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Domain patterns in copolymer-homopolymer mixtures
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We introduce a dynamical model and carry out computer simulations for phase separation of diblock
copolymer-homopolymer mixtures. The homopolymer chains are assumed to be compatible with one of the
blocks of the diblock copolymers whereas the two blocks of the diblock copolymer chains are mutually
incompatible. In this system, two kinds of phase separation, namely macrophase separation of diblock copoly-
mers and homopolymers and microphase separation in diblock copolymers, take place simultaneously by
decreasing temperature. Depending on the strength of the interactions, the domain pattern and its ordering
process are changed. We can see both phenomena. One is macrophase separation, which dominates the time
evolution of the system; the other is the formation of the mesoscale structure in the whole of the system. We
show some typical phase-separated patterns and investigate the kinetics of phase ordering of these patterns by
evaluating structure factorfS1063-651X%98)02711-1

PACS numbdss): 83.70.Hq, 64.75tg

[. INTRODUCTION the ratio of the polymerization indices of a block copolymer
to homopolymer is a key parameter for domain growth and

We study domain growth in diblock copolymer- morphology. LetN,, Ng, andNy.mo be the polymerization

homopolymer mixtures during the phase-separation procesmdices of A block, B block, and homopolymer. Roughly

It is well known that there are two representatives of phasespeaking, experimentalists observed that whigg,>Na,
separation phenomena. One is macrophase separation of bire copolymer-homopolymer mixture undergoes macrophase
nary mixtures and the other is microphase separation iseparation of copolymers and homopolymers and then in
block copolymers. copolymer-rich domains, microphase separation starts during

In a mixture of two different homopolymers which are the evaporation process of solvent. On the other hand, in the

mutually incompatible, a phase separation takes place at losase ofN,,,c=Na, the system does not experience a phase
temperatures. The homopolymers segregate each other aseéparation in a macroscopic length scale and the mesoscale
the system forms a domain structure. These domains grow istructure is formed in the whole of the system in equilibrium.
time and the time dependence of their averaged domain sizdowever, the dynamics of phase separation in block
| obeysl ~t3. Thus we can observe the phase separation igopolymer-homopolymer mixtures has not been studied
polymer blends in a macroscopic length scale, which issnough either theoretically or experimentally.
called macrophase separatifd. We have investigated the dynamics and morphology in
On the other hand, a block copolymer system gives ghase separation in diblock copolymer-homopolymer mix-
prototype in which microphase separation occurs. Wherures. The aim of our study is to introduce a dynamical
each block is incompatible with each other, the block co-model of A-B/C systems and to understand the kinetics and
polymer system also experiences a phase separation just aftee relation between the kinetics and morphology in block
guenching. However, because of the connectivity of blocksgopolymer and homopolymer mixturg2].
they cannot separate in a macroscopic length scale. As a In the previous paper, we have investigated the dynamics
consequence, they form a spatially periodic structure in equief phase separation if-B/C systems in which macrophase
librium with a period comparable to polymer sig@-9|. separation of copolymers and homopolymers occurs at first

Now, how does the system which consists of a block co-and as the phase separation proceeds, microphase separation

polymer and a homopolymer experience the phasestarts in the copolymer-rich domain. Our results explain the
separation phenomena at low temperaf@e As far as the formation of a curious pattern called “onion-ring,” which is
spatial structures in equilibrium are concerned, there arebtained in real experiments iA-B/A systems with the
some theoretical and experimental studies in copolymerN;,n2>Na condition.

homopolymer mixture§10—14. In particular, the morphol- In this paper we study the pattern formation in
ogy in equilibrium has been investigated experimentally incopolymer-homopolymer mixtures wherein both phenomena
A-B block copolymer-A homopolymer mixture§A-B/A  are obtained. One is macrophase separation, which domi-
system where one block chain of a block copolymer and nates the time evolution of the system. The other is the for-
homopolymer chain consist of the same monomer segmentmation of the mesoscale structure in the whole of the system
and hence various domain patterns are obseftd13. in equilibrium.

