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Phenomenological model for cross-linked polymer blends

M. S. O. Massunaga, M. Paniconi, and Y. Oono
Department of Physics and Beckman Institute, University of Illinois at Urbana-Champaign, 1110 West Green Street,

Urbana, Illinois 61801-3080
~Received 17 December 1996!

What is the distinction between the patterns made by quenched block copolymer melts and quenched
cross-linked polymer blends? If we observe thin films under the condition without flow, it is unlikely that we
can distinguish them in critical quench experiments. However, off-critical quenches and moving boundary
conditions could exhibit a marked distinction. Such a conclusion is reached with a simple mathematical model
of cross-linked polymer blends.@S1063-651X~97!08207-X#

PACS number~s!: 05.70.Fh, 83.80.Es, 64.75.1g
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I. INTRODUCTION

de Gennes@1# first studied the problem of cross-linking
polymer mixture consisting of incompatible polymersA and
B, and suggested that the system free energy is effecti
that of a diblock copolymer melt@2,3#. From this, he asserte
that the representative size of the segregated domain
ordern1/2, wheren is the intercross-link length in terms o
monomer units. His result seems to have been experim
tally confirmed by Briber and Bauer@4# except for the small-
k behaviors of the form factorsS(k). This discrepancy
stimulated further study of the cross-linked polymer blen
Benmouna et al. @5# ascribed this discrepancy to th
frozen-in fluctuation due to cross-linking. These authors p
posed a modification of de Gennes’s theory using
interaction-dependent screening length. However, Readet al.
@6# pointed out that this model does not properly take in
account the pinning effect of cross-links. They introduce
simple single chain model to incorporate the pinning eff
and derived the desired free energy functional with the aid
a generalization of the random phase approximation~RPA!.
Hashimotoet al. @7# demonstrated that pinning of the grow
ing phase-separated domain structure can be achieve
cross-linking the polymers.

The main purpose of this paper is to raise a quest
What is the major distinction between cross-linked polym
blends~CLB’s! and diblock copolymer melts~DBC’s! under
segregation conditions? Needless to say, the CLB beco
an amorphous solid@8# under a sufficient density of random
cross-links. It is a solid in the sense that no global flow
allowed. Therefore, for example, in the CLB it is very u
likely that globally ordered segregation patterns like lame
or lattice structures are formed. In this sense, the distinc
should be trivially there. Hence, obviously, de Gennes’s
fective Hamiltonian and its modification by Benmounaet al.
without explicit pinning do not capture this crucial distin
tion.

The recent work by Readet al. seems to correct this de
fect. A remaining natural question is whether the pinning d
to cross-links has effects on the segregation patterns or
If a film is prepared without plasticizer or solvent, the flo
effect is unimportant for not extremely long experimen
~i.e., for most experiments! and the form factor for the DBC
exhibits a marked enhancement for smallk values as can be
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seen, e.g., in the result of Hashimotoet al. @9#. That is, the
enhancement ofS(k) for small k is shared by DBC’s and
CLB’s. Perhaps the enhancements in both cases may be
ferent, but the current theories do not look sufficiently re
able to discriminate these two quantitatively. Hence we lo
for experimentally easily accessible distinction betwe
DBC’s and CLB’s without hydrodynamic effects. We hav
found that the model proposed by Readet al. under realistic
initial conditions tells us that CLB’s and DBC’s exhibit in
distinguishable segregation patterns. This conclusion m
be correct. However, since the model does not prohibit g
bal ordering under equilibrium conditions, there is a go
reason to believe that not all the pinning effects are captu
in the model. We propose a simple model for CLB’s whi
cannot form globally ordered lamellar structure. Our mod
suggests experimental methods to discriminate CLB’s
DBC’s even without fluid dynamic effects.

In Sec. II we begin by reviewing a computationally effi
cient model for DBC’s. We then modify it in a minimal wa
to obtain a model of CLB’s. In Sec. III we discuss the ma
differences between DBC’s and CLB’s, and propose how
best observe experimentally the difference between the
systems. We conclude with a discussion in Sec. IV.

