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Abstract : The self-assembly of block copolymers can lead to a variety of ordered structures on a nanometer
scale. In this article, the self-assembling behaviors of triblock copolymers in the melt and the selective sobent
are described with the results obtained from the computer simulations. With the advances of computing
power, computer simulations using molecular dynamics and Monte Carlo techniques make it possible to
study very complicated phenomena observed in the self-assembly of triblock copolymer. Taking full
advantage of the computer simulation based on well-defined model, the effects of various structural and
thermodynamic parameters such as the copolymer composition, the block sequence, the pairwise interaction
energies, and temperature on the self-assembly are discussed in some detail. Some simulation results are
compared with experimental ones and analyzed by comparing them with the theoretical treatment.

Introduction

Block copolymers, composed of two or more
chemically distinct repeating units, have attracted
considerable attention during the past two decades
because of their applications in a wide range of
fields from material science to biology."? The key
feature of block copolymers that has fascinated
scientists and engineers is their ability to spontane-
ously self-assemble in the melt or solution into a
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variety of ordered structures with nanoscale peri-
odicities. Furthermore, the self-assembly of block
copolymers, depending upon the molecular archi-
tecture and thermodynamic conditions, yields an
extraordinarily rich and complex phase diagram,
which enables them to have a variety of properties
tunable to many applications and to serve as a
good model system for the study of self-assembly.
In the melt, ABA-type triblock copolymers exhibit
very similar self-assembly behavior to AB diblock
copolymers. In addition to the lamellar, cylindrical
and spherical morphologies, more complex phases,
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such as the bicontinuous gyroid and perforated
layer structures have been identified for the block
copolymers, depending on the composition, the
degree of polymerization, and thermodynamic
interaction.? ABC triblock copolymers are expected
to show even more complex phase behaviors due
to the increased number of independent composi-
tions and thermodynamic interaction parameters.
Indeed, some of complex morphologies have re-
cently been identified by several research groups.*"
However, there are still so wide areas in the
parameter space that have not been exploited
because of strongly coupled relationship between
a number of structural and thermodynamic para-
meters.

In a solvent which is selective for one of their
constituents, ABA-type triblock copolymer can
self-assemble into micelles."” In general, the micelle
consists of two phases, an inner core predomi-
nantly composed of insoluble blocks and an outer
corona composed of the soluble blocks and the
solvent molecules. However, ABA triblock copoly-
mers exhibit quite different self-association behav-
jor from AB diblock copolymers depending on the
solvent selectivity. In other words, ABA triblock
copolymers in a selective solvent for the middle
block B behave differently from those in a selec-
tive solvent for the end blocks A. A number of
efforts have been made to clarify the self-associa-
tion of the triblock copolymer in a selective sol-
vent,'”? but there have been few studies for a
direct comparison of the micelle formation and
structural characteristics between two different
triblock copolymer systems (viz., ABA and BAB
triblock copolymers in a seiective solvent for A
blocks).

Therefore, in this article, we focus on the self-
assembly of ABC triblock copolymers in the melt
and of ABA- and BAB-type triblock copolymers in
a selective solvent for block A, based on the
results from computer simulations performed in
our laboratory.”*® Computer simulation may pro-
vide a powerful tool to solve these complicated
problems since it is based on well-defined model
and all degrees of freedom are known explicitly.
Since we are concerned with the mesoscale behav-
jor of triblock copolymers, the simplified coarse-
grained model that can effectively represent the
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general features of copolymer chains is used for
the simulation. In the following, the simulation
model and methods for studying the self-assembly
of block copolymers in the melt and sclution will
be presented and their representative results will
be discussed in detail.

Triblock Copolymer in Melt

Model and Simulation Method. Most of the
previous simulation studies on the self-assembly
of block copolymers were carried out by using the
lattice Monte Carlo (MC) method, which is com-
putationally convenient and fast”*” However,
this lattice model has some serious problems for
the simulation of self-assembling systems. The
most important problem is that the periodicity of

- microphase separated structures must match with

the dimension of the simulation box in order to
obtain successful results, since the box dimension
is fixed throughout simulation in lattice model. In
other words, when the periodicity of phase sepa-
rated structures dose not match with the dimension
of simulation box, the structures may deviate from
their preferred shapes in order to be commensu-
rate with the periodic images due to the boundary
conditions, leading to a distorted structure of
ordered phases. To overcome this problem, the
isothermal-isobaric molecular dynamics {(MD)
simulations based on the continuum model are
here adopted. Accordingly, the volume and shape
of simulation box are allowed to fluctuate accord-

_ing to the periodicity of ordered phases while the

pressure, the temperature and the number of chain
molecules are fixed.