According to the experimental results AaB/A systems, The organization of this paper is as follows. In Sec. I, we
introduce a simple dynamical model in terms of the local
volume fractions of each monomer. In Sec. lll, we carry out

*Present address: Institute for Global Change Research, Fronti@omputer simulations in two dimensions, using the cell dy-
Research System for Global Change, SEAVANS North 7F, 1-2-Inamical method 15]. Computer simulations show that two
Shibaura, Minato-ku, Tokyo 105-6791, Japan. kinds of phase separations take place simultaneously. The
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phase-separated pattern is varied by changing the interactidfiere we omit— bz 72$/2 becaus®d;=by(1/Ny— 1/Ng) with
parameters, which arise from the monomer-monomer interb, a positive constant, which vanishes fds=Ng. For the
action and the configurational entropy of polymer chains. Insame reason, we also omit terms which are proportional to
Sec. IV, we calculate the structure factors in order to invesy¢® and %¢. The first term inf,, b;7¢ arises from the
tigate the kinetics of the above phase separations. In Sec. Monomer-monomer interactions. The energy from these in-
we give a discussion. teractions is written as

Il. THE MODEL EQUATIONS > ui,jJ’ dr ¢i¢;, (4)
1)

We consider the system which consists/AfB diblock . , i
copolymers andC homopolymers. The polymerization indi- Wherei,j=A,B,C andu;; stands for the interaction strength
ces of these polymers afé,, Ng, andN¢, respectively. bgtweem and j monomers. The interaction strength is
The block ratio of a block copolymef is defined by 9iven byu;; as follows:
f=Np/(Na+Ng). The local volume fractions of these by=%(Upa— Ugg) — 3 (Uac— Ugc)- (5)
monomers are denoted k§,, ¢, and ¢ . In this paper, o ) )
we restrict ourselves to diblock copolymers with= 2 If the repulsive interaction strengthy ¢ betweenB andC is
(or Na=Np), in order to understand the essence of the@rge enoughb, is positive. _ _
phase-separation phenomenateB/C systems. . Thg second and the last termsﬂipt_arlse from the con-
Under the incompressibility condition, two of the local f|gurat|02nal entropy of polymer chains. The second term
volume fractions are independent. It is convenient to take~ P27¢“/2 represents the fact that microphase separation
Y= da+ dg and = da— dg as the independent variables. should occur only in the copolymer-rich phase. The last term
The variabley is useful to describe the segregation of co-Pa7°#*/2 brings out the fact that two kinds of phase
polymers and homopolymers whikg plays the role of an separatlon—p_hase separation of copolymers and homopoly-
order parameter in a microphase separation. Furthermore, waers and microphase separation in block copolymers—
use = y— i, instead ofys, wherey, is the volume fraction ~control each other. The coefficients and b, depend on
at the critical point of the phase separation of copolymerd0lymerization indices. The ratio is given Dbjp,/b,
and homopolymers. :\/N_C/.(\/NAB"" YNc) with 1/Nag=(1Na+1Ng)/2. Its
The model free energy for copolymer-homopolymer mix-range is 6<b,/bs<1. If Nag>Nc, thenb,/b,—0, and
tures in terms ofy and ¢ consists of short-range and long- P2/bs—1 for Nc>Njg.
range parts, In the experiments of phase separatioMiB/A systems,
_ the ratio of polymerization indices of a copolymer to a ho-
Fin, ¢i=Fsln ¢} +Fiin o} @ mopolymer is one of the key parameters. We can take the
The short-range part is written as follows: effect of the ratio of polymerization indices on phase sepa-
D D ration in A-B/C systems by changinb, /b,.
1 2 i i i i
Fdn dl=— f dr(V 5(r))%+ —= j dr(V é(r))? In this system, there is a long-range interaction térm
stm.¢1=3 7 2 ¢ whose origin is the connectivity oA and B blocks in a
diblock copolymer,

+fdr{f?](77)+f¢(¢)+fint(7’i¢)}' (2) FL{¢}:%f fdr dr’G(r,r’)[qﬁ(r)—g][q’)(r’)—g],

The functionsf, andf , are assumed to be an even function (6)
and to have double minima below the respective critical temWhereG(r,r’) is Green function defined by V2G(r,r')
perature. We choose the following interactions between -

and ¢: =48(r—r’) and ¢ is the spatial average @f. The coefficient

a is given by a=c/N? with N=N,+Ng and a positive
by 5 Pa , , constanto. Here we setp=0 sinceN,=Ng. In general,
fin 7, $)=D1nd= 5 0™+ 5= 7°¢"% @ F{7. ¢} has the following form irA-B/C systems:

