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ABSTRACT: A new approach to synthesis of copolymers with long-range correlations is proposed. Using
Monte Carlo simulations and the lattice bond-fluctuation model, we perform the computer-aided sequence
design of a two-letter (AB) copolymer with quenched primary structure near a chemically homogeneous
impenetrable surface. We simulate an irreversible radical copolymerization of selectively adsorbed A and
B monomers with different affinity to the surface, allowing for a strong short-range monomer- (A-)
surface attraction. To describe the chain growth analytically, we introduce and investigate a simple
theoretical model based on stochastic processes and probabilistic statistics. We find that this model
provides a close approximation to the simulation data and explains a number of statistical properties of
copolymer sequences. It is shown that, under certain conditions, the chain propagation near the adsorbing
surface proceeds as a randomly alternating growth, leading to a copolymer with a specific quasi-gradient
primary structure and power-law long-range correlations in distribution of different monomer units along
the chain. The gradient extends along the entire chain for any chain length. We find that the statistical
properties of the copolymer sequences correspond to those of a one-dimensional fractal object with scale-
invariant correlations. Thus, just by radical copolymerization of two monomers with different affinity to
a certain plane surface, it is possible to obtain copolymers with a gradient primary structure.

1. Introduction

Copolymers have been studied extensively for several
decades, partly because of their biological and industrial
importance, and partly because of their interesting and
sometimes perplexing properties. Although recent years
have witnessed an impressive confluence of experi-
ments, simulations, and analytic theories, presently
there is no comprehensive understanding what role do
copolymer primary sequences play for the structural and
functional properties of copolymer systems.

In a series of publications,1-5 a concept of conforma-
tion-dependent sequence design of copolymers has been
introduced. The essence of the proposed approach1-5 is
based on the assumption that a copolymer obtained
under some bare (“parent”) preparation conditions is
able to “remember” features of its original conformation
in which it was built up and can then manifest these
features when the conditions are changed. In other
words, this concept takes into account a strong coupling
between the conformation and primary structure of
copolymers during their synthesis. Ideologically, the
approach1-5 bears some similarities with that proposed
earlier in the context of the problems of protein
physics;6-9 however, it aims at synthetic copolymers
rather than biopolymers with a unique (target) confor-
mation.

Initially, the general idea connected with conforma-
tion-dependent sequence design was realized in com-

puter simulations1-5 and developed theoretically10,11 for
the simplest model of a two-letter copolymer, i.e., a
copolymer consisting of only two comonomers. In the
model, an initial homopolymer in its original dense
globular state corresponding to the bare conformation
is modified into two different (A and B) units by
assigning (insoluble) A type to the units in the core of
the globule, and (soluble) B type to those on its surface.
The heteropolymer obtained as a result of such simple
one-step procedure can self-assemble into a segregated
core-shell microstructure, thus resembling some of the
basic properties of globular proteins, in particular, their
solubility in water.

In ref 10, it was shown that the corresponding
primary sequence is nonalternating and demonstrates
the specific long-range correlations (LRC), which can be
described by the statistics of the Lévy-flight type.12

These correlations are shown to be directly related to
the conformation-dependent sequence design scheme.
Certainly, owing to finite size of the bare globule, the
longest correlations that can be found in this case are
also finite and should be understood as long-wave
fluctuations of the chemical composition.10,11

The presence of LRC in designed sequences is due to
the fact that assigning of the type of chain segment (A
or B) at preparation conditions depends on the confor-
mation of the bare globule as a whole, not on the
conformation of small sections of the initial homopoly-
mer chain. From this viewpoint one may say that such
a sequence encodes the spatial (core-shell) structure
of a copolymer globule. Obviously, this important func-
tional feature can be realized if and only if a general
statistical pattern is attributed to the sequence as a
whole, and cannot be obtained by joining of independent
statistical patterns of two or more subsequences of
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smaller length.5 In this respect, protein sequences are
similar: sequence as a whole determines globular
structure and hence biological function, while if this
sequence is cut into two pieces, those pieces normally
neither correspond to a soluble globule nor have any
biological function.13 This peculiarity is directly con-
nected with LRC effects, and the corresponding se-
quence, which cannot be divided into shorter sub-
sequences with similar statistical patterns and possible
functional features, may be termed “inseparable se-
quence.” Such kind of sequence integrity as well as LRC
are not characteristic of the majority of synthetic linear
copolymers whose primary structure is chemically
homogeneous on a large scale.14 Indeed, the sequence
distribution for rather large sections of such copolymers
should be practically identical to that of the whole
polymer. On the other hand, one may anticipate that if
scale-invariant correlations extend along the entire
copolymers sequence, that is, the sequence is a “true”
fractal object, its sufficiently large parts would have the
same statistical pattern and large-scale compositional
inhomogeneities. In the present paper, we will focus just
on such sequences, showing both strong chemical inho-
mogeneity and LRC.

After the concept of conformation-dependent sequence
design, leading to copolymers with LRC, was
formulated,1-3,15,16 several possible ways of experimental
realization of this concept were proposed.17-23 In
the literature, there are the following two main ap-
proaches: (i) chemical modification (“coloring”) of reac-
tive groups in a certain homopolymer17-19 and (ii) the
formation of a designed conformation of AB copolymers
directly in the course of the radical copolymerization of
appropriate comonomers.20-23 By “coloring” is implied,
e.g., a polymer-analogous reaction, which converts the
segments at the surface of the homopolymer globule
(e.g., from a hydrophobic to a polar type: A f B). This
approach was realized in the series of papers.17-19 There
are a few papers in which a direct chemical synthesis
of functional copolymers via conformation-dependent
design is described.20-23

The possibility to obtain the copolymers capable of
forming core-shell microstructures via radical copo-
lymerization of the monomers differing in hydrophilic-
ity/hydrophobicity was confirmed by recent simula-
tions24,25 where the process of copolymerization was
modeled in a selective (polar) solvent. The composition
of an emerging copolymer chain was such that macro-
molecule adopted a globular conformation, and the
preferential absorption of hydrophobic monomers in the
core of the globule was taken into account. It was
shown24,25 that such copolymerization process, based on
the so-called “bootstrap effect”,26 automatically leads to
the formation of the core-shell microstructure in the
resulting globule and to the well-pronounced LRC in the
primary sequences. These results are in qualitative
agreement with experimental data.20-23