The coarse-grained continuum model used for
the simulation of ABC triblock copolymer is of
bead-spring type.*** In this model, each chain
consists of N beads with the identical size. The
total chain length is set constant N = 80 for all
cases simulated. Symmetric triblock copolymers,
in which both end blocks have equal chain lengths,
are only considered. Therefore, the volume frac-
tions (fa and fc) of blocks A and C are given by the
volume fraction (fs) of middle block B as fa = fc =
(1-fs)/2. Each bead interacts with only two types
of potential, E,a, and E;. E,4 is a Lennard-Jones
(LJ) potential acting between any pair of seg-
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ments as given by
oN2 (oS oy
Euaw = 45 (5) - () (7

where r is the distance between the ith and jth
segment and r. is the cut-off distance set as r. =
20 to make the potential purely repulsive. &;
and oy are the LJ energy and length parameters
for segments i and j, respectively. The length para-
meters are chosen as Oa=0rs=OCOcc=0n=0pc=0
so that all types of segments have the same inter-
action range and the same molar volume. The
energy parameters are set as éan=&sp=Ecc=¢, &g/
£=5, g5c/e=10, and ec//e=2 (i.e., Eac < €z < Esc).
The reason why we choose the interaction ener-
gies as such is for comparison with experimental
results for PS-PB-PMMA triblock copolymers
reported by Stadler et al.,”'® where yps pyva<xpsrs
<yrarmva. Er is bond stretching potential along the
chains, as given by

E = %kb(l—’o)2 (2)

where k, is the energy parameter of the potential,
l is the distance between two neighboring segments
of the same chain, and I is a length parameter at
which the potential has a minimum value. We
have chosen k, = 10°¢/6” and I, = 0.750 to avoid
the bond crossing.*

The initial configurations are randomly generated
in a cubic simulation box and then energy-mini-
mized. Before implementing the isothermal-isobaric
dynamics, the systems are fully relaxed by the
canonical ensemble (NVT) molecular dynamics.
The initial number density of triblock copolymer
is set as p = 0.850°, and the temperature is set as
T =¢/ks = 1.0 where kg is the Boltzmann con-
stant. The pressure obtained from NVT simulation
is used as an external pressure in the following
isothermal-isobaric simulation.

Composition Effects. Figure 1 shows the
simulation results for Az;B,Cz triblock copolymer
with fy = fz = fc = 0.33, where the number in
subscript indicates the chain length of each block.
The snapshot in Figure 1(a) clearly displays the
lamellar morphology. This lamellar structure is
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Figure 1. (a) Snapshot of Az;B26C;7, where A, B and C
segments are colored black, gray and white, respectively.
Simulated scattering pattern of Az;B»C,; from snapshot

(a) is shown in (b) where the intensity of peaks is nor-
malized with respect to that of the first order peak.

supported by the calculated scattering pattern in
Figure 1(b), where characteristic Bragg-peaks of
higher order are observed at the integer multiples
of the scattering vector of the first maximum (g*).
As shown in Figure 1(a), A and C lamellae (black
and white, respectively) are almost two times as
thick as B lamellae (gray), since triblock copoly-
mers in the lamellar structure are laid sequentially
in a way of ABC and CBA. Our result agrees well
with experimental one reported by Stadler et al.®’
under similar thermodynamic conditions.

Change of midblock length at a fixed total chain
length and thus of composition of ABC copolymer
will result in the change of the lamellar thickness
and eventual morphology transition. The snap-
shot of triblock copolymer AsB16Cs with f5 = 0.2
shows that the ordered structure seems to be a
lamellar-type morphology, as can be seen in Fig-
ure 2(a). However, due to shorter chain length of
midblock B, the microdomain of block B becomes
cylinders in shape and as a result, A/C interfaces
are formed despite the absence of A-C junction in
the triblock copolymer. Their schematic represen-
tation corresponding to the simulated morphol-
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Figure 2. {a) Snapshot of A3;B1¢Csz, where A, B and C
segments are colored black, gray and white, respectively.
Schematic representation of the morphological structure
for AsBiCs, is shown in (b), where B cylinders at the
interface between A and C lamellae in AzBiCs are
developed.

ogy from AsB.Cs. triblock is shown in Figure
2(b). For AssBi1oCss triblock with much smaller fs,
the microdomains of block B show more discrete
feature at the interface between A and C lamellae,
as shown in Figure 3(a). That is, the cylinders
formed at the A/C interface for AzB:6Cs. break
down into the isolated domains for Ag:B1oCss. It
can also be seen that some residues of block B are
included in A lamellae due to relatively less unfa-
vorable interaction of block B with block A than
with block C.