II. MODEL OF CROSS-LINKED BLENDS

Some time ago, a simple DBC model dynamics was p
posed@10# on a discrete lattice~to facilitate simulations! as a
cell-dynamical system~CDS! model @10–12#:

c t11~n!5~12B!c t~n!1It~n!2^^It~n!&&, ~2.1!

where

It~n!5F„c t~n!…1D@^^c t~n!&&2c t~n!#2c t~n!;
~2.2!

c(n) is the order parameter describing the local concen
tion difference between the two monomer units,tPN is time,
andnPNd is the lattice point of a simple cubic lattice ind
space.D andB are positive constants, and^^* && is the iso-
tropic spatial average: in two-space

^^c t~n!&&5
1

6 (
n8PNN

c t~n8!1
1

12 (
n8PNNN

c t~n8!, ~2.3!
723 © 1997 The American Physical Society
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where(NN denotes a sum over the four nearest neighb
and (NNN over the four next-nearest neighbors. The m
c t11(n)5F„c t(n)… controls the local dynamics of each ce
Its exact form is not important as noted in@13#. The map
F(c)5A tanh(c) is chosen here, withA,1 above the criti-
cal temperature andA.1 below. The equation correspond
to the Cahn-Hilliard equation@14# with a subtraction term
Bc:

] tc5D~2tc1uc32DDc!2Bc, ~2.4!

wheret, u, andD @different from that in Eq.~2.1!# are the
usual phenomenological parameters andD is the Laplacian.
It has been pointed out that this equation also models ph
segregation in reacting systems@15# and surface melting due
to laser heating@16#. Equation~2.4! can be written in the
form

] tc5D
dF

dc
, ~2.5!

with the free energyF,

F~c!5E dr F2
D

2
~“c!22

t

2
c21

u

4
c4G

1
B

2 E E dr dr 8G~r ,r 8!c~r !c~r 8!, ~2.6!

where G is the Green’s function for Laplace’s equatio
2DG(r ,r 8)5d(r2r 8).

If we put the free energy of the DBC-derived random
phase approximation~RPA!, theoretically by Kawasaki and
Ohta@3#, in the conserved time-dependent Ginzburg-Land
~TDGL! equation~2.5!, we can ‘‘almost’’ obtain this equa
tion @Eq. ~2.4!#. Traditionally, polymer melts and blend
have been described with the aid of the Flory-Huggins~FH!
free energy. de Gennes@17#, Pincus@18#, and Binder@19#
proposed various modifications of the Cahn-Hilliard equ
tion compatible with the FH free energy which can descr
polymer blend spinodal decomposition. All these mod
contain a composition-dependent factor in front of the spa
derivative term. It was noticed@20,21# that the model is
over-coarse-grained, because the interface thickness sh
be independent of the polymer molecular weight and
criticality in fairly deep quenches, and@22# that this causes
some problems in block copolymers. This feature due
over-coarse-graining can also be seen in the results of R
et al. @6#. Currently, there is no systematic way to correct t
defect of the RPA approaches.

The model~2.1! @or ~2.4!# does not have such a defect.
B50, it is a standard spinodal decomposition model and
been demonstrated to explain polymer spinodal decomp
tion @23,24# quantitatively@21#. For B.0, as long as segre
gation occurs, the model gives segregation patterns indis
guishable from the actual film experiments of DBC’s a
does not exhibit composition-dependent interfaces. Tha
the model~2.1! is physically more reasonable than the mo
els derived with the aid of the RPA from microscopic mo
els. However, the model~2.1! was not introduced through
physical consideration of DBC’s, but through a purely ma
ematical requirement of stabilizingc50, the interface. The
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argument is summarized here because the same idea sug
a simple albeit crude model of random cross-linked blen
and because the RPA is currently incapable of deriving
above-mentioned model~2.4! without somead hocadjust-
ment.

The distinction of DBC’s and the ordinary blend of se
regating polymers is that in the former the interface wh
c50 is stabilized due to the covalent bonds between bloc
Hence the simplest model with enhanced stability ofc50 is
Eq. ~2.1! with B.0. TheN ~polymerization index! depen-
dence ofB can be fixed by considering that the subtracti
term Bc, which makes the final equilibrium state nonun
form, should represent the effect of the connectednes
each chain. The relevant length scale due to this effec
N1/2. From dimensional analysis, we haveB5c/N2, with c a
dimensionless parameter. Its continuum version~2.4! of Eq.
~2.1! can be derived from the RPA free energy, if we corre
its composition-dependent coefficient in front of the gradie
term due to over-coarse-graining.