The idea of conformation-dependent sequence design
can be generalized. Indeed, the special primary se-
quence can be obtained not only from globular confor-
mation; any specific polymer chain conformation can
play the role of a parent one. The simplest example of
this kind is connected with the conformation of a
homopolymer partly adsorbed on a flat substrate. Let
us assume that the chain segments being in direct
contact with the surface in some typical instant confor-
mation are chemically modified. This can take place

when the surface catalyses some chemical transforma-
tion of the adsorbed segments. One can expect that after
desorption, such a copolymer will have special functional
properties: it will be “tuned to adsorption”. Following
this line, Zheligovskaya et al.4 have compared the
adsorption properties of copolymers with special “ad-
sorption-tuned” primary structures (adsorption-tuned
copolymers, ATC) with those of truly random copoly-
mers and random-block copolymers. Monte Carlo simu-
lations revealed that specific features of the ATC
primary structure promote the adsorption of ATC
chains, compared to their random and random-block
counterparts under the same conditions. In other words,
the resulting copolymer sequence “memorizes” the
original state of adsorbed homopolymer chain.4 It was
shown that its statistical properties exhibit LRC of the
Levy-flight type similar to those known for copolymers
obtained via “coloring” of a homopolymer globule.27

Recently, Velichko et al.28 have suggested the model of
so-called molecular dispenser that is a further develop-
ment in the direction of conformation-dependent se-
quence design.

In the present paper, we will consider the computer-
aided synthesis of copolymers with strongly correlated
primary structure near a macroscopic planar substrate.
This effort is intended as a step toward developing the
approach discussed above further. Our study is aimed
at computer-aided synthesis of copolymers from two
types of selectively adsorbed monomers differently
distributed in the reaction system. We will simulate the
irreversible growth process in the dilute regime for
polymerizing monomers, A and B, with different affinity
to the substrate. The polymerization will be modeled
as step-by-step chemical reaction of addition of A and
B monomer units to the growing copolymer chain,
assuming that depolymerization reaction is not allowed.
Then, we will investigate the statistical properties of
prepared sequences to compare with those known for
other types of copolymers (random and random-block).
Also, we introduce and investigate a simple probabilistic
model describing the copolymerization process near an
impenetrable surface. It should be noted that the
polymerization procedure discussed in this paper can
be considered as a prototype of template polymerization
based on noncovalent binding of polymerizing monomers
to the template. We will show that under certain
conditions, surface-induced copolymer formation can
result in copolymers with well-pronounced intramolecu-
lar chemical inhomogeneity and long-range correlations.

In the literature, there are some computer models
that are aimed at simulating polymerization processes
at a microscopic level. In particular, Rouault and
Milchev29 have applied the highly efficient lattice bond-
fluctuation model for Monte Carlo simulations of living
polymerization, where the reacting chain ends remain
activated throughout the process of reversible equilib-
rium polymerization (see also refs 30 and 31). The
formation of polymer networks (gels) was investigated
by the Monte Carlo method using a model of free-radical
cross-linked polymerization.32

The rest of the paper is organized as follows: We
begin with defining the model and assumptions used
in the simulation in section 2.1, and formulate the
theoretical approach in the next subsection, section 2.2.
Then, we describe the results in section 3 where the
numerical calculations are compared to the analytical
prediction. Our main aim here is to explore in detail
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the statistical properties of generated sequences. We
summarize and conclude in section 4.

2. Methodology

2.1. Simulation Technique and Model Assump-
tions. For the sake of computational efficiency, we do
not take into account chemical details of simulated
polymer chains, addressing the generic features of
surface-induced sequence formation only. Thus, all
simulations are performed with the standard lattice
bond-fluctuation model, which is described in detail in
refs 33 and 34. The motion of particles (polymerizing
monomers and chain segments) is generated by the
Monte Carlo (MC) technique: A particle and a lattice
direction are chosen at random, and a move is attempted
in the proposed direction. The move is successful, if the
targeted lattice sites are empty (excluded volume in-
teraction), if it allows to be compatible with chain
connectivity, and if it lowers the potential energy. On
the other hand, if the energy difference, ∆u, between
the final and the initial state is positive, the move is
only accepted with probability exp[-∆u/T] according to
the standard Metropolis algorithm,35 where T denotes
the temperature (Boltzmann’s constant kB ) 1).

The results are expressed in internal units: lengths
are measured in units of the lattice spacing, σ, and time,
τ, is in units of MC steps (MCS) per particle (on the
average each particle attempts to jump once within a
Monte Carlo step, successfully or unsuccessfully). Tem-
perature was set to T ) 1.

A total of N monomers A and B were placed in a self-
closed slab (with periodic boundary conditions in the x
and y directions) of size bx ) by ) 400 and bz ) 120, in
units of σ. The planes at z ) 0 and z ) bz are considered
as reflecting boundaries. The z ) 1 plane was chosen
as an adsorbing surface. To model adsorption, we used
the following slowly decaying adsorption potential: u(z)
) ε/z3 (where ε is the characteristic adsorption energy
at z ) 1) that acts only on the polymerizing A monomers
and the corresponding chain segments. Therefore, we
simulated selective adsorption with a fixed adsorption
energy (εA < 0), while the B monomers had no attraction
to the surface, εB ) 0. In this study, the value of εA was
set to εA ) -2.08. With this choice, the density of A
monomers far from the attractive surface was negligibly
small, and thus the precise location of the repulsive
walls had a negligible influence on the results.

The simulation was performed in two stages. First,
to calculate equilibrium adsorption profiles, we consid-
ered free (nonreacting) monomers inside the reaction
box. Among the monomers, NA were the monomers of
type A and NB were the monomers of type B. We placed
into the simulation box a fixed number of A monomers,
while the number of B monomers was a variable
parameter. The values of NA and εA were chosen such
that about 95% of all the polymerizing A monomers
were in strongly adsorbed state for each NB. The bulk
number density of unadsorbed B monomers, FB, was
always larger than the volume fraction of A monomers
in the system, FB > FA. Because of the strong adsorption,
however, the equilibrium volume fraction of A mono-
mers within a narrow-width adsorption layer near the
surface was always much larger than FB. The FB value
was varied from 0.01 to 0.25; the volume fraction FA was
fixed at 0.008. After equilibration, the simulations were
carried out during 3 × 106 MC steps. After each 102 MC
steps the monomer density profiles F(z) normal to the z

) 0 plane were calculated. To this end, we divided the
distance bz into 120 bins and sampled how many
monomers fall into each bin. Then, the average density
profiles for A and B monomers, FA(z) and FB(z), were
found. Thus, choosing the volume fraction of B mono-
mers in the bulk, FB, we can obtain various density
profiles FB(z). Note that FA(z) depends on FB very weakly.

