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Institute of Physics, P.O. Box 68, Zemun 11080, Belgrade, Serbia

Received 5 July 2009 / Received in ﬁnal form 21 November 2009
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Abstract. Random sequential adsorption with diﬀusional relaxation of extended objects both on a onedimensional and planar triangular lattice is studied numerically by means of Monte Carlo simulations. We
focus our attention on the behavior of the coverage θ(t) as a function of time. Our results indicate that
the lattice dimensionality plays an important role in the present model. For deposition of k-mers on 1D
lattice with diﬀusional relaxation, we found that the growth of the coverage θ(t) above the jamming limit
to the closest packing limit θCPL is described by the pattern θCPL − θ(t) ∝ Eβ [−(t/τ )β ], where Eβ denotes
the Mittag-Leﬄer function of order β ∈ (0, 1). In the case of deposition of extended lattice shapes in 2D,
we found that after the initial “jamming”, a stretched exponential growth of the coverage θ(t) towards
the closest packing limit θCPL occurs, i.e., θCPL − θ(t) ∝ exp[−(t/τ )β ]. For both cases we observe that: (i)
dependence of the relaxation time τ on the diﬀusion probability Pdif is consistent with a simple power-law,
−δ
i.e., τ ∝ Pdif
; (ii) parameter β depends on the object size in 1D and on the particle shape in 2D.

1 Introduction
The Random Sequential Adsorption (RSA) model is a
stochastic process in which objects of a speciﬁed shape
are added sequentially to a D-dimensional volume at random positions with the condition that no trial particle can
overlap. The adsorbed particles are permanently ﬁxed at
their spatial positions. Once an object is placed it aﬀects
the geometry of all later placements, so the dominant effect in RSA is the blocking of the available substrate volume. It allows to take into account the irreversibility of
adsorption process and the volume exclusion eﬀects. The
RSA model studies were largely motivated by the surface deposition of micrometer-sized objects, such as colloid particles. It ﬁnds applications in many ﬁelds, ranging
from surface physics to polymers, physical chemistry, biophysics and medicine [1–4].
The primary quantity of physical interest is the coverage θ(t), that is, the fraction of the substrate volume occupied by the adsorbed particles, as a function of time t. The
deposition process ceases when all unoccupied spaces are
smaller than the size of an adsorbed particle. The system
is then jammed in a nonequilibrium disordered state for
which the limiting (jamming) coverage θjam is less than
a
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the corresponding density of closest packing. However,
this picture is altered when diﬀusional relaxation is introduced [5–8]. Privman and Nielaba [5] have shown that
the eﬀect of added diﬀusion in the deposition process of
dimers on the 1D lattice is to allow the full coverage via a
∝t−1/2 power law at large times. The analysis is also extended to the 1D k-mers deposition [9]. In this case coverage θ(t) follows the mean-ﬁeld law ∝t1/(k−1) for large
times and k ≥ 3, with possible logarithmic correction for
k = 3.
The 2D deposition of extended objects with diﬀusional
relaxation is of interest in protein deposition for example, where diﬀusional rearrangement of deposited particles is observable on the time scales of the deposition process [10]. Adsorption processes with diﬀusional relaxation
are widely studied in 2D [2,11–14], but analytical solutions of this problem are very rare and usually limited
to 1D systems [15]. These studies indicate a rich pattern of new eﬀects as compared to 1D. Eisenberg and
Baram [16] have found that the asymptotic coverage θ(∞)
is less than unity for the diﬀusional relaxation of crosses
on a square lattice, whereas such a behavior is not observed in the case of squares, in which the full coverage
is reached for an inﬁnite system. In fact, in the case of
RSA with diﬀusional relaxation of lattice hard squares
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Table 1. The jamming coverages θjam for various shapes (x)
of length (x) on a triangular lattice. The colors (online only)
(x)
are associated with the diﬀerent order ns of symmetry axis.
The estimated statistical errors are on the last given digits.
(x)

Shape

(x)

ns

(A)

2

(B)

