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Influence of polymer structure on adsorption behavior
at solid–liquid interface by Monte Carlo simulation

L. SUN, C. PENG, H. LIU* and Y. HU

Lab for Advanced Materials and Department of Chemistry, East China University of Science and Technology, Shanghai 200237,
People’s Republic of China

(Received March 2007; in final form June 2007)

Monte Carlo simulations for the adsorption of polymers including random copolymer, homopolymer, diblock copolymer and
two kinds of triblock copolymers, respectively, in nonselective solvent at solid–liquid interface have been performed on a
simple lattice model. The effect of polymer structure on adsorption properties was examined. In simulations, all polymeric
molecules are modeled as self-avoiding linear chains composed of two segments A and B while A is attractive to the surface
and B is non-attractive. It was found that for all polymers, the size distribution of various configurations is determined by the
linked sequence of segments and the interaction energy between segment and surface. The results of simulation show that the
adsorbed amount always increases with increasing bulk concentration but the adsorption layer thickness is mostly dependent
on the adsorption energy at a fixed fraction of segments A. On the other hand, diblock copolymer has always the highest
surface coverage and adsorbed amount, while random copolymers and homopolymers give generally the smallest surface
coverage and adsorbed amount. It is shown that the sequence of polymer chains, i.e. molecular structure, is the most
important factor in affecting adsorption properties at the same composition and interaction between segment and surface. The
results also show that the adsorption behavior of random copolymers is remarkably different from that of block copolymers,
but acting like homopolymer.
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1. Introduction

Polymer adsorption plays an important role in many

practical applications, such as colloid stability, adhesion,

biology, polymer technology and so on. To understand the

mechanism and improve the techniques, it is crucial to

obtain the conformation of polymer chains in the vicinity

of interface.

Many studies have addressed the adsorption properties

of copolymers from experimental techniques [1–4] to

theoretical analysis [5–7]. However, it is generally

difficult to establish the explicit microstructure of

adsorbed layers solely from experimental or theoretical

approaches because they were not able to observe various

configurations and their distribution directly. On the other

hand, this information can be provided intuitively with

the aid of computer simulation. In addition, computer

simulation can be used to test the reliability of theoretical

prediction. As known, a series of works by Monte Carlo

(MC) simulations have been reported in the literatures for

diblock copolymers [8–16] and triblock copolymers

[17–20] as well as random copolymers [21,22].

Although the adsorption behaviours of copolymers have

been studied by computer simulation, whose results

dispersed in the other literatures without any similarity

and difference of these copolymer adsorptions compared

systematically. In our previous work, we have studied the

adsorption behavior of monodisperse and polydisperse

homopolymer [23,24], diblock copolymer [25], symmetri-

cal and asymmetrical triblock copolymer [26–28] at

solid–liquid interface by lattice MC simulation. In this

work, we extended this approach further to study the

adsorption behavior of random copolymers on solid–liquid

surface. The importance of this work is to compare

different types of polymers by combining with the previous

work, and to examine the effect of structure on adsorption

properties. The efforts were concentrated on depicting the

microstructure of adsorption layers. The profiles of

adsorbed segments as tails, loops and trains, as well as

the size distributions of these adsorption configurations
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were studied in detail. The macrostructure information

such as surface coverage, adsorption amount and adsorp-

tion layer thickness were also estimated.

The outline of this paper is as follows: in Section 2, we

introduce the simulation techniques. In Section 3, the

application of this method to some copolymer systems is

described to learn how variations in chain sequence and

adsorption energy affect the adsorption properties of

polymers from the surface to the bulk. A brief summary of

our conclusions is given in Section 4.

