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In the period January 2020-June 2022 the planned task was:

Task 1.4: Effects of confinement on self-assembling systems the case of adap-

tive boundaries and/or nontrivial shape of the confinement

Inhomogeneous Integral Equation Theories will be applied to non-trivial shapes of confine-

ment and they will be generalized to consider adaptive boundaries. Monte Carlo simulations

will be used to study the changes of volume and shape of the confining media due to the pres-

ence of confined fluids of different types. New simulation strategies will be developed to deal

with the presence of two length-scales in systems with mesoscopic inhomogeneities, where

the changes in thermodynamic properties can influence not only the interactions between

aggregates but also the average size (e.g. number of particles) and shape of the aggregates.

Lead Participant: CSIC (E. Noya, N. Almarza) CSIC, IPC, UNLP, BSTU, will per-

form analytical, numerical and simulation studies of various model systems with competing

interactions and for various type and degree of confinement.

The activities in WP1 in months 37-66 were the following:

1. Effects of confinement on self-assembling systems the case of

adaptive boundaries and/or nontrivial shape of the confine-

ment

(a) Self-assembly of particles with SALR interactions in channels with different cross-

sections.

(b) Self-assembly of SALR particles in spherical shells

(c) Self-assembly of SALR particles in ordered porous materials

(d) The conditions for the existence of a lamellar phase of parallel stripes closed in a

hexagonal environment

(e) Equilibrium and transport characteristics of a lattice fluid on an energetically

inhomogeneous non-rectangular lattice.

(f) Soft-particle fluid with competing interactions at a hard wall

2. Continuation of tasks 1.1-1.3 and additional tasks associated

with WP1:
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(a) Self assembly of SALR particles into novel materials.

(b) Adhesion of lipid vesicles composed of amphiplilic molecules on a flat rigid sub-

strate

(c) Core-shell particles self-assembling at an interface between coexisting fluid phases.

(d) Self-assembly and adsorption in binary mixtures with competing interactions.

(e) The lattice fluid with competing interactions on 2D and 3D lattice systems

(f) Time evolution of the adsorption/desorption process in SALR systems.

(g) Effect of self-assembly on transport properties of 2D and 3D systems with com-

peting interactions

(h) Development of a multiagent-based model to simulate tissue regeneration and

tumor development.

1. Effects of confinement on self-assembling systems the case of

adaptive boundaries and/or nontrivial shape of the confinement

1.a. Self-assembly of particles with SALR interactions in channels with dif-

ferent cross-sections

Using grand canonical Monte Carlo simulations, we studied the structure of a fluid of

colloidal particles with competing interactions (modelled as the square-well-linear potential)

under confinement in channels with different cross-section geometries and sizes at thermo-

dynamic conditions at which the hexagonal phase (made of cylindrical clusters) is stable

in bulk. In particular, pores with elliptical, triangular, squared, hexagonal, and wedged-

cylindrical cross-sections were considered. We found that the structure of the confined fluid

depends on the commensurability of the bulk periodic structure with the confining cross-

section of the channel, and that the structure of the confined fluid can be modified by

inserting wedges of appropriate geometry and size. Thus, helical structures are favoured

by cylindrical confinement, but these transform into straight cylindrical arrangements when

wedges of appropriate dimensions are inserted in the pore walls (see Figure 1. We showed

that these straight cylindrical clusters arranged in a hexagonal lattice are promoted by using

confining pores with narrow edges that favour the nucleation and stabilization of straight
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FIG. 1: Effect of confinement on the structure of the hexagonal cluster phase (shown at the center

of the figure) formed by colloidal particles with competing interactions. Confinement on channels

of different cross-sections can promote the formation of straight cylindrical clusters arranged in

a hexagonal lattice (as e.g. in the triangular channels) or in other lattices (e.e. in the squared

channels in which a square lattice is formed), or promote the formation of helical structures (e.g.

in the circular, elliptical and hexagonal channels).

cylindrical clusters. New structures that are not found in bulk can also be produced by con-

finement. For example, narrow pores with squared cross-sections stabilize a square lattice

of cylinders, as long as the pore size is commensurate with the equilibrium cylinder size and

distance separation in the corresponding bulk phase.

The results are summarized in the following article:

H. Serna, E.G. Noya and E. T. Góźdź The influence of confinement on the structure of

colloidal systems with competing interactions, Soft Matter 16, 718-727 (2020).

1.b. Self-assembly of SALR particles in spherical shells

Using Grand Canonical Monte Carlo (GCMC) simulations, we study a colloidal system

with competing interactions under confinement in narrow spherical shells at thermodynamic

conditions at which the hexagonal phase of cylindrical clusters is stable in bulk. The shell
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is defined by two concentric spheres: an inner sphere of radius, Rinn, and an outer sphere of

radius, Rout. Simulations are performed at temperature T ∗ = 0.35 and at values of chemical

potential within the range −2.35 ≤ µ/ε = µ∗ ≤ −2.10. We explored different system sizes

in the range 6.0σ ≤ Rout ≤ 12.5σ. In a preliminary study, we found that the width of the

spherical shell must be about 5σ to promote the formation of a single layer of cylindrical

clusters. Thus, we set the shell width to W = Rout − Rinn = 5σ for all the studied cases.

We observed that the confined fluid can form single and double helices, toroidal structures,

structures formed by a combination of toroidal and spherical clusters, by a cylindrical cluster

forming closed loops, by a a cluster with two open ends, and by a combination of closed

and open clusters. Interestingly, in some cases, several of these structures were observed for

the same value of the chemical potential and shell size. The formation of these structures

was rationalized by considering the predictions of a simple mathematical model based on

the geometry and optimal packing of colloidal clusters. The results are summarized in one

article that is currently under review and another one that is in preparation and that have

been prepared during the stay of Dr. Serna and Gozdz at UNLP (Argentina). :

H. Serna, A.G. Meyra, E.G. Noya and E. T. Góźdź Structural characterization of systems

with competing interactions confined in narrow spherical shells, submitted (2022).

1.c. Self-assembly of SALR particles in ordered porous materials

We also explored the possibility of promoting the formation of ordered microphases by

confinement of colloids with competing interactions in ordered porous materials. For that

aim, we consider three families of porous materials modelled as cubic primitive, diamond

and gyroid bicontinuous phases. The structure of the confined colloids is investigated by

means of grand canonical Monte Carlo simulations, at thermodynamic conditions at which

either a cluster crystal or a cylindrical phase are stable in bulk.

We found that indeed these porous materials can be used to control the structure of the

adsorbed fluid. For a given porous structure and at chemical potentials at which the cluster

crystal is the stable phase in bulk, different cluster crystals can be obtained by varying the

size of the porous unit cell, so that both the pore size and distance between pores changes.