During the second phase of the simulation, we studied
the irreversible polymerization process, which was
considered as a step-by-step chemical reaction of addi-
tion of monomer units to the growing polymer chain.
In our polymerization model, the presence of low-
molecular-weight species (both solvent molecules and
free monomers) was taken into account only implicitly
through the density profiles of A and B monomers
obtained at the first stage. In the implicit-monomer
model, these profiles define the probabilities of addition
of monomer units to the growing macroradical. It is
assumed that the reactants are ideally mixed and that
diffusion is not important. In principle, such conditions
can be realized if typical diffusive time, τd, and the
characteristic time of adsorption equilibrium are es-
sentially less than the reaction time τr. It is clear that
this assumption corresponds to the kinetically controlled
regime.

The usual radical polymerization process consists of
the following three parts: initiation, chain propagation,
and termination. In this study, the initiator of polym-
erization process was modeled as a fixed point of type
A with coordinates x ) bx/2, y ) by/2, and z ) 1 and was
fixed on the attractive surface. Since only one radical
initiator was put into reaction mixture, spontaneous
chain terminating reactions, such as radical combina-
tion and disproportionation, were excluded. In the
present study, the growing chain was automatically
terminated at the number of monomer units N ) 1024.

The implicit-monomer model involves two character-
istic time scales. First, the reaction time scale is set by
the time between two reaction trials, τr. Second, the
equilibrium motion time, τrel, includes conformation
relaxation of growing chain. Internal motion of the chain
mainly depends on the current chain length, Nτ; that
is, the length of growing chain corresponding to a given
time τ. It should be noted here that the Rouse relaxation
time τrel ∼ N2 for an ideal chain. For simplicity, we take
the following fixed relaxation time τrel ) 1024Nτ in the
present study. Any bias introduced by the growing
method toward a certain distribution of configurations
should become unimportant as the chain has enough
time to relax from the nonequilibrium state between two
successive reactions.

In the copolymerization mechanism, the rate of ad-
dition of a monomer to a growing free radical depends
only on the nature of the end group on the chain. We
model an “ideally polymerizing” system in which the
rate constants are equal to each other. In this case, the
end group on the growing chain has no influence on the
rate of monomer addition, and the two types of monomer
units are arranged along the chain in relative amounts
determined by the local concentrations of A and B
monomers near the end radical of the chain. Thus, the
time of addition of monomer to the chain and prob-
abilities of A or B monomer additions are determined
by combination of the equilibrium density profiles, FA(z)
and FB(z), and by the growing chain end location.

During the simulation, we found the current position
of free (“active”) end of the chain along the z direction,
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zp(τ), and added to it the new monomer, according to
relative probabilities to occur the monomer A or mono-
mer B in the z layer: pA ≡ F̃A(zp) and pB ≡ F̃B(zp), where
F̃A(zp) and F̃B(zp) are the normalized density profiles and
pA + pB ) 1. Thus, in the model used here, we have
only one variable parameter of the copolymerization
process, viz., the volume fraction of monomers B in the
bulk, FB.

The algorithm used for modeling of chain growth was
as follows. A random number uniformly distributed
between 0 and 1 was generated and then compared to
the probability pA of having an addition of the monomer
unit to the growing chain. If the random number
occurred to be less than the value of pA, monomer A was
linked with the “active” end of the Nτ-unit macroradical;
otherwise, monomer B was taken. After each such step,
we performed chain relaxation during the time τrel. After
termination of the growing chains at N ) 1024, their
statistical analysis was carried out. To gain better
statistics, 103 fixed-length copolymers for each density
FB were generated and then required average charac-
teristics were found.

Depending on FB, the following characteristics were
calculated for the ensemble of the generated copoly-
mers: the average fraction of adsorbed segments, æads;
the average fractions of A and B segments in the chain,
æA and æB (æA + æB ) 1); the average numbers of
chemically uniform A and B sections (blocks), nA and
nB, as well as the average lengths of these sections, LA
and LB; and the distributions of segments along the
chain. We note that, first, an average of each of these
quantities is found for a chain with a certain chemical
sequence and then, the quantities are averaged over the
sample of the sufficiently large number of independently
generated sequences.

Intuitively, one may expect that the average fraction
of B units æB in the resulting copolymer should increase
with their bulk concentration FB, thereby leading to a
decrease in the number of strongly adsorbed segments.
As seen from Figure 1, where we plot the values of æads

and æB vs FB, this is indeed the case. At some point FB
/

≈ 0.155 the curves æads and æB cross each other. We find
that in this case, about half of chain segments is in
adsorbed state (æads ≈ 1/2), and the AB composition of
synthesized copolymer is close to equimolar (æA ) 0.512
and æB ) 0.488). At FB < FB

/ , the growing chain is
enriched with A monomers; when FB > FB

/ the growing
chain end deeply penetrates into the bulk, and the B
segments prevail in the resulting copolymer. Thus, the
change in the solution concentration of unadsorbed (or

weakly adsorbed) reactive monomer allows varying the
chemical composition in a wide range. Because of a one-
to-one correspondence between æA (or æB) and FB (Figure
1), our model can operate only with one parameter
governing the chain properties at a fixed degree of
polymerization N, specifically with average chemical
composition æA.

For the sake of simplicity, the discussion presented
in this paper will be focused mainly on the systems
where the chemical AB composition of resulting copoly-
mers is close to 1:1. As a matter of fact, the equimolar
composition is of special interest.

Throughout the simulation, snapshots of the system
were collected. To give a visual impression of the
simulated system, Figure 2 presents a typical snapshot
picture of an 1024-unit copolymer chain synthesized at
FB ) 0.155.

2.2. The Probabilistic Model of Copolymeriza-
tion. One of the ways to get a correct insight into the
nature of correlations in a complex polymerizing system
consists of an ability of constructing a simple math-
ematical (probabilistic) object (e.g., a correlated se-
quence of symbols) possessing the same statistical
properties as the initial system. To this end, we consider
in this subsection the model of an ideal, self-intersecting
linear polymer chain consisting of two types of seg-
ments, A and B. In the model, there is no excluded-
volume interaction of chain segments between them-
selves. The ideal structure of our polymer chain ensures
the presence of spatial correlation only between the
neighboring segments.