2. Simulation method

MC simulation is performed on a cubic lattice in the NVT

ensemble. A size of Lx £ Ly £ Lz ¼ 50 £ 50 £ 50 was

adopted. The simulation box has periodic boundary

conditions in the x and y directions. In the z direction, two

adsorbing surfaces are located at z ¼ 0 and z ¼ Lz þ 1. All

copolymer molecules are modeled as self-avoiding linear

chains. Each segment occupies one site and those empty

sites are considered to be occupied by solvent molecules S,

each of them also occupying one site. The copolymers

contain two types of segments: A and B, while the segment

A is attractive and segment B is non-attractive to the

surface. The values of segment–surface interaction

potential are assigned as ~1Aa and ~1Ba. The segment–surface

interaction potential is short-ranged, acting only between

the sites on the adsorbing surface and the segments that are

on the plane adjacent to the adsorbing surface (z ¼ 1 or

z ¼ Lz). The values of segment–segment and segment–

solvent interaction potentials A–A, A–B, B–B, A–S, B–S

and S–S are assumed to be zero.

Chain molecules are introduced into the simulation box

by using the Rosenbluth–Rosenbluth growth technique

[29]. Five types of molecular motion, i.e. Verdier–

Stockmayer mode [30] including end-rotation, L-flip and

crankshaft motion (or kink jump motion), reptation and

the revised Rosenbluth–Rosenbluth growth (configura-

tional-bias sampling) method proposed by Siepmann et al.

are used. The simulation algorithm was described in detail

in our previous papers [23–28].

Despite a great deal of data have been obtained by

simulation, in this paper the influence of structure on the

adsorption properties is principally discussed by compar-

ing different types of copolymers which are composed of

A segment with length of 10 and B segment with length

of 20. According to chain sequence, there are four types

of copolymers discussed in this paper: diblock copolymer

A10B20, triblock copolymer A5B20A and B10A10B,

random copolymer (A1/3B2/3)30, respectively, with the

same ~1Aa and ~1Ba ¼ 0. Also an equivalent homopolymer

Ahomo
30 has been introduced. Thus, we define the effective

adsorption energy of one polymer:

~1polymer
a ¼ f ~1Aa þ ð1 2 f Þ ~1Ba ð1Þ

Obviously, ~1polymer
a of four copolymers A10B20, A5B20A,

where f is the fraction of segment A in a chain B10A10B,

(A1/3B2/3)30 is the same. Because homopolymer is only

composed of segment A, ~1Aa of Ahomo
30 should be decreased

to make the adsorption energy of every polymer equal. For

example, ~1polymer
a ¼ 0:4 if ~1Ba ¼ 0 and ~1Aa ¼ 1:2 for the

copolymers. To ensure ~1 polymer
a of Ahomo

30 ¼ 0:4, ~1Aa must

be 0.4, correspondingly.

The number density of chains Fc in the system can be

calculated as follows:

Fc ¼ M=ðLx £ Ly £ LzÞ ð2Þ

where M is the number of chains introduced into the

simulation box. Segments directly adjacent to the surface

are regarded as adsorbed segments. Those non-adsorbed

chains are called free chains, and segments belong to the

free chains are correspondingly called free segments.

The segment density or concentration r(z) at layer z is

defined as the number of segments Nz for both adsorbed

chains and free chains in the layer z per surface lattice site.

It is calculated by

rðzÞ ¼ Nz=ðLx £ LyÞ ð3Þ

The adsorbed chains usually present in various

configurations, which can be generally characterized by

trains (sequences in actual contact with the surface),

loops (stretches of segments in the solution of which both

ends are on the surface), and tails (at the ends of the

chain with only one side fixed on the surface). In lattice

model, the size of trains configurations can be changed

between 1 and r; and r is the length of a chain. The size

of tails varies from 1 to r 2 1, and varies from 2 to r 2 2

for loops.

The segment density of configuration S along z

direction is calculated by

rðzÞS ¼ NZ;S=ðLx £ LyÞ ð4Þ

where NZ, S is the number of segments in the layer z belong

to configuration S (S ¼ tail, train or loop).

There are 50 lattice layers between two surfaces of the

simulation box. It is seen from the figures in this work that

adsorption layers typically extend up to approximately 10

layers away from the surface. Therefore, the bulk

concentration fb, segment density of the region where

the concentration of segments is constant along lattice

layers, can be determined by averaging the most

intermediate 20 layers, i.e. the layers between 15 and 35.

The adsorption amount G is defined as the average

number of adsorbed chains’ segments per surface lattice

site,

G ¼ ðNa £ rÞ=ðLx £ LyÞ ð5Þ

where Na is the number of adsorbed chains with a length r

on a surface, Lx £ Ly is the total number of lattice sites on

a surface.

