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Notes on Random Sequential Adsorption

Tom Chou*
Department of Mathematics, University of California, Los Angeles, CA 90095-1555 USA

We work out the irreversible binding of A-mers on an infinite discrete lattice.

I. INTRODUCTION

Consider a random sequential adsorption process where particles of length k are irreversibly deposited on a discrete
lattice. One way to derive the time evolution of the coverage is to consider the quantity P(m,k,t) defined as the
probability that any randomly chosen segment of m contiguous sites is not covered. That is, if one randomly selects
m contiguous sites at time ¢, P(m, k,t) is the probability that none of the m sites are covered by length k particles.
For a length L latice, this probability can be measured by scanning a window of m sites across the lattice, one site
at a time, and counting the number of times all m sites are uncovered. This number, divided by the numder of sites
scanned (the total length) approaches P(m, k,t) as L — oo.

First, consider the case m < k. The effects of deposition of particles of length A = 4 on gaps of length m = 3 are
shown in Fig. 1(a). Within gaps of length k, there is only one way to deposit a length & particle. This deposition
destroys k —m + 1 gaps of length m. Deposition in larger gaps can also destroy m-gaps by overlapping with them on
either end, as shown for gaps of length 5 and 6 in Fig. 1(a).

m=23k=4

k—m+1=2 3—-gaps

m—k+1=5—-4+1=2

FIG. 1. Gap counts in RSA. (a) For gaps m < k, particles that deposite with rate 7 can destroy gaps in a number of ways. First,
for gaps of length k or greater, a depositing particle can destroy k —m + 1 m-gaps. For gaps of length k+1,k+2,....k4+m—1,
internal gaps of m can be destroyed by partially covering each end of the m-gap. (b) For the case m > k, there are m —k + 1
ways to deposit into an m-gap to destroy it. Larger gaps contains m-gaps within it that can be destroyed by covering either
end of the internal m-gaps. How m = b5 gaps are destroyed by k = 4 particles.

If time is measured in units of 1/r, the master equation for P(m < A, k., t) is

m—1
8 P(m,k,t) = —(k —m+1)P(k,k,t) =2 > Plk+j.kt), m<k (1)

Jj=1

When m > k, a k-mer can fill it in m — k 4+ 1 ways. Within gaps larger than m, internal m-gaps can be destroyed
by k-mers overlapping either end of the internal m-gap, as shown in Fig. 1(b) for m = 5 and &k = 4. Therefore,

* tomchou@ucla.edu



E—1
B P(m,k,t) = —(m —k+ 1)P(m.k,t) = 2> P(m+j,kt), m>k (2)
j=1

The initial condition is an empty lattice P(m, k,t = 0) = 1 for all m, k.
Eq. 2 can be solved by assuming the form

P(m’ k, t) - e—(m—k+1)tF(k’ t), (3)

which upon substitution yields

dF {ﬂ. t) (Ze_ﬁ) @)

which is solved by

k—1

| — =it
F(kt—exp[ 2 ( s )] )
j=1
Since this holds for m = k, and F'(k,t) is independent of m, Eq. 1 can be expressed as
dP(m < k.k.t) —t —t = —jt
Y = —(k—m—1)e™F(kt) — 2 ( J; e )F(k,t), (6)

where the term P(k+ 7, k,t) is expressed as e~ ¢t/ =*+DtF(k t) = e~ Ttet F(k,t) and F(k,t) is given by Eq. 5. Thus,
Eq.!6 can be directly integrated to yield

+ m—1
P(m,k,t)=1- / [(k -m+1)+2 Z e_j“} e “F(k,u)du. (7)
0 :
j=1
The coverage is defined as
B(k,t) =1— P(L, k). (8)
For dimers (k = 2), F(k,t) = exp [ — 2+ 2¢7¢] and
i —t
P(1,2,t)=1- 26—2/ e “exp [2¢¥]du = g2 =S50 (9)
0
In the t — oo limit, we have P(1,2,00) = e~2 and
O(k = 2,00) =1 — e~ 2 = 0.864665... (10)

For the Renyi car parking problem, one can take k — oo to find 8(k — oo,t — o).
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