2

(C)

1

(D)

3

(x)

(x)

θjam

1

0.9139
0.8362

2

0.8345
0.7970

in 2D the approach
to the full coverage is given by the
√
power law ∝1/ t [2,17,18]. Fusco et al. [12] computed the
asymptotic coverage θ(∞) in the presence of diﬀusion of
k-mers up to k = 5 on a 2D square lattice, and found that
the complete coverage is never attained for any value of k.
The existence of dynamically frozen conﬁgurations slows
down the late stage of deposition and does not allow the
system to reach the complete coverage.
An important issue in 2D deposition is the inﬂuence
of the shape of the adsorbed particle. Numerical simulations suggest that the size, aspect ratio and symmetry
properties of the object do play a signiﬁcant role in the
processes of both irreversible and reversible deposition.
The numerical analyses for the irreversible deposition of
various object shapes and their mixtures on a triangular
lattice [19,20] establish that the approach to the jamming
limit follows the exponential law with the rate dependent
mostly on the order of symmetry axis of the shape. In the
reversible case of deposition on a triangular lattice [21],
we have found that the coverage kinetics is severely slowed
down with the increase of the order of symmetry of the
shape.
No studies have been carried out along these lines for
deposition with diﬀusional relaxation of extended objects
onto a triangular lattice. In this work we ﬁrst present the
results of extensive numerical simulations of deposition
with diﬀusional relaxation of k-mers on the 1D lattice.
After that, we consider the kinetics of deposition of extended objects on a triangular lattice, accompanied by
diﬀusional relaxation. The depositing objects are made
by self-avoiding random walks on a 2D triangular lattice.
On a triangular lattice objects with a symmetry axis of
ﬁrst, second, third and sixth order can be formed. Rotational symmetry of order ns with respect to a particular
axis perpendicular to the triangular lattice, means that
rotation by an angle of 2π/ns does not change the object.
Some of these objects are shown in Table 1. We focus our
attention on the intermediate- to long-time behavior of
the coverage fraction θ(t). In particular, we try to ﬁnd a
universal functional type that describes the growth of the
coverage θ(t) in the whole range above the jamming limit
θjam in the best way.
The paper is organized as follows. Section 2 describes
the details of the simulations. Approach of the coverage
fraction θ(t) to the asymptotic coverage θ(∞) is analyzed

in Sections 3 and 4. Finally, Section 5 contains some additional comments and ﬁnal remarks.

2 Deﬁnition of the model and the simulation
method
The simulations on the triangular lattice are explained in
detail. Some details of the 1D simulations are pointed out
afterwards.
In 2D, the Monte Carlo simulations are performed on a
triangular lattice of size L2 = 120×120. In the simulations
of deposition processes with diﬀusional relaxation the kinetics is governed by the diﬀusion to adsorption probability ratio [13,14]. At each Monte Carlo step adsorption is
attempted with probability Pa and diﬀusion with probability Pdif . Since we are interested in the ratio Pdif /Pa ,
in order to save computer time, it is convenient to take
the adsorption probability to be Pa = 1, i.e., to try an
adsorption at each Monte Carlo step.
We start with an initially empty triangular lattice. Adsorption and diﬀusion processes perform simultaneously
with corresponding probabilities. For each of these processes, a lattice site is chosen at random. In the case of
adsorption, we attempt to place the object with the beginning at the selected site. If the selected site is unoccupied,
one of the six possible orientations is chosen at random
and deposition of the object is tried in that direction. We
ﬁx the beginning of the walk that makes the shape of
length  at the selected site and search whether all successive  sites are unoccupied. If they are empty, we occupy
these  + 1 sites and place the object. If, however, any of
the  sites are already occupied, the deposition attempt
is rejected and the conﬁguration remains unchanged. This
scheme is usually called conventional or standard model of
deposition. The other strategy to perform an RSA, where
we check all possible directions from the selected site, is
named the end-on model [19]. In the case of diﬀusion,
which is possible only if there is a particle at the selected
site, we choose one of the six possible directions at random, with equal probability, and try to move the selected
object by one lattice spacing in that direction. The object
is moved if it does not overlap with any of the previously
deposited objects. If the attempted move is not possible,
the object stays at its original position.
For 1D simulations, a lattice of size L = 105 was used.
In the case of adsorption, we try to place the k-mer with
the beginning at the selected site, i.e., we search whether
k consecutive sites in a randomly chosen direction are unoccupied. If so, we place the object. Otherwise, we reject
the deposition trial. When the attempted process is diﬀusion and if there is a beginning of a previously deposited
object at the randomly selected site, we choose one of the
two possible directions at random and try to move the
selected k-mer for a lattice constant in that direction.
Periodic boundary conditions are used in all directions.
The time t is counted by the number of adsorption attempts and scaled by the total number of lattice sites.
The data are averaged over 100 independent runs for each
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1