If we perform the stability analysis of Eq.~2.1!, we real-
ize that uku2;c/N characterizes the dominant mode in t
weak-segregation case. To realize this mode, for exam
kx50, ky;1/AN is admissible, so that a flat lamellar stru
ture can be formed. This is possible for DBC’s as is w
known empirically, because all the molecules can mo
freely even without hydrodynamic modes~though slowly!.
In the actual solvent-cast experiments, the fluidity of the fi
precursor facilitates this ordering. This was demonstrated
a model with hydrodynamic interactions@20#.

For CLB’s just like DBC’s,c50 should be more stable
than a simple blend. Hence there must be a term
2(c/N2)c in the CLB model, whereN is now the inter-
cross-link spacing in terms of the number of chain statisti
units andc plays the role of an elasticity constant@1#. How-
ever, there should not be any long-range order, because p
mers cannot move globally. In particular, there cannot b
globally ordered lamellar structure. This means thatuku2.e
.0 is not a sufficient constraint for CLB’s in contrast
DBC’s. Not only ukxu, but alsoukyu must be strictly larger
than some positive number due to cross-links.

We must impose on the average that the dominant m
in the x and they directions must be of finite wave num
ber: ukxu.e and ukyu.e. Notice that the inverse operato
of ^^* &&2* in Eq. ~2.1! @i.e., the inverse of the LaplacianD
operating ondF/dc in Eq. ~2.5!# gives the effect of connect
edness~in this case isotropic! @3#. The effect of cross-linking
is not expected to be isotropic locally, so that the discr
Laplacian should be anisotropic, and its anisotropy must
spatially random.

The easiest way to realize this constraint is to assig
randomly anisotropic Laplacian to the quantityIt(n) at each
cell in the CDS model in place of the isotropic term^^* &&
2* . If we assign annealed random anisotropy, this is
isotropic model with the constraintsukxu.e and ukyu.e. In
CLB’s, however, the random preferred orientation may a
neal only locally at most to the scale of the pattern corre
tion range, but cannot anneal globally, and so the prefe
anisotropic directions~or preferred orientations of the norma
to the level set corresponding toc50! should be different
from place to place~cell to cell in CDS’s!. In this paper we
use a simple quenched anisotropy; we will note in Sec.
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that the spatial correlation in random anisotropy does
change the properties of the system very much.

Thus the simplest model of CLB’s we propose is given
Eqs. ~2.1! and ~2.2! with a random anisotropic Laplacian
where the direction of anisotropy is chosen randomly at e
lattice siten. The Laplacian in Eq.~2.1! now becomes

^^It~n!&&a5~12a!^^It~n!&&1a^^It~n!&&A , ~2.7!

where^^* &&A is chosen as follows: If the anisotropic dire
tion is, e.g.,x we choose

^^I„c t~nx ,ny!…&&A5@I„c t~nx11,ny!…1I„c t~nx21,ny!…#/2;
~2.8!

if the anisotropic direction is in the diagonal direction, e.g

^^I„c t~nx ,ny!…&&A

5@I„c t~nx11,ny11!…1I„c t~nx21,ny21!…

1I„c t~nx11,ny!…1I„c t~nx21,ny!…

1I„c t~nx ,ny11!…1I„c t~nx ,ny21!…#/6. ~2.9!

a51 is totally anisotropic, anda50 is the usual isotropic
Laplacian. Our model, which will be called the RA~random
anisotropy! model, is

c t11~n!5c t~n!2B@c t~n!2112 f #1It~n!2^^It~n!&&a ,
~2.10!

where f is to specify the off criticality, and doesnot satisfy
the conservation law~the conservation is actually onl
weakly violated in this model!. Strictly speaking, the condi
tion must be imposed as done in the CDS model of Kawas
exchange dynamics@25#. However, for the current crude pu
pose to learn about possible patterns, this simple mode
sufficient ~because theB term also plays a role of a chemo
stat!. Notice that the strict enforcement of local conservat
law simply slows down pattern formation and enhances
pinning effect, so that if the above model exhibits a distin
pinning effect in contradistinction to other models mention
in the Introduction, we may conclude more strongly that
conservation-corrected model exhibits the pinning effect.
a more conventional justification of this model, see the l
section.

The CDS version of the model proposed by Readet al. is

c t11~n!5c t~n!2B@c t~n!2c0~n!#1It~n!2^^It~n!&&,
~2.11!

wherec0(n) is the initial frozen-in fluctuation~the initial
condition itself!. We will refer to this model as the FC mode
~frozen-in concentration model!. In the numerical experi-
ments that follow in Sec. III, the frozen-in initial concentr
tion c0(n) is taken~for each lattice pointn! as a random
number in the range (2c0 ,c0), for some positive numbe
c0 .