FL{n,¢}=”dr dr'G(nr')[%[¢<r)—$][¢(r'>—$]+ﬁ[n(r)—?][¢<r'>—$]+%[n(r)—?][w')—?] ,
@)

where 7 is the spatial average of. However, we choose an ) 5F{n, ¢}
B=v=0, becauseB and y are proportional to (Nj I A (8a)
—1/Ng). As is mentioned already, we are concerned with the
N,=Ng case here. b ) SF{n, ¢}
Using the above free enerdy, we write a dynamical =i LY TR (8b)

model of phase separation in a copolymer-homopolymer
mixture as whereL; andL, are transport coefficients. The relative mag-
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nitude of these coefficients is not known experimentally, so
that we set.;=L,=1 simply.

We have already explained our model exdeph?$2/2 in
the previous papef2]. In this paper we investigate phase
separation and its dynamical process of the genkf8l/C
system bringing the effect of the chain length.
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Ill. COMPUTER SIMULATIONS

A. Cell dynamical method

AN ___pn

Al
AW

We carry out computer simulations of the model system
in two dimensions, using the cell dynamical metfja8]. In
two dimensions, the space is divided into X2B28 square
cells with periodic boundary conditions. The size of a cell is
set to unity.

The cell dynamical system corresponding to the partial
differential equationPDE) (8) is written as follows:

p(t+ AL =7t ) +{(T) — T(ti,)), (93

B+ AL, ]) = (6, ]) +(Tp))— Tptii )
—alp(t;i,))— &1, (9b)

muive
i

where

ANANNA A A, DA

ik
UUUU“\JMUM

TG, ==D1({{m)—n—A, tanhn+ n+by¢
—3byp?+byne?, (103

Ts(t1,])=—Do(({(#))— ¢)— Ay tanhdp+ p+ by 7
—bynd+b,7p%, (10b

FIG. 1. Domain pattern at=2000.0, 8000.0, 64 000.0, and
and 1024 000.0 from the top to the bottom in which parameterssare
=-0.2, $=0.0, D;=1.0, D,=05, A,=13, A,=1.1, anda
. 1 =0.02. The interaction parameters de=0.07,b,=0.2, andb,
<<X>>:€NN X+Er\%r\| X. 11 =0.0. Gray and black colors in the domain pattern indicate the
regions in whichy>0.0 and¢$>0.15, respectively. The bold line
represents the profile of and the thin line is that o along the

In the PDE model written by Eq¥8) and (1), the order llilne y—40.

parameters are continuous variables. However, in the ce
dynamical systems, the order parameteend ¢ are defined _
in each cell.yp(t;i,j) stands for local order parameter on the B. Domain pattern for b,#0 and b,=0

(i,j)th cell at timet. We choosef, andf as First, we show the domain growth in the presence of the
term — b, 7¢?/2 arising from the configurational entropy. As
9% _ s tanh . (129 i mentioned that,/b,= \Nc/(VNas+ VNe), when Ny
dp 7 =Ng, if Ne>N,, thenb,/b,~1. In this case we can omit
the higher-order terrb,7°$?/2.
dfy We start from initial random conditions. The rangessof
g Ao aheo—¢. (12D and ¢ att=0.0 are7—s< 7<7+s and ¢p—s< p< -+,
with s=0.01. (These initial conditions will also be used
Above each critical temperatus&g <1 and belowA,>1 (i hereafte.
=1,4). The subscripts NN and NNN stand for nearest- Figure 1 displays the domain growth where the param-
neighbor and next-nearest-neighbor cells, respectively. eters arep=-0.2, $=0.0, D;=1.0, D,=0.5, «=0.02,