To describe radical copolymerization near a surface,
we introduce two discrete stochastic processes, ê(A) and
ê(B). They form a compound process ê, which corresponds
to a path associated with the primary sequence of an
AB copolymer chain. Let us characterize the sequence
of steps (monomer units) by σi ∈ {A,B} with i ) 0, 1, 2,
..., labeling the steps along the sequence so that the
random variable êi is the realization of the process ê at
the ith step. We take the origin of the path as the origin
of coordinates. There is a starting point i ) 0 which is
associated with the initiator of polymerization (mono-
mer A); that is, ê0 ) 0 or σ0 ) A in all realizations of
the process ê. This will not affect the asymptotic scaling
behavior.

In the model describing a polymer chain growth by
reaction of monomers A and B with a reactive end group
on the growing chain, the discrete-state process ê(A)

characterizes attachment of strongly adsorbed mono-
mers A. This process has two outcomes: success, with
probability pA, and failure, with probability 1 - pA. In
other words, with probability pA, the polymer chain is
lengthened by addition of the next monomer unit of the
type A to a terminal free-radical reactive site. If the
process ê(A) is terminated, then the process ê(B), associ-
ated with attachment of monomers B in the bulk
solution, starts. In our probabilistic polymer growth
model, it is convenient to treat the process ê(B) as an
asymmetric random walk on the 1D half-line with an
absorbing boundary at the origin. The random walk is
defined as follows. At each ith step, the path goes
further from the origin (∆i

(B) ) êi
(B) - êi-1

(B) ) +1) with
probability pB, and goes closer to the origin (∆i

(B) ) -1)
with probability 1-pB. When the random walk reaches
the origin ( ∑i∆i

(B) ) 0 or ê0
(B) ) -1), it is terminated

(absorbed). After that the process ê(A) starts again. Thus,
the processes ê(A) and ê(B) change each other and

Figure 1. (9) Average fraction of adsorbed segments, æads,
and (b) average fraction of B segments in the resulting
copolymer, æB, as a function of the volume fraction of mono-
mers B in the bulk, FB. Chain length N ) 1024. Dashed line
corresponds to æads ) æB ) 1/2.
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continue until the path reaches a desired total length;
that is, we deal with a randomly alternating growth.
Hence, the random variable êi, obeying specific prob-
ability distribution function, takes value êi ) 0 if σi )
A and êi ) k if σi ) B, where k ) 0, 1, ....

If the step i in the infinite path ê is of the type A,
then the conditional probabilities pAA and pAB for the
next step i + 1 to be of the type A or B are defined as

with pAA + pAB ) 1. Below, we restrict ourselves to the
simplest (symmetric) case: pB ) 1/2 when each first step
of the process B is absorbed by the boundary with
probability 1/2.

The probability to find an uninterrupted succession
(block) of some length l of A steps in the infinite path ê
is given by the well-known geometric distribution PA

0(l)
) (1 - pAA)pAA

l. However, taking into account that the
very first step in the path should always be of the type
A (σ0 ) A), we have the following conditional probability
distribution

where l ) 1, 2, ..., and pAA is defined by eq 1. Therefore,
the average length of blocks A for the infinite total path
length is given by

One may say that the conditional probability pAA
defines the strength of persistent correlations in the
sequence. If the persistent correlations are extremely
strong (pAA f 1), then LA f ∞. In the polymerization
process, such a situation is realized when the bulk
concentration of B monomers approaches zero. If pAA )
pAB ) 1/2, one arrives at the known trivial result for the
Bernoullian statistics without correlations that corre-

sponds to a random copolymer. In this case, the prob-
ability pA of each segment to be of type A is constant
throughout the whole sequence. This means, for ex-
ample, that the conditional probability pAA that the (i
+ 1)th segment is of type A when the ith segment is
also of type A is equal to pA. The average fraction of
type A segments æA in a purely random sequence is
equal to the probability pA. In particular, for a purely
random sequence with pA ) 1/2 we have LA ) LB ) 2.
Such a copolymer is obtained in the course of solution
copolymerization of A and B monomers having identical
solubility and reactivity. Finally, at pAA ) 0 (pAB ) 1)
we deal with a regular sequence with alternating
distribution of A and B segments in the sequence for
which LA ) LB ) 1 (eq 4).

The probability distribution over the length of blocks
B is related to the well-known ballot problem or to a
classical probabilistic “first return” problem.36 Here we
do not have a underlying analytical process like the
geometrical one. In the present context, the ballot
problem can be solved by using a conditional probability
argument leading to a recurrence relation.

In our formulation, êi
(B) is the result of the ith step

on the half-line: êi
(B) ) êi-1

(B) + 1 for a step that jumps
further from the origin and êi

(B) ) êi-1
(B) - 1 for a step

that jumps closer to the origin. One may then use
standard techniques for one-dimensional random walks.
It is clear that each block of the type B should contain
the even number of steps. Therefore, we consider the
one-dimensional walks that start at origin and take 2m
steps (m ) 1,2,...). The total number of random walks
with the positive first step is thus 22m-1 and we consider
that all these walks to be equally probable (since pB )
1/2). Let us collect the fraction of random walks that visit
origin for the last time at the step 2n and have the
nonnegative first term. The fraction of such walks of
length 2m can be written as

with φ0 ) 1. The function φm, given above, is related to
the probability distribution over the length of process
ê(B). This distribution is similar to the so-called discrete
arc-sine distribution of order m.36 It can be calculated
using the following relation

Figure 2. Snapshot of the copolymer chain with N ) 1024 obtained from copolymerizing monomers at FB ) 0.155. The yellow
and red spheres show adsorbed (A) and unadsorbed (B) monomer units, respectively. The place of connection of the chain with
the surface (“initiator”) and the chain end are depicted as larger green spheres.

φm ) 21-2m∑
n)1

m n

m(2m
n+m ), m ) 1,2,.. (5)

pAA ) pA + (1 - pA)(1 - pB)pA +
(1 - pA)(1 - pB)(1 - pA)(1 - pB)pA +

... )
pA

1 - (1 - pA)(1 - pB)
(1)

pAB ) (1 - pA)pB + (1 - pA)(1 - pB)(1 - pA)pB +

... )
(1 - pA)pB

1 - (1 - pA)(1 - pB)
(2)

PA(l) ≡ PA
0(l|i > 0) ) PA

0(l)/PA
0(i > 0) )

[(1 - pAA)pAA
l]/pAA ) (1 - pAA)pAA

l-1 (3)

LA ) ∑
l)1

∞

l(1 - pAA)pAA
l-1 ) (1 - pAA)-1 (4)
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with

where

The distribution over the length of blocks B, PB(l), is
more complex than Pê(B)(k ) n|k > 0). This is due to the
fact that B blocks of some length can be obtained by
“gluing together” two or more shorter B sequences,
which are neighbors in the total path. This happens
when after terminating the process ê(B), the process ê(A)

is terminated immediately at the first step, and the
current B sequence has a chance to be continued. In
other words, we take into account the presence of
unadsorbed B monomers on the surface.