The concentrationc0(n) is due to the freezing of a natu
ral fluctuation in the system at the onset of cross-linking. T
cross-linking is imposed before the quench in the disorde
phase, presumably at a reasonable distance from the cr
region. As such, one expectsc0 to be fairly small. Typical
t
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scattering intensities from@9# indeed show that the scatterin
maximum in the disordered state is much broader a
weaker compared with the scattering maximum in the
dered phase. It is reasonable to assume thatc0 should not be
more than 10% ofcmax ~value ofc in a pure phase!.

III. DBC’s vs CLB’s

If we ignore the difficulty due to the formation of lamella
structure in the equilibrium state, de Gennes’s reduced
energy ~which is identical to the DBC free energy! or its
modification by Benmounaet al. is a reasonable one. In an
case, almost equilibrium widths are realized far before ord
ing of the global pattern. From this, de Gennes predicted
mentioned above, that the segregation size is proportiona
N1/2. This is identical to the simple dimensional analytic r
sult. We know this is good only when the interface thickne
is comparable to the pattern size~weak segregation case!. In
the strong segregation, the power should beN2/3 as discussed
by Ohta and Kawasaki@3# and as related to the growth ex
ponent 1/3 of the spinodal decomposition@20,26#. The ex-
perimental data in@4# cannot discriminate these prediction
as can be seen by replotting the data~their result was based
on only three data points, and considering the error bar
each point, it is rather difficult to claim a 1/2 power law!.
CLB’s with the 2/3 power law should be realizable wi
sufficiently large molecular weight of the intercrosslink se
ments.

This is a feature of CLB’s we can understand with t
DBC analogy due to de Gennes. We will not demonstr
this numerically, because it is well known that a very-larg
scale simulation is needed to observe 2/3 in DBC simulati
@20,27#, although in real systems it seems easy. The com
tational difficulty of obtaining the 2/3 power could be, how
ever, due to insufficient hydrodynamic effects. If this is t
case, then cross-links would freeze the pattern determine
the initial unstable mode. Then the power law may be
and the equilibrium value 2/3 may never be observed.
though we believe 2/3 power is observable in CLB’s, a cr
cal study is needed.

What is the major distinction between CLB’s and DBC’
It is the presence of quenched random links, which for
global transport of matter and hydrodynamic effects. Con
quently, ordered structures like lamellars should not
formed in CLB’s in contrast to DBC’s. However, in the film
experiment, the flow effect is often minimal, so that th
distinction is not easily observable. Furthermore, the sm
k behavior of the form factors due to the frozen in fluctu
tions exist even for DBC’s as mentioned in the Introductio
This should be obvious because the length scales affecte
the frozen-in fluctuations are larger than the pattern wi
and because the freezing at such scales is obvious from
virtual impossibility of ordered lamellars in DBC films. Thu
the question is whether there is an experimentally access
clear distinction between DBC’s and CLB’s when hydrod
namic effects are minimal~as is often the case!.

The critical quench patterns for three different models
in Fig. 1: the DBC, RA ~with a50.5,1!, and FC ~all
started from the same random initial condition! models. In
general, it is quite hard to see a real significant differen
Local rearrangement of the composition is allowed even w
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726 56M. S. O. MASSUNAGA, M. PANICONI, AND Y. OONO
cross-linking, so that the film pattern, which is largely due
local segregation, is not affected by the lack of global tra
port. There is a slight difference in that the domains in
RA (a51) model have larger curvature. The effect, ho
ever, washes away with time and on decreasing the par
eterB. Therefore, DBC’s and CLB’s~whatever the model is!
are close. Hence our prediction is that DBC’s and CLB
cannot be clearly distinguished in the film critical quen
experiment.

However, in the off-critical case, we may be able to det
the random cross-link effect more easily as illustrated in F
2. This is, however, because the ordering in the DBC cas
easier than in the critical case and also it is easy to de
irregularities against expected lattice structures. Notice
the FC model is much closer to the DBC model, in that
ordering is only slightly destroyed, in contrast to the R
case.

