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RANDOM SEQUENTIAL
ADSORPTION OF DISCORECTANGLES
COVERED WITH REPULSIVE SHELLS

Adsorption of anisometric particles (discorectangles) on a two-dimensional substrate has been
studied. The aspect ratio (the length-to-width ratio € = 1/d) was changed within the interval
e = 1-10. A modified random sequential adsorption (RSA) model is studied. In this model,
the particles were covered with repulsive shells. The main parameters of the model are the
thickness R. of the permeable shell and the mazimum number Z,, of the shells of the nearest
particles that can be crossed by the shell of the next deposited particle. The behavior of the
degree of surface coverage in the saturated (jammed) state at various values of the parameters

Re, Zm, and € is discussed.
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1. Introduction

The model of random sequential adsorption (RSA)
is widely used to study the structure of adsorption
layers on the surface [1,2]. In this model, every sub-
sequent attempt to adsorb a new particle is accom-
panied by a check for the absence of its intersection
with previously deposited ones. The particles in the
sediment are fixed and do not change their spatial
position and orientation. The particles are deposited
until reaching the saturation state (jamming).

Citation: Lebovka N.I., Bulavin L.A., Petryk M.R., Vygor-
nitskii N.V. Random sequential adsorption of discorectangles
covered with repulsive shells. Ukr. J. Phys. 69, No. 5, 357
(2024). https://doi.org/10.15407 /ujpe69.5.357.
Ilurysauusa: Jle6oska M.I., Bynasin JI.A., Ilerpuk M.P.,
Buropuunpkuit M.B. Bunankosa mociiioBaa agcop0buiist quc-
KOIIPSIMOKY THUKIB, TOKPUTUX Bi/IIITOBXYIOUUMH OOOJIOHKAMHU.
Vp. pis. orcypn. 69, Ne5, 357 (2024).

ISSN 2071-0194. Ukr. J. Phys. 2024. Vol. 69, No. 5

The RSA model gained wide popularity, when it
was applied to study the adsorption of segments
on a one-dimensional line [3]. In this case, the ex-
act value ¢; =~ 0.748 was obtained for the cover-
age degree in the jammed state. As a result of com-
puter calculations, the value ¢; ~ 0.547 was obtained
for the model of disc deposition onto a two-dimen-
sional (2D) plane [4]. Currently, the RSA model is
widely used to simulate adsorption phenomena dur-
ing the deposition of macromolecules and colloidal
particles [5].

For anisometric particles, the degree of surface cov-
erage in the jammed state, ¢;, depends on the par-
ticle aspect ratio e (this is the ratio between the
length of the particle and its width). In particular, for
nonoriented discorectangles, the maximum value of
; ~ 0.584 is observed at € ~ 1.84, and the value of ¢;
monotonically decreases as € grows further [6]. A sim-
ilar behavior was observed for partially oriented dis-
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Fig. 1. An example of a packing fragment in the jammed state
for discorectangles with the aspect ratio € = 10. Every particle
is surrounded by a permeable shell of thickness R. = 1, which
is represented by a dashed curve. The deposited particle is
marked with the number 0, and at Z,, = 6 it crosses no more
than six shells of neighbor particles

corectangles, with the ordering degree substantially
affecting the dependencies ¢;(e) [7].

In the presence of specific interactions between the
particle, or between the particles and the surface,
the structure of adsorption films can change consider-
ably. Such effects were analyzed in detail for various
models of cooperative sequential adsorption (CSA)
[8]. For those models, complicated structures, cluster-
ing effects, and spatial correlations were observed. In
the presence of a specific surface structure, signifi-
cant changes in the structure of coatings were also ob-
served [9]. The role of electrostatic interactions on the
particle adsorption was studied in detail in [10]. The
RSA models were also studied in the cases of the par-
ticle deposition on partially covered [11] and hetero-
geneous surfaces [12].

The formation processes for RSA films of discorect-
angles in thin channels [13], as well as the two-stage
RSA models when, for example, the surface is first
covered with discs and then with discorectangles [14],
were also considered. In the cited works, the kinetics
of RSA deposition, the values of the surface coverage
degree ¢; in the jammed state, and the structure of
adsorption layers were analyzed in detail.