shape. The ﬁnite-size eﬀects, which are generally weak,
can be neglected for object sizes <L/8 [22].

0.98
0.96

3 RSA with diﬀusional relaxation
on a one-dimensional lattice

θ(t)

0.94

Here we focus on the one dimensional lattice, and study
the eﬀects of diﬀusion on deposition of k-mers. Our main
goal is to characterize, both qualitatively and quantitatively, the coverage dynamics of deposition process in the
whole range above the jamming limit θjam .
In order to provide the best analytical approximation
for the coverage fraction θ(t), we have probed the wide set
of phenomenological ﬁtting functions for relaxation processes in many complex disordered systems [23]. The best
ﬁt for the simulation’s data was obtained by the MittagLeﬄer function. The corresponding ﬁtting function is of
the form
θ(t) = θCPL − Δθ Eβ (−(t/τ )β ),

∞


(−(t/τ )β )n
.
Γ(1 + βn)
n=0

(3.2)

For β = 1, the Mittag-Leﬄer function with argument −t/τ reduces to a standard exponential decay,
E1 (−t/τ ) = exp(−t/τ ). Parameter τ determines the characteristic time of the coverage evolution and β measures
the rate of deposition process on this time scale. When
the deposited k-mers are subject to diﬀusion, the coverage fraction approaches the closest packing limit θCPL for
large times, t → ∞; in the case of 1D lattice, θCPL =
1 [5,8], because diﬀusion allows the formation of large
gaps within which a fraction of deposition attempts can
succeed.
When 0 < β < 1, for small values of t, the
Mittag-Leﬄer function is approximated by a stretched exponential form




1
Eβ −(t/τ )β ∼ exp −
(t/τ )β , t  τ. (3.3)
Γ(1 + β)
At long times the Mittag-Leﬄer function decays as a
power law,


Eβ −(t/τ )β ∼

1
(t/τ )−β ,
Γ(1 − β)

t

0.9
0.88
k = 2,
k = 4,
k = 8,
k = 4,
k = 4,

0.86
0.84
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Pdif = 1.00
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t

Fig. 1. (Color online) Temporal behavior of the coverage θ(t)
for deposition of k-mers: k = 2 (♦), k = 4 (, , ), and
k = 8 (). The continuous curves are the Mittag-Leﬂer ﬁts of
equation (3.1). The results are for Pdif = 0.2 (), 0.7 (♦, ,
), and 1.0 ().

(3.1)

where θCPL , Δθ, τ , and β are the ﬁtting parameters. Eβ is
the one-parameter Mittag-Leﬄer function of order β [24]
deﬁned by the series expansion


Eβ −(t/τ )β =

0.92

τ.

(3.4)

Using equations (3.1), (3.3) and (3.4) one obtains that the
time-dependence of the coverage behaves as


1
(t/τ )β , t  τ,
θ(t) ∼ θCPL − Δθ exp −
Γ(1 + β)
(3.5)

and
θ(t) ∼ θCPL − Δθ

1
(t/τ )−β ,
Γ(1 − β)

t

τ.