In the original cell dynamical method by Oono and co-A,=1.3, andA,=1.1. The interaction parameters édboe
workers, they seft=1, however we choos&t=0.5inor- =0.07,b,=0.2, andb,=0. The left figures in Fig. 1 show
der to avoid numerical instability in the case@{=0.8 and the domain patterns &at=2000.0, 8000.0, 64 000.0, and
1.0. This also relieves the anisotropy of the domain in thel 024 000.0 from the top to the bottom. The regions in which
late stage of domain growth, which arises from the discreti-p>0 are drawn by a gray color. Thus, the gray color regions
zation of space. We follow the original method except forstand for copolymer-rich domains, while white color regions
this point. represent homopolymer-rich domains. Microphase separa-
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tion of a block copolymer can take place in copolymer-rich
domains and/or the area near the interface between
copolymer-rich and homopolymer-rich domains. The regions
where ¢>0.15 are shown by a black color. These #@e
block rich domains which appear as the result of microphase
separation of block copolymers. We represent the phase
separation pattern of homopolymer-copolymer mixtures by
superimposing a black color pattern on a gray color one. The
right-side figures in Fig. 1 show the order-parameter profile
along the liney=40. The bold line is the profile of;, the

thin line represents that a#.

At an early staget=2000.0, phase separation of copoly-
mers and homopolymers takes place at fidshlocks aggre-
gate near the interface between copolymers and homopoly-
mers because of the interactidn n¢. After t=8000.0,
macrophase separation of copolymers and homopolymers
proceeds. Then in the copolymer-rich domain microphase
separation of diblock copolymers takes place because of the
interaction— b, 7 $?/2.

In this case we have chosen a suitable valub,dfor the
repulsive interaction between tiBblock and a homopoly-
mer, so that the\ block rich domain is formed at the inter-
face between block copolymers and homopolymers and that
the target pattern called “onion-ring” apped8]. We can
see the animation of domain growth with an increasing num-
ber of rings[16]. For small values ob,, the microphase
separated pattern does not form rings. This morphological
transition is discussed in our previous paper. Furthermore,
when we choosé, too large, macrophase separation is pre-
vented.

C. Domain pattern for b,#0 and b,#0

Next we show the domain pattern where beth 212
2,21 : . P 27¢ FIG. 2. Domain pattern at=2000.0, 8000.0, 32 000.0, and
and b, 7~ ®/2 interaction terms are present B/C sys- . . —
. : 1 024 000.0 from the top to the bottom in which parameterszare
tems. Figure 2 shows the phase-ordering process for the pa-—
. — =¢$=0.0,D,=1.0,D0,=0.5,A,=1.29,A,=1.27, anda=0.002.
rametersn=0.0, $=0.0,D,=1.0,D,=0.5, «=0.002,A,,

] 2 The interaction parameters alg=0.11, b,=0.2, andb,=0.4.
=1.29, andA,=1.27. The interaction parameters @@  Gray and black colors in the domain pattern indicate the regions in

=0.11, b,=0.2, andb,=0.4. We chooseb, and b, as  which 5>7%=0.0 and$>0.3, respectively. The bold line repre-

b,/b,=0.5. This choice comes from thé,=Nc condition.  sents the profile of; and the thin line is that of along the line
The left figures in Fig. 2 show the domain patternstat y=64.

=2000.0, 8000.0, 32 000.0, and 1 024 000.0 from the top to

the bottom. The gray and black areas in the domain pattern .
show 7>7=0.0 %ng¢>0.3 respectively. The right-gide gradually. Aftert =32 000.0, phase separation of copolymers

figures in Fig. 2 show the order parameter profiles along th@nq homopolymers does not dgvelop, and the winding do-
line y=64. We change the definitions of the black and gra);“am paFtern bcicgmes”the stralg.ht Iamellar one. Therefore,
areas depending on the figures in order to understand welf® obtain the “bilayer” pattern in which thé\-B block
the characteristics of the phase-ordering process. copolymer behaves like an amphiphilic moleclar]. Thus

