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Abstract The results of computer 
simulations of monotayers created 
from monodisperse latex particles are 
presented and discussed. Layers are 
characterized by the normalized 
coverage, NC (the actual coverage of 
the surface related to its maximum 
possible coverage with particles), and 
by the average number of neighbors, 
ANN, calculated as the number of 
particles being in contact with a given 
one and averaged over all the parti- 
cles on the surface. Variable parameters 
used in simulations include: the rate of 
particles deposition, the probability of 
lateral movements, the probability 
of desorption of particles adsorbed 
on the surface, the probability of 
covalent immobilization of adsorbed 
particles, and the "on-sphere slip" 
parameter, OSS (characterizing the 
scattering of a falling particle on the 
particles being already attached to the 
surface). Morphology of monolayers 
is qualitatively characterized by 
relations between ANN and NC. It is 

shown that for all monolayers formed 
without adhesion (and without 
repulsion) between the particles 
adsorbed on the surface the 
dependence of ANN vs. NC is 
described by a characteristic master 
curve (regardless of the Values of 
probabilities of desorption and lateral 
movements of particles). For the 
monolayers created including 
adhesive forces between the adsorbed 
particles the plots of A N N  vs. NC lie 
above the master curve, while similar 
plots obtained for the layers made of 
particles showing various types of 
repulsive interactions are always 
placed below it. Thus, the dependen- 
cies of A N N  vs. NC, derived from 
computer simulations, can be used for 
the determination of the character of 
the interparticle interactions in the 
real systems. 
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Introduction 

Comprehensive studies on the formation and morphology 
of monolayers of latex particles at interfaces and studies of 
properties of surfaces covered with latex monolayers are 
interesting not only for theoretical reasons but also be- 
cause such materials are prospective in potential applica- 
tions. It is of primary importance to find general laws 

describing the disorder-order transitions for small molecu- 
les, macromolecules, and well defined particles assembled 
at interfaces. There is a lot of information on the arrange- 
ments of molecules constituting building blocks of the 
Langmuir-Blodgett films at liquid-gas interfaces. Here, 
the references are given only to a few selected monographs 
and books collecting conference materials [1-3]. There 
are also reports on the studies of self-organization of 
macromolecules, with special attention focused on the 
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mono- and multi-layers of the biologically active com- 
pounds, e.g. proteins and DNA [4-10]. It is assumed that 
various physicochemical and biological properties of mol- 
ecules arranged into two-dimensional assemblies could be 
different than properties of the same molecules chaotically 
distributed in solution. 

Numerous studies on latex aggregates at interfaces 
concerned adsorbed particles, in some instances absorbed 
irreversibly [11-28]. Special attention was concentrated 
on relations between parameters characterizing flow of 
latex suspension and kinetics of particle adsorption. Re- 
cently, also in our laboratories, there were obtained mono- 
layers of particles bound covalently to solid supports, e.g. 
to quartz, glass, gold, aluminum, and SiO2 [29-33]. Our 
recent works include the works on the particle-particle 
and partMe-substrate interactions and their influence on 
morphology of the monolayers. In the first papers we gave 
the examples of the controlled formation of the 2-D 
poly(styrene/acrolein) latex assemblies immobilized 
covalently on quartz [30, 32]. In this work, on the basis of 
computer simulation studies, we describe the relations 
between morphology of latex monolayers and probabi- 
lities of lateral movements of particles on the surface, 
particle desorption, and covalent immobilization. 

The analysis of computer simulations can be useful for 
planning new experiments. The simulations may indicate 
which properties of latex particles and solid supports 
should be varied to obtain latex monolayers of the desired 
morphology. The simulations also show the limitations 
characteristic for the 2-D latex assemblies indicating which 
types of latex monolayers cannot be produced at the 
particular experimental conditions. The relations deter- 
mined during analysis of simulations discussed in this 
paper may be used for the discrimination between various 
possible mechanisms responsible for the formation of 
monolayers in the real systems. 

