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Role of the acoustic phonon spectrum components in the 

formation of thermophysical properties of wurtzite-structure 

nanofilms 
Lutsiuk, Yu.V.1, Kramar, V.М.1,2, Konstantynovych, I.A.1,2 

1Yuriy Fed’kovych Chernivtsi National University 
2Institute of Thermoelectricity of the National Academy of Sciences of Ukraine, 

Chernivtsi, Ukraine, v.kramar@chnu.edu.ua 

The temperature changes of heat capacity, entropy, free energy, and 

coefficients of thermal conductivity and thermal diffusion of nanometer-thick 

planar structures (nanofilms) were investigated. Numerical calculations were 

performed on the example of lead iodide nanofilms using dispersion 

dependences of acoustic phonon frequencies in hexagonal quasi-two-

dimensional nanostructures obtained [1] within the approximation of elastic 

continuum [2]. The dependence of these quantities on the nanofilm’s thickness 

and role of different branches of phonon spectrum in the formation of the 

thermophysical properties of such structures were also investigated. 

It is shown that the greatest influence on thermophysical processes 

controlled by the values of heat capacity, entropy and free energy have the 

phonon branches of transverse polarizations (shear and flexural modes of normal 

vibrations). Their contributions to the values of the indicated quantities are 

approximately the same and an order of magnitude larger than the contribution 

of phonons of longitudinal polarization (dilatational modes). 

In the processes of thermal conductivity and thermal diffusion, on the 

contrary, the role of the longitudinal branches of the phonon spectrum is 

decisive. So, the largest contribution to the lattice thermal conductivity 

coefficient κL is formed by the processes of scattering the longitudinal-

polarization phonons. The magnitudes of the partial components of the thermal 

conductivity coefficient from transverse shear and flexural polarizations 

phonons are, respectively, 2.6...3.8 and 10...27.5 times smaller, depending on the 

thickness and temperature of the nanofilm.  

Phonons of longitudinal polarization also make the largest contribution to 

the value of the thermal diffusion coefficient of nanofilm k. The reason for this 

is that they play a decisive role in forming the value of the thermal conductivity 

coefficient κL and, at the same time, their contribution to the value of the heat 

capacity cV is small, while k ~ κL/cV. 

[1].Lutsiuk, Yu., Kramar, V., Petryk, I. Frequency spectrum and group 

velocities of acoustic phonons in PbI2 nanofilms. Phys. Chem. Solid St. 2022. V. 

23, No 3. P. 478–483. 

[2].Pokatilov, E.P., Nika, D.L., Balandin, A.A. Phonon spectrum and group 

velocities in AlN/GaN/AlN and related heterostructures. Superlattices and 

Nanostructures. 2003. V. 33. P. 155–171. 
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