ABC triblock copolymers with the midblock B
as a major component exhibit totally different
structure. Figure 4 shows the simulation results for
Az0BCa copolymer with fz = 0.5. The snapshot
in Figure 4(a) shows a very peculiar and compli-
cated structure, and the domains of the minority
components appear to be connected with each
other. This morphology is very similar to the
gyroid structure which has been predicted by the
theoretical approach of Masten® and Phan and
Fredrickson.* The simulation result for A;BsCio
with larger volume fraction of midblock B (fz =
0.75) is shown in Figure 5. In this case, two end
blocks form one spherical domain in the matrix
composed of midblock B due to relatively less
incompatibility between the blocks A and C, as
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Figure 3. (a) Snapshot of AsB10Css, where A, B and C
segments are colored black, gray and white, respectively.
Schematic representation of the copolymer morphology
is shown in (b), where B particles between A and C
lamellae in AssB10Css are observed.
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Figure 4. (a) Snapshot of AzBCz, where A, B and C
segments are colored black, gray and white, respectively.
Schematic representation of tricontinuous structure of
AzByCy is shown in (b).
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A and C domain

Figure 5. (a) Snapshot of A;cBsCio, where A, B and C
segments are colored black, gray and white, respectively.
For clarity, the B segments of matrix are removed from
snapshot (a) in (b}. Schematic representation of micelle-
type structure of A1oBgCio is shown in (c).

schematically shown in Figure 5(c).
Sequence Effects. It is expected that the

sequence of three blocks (i.e., A-B-C, B-C-A, or
C-A-B) plays an important role in the self-assem-
bly of ABC triblock copolymer since it affects the
thermodynamic conditions between midblock and
endblocks. Figure 6 shows the sequence effects of
AzB1Cs triblock copolymers. Unlike the mor-
phology of AsB1Cs, (Figure 2), the snapshot of
B1sCs2As (Figure 6(a)) shows that a cylindrical
core-shell morphology in which a B cylinder is
surrounded by a C cylindrical shell is formed in
the A matrix. This morphology is similar to the
“cylinder in cylinder” morphology as previously
reported for PS-PB-PMMA triblock copolymer.”’
Considering the relative magnitude of interactions
and block connectivity, this result can be ex-
plained as follows. Since the incompatibility
between B and C is larger than that between C
and A, the system tends to reduce the interfacial
area between B and C, as compared to that be-
tween C and A. The formation of interface between
B and C is unavoidable due to the connectivity
between the blocks B and C. As a consequence,
the block C may form the shell around the core
cylinder of block B with smaller volume fraction.
The morphology developed from CsAs:Bi6 tri-
block exhibits a different structure from the
AsB16Csz and B1eCsoAs triblocks, as shown in Fig-
ure 6(b). The overall morphology of Cs;A3Bis is
lamellar, but the block B forms cylinders in shape

(b)

Figure 6. Snapshot of triblock copolymers with f4 = fc = 0.4 and fz = 0.2: (a) B1sCahsz; (b) CsAs:Bis, where A, B
and C segments are colored black, gray and white, respectively. Schematic representations of each morphological

structure are shown in the right side.
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(b)

Figure 7. Snapshot of triblock copolymers with fa = fc = 0.125 and fz = 0.75: (a) BeoCioAug; (b) Ci0A10Beo, where A, B
and C segments are colored black, gray and white, respectively. Schematic representations of each morphological

structure are shown in the right side.

due to the shorter chain length of endblock B. As
mentioned above, the interaction between B and
C is more repulsive than that between A and B,
and therefore this may suppress the direct contact
between B and C components, leading to the
inclusion of B cylinder into A lamellar micro-
domain. Here, it is noted that the block B is not
directly connected to the block C contrary to the
case Of B]5C32A32 tl’lblOCk

The sequence effect of A;BeCio with spherical
morphology in the matrix of midblock B is ob-
served in Figure 7. When the block sequence is
changed to B-C-A (BeA16C1o), the blocks A and C
seem to form one spherical domain in the B
matrix (see Figure 7(a)), as in the case of A-B-C.
However, the midblock C is located at the phase
boundary between spheres and matrix because
the midblock C is connected with both end blocks.
This explanation is also applicable to the C-A-B
(C10A10Beo) case, where the block A is located at
the interface between the matrix B and the dis-
persed phase C, as shown in Figure 7(b).