The surface coverage u is defined as the segment

density or concentration at layer z ¼ 1 or z ¼ Lz, i.e.

u ¼ r(1) or u ¼ r(Lz).

L. Sun et al.990
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We adopted the root-mean-square (RMS) layer thick-

ness employed by Scheutjens and Fleer [31] to determine

the adsorption layer thickness in this work:

s2 ¼
XL

i¼1

i2rðiÞ=
XL

i¼1

rðiÞ ð6Þ

where i is the consecutive number of layers, r(i) is the

segment concentration in layer i.

3. Results and discussion

3.1 Density profiles

When Fc ¼ 0.0048 and ~1polymer
a ¼ 0:4, the segment

density profiles for five systems are depicted in figure 1

for (a) A segments, (b) B segments and (c) total segments.

For homopolymer is only compose of segment A, the

density profile of segment A is just the total density

profile. It could be known from Section 2 that it is ~1Aa ¼

0:4 for Ahomo
30 and ~1Aa ¼ 1:2 for the others when

~1polymer
a ¼ 0.4, thus the property of segment A for

homopolymer and copolymers is not the same at all.

Segments A form a thin adsorbed layer directly adjacent

to the surface by manifesting a maximum density in

the first layer. Obviously, this is because the attractive

interaction with surface enhances a preferential adsorp-

tion. With the increasing distance from surface, the

density of segments A decreases quickly and then

increases a little approaching to the bulk value for all

the copolymers except random copolymer. The density

profile of segment A for random copolymer decreases

monotonously, the maximum, but less than any other

copolymers, is at z ¼ 1 and almost descends straight

downwards to the bulk. Figure 1(a) predicts the decreasing

order of surface coverage for segment A is A10B20,

B10A10B, A5B20A, (A1/3B2/3)30. Similar results have also

been found in our previous works. However, with the

given chain composition and adsorption energy, the

segment density of random copolymers in the first layer

is the lowest among all the copolymers. In contrast, block

copolymers with the same fraction as random copolymer

adsorb more strongly. There is a strong preferential

adsorption of chains with longer attractive blocks.

Figure 1(b) shows that segment B, expelled by the

attractive segment A, exhibits a lower density in the first

layer, then increases with the increase distance from the

surface and reaches a maximum at several layers away.

It can be seen that segment B, although non-attractive, can

still be adsorbed onto the surface with small adsorption

amount due to chain connectivity. The exact position of

the maximum is determined mainly by the position of

attractive block located and the length of non-attractive

block. It is at the 3rd layer for B10A10B10 and A5B20A5 and

the 4th layer for A10B20. The result shows, with definite

adsorption energy and chain composition, the structure of

polymers becomes the dominant factor which affects the

density profile of non-absorbed segment.

From Figure 1(c), the largest density in the first layer is

achieved by A10B20, then by B10A10B10 and A5B20A5,

and the smallest by (A1/3B2/3)30 and Ahomo
30 , which

indicates the surface coverage should show the same

sequence, also the similar results were obtained for other

copolymers [25,26]. With the increasing distance from

the surface, the values of density between A10B20 and

A5B20A5 would be exchanged, but B10A10B10 is still in

the middle. For block copolymers, a plateau is observed

at about the second or third layer; however, the density

profile of random copolymer is something like that of

homopolymer, all decrease monotonously until change-

less. The similar phenomena would occur in following

results repeatedly.
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Figure 1. Segment density profiles of segments A (a) and B (b) as well
as total segments (c) for five systems when Fc ¼ 0.0048 and
~1molecule
a ¼ 0.4. Open triangle: A10B20; solid triangle: A5B20A5; solid

diamond: B10A10B10; open square: (A1/3B2/3)30; star: Ahomo
30 .
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In figure 1, since density profile is the summation of the

segments of adsorbed polymer and free segments of

unadsorbed polymer, next we will study the effect of the

former factor on density profiles solely. Figure 2 shows the

segment density profiles of tails (a) and loops (b) for five

systems with respect to the distance from the surface when

Fc ¼ 0.0048 and ~1polymer
a ¼ 0:4.