Besides obtaining cluster crystals with the same structure as the confining material (in the

case of P and D porous materials, albeit with some defects in the latter case), we found that
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FIG. 2: Ordered structures obtained from simulations by confining the colloidal fluid into a small

spherical shell of (a) Rinn = 3.0σ and Rout = 8.0σ and (b) Rinn = 5σ and Rout = 10σ. The

iso-density surfaces are presented in grey with ρiso = 0.4, and the outer and inner spheres are

shown in blue and cyan respectively. The corresponding structures pictured in red and yellow are

obtained from the mathematical model. Hybrid structures are pictured in two colors. The angle

of rotation θ is π/3 for (a) and π/4 for (b). The corresponding angles for each structure are shown

in the figure.

it is also possible to obtain cluster crystals with different structure by tuning the unit cell

of the porous material. If the unit cell is so big that distance between nearest lattice sites

becomes too large compared to the interaction range, cluster crystals form by occupying the

connecting segments between the lattice sites. On the contrary if the porous unit cell is too
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small compared with the interaction range, cluster crystals form by occupying a sublattice for

which the nearest neighbour sites achieve a better compromise between avoiding repulsion

interactions and efficient packing. Interestingly we were able to stabilize open structures

that are often difficult to achieve using isotropic units but that are particularly appealing

for applications.

FIG. 3: Examples of the cluster crystals obtained in simulations of a colloidal SALR fluid confined

in ordered bicontinuous porous materials. The gray surface corresponds to the isosurface with local

density ρiso = 0.4 and the light blue surface to the pore walls.

The results are summarized in the following article:

H. Serna, E.G. Noya and E. T. Góźdź Confinement of colloids with competing interactions

in ordered porous materials, The Journal of Physical Chemistry B 124, 10567-10577 (2020).

The results of 1.a, 1.b and 1.c were also disseminated in the following presen-

tations:

Jun 2022 IV CONIN Workshop: Complex interactions, clustering, swarming and effects

of confinement. Serock Poland. Talk: The influence of confinement on the behaviour of

colloidal systems with competing interactions

Jan 2022 Microsymposium Institute of the Polish Academy of Sciences, Warsaw, Poland.

Participation: Flash Talk: Effects of confinement on colloids with competing interactions
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Feb 2020 Efectos del confinamiento en el auto-ensamble de sistemas con interacciones

competitivas, Faculty of Physics, University of Santiago de Compostela, Spain. Invited by

Prof. Alberto Prez Muuzuri.

Oct 2018 Effects of confinement on self-assembly in systems with competing interactions,

Faculty of Physics, University of Warsaw, Poland. Invited by Prof. Marek Napirkowski.

1.d. The conditions for the existence of a lamellar phase of parallel stripes

closed in a hexagonal environment.

By studies of the triangular lattice model with the SALR interactions, it was found

that the region of existence of the parallel stripes of self-assembling colloid particles in

confinement of the hexagonal shape is rather narrow. This is since the energy cost for

maintaining a steady state of the region where the bands break off is higher than the energy

of the turn of the band, which is observed in concentric rings.

The studies were initiated during the secondments of Eldar Bildanau from BSTU to IPC,

and continued using the internet communication means.

The results are published in:

Bildanau E. E., Ground state of the SALR lamellar structure in a hexagonal environment.

Proceedings of BSTU, issue 3, Physics and Mathematics, Informatics. 2021. - No. 1 (242).

P. 1924. https://elib.belstu.by/handle/123456789/39337. In Russian.

1.e. Equilibrium and transport characteristics of a lattice fluid on an ener-

getically inhomogeneous non-rectangular lattice.

On the basis of the crystal close-packed plane triangular lattice, the model of a two-level

lattice system with energetically non-equivalent sites corresponding to potential wells of two

types (so-called α and γ sites), differing in depth and forming a plane periodic structure, is

proposed. The schematic view of this lattice is shown in Fig. 4.

For an analytical description of the studied lattice system, it is proposed to divide it into

the system of two plane triangular lattices containing energetically equivalent lattice sites.

For the lattice fluid with interaction of the nearest neighbors on the proposed two-level

lattice, quasi-chemical and diagram analytical approximations are developed to estimate

the free energy of the system. For verification of the developed approximate approaches the

algorithm for modeling the equilibrium properties of the lattice fluid on the two-level lattice
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FIG. 4: Schematic view of the lattice with two types of sites. The squares correspond to the atoms

of the crystal plane (1, 1, 1), the light and dark circles correspond to the α- and γ-sites of the

lattice model.

using the Monte Carlo method is proposed, based on the transformation of the original two-

level lattice by adding shadow lattice sites to it and transforming it into a square lattice.

Comparison of the results of the developed approximate methods and simulation data

shows that these results are in full qualitative and quantitative agreement in the entire range

of temperature and concentration variation. It has been established that, in contrast to a

system with energetically equivalent nodes, a first-order phase transition takes place in a

lattice fluid with repulsion of the nearest ones on a two-level lattice.The phase diagrams of

systems with attraction and repulsion interaction between nearest neighbors are shown in

Fig. 5

In addition, an analytical expression for evaluating the jump diffusion coefficient is pro-

posed

DJ

D0

=
exp(βµ)P (0; 0)

c
(P<

s + P>
d )

Nγ

Nα

exp(βδε), (1)

where D0 is the diffusion coefficient of the single particle on a shallow sublattice; N , µ and

P(0;0) are the equilibrium values of particle concentration, chemical potential and probabil-

ity of two nearest nodes to be vacant, respectively;

P<
s =

1

zs − 1

(
zs −

1− czsd
1− cd

)
, (2)
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FIG. 5: Phase diagram of a lattice fluid with attraction (a) and repulsion (b) interaction between

the nearest neighbors on a two-level lattice. The dash and solid lines show the results of the quasi-

chemical and diagram approximations respectively, the dots show the data of the MC simulation.

P>
d =

1

zd − 1

zd − zd − c1−(1−cs)zd
d

cs

 , (3)

zd and zs are the number of nearest nodes surrounding deep and shallow lattice nodes,

respectively; cd and cs are the concentration of particles on sublattices composed of deep

and shallow nodes, respectively.

In Fig. 6 the dependencies versus the concentration of the jump diffusion coefficients of

the lattice fluid with the interaction of the nearest neighbors on the two-level lattice are

represented.

The comparison of the results of simulation and analytical calculations showed that the

proposed expression for the jump diffusion coefficient make it possible to correctly estimate

the transport properties of the model with attraction and repulsion between the particles.

In general, it can be noted that the diffusion properties of the system with attraction are

similar to the properties of similar one-level models. At the same time, systems with re-

pulsive interaction exhibit the set of features caused by the macroscopic ordering of the

system. These features are most pronounced when the concentration of particles is equal

to 2/5. They are manifested in the sharp decrease in the mobility of particles caused both

by the peculiarities of their distribution over lattice sites and by the nature of interparticle

interactions.