The program 

The computer program written in our laboratory enables 
simulating of 2-D monolayers consisting of maximum 
10 000 monodisperse spheres on the surface of the square 
cell. To minimize the problems related with a limited size 
of the square cell the periodic boundary conditions were 
applied for the simulation [34]. 

Variable parameters determining formation of a latex 
monolayer include the probability of generation of spheres 
on the cell surface (in real system related directly to the 
rate of particle deposition), the probability of lateral 
motion of adsorbed particles, the probability of particle 
desorption, and the probability of immobilization of 
spheres on the surface (in the real systems realized, for 

example, by chemical bonding to the surface). Other para- 
meters describe the particle-particle interactions. One of 
them, called "on-sphere slip" (OSS), reflects the possibility 
that a falling sphere does not need to meet directly unoc- 
cupied area to become adsorbed on the surface - the 
newcoming particle can slip on the attached particle and 
reach the surface in its nearest proximity. The model 
assuming the possibility that the falling sphere may roll or 
slip on another during its way towards the surface was 
introduced by Jullien and Meakin [19] and called the 
"ballistic model". Experimentally it was verified for large 
polystyrene particles (with diameters larger than 2 #m) for 
which, during the deposition, the movement under gravi- 
tational forces prevails over the Brownian motion [25, 26]. 
However, it is possible that this mechanism can character- 
ize also the formation of layers made of soft particles for 
which scattering is inelastic. The "on-sphere slip" is always 
associated with the horizontal displacement of the new- 
coming sphere. The maximum value of this displacement 
(expressed in percent of the sphere's diameter) is taken as 
a quantitative measure of the OSS parameter. Thus, OSS 
can be varied from 0% (the new sphere must fall directly 
on the free surface to be adsorbed) to values slightly below 
100% (in calculations we assumed OSSmax = 99% which 
corresponds to the situation when the new sphere may 
reach the surface even if falls almost centrally on the sphere 
below). 

The probability of lateral movements of adsorbed par- 
ticles and the probability of their desorption are affected 
by the interactions (attraction or repulsion) existing be- 
tween the spheres on the surface. Generally, to assess these 
interactions it is necessary to take into account corre- 
sponding potentials of the interparticle forces for each 
particular system. However, in the case of short-range 
interactions, it is plausible to assume that at isothermal 
conditions both the probability of desorption (PD) and the 
probability of lateral movements (PLM) of particles 
adsorbed on the surface vary exponentially with the num- 
ber of their neighbors: 

PD = PoD exp ( -- A" NN) (1) 

PLM = POLM exp ( -- A" NN) (2) 

where NN denotes the number of spheres being in contact 
with the considered one, PoD and PoLM are, respectively, 
probabilities of desorption and lateral movements of iso- 
lated adsorbed particles, and A is the quantity characteriz- 
ing the interaction between attached particles. NN can vary 
from 0 to 6, however, for geometrical reasons for any 
particle with NN > 4 the lateral motion becomes imposs- 
ible and this restriction was included into the program. 

During simulations the positions of spheres on the 
surface and information concerning their immobilization 
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were recorded. The graphical option gives the possibility 
for visual examination of the formation of the layer in 
real-time. This statistical option allows the calculation of 
the values of various functions characterizing the distribu- 
tion of spheres on the surface. Simulations were repeated 
at least five times for every chosen set of parameters in 
order to obtain the averaged data. 

Results and discussion 

Maximum filling 

The maximum filling of the simulation area was analyzed 
in order to estimate the influence of the boundary effects 
and to assess the necessary dimension of the simulation 
cell. Geometrical requirements indicate that for the max- 
imum hexagonal packing of the square cell with spheres of 
the diameter D the number of spheres filling the square can 
be expressed by the following approximation: 

N (3) 

where S is the side of the square. The maximum value of 
the average number of neighbors depends on the relative 
size of the simulation square (S/D) in the following way: 

ANNmax = 6 - ~ . (4) 

The surface coverage of the square cell with the monolayer 
consisting of N spheres is defined as: 

C~urf = ~ -  �9 100% . (5) 

For N = Nmax the maximum surface coverage is obtained; 
it is easy to notice that when S>>D the second term in 
formula (3) can be omitted and Eqs. (3) and (5) yield the 
maximum surface coverage as Csurf (MAX) = 90.69%. 