Triblock Copolymers in a Selective
Solvent

Model and Simulation Method. Several
simulation studies on the self-assembly (i.e.,
micellization) of block copolymers in a selective
solvent have been reported.”**** Most of them
are based on the canonical ensemble. From those
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studies, it was revealed that the simulation box
should be large enough not to be affected by
finite size effects. Since the system must contain a
large number of micelles at the critical micelle
concentration (cmc) for reliable results, very long
simulations are also required to equilibrate the
micellar size distribution. To overcome these limi-
tations, the grand-canonical Monte Carlo (GCMC)
simulation method is used to investigate the
micellization of ABA and BAB triblock copoly-
mers. This GCMC technique has several advan-
tages in studying the micellization behavior of
amphiphilic molecules over the simulations based
on the canonical ensemble, such as the use of
smaller simulation box, faster equilibration of
micellar size distribution, and so on.***

All simulations for the micellization of ABA and
BAB are performed on a cubic lattice in the grand
canonical ensemble. In this case, the chemical
potential, volume and temperature of the system
are fixed while the density of the system is allowed
to fluctuate throughout simulation. ABA and BAB
symmetric triblock copolymers are represented as
a chain of connected segments on a lattice with
the coordination number of 26. All unoccupied
sites on the lattice are considered as a solvent.
The interaction &gz between B-B segments is set to
be 1, and all the other pairwise interactions are
set to be zero. As a result, the simulation model
represents a solution of ABA or BAB in a solvent
selective for block A. The total chain length and
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composition of triblock copolymer are kept con-
stant as N = 30 and fz = 0.33, respectively, for
both ABA and BAB. The chain configurations are
sampled by means of mixed moves of 50% rep-
tation moves and 50% chain insertion/deletion
steps. To improve the efficiency of the GCMC
simulation for chain molecules, the configura-
tional bias Monte Carlo (CBMC) method is applied
in the general manner.”’ The linear dimension of
simulation box is L = 40.

Basic Micellar Parameters. In GCMC simu-
lations, the chemical potential and the temperature
of triblock copolymer systems are given as input
parameters, and their average volume fraction
will be obtained through the simulation. Figure 8
shows typical data for the distribution of associa-
tion number for both ABA and BAB copolymers
at different average volume fractions, where the
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Figure 8. Mass fraction of micelles as a function of the
association number when ABA (a) and BAB (b) block
copolymers are micellized at various average volume
fraction of copolymers at T = 4.5.
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temperature is T = 4.5. Both triblock copolymers
clearly exhibit a bimodal distribution of the asso-
ciation number at volume fractions above some
critical one, which is a good evidence for the for-
mation of thermodynamically stable micelle. How-
ever, there is a large difference in the critical
concentration at which the system shows the
bimodal distribution between the two copolymers,
in spite of the same chain length and composition.
Judging from the distribution curve, the ability to
self-assemble into micelles is considerably reduced
for BAB copolymers as compared to ABA. This
behavior can be ascribed to the additional
entropy loss of BAB chains due to the looping
geometry of the middle block because both end
blocks should stay in the same micellar core to
form micelles. It can be seen that the micelles of
BAB are much larger in size and much broader in
its distribution than ABA. All these results can be
observed at all other temperatures simulated.

For direct comparison of the micellar size of
ABA and BAB systems, the mean micellar size is
calculated and its results are presented in Figure
9. The mean micellar size is defined as the weight-
averaged association number M,, obtained from
the association number distribution. Figure 9
clearly shows that BAB copolymer forms the
micelles of much larger size than ABA. It can also
be seen that the mean micellar size depends on
the temperature, especially for ABA copolymers.
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Figure 9. Change of the mean micellar size with tem-
perature for ABA and BAB systems.
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Figure 10. Ratio of characteristic lengths as a function
of the association number for {(a) ABA and (b) BAB
copolymers at T = 4.5.