Let us call the B block of length l “irreducible block”,
if it is originated from the process ê(B) that is terminated
at the step 2m. It is clear that any blocks of the type B,
including those located at the end of a finite path, can
be composed from the irreducible blocks by “gluing”
them together. Then the distribution of the B blocks can
be written as

where

Here the function Pê(B)(k ) 2n|k > 0) is given by eq 6.
To calculate PB(l ) 2m), it is more convenient to use
the recurrence relations

One can show that the block length distribution PB(l)
is characterized for asymptotically large PB(l) by the

power-law decay of its density PB(l) ∝ l-R with the
exponent R ) 3/2.

Formally, the average length of blocks B for the
infinite total path length is defined as

Note that the second moment of PB(l) diverges for l f
∞, but in a simulation or experiment it should be always
finite.

Now we are interested in so-called truncated prob-
ability distributions describing a finite path of a given
length. A distribution is truncated if observed values
must fall within a restricted range, instead of the
expected range over all possible values. In our case, the
longest path (sequence) can have a length not more than
N. If a probability distribution function P(l) is known
for an infinite path, then the corresponding truncated
distribution P(leN) is given by

where

and P(l) is defined from (3) and (12) for blocks A and B,
respectively. The average length of the blocks is

Note that in eq 20b we take into account that σ0 ) A,
and contribution from the very first step A always takes
place. It is easily seen from eqs 19 and 3 that for blocks
A, the QA(l) function reads

Therefore, we have

In the N f ∞ limit, eq 22 coincides with eq 4a. For LB
(N)

there is no simple analytical expression.
As has been noted above, of special interest is a

copolymer with a fixed (in particular, equimolar) chemi-
cal composition. For the model considered, the corre-
sponding condition can be written as

Here pA
(i) is the probability that the variable σi is in the

state A at the ith step of the finite path ê of a given
length N and æA ) NA/N is the fraction of the A-type
states. By definition, pA

(0) ) 1. Using the relation for
total probability, we arrive at

Pê(B)(k) ≡ Pê(B)(k ) n|k > 0) )

{0, n ) 2m - 1
φm-1 - φm, n ) 2m m ) 1,2,... (6)

φm ) ∑
j)1

m

bj,m, m ) 1,2,... (7)

bj,m ) j
j - 1

m - j + 1
m + j

bj-1,m, j ) 2,...,m (8)

b1,m )
am

m + 1
(9)

am ) (1 - 1
2m)am-1, m ) 2,3,... (10)

a1 ) 1 (11)

PB(l ) 2m) )
pAA

1 - pAA
∑
nj

∏
j)1

m

Rnj
, ∑

j)1

m

nj ) m (12a)

PB(l ) 2m + 1) ) 0, m ) 1,2,... (12b)

Rn ) (1 - pAA)Pê(B)(k ) 2n|k > 0), n ) 1,2,...,m
(13a)

R0 ) 1 (13b)

PB(l ) 2m) ) ∑
j)1

m

qj
(m), m ) 1,2,... (14)

qj
(m) ) ∑

n)j-1

m-1

Rm-nqj-1
(n), j ) 2,3,...,m (15)

q1
(n) ) (1 - pAA)-1pAARn, n ) 1,2,...,m (16)

LB ) ∑
m)1

∞

2mPB(l ) 2m) (17)

P(l e N) ) {P(l), l ) 1,2,..., N - 1,
Q(l), l ) N

(18)

Q(l) ) ∑
n)l

∞

P(n) ) 1 - ∑
n)1

l-1

P(n) (19)

LA
(N) ) ∑

l)1

N

lPA(l) (20a)

LB
(N) ) ∑

l)1

N - 1

lPB(l) (20b)

QA(l) ) pAA
l (21)

LA
(N) )

1 - pAA
N

1 - pAA
(22)

1 + ∑
i)1

N - 1

pA
(i) ) NæA (23)
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Taking into account that p(σi ) A|êi - 1 ) 0) ) pAA and
p(σi ) A|êi - 1 > 0) ) 0, we rewrite eq 24 for N g 4

where in general case

with p(ê0 ) 0) ) 1 and p(ê0 ) k) ) 0 for k > 0. Because
of the composition constraint (23), the conditional prob-
ability pAA (and therefore pA, see eq 1) turns out to be a
function of N. In this case, it can be shown that the
probability pA converges to unity as pA ∝ 1 - N-1/2 for
sufficiently large N. Thus, the probability distributions
P(l) and the corresponding moments, LA and LB, become
complex functions of two parameters N and æA.

In the next section, our analysis based on the proba-
bilistic model (PM) presented above will be semiana-
lytical/semi-numerical. Although we will focus our
attention on the case æA ) 1/2, nevertheless, the major
part of the results is valid for the whole region 0< æA <
1.

3. Results and Discussion
In this section we investigate the factors controlling

the formation of copolymers near a selectively adsorbing
surface and describe some sequence characteristics. We
begin our discussion with an analysis of average block
lengths observed for the generated copolymer sequences.

a. Block Lengths. The average lengths of A and B
blocks, LA and LB, are shown in Figure 3 as a function
of copolymer composition æA. As expected, when æA is
increased the A blocks become longer while the B blocks
shorten. Our probabilistic model predicts qualitatively
similar behavior. At æA ) 0.57 the values LA and LB
become approximately equal to each other, LA ≈ LB ≈
8.5 (in this case, nA ≈ nB ≈ 60 so that 2nL ≈ N).
Surprisingly, the equality LA ) LB is observed in PM
for almost the same composition (æA ) 0.60), although
the length of A and B blocks predicted for 1024-unit
sequence is considerably larger as compared to that
from MC simulations. For æA ) 0.512 (the value which
is closest to equimolar composition in the simulations
performed in this study) we find LA ) 8.4, LB ) 9.3,
and L ) (LA + LB)/2 ≈ 9.

b. Detrended Fluctuation Analysis. Let us now
turn to the question of long-range correlations in the
copolymer sequences obtained in the present work. For
statistical analysis of copolymer sequences, different
mathematical techniques have been used. We will use
the method developed by Stanley and co-workers37-39

in their search for LRC in DNA sequences. In this
approach, each AB copolymer sequence is transformed
into a sequence of symbols +1 and -1 which are
considered as steps of a one-dimensional random walk.
Shifting the sliding window of length λ along this
sequence step by step, the number of symbols +1 and

-1 inside the window is counted at each step. This
number

is a new random variable, depending on the position k
of the window along the sequence; here ηi is associated
with every symbol i, such that ηi ) +1 if chain segment
i is A and ηi ) -1 if it is B. This random variable has
certain distribution. Its average is determined by the
overall sequence composition, and its dispersion is given
by Dλ

2 ) 〈γ2(λ)〉 - 〈γ(λ)〉2, where 〈...〉 stands for the
average over all windows of size λ.