For the given size of the simulation cell, only the 
spheres with certain diameters can form the hexagonally 
packed layer covering the whole cell surface without leav- 
ing voids, The results of computer experiments showed 
that the dependence of maximum coverage as the function 
of S/D ratio is characterized by the presence of periodical 
discontinuities. They occur every time when S increases to 
such extent that the new row of spheres can be placed on 
the surface. The analysis revealed that for S/D > 20 
(corresponding to Nmax = 440 spheres) the relative devi- 
ation of simulated values from the approximate Eqs. (4) 
and (5) is less than 3%. 

General remarks 

It is reasonable to expect that for any conditions of the 
layer formation, regardless of the cell size, the time period 
necessary for obtaining a given coverage with spheres 
should be inversely proportional to the flux of the spheres 
towards the surface and to the minimum area suitable to 
accommodate one sphere. Thus, the normalized time (z) 
making the kinetics of the layer formation independent of 
the flux of falling spheres and of their diameters, can be 
defined as follows: 

-c = t. flux. D 2 �9 (6) 

The scaling relation given in Eq. (6) was verified in 
numerous simulations carried out at various conditions. It 
was found that for the systems differing only in the flux of 
particles (and/or in the particle diameter), the kinetics of 
the surface coverage was identical when Csurf was plotted 
vs. the normalized time. Other parameters used further for 
the layer characterization are the average number of 
neighbors (ANN) and the normalized coverage (NC) de- 
fined as NC = Csurf/Csurf(MAX). In several papers the 
morphology of two-dimensional latex assemblies was 
characterized by the radial distribution function g(r) 
defined as the ratio of the average number of particles at 
the distance between r and r + dr from a particle related to 
the average number of particles on the surface 2rcrdr 
[25, 27]. The parameter A N N  introduced here describes 
only the nearest vicinity of particles. However, as shown 
further, pairs of A N N  and N C  values may be used as 
simple and convenient way for discrimination be- 
tween 2-D latex assemblies formed according to various 
mechanisms. 

The initial simulations were designed for the investi- 
gations of the morphology of the layer formed without 
lateral movements of the spheres and without adhesion 
between spheres on the surface (POEM = 0 and A = 0). 
Data presented in Fig. 1 indicate that in the plot of A N N  
versus NC, regardless of the ratio between the probability 
of desorption (POD) and the probability of immobilization 
(PF), all the points characterizing the simulated assemblies 
lie in one line. This means that the morphology of the 
layer is independent of the diameter of the spheres and of 
the probabilities of desorption and covalent immobi- 
lization. Moreover, the random desorption can be con- 
sidered as a process which simply "shifts in time" 
the formation of a monolayer, so the morphology of 
monolayers formed, assuming the random desorption of 
spheres, is the same as the morphology obtained at the 
earlier time moments in processes where desorption is not 
involved. 
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Fig. 1 Relation between the average number of neighbors (ANN) 
and the normalized coverage (NC) for S/D equal 20 (hollow symbols) 
and 80 (filled symbols). Simulation parameters: OSS = 50%; A = 0; 
POD = 8.3" 10-2; POLM = 0; Pv = 0, 8.3" 10 -4, 8.3" 10 -3, and 8.3" 10 -~ 