The shape of micelle can be quantitatively char-
acterized by analyzing the principal moments of
inertia of micelle. The set of eigenvalues (4, Az,
and As;4:> A,> A3) of the moment of inertia matrix
is evaluated, and a characteristic length is deter-
mined to be |, = A fori = 1, 2, 3. A measure of
the micellar asphericity, which is dependent on
the micellar size, can be obtained by measuring I,/
L, l/ls, and l/ls. For a spherical micelle, I/l = I/
L =1/l =1, and for a cylindrical one, I/3>>1,
L/l; = 1. When the ratios of characteristic lengths
are plotted against the association number, it is
observed that the characteristic length ratios are
less than 2 for most of micelles except the small
aggregates and becomes constant at large associ-
ation number, as shown in Figure 10, indicating
that the micelles formed by both types of triblock
copolymers are nearly spherical.
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BAB copolymers at T = 4.5.

Due to higher entropic penalty of BAB copoly-
mers in the micelle, some of them exist as the so-
called dangling chain that has one end in the core
and the other in the solution, which was confirmed
in the snapshot of individual micelles (not shown
here). As the copolymer concentration increases
in the solution, these free end blocks of dangling
chains can participate in the core of another
micelle or self-assemble into new micelles, result-
ing the branched or network structure with bridge
chain. Therefore, it is informative to analyze the
status of copolymer chains as a function of con-
centration. For ABA, the copolymer exists either
in a micelle or in a solution. As shown in Figure
11(a), the fraction of free chains decreases with
increasing the copolymer concentration. For BAB,
the copolymer chain exists as one of four states,
namely, free, dangling, loop, and bridge chain. As
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shown in Figure 11(b), the fraction of free chain
rapidly decreases with the concentration, as in the
case of ABA. At low concentration, the fraction of
dangling chain is larger than those of the loop and
bridge chains. This is because the copolymer
chains are not able to form a thermodynamically
stable micelle but form small aggregates below the
cmc. As the concentration increases, the fraction
of dangling chains shows a maximum around the
cmc and then decreases, implying the formation
of the typical micelles. The fractions of loop and
bridge chains steadily increase as the concentra-
tion increases, since they contribute significantly
to the formation of the micelles.
Thermodynamic Analysis. In order to analyze
the micellization behavior of the two different tri-
block copolymers, the multiple equilibrium model,
in which the micelles of different sizes are in equi-
librium with each other, is used. According to this
model, the micellar size distribution can be

obtained as below:*"

Xu = M(_‘_’_lx_l)ex [_MM] (3)
M= ap P kBT

where xu is the mole fraction of chains present in
micelles with association number M, 1 the chemi-
cal potential per molecule in a micelle of size i in a
dilute reference state, and a; an activity coefficient.
The activity coefficient can be estimated from the
second virial coefficient between two micelles fol-
lowing the approach proposed by von Gottberg et
al.® At low concentrations, the micelle-micelle
interaction may be ignored and thus the excess
chemical potential per molecule can be given as®

(= 119) _ L(U_M_Ulj__]__(s_)\:’_sl) @
kgT keT\ M ks\ M
The excess chemical potential per molecule (uy'-
:°) can be calculated from the micellar size > distri-
bution using eq. (3). The potential energy U" for
a micelle of size M is also calculated during the
simulation, and therefore the excess enthalpy per
molecule, [(T"/M)-T"1/ks;T , can be estimated
directly from the simulation. The last term [(S"/M)
~S'1/ks is the excess entropy per molecule, and
the entropic terms related to the translation of the
micelles cancel out in eq. (4). Therefore, S” is re-
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Figure 12. The excess enthalpy (@, O), the excess
chemical potential, (l,[]), and the excess entropy (A,
A) per copolymer chain as a function of the micellar
size. The filled and open symbols correspond to ABA
and BAB system, respectively.

garded as the entropy associated with packing the
chains into the micelle. Figure 12 compares the
excess thermodynamic properties of ABA with
those of BAB under the same condition of micelli-
zation. The excess chemical potential of ABA is
slightly lower than BAB, indicating that the micel-
lization of ABA copolymers is more favorable.
This is attributed to the loose or open micellar
structure of BAB by the presence of dangling and
bridge chains, which leads to much lower excess
enthalpy and thus lower excess chemical potential
than that of ABA. Such imperfect structure of
micelles of BAB copolymers, however, gives much
lower packing entropy of their micelles than those
of ABA, as shown in Figure 12. As the micellar
size increases, this packing entropy of chains in
micelles decreases and eventually limits further
growth in the micelle size due to an increased self-
crowding at the micellar surface. Therefore, BAB
copolymers with a smaller decrease in the excess
entropy per molecule may form the micelles with
larger size than ABA.