If the sequence is uncorrelated (normal random walk)
or there are only local correlations extending up to a
characteristic range (Markov chain) then the value of
Dλ scales as λ1/2 with the window of sufficiently large λ.
A power law Dλ ∝ λR with R > 1/2 would then manifest
the existence of LRC. However, due to large fluctua-
tions, conventional scaling analysis cannot be applied
reliably to the relatively short sequences generated in
typical simulations. To avoid this problem, we employ
the so-called detrended fluctuation analysis (DFA), the
method specifically adapted to handle problems associ-
ated with nonstationary sequences.38,39 In brief, DFA
involves the following steps. The entire N-symbol se-
quence is divided into N/λ subsequences, each consisting
of λ symbols. The best linear trend for each subsequence
is then defined. The difference between the original
random walk γ(λ) and the corresponding local trend is
found. Finally, the variance about the detrended walk
for each subsequence is calculated. The average of these
variances over all the subsequences of size λ, denoted
FD

2(λ), characterizes the detrended local fluctuations
within the window of length λ. Generally, the FD(λ)
function shows the same behavior as Dλ.

Figure 4a presents the results of the statistical
analysis performed as described above for 103 generated
sequences. On average, these sequences have approxi-
mately 1:1 AB composition (æA ) 0.512). For compari-
son, we show in the same figure the data obtained for a
purely random 1:1 sequence and a random-block 1:1
sequence, both with N ) 1024. By definition, a random-
block sequence is characterized by the Poisson distribu-
tion of the type A and B block lengths, f(x) ) e - LLx/x!,
where L is the average block length. Systematic con-
sideration and comparison of the properties of the
ensembles implies that we must determine LA and LB
for the ensemble of simulated sequences and then create
the random-block ensemble using these parameters in
the corresponding Poisson distribution. Thus, we gener-

Figure 3. Average lengths of (9) A and (b) B blocks, LA and
LB, as a function of copolymer composition æA. Chain length
N ) 1024.

γk(λ) ) ∑
i)k

k+λ-1

ηi

pA
(i) ) p(σi ) A|êi-1 ) 0)p(êi-1 ) 0) + p(σi ) A|êi-1 >

0)p(êi-1 > 0) (24)

pA
(i) ) pAAp(êi-1 ) 0) (25)

p(êi ) 0) ) pAAp(êi-1 ) 0) + (1 - pB)p(êi-1 ) 1)

p(êi ) 1) ) (1 - pAA)p(êi-1 ) 0) + (1 - pB)p(êi-1 ) 2)

p(êi ) k) ) pBp(êi-1 ) k - 1) + (1 - pB)p(êi-1 ) k +
1) for k > 1 (26)
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ated the Poisson distribution adjusted to achieve 1:1
composition and the same “degree of blockiness” as for
a simulated copolymer. Also, we present in Figure 4a
the FD(λ) function predicted by our probabilistic model
for N ) 1024 and æA ) 1/2.

It is seen from Figure 4a that the data obtained for a
purely random sequence demonstrates FD(λ) ∝ λ1/2

scaling throughout the interval of λ examined, as
expected. For a random-block sequence having nearly
the same composition and average block length as
simulated sequences, there are well-pronounced cor-
relations in the region corresponding to small λ’s, which
are close to the average block length. However, as λ
increases, we observe dumping of the correlations, and
for sufficiently large λ, the behavior demonstrated by
the random and random-block sequences is almost
identical. Comparing these curves with the simulation
results we see immediately that designed sequences do
not correspond to random and random-block statistics,
and strong correlations do exist in these sequences. For
sufficiently large λ, very good agreement between the
MC simulation and the analytical PM result is observed.
In both cases, the long-range correlations persist up to
the windows with length close to N. Moreover, the
correlations turn out to be more pronounced as λ is
increased: the dependence of log[FD(λ)] on log λ becomes
a nearly linear function whose slope approaches unity
with increasing λ. These sequences do not show dump-
ing of the correlations and a wide crossover region with
varying slope, the behavior that was found for “protein-
like” copolymers obtained via “coloring” of a homopoly-
mer globule.10 On the other hand, our findings are
surprisingly similar to those known for DNA sequences,
which appeared as a mosaic of coding and noncoding
patches.37-39 Indeed, similar to DNA chains containing
coding and noncoding regions, the copolymer under
consideration also contains two types of alternating
sections forming a certain pattern. It is known that the
noncoding regions in DNA do not interrupt the correla-

tion between the coding regions (and visa versa), and
the DNA chain is fully correlated throughout its whole
length. As a result, the Dλ

2 curve does not contain the
linear portion Dλ

2 ∝ λ. In a sense, such a behavior
reflects the statistical properties of nonstationary frag-
ments of a fixed length. In principle, the same behavior
is observed in the present study.

From the facts presented above, it is evident that the
sequences discussed here are correlated throughout
their whole length. Also, this implies that if the aver-
aged sequence is cut into a number of short fragments
and then randomly shuffled, the FD(λ) dependence
obtained in this way would not correspond to that
observed in Figure 4a. On the other hand, it was found
that any sufficiently large part of the averaged sequence
has practically the same correlation properties as the
entire sequence. Figure 4b demonstrates the fluctuation
functions FD(λ) calculated separately for the first and
second 512-unit parts of the 1024-unit sequences. One
sees that the FD(λ) functions for these sections and for
the entire sequence are nearly the same. This means
that the generated sequences show scale invariance, a
feature typical of fractal structures. Thus, the question
is: what kind of statistics corresponds to the generated
copolymer?

c. Distribution Functions. To gain some insight
into the discussed problem, we present in Figure 5 the
block length distribution functions PA(l) (plotted on a
semilog scale) and PB(l) (plotted on a log-log scale)
obtained from simulations at æA ) 0.512. It is seen that
the PA(l) function decays exponentially with increasing
block length l while the PB(l) function exhibits a power-
law decay PB(l) ∝ l-R. As has been noted, the same
behavior follows from the probabilistic model. Moreover,
the exponent R estimated form the simulation data (R
≈ 1.6) is, up to the “experimental” uncertainty, quite
close to that predicted by our analytical model (R ) 3/2).
Such power-law decay is a characteristic of Lévy proba-
bilistic processes.12 For these processes an observable
stochastic variable x exhibits large jumps (“flights”),
termed “Lévy flights”, characterized by power-law (rather

Figure 4. (a) Detrended fluctuation functions for (b) designed,
(-- --) random, and (‚‚‚‚‚) random-block sequences of length N
) 1024. Solid line shows the PM results at æA ) 0.5. (b)
Detrended fluctuation functions for the generated copoly-
mers: (-) the entire 1024-unit sequence, (0) the first 512-unit
half, and (O) the second 512-unit half.