Effect of the on-sphere slip on the formation of the layer 

The values of the OSS parameter  characterize interactions 
between falling particles and particles attached to the 
layer. Elastic scattering is represented by OSS = 0% indi- 
cating that every particle falling on the one already present 
on the surface has to be scattered back without reaching 
the surface. In the case of the perfectly inelastic scattering 
every particle which does not fall exactly coaxially on the 
other one on the surface can slide on it and reach the 
surface nearby. The plots NC vs. "c and A N N  vs. NC 
constructed for the system with the instantaneous immo- 
bilization (cf. Fig. 2) indicate that  the inelastic scattering 
significantly increases the rate of the layer formation and 
the values of A N N  for every coverage. The dependencies 
showing the maximum coverage vs. OSS and the max- 
imum values of A N N  vs. OSS are presented in Fig. 3. For  
OSS = 0% Csurf (MAX) = 55.5 +_ 0.8% (other authors 
reported C~urf ( M A X ) =  54.6% [18,28]), whereas for 
OSS = 99% C,urf (MAX) = 62.0 _+ 0.8% (according to 
the "ballistic model" Jullien and Meakin found Csurf 
(MAX) = 61.1% [19]). The influence of the OSS para-  
meter on A N N ( M A X )  is even more distinct: for OSS = 0% 
A N N ( M A X )  =- 1.17 + 0.04 whereas for OSS = 99% the 
max imum value of the average number  of neighbors is two 
times higher (ANN(MAX)  = 2.36 _+ 0.03). 

The influence of lateral motion of spheres 

The role of lateral motion was analyzed for systems with- 
out desorption of spheres (PoD = 0) and without the 
sphere-to-sphere adhesion (A = 0). Simulations were car- 
ried out for various values of the OSS parameter  assuming 
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Fig. 2 Influence of the OSS parameter on the kinetics of the surface 
coverage (a), and on the relation between ANN and NC (b). Simula- 
tion parameters: A = 0; POD = 0; POLM = 0; PF = 1; O S S  = 0, 20, 40, 
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Fig. 3 Dependence of the maximum coverage (Csurf(MAX)) and 
maximum ANN (ANN(MAX)) on OSS. Simulation parameters: 
A=0;PoD=0;PoEM=0;PF=I  

the probabili ty of immobilization ( P F ) a n d  the probabili ty 
of lateral motion (POEM) satisfying the condition 
PF 4- POLM = 1. The plots A N N  vs. z and A N N  vs. NC for 
two extreme OSS values are presented in Fig. 4 and Fig. 5 
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Fig. 5 Relation between ANN and NC for OSS = 0% (a) and 
for OSS = 99% (b). Simulation parameters: A = 0; PoD = 0; Pv + 
POLM = 1; P F  = 1, 8.3" 10 -3, 8.3" 10 5 

respectively. The difference between the formation of 
monolayers for OSS = 0% (elastic scattering) and for 
OSS = 99% (perfectly inelastic scattering) is clearly mani- 
fested. For  OSS = 0% the kinetic plot describing the 
formation of the monolayer  with the instantaneous immo- 
bilization of spheres (Pv = 1) strays from the others�9 For  
the perfectly inelastic scattering while v < 1 the plot of 
A N N  versus r is only slightly dependent on the probabilit- 
ies of lateral movement  and on the covalent immobiliz- 
ation; A N N  grows quickly to the values close to 2. While 
z > 1 the kinetics of A N N  becomes significantly depen- 
dent on the probabilities of the lateral motion and on the 
covalent immobilization�9 For  PF/POLM >-- 8.5" 10 .5 the 
plots indicate that  the growth of A N N  comes to a satura- 
tion level placed well below 6. However, for systems with- 
out the covalent immobilization (PF/PoLM = 0) the rapid 
rise of  A N N  is observed for z > 1, suggesting that the layer 
formation proceeds in two steps. 