This work was done during the secondments to Warsaw (ICP) of Ya.G. Groda (BSTU)
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FIG. 6: The jump diffusion coefficient versus concentration of the lattice fluid with the attraction

(a) and repulsion (b) of the nearest neighbors on the two-level lattice. The dots represent the MC

simulation data, lines the results of analytical calculation. T/Tc = 1.05 (1), 1.2 (2); 2.0 (3); 6.0 (4)

and 103 (5).

in year 2021.

The results are summarized in the following publications:

1. Groda Ya. G., Groda N. G., Bildanau E. E. Analytical approximations for estimating

the freeenergy of a lattice fluid on a two-level non-rectangular lattice, Proceedings of BSTU,

issue, Physics and Mathematics. Informatics. 2022. no. 1 (254). pp. 19-27 (In Russian).

DOI: https://doi.org/10.52065/2520-6141-2022-254-1-19-27.

2. Groda Ya. G. Equilibrium properties of the lattice fluid with the repulsion between the

nearest neighbors on the two-level lattice with nonrectangular geometry, Condensed Matter

Physics , 2022, Vol. 25, no. 1.-13501:115. DOI: 10.5488/CMP.25.13501.

3. Groda Ya. G., Lasovsky R. N. Jump diffusion of the lattice fluid on the two-level

lattice Actual Problems of Solid State Physics: proc. book IX Intern. Scient. Conf., edit.

board: V.M. Fedosyuk (chairman) [et al.]. Minsk: Publisher A. Varaksin, 2021. 270 p. vol.

1. pp. 67-71.

4. Groda Ya. G. Equilibrium properties of the lattice fluid with the attraction between

the nearest neighbors on the two-level nonrectangular lattice, in press.

5. Groda Ya. G. Diffusion properties of the lattice fluid on the two-level lattice, in press.

The results were also presented on:

1. Groda Ya. G., Lasovsky R. N. Jump diffusion of the lattice fluid on the two-level
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lattice. IX International Scientific Conference “Actual problems of solid state physics”,

Minsk, Belarus, November 22 26, 2021. Book of Abstracts. P. 194-195. (Lecture).

2. Groda Ya. G., Groda N. G., Bildanau E. E. Diffusion of a lattice fluid with in-

teraction of nearest neighbors on a non-rectangular two-level lattice. 86th Scientific and

Technical Conference of the Teaching Staff, Researchers and Graduate Students. Minsk,

BSTU, January 31 February 12, 2022. Proc. book. P. 187-191. (in Russian, Lecture).

3. Groda Ya., Bildanau E. E. Equilibrium and transport characteristics of a lattice fluid

on an energetically inhomogeneous non-rectangular lattice. IV CONIN Workshop “Complex

interactions, clustering, swarming, and effects of confinement”, Serock, Poland, June 7 10,

2022. Book of Abstracts. P. 23. (On-line lecture).

1.f. Soft-particle fluid with competing interactions at a hard wall

A model of competing pair interaction in the form of a three-Yukawa (3Y) potential

was considered. The results of computer simulations show that the model proposed can de-

scribe spontaneous appearance in a homogeneous fluid of a variety of mesostructured phases.

Furthermore, these self-assembly effects appear to be favored by the presence of confining

walls. A field theory approach was subsequently applied to a mesoscopically homogeneous

3Y fluid at a hard wall. Explicit analytical expressions for the pair correlation function and

the density profile were derived and numerical calculations for two sets of parameter values

(denoted as models M1 and M2) were performed.

We showed that for a soft core 3Y fluid a correct description of mesoscopic phases requires

one to take into account excluded volume effects. The structure factor was calculated by

introducing an effective hard core radius characteristic of the system. The λ-lines describing

the region, where transition from a homogeneous 3Y fluid to its inhomogeneous state can

occur, were constructed (Fig. 7, left panel). The results indicate that the model does describe

the possibility of spontaneous emergence of mesostructured phases in the system. We also

note a non-monotonous form of the high density branch of the λ-line exhibiting reentrant

behaviour, which is related to temperature dependence of the effective hard core diameter

used to describe a 3Y fluid. Having the knowledge of the phase regions where the fluid is

homogeneous, we therefore determined the conditions of applicability of the expressions for

the structural properties derived from the field-theoretical approach. It was shown that the

theoretical results obtained for the density profiles of a 3Y fluid near a hard wall are in a
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good agreement with computer simulations data (Fig. 7, right panel).
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FIG. 7: Left: λ-lines for models M1 and M2. Right: Density profile. Theoretical estimations vs

MC simulations data.

The results dissemination:

1. I. Kravtsiv, T. Patsahan, M. Holovko, D. di Caprio, Soft core fluid

with competing interactions at a hard wall, Journal of Molecular Liquids, 2022,

https://doi.org/10.1016/j.molliq.2022.119652 (in press).

2. I. Kravtsiv, T. Patsahan, M. Holovko, D. di Caprio, Soft particle fluid with competing

interactions at a hard wall, IV CONIN workshop: Complex interactions, clustering, swarm-

ing and effects of confinement, June 7-10 2022 Serock, Poland, Book of Abstracts, p. 14

(oral contribution).

2. Continuation of tasks 1.1-1.3 and additional tasks associated

with WP1:

2.a. Self assembly of SALR particles into novel materials.

Mixtures of dipolar particles confined in 2D in the presence of orthogonal fields were

tuned in order to produce disordered hyperuniform materials, which tend to exhibit an

anomalous cancelation of concentration fluctuations at short wave numbers, being excellent

candidate for invisible materials. In close connection we have also studied the self assembly

of photoreceptors with SALR effective interactions into multihyperuniform structures which

display optimal properties to mimic the acute sense of vision of birds.
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We continued investigations initiated during the secondments that took place earlier (E.

Lomba from CSIC to UNLP and L. Guisndez from UNLP to CSIC) using the internet

communication means.

The results are published in:

Z. Ma, E. Lomba, and S. Torquato, Optimized Large Hyperuniform Binary Colloidal Sus-

pensions in Two Dimensions, Phys. Rev. Lett., 125, 068002 (2020). DOI: 10.1103/Phys-

RevLett.125.068002

E. Lomba, J.-J. Weis, L. Guisndez, and S. Torquato, Minimal statistical-mechanical

model for multihyperuniform patterns in avian retina, Physical Review E, vol. 102, p.

12134, 2020, doi: 10.1103/physreve.102.012134.