(3.6)

Figure 1 shows the ﬁt of equation (3.1) to some representative data (k = 2, 4, 8, and Pdif = 0.2, 0.7, 1.0).
This indicates that the Mittag-Leﬄer function excellently
describes the temporal evolution of the coverage fraction
θ(t) in the whole post-jamming time range (θ(t) > θjam ).
To evaluate the existence of a power law at late times of
deposition process, Figure 2 shows a comparisons of the
Mittag-Leﬄer ﬁt (3.1) and the power-law ﬁt of empty area
fraction 1 − θ(t) in the case of dimers and 4-mers for two
values of Pdif = 0.1, 0.5. The power-law ﬁt is of the form
θ(t) = θCPL − Δθ t−β ,

(3.7)

where Δθ and β denote the ﬁtting parameters that depend
on the length of k-mer and on the diﬀusion probability
Pdif . As it can be seen, at the very late times of the deposition process the plot of empty area fraction 1 − θ(t) is
nearly linear on a double logarithmic scale, indicating that
the decay is consistent with a power law (3.7). This is in
agreement with the previous results in 1D systems [5,8,12].
For the deposition of dimers (k = 2) we ﬁnd that the closest packing limit√θCPL = 1 is approached according to the
well-known ∼1/ t power-law [5,6]. It must be stressed
that according to (3.6) the Mittag-Leﬄer pattern (3.1) is
consistent with the power-law behavior for large times.
However, Mittag-Leﬄer ﬁt (3.1) precisely describes the
adsorption process with diﬀusional relaxation on a wider
time scale than the power-law (3.7).
In 1D, the main eﬀect of diﬀusion is to increase the
presence of large gaps at the expense of small gaps, which
is particularly eﬀective in the late stages of deposition.
Hence, the power-law behavior is related to the coverage
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large t are roughly consistent with the mean-ﬁeld relation
1 − θ(t–‘large’) ∝ t1/(k−1) for k ≥ 3 [5,6]. Our simulation
results for β exceed the mean-ﬁeld values about 6% in the
whole range of diﬀusion probability Pdif considered.
The dependence of the ﬁtting parameter τ on the diffusion probability Pdif is shown in Figure 3 for the deposition of 4-mers. The ﬁrst observation is the simple powerlaw dependence of τ on Pdif :
−δ
.
τ = A Pdif

(c) k=4

0.1

0.1

Fig. 3. Parameter τ of the Mittag-Leﬄer ﬁt (3.1) vs. diﬀusion
probability Pdif for k = 4. The dashed curve is the power-law
ﬁt of equation (3.8), with δ = 1.76 ± 0.03 and A = 0.25 ± 0.01.
The values of the parameter δ for k = 2, 4, 6, 8, and 10 are
shown in the inset.

(b) k=4

0.01

0.1

(3.8)

1 - θ(t)

Similar plots are obtained for all k-mers, but with diﬀerent
slopes. The values of the parameter δ are obtained from
these slopes and they are shown in the inset of Figure 3.

4 RSA with diﬀusional relaxation
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Fig. 2. (Color online) Temporal behavior of the coverage θ(t)
for: (a) k = 2, Pdif = 0.1, (b) k = 4, Pdif = 0.1, and (c) k = 4,
Pdif = 0.5. The continuous curves are the Mittag-Leﬄer ﬁts of
equation (3.1), and the dashed curves are the power-law ﬁts of
equation (3.7).

growth at large times by the process of hopping and recombination of small empty regions [5]. For the range of
diﬀusion probabilities Pdif = 0.1−1.0, that we are dealing with in this work, the parameter β depends on the
length of k-mers, but it is almost independent of the
diﬀusion probability Pdif . The values for the parameter
β obtained by least-square ﬁts of the coverage θ(t) for