At an early staget=2000.0, both macrophase separationin the copolymer domain, tha block faces homopolymers,
and microphase separation take place. We can see that pubile theB block rich region forms inside. In this case, mac-
cause of theb, 7¢ term, the phases of and ¢ tend to be  fophase separation does not take place. And the ordering
opposite to each other from their profiles. Thus thedomain with some finite size is formed by phase separation
homopolymer-rich domain(white color arep formed by  of copolymers and homopolymers.
macrophase separation is almost covered withAhaock In Fig. 3 we display the domain pattern and its profile for
rich domain(black color arepwhich appears as the result of a smaller value ob,;, b;=0.05. Other parameters are the
microphase separation of block copolymers. The segregatiosame as those in Fig. 2. In this case, macrophase separation
of homopolymers and th& block of block copolymers is not of copolymers and homopolymers is dominant. At an early
clear yet. In the late stage of phase ordering, after staget=2000, both phase separations take place similarly to
=8000.0, 7 begins to form a lamellar pattern, aidblock  the case in Fig. 2. Aftet=8000.0, we can see that at the
rich regions are formed at the interface betwegn0 and interface betweem>0 and7<O0, a black area appears to be
7<0. The white color homopolymer rich domains appeartorn, and that macrophase separation develops. The repulsive
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FIG. 3. Domain pattern at=2000.0, 8000.0, 32000.0 and FIG. 4. Domain pattern at=2000.0, 8000.0, 64 000.0, and
1.024000.0 from the top to the bottom fbg=0.05. Other param- 1 024 000.0 from the top to the bottom in which parametersiare
eters are the same as those in Fig. 2. =-05, ¢=00, D;=0.8, D,=05, A,=A,=127, and «
=0.002. The interaction parameters :hrg:O 1,b,=0.0, andb,

=0.4. Gray and black colors in the domain pattern indicate the

interaction between th8& block and homopolymers is not regions in whichy> 7= 0.5 andg=0.3, respectively. The bold

sufficient to control macrophase separation. In this process e represents the profile of and the thin line is that of along

macrophase separation, the homopolymer-rich domaig,, liney = 64.

shown by a white color forms a spherical domain although _

7=0. We setf , as an even function of; as described al- D. Domain pattern for b,=0 and b,#0

ready. However, the effective potential gfis not an even We present the phase-ordering processedjer0. This

function because of the interaction terms. Thus, we can segan be considered as thNa> N limit. Although b, 7$?/2 is

in the domain pattern and its profile in Fig. 3that—1in  lower order tharb,7?¢$?/2 in the expansion in terms af

the white color area, while the local averagespis smaller  and ¢, we consider the cad®,=0 as the limiting case.

than 1 in the copolymer-rich area. The spatial averageiof In Fig. 4 we display the pattern formation for the param-

the whole of the system has to be=0, so that the white eters 7= —0.5, $=0.0, D;=0.8, D,=0.5, =0.002, and

color area should be less than half of the system. This is tha,=A,=1.27. The interaction parameters drg=0.1, b,

reason why the white domains constitute a spherical shape=0.0, andb,=0.4. The domain patterns and the profiles at
For A,=1.29 andA(ﬁ—l 27 as in Figs. 2 and 3, both t=2000.0, 8000.0, 64 000.0, and 1 024 000.0 are shown. The

macrophase separation and microphase separation take plageay and the black color areas stand fpr »=—0.5 and

However, in the case of Fig. 3, because of the interactiorp>0.3, respectively.

—b2n¢2/2 andb, 7°$?/2 terms which arise from configura- At the early stage=2000.0, both macrophase and mi-

tional entropy, macrophase separation controls microphasgophase separation take place. We can see that because of

separation at then>3 and <O regions. [(—b;7  theb;7n¢ term, the phases of and ¢ tend to be opposite to

+bs7n?) $?12 is positive wheny>3% and »<0.] Further- each other from their profiles. Until=64 000.0, domain

more, in the case of Fig. &, is large, so that thé block  growth proceeds and the gray color droplet becomes bigger

aggregates strongly at the interface between copolymer- arid time. However, aftet=64 000.0, domain growth is sup-

homopolymer-rich regions and that tiAslock domain sup- pressed, and the system begins to make a favorable structure;

presses macrophase separation. the size of the domains seems to be monodisperse and the
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FIG. 6. Spherical averaged structure fact@s , and(b) S, are
{“\ /\ depicted as a function of the wave number, in a semilogarithmic
lot at t=1000.0, 2000.0, 4000.0, 8000.0, 16 000.0, 32 000.0
M {\f\/\ ,\/\ p ’ l ’ ’ ’ ’
64 000.0, 128 000.0, 256 000.0, 514 000.0, and 1 024 000.0 from
the bottom to the top. The parameters are the same as those in Fig.
4. The unit of the wave number is given ky= 7/64.