And the collaboration between CSIC and UNLP produced also interesting results on

curved surfaces, that were communicated in:

Confined systems on a curved surface. From the sphere to the red blood cell. Guillermo

J. Zarragoicoechea, Ariel G. Meyra, Enrique Lomba. IV CONIN workshop: Complex in-

teractions, clustering, swarming and effects of confinement June, June 7-10, 2022, Serock,

Poland.

2.b. Adhesion of lipid vesicles composed of amphiplilic molecules on a flat

rigid substrate

The adhesion of biological cells and vesicles is highly relevant in understanding interac-

tions between cell. It is also important in biotechnological applications such as material

implantation or biosensors. Adhesion may play an important role in drug delivery by small

vesicles when they have to be attached to a cell to release its content into the cell. We focus

on the shape transformations of lipid vesicles caused by their attachment to a flat solid

surface. We assume that a vesicle is already attached and we are interested in the shape

of the vesicles with different amount of the surface of the vesicle in contact with the flat

substrate.

The system we investigate is the one with constant surface area S and volume V . It is

well described by the elastic energy given by:

F =
κ

2

∫
S
dS (C1 + C2 − C0)2 (4)

where κ is the bending rigidity, C1 and C2 are the principal curvatures, C0 is the spontaneous

curvature and the integral (4) is taken over the surface of a closed vesicle. In order to mimic
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FIG. 8: Different configurations of adhered vesicles. The dark area shows the membrane attached

to the surface.

the experimental conditions, the constraints of constant surface area S and volume V are

imposed.

We have identified the stability range of different branches of solutions as a function of

the adhesion radius as shown in Fig. 8 We have observed formation of new structures caused

by adhesion of a vesicle to a flat surface. We have discovered that adhesion of a vesicle may

cause formation of a spherical or a prolate bud connected by a small neck with the vesicle

adhered to the flat surface. Such shape transformation may lead to budding which may be

important in biological processes. We have observed that the width of the neck connecting

the bud depends on the size of the vesicle patch attached to the surface. Thus, it may be

possible to cause budding of the vesicles or biological cells with the change of the adhesion

potential.

The results are published in:

Jeel Raval, W. T. Gozdz, Shape Transformations of Vesicles Induced by Their Adhesion

to Flat Surfaces, ACS Omega 5(26), 1609916105, doi: 10.1021/acsomega.0c01611

2.c. Core-shell particles self-assembling at an interface between coexisting

fluid phases.

We continued the investigation of the self-assembly of core-shell particles on an interface

between two fluid phases for different architecture of the polymeric shell of the particles and

different properties of the interface.

Different versions of the triangular lattice models with short-range repulsion and long-

range attraction (SRLA) were considered for an open system as well as for a system with

fixed number of particles. In this system, the repulsion comes from overlapping polymeric
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shells, and the attraction results from the capillary forces. The range of the interactions up

to the fifth neighbors, and different shapes of the potential mimicking different cross-linking

density in different parts of the soft shell were assumed.

In addition to the patterns minimizing the energy found previously for the system with

fixed chemical potential, we determined the structure of a system with fixed number of

particles. For the canonical ensemble, we determined the orientation of the interface between

the coexisting phases with respect to symmetry elements of these phases, and calculated the

surface tensions.

In addition, we performed Monte Carlo simulations and determined the coexistence be-

tween different phases for a range of temperature. In Fig.9, the isotherms µ(c), where µ and

c are the chemical potential and the concentration of the particles, respectively, are shown

for two different shapes of the SRLA potential, i.e. different thickness and architecture of

the polymeric shell. In Fig.10, snapshots of a system with fixed number of particles for the

two versions of the SRLA potential are shown for the density between the densities of the

dilute-gas and the non close-packed hexagonal phases.

The studies were initiated during the secondments that took place earlier (A. Ciach from

IPC to BSTU and V. Grishina and V. Vikhrenko from BSTU to IPC) and continued using

the internet communication means.

The results are published in:

V. S. Grishina, V.S.Vikhrenko and A. Ciach, Triangular lattice models for pattern for-

mation by coreshell particles with different shell thicknesses, Journal of Physics: Condensed

Matter 32 (40), 405102 (2020); DOI: 10.1088/1361-648X/ab9979

V. S. Grishina, V.S.Vikhrenko and A. Ciach, Structural and Thermodynamic Peculiar-

ities of Core-Shell Particles at Fluid Interfaces from Triangular Lattice Models, Entropy,

22(11), 1215 (2020); DOI: 10.3390/e22111215

2.d. Self-assembly and adsorption in binary mixtures with competing inter-

actions.

Structural properties in symmetrical mixtures with competing interactions.

We studied the correlation functions of binary inhomogeneous mixtures by using the
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FIG. 9: The isotherms µ(c) for the models with thin (left panel) and thick (right panel) shells.

The isotherms are shifted in the vertical direction by 3 from each other for clarity. Left panel: the

model with the second-neighbor attraction J2 = −J1/2, where J1 is the repulsion between nearest

neighbors. The isotherm at T = 0.4 (the lowest one) is not shifted. Right panel: the model with

the second-neighbor repulsion J2 = J1/2 (cross-linked shell near the core) and the fifth neighbor

attraction J5 = −J1/2. The isotherm at T = 0.1 is not shifted. The horizontal parts represent

coexistence between different patterns. T and µ denote kB times the absolute temperature and

the chemical potential in units of the nearest-neighbor attraction J1, respectively.

mesoscopic density-functional theory based on the Brazovskii-type approximation. Our the-

ory allows one to take into account the contribution from the mesoscopic scale fluctuations.

For a binary mixture in the disordered inhomogeneous phase, we derived approximate equa-

tions for the partial correlation functions in Fourier representation. We limited ourselves to

equal sizes of the hard cores of the particles, and considered two particular examples of a

binary mixture. In the first example, we assumed interactions leading to inhomogeneities

on a length scale of 10σ, where σ is the molecular size. We choosed the so called ’mermaid’

or SALR potential between like particles, but a pair of different particles interacted with a

’peacock’ potential with attractive tail and repulsive head. ‘Two mermaids and a peacock’

effective interactions can occur between oppositely charged hydrophilic and hydrophobic

colloid particles suspended in a near-critical mixture with ions. In the second mixture, we

assumed short-range interactions of the square-well form only between different species. This
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FIG. 10: MC simulations snapshots of a low-temperature structure in a system with fixed number

of particles, corresponding to the density intermediate between the density of the gas and the

density of the non close-packed hexagonal phase, for the model with thin (left panel) and thick

(right panel) shells. Particle hard-cores are represented by the filled circles. Open circles represent

lattice sites not occupied by the hard cores. The shells are not shown for clarity. In the left panel,

only a part of the simulation box is shown. One can see that the lowest surface tension corresponds

to a smooth interface line.

potential can lead to gas-liquid phase transition, as well as to the ordered phase resembling

an ionic crystal, with the structure on the length scale of σ. We calculated the three correla-

tion functions in the disordered phase both above and below the mean-field (MF) instability.