The plots collected in Fig. 5 demonstrate that for all 
simulations with higher OSS values (regardless of the 
PF and POEM values) and for some simulations with 
OSS = 0% (provided that Pv/PoLM is sufficiently low) all 
the plots characterizing the relation between A N N  and 

N C  converge to the general master curve. This means that 
at these conditions all the assemblies show the same mor-  
phology for any given coverage of the surface�9 The master 
curve can be approximated with two straight lines and the 
95% confidence interval of this approximation is marked 
with dashed lines. The 
point are the following: 

N C  = 74.5 +_ 2.0% 

A N N  = 2.62 _+ 0.09. 

coordinates of the intersection 

(7) 

(8) 

The two-stage process of the layer formation is visualized 
in Fig. 6 presenting the changes of a fragment of the 
simulation area during the layer formation�9 At the begin- 
ning A N N  increases slowly with increasing N C  and the 
spheres on the surface are distributed chaotically without 
any tendency for aggregation until the moment  when the 
attachment of the additional spheres requires the re- 
arrangement of the particles already adsorbed on the sur- 
face. The following increase of the coverage is associated 
with the rapid arrangement of spheres into 2-D crystal-like 
domains�9 The domains, however, are randomly oriented 
on the surface and their borders cannot be fitted together. 
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Fig. 6 Examples of simulated 2-D assemblies of spheres. Simulation 
parameters: A = 0; PoD = 0; PF = 0; POLM = 1; OSS = 99% 

That  entropic effect reduces the probability of the perfect 
hexagonal packing of spheres on the large surface areas. 

The influence of adhesion between spheres 

We assumed that when adhesion between particles is in- 
volved the probability of lateral movement and the prob- 
ability of desorption depend on the number of neighbors 
of every sphere according to Eqs. (1) and (2). This section 
describes how adhesion between particles affects the kinet- 
ics of the formation of 2-D layers and the morphology of 
created assemblies. 

Systems formed including lateral movement 
of spheres and excluding desorption 

The parameter A (cf. Eq. (2)) determining the dependence 
of the probability of lateral movement on the number of 
neighbors was varied from 0 (no adhesion) to 10. Plots of 
A N N  versus z, collected in Fig. 7a, indicate that initially 

NC, % 

Fig. 7 Dependence of ANN on z (a) and the relation between ANN 
and NC (b) for various adhesion parameters. Simulation parameters: 
POD = 0; PF = 0; POLN ~ 1; OSS = 20%; A = 1, 2, 4, 10 

the adhesion between particles facilitates the formation of 
aggregates (kinetic traces are above the curve correspond- 
ing to the systems without adhesion). However, at the later 
stages increased adhesion hampers further rearrangement 
of aggregates due to the reduced mobility of particles being 
in contact with several neighbors. It is important to note 
that for the systems with adhesion between particles the 
plots of A N N  versus NC are always above the master 
curve corresponding to the zero adhesion (cf. Fig. 8b). 
Figure 7b also shows that for lower coverage (NC < 
about 25%) the higher ANN values correspond to the 
higher adhesion parameter A. However, for higher values of 
NC (above 25%) there is an optimum value of A which 
allows attaining of the highest aggregation of spheres. De- 
tailed calculations revealed that, for the assumed exponen- 
tial dependence of the probability of lateral movements, this 
optimum value of the adhesion parameter is independent of 
the probability of immobilization (PF) and of the probabil- 
ity POLM (cf. Eq: (1)) and can be approximated as A~2.  

The influence of the immobilization of spheres on mor- 
phology of the layer formed for A = 2 is shown in Fig. 9. In 
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Fig. 8 Dependence of ANN on NC for various probabilities 
of immobilization. Simulation parameters: POD = 0; A = 2; POLM + 
Pv = 1; Pv = 10-4, 10 -3, l0 -2, and 10 -1 

general, the plots of A N N  versus NC lie between the 
master curve and the curve representing the layer formed 
without the immobilization of spheres, The relation be- 
tween A N N  and Pv depends on the coverage of the sur- 
face: for the low coverage the higher values of Pv yield 
assemblies with higher ANN, for the high coverage this 
tendency is reversed. Apparently, in the systems with the 
high PF probability the initially created aggregates are 
quickly "frozen". Later, when the coverage increases, these 
"frozen" structures hamper further ordering of the spheres 
in the layer. On the other hand, when the probability of the 
immobilization is low and the adhesion is not strong 
enough (A < 2) the formation of aggregates is revers- 
i b l e -  they can dissolve due to the lateral mobility. In 
effect, the formation of large domains of the hexagonally 
packed spheres becomes possible. It is worth noticing that 
when Pv is sufficiently high (cf. the trace for Pv = 10- ~ in 
Fig. 8) freezing of the aggregated structures at the begin- 
ning of the formation of the layer results eventually in the 
lower values of A N N  than those obtained in simulations 
without adhesion between spheres. 