IV. SCATTERING FUNCTIONS

In order to analyze the kinetics of the domain growth, we
ﬂ calculate the time evolution of scattering functionsandS,

A at each time step, wherd (t)=(nn_) and S(t)
=(¢dyd_y). Here, 5, and ¢, are the Fourier component of
7(r) and ¢(r), respectively. The averade is taken over the
initial randomness. The scattering intensities are averaged
over 10 independent runs.

FIG. 5. Domain pattern at=2000.0, 8000.0, 64 000.0, and  In Fig. 6, we show the time evolution of the spherical
1 024 000.0 from the top to the bottom foy=0.05. Other param- averaged structure factbg and S, for the parameters which
eters are the same as those in Fig. 4. Gray and black colors in ttare the same as those in Fig. 4. We plot the relative intensity
domain pattern indicate the regions in whigh> = —0.5 and¢ (@ I and(b) S, versus wave number in a semilogarithmic
>0.2, respectively. plot, at t=1000.0, 2000.0, 4000.0, 8000.0, 16 000.0,
32 000.0, 64 000.0, 128 000.0, 256 000.0, 5120 000.0, and
1 024 000.0 from the bottom to the top. Each curve is arbi-
trarily shifted along the intensity axis to distinguish among
the curves. We pay attention to the maximum peak position
of I, andS, as the characteristic wave number of the system.
The maximum peak positiok,, of I, in Fig. 6@ becomes
smaller and smaller in time untit=64 000.0. Aftert

gray color domain looks like it is being placed on a triangu-
lar lattice. TheA block rich region shown by a black color is
formed at the interface betweey> 7 and <7. We note
that this domain pattern is similar to the “micelle” pattern
observed inA-B/A experiments with théN,> Ny condi-

tion. P
) . =64 000.0ky does not change. In the same manner, in Fig.
Wg note from the proflle ét=1024 000.0 tha_t the spatial 6(b), the peak positioky, of S, becomes smaller and smaller
variation of ¢ is small in the homopolymer-rich area;( i, time untilt=128 000.0. After thak,, does not change. As
<0), compared with that in Fig. 2; the height of the profile js shown in Fig. 4, phase separation does not develop after
of ¢ in the black colorA block rich domain is less than that {— g4 000.0. The time evolution dfy of I, andS, reflects
in Fig. 2. This smallness ap at the interface comes from the ;.
shape of the gray color spherical domain. In order to investigate domain growth, we summarize in
In Fig. 5, we show the domain pattern and its profile forFigs. 7, 8, and 9 the time evolution of the peak position of
smaller value ob,, b;=0.05. In this case the system under- the spherical average of the structure factor in a double loga-
goes macrophase separation of diblock copolymers and heithmic plot.
mopolymers. At the early stage=2000.0, we can see that Figure 7 displays,, of I, andS, versus time for the same
two kinds of phase separation take place. However, at thparameters as those in Fig. 1. The characteristic wave num-
later stage, aftet=64 000.0, microphase separation is sup-ber obtained fronm, andS, is shown with<$ and+, respec-
pressed on account of the,7?$2/2 term. Because of the tively. The solid line indicates the slopes. Fromk,, of I,
smallness ob,, theb;n¢ term cannot control macrophase it is obvious that domain growth by phase separation of
separation. It causes barely nonuniformityghear the in-  diblock copolymers and homopolymers follovg~t ™3,
terface of the macrophase separated domain. as in ordinary binary mixtures. On the other hand, we can see
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FIG. 7. Time evolution of the peak position. The parameters aréb) b;=0.05. Other parameters are the same as those in Figs. 2 and

7=-0.2,¢=0.0,D,=1.0,D,=0.5A,=1.3,A,=1.1, =0.02,

b,;=0.07,b,=0.2, andb,=0.0. These parameters are the same as

those in Fig. 1. The unit of the wave number is given ky ration of copolymers and homopolymers takes place, and the

