states. 

 
Thermal Properties 

• Thermal Conductivity: - Nanomaterials can exhibit different thermal conductivity 

compared to their bulk forms. For instance, carbon nanotubes have very high thermal 

conductivity due to their one-dimensional structure and strong covalent bonding along the 

tube axis. - The reduction in size to the nanoscale can lead to an increase or decrease in 

thermal conductivity depending on the material and its structure. Quantum effects and 

increased phonon surface scattering play a significant role.  

• Heat Capacity: - The specific heat capacity of nanomaterials can be different due to the 

increased surface-to-volume ratio. At the nanoscale, the proportion of atoms at or near the 

surface is significant, altering the overall heat capacity. - Nanoparticles often exhibit a higher 

specific heat capacity compared to their bulk counterparts due to the presence of surface states 

that can store additional thermal energy.  

• Thermal Expansion: - Nanomaterials often show reduced thermal expansion coefficients. 

The presence of many surface atoms with different bonding environments compared to the 

bulk material can result in different thermal expansion behavior. - This property is particularly 

important in applications requiring high-dimensional stability under temperature variations. 
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Synthesis of Nanomaterials: 
1 Top-down process: Bulk materials are broken into nano-sized 

particles, e.g., Ball milling. As the name suggests, the top-down 

approach means moving from top (larger) to bottom (smaller). In the 

top-down approach, a bulk piece of material is taken. Then, carving 

and cutting are done until the desired shape is achieved. Example: 

Different kinds of lithographic techniques, such as electron beam, 

photo ion beam or X-ray lithography cutting, etching, grinding, ball 

milling and sol gel technique.  

2 Bottom-up process: Nano materials are produced by building atom by atom. Eg., CVD, As the 

name suggests, the bottom-up approach means from bottom (smaller) to top or up(larger).  

Example: all cell use enzymes to create DNA by taking constituent molecules and binding them 

together to make the final component. 
TiO₂ Nanoparticles:  

TiO2 is chemically stable, non-toxic, abundant, and inexpensive. It also has unique electronic and 

optical properties that change when it is converted into nanomaterials. Titanium dioxide (TiO2) 

nanomaterials exhibit excellent properties, making them suitable for a range of applications. At the 

nanoscale, TiO2 shows enhanced surface area, improved charge transport, and size-dependent 

properties. These features make TiO2 nanomaterials excellent for sensor applications. 
Synthesis of TiO₂ Nanoparticles by sol-gel method:  

The sol-gel technique is an essential bottom-up approach for synthesising nanomaterials. The process 

has mainly been used for the synthesis of monodispersed metal oxide nanoparticles and temperature-

sensitive organic-inorganic hybrid materials. 
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