The results indicate that despite different interaction potentials and different length scale of

the local ordering, the correlation functions of the two models have similar properties. MC

simulations for the considered models were performed. Our theory agrees with simulations

on a semiquantitative level in the part of the phase diagram where the disordered phase

looses stability in MF, but in reality remains stable. In this phase-space region, however,

the disordered phase exhibits significant spontaneous inhomogeneities.

The studies at the early stage were performed during the secondments of A. Meyra from

UNLP to IPC, A. Ciach from IPC to BSTU and UNLP, O. Patsahan to BSTU, and continued

using the internet communication means.

The results are published in:

A. Ciach, O. Patsahan and A. Meyra, Effects of fluctuations on correlation functions in

inhomogeneous mixtures, Condensed Matter Physics, 23, No2, 23601:119 (2020) (invited
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FIG. 11: Typical configuration from MC simulations and typical pair distribution functions ob-

tained in the theory for like (solid line) and different (dashed line) particles in the ’two mermaids

and a peacock’ model with the optimal size of the cluster ∼ 5σ, where σ is the particle diameter.

4 6 8 10 12
-0.02

-0.01

0.00

0.01

g c
c(r

)

r
4 6 8 10 12

-0.04

-0.02

0.00

0.02

0.04

g c
c(r

)

r

FIG. 12: Typical configuration (left) and typical concentration-concentration distribution function

obtained in simulations (central) and in the theory (right) for the second model.

article); DOI: 10.5488CMP.23.23601

Structural properties in mixtures of particles with competing interactions and

different diameters.

Binary mixtures with effective interactions between the particles that favour nearest-

neighbours of different kind were studied by theory and Monte Carlo simulations. At low

temperature, such interactions lead to a periodic structure with alternating particles of the

first and the second component. At higher temperature the crystal melts, but a competition

between the ordering effect of energy and disordering effect of entropy leads to local periodic

order. Our aim was determination of the effect of size asymmetry of the particles of the two

species on this local order. In our mesoscopic theory, local fluctuations of the volume fraction

of the two components are taken into account. We calculated correlation functions for small,
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medium and large size asymmetry at the lowest nontrivial order beyond MF. We obtained

semi-quantitative agreement between the simulation and theoretical results, except from

very small distances. The correlation functions exhibit exponentially damped oscillations,

with the period determined by the interaction potential, and both the amplitude and the

correlation length increasing significantly with increasing diameter ratio. Increasing size

asymmetry leads also to decreasing fluctuations of the number of the smaller particles in the

attractive shell of the bigger ones. For small size asymmetry, the strongest correlations occur

for comparable volume fraction of the two components. When the size ratio increases, the

maximum of the structure factor moves to a larger volume fraction of the bigger particles,

and for the size ratio as large as 4, the maximum goes beyond the accessible range of

volume fractions. Our results show that when the neighbourhood of different particles is

energetically favoured, the particles are much more uniformly distributed than in the random

distribution even at relatively high temperature, especially for large size asymmetry.

The early stage of the studies was performed during the secondments of A. Meyra from

UNLP to IPC, A. Ciach from IPC to BSTU and O. Patsahan to BSTU. We continued the

collaboration using the internet communication means.

The results are published in:

O. Patsahan, A. Meyra and A. Ciach, Correlation functions in mixtures with energetically

favored nearest - neighbors of different kind: a size-asymmetric case, Mol. Phys. 23, Nos 15-

16, e1820091 (16 pages) (2021) (invited article); DOI: 10.1080/00268976.2020.1820091

Also, it has been studied the self-assembly of mixtures of granular dipolar particles,

confined in 2D geometries. This results were informed in:

M.A. Madrid, R.M. Irastorza, A.G. Meyra, and C.M. Carlevaro, Self-assembly of self-

propelled magnetic grains. In EPJ Web of Conferences 249, p. 06005 (2021).

Phase diagram of a symmetrical mixture with competing interactions.

A binary mixture of particles interacting with spherically-symmetric potentials leading

to microsegregation was studied by theory and molecular dynamics (MD) simulations. We

considered spherical particles with equal diameters and volume fractions. Motivated by the

mixture of oppositely charged particles with different adsorption preferences immersed in

near-critical binary solvent, we assumed short-range attraction long-range repulsion for the
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FIG. 13: Representative configurations from MC simulations and correlation functions obtained in

the theory for three values of size ratio σ2/σ1.

interaction between like particles, and short range repulsion long-range attraction for the

interaction between different ones (’two mermaids and a peacock’ model). In order to predict

the phase diagram of such complex mixtures, we extended the theory combining the density

functional and field-theoretic methods to the case of two-component systems in fluid phases.

We found that concentration fluctuations in mesoscopic regions lead to a qualitative change

of the phase diagram compared to mean-field predictions (Fig.14).

Both the theory and the MD simulations show coexistence of a low-density disordered

phase with a high-density phase with alternating layers rich in the first and the second

component. Simulations show that in these layers, crystalline structure is present in the

solid, and absent in the liquid crystals. The density and the degree of order of the ordered

phase decrease with increasing temperature, up to a temperature where the theory predicts

a narrow two-phase region with increasing density of both coexisting phases for increasing
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FIG. 14: The phase diagram for the ’two mermaids and a peacock’ model with the interactions

supporting concentration wave with the wavelength ∼ 5σ. left panel: MF approximation, central

panel: our theory, right panel: MD simulations. In the theory, the crystal phase was not considered.

Solid lines represent first-order phase transitions. Dashed lines denote a continuous transition and

a metastable gas-liquid separation in the left and central panel, respectively. Temperature scale

is associated with the scale of the interaction potential, but in theoretical and simulation results

is different, with T ∗ ≈ T̄ /3. The phase diagram at high temperature requires different simulation

methods. Representative configurations in the dense phase at the states marked by symbols with

green and blue color are shown in Fig.15.

temperature. For this part of the phase diagram, different type of simulations is necessary

(grand canonical MC), and the theoretical predictions are not verified yet.

MD simulations show that monocrystals of the solid and liquid crystals have a prolate

shape with the axis parallel to the direction of concentration oscillations, and the deviation

from the spherical shape increases with increasing periodic order.

The investigations were initiated during the secondments that took place earlier (A. Ciach

from IPC to BSTU and UNLP, M. Litniewski from IPC to BSTU, O. Patsahan from ICMP

to BSTU) and continued by using internet communication means.