The critical micelle concentration (cmc) is gener-
ally defined as the concentration at which micelles
first appear in solution at a given temeperature.
By the closed association mechanism through the
mass-action model, the standard free energy of
micelle formation, i.e., the standard free energy
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change for the transfer of 1 mol of copolymer
chain from solution to micellar phase, is related to
the cmc as follows:

4G° = RTinx,,, (5)

where x... is the cmc in mole fraction unit. The
standard molar enthalpy of micelle formation is
then given as below by applying the Gibbs-Helm-
holtz equation:

AH® = R[dinx,./d(1/T)] (6)

If one assumes that AH® is approximately constant
within a certain temperature range, eq. (6) can be
integrated to yield

Inx,_,. = AHY/RT + constant (7)

In the simulation, the cmc is obtained by calcu-
lating the osmotic pressure from the GCMC simu-
lation combined with the multiple histogram
method.® By using the histogram method,**
several simulation results are collected to estimate
the grand canonical partition function, from which
the osmotic pressure can directly be calculated.
The related equations and procedure can be found
elsewhere.”* According to eq. (7), the cmc for both
types of block copolymers is plotted on a logarithmic
scale against the inverse temperature in Figure 13.
The multiple histogram method can predict the
cmc values at temperatures where the simulation
has not been carried out. It is clear that all cmc
values, except for those of BAB at high tempera-
ture, are well fitted by a straight line, irrespective
of block sequence of triblock copolymers, which
implies that the two types of triblocks form
micelles according to the closed association me-
chanism. As expected, BAB has higher cmc values
than ABA. From the slope of straight lines in Fig-
ure 13, the standard enthalpies of micellization
are evaluated, as can be rea.ized from eq. (7),
yielding AH® = -60.3 kJ/mol for ABA and AH’ =
-54.4 kJ/mol for BAB, respectively. The negative
value of AH® implies that the micellization is an
enthalpy-driven process. As discussed above, the
loose and imperfect structure of BAB micelles by
the dangling and bridge chains lead to less nega-
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Figure 13. Plots of the critical micelle concentration
versus the reciprocal temperature for ABA and BAB
copolymer systems on semi-logarithmic scale.

tive value of AH® for BAB than ABA.

Summary

In this article, we described the self-assembly
behaviors of ABC-type and ABA-type triblock
copolymers in the melt and the solution, respec-
tively, with the simulation results obtained through
various simulation models and methods.

Symmetric ABC triblock copolymers in the melt
produced a variety of ordered structures, depending
on the copolymer composition, the block sequence
and the relative interactions. When the midblock
B is a minor component, the structure of block B
is changed from lamellar, cylindrical to spherical
morphology at the interface between A/C lamel-
lae as the volume fraction of block B decreases.
When the midblock B is a major component, the
morphologies are changed from tricontinuous to
spherical structures in the matrix composed of
midblock as the volume fraction of block B
increase. It was also found that block sequence
(A-B-C, B-C-A, or C-A-B) strongly affects the mor-
phology of triblock copolymer.

ABA and BAB triblock copolymers exhibited
very different self-assembling behaviors in a sol-
vent selective for block A. BAB triblock copoly-
mers have a reduced ability to self-assemble into
micelles, yielding higher cmc values than ABA.
This difference arises from an additional entropic
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penalty associated with looping conformation of
the midblock of BAB copolymers. Nevertheless,
BAB copolymers formed the micelles with larger
size and broader size distribution than ABA since
BAB copolymers have much lower entropy change
associated with packing of chains in the micelle
due to the loose micellar structure.

With the remarkable development of computing
power and algorithm, computer simulation has
become an established method of research in
polymer science and a useful tool in attacking
very complicated problems, complementing both
experiment and theory. As discussed above, our
computer simulation can effectively provide an
understanding for the basic principles of self-
assemnbly of block copolymers and a guideline for
designing new mircophase morphology by tailor-
ing block copolymers.
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