In this section we report and discuss the numerical results regarding the eﬀects of diﬀusion on deposition of
extended objects on a two-dimensional triangular lattice.
The simulations have been performed for a large number
of various object shapes made by self-avoiding random
walks on the lattice. Kinetics of the adsorption process
with diﬀusional relaxation has been examined for all the
shapes made by the self-avoiding walks of length  = 1, 2
and 3 and also for some objects of greater lengths. The
set of the studied objects is similar to the one used in the
simulations of the adsorption-desorption processes on the
triangular lattice [21]. In Table 1 only a few representative
objects are shown. Simulations of the deposition processes
were performed for a wide range of diﬀusion probabilities,
Pdif = 0.01−1.0.
In Figure 4 the time dependence of the coverage θ(t) in
the case of irreversible deposition of object (D) is shown
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-d[ln(δ θ(t))]/dt
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Fig. 4. (Color online) Temporal behavior of the coverage θ(t)
for deposition of object (D) on a triangular lattice. The full
(dashed) curves represent the adsorption process with diﬀusional relaxation for Pdif = 1.0, 0.90, 0.80, 0.70, 0.60, 0.50,
0.40, 0.30, 0.20, 0.15, 0.12, 0.10, 0.05, 0.02, and 0.01 from top
to bottom.

Fig. 5. (Color online) Test for the presence of the stretched
exponential law (4.1) in the time dependence of coverage θ(t)
for objects (A) – green, (B) – blue, (C) – red, and (D) – violet
(see, Tab. 1). The straight line sections of the curves show
where the law holds. The dashed lines are the power-law ﬁts
of equation (4.5). All the results are for Pdif = 1.0.

for various values of diﬀusion probabilities Pdif . Numerical simulations for objects A, B, and C produce qualitatively similar results for the time evolution of the coverage
θ(t). As it can be seen at coverages above the jamming
limit (θjam = 0.7970, for object (D)), the rearrangement
of the objects on the lattice is more rapid and the maximum coverage is reached more quickly for greater diffusion probabilities. At very early times of the process,
when the coverage is small, the adsorption process is dominant. With the growth of the coverage, diﬀusion becomes
more important and at the late times additional adsorption events are possible only on the holes formed by the
diﬀusion of the adsorbed objects. On a one-dimensional
lattice, RSA with diﬀusional relaxation ﬁnally leads to a
fully covered lattice. In two dimensions such processes lead
to formation of large clusters of covered sites. After long
enough times only few frozen defects, whose dimensions
are less than the dimensions of the depositing objects, remain unoccupied [7].
We focus our interest on the temporal evolution of the
coverage fraction θ(t) for various shapes. The large number of examined objects represents a good basis for testing
various ﬁtting functions and ﬁnding a universal functional
type that describes the time coverage behavior θ(t) in the
best way. As in the 1D case, we have tried a wide set of
phenomenological ﬁtting functions for the relaxation processes. The best agreement with our simulation data was
obtained by the stretched exponential function. The ﬁtting function we have used is of the form


θ(t) = θCPL − Δθ exp −(t/τ )β ,
(4.1)

In order to conﬁrm the validity of the stretched exponential behavior of the coverage fraction θ(t), the following
procedure was applied. Equation (4.1) can be written as


δθ(t) = Δθ exp −(t/τ )β ,
(4.2)

where θCPL , Δθ, τ , and β are the ﬁtting parameters. For
given objects, the values of the maximum coverage θCPL ,
the parameter Δθ and the relaxation time τ depend on
the diﬀusion probability Pdif .

where δθ = θCPL − θ(t). The ﬁrst derivative of δθ(t)
(Eq. (4.2)) with respect to time t gives

β
d δθ(t)
= −Δθ exp −(t/τ )β
dt
τ

t
τ

β−1

.