The results are published in:

O Patsahan, M Litniewski, A Ciach, Self-assembly in mixtures with competing interac-

tions, Soft Matter 17 (10), 2883-2899 (2021); DOI: 10.1039/D0SM02072A

Adsorption and pattern formation on a selective substrate in a mixture with

competing interactions.
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FIG. 15: Representative configurations obtained in MD simulations for the ’two mermaids and a

peacock’ model with the interactions supporting concentration wave with the wavelength ∼ 5σ. In

the cartoons, the structure in the plane containing the long axis of the monocrystal of the ordered

phase at coexistence with the dilute disordered phase is shown. Red and green symbols represent

the particles of the first and the second component, respectively.Temperature increases from the

left to the right figure.

A binary self-assembling mixture near a planar wall was studied by theory and MD as

well as MC simulations. The grand potential functional of the local concentration and

the local volume fraction of all particles was developed in the framework of the density

functional and field-theoretic methods. We obtained ordinary differential Euler-Lagrange

equations for the concentration and the volume fraction, and solved them analytically in the

perturbation expansion. We obtained exponentially damped oscillations of the concentration

c(z) = ζ1(z)− ζ2(z), where ζi denotes the volume fraction of the i-th component,

c(z) = Ace
−α0z sin(k0z + θ) (5)

with the inverse decay length α0 the same as in the concentration-concentration correlation

function, and the wavenumber k0 corresponding to the concentration wave minimizing the

energy. The amplitude and the phase depend on the interactions and on the thermody-
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namic state. This formula agrees very well with MC simulations for the two mermaids and

a peacock model for which simulations were performed (Fig.16). For the excess volume

fraction, ∆ζ(z) = ζ1(z) + ζ2(z)− ζ̄, where ζ̄ is the volume fraction in the bulk, we obtained

a monotonic decay superimposed on the exponentially damped oscillations,

∆ζ(z) = Aζe
−z/ξζ + (Ap cos(2k0z + θ1) + Am)e−2α0z, (6)

where ξζ is the decay length of the density-density correlation function in the bulk. θ1, Aζ ,

Ap, and Am depend on the thermodynamic state and on the particle-particle and the particle-

wall interactions. This result is in a fair agreement with the simulations (Fig.17). The period

of the density oscillations is equal to half the period of the concentration oscillations in both

the theory and simulations.

For a wall strongly attracting one component of the mixture, MD and MC simulations

show local ordering in the layers parallel to the wall that are rich in one of the two compo-

nents. Bubbles, stripes and clusters appear in the subsequent layers for increasing distance

from the wall. Between these almost one-component layers the density takes minima, and

a bulk-like structure with clusters of different particles being nearest neighbors appears.

The MD simulations were performed for the potential favoring concentration waves with the

wavelength ∼ 5σ, and the MC simulations for the interactions leading to the concentration

wave with the wavelength ∼ 10σ. In both cases, similar patterns appeared at the strongly

attractive wall. For moderate attraction between the wall and the first component of the

mixture, the dense film adsorbed at the wall had the lamellar structure, with the lamellas

perpendicular to the wall.

The results are published in:

Litniewski, M. and Ciach, A. Adsorption in Mixtures with Competing Interactions,

Molecules, 26(15), 4532 (2021); DOI:10.3390/molecules26154532

O. Patsahan, A. Meyra and A. Ciach, Effect of a confining surface on a mixture with

spontaneous inhomogeneities, submitted to J. Mol. Liq.

2.e. The lattice fluid with competing interactions on 2D and 3D lattice sys-

tems

The lattice system with competing interactions (attractive between nearest neighbors and

repulsive between fourth order neighbors) on a simple square lattice is studied. It is shown
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FIG. 16: Concentration (left panel) and excess volume fraction (right panel) near a wall located

at z = 0 and attracting the first component for the ’two mermaids and a peacock’ model with the

interactions supporting concentration wave with the wavelength ∼ 10σ. z is in units of the particle

diameter. In the insets, the correlation functions for the corresponding quantity in the bulk in the

same thermodynamic state are shown. Solid red lines represent the theoretical predictions (Eqs.(5)

-(6)) and symbols represent the simulation results.

that the competing interactions lead to the order-disorder phase transitions.

A MC simulation has shown that two different types of ordered phases are formed in the

system at low temperatures (below the critical temperature Tc). The two types of ordered

phases are shown in Figs. 18-19.

In contrast, the similar system considered earlier with the interaction of the nearest and

third neighbors, the type of arising ordered phase depends on the ratio of the intensities of

the interparticle interactions, i.e. from the parameter J∗.

At J∗ < 1.5, the ordered phase is an alternation of double empty and double filled vertical

or horizontal stripes. At the same time, for J∗ > 1.5 the system has the so-called “chess”

order. Thus, for the system under consideration, there is no degeneracy of the basic energy

state observed earlier.

The MC simulation showed that the change of the type of ordered phase does not occur

abruptly. At J∗ ' 1.5 the system breaks up on domains with different types of the ordered

structures (see Fig. 20). This behavior of the system can be explained by the influence of

entropy effects on the form of its ordered phase.

The separation of the initial lattice into a system of 16 sublattices was proposed to

describe both types of the ordered phases. In the ordered phase, a half of these sublattices are

predominantly vacant and the other half are predominantly filled. This gives the possibility
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FIG. 17: MD simulation results for the mixture with the ’two mermaids and a peacock’ interactions

the same as in the bulk case (Figs.14 and 15). The concentration wavelength minimizing the energy

for this model is ∼ 5σ. Upper panels: density of the first (red line) and the second (black line)

component of the mixture at the distance z from a wall attracting the first component. z is in units

of the particle diameter σ. The attraction of the first component to the wall is moderate in the

left panel, and strong in the right panel. Bottom panels: projections on the (x, y) plane of layers

of particles with a thickness ∼ 1.5σ. The layers are parallel to the wall and the distance z from it

is shown by the blue arrows. The dimensionless gas density in the bulk is very low, ρg = 0.0023,

and the dimensionless temperature is low too, T̄ = 0.25.

to determine the order parameter of the model δc as the difference between the particle

concentrations on the sublattices.

Subsequently, the order parameter is used as the indicator of the structural phase transi-

tions. It was found that the dependence of the critical temperature kBTc/J on the parameter

J∗ is linear both for J∗ < 1.5 and for J∗ > 1.5, but has a kink at J∗ > 1.5 (see Fig. 21).

The order parameter, chemical potential, thermodynamic factor and correlation functions

are determined both in the QChA and in the Monte Carlo simulation. The order parameter

of the system δc is determined in the QChA with significant errors. This leads to errors
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FIG. 18: The final screenshot of the system at chemical potential µ = 10J (concentration c = 0.5),

J/kBTc = 2.0, J∗ = 1.2.
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FIG. 19: The final screenshot of the system at chemical potential µ = 10J (concentration c = 0.5),

J/kBTc = 2.0, J∗ = 2.5.

in determining the critical temperature of the system and to difficulties in studying the

structural properties of the model in the framework of the QChA at low temperatures.

