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1- Thermal Properties of Nanomaterials 

There are two mechanisms of the thermal transport in solids, that are thermal vibrations and 

free electrons movement. In metals, free electrons are appropriate because of large number of 

free electrons be found that are not easily scattered. 

But in nanometals, the case is different. Free electrons will be confined due to the quantum 

confinement, then, the phonons mechanism dominates on the thermal transport processes, In 

addition, the scattered phonons are more efficient.   

In nanomaterials there will be quantitative confinement and classic effects of the scattering.  

The phonon’s wavelength in the homogenous metals are so shorter than the dimensions of the 

microstructures, however, the quantum confinement in the nanostructures will lead to change the 

distribution of the phonon’s frequencies as a function of phonon’s wavelength,  addition to the 

appearance of surface modes of phonon. These processes lead to change in the velocities and the 

shapes of the traveled thermal waves that are called “group velocity”, this likes the formed waves 

when the thrown rock into the water. In addition, the phonon live is modified due to the phonon-

phonon interaction, the scattering of the free surface and the grain boundaries. 

 

According to the above, a phonon suffers from movement limitation that means the 

nanoparticles will behave badly as a heat transfer. One dimensional nanomaterials behave as a 

phonon waveguide similar to optical ones for light; because of have free electrons can freely 

move in the both macroscales. For example, for carbon nanotubes, several authors have predicted 

very high thermal conductivity along the nanotubes, close to 3000 𝑊𝑚−1𝐾−1, while, the 

thermal conductivity of copper is approximately 400 𝑊𝑚−1𝐾−1. 

.   

In this regard, we must distinguish 

between nanotubes with nano-thickness in 

multilayer membranes and thin films 

consisting of nanomaterials that can be 

divided into nanoscale and other nonporous 

materials and containing nanoparticles. In 

general, these materials are generally chosen 

as dielectric materials in the industry because 
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of their low dielectric constants. However, thermal conductivity is low and is itself a problem in 

this area. 

As a comparison in terms of thermal conductivity, the experimental results indicate that the 

thermal conductivity of nano-thin films with single layer are less than that of materials in its bulk 

phase. That is, whenever the thickness of the membrane is decreased, its thermal conductivity 

decreases, as shown in the behind figure. 

 

In the case of multilayered thin films and materials in nanograin size, we need to consider that 

the interfaces produce a heat resistance due to a distortion of the regular crystal lattice on which 

phonons propagate. The interface can separate two crystals of the same material with different 

orientations, such as a grain boundary, across which the two regions have a different distribution 

of phonons. 

On the other hand, an 

interface can separate 

dissimilar materials, such as a 

multi-layer structure, for which 

the two different materials have 

different densities and sound 

velocities. These effects are 

similar to electron transport in 

nanomaterials. The end result 

is that the presence of an 

interface produces phonon 

scattering and therefore a 

reduction in thermal conductivity. 

For example, single-crystal silicon mono-layers embedded between amorphous silicon 

dioxide layers show a strong reduction in thermal conductivity with respect to bulk (see above 

Figure), especially at low temperatures. This effect is even more pronounced for polycrystalline 

silicon films, for which grain boundary scattering dominates over surface or multilayer 

scattering. In addition to these effects, alloying a material with additional elements also leads to 

phonon scattering. Overall, the idea is to take different approaches to control phonon transport in 
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the various regions of the phonon spectrum. For example, high-frequency phonons can be 

blocked by alloy scattering because the wavelengths are on the order of a few atomic spicing. 

 

Nanoporous Materials: 

Generally, the homogenous nonporous materials like the homogenous nanocomposites, the 

difference being that nanoparticles are replaced by nanopores.  

 

 

 

 

In this materials, the pores work a potential barriers reverse the particles that be quantum 

boxes. Then, for nanoporous materials, the nanosize effect is determined by the number and size 

of the pores. Due to the porosity, these materials have a low permittivity and thermal 

conductivity. The current problem is that it is still not theoretically understood how to treat nano-

scale pores for thermal transport. One possibility is the similarity between the size of the pores 

and relevant phonon wavelengths, which suggests that phonons would not see a continuum field. 

