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EFFECTS OF SOLUTION VISCOSITY ON THE GROWTH RATE OF 
OVERCRITICAL GAS BUBBLES 

E.V. Aksenova1, A.K. Shchekin1, A.E. Kuchma1  

1Saint Petersburg State University, Saint Petersburg, Russia 
e.aksenova@spbu.ru, www.spbu.ru 

An analytical and numerical study of diffusion growth of overcritical gas bubbles 

at degassing of the supersaturated-by-gas solution with the explicit full-scale 

influence of viscous forces on internal pressure in the bubbles has been presented. 

At degassing of supersaturated-by-gas solution, we need to describe not only the 

dependence of the gas bubble growth rate on the bubble radius and gas 

supersaturation, but also control how the capillary and viscous effects change the 

concentration profile of the dissolved gas in supersaturated liquid solution around 

the growing bubble [1]. Using the approach, presented in [2] we have found how the 

growth rate of overcritical bubbles depends on gas supersaturation, its diffusivity 

and solubility in solution, solution viscosity, and surface tension at bubble surface. 

We have derived analytical formulas for the bubble growth rate and the 

correction function (which takes into account the balance in the number of gas 

molecules that have left the liquid solution and came into the growing bubble) of 

small overcritical gas bubbles at strong viscosity of the solution and full account of 

capillary pressure in the bubbles as a function of the bubble radius. We have found 

the asymptotic formulas for the case of low viscosity and small radius. Finally, we 

obtained the formulas for the bubble growth rate and the correction function at large 

overcritical radius.  

We numerically evaluated the effects of viscous forces on the rate of gas bubble 

growth at any radius of the overcritical bubble within the wide range of viscosities 

of the supersaturated-by-gas solution and confirm all the asymptotic analytical 

results.  
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STABLE DROPLETS AND BUBBLES 
WITHIN THE FUNDAMENTAL MEASURE DFT 

L.A. Gosteva, A.K. Shchekin

Saint Petersburg State University, Saint Petersburg, Russia

lagosteva1999@gmail.com 

It was predicted [1] that condensation in the Earth's atmosphere occurs at very 

low vapor supersaturations due to the presence of submicron hydrophilic aerosols, 

on which stable and critical droplets can form. Recently, with the use of the squared-

gradient density functional theory (DFT), we found [2,3] stable droplets and bubbles 

around solid lyophilic and, respectively, lyophobic particles. Such droplets and 

bubbles corresponded to the local minima of the system grand potential. This work 

aims to validate these results within more rigorous fundamental measure DFT [4]. 

The density profiles in the fluid around spherical particles with different particle-

fluid interaction parameters were computed through numerical minimization of the 

grand potential using classicalDFT library [5]. Stable droplets as liquid films around 

lyophilic particle in vapor are observed if the fluid chemical potential is less than 

certain threshold value. Stable bubbles (vapor shells) form around lyophobic particle 

in liquid if the fluid chemical potential is larger than another threshold value. If the 

thresholds are reached, the stable and critical new phase nuclei coincide. New results 

demonstrate visible structural layering in the density profiles in comparison with the 

squared-gradient DFT profiles [2,3], but are in fair agreement with them.  

This work was supported by the Russian Science Foundation under grant no. 22-

13-00151, https://rscf.ru/en/project/22-13-00151/. 
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HYBRID ORGANIC/INORGANIC NANOSTRUCTURES FOR 
SPINTRONICS AND PHOTONICS 

D.G. Kvashnin1, E.V. Sukhanova1, Z.I. Popov1 

 

1 Emanuel Institute of Biochemical Physics RAS, Moscow, Russian Federation 

dgkvashnin@phystech.edu, biomiteorlab.com 

Recent development of 2D materials opens a new way for the fabrication of low-

dimensional structures with desired properties via controllable way. The most 

promising materials for nanoelectronics devices in the near future are graphene and 

different heterostructures based on them. Thus, it is necessary to create mechanisms 

of controlled modification of graphene electronic and magnetic properties to expand 

the application of graphene. Previous studies showed that this can be done by 

various techniques, for example, by using different substrates, mechanical 

deformations, chemical functionalization, introducing of various defects in graphene 

structure, and formation of heterostructures based on graphene. By combining 

different two-dimensional (like graphene, BN) and quasi-two-dimensional materials 

(for example, TMD) layered structures with van der Waals interlayer interaction can 

be obtained. In such materials the properties of individual components can be not 

only preserved but also new unique features can appear. Here the theoretical studies 

of effective way of modifying of physical and chemical properties of 2D structures 

via organic compounds and inorganic 2D materials functionalization were presented 

[1,2]. Features of the atomic structure and physical and chemical properties in a pair 

with possible ways for tuning of magnetic properties and shift the absorption spectra 

toward the visible range of the wavelength was performed.  

The work was supported by the Russian Science Foundation (No. 21-73-10238).  
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ON THE EFFICIENCY OF THE THIN FILM PEROVSKITE SOLAR 
CELLS.  