At the same time, the thermodynamic properties of the system such as, for example, the

chemical potential isotherms, are determined in this approximation with high accuracy.

This work was done during the secondments to Warsaw (ICP) of Ya.G. Groda (BSTU)

in year 2020. The results are summarized in the following publications:

27



0 10 20 30 40 50 60
0

10

20

30

40

50

60

FIG. 20: The final screenshot of the system at µ = 10J (c = 0.5), J/kBTc = 10.0 and J∗ = 1.52.
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FIG. 21: The final screenshot of the system at µ = 10J (c = 0.5), J/kBTc = 10.0 and J∗ = 1.52.

1. Groda Ya. G., Ciach A. The lattice fluid with the competing interactions on the

square lattice // Nonlinear Dynamics and Applications. 2020. Vol. 26. P. 76-88.

The results were also presented on:

1. Groda Ya. G. The lattice fluid with the competing interactions on the square lattice.

XXVIII International Seminar Nonlinear Phenomena in Complex Systems, Minsk, Belarus,

May 19 22, 2020. (On-line lecture).

2. Groda Ya. G., Gapanjuk D.V. Critical parameter of a lattice fluid with attraction of

nearest neighbors and repulsion of fourth neighbors on a square lattice. 84th Scientific and

Technical Conference of the Teaching Staff, Researchers and Graduate Students. Minsk,

28



BSTU, February 3 14, 2020. Proc. book. P. 127-129. (in Russian, Lecture).

2.f. Time evolution of the adsorption/desorption process in SALR systems

We considered a microscopic model of adsorption in cluster-forming systems with com-

peting interaction. The system under study was a two-dimensional flat surface in the form

of a triangular lattice, its sites can either be deposited by particles or be vacant. The in-

teraction between particles on the surface is of a competitive nature: particles attract each

other in the nearest environment and repel each other in the third one (SALR - Short range

Attraction Large range Repulsion). Attraction and repulsion are due to different physic-

ochemical interactions. In most cases, it manifests itself in colloidal solutions of globular

protein molecules charged with liposomes, where the attractive part of the interaction oc-

curs due to van der Waals forces, and the repulsive part, due to electrostatic shielding. Such

systems have a rich topology of phase states, as a result of which various types of clustering

are observed in them.

The adsorption/desorption process is described by the master equation and modeled

by the Monte Carlo method according to the Metropolis algorithm in the grand canonical

ensemble.

During the simulation, such characteristics as the lattice concentration of particles c and

the internal energy of the entire system E were monitored for various values of the chemical

potential of the deposited phase µ and temperature T . The thermodynamic Hamiltonian of

the system has the following form:

H =
1

2

∑
x

(−J1S1,x + J3S3,x)ρ̂(x)− µn (7)

where J1 and J3 are the energy of repulsion of the first and attraction of the third

neighbors, respectively; S1,x and S3,x are the number of occupied sites in the nearest and

third environment for site x; ρ̂(x) = 0(1) is the filling number: if site x is free (occupied); n

is the number of particles in the system.

We studied systems with the ratio |J3/J1| = 3. Chemical potential, temperature and the

Hamiltonian of the system was used in units of the repulsive energy of the first neighbors.

The absolute critical temperature in them is TC = 0.95.

The obtained relaxation times for the lattice concentration can be reflected in the phase

diagram for these systems. The maximum values concentration relaxation times correspond
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FIG. 22: Characteristic times for the SALR system to reach an equilibrium state in Monte Carlo

steps for the lattice concentration (left) and internal energy (right) depending on the chemical

potential at different temperatures

to the boundaries of the interfacial regions from a disordered state to an ordered rhomboid

(at µ < 6) or bubble (at µ > 6) state. In these areas, the effect of a critical slowdown

is observed, which means that at sufficiently low temperatures, equilibrium by adsorbing

particles to the surface cannot be achieved. The minima in the regions µ = 2.4 and µ = 9.6

correspond to the most ordered state in the cluster phases, and in µ = 6 to the lamellar one.

For the relaxation times of internal energy, the situation turns out to be more complicated

due to the complex nature of the equilibrium curves. In this case, the game of interactions

manifests itself in different ways during the simulation, depending on the population of

the deposited surface. It should also be noted that at a temperature above the critical

region, phase transitions are felt, although the time to reach equilibrium there is an order

of magnitude less.

The results were carried out jointly with V.Vikhrenko and A. Ciach during secondments

to the IPC.

The results are published in:

1. E. Bildanau and V. Vikhrenko, Adsorption time scales of cluster-forming systems.

Euro. Phys. J. E., 44, No51,P. 1 - 12 (2021); DOI: https://doi.org/10.1140/epje/s10189-

021-00059-0

The results were also presented on:

1. Bildanau E., Groda Ya. G. Peculiarities of adsorption kinetics in systems with compet-

ing interaction 85th Scientific and Technical Conference of the Teaching Staff, Researchers

30



and Graduate Students. Minsk, BSTU, February 1-13, 2021. Proc. book. pp. 237-239. (in

Russian, Lecture).

2. Bildanau E., Influence of Cluster Formation on Adsorption Times in Systems with

Competing Interaction. New functional materials, modern technologies and research meth-

ods: abstracts of the VI Republican Scientific and Technical Conference of Young Scientists,

dedicated to the memory of Corresponding Member of the National Academy of Sciences

of Belarus S. S. Pesetsky, Gomel, November 9-11,2020 - Gomel: IMMS of the National

Academy of Sciences of Belarus, P. 135-137. (in Russian, Lecture).

2.g. The lattice fluid with competing interactions on 2D and 3D lattice sys-

tems

The transport properties of the lattice fluid with the attraction interaction between the

nearest and repulsion interaction between the next-next-nearest neighbours on the square

and simple cubic lattices are investigated. Computer simulation by the Monte Carlo method

of the diffusion process in the specified system has been realized. The jump and tracer

diffusion coefficients were determined. The dependence of the diffusion coefficients versus the

concentration of adparticles and the interaction parameter of the model is investigated. The

activation energy of jump and tracer diffusion determined. The possibility of estimating the

jump diffusion coefficient of the lattice fluid with competing interactions using the Zhdanov’s

relation on the base of information on the equilibrium properties of the system and the

diffusion coefficient of a Langmuir (non-interacting) lattice gas is shown.

It has been established that the transport properties of a lattice fluid with the SALR

potential of interparticle interaction generally correspond to the properties of a lattice fluid

with nearest-neighbor repulsion. Their most characteristic feature is a sharp drop in the one-

particle (self-diffusion coefficient) and many-particle (kinetic diffusion coefficient) diffusion

coefficients at temperatures below the critical one in the region of average concentrations,

i.e., in the region of thermodynamic parameters where the system is in a macroscopically

ordered phase.