From this figure, we can see that the variation of polymers

has so much tremendous influence on the shape and the

relative positions of density profiles for tails and loops. It is

shown that the loops are distributed closer to the surface as

expected, disappearing at the 6th layer. Nevertheless, the

segment density profiles of tails are more dispersed,

extending until Z is about the 10th layer. The concentration

of tails closed to the surface is much greater than that of

loops except for A5B20A5 as shown in figure 2(a),(b), which

implies the important role of tails, especially those tails

of non-attractive block B, in determining the adsorption

layer thickness of copolymers. This will be discussed in

Section 3.5. Also, it seems that the density profiles of tails

are more complicated than that of loops.

First, we inspect the segment density profiles of tails in

figure 2(a). The maximum of B10A10B10 appears at Z ¼ 1

then decreases rapidly with the increase distance from the

surface. As to A5B20A5 and A10B20, the peak would be

reached a little away from the surface and then approaches

to zero gradually, which corresponds to the case that one

end of terminal copolymer chain is absorbed on the

surface and the other end is not adsorbed. However, the

appearance of peak means that tails prefer to entangle with

each other rather than stretch extending into the bulk.

For random copolymer and homopolymer, the change of

density along the z direction is mild which decreases

monotonically to the bulk value after the maximum, also

the profile and the trend are similar.

Second, we inspect the loops which seem to be simpler

comparing with the tails. It could be seen from figure 2(b)

that the density profiles of loops always have peaks at Z ¼ 1

for all the polymers, which implies that the smaller loops

are most likely to exist in the adsorption layers. Then the

density profiles of loops monotonically decrease along Z.

The density drops very fast as Z increases for most of

polymers except that of loops for two-terminal copolymers

A5B20A5 exhibit a smaller downtrend along the layers. It is

mainly because the length of non-attractive block B is

longer which is likely to form bigger size of loops as shown

in figure 5(b). We also find for random copolymer and

homopolymer, the density distributions of loops, wherever

from the shape or the trend, are all the same roughly. In a

word, the structure of copolymers is the dominant factor in

determining segment density distribution when chain

composition and adsorption energy are confirmed. How-

ever, the simulation results show that the total density for

random copolymers, as well as the density of tails and loops,

it seems to be replaced by a corresponding homopolymer.

3.2 Size distributions of various configurations of all
adsorbed copolymers

The density profiles presented above represent statistical

microstructure information of adsorbed layers concerning

different kinds of configurations irrespective of detailed

sizes of those configurations. This section continues

the microstructure discussion and focuses on the size

distributions of various adsorption configurations.

The size distribution of tails is the most complicated

shown in figure 3(a),(b) (Notice, n in x-axis is the size of

various configurations.) When the adsorption energy is

smaller, the size distribution profiles of tails obtained from

MC simulation are multimodal as shown in figure 3(a). The

peak of B10A10B10 appears at n ¼ 10 and that of A10B20 is at

n ¼ 20, which just equal to the length of non-attractive

block B in the end of chains, while A5B20A5 is at n ¼ 25

corresponding to the case that only one of chain ends is

adsorbed. In other words, it means that one of the two A

blocks is fully adsorbed with leaving the block B and the

other block A in the bulk as a tail, 25 is just the sum of block

B and one block A. From figure 3(b), we also can see that

with the increase of ~1Aa, not only the height of the first

characteristic peak increases, but also the peak becomes

sharper, indicating that more segments A are adsorbed and

the non-attractive segments in tail tend to become more

monodisperse. Homopolymer and random copolymer have

no characteristic peak depending on the structure of polymer

itself completely. Another peak of the polymers all appears

at n ¼ 1, mainly coming from the contribution of segment

A, especially which is smaller peak for B10A10B10 but
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Figure 2. Segment density profiles of tails (a) and loops (b) for five
systems when Fc ¼ 0.0048 and ~1molecule

a ¼ 0.4. Legends are as in figure 1.
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higher ones for the other polymers. Although the non-

attractive segments lie in the middle of chain, the desorption

of attractive segments in two ends of chain causes the

favorite form of short tail adsorption. The other peak of

B10A10B10, also for (A1/3B2/3)30 and Ahomo
30 , appears at

n ¼ 29, corresponding to the case when only one segment

is adsorbed, which would become smaller for larger

energy comparing with the second peaks at n ¼ 1 as shows

in figure 3(b). Obviously, the latter peak is attributed to

the contribution of segment B. Both peak values increase

as ~1Aa increases, however characteristic peaks increase

faster.