Figure 5. Block length distribution functions obtained from
simulations: (a) PA(l) plotted on a semilog scale and on a log-
log scale (the insert) and (b) PB(l) plotted on a log-log scale,
at æA ) 0.512. Solid lines show the best fits on the simulation
data.
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than exponential) probability distribution function, P(x)
∝ x-µ (1 < µ < 3). In this case, the variance Dl

2 is a
nonlinear function of l, in contrast to Markovian pro-
cesses for which Dl

2 is linearly dependent upon l for
large l . In this context, one may mention that statistical
properties of many two-letter copolymers can adequately
be described by the ergodic n-step Markov process.14

Markovian statistics have often been utilized to fit
polymer sequence distribution data. For Markovian
binary copolymers there is a characteristic length
(“memory length”) of the order of n, which defines the
scale of correlations between segments in a copolymer
sequence. For l . n, however, such correlations are
washed out, and it is expected that Dl

2 ∝ l (or FD(λ) ∝
λ1/2) and ln P(l) ∝ - l. As seen from Figures 4 and 5b,
this is definitely not the case for the copolymers gener-
ated in the present study. Therefore, one cannot define
the finite value of “memory length” which is analogous
to n, and the statistics of these copolymers cannot be
described by a Markov process. Of course, it is possible
to interpret any sequence of length N in terms of an
(N-1) Markov process, but the definition of this maxi-
mum order model is nothing but a rephrasing of the
original sequence and one has no guarantee that the
model will work for longer sequences.

d. Intrachain Correlations. Another useful quan-
tity that can be defined is the normalized correlation
function

It quantifies how the stochastic variable η at one
position i1 is correlated to its value at some other
position i2, both separated by a gap of i ) |i1-i2|
segments along the chain. By definition, Cη

(1) ) 1. When
all ηi are statistically independent (random copolymer),
Cη

(i) ) 0 for i > 1. If the Cη
(i) function decreases fast

with “chemical distance” i, then faraway positions are
relatively uncorrelated and the sequence is dominated
by its short-range structure. On the other hand, a slow
decrease of Cη

(i) would imply that faraway positions
along the chain have a large degree of correlation or
influence on each other. In Figure 6a, we present the
Cη

(i) function averaged over all the sequences generated
by MC method for N ) 1024 and æA ) 0.512 as well as
the analogous PM results for a few values of N. It is
evident from the PM data that Cη

(i), when plotted
against scaling variable i/N, is a universal function of
“chemical distance” for any sufficiently long sequence.
The fact that no effect of sequence length is seen here
reflects the strict fractal structure of the sequence.
There is good agreement between the MC and PM data;
moreover, at i/N > 0.25 they practically coincide. In both
cases, no simple exponential decay of Cη

(i) is observed.
One sees that there are two regimes. On short scales,
there is a fast decay. On longer scales, however, there
is a long negative tail, which is determined by the
overall structure of the whole sequence. The presence
of negative correlations in Cη

(i) bears some similarities
with the behavior of a regularly alternating multiblock
copolymer for which Cη

(i) has an oscillatory structure

with persistent period corresponding to block length.
However, the sequences under consideration have rather
randomly alternating statistical pattern than regularly
alternating one.

In addition, we show in Figure 6b the correlation
functions (27) calculated separately for different sub-
sequences of the generated 1024-unit sequences. It is
seen that the statistical properties of the subsequences
are close to each other and to those of the entire
sequence. Again, such a behavior mirrors fractal prop-
erties of this two-letter sequence and is the signature
of scale invariance.

e. Compositional Inhomogeneity. We calculated
the intramolecular composition profile æA

(i) ) 2pA
(i) - 1

which characterizes intramolecular chemical inhomo-
geneity along the chain and is related to the prob-
abilities pA

(i) to find a monomer unit A at the ith position
from the beginning of a growing macromolecule. The
present definition of æA

(i) assumes that the A-type
segments are coded by symbol +1 while symbol -1 is
prescribed to the B-type segments. For an ideal random
copolymer in which chemically different segments follow
each other in statistically random fashion, the pA

(i)

function should coincide with the average fraction æA
of A segments for any i. For a random-block copolymer,
the fraction of one component averaged over many
chains should also be uniform along the chain. Figure
7 demonstrates a typical composition profile calculated
as a function of i/N for æA ) 0.512. First, we observe
rather good agreement between MC and PM results.
Second, both profiles show a monotonic decrease with
the segment position. Therefore, we deal with a specific
copolymer whose chemical sequence is similar to that
known for so-called “tapered” or gradient copolymers
exhibiting strong composition inhomogeneity along their
chain.40-42 Such copolymers can be considered as a
special type of block copolymers in which composition
of one component varies along the chain. With a
decreasing difference in the monomer reactivity rations,
the formation of gradient statistical copolymers rather

Figure 6. (a) Correlation function (eq 27) plotted vs i/N. (O)
Simulation data (æA ) 0.512 and N ) 1024); solid, dashed,
and dotted lines correspond to the PM results for different N,
as marked in the figure. (b) MC results for subsequences of
different length.
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than tapered block copolymers occurs.14,42 In our model
polymerization process, however, all the polymerizing
species have the same reactivities, and the monomer
concentrations remain unchanged during synthesis.
Therefore, the changes in the probabilities of addition
of components to the growing macroradical are due to
the evolution of its chemical composition.