=m/64. characteristic wave number of decreases withky, ~t~ 2.
Nonuniformity of ¢ is caused only at the interface between

from k, of S, that at early times the characteristic wave th€ homopolymer and the copolymer, thkg of S, de-
number of ¢ is very close to that of;, because the spatial Créases following that af.

variation of ¢(r) is caused byz(r) through the interaction

b,7n¢ as was mentioned in the preceding section. Further-

more, aftett =8000.0 ky, of S, abandons to follow that df, V. DISCUSSION

and shows the characteristic wave number of microphase \ye have studied the phase separation in copolymer-

separated domains because microphase separation beging,inopolymer mixtures. Computer simulations of the model
take place in diblock copolymer-rich domains. _ equations have realized that two kinds of phase separation
Figures &a) and 8b) displayky of I, andS, versus time  {ake place simultaneously. One of the features of our simu-
for the parameters corresponding to those in Figs. 2 and 3atjon is that we can observe both phenomena of macrophase
respectively, in the same manner as Fig. 7. In Fi@),8he  separation and the formation of mesoscale structure in the
charact?rl_stm wave number of decreases smoothly with  \vhole system. In the former case, theB block copolymer
kw~t~ % in the early stage of phase separation. Howeverganarates from the homopolymer, as one component of the
km of I, does not change aftér16 000.0. The characteris- polymer blends. However, in the latter case, the strong re-
tic wave numbek,, of S, also decreases at first and does NOotyylsive interaction betweeB and C lets theA-B block co-
change in the later stage. In this case, microphase separatigmymer work as an amphiphilic molecular. We have ob-

occurs from the beginning because Af=1.27, which is  tained bilayer and micelle patterns as the typical patterns of
large enough to cause microphase separation. This Mine |atter case.

crophase separation progresses with the strong correlation |, Figs. 2 and 3 or 4 and 5, for small valuestof mac-

with # because of a large value bf. Thus the characteristic rophase separation takes place, while for large valués af
wavelength of ¢ is so close to that ofy, and att  mesoscale structure is formed. We can see that whether mac-
=32000.0ky of S catches up to that df.. After that, the  rophase separation occurs or not is determined by the com-
characteristic wave number ¢f also does not change. petition betweerb, n¢ and —b,7¢2/2+ b,y n2$%/2. This is

In contrast to this, the system undergoes macrophasgyughly understood as follows.

separation in Fig. &). Up tot=32000.0 microphase sepa-  |n these systems both macrophase separation of copoly-
ration takes place with phase separation of copolymers anghers and homopolymers described Byand microphase

homopolymers. However, macrophase separation does N@kparation described hiytake place because af,=1.29 or
stop in this case. Aftet=32000.0,k,, of S, shows the

domain size of microphase separation in a diblock

copolymer-rich domain. It is noted that the final valuekgf (a) (b)
of S, in (a) is not identical with but smaller than that (b). 100 ey 100 prrrpr—ropr—raprr
In Figs. 9a) and 9b), we show the time evolution of the ]
characteristic wave numbdg, of I,, and S, in which the 0L %%% ] 0k %@% ]
parameters are the same as those in Figs. 4 and 5, respeg,, /k, Sasaadil %

. . . . 1 kM/kO $®$+
tively. These are plotted in the same manner as in Figs. 7 anc 1L ] 1L o
8. In Fig. 9a), the time evolution ofky of I, and S is E

shown and is similar to that in Fig.(&. The characteristic

0.1 4 1 Il 1 0.1 1 1 L 1
wave number of; decreases at an early stage of phase sepa- 107 10° 10% 105 100 107 102 10% 10 105 10° 107
ration and then ceases to change afte64 000.0. Andky, ! t
of S almost follows that of . FIG. 9. Time evolution of the peak position fé&) b;=0.1 and

In Fig. Ab), bothk,, of I, andS, decrease in time during (b) b;=0.05. Other parameters are the same as those in Figs. 4
a phase-separation process. In this system, macrophase sepad 5.
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1.27 andA,=1.27. Now, the presence ofb,7¢?%2 and by phase separation of copolymers and homopolymers is not

b,7%¢$%/2 works macrophase separation to control mi-determined. The above point is left as a future problem.

crophase separation. Thus in Figs. 3 and 5, a macrophase

separated pattern appears. On the other handytheé term
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