Interestingly, the size distributions of tails for random

copolymer (A1/3B2/3)30 and homopolymer Ahomo
30 are

almost the same, but different from the other copolymers

completely. Therefore, the size distribution of tails is

dependent on the sequence of attractive segments in

polymer chains, and that of random copolymers could be

described by an equivalent homopolymer.

The size distributions of trains are shown in figure 4(a),(b).

The size distributions of trains for all the samples have only

one peaks at n ¼ 2 when the adsorption energy is smaller,

and the value is almost the same as shown in figure 4(a).

However, when ~1Aa becomes higher, the size distributions of

trains for three samples form the second peaks, at n ¼ 5 for

A5B20A5, at n ¼ 10 for A10B20 and B10A10B10 which just

equals to the length of attractive block A, as shown in figure

4(b). With the increase of n, the distribution curve decreases

faster for the former than for the latter. It means that all

attractive segments would be adsorbed on the surfaces if

only the adsorption energy is strong enough. However, the

second peak of A10B20 is higher than that of B10A10B10

because the middle copolymer B10A10B10 has two non-

attractive blocks in the ends of chain which tend to

make middle block A extending to the bulk. Accordingly,

we can make the conclusion that the size distribution of

trains is determined by the attractive block A. The first peak

always appears at n ¼ 2, the second peak appears at the

length of a block of attractive segments; but whether the

second peak of train configuration appears or not is

determined by the interaction between segment and surface.

If the length is shorter, the emergence of the second peak of

trains only needs a small energy. Increasing the length of

trains is a natural result of strengthening the total adsorption

energy. The most favorable longest length of n corresponds

to the length of continuous attractive block A. It means the

stronger attraction favors longer train. In any way,

(A1/3B2/3)30 and Ahomo
30 just have one peak at n ¼ 2

the value of which increases with the adsorption energy.

It is because the distribution of attractive segments in

(A1/3B2/3)30 chain is random, no continuous block of

segment A is dominant, and the second peak will not appear.

For homopolymer Ahomo
30 , which is composed of attractive

segments only, a second peak has not been found in previous

works. Again, we found that the size distributions of trains

for (A1/3B2/3)30 and Ahomo
30 are similar.
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Figure 3. Size distributions of tail configurations for five systems with
Fc ¼ 0.0048 when ~1molecule

a ¼ 0.133 (a) and ~1molecule
a ¼ 0.4 (b). Legends

are as in figure 1.
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The size distributions of loops are shown in

figure 5(a),(b). For all polymers, just one maximum

appears at n ¼ 2 when ~1Aa is smaller, which implies the

smallest loop with two segments is most likely in the

adsorption layers. The number of loops decreases

monotonously with the increase of the size n. Compara-

tively, a plateau is observed for A5B20A5 because the block

of non-attractive in the middle is the longest among all

polymers, which is favorable to form larger loops.

However, when ~1Aa is higher, only for A5B20A5, there

becomes another peak at n ¼ 20 which just equals to the

length of block B as shown in figure 5(b), indicating more

chance to form bigger loop configuration when both two-

terminals are attracted to the surface as expected. The latter

means the two attractive blocks are both adsorbed onto the

surface at the same time. The size distribution of loops

could be bimodal for end-adsorbed copolymer when the

energy is larger. The length of the middle non-attractive

block determines the location of the second peak. However,

it is similar to the case of trains that only one maximum is

observed for (A1/3B2/3)30 and Ahomo
30 in loops. Also the size

distributions of loops for them are the same roughly.

It is found both peak values increase as ~1Aa increases.

When the adsorption energy is strong enough, the size

distributions of various configurations of all adsorbed

copolymers are characteristic except for random copoly-

mer which could be seen from figures 3(a), 4(a) and 5(a).