The plots presented in Fig. 8 were obtained for OSS = 
20%. The simulations for other values of the OSS para- 
meter revealed that, regardless of whether the morphology 
of all attached spheres was analyzed or only of those that 
were covalently immobilized, the variation of OSS in- 
fluenced only the kinetics of the formation of the layer but 
not the layer morphology. 

Systems formed includin9 desorption 
of spheres and excludin 9 lateral movement 

The computer experiments show that in such conditions of 
simulations the aggregates can be constituted even at the 
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Fig. 9 Examples of 2-D assemblies of spheres. Simulation para- 
meters: A = 4; POD = 8.3' 10-2; POLM = 0; PF = 0; OSS = 20% 

early stages of the layer formation process. The simula- 
tions performed for various values of the desorption 
probability, POD, show that the ordering of the layer is 
enhanced when POD is sufficiently high so the flux of the 
deposition must be correlated with the flux of desorption if 
the layer is to be formed. When POD increases the adhesion 
coefficient A should also increase to maintain the relevant 
dependence Of PD on A, according to Eq. (1). Hence there is 
no distinct value of A which corresponds to the maximum 
ordering of particles on the surface. 

Examples of the layers simulated with the adhesion 
coefficient A = 4  and for POD = 8.33"10 -2, P F = 0 ,  
POEM = 0, and OSS = 20% are presented in Fig. 9. It is 
seen that when desorption is modified by adhesion the 
sphere become assembled into dendriteqike aggregates. 

Generally, the ability for forming aggregates in the 
systems with desorption modified by adhesion depends 
not only on the values of POD and A but also on the 
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relation between the rate of adsorption, probability of 
desorption, and probability of immobilization. The pro- 
cess is complex and presentation of all the dependencies 
exceeds the frames of this work, thus only some represen- 
tative examples are shown in Fig. 10. Figure 10a illustrates 
the influence of the immobilization of spheres on the 
relation between A N N  and NC (the simulations were 
carried out for POD = 1/3, POLM = 0, A = 4.0, OSS = 20%, 
and PF varied from 8.33.10 .5  to 8.33.10-2). It is seen that 
for the strong adhesion between particles (A = 4) the lower 
the probability of immobilization, the closer to the master 
curve the traces lie. It is worth noticing that, for the 
presented case, the structures created on the surface are the 
same irrespectively whether all the adsorbed particles or 
only those immobilized on the layer are considered. Figure 
10b shows the traces of A N N  vs. N C  for the similar set of 
parameters but with the value of the OSS parameter 
changed to 99% (hollow symbols refer to all the adsorbed 
particles while the filled ones refer only to the covalently 
immobilized particles). We found that in this case the 
process of the layer formation is very unstable and max- 
imum values of A N N  may be high (even exceed 5) but they 

Fig. 10 Relation between ANN and NC. Simulation parameters (a): 
A = 4; POD = 0.33; POLM = 0; OSS = 20%; PF = 8.3" 10 5, 8.3" 10 -4, 
8.3" 10 -3, 8.3" 10-2; (b): A = 4; POD = 0.33; POLM = 0; OSS = 99%; 
PF = 8.3"10 .5 , 8.3"10 _4 
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are attained for lower coverage (not at the end of the layer 
formation process). The results illustrate also that when 
the rate of adsorption is too high (in relation to the 
probability of immobilization) the adsorbed structure can- 
not be fixed sufficiently fast. Due to the desorption some 
spheres became detached and the empty space created 
between fixed spheres cannot be filled easily because of 
topological hindrances. Eventually, the space is filled, all 
the spheres are immobilized, and the final coverage and 
A N N  become relatively high, but during the layer forma- 
tion process the aggregation calculated for immobilized 
spheres remains at significantly lower level. It is seen that 
in this case the aggregation of the immobilized spheres 
increases with the increase of the immobilization rate to 
the maximum value, falling with further increase of PF.  