 

Melting Point: 

In nanoscale solids, for which the ratio of surface to mass is large, the system may be 

regarded as containing surface phases in addition to the typical volume phases. In addition, for 0-

D and 1-D nanomaterials, the curvature of the surface is usually very pronounced. 
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Consequently, for nanomaterials, the melting temperature is size dependent. In general, 

surface effects can be expressed mathematically by introducing an additional term (𝛥𝐺𝑆𝑢𝑟𝑓𝑎𝑐𝑒  ) 

into the total energy change (𝛥𝐺Total ) resulting from the solid-liquid transformation. 

∆Gtotal = ∆GBulk + ∆Gsurface ……… (2 − 97) 

where ∆GBulk  is the free energy of the bulk material given by 

∆GBulk =
Lo(T o − T)

To
VL ……… . (2 − 98) 

and Lo  is the latent heat of melting, T o  is the melting temperature of the bulk material, T is the 

melting point of the extended system, where surface effects are included, and VL  is the volume of 

liquid.  

When the surface of a body is increased, the change in surface  

energy is given by 

∆Gsurface = γ∆A   …………… . (2 − 99) 

where γ is the surface tension and 𝛥𝐴 is the increment in surface area. Evidently, at the 

melting temperature, a layer of liquid with thickness 

𝑡 is formed on the surface and moves at a certain 

rate into the solid. During the change, a new liquid 

surface and liquid/solid interface are created, whereas 

the solid surface is destroyed as shown in behind 

figure. In other words, ∆Gsurface  can be written as 

∆Gsurface = γLAL + γSL ASL + γSAS …… . . (2 − 100) 

where AL  is the new liquid surface area, γL  is the surface energy of the liquid per unit area, 

ASL  is the new liquid/solid interfacial area, γSL  is the solid/liquid interfacial energy per unit area, 

AS  is the surface area of the solid destroyed, and γS  is the solid surface energy per unit area. 

At equilibrium, the solid core of radius 𝑟 has the same chemical potential as the surrounding 

liquid layer of thickness 𝑡, which occurs when the differential time in energy is zero.     

𝜕𝛥𝐺𝑇𝑜𝑡𝑎𝑙

𝜕𝑡
 = 0 ……… . (2 − 101) 

For a sphere, this happens when; 
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Lo(T o − T)

To
=

2γSL

r − t
………… (2 − 102) 

Assuming t →  0, which represents the appearance of the first melting, the upper melting 

temperature for a sphere can be found from the expression 

TM
Upper

= T o  1 −
2γSL

Lor
 …………… . (2 − 103) 

in which the term 
2γSL

r
  is associated with the increase in internal pressure resulting from an 

increase in the curvature of the particle with decreasing particle size. Because in Equation (2-

103), the variables γSL , Lo , and rare all positive quantities, this means that the upper melting 

temperature of a spherical nanoparticle decreases with decreasing particle size. Some results are 

shown in below figure, where the change in melting temperature as a function of particle size can 

be seen for gold (Au), lead (Pb), copper (Cu), bismuth (Bi), and silicon (Si). 

 

If these same nanoparticles are embed in a matrix, as for the fabrication of a nanocomposite? 

Will the nanoparticles melt below the melting temperature of the respective bulk material? To 

answer this question, we need to consider the fact that now the surface of the nanoparticle is in 

contact with a matrix instead of being exposed to the surrounding atmosphere. Therefore, the 

solid/liquid interfacial energy per unit area γSL  shown in Equation (2-102) must be energetically 

balanced according to Young’s theorem, in the form 

γLM cos θ = γSM − γSL ………………………… . (2 − 105) 

where γSM  is the liquid/matrix interfacial energy per unit area, γSM  is the solid/matrix 

interfacial energy per unit area and θ is the dewetting angle. By rearranging Equation (2-105) 
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and assuming that θ = 90o  , it can be shown that when γSM > γLM  the melting temperature of 

the embedded nanoparticles should be  

lower than the bulk melting temperature. On the other hand, if γSM < γLM , the melting 

temperature of the embedded nanoparticles should be 

higher than the bulk melting temperature. The latter is 

called superheating, and it has been shown 

experimentally for the case of indium 

nanoparticles embedded in an aluminum- indium 

alloy matrix. From this discussion we can thus learn that 

due to nanoscale effects, the melting 

temperature can be either increased or reduced with respect to the bulk material. 

 

 

 

 

 

 