The tails are more appearing at n that equals to the length

of non-attractive block in the end of chains, the trains tend

to appear at n which equal to the length of attractive block

A. With the adsorption energy we adopt, only end-

adsorbed copolymer forms a peak at n equals to the length

of non-attractive block in the middle of chains.

The size distributions of homopolymer and random

copolymer are monodisperse as compared with the other

polymers, it is because homopolymer is composed of one

kind segment which has the same chance to be adsorbed

on the surface. For random copolymer, the chain sequence

of polymers is random that two kinds of segments have

same probability of arrangement in a chain, so the

adsorption behavior of random copolymers could be

imitated by an equivalent homopolymer.

It has been known that the adsorption of random

copolymers differs greatly from that of other copolymers,

but acting like homopolymers. The latter usually adsorbs

at several points along the chain with various configur-

ations such as train, loop, and tail. A block copolymer

usually has some longer blocks adsorbed on the surface in

a rather flat conformation, whereas the other blocks have a

lower or no surface affinity extend into the solution.

Therefore, it is reasonable to expect that the attractive

segment A plays an important role in trains and loops,

while the non-attractive segment B constitutes the main

part of tails.

3.3 The surface coverage

Figure 6 illustrates the surface coverage vs. different bulk

concentration for all polymers with ~1Aa ¼ 1.2, where for

(a) total segment, (b) A segment and (c) B segment. From

simulations, we found that all the surface coverage for five

samples increased monotonously with the increase of bulk

concentration when the reduced adsorption energy was

relatively large. However, the relative position is rather

different from each other. The upper one is for A10B20, the

middle for B10A10B10 and A5B20A5, and the lower for

(A1/3B2/3)30 and Ahomo
30 , respectively.

In fact, the density of segment A in the first layer is

exactly the surface coverage of segment A. As shown in

figure 6(b), the surface coverage of segment A (uA) is

ordered in value from A10B20, B20A10B20, A5B20A5,

(A1/3B2/3)30 to Ahomo
30 . In figure 1(a), it shows that ~1Aa, as

well as ~1polymer
a , of different copolymers is the same, but

the surface coverage of segment A is distinguishing due to

the chain structure of various copolymers. The surface

coverage of segment B (uB) was also studied in figure 6(c),

this order would tend to be reverse. uB for B10A10B10 and

A5B20A5, which increases more mildly, is nearly the same.

Despite the amount is small, it contributes to the surface

coverage and influences the further adsorption of

copolymer chains. uB for (A1/3B2/3)30 is much higher

than that for others because the arrangement of segment A

and B in a chain is random. Although the segment B is

non-attractive, the connectivity between block A and

block B makes it possible that segment B may accidentally

be located on the surface, i.e. be adsorbed.
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Figure 5. Size distributions of loop configurations for five systems with
Fc ¼ 0.0048 when ~1molecule

a ¼ 0.133 (a) and ~1molecule
a ¼ 0.4 (b). Legends

are as in figure 1.
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The value of surface coverage depends on the relative

number of attractive segments and non-attractive seg-

ments. For series of a rather shorter non-attractive block

and longer attractive block, the difference of surface

coverage between each other is not so large and can be

neglected. It means that when non-attractive segment

block is much shorter than attractive one, the influence of

sequence of copolymer on surface coverage is not great.

3.4 The adsorption amount

The adsorption amount (expressed in equivalent lattice

layers) is determined by those molecules having at least

one segment in the lattice layer directly adjacent to the

surface. Adsorption isotherms for all copolymers are

plotted in figure 7. It increases as the bulk concentration

increases for all polymer systems. The adsorbed amount is

ordered in value from A10B20 and B10A10B10, A5B20A5,

(A1/3B2/3)30 to Ahomo
30 in figure 7(a). However, the

difference between A10B20 and A5B20A5 is very small

when ~1Aa ¼ 1.2. The order will not change in principle as

~1Aa increases, except the adsorbed amount of B10A10B10

is greater than that of A5B20A5 when fb # 0.05, and

the former is even lower than the latter as fb further

increases.