Y.B. Martynov1, R.G. Nazmitdinov2, R. Pujol-Nadal3, F. Bonnin-Ripoll3 

 

1 State Scientific-Production Enterprise “Istok”, Fryazino, Russia 
2 Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear 

Research,  Dubna, Russia 
3Departament de Fisica, Universitat de les Illes Balears,  Palma de Mallorca, Spain 
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With combined the numerical solution of the charge transport equations and the 

Monte-Carlo ray tracing simulations complemented by the transfer-matrix method 

the structure of organometallic halide perovskite solar cells (PSCs) was optimized in 

order to reach a maximum power conversion efficiency (PCE) of the element with 

different absorber purity [1]. The positive role of Lambertian photon scattering on 

the back reflector as well as the negative role of charge generation in the hole-

transport material (HTM) were pointed out [2SolMat,3]. We compare the PSC 

properties with wide and narrow band gap HTMs with various organic and inorganic 

materials. PSCs with wide band gap HTMs has higher efficiencies in spite of the 

fact that narrow band gap HTM PCSs has higher total absorption. This is due to an 

excessive non-radiative recombination in highly doped HTM layer. Our analysis 

demonstrates that at the moderate absorber purity (the diffusion length ~1 µm) the 

optimal thickness of the solar cell with the typical absorber CH3NH3PbI3 is ~300 

nm, providing the maximal efficiency ~18.8% for the wide band gap HTM 

(CuSCN). 
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STRONG REPULSIVE INTERSPECIES INTERACTION EFFECTS IN 
TWO-COMPONENT BOSE MIXTURE  
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We have developed a self-consistent mean-field theory for a binary 

homogeneous mixture of two-component Bose systems. This theory, being 

conserving and gapless, imposes no restriction on the gas parameter , and hence it 

is valid for arbitrary strong interactions gab. The theory satisfies the generalized HP 

theorem and takes into account anomalous densities a, b, and ab. The presented 

approach is a kind of a self-consistent Hartree-Fock-Bogoliubov approximation; 

hence it is the most general mean-field approximation. 

We have obtained the phase diagram for this system at zero as well as at finite 

temperatures for arbitrary gas parameters. The phase diagram at zero temperature on 

the (gab, ) plane shows that the system may remain stable and miscible even at 

gab/gaa>1, provided the anomalous densities are properly taken into account. 

Comparing this phase diagram with that at finite temperature (gab, , T), we see that 

the finite temperature can transform the phase-separated two-component BECs at 

T=0 to a miscible state. This conclusion is in good agreement with the works by Roy 

et al. [1], Ota et al. [2], and Shi et al. [3]. Our numerical results are also in good 

agreement with experimental works [4], although new experimental measurements 

for larger values of the interspecies coupling and  are required. 
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INTERACTION OF DOMAIN WALLS AND VORTICES IN 
THE TWO-DIMENSIONAL O(2) AND O(3) PRINCIPAL 

CHIRAL MODELS 

A.O. Sorokin1, 2 

1 Petersburg Nuclear Physics Institute named by B.P.Konstantinov  
of NRC «Kurchatov Institute», Gatchina, Russia 

2 Saint Petersburg State University, Saint Petersburg, Russia 

aosorokin@gmail.com 

Using Monte Carlo simulations, we consider two models that combine both 

discrete and continuous degeneracies, and their spectrum contains two types of 

topological defects. These models are the Ising model interacting with the O(2) or 

O(3)×O(2) sigma models. In the first case, the model reduces to the Ising-XY model 

[1], where, depending on the exchange constants , and , either two 

transitions occur sequentially or they unit into a single first-order transition. For 

, the presence of two order parameters does not affect the critical behavior in both 

sectors of the model, including multicritical points. The case  is more 

interesting because a domain wall becomes opaque for continuous parameter 

correlations, and its corners and kinks bring additional vorticity into the system. As a 

result, the XY transition occurs at a temperature below the Ising one, and the vortex 

density becomes larger than in the usual O(2) model. At first glance, dissociated pairs 

on a wall should also affect the critical properties walls, for example, by increasing 

their Hausdorff dimension; however, our studies have shown that the effective 

interaction of walls and vortices (the Pearson correlation coefficient) tends to zero in 

the vicinity of the Ising transition and in the thermodynamic limit, so the universal 

behavior is observed. A similar situation occurs in the O(3)×O(2) model, where the 

interaction of Z2 vortices and walls becomes trivial in the critical region, although 

such vortices can affect the critical behavior [2]. 
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STABILITY 
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There is still no complete understanding of exactly how the oxidation of boron 

nitride occurs. If in the case of graphene oxidation occurs mainly through the 
sorption of oxygen on the surface in one form or another, for boron nitride is more 

characterized by the incorporation of oxygen into the lattice in the position of 

nitrogen. However, there is evidence that when the adsorption of molecular oxygen 

on the surface of boron nitride on a substrate of Ni(111) at low temperatures oxygen 

does not dissociate, but binds in the form of peroxide or sorbed in the form of 

hydroxyl groups.  