In this paper, a modified RSA model is analyzed
for the deposition of discorectangles in which the re-
pulsive interaction between the particles is taken into
account. In the modified model, the particles are cov-
ered with repulsive shells, which contribute to the
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loosening of the adsorption layers. The dependences
of the surface coverage degree ¢; in the jammed state
on the model parameters (the shell thickness R, and
the maximum number of nearest neighbors Z,,) and
the particle aspect ratio € have been analyzed.

2. Computer Model

Discorectangles were randomly and one by one de-
posited onto a two-dimensional plane. Their aspect
ratio was determined as € = [/d, where [ and d sre
the length and the thickness, respectively, of the rect-
angle. All lengths in the model were measured in d
units. The total size of the system was L x L, and
periodic boundary conditions were imposed.

In the traditional RSA model, the intersection of
a deposited particle with pre-deposited particles is
forbidden. In the modified model, the intersection of
particles is also prohibited. Every particle was sur-
rounded by a permeable repulsive shell of thickness
R. (>0); in Fig. 1, those shells are depicted by dashed
curves. When “depositing” every new particle, the
number Z of particles that crossed the particle shell at
its deposition site (particle 0) was counted. Then the
condition Z < Z,,, was tested, where Z,,, (>0) is the
maximum allowed number of shell intersections. In
the case of a successful deposition attempt, the new
particle was put on the list of deposited particles, and
an attempt was made to “deposit” another new parti-
cle. In effect, the availability of such a repulsive shell
corresponds to the modification of the RSA model,
in which the adsorption layer is loosened. The value
of Z,, determines the intensity of repulsive interac-
tions. In particular, at Z,, = 0, they are maximum
and gradually decrease, as Z,, increases. If there is
no shell (R, = 0) or if Z,,, — oo, this model corre-
sponds to the usual RSA model.

The deposition of particles was continued until the
maximum possible degree of surface coverage was
achieved,

2
e,
where N is the number of particles in the jammed
state.

Figure 1 illustrates an example of a packing frag-
ment in the jammed state for particles with the aspect
ratio € = 10, the shell thickness R, = 1, and Z,,, = 6.

In this work, all calculations were performed for the
fixed value L = 256, which substantially exceeds the
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Fig. 2. Dependences of the coverage degree in the jammed state, ¢;, on the parameter Z,, for various shell thicknesses R. and
various aspect ratios e = 4 (a) and 10 (b). The horizontal dashed lines correspond to the corresponding coverage degree in the
jammed state for the usual RSA model without particle repulsion. Examples of packing for the usual RSA model are shown in

the insets

particle length [. The value of ¢ was varied within an
interval of 1 < ¢ < 10. For every set of parameters
(e, Rey Zim), 10 to 100 different spatial distributions
of particles were generated. The ¢;-values presented
in the paper were averaged over different spatial dis-
tributions of particles. The calculation errors in the
plots correspond to the standard error of the sam-
ple mean.

3. Results and Their Discussion

In Fig. 2, examples of the dependences of the cover-
age degree in the jammed state, ¢;, on the quantity
Z.m are shown for various shell thicknesses R, = 1+10
and two values of the aspect ratio e = 4 (a) and 10 ().
The values of ¢; increase with the growth of Z,, and
gradually approach the values corresponding to the
coverage degree for the usual RSA model in the ab-
sence of repulsive shells (the horizontal dashed lines).
The presence of repulsive shells manifests itself most
strongly at large R.-values and Z,, = 0. In this case,
the saturation regime is observed at rather low ;-
values. For a fixed R. and increasing Z,,, the repul-
sion between the particles weakens, and this leads to
the packing compaction, i.e., to the growth of ¢;. At
sufficiently large Z,, > ZR54  a transition is observed
to the adsorption regime in the conventional RSA
model.
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Fig. 3. Dependences of the threshold value Z,%SA on the shell
thickness R. for two fixed values of the aspect ratio ¢ = 4
and 10