Additionally we present in Figure 8 the intramolecu-
lar composition profiles calculated using PM for chains
of different length (at æA ) 0.5, Figure 8a) and for
several compositions (at N ) 1024, Figure 8b). First
observation from the data shown in Figure 8a is that
at a fixed æA and sufficiently large N, the profiles æA

(i)

are universal functions of scaling variable i/N. Indeed,
the curves coincide reasonably well establishing the
validity of the scaling ansatz. The results obtained for
N ) 64 deviate, though not considerably, from the
scaling curve. Also, it is interesting to note the following
fact: it seems that the value pA

(N) corresponding to the
end-segment converges to e-1 in the N f ∞ limit when
æA ) 0.5. As seen from Figure 8b, the gradient structure
of the copolymer becomes less pronounced as the aver-
age composition æA deviates from equimolar. However,
for nonzero æA the gradient extends along the entire

chain for any N. Therefore, we observe compositional
scale invariance.

f. Conversion Dependencies. To further explore
the origin of the gradient-like primary structure ob-
served in our simulation and PM calculations, we have
monitored the variation of AB composition during
copolymerization. To this end, we define the “degree of
conversion” Nτ/N which varies from N-1 to 1. Analysis
of the MC data shows that at the very beginning of
copolymerization (Nτ/N < ∼ 0.05), the growing chain
radical gathers mainly monomers A strongly adsorbed
at the surface. Then, as the chain becomes longer and
the number of connected B units increases, the prob-
ability to find growing end-radical in B environment
rises (reactions with the participation of unadsorbed B
monomers dominate in the bulk). This causes the
changes both in the current AB composition and in the
average block lengths in growing chains of the current
length Nτ. Figure 9 illustrates these trends. Here, we
present the current average block lengths, LA

(Nτ) and
LB

(Nτ), vs Nτ/N. Note that the data in Figure 9a are given
on a semilog scale while Figure 9b shows the depen-
dence of LB

(Nτ) on (Nτ/N)1/2. In Figure 9a the data of MC
simulations are compared with the theoretical model
(see eq 22 where we used adjustable parameter pAA )
0.88). In Figure 9b, the best fit on the simulation data
is presented.

First of all, we emphasize again qualitative agreement
between MC and PM results. In particular, as follows
from eqs 18-20 for truncated probability distribution,
the LB

(N) value scales with N as LB
(N) ∝ N1/2. It is evident

from Figure 9a that the LA
(Nτ) value reaches its limiting

level LA rather quickly (at Nτ > ∼102). On the other
hand, the current average length of blocks B increases
with Nτ up to Nτ ) N (Figure 9b). As a result, for our
copolymer which was adjusted to achieve approximately
1:1 composition and required length of N ) 1024, we
obtain the primary structure of gradient-like type. In
this copolymer, the content of B monomer units and the

Figure 7. Composition profiles calculated as a function of i/N
for æA ) 0.512 and N ) 1024: (O) simulation data, (-)
probabilistic model, (- -) random copolymer.

Figure 8. Intramolecular composition profiles calculated
using PM (a) for chains of different length (at æA ) 0.5) and
(b) for several compositions (at N ) 1024).

Figure 9. Current average block lengths, (a) LA
(Nτ) and (b)

LB
(Nτ), vs the length of growing copolymer fragment, for 1024-

unit chains: (b) simulation data, (-) probabilistic model (eq
22, pAA ) 0.88), (- -) the best fit on the simulation data.
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corresponding block length gradually increase from the
beginning of chain to its end, while the same quantities
observed for A monomer units remain practically un-
changed along the chain, except its very beginning.

It is clear that the behavior discussed above can take
place only if both the total chain length and AB
composition are constrained simultaneously. Without
these constraints we would have: LB f ∞ and LA f
constant for the N f ∞ limit. However, it should be
stressed that if average copolymer composition is fixed,
then both LA and LB scale with N as N1/2, as directly
follows from the PM prediction. This is due to the fact
that the probability pAA entering eqs 12 and 18 itself
depends upon N via the constraint eq 22 so that
increasingly large values of pAA must be used to achieve
desired AB composition for each given N. Such a
composition constraint is precisely the major reason
behind the specific chain growth and affects the global
statistical nature of sequences on large scales.

4. Concluding Remarks

In this work, we have used a Monte Carlo simulation
technique to study two-letter (AB) quasirandom copoly-
mers with quenched primary structure, which were
generated via surface-induced computer-aided sequence
design. Our approach represents an irreversible radical
copolymerization (chain growth) of selectively adsorbed
A and B monomers with different affinity to a surface.
In the model, one of the types of monomers and chain
segments were preferentially distributed near the ad-
sorbing surface while other monomers and chain seg-
ments were preferentially located in the solution. As a
result, the chemical sequence and conformation of
growing macroradical become mutually dependent. The
growth of polymer chains during the addition copolym-
erization produced a monodispersed system. Also, for
describing the same chemical reaction in the presence
of adsorbing surface, we have developed an analytical
model based on stochastic processes and probabilistic
statistics. Despite the relatively simple formulation of
this model, its predictions are in good qualitative (in
some cases, semiquantitative) agreement with the simu-
lation. The differences between the analytical and
simulation results may be mainly due to the fact that
our probabilistic model does not include intrachain
excluded volume effects.

It was shown that copolymerization near the adsorb-
ing surface can lead to a copolymer with a specific quasi-
gradient chemical sequence and power-law long-range
correlations in distribution of different monomer units
along the chain. The gradient extends along the entire
chain for any chain length. Moreover, we have found
that the sequence corresponding to the ensemble of the
copolymers generated in this way can be viewed as a
one-dimensional fractal object with scale-invariant prop-
erties. This means that for such a sequence there is no
characteristic length, and the correlations should be-
come infinite for infinitely long chain. Inhomogeneous
spatial distribution of polymerizing monomers and
composition constraints in the resulting copolymer are
major reasons behind the specific chain growth and the
global statistical nature of sequences on large scales.
These numerical results are all consistent with our
theoretical predictions.

Actually, the polymerization procedure discussed in
this paper can be considered as a prototype of template
polymerization (also connected with molecular imprint-

ing) that is one of the most productive and promising
approaches to the synthesis of various polymeric ma-
terials. The main idea of this technique is to form the
desired (inhomogeneous) spatial distribution of mono-
mers, e.g., via binding them to a template, and then to
fix this distribution by polymerization. In the present
study we had marked concentration inhomogeneities in
the reaction bicomponent system. Therefore, by varying
the average copolymer composition, defined by the
effective monomer-substrate interaction and surface
coverage, the copolymers with different chemical se-
quences can be designed and synthesized in a controlled
fashion. Moreover, just by radical copolymerization of
two monomers with different affinity to a certain plane
surface it is possible to obtain copolymers with a
gradient chemical sequence.
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