In this ordered phase, at a concentration below 0.5, particles of predominantly filled

sublattices do not actually have third-order neighbors, but each have two nearest neighbors.

The nature of interparticle interactions leads to the fact that, with this arrangement of

particles, the potential barrier that the particle must overcome is as high as possible, which
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leads to a decrease in diffusion coefficients.

At the same time, it should be taken into account that after the jump, the particle from

the predominantly filled sublattice enters the predominantly vacant one, where it acquires

four third-order neighbors. Due to the repulsion between particles-neighbors of the third

order (J3 > 0), it is in within a short time returns to its previous place, and as a result,

no density redistribution occurs. But sometimes the particle under consideration after the

first jump still forces one of the neighboring particles to make a jump, which leads to the

diffusion process. Thus, the successful jump turns out to be due to prehistory, and memory

effects appear in the diffusion process.

It is the influence of memory effects on the diffusion process that leads to the fact that the

Zhdanov relation demonstrates a deviation from the simulation data when determining the

kinetic diffusion coefficient. Previously, it was shown that this relation can be obtained in the

reduced form by neglecting the influence of both memory effects and spatial dispersion on

particle migration. Thus, these discrepancies are caused primarily by the approximate nature

of the Zhdanov relation itself, and not by the errors of the quasi-chemical approximation

used to determine the equilibrium parameters of the lattice fluid.

This work was done during the secondments to Warsaw (ICP) of Ya.G. Groda (BSTU)

in year 2020. The results are summarized in the following publications:

1. Groda Ya. G., Lasovsky R. N. Transport properties of lattice fluid with SALR-

potential on a simple square lattice // Journal of the Belarusian State University. Physics.

- 2021. - no.1. - pp. 90-101. (In Russian). DOI: https://doi.org/10.33581/2520-2243-2021-

1-90-101

2. Groda Ya. G., Groda N. G., Lasovsky R. N., Bildanau E. E., Gapanjuk D. V.

Jump diffusion in the lattice fluid with competing interactions on a simple cubic lattice //

Proceedings of BSTU, issue 3, Physics and Mathematics. Informatics. - 2021, no. 2 (248).

- pp. 22-27 (In Russian). DOI: https://doi.org/10.52065/2520-6141-2021-248-2-22-27

The results were also presented on:

1. Groda Ya. G., Gapanjuk D.V., Lasovsky R. N., Bildanau E. E. Jump diffusion

coefficient of lattice diffusion interaction with fluid sensations on a simple cubic lattice.

85th Scientific and Technical Conference of the Teaching Staff, Researchers and Graduate

Students. Minsk, BSTU, February 1-13, 2021. Proc. book. pp. 233-235. (in Russian,

Lecture).

32



2.h. Development of a multiagent-based model to simulate tissue regeneration

and tumor development.

In the period January 2020-June 2022, we have developed a multiagent-based model that

captures the interactions between different types of cells with their microenvironment, and

enables the analysis of the emergent global behavior during tissue regeneration and tumor

development. Using this model, we are able to reproduce the temporal dynamics of regular

healthy cells and cancer cells, as well as the evolution of their three-dimensional spatial

distributions. The outcomes of our simulations agree with experimental data and clinical

observations, which comes to underline the significant descriptive and predictive power of

this computational approach. Even though our model needs to be further extended to

incorporate patient specific clinical data, these results are a promising step in the direction

of a personalized estimation of tissue dynamics from a limited number of measurements

carried out at diagnosis.

The results were communicated in:

Articles:

• Computational model for tumor response to adoptive cell transfer therapy;

L.M. Luque, C. M. Carlevaro, E. Rodrguez-Lomba, E. Lomba. Under review. ArXiv:

https://arxiv.org/abs/2204.05877 (2022)

• Physics-based tissue simulator to model multicellular systems: A study

of liver regeneration and hepatocellular carcinoma recurrence; L.M. Luque,

C. M. Carlevaro, C. J. Llamoza Torres, E. Lomba. Under review. ArXiv: https:

//doi.org/10.48550/arXiv.2202.03512 (2022)

Oral communications:

• 2022

– Seminar: ”Tissue simulator to model multicellular systems: a path towards per-

sonalized medicine”

L. M. Luque, C. M. Carlevaro, C. J. Llamoza Torres, E. Lomba

Institute of Physics of Liquids and Biological Systems. La Plata, Argentina.
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– Poster: ”Physics-based tissue simulator to model multicellular systems: A study

of liver regeneration and hepatocellular carcinoma recurrence”

L. M. Luque, C. M. Carlevaro, C. J. Llamoza Torres, E. Lomba

XIX Workshop on Statistical Physics and Applications to Condensed Matter. La

Plata, Argentina.

• 2021

– Oral Communication: Study of immunotherapies applied to tumoral microenvi-

ronment by a multiagent based model

L. M. Luque, C. M. Carlevaro, E. Lomba

VIII Institute of Physics of Liquids and Biological Systemss Students Meeting.

La Plata, Argentina.

– Seminar: Study of tumors and immunotherapies by using an agent based model

L. M. Luque, C. M. Carlevaro, E. Lomba

Seminar cycle: Boron Neutron Capture Therapy and beyond” organized by the

National Commission of Atomic Energy. Buenos Aires, Argentina.

– Oral Communication: Tumoral growth and its response to immunotherapies by

using an agent based model

L. M. Luque, C. M. Carlevaro, E. Lomba

106th Physics National Meeting. Crdoba, Argentina.

– Seminar: Study of immunotherapies applied to tumoral microenvironment by a

multiagent based model

L. M. Luque, C. M. Carlevaro, E. Rodrguez-Lomba, E. Lomba

Universidad de Santiago de Compostela. Santiago de Compostela, Spain.

– Oral Communication: Study of immunotherapies applied to tumoral microenvi-

ronment by a multiagent based model

L. M. Luque, C. M. Carlevaro, E. Lomba

XVIII Workshop on Statistical Physics and Applications to Condensed Matter.

Crdoba, Argentina.
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– Seminar: Study of immunotherapies applied to tumoral microenvironment by a

multiagent based model

L. M. Luque, C. M. Carlevaro, E. Rodrguez-Lomba, E. Lomba

Institute of Chemistry-Physics Rocasolano, CSIC. Madrid, Spain.

• 2020

– Oral Communication: Study of immunotherapies applied to tumoral microenvi-

ronment by a multiagent based model

L. M. Luque, C. M. Carlevaro

VII Institute of Physics of Liquids and Biological Systemss Students Meeting. La

Plata, Argentina.

Part of the software development and simulations were carried on during the secondment

from UNLP to CSIC that took place on 2021 (March 15th to August 21st) and continued

using the internet communication means.
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