Therefore, in this work we considered various variants of h-BN modification by 

oxygen and evaluated their temperature dependence. We showed that in the presence 

of molecular hydrogen in the system, oxygen can be deposited as an OH group. At 

~330 K temperature, oxygen will be embedded into the lattice as defect or healing of 

existing defects. The OH groups are thermodynamically stable up to 500 K and 

desorb from the surface with temperature increasing therefore further addition of 

oxygen requires energy costs.  

In the absence of a hydrogen source, the most stable is structure with embedded 

oxygen atoms as defect or up to a temperature of ~ 240 K oxygen spontaneously 

deposited on the surface of boron nitride without dissociation, in the form of 

peroxide. At higher temperatures this process does not occur spontaneously, the 

system is thermodynamically unstable. The incorporation of oxygen into the lattice 

with replacement of the nitrogen atom occurs at T = 1050 K with energy costs. 

However, in the initial presence of defects in the structure, it is the embedding of 

oxygen into the lattice and the "healing" of the defect that will be most stable in all 

range of temperatures. 

 

This work was supported by the Russian Science Foundation (Agreement No. 

21-79-10411). 
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MAGNON BAND STRUCTURE OF SKYRMION CRYSTALS AND 
STEREOGRAPHIC PROJECTION APPROACH 
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Magnetic skyrmions (MS) are topologically protected configurations of 

local magnetization, observed, e.g., in non-centrosymmetric magnets with 
Dzyaloshinskii-Moriya interaction. It is well known that in thin films MS condense 

into skyrmion crystals (SkX) [1]. The twisted character of skyrmionic configurations 

significantly complicates an analysis of elementary excitations in such systems. We 

develop a novel approach that allows to study magnon dynamics in a presence of a 

topologically nontrivial background [2]. This approach is based on a combination of 

semiclassical methods and stereographic projection representation of the local 

magnetization.  

We define the equilibrium configuration of SkX in terms of the function of 

complex variable. We show that the stereographic projection representation 

corresponds rather precisely to the stereographic function of SkX in the form of a 

simple sum of solitary skyrmions. Considering infinitesimal fluctuations of the 

stereographic function, we find normal modes of fluctuations in harmonic 

approximation. We calculate excitations’ dispersion of SkX and show that the 

appearing bands can be classified in terms of deformation types of individual 

skyrmions: dilatation, elliptical deformations etc. The topological properties of 

magnon band structure, i.e. Berry curvature and Chern numbers are discussed. 
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STRUCTURAL INHERITANCE AND MACHINE LEARNING FOR 
MATERIALS DESIGN:  

FROM STUDY OF LIQUID TO PREDICTION CRYSTALS  
*Nikolay Chtchelkatchev1*, Roman Ryltsev2,1

1 Vereshchagin Institute for High Pressure Physics, RAS, 108840 Moscow, Russia 
2 Institute of Metallurgy, Ural Branch RAS, 620016 Ekaterinburg, Russia

*chtchelkatchev@hppi.troitsk.ru

The use of machine learning is a new paradigm in modern computational 
materials science [1-2]. One of the most promising and widely accepted techniques 
is using ab initio reference data on energies, forces, and stress tensors to develop 
machine learning interatomic potentials (MLIPs) with a flexible functional form 
which can effectively fit the potential energy surface of the particle system. This 
approach allows solving the principal problems of ab initio simulations: the effects 
of ‘‘small size” and ‘‘short time”, associated with difficulties in simulating 
sufficiently large supercells at long enough computational times. MLIPs can provide 
nearly ab initio accuracy with orders of magnitude less computational cost for 
systems composed of up to millions of particles.  

One of the most challenging applications of MLIPs is design of new functional 
materials on top of classical molecular dynamics simulations. It requires developing 
accurate MLIPs, universal for ordered (crystal) and disordered systems (melts, 
supercooled liquids, glasses) in wide temperature and concentration ranges. This is a 
difficult task for materials design when possible ordered structures are not known. 

We have found that MLIPs for multicomponent metallic alloys trained only on 
disordered configurations can accurately describe crystal structures even at low 
temperatures. Training MLIP on liquid configurations is straightforward: using 
certain algorithm we generate disordered configurations and find energy, interatomic 
forces and virials using DFT. Disordered systems require rather large supercells (we 
use 512 particle sells) that include a number of possible local structural 
configurations. Sampling enough the configurational space one can build 
representative training dataset.  

We address MLIPs for multicomponent metallic melts taking the ternary 
Al-Cu-Ni ones as a convenient example [3]. It is shown that MLIP trained on liquid 
configurations demonstrates good compositional transferability, which extends far 
beyond compositional fluctuations in the training configurations. Using so trained 
MLIP we can describe not only liquid, but find with ab initio accuracy all stable and 
low-lying metastable crystal configurations of AlCuNi using a laptop and USPEX 
genetic algorithm. The results obtained open up prospects for design 
multicomponent metallic alloys with MLIPs.  
Support of Russian Science Foundation (#18-12-00438) is acknowledged. 
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