(4.3)

From equation (4.3) one obtains
−

β
1 d δθ(t)
= β tβ−1 ,
δθ(t) dt
τ

(4.4)

i.e.,
β
d
[ln(δθ(t))] = β tβ−1 .
(4.5)
dt
τ
Consequently, in the case of the stretched exponential behavior of the coverage fraction θ(t), a double logarithmic
plot of the ﬁrst time derivative of ln(δθ(t)) is a straight
line.
The time derivatives of ln(δθ(t)) are calculated numerically from the simulation data. Representative examples of
the double logarithmic plots of −d [ln(δθ(t))]/dt are shown
in Figure 5, for all the objects from Table 1 and for the
diﬀusion probability Pdif = 1.0. One can see that these
curves are straight lines in the whole post-jamming time
range (θ(t) > θjam ). The same is valid for all tested values
of diﬀusion probabilities (Pdif = 0.01−1.0). This suggests
that the relaxation of the coverage fraction θ(t) above the
jamming limit to the closest packing limit θCPL on the
two-dimensional triangular lattice is in fact given by the
stretched exponential function of the form (4.1). Values of
−
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Fig. 6. (Color online) Temporal behavior of the coverage θ(t)
for deposition of objects (A) – red, (B) – blue, (C) – green, and
(D) – violet (see, Tab. 1) on a triangular lattice. The continuous curves are the stretched exponential ﬁts of equation (4.1).
All the results are for Pdif = 0.30. The arrows indicate that
the graphs corresponding to objects (A) and (B) refer to the
axis on the left-hand side. The remaining ones refer to the axis
on the right-hand side.

the ﬁtting parameters β and τ are determined from the
power-law ﬁt (4.5). The ﬁtting values of the parameter Δθ
are obtained for each pair (τ, β) by using the least-squares
method.
In Figure 6 results of the numerical simulations are
shown together with the stretched exponential ﬁtting
functions (4.1). The ﬁtting parameters τ , β, and Δθ are
obtained as described above. We can see that the stretched
exponential ﬁtting function shows an excellent agreement
with the simulation results in the region above the jamming coverage. It should be noted that in this region
the stretched exponential ﬁts (4.1) of the simulation data
give very high correlation coeﬃcients (0.98). In addition, the analysis of the time evolution of the coverage
θ(t) above the jamming limit was also carried out by using the nonlinear ﬁtting procedure, an implementation of
the Nelder-Mead simplex algorithm [25], to minimize a
nonlinear function of several variables. We have checked
that both the ﬁtting procedures give the same results for
τ and β within the error bars. As the ﬁrst procedure is
easier to implement, it has been systematically used in
the analysis of the results.
Dependence of the ﬁtting parameter τ on the diﬀusion probability is shown on a double logarithmic scale in
Figure 7. For all the objects these plots are straight lines
approximately parallel to each other, indicating that the
relaxation time τ is a simple power-law of the diﬀusion
probability Pdif :
−γ
,
τ = A Pdif

(4.6)

where A and γ are parameters that depend on the shape
of depositing objects. The values of the exponent γ and
parameter A are given in Table 2. One clearly observes
that objects with similar aspect ratio, such as the objects

0.1

1

Pdif

Fig. 7. Parameters τ of the ﬁt (4.1) vs. diﬀusion probability
Pdif for the shapes from Table 1. Squares, circles, triangles up,
and triangles down correspond to the shapes (A), (B), (C) and
(D) from Table 1, respectively. The dashed superimposed lines
are the ﬁts according to equation (4.6). The parameters of the
ﬁt (4.6) are reported in Table 2.
Table 2. Parameters A and γ determined using equation (4.6)
for various shapes (x) of length (x) on a triangular lattice. The
typical statistical errors are estimated to the last given digits.
(x)
(A)
(B)

Shape

(x)

ns
2
2

(C)

1

(D)

3

(x)
1

A
0.0148
0.1471

γ
1.293
1.069

2

0.3648

1.105

0.3856

1.061

C and D, have approximately equal relaxation times τ in
the whole range of diﬀusion probability Pdif considered.
Interestingly, the ﬁtting parameter β does not depend
on the diﬀusion probability Pdif . The slopes of the straight
lines in Figure 5, corresponding to the double logarithmic
plots of −d [ln(δθ(t))]/dt for various objects from Table 1,
diﬀer from object to object. From equation (4.5) it is obvious that these slopes are β −1 and the best ﬁtting values
of β are shown in Table 3 for all of the objects. It seems
that β depends only on the shape and on the size of the
object.