The effect of the boundary can be very different on t
quenched patterns, because random cross-links prepar
vorable conditions to one or the other phases locally,
such localized patterns cannot be dislodged easily. Per
the clearest experiment is the ‘‘sliding cold block’’ expe
ment@28#. In this experiment, the system is cooled from o
edge and the cold region is advanced at some rate. A
already known, depending on the cooling rate, this proced
can help the ordering process@28,29#. For a slow rate, this
condition coerces ordered patterns in DBC’s. For a fast r
there is no difference from quenching the whole system
the pinning effect is well captured by the model, even un
order-coercing conditions a disordered pattern should be
served.

In the numerical simulation, a free boundary condition
imposed on the right vertical boundary and periodic bou
ary conditions along the horizontal boundaries. On the
vertical end, free boundary conditions were used for the
critical case; for the critical case, the order parameter w

FIG. 1. Patterns for three different models:~a! DBC, ~b! FC
with c0P(20.05,10.05), ~c! RA with a50.5, and~d! RA with
a51.0. Parameter values areA51.3, D50.5, f50.5, and B
50.02, after 10 000 iterations in a 1283128 lattice from the same
random initial condition.
-
e
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held fixed toc50.5 to facilitate the ordering~in an actual
experiment@30# a free edge is preferentially covered wi
one phase!. The parameterA in the CDS map~see beginning
of Sec. II! measures the quench depth, so that the cold fr
is mimicked by varyingA along the~horizontal! length of
the system. The temperature parameterA was taken to be
A5Ac.1 ~cold region! on the left end of the front andA
5Ah,1 ~hot region! on the right end of the front. The fron
is a strip between the cold and hot regions, whereA is de-
creased linearly fromAc toAh . Starting from the left vertical
edge of the lattice, the front was advanced through the s
tem by shifting it to the right after a fixed number of iter
tions. The temperature parameter varies asA(nx11)
5A(nx)20.01 withAc51.3 andAh50.9 ~front width of 40
lattice spacings!. The result of the simulation was qualita
tively the same for different front widths.

Figures 3 and 4 illustrate the difference in the three m
els, for both the critical and off-critical quench cases. T
completely anisotropic random Laplacian model~our RA!
clearly exhibits a sharp distinction in preventing the form
tion of a well-defined lamellar or lattice structure behind t
front. The sharp distinction between the models persists u
decreasing the velocity of the front. Increasing the front v
locity results in more disordered patterns in the RA ca
whereas the FC model maintains a fairly ordered pattern
to some maximum velocity, beyond which the patterns s
to become increasingly distorted.

The patterns in the sliding block experiment for differe
a in our RA model are shown in Fig. 5. A crossover from
ordered to disordered state occurs arounda'0.5 for the pa-
rameters values used in the simulation. While it is clear t
our RA model does exhibit a clear distinction from DBC a
FC models, we should note here thata is a phenomenologi-
cal parameter in our model and we do not know the scale
range ofa that is appropriate for a typical experiment. How

FIG. 2. Off-critical quench forf50.4, A51.3, D50.5, andB
50.02, after 30 000 iterations in a 1283128 lattice from random
initial conditions: ~a! DBC, ~b! FC with c0P(20.05,10.05);
this corresponds to'10% of cmax. Even for 15% initial fluctua-
tion, our conclusion does not change.~c! RA with a50.5 and~d!
RA with a51.0.
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56 727PHENOMENOLOGICAL MODEL FOR CROSS-LINKED . . .
ever, it should be noted that to impose the positivity con
tion for ukxu andukyu strictly, we needa51. Furthermore, the
positivity condition should be strict, because even in equi
rium, we cannot expect globally ordered lamellars. The
fore, we may expect thata must be fairly close to 1. In any
case, our conclusion is that if DBC’s and CLB’s can
experimentally distinguishable at all, then the sliding blo
experiment must be the most convenient.

As mentioned in Sec. II, the case of annealed randomn

FIG. 3. Sliding block experiment, after 6000 iterations, for~a!
DBC, ~b! FC with c0P(20.05,10.05), and~c! RA with a51.0
~for the effect ofa see Fig. 5!. Parameter values areD50.5, f
50.5, andB50.02, on a 643300 lattice, from random initial con-
ditions. The front moves at a rate of 3 columns every 120 ti
steps. The temperature parameter variation in the front widt
A(nx11)5A(nx)20.01, with Ac51.3 and Ah50.9. The fixed
starting edge~left end! of the lattice isc50.5.

