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Multilayer adsorption with increasing layer coverage
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Numerical Monte Carlo studies and analytical considerations are reported, indicating that in certain
models of multilayer irreversible surface adsorption the density may actually increase away from the
substrate. This unexpected conclusion is contrary to simple intuitive considerations in the formation of
amorphous deposits. The behavior of the density is found to obey a universal power law. Some time-

dependent properties are also examined.
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Recently, several experiments on colloidal-particle
adhesion at surfaces have reported formation of multilay-
er deposits [1—3] in essentially irreversible deposition
processes from unstable or marginally stable colloid sus-
pensions. Comprehensive theoretical studies of such pro-
cesses are needed both to explore the scope of the phe-
nomena involved and for applications in experimental
data interpretations, which thus far were limited [4] to
simple mean-field (rate-equation) theories. Since colloidal
experiments usually involve not too many layers (up to
about 30), the details of the transport mechanism of par-
ticles to the surface are less important than in studies of
asymptotic multiple-layer deposits, e.g. , in ballistic depo-
sition or diffusion-limited aggregation [5]. Thus the ap-
propriate deposition models may be formulated [6,7] to
eliminate or suppress the screening of lower layers by
particles adhering in higher layers, emphasizing those
correlation and dynamics effects that result from the
"jamming" or blocking due to particle size and irreversi-
bility of the desposit formation.

Generally, deposition dominated by jamming effects
will result in an amorphous deposit so that the notion of
"layers" in a true continuum deposition can be employed
only as an approximate concept. However, simplified lat-
tice models can reveal many genera1 aspects of the deposi-
tion processes as well as new unexpected features. One
such result is presented in this work. Indeed, a common
intuition in the formation of amorphous deposits is that
due to gaps in lower layers, the higher-layer coverage
(i.e., the deposit density} will be decreasing with the layer
number (distance from the substrate). Our results suggest
that in some deposition models the effects of the gaps
may just be reversed: the coverage (deposit density) actu-
ally increases away from the wall. This unexpected be-
havior is first demonstrated numerally, following the
definition of the model. The convergence to the limiting
coverage is found to obey a universal power law. Phe-
nornenological argument is then given supporting the as-
sertion that the observed effect of coverage increasing
with the layer number is indeed due to the presence of

gaps in lower layers. A monolayer model simulating the
gap effect is formulated and studied numerically.

Lattice models with screening eliminated by disallow-
ing overhangs were studied recently [6] by numerical and
analytical methods. The coverage was found to decrease
with the layer number both in two dimensions (2D) and
in 1D, and its power-law convergence to the limiting
value far from the wall was explained by random-walk ar-
guments. The model studied here is an extension of the
1D model with overhangs allowed [7], but only over gaps
that are small enough so that screening is eliminated.
Thus, we consider deposition of k-mers (i.e., objects of
length k) on a 1D linear substrate that is modeled by a
lattice of spacing 1.

The deposition attempts are distributed uniformly over
the lattice sites, with a certain rate per site that will be
absorbed in the definition of the time variable T. The
group of k lattice sites chosen in each deposition attempt
is examined to find the lowest layer n in which all these k
sites are empty. If n =1, then the k-mer is "deposited. "
However, for layers n &1 the deposition is successful
only if no gaps of size k or larger are covered (this restric-
tion is imposed in order to suppress screening [7]). Thus,
the deposition is always allowed if all the "supporting" k
sites in the n —1 layer are filled or have only small inter-
nal gaps. However, if the leftmost site or the rightmost
site, or both of them are parts of gaps of length k or
larger, extending of course beyond the k group under
consideration in layer n —1, then the deposition attempt
is rejected. For the case of dimers k =2 the rule is fur-
ther illustrated in Fig. 1.

Our numerical simulations were carried out for
k =2, 3,4, 5, 10. Lattice sizes were 2000, with periodic
boundary conditions. The results were averaged over at
least 2000 different Monte Carlo runs. We measured the
time dependence of the coverage 0„(T) (fraction of occu-
pied sites} in several layers n, up to T=80, where the
time scale is defined to have one deposition attempt per
lattice site per unit time. The behavior of the "jamming"
coverages was then analyzed for layers n ~ 55 since these
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