When ~1eff
a is small, the adsorption mount G of

homopolymer increases almost linearly with the bulk

concentration as shown in figure 7(a), which is the same as

(A1/3B2/3)30. As ~1eff
a increases, resulting in higher total

adsorption energy and higher adsorption amount, the curves

gradually become convex, and the dependence on the

concentration is weaker at higher bulk concentrations as

shown in figure 7(b). Even though it has deviations between

(A1/3B2/3)30 and Ahomo
30 , the adsorption amount of random

copolymer is alwaysa little higher than that ofhomopolymer.

3.5 The adsorption layer thickness

The adsorption layer thickness vs. bulk concentration for

five systems with different adsorption energy is depicted in
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Figure 6. Surface coverage in different bulk concentration for five
systems when ~1molecule

a ¼ 0.4. (a) Total segment, (b) A segment,
(c) B segment. Legends are as in figure 1.
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Figure 7. Adsorption isotherms for five systems at ~1molecule
a ¼ 0.133 (a)

and ~1molecule
a ¼ 0.4 (b). Legends are as in figure 1.
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figure 8(a),(b). The effect of adsorption energy on

adsorption layer thickness shows different trend in different

region. When ~1Aa is smaller, the adsorbed layer thickness s

for all polymers decreases linearly with the increase of bulk

concentration. The thickness is the largest for A5B20A5 and

the smallest for B10A10B10, while the others seem to almost

be similar. There are more loops n ¼ 25 for A5B20A5, but

the other end of two-terminal copolymer is absorbed when

~1Aa becomes larger. However, s for all the polymers

increases, with the increasing of bulk concentration when

~1Aa ¼ 1.2. The adsorbed layer thickness exhibits firstly a

little raise and then increases slightly as bulk concentration

increases, and also the relative position of thickness is

something different. In this case, the largest thickness is for

A10B20 because it forms bigger tails which can be seen from

figure 3(a),(b). The RMS layer thickness of (A1/3B2/3)30 and

Ahomo
30 is located in between that of A5B20A5, A10B10 and

B10A10B10. Another result is that the increase of layer

thickness for (A1/3B2/3)30 and Ahomo
30 with the bulk

concentration is the same.

The higher the adsorption energy, the smaller the layer

thickness is, because of the tighter adsorption. The results

show that the adsorption layer thickness depends on the

sequence of copolymer. It implies that the number and size

of tails together play a more important role in determining

the thickness of adsorption layer.

4. Conclusion

MC simulations on a cubic lattice have been performed to

illustrate the surface adsorption behavior of polymers.

A series of systematic comparisons between random

copolymer and other copolymers are provided in the

microstructure and macrostructure information of adsorp-

tion layers. The effects of block and interaction parameters

on adsorption behavior have been investigated. The results

of simulation show that the position of attractive block in a

copolymer chain affects the adsorption behavior.

The adsorption behavior of random copolymers, which

acts like homopolymer, is remarkably different from that

of other copolymers. For all polymers, the size distribution

of various configurations depends on the sequence of

copolymers and the interaction energy between segment

and surface. Where the position and intensity of

characteristic peak appears is determined by the length

of attractive block and non-attractive block.

The density profiles of block copolymers show a dense

A layer on the surface and B tails dangling into the bulk,

whereas random copolymers show a monotonous homo-

polymer-like segment density profiles. At a constant fraction

of A segments, the adsorbed amount increases with

increasing bulk concentration while the adsorption

layer thickness is dependent on the adsorption energy.

Diblock copolymer has the highest adsorbed amount

as random copolymers and homopolymers give the smallest

surface coverage and the smallest adsorbed amount. The

adsorption of random copolymers is usually stronger than

that of a homopolymer with equal length and consisting of

the same type of adsorbing segments. Therefore homo-

polymer always gives the smallest surface coverage as well

as the adsorbed amount.

In conclusion, the sequence of polymer chains, i.e.

molecular structure, is the most important factor in affecting

adsorption properties at the same composition and interaction

between segment and surface. However, the adsorption

behavior of random copolymer is always similar to that of

homopolymer, which indicates an equivalent homopolymer

could take the place of random copolymer.
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