5 Final remarks
We have investigated numerically the kinetics of the deposition process of extended objects both on 1D and on the
planar triangular lattice in the presence of diﬀusional relaxation. We focused on the time evolution of the coverage
θ(t) in the whole post-jamming time range (θ(t) > θjam ).
In one dimension, the growth of the coverage θ(t)
above the jamming limit θjam to the closest packing limit
θCPL ≈ 1 occurs via the Mittag-Leﬄer law (3.1), for
all k-mers and for all values of diﬀusion probabilities
Pdif . The characteristic timescale τ is found to decrease
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Table 3. Parameter β determined using equation (4.5) for
various shapes (x) of length (x) on a triangular lattice. The
typical statistical errors are estimated to the last given digits.
(x)
(A)
(B)

Shape

(x)

ns
2
2

(C)

1

(D)

3

(x)
1
2

β
0.202
0.215
0.310
0.258

with the diﬀusion probability Pdif according to a power−δ
. We have also pointed out that the
law (3.8), τ ∝ Pdif
coverage fraction θ(t) at the late times of the deposition
process approaches the closest packing limit according to
a power-law (3.7) which is in agreement with the previous results [5,8,12]. It must be stressed that the MittagLeﬄer ﬁt (3.1) accurately describes the adsorption process
with diﬀusional relaxation on a wider time scale than the
power-law (3.7).
We have also performed the numerical simulations of
RSA with diﬀusional relaxation using the objects of different number of segments and rotational symmetries on
a triangular lattice. The shapes are made by self-avoiding
lattice steps. We have ﬁtted the time dependences of the
coverage fraction above the jamming limit θjam with the
stretched-exponential function (4.1). This circumstance
indicates that the lattice dimensionality plays an important role in the present model. We have also shown that
the ﬁtting parameter τ in equation (4.1) decreases algebraically with diﬀusion probability Pdif , as in equation (4.6). Two main conclusions can be drawn from the
results (see, Fig. 6): (i) for the four diﬀerent shapes, the
maximum coverage is obtained for the most symmetric
shape (D), and (ii) the maximum coverage for dimers is
larger than that for 3-mers, i.e. the saturation coverage in
2D decreases with the length of k-mers. It was also shown
that the dynamical behavior is severely slowed down with
the increase of the length of the objects.
Both for the Mittag-Leﬄer (3.1) and the stretchedexponential ﬁt (4.1), parameter β is characteristic of the
particle size (1D) and the particle shape (2D). In one
dimension, the corresponding exponents are found to be
roughly in agreement with the mean-ﬁeld results [5,6]. Our
results in the case of diﬀusional relaxation on a triangular
lattice suggest that the size, the aspect ratio and the symmetry properties of the object seem to have a signiﬁcant
inﬂuence on the parameter β.
Diﬀerence in the kinetics of the adsorption process
with diﬀusional relaxation on one-dimensional and twodimensional lattices is due to the orientational freedom of
depositing objects. In 1D case the objects can adsorb only
along the lattice and diﬀuse in two possible directions.
On a triangular lattice there are six possible directions for
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adsorption and diﬀusion. On a two-dimensional lattice
there is a greater number of possible orientations and an
enhanced probability for the formation of frozen defects
of blocked sites. Furthermore, the diﬀusion kinetics is affected by the number of motional degrees of freedom of
the deposited objects.
This work was supported by the Ministry of Science of the Republic of Serbia, under Grant No. 141035. The simulations were
performed in the “Center for Meteorology and Environmental
prediction – Advanced Computing Laboratory”.

References
1. J.W. Evans, Rev. Mod. Phys. 65, 1281 (1993)
2. V. Privman, Colloids and Surfaces A 165, 231 (2000)
3. B. Senger, J.C. Voegel, P. Schaaf, Colloids and Surfaces A
165, 255 (2000)
4. A. Cadilhe, N.A.M. Araújo, V. Privman, J. Phys.:
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