The calculations show that when the probability of 
desorption is modified by adhesion between particles, the 
relative coverage of the surface can reach about 80%. 
However, it is difficult to define the maximum value of the 
A N N  parameter because the highest values are reached in 
the range of kinetics instabilities of the process. The event- 
ual A N N ,  corresponding to the maximum coverage, is 
about 3.8 but the intermediate values may exceed 5 
(cf. Fig. 12b). 

Conclusions 

Several characteristic curves illustrating the dependencies 
of A N N  as a function of the normalized coverage are 
collected in Fig. 11. The plots correspond to the layers 
obtained at the following conditions: 

A) Lack of adhesion between adsorbed spheres; lack of 
their lateral mobility on the surface; elastic scattering of 
falling spheres from spheres adsorbed on the surface (i.e., 
OSS = 0 % ) .  

Fig. 11 Characteristic relations between ANN and NC. Explanation 
in text 
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B) Lack of adhesion between adsorbed spheres; lateral 
mobility of spheres on the surface (or lack of scattering of 
falling spheres from spheres attached to the surface, i.e., 
OSS = 99%). 

C) Lack of desorption; lack of the covalent immobiliz- 
ation; lateral mobility of spheres on the surface; the opti- 
mum adhesion coefficient (A = 2.0). 

D) Development of the single hexagonal aggregate. 

The curves in Fig. 11 separate several zones of typical 
morphologies characteristic for the layers obtained at dif- 
ferent conditions. Points below the line A correspond to 
the assemblies of particles with the significantly high repul- 
sive interactions. Points located between the lines A and 
B characterize layers formed from particles with short 
range repulsive interactions between the dropping and 
adsorbed particles (scattering of falling particles from 
particles on the surface) in the absence of their lateral 
movement on the surface. The layers show neither distinct 
order nor aggregation of particles until the point of 
intersection of two lines constituting the trace B. The 
area between the lines B and C corresponds to the layers 
formed from particles attracting each other and able 
to move on the surface. Points above the line C character- 
ize the layers formed with particles attracting each other 
and being able to move on the surface or to became 
desorbed. 

For  systems without attraction between adsorbed par- 
ticles, without the immobilization but with the lateral 
movement of adsorbed particles the layers are formed in 
two stages (trace B in Fig. 11). The first stage is character- 
ized by the random arrangement of particles. During the 

second stage the addition of a new sphere to the layer has 
to be associated with the rearrangement of the whole 
groups of particles adsorbed on the surface. In effect, the 
spheres begin to create the rapidly growing, randomly 
oriented two-dimensional colloid crystals. The transition 
from the disordered to ordered layers begins for the nor- 
malized coverage NC = 74 _+ 2% and for the average 
number of neighbors A N N  = 2.61 • 0.09. 

Immobilization of particles on the surface and the 
decrease of the OSS parameter lead to obtaining the layers 
of decreased ordering of particles and decreased degree of 
the coverage. Attraction between the adsorbed particles 
and their fast immobilization on the surface create layers 
made of the dendrite-like assemblies. The desorption of 
particles, controlled by the interparticle adhesion, leads to 
formation of large aggregates at the beginning of the layer 
formation but does not enhance the arrangement of 
spheres when the coverage is high. To obtain the increased 
packing of spheres in the form of 2-D crystals the lateral 
motions must be involved. 

The results of the simulations summarized in Fig. 11 
can be used for characterization of the real systems. In the 
experimental practice it is possible to determine (e.g, by 
analysis of the microscopic pictures registered by the suit- 
able techniques) the values of the normalized coverage and 
of the average number of neighbors. Location of the point, 
determined by values of NC and A N N  in the diagram in 
Fig. 11, provides information on the interparticle interac- 
tions during the deposition process. 
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