FIG. 4. Sliding block experiment for the off-critical case for~a!
DBC, ~b! FC with c0P(20.05,10.05), and~c! RA with a51.0.
The same conditions as in Fig. 3, but withf50.4.
i-

-
-

ss

is not suitable in our model because the molecules should
be allowed to move globally. A numerical simulation of a
annealed disorder, modeled in a simple way by choosin
random anisotropic Laplacian both in space@as in Eq.~2.9!#
and time, resulted in no difference from the DBC case. W
also performed simulations of quenched randomness co
lated over a certain block size„by imposing a uniform an-
isotropic Laplacian@Eqs. ~2.8! and ~2.9!# over a number of
cells52b, for b51, 2, and 3…. For the critical quench case
no real significant difference from the DBC case was o
served. For the sliding cold block and off-critical expe
ments, however, the same disordering effect was observe
the blocked RA model as for the RA model withb50. The
qualitative features distinguishing the three models do
change when the randomness is correlated over a block

IV. DISCUSSION

We have demonstrated that the DBC and FC models
not distinguishable under the above simulated conditio
Should we conclude that there is no distinction betwe
DBC’s and CLB’s from this? It is highly likely that the pin
ning due to cross-linking can prevent global ordering ev
under coercive conditions.

We have introduced a simple model~RA! of CLB’s
straightforwardly extending a successful model of diblo
copolymer melts. The RA model captures the main effec
the inability of the network to move and form globally o
dered spatial patterns. The model does not exhibit any glo
ordering even under coercive conditions. We can simply a
to the RA model the effect of frozen-in initial fluctuations a

e
is

FIG. 5. Sliding block experiment for different values ofa: ~a!
a50.2, ~b! a50.4, ~c! a50.6, and~d! a50.8. The same condi-
tions as in Fig. 3.
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the FC model without any significant effect. The FC mod
of CLB’s introduced by Readet al. globally orders under
coercive conditions. Hence we must conclude that under
alistic conditions@i.e., reasonable amplitude for the frozen-
fluctuation~as discussed at the end of Sec. II!#, the modeling
of pinning with a random potential as in the FC model is n
sufficient to distinguish CLB’s and DBC’s. However, eve
our RA model predicts that a simple critical quench expe
ment of a film cannot exhibit any difference of CLB’s an
DBC’s. The clearest experimental distinction is predicted
the case of sliding cooling block experiments. We have a
proposed a reexamination of the pattern size as a functio
the inter-cross-link molecular weight.

Finally, we discuss a ‘‘more microscopic’’ justification o
our model. As was discussed by Readet al., for example,
with the aid of the pinned chain model of Readet al.we can
obtain a coarse-grained free energy RPA theoretically, wh
has the following form similar to Eq.~2.6!, but with aniso-
tropic Green’s functionGa ,

Fa~c!5E dr F2
D

2
~¹c!22

t

2
c21

u

4
c4G

1
B

2 E E dr dr 8Ga~r ,r 8!c~r !c~r 8!. ~4.1!

Alternatively, at a more phenomenological level, one c
push the model by Benmounaet al. further to reach the
above model by assuming that the long-range interactio
screened by a random anisotropic screening length.

Random cross-linking should also produce an anisotro
mobility coefficientgk ~Laplacian ink space! in the phenom-
enological dynamics

] tc52gk

dFa

dck
, ~4.2!
u,

ys

un

tt.

ai
l

e-

t

-

n
o
of

h

n

is

ic

derived in principle by a projection of a microscopic mod
with, say, quenched anisotropic chain confinement. H
limk→0gk50 due to conservation. In our RA model w
choose this random anisotropic Laplacian to cancel the
dom anisotropic Green’s functionGa @i.e., 2DaGa5d(r
2r 8)#, so that the subtraction term2Bc describes the ran
dom qualitative bonding effect:

] tc5Da~2tc1uc32DDc!2Bc. ~4.3!

This convenient choice may look very arbitrary, but
least the following qualitative universality argument justifi
the use of the crude model for our qualitative purpose. Ap
from the fact that this results in a very simple clean mod
one should note that~1! if the cancellation is not complete
andDaGa results in a local random operator in the dyna
ics, it is likely that there is no qualitative change, as seen
the case of adding frozen-in randomness to the RA mo
~2! even if the incomplete cancellation produces a long-ra
interaction term as in the models extensively studied
Sagui and Desai@31#, the extra long-range terms does n
change the qualitative features of the DBC model.

Needless to say, we wish to have a more satisfact
‘‘derivation’’ of more realistic models of CLB’s. However
we must repeat that so far no RPA-type theory has been
to produce a satisfactory coarse-grained model.
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