Figure 3 demonstrates examples of the dependences
of the quantity ZESA on the repulsive shell thick-
ness R, for two values of the aspect ratio: ¢ = 4
and 10. The magnitude of the threshold ZRX5A-value
at which the transition to the regime of the usual
RSA model takes place increases with the growth
of R.. For rather small values R. < 4, the behav-
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Fig. 4. Examples of the dependence of the coverage degree in

the jammed state, ¢;, on the aspect ratio e for various values
of the maximum number of nearest neighbors, Z,,, and the
fixed shell thickness R. = 1. The dashed curve corresponds to
the dependence ¢; (€) in the usual RSA model

ior of ZRSA(R,) for ¢ = 4 and 10 are practically
identical, but this behavior is substantially differ-
ent at larger R.’s. To some extent, the presented
dependences ZBSA(R.) can be considered as two-
dimensional phase diagrams for particles with vari-
ous e-values. In particular, the structure of jammed
packings is loose at Z,,, < ZR5A but it coincides with
the structure characteristic of the usual RSA model
at Z,, > ZESA

In Fig. 4, examples of the dependences of the cov-
erage degree in the jammed state, ¢;, on the aspect
ratio ¢ are exhibited for a fixed shell thickness R. = 1
and various values of the maximum number of near-
est neighbors, Z,,. An interesting feature of the pre-
sented dependences ¢;(¢) is the presence of a max-
imum whose position depends on Z,,. Note that for
usual RSA (the dashed curve), the maximum value
@; ~ 0.584 is observed at ¢ ~ 1.84 [6]. As Z,, de-
creases to zero, i.e., if the repulsion between the par-
ticles increases, the maximum value of ¢; decreases,
and it is observed at larger e-values.

4. Conclusions

The adsorption of anisometric particles (discorectan-
gles) on a surface is studied. The aspect ratio (the
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particle length-to-width ratio ¢ = I/d) was changed
within the interval ¢ = 1+10. A modified model
of random sequential adsorption (RSA) is used. In
this model, the particles are covered with repulsive
shells. The main parameters of the model are the
thickness of the permeable shell R. and the maxi-
mum number Z,, of the shells in the nearest particles
that can be crossed by the shell of the next deposited
particle. The behavior of the surface coverage degree
in the jammed state at various values of the parame-
ters R, Z,,, and ¢ is discussed. In further research, it
is planned to study the unified RSA model, where at-
tractive and repulsive interactions will be taken into
account and to study, in detail, the porous structure
of packings in this model.
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M.I. Jlebosxa, JI.A. Byaasin,
M.P. I[Ilempux, M.B. Buzopruybkut

BUITAJKOBA ITIOCJIIJOBHA AJCOPBIIA
JUCKOITPAMOKYTHUKIB, IIOKPUTMX
BIAIITOBXYIOYMMHI OBOJIOHKAMH

TIposesieHo JoCHiIzKEHHST aAcOPOIIiT AaHI30OMETPUYHUX YACTUHOK
(AUCKOTIPSIMOKYTHUKIB) Ha ABOBEMIpHIii momuni. Crissigno-
IIIeHHs CTOPIH (BIAHOIEHHS JOBXKHUHU 110 mupyuHy € = [/d) 3Mmi-
moBasin B iHTepBasni € = 1-10. Byno BuBueno momudikoBamy
MOJIeJIb BUIIaAKOBOI nocstioBHol azcopbuil (RSA). V niit moze-
J1i 9acTUHKY 6Y/IU IIOKPUTI OOOJIOHKAMH, 1[0 BiAIITOBXYIOTHCH.
OCHOBHUMH ITapaMeTpaM¥ MOZEJI € TOBIIUHA IIPOHUKHOI 060~
JIOHKU R, 1 MakcumaJbHa KiJIbKICTb Zy, ODOJIOHOK HaNOJIMK-
9UX YACTUHOK, SIKY MOXKe IePEeTHYTHU OOOJIOHKA HACTYITHOI OCa-
mekeHol yacTuHKH. OBGroBOPEHO MOBEJIHKY CTYIEHsI MOKPUTTS
IIOBEPXHI B HACUYEHOMY CTaHi IIPU PI3HUX 3HAYEHHSIX HapaMe-
TpiB Rey, Zm, €.

Katwwosei caoea: agcopOliisi, JBOBUMIDHI IUIIBKU, CTAH Ha-
CUYeHHsI, Mi?>KYaCTUHKOBI B3a€MOJIiI.
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