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Conformation of interacting polymer chains: Effects of temperature, bias, polymer concentration,
and porosity

Grace M. Fod? and R. B. Pandel?®
IProgram in Scientific Computing, University of Southern Mississippi, Hattiesburg, Mississippi 39406-5046
2Supercomputing and Visualization Unit, Computer Center, National University of Singapore, 119260 Singapore
Department of Physics and Astronomy, University of Southern Mississippi, Hattiesburg, Mississippi 39406-5046
(Received 10 May 1996; revised manuscript received 6 Decembep 1996

The conformations of interacting polymer chains driven by a biased field in heterogeneous media are studied
using Monte Carlo simulations in three dimensions. In addition to excluded volume, a nearest-neighbor inter-
action is considered with polymer-polymer repulsion and polymer-solvent attraction. Two types of heteroge-
neous media are considerg@ a homogeneous-annealed system consisting of mobile polymer chains and
solvents andii) quenched porous media, generated by adding a random distribution of quenched barriers.
Effects of polymer concentratiorpj, bias B), temperature T), and porosity p;) on the magnitude of the
radius of gyration Ry) of the chains and its scaling with the chain length)(are studied. In an annealed
system, we observe a crossover in power-law variation of the radius of gyration with the chain length,
Ry~LZ, from an extended conformation witp=0.7 at low bias B=0.2), lowp, and highT to a collapsed
conformation withy~0.20-0.31 at high biasB=0.5) and lowT. In a quenched porous medium, we observe
a somewhat lower value of the power-law exponent,0.60—0.70, from its annealed value at highand low
bias. At low temperatures, in contrast, the magnitude-60.39-0.47 is enhanced with respect to its annealed
value. Various nonlinear responsesRyf to bias are observed in different rangesBifL, ps, andT. In
particular, we find that the response is nonmonotonic at low temperaflire8.() in the annealed system and
at high temperaturesTé&100.0) in a porous medium with a relatively high barrier concentratfiy=(0.3).
[S1063-651%97)08804-1

PACS numbds): 36.20.Ey, 83.10.Nn, 02.70.Lq

[. INTRODUCTION models resort to simplified systems with a restricted range of
interactions, short chain lengths, low polymer concentra-
Because of its fundamental and practical importance, théons, etc., due to difficulties in taking into account the spe-
conformational and dynamical properties of chain polymersific type and range of interaction and polydispersity among
have attracted a considerable interest in recent \jdar§].  the other variables. The simplified models are, however, use-
The conformational and transport properties of the modeful in capturing some of the important details of such com-
systems of neutral polymer chains with the excluded volumelex systems. In a highly concentrated melt where the long
interaction have been extensively studied from a dilute solurange interactions seem to be screened out, a short range
tion to the melt regime. The crossover from a self-avoidinginteraction, different from the original long range interaction,
walk (SAW) conformation in the dilute regime to an ideal may be able to capture the relevant details. Further advan-
(random wall configuration in the melt is well understood. tages of the simplified models are the feasibility of incorpo-
There is a large variety of polymer systef-8] where rating other parameters such as temperature, solvents, and
interactions among the constituents play an important role itheir concentrations which would have been difficult other-
their conformations. Some examples include polyelectrolytesvise. In fact, several studies have been recently reported on
and polyampholytegprotein, DNA, and RNA to weakly such simplified models which have shown interesting prop-
charged systems with a fluctuation in the charge distribuerties due to the interplay between the temperature and inter-
tion). The long range Coulomb interactions among the conactions[5].
stituents, on the other hand, impose a severe constraint in The effects of external field.e., biag in such interacting
studying these systems both by analytical theories as well asystems are relatively less explored. Such stuffids-13
by computer simulations. It is very difficult to perform a are nevertheless useful in understanding some of the funda-
controlled experiment to understand the fundamental propemental issues in electrophoretic transport, filtering, and
ties of the constituents of such complex systems. Computgrhase-separating processes. Studying the physical properties
simulation, therefore, remains one of the primary tools toof even simplified model chains in a quenched porous me-
investigate even simplified models of such complex systemdium is more difficulf 14—21]. Inclusion of an external flow
which cannot be tackled by analytical theory in a controlledfield helps in reducing the relaxation time for the motion of
fashion. The growth in the literature in the area of computethe chains, at least for certain values of the parameter space
simulation modeling of polymers is too extensive to cite all(i.e., high porosity, low polymer concentration, and low
of them[5]. field) [13]. On the other hand, the biased flow field makes the
Several attempts have recently been made to study thgroblem more complex as the field begins to compete with
problems in such complex systems via modéls10. Most  the barriers for the chains’ movemelit1,12. In previous
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studies, we have explored the dynamics and conformationalhere the summation is restricted to nearest-neighbor sites.
behavior of model polymer chains in porous media, withNote that such Ising-like effective interactions are frequently
[13] and without[21] a field, in which only the excluded used to study a variety of issues in different contexts, i.e.,
volume(hard-corg interaction among the chains was consid- simple fluids[22], polymer chaing5], etc., for simplicity. A
ered. The polymer chains could move only by reptation dy-biased field is also considered in moving the nodes as the
namics into “empty” neighboring sites, i.e., those that werechains explore their conformational phase space via kink
occupied by solvent. In the present work, a more genergump and reptation.
model is considered by introducing a local nearest-neighbor The chain nodes are selected randomly. If the node is one
(NN) interaction with a polymer-polymer repulsion and a of the end nodeghead or tail of the chain, then we attempt
polymer-solvent attraction. Unlike our previous studies, weto reptate the chain with the following rule: We select one of
are able to investigate the effect of temperature on the corits neighboring lattice sitegwith probability B in the direc-
formational properties of interacting chains along with thetion of the field and in any direction with probability-1B,
influence of their lengths and concentrations. whereB (0<B<1) is the biased probability. If the neigh-
We have carried out a detailed study of the conformaboring site is empty, then we attempt to reptate the chain
tional properties of interacting chains in a background ofwith a Boltzmann distribution using a Monte Carlo accep-
solvent using a simplified model described in the followingtance condition
section(Sec. I). The conformations of chains in a homoge-
neous(or annealed chaifsystem are discussed in Sec. Il r<exp—AE/T), )

;nadr;r;ﬁ gf;‘sct\?.of quenched barriers in Sec. IV with & Sum§/vherer is a random number (Qr<1), AE is the difference

in interaction energy between the new and old configura-
tions, andT is the temperature in units of the Boltzmann
Il. MODEL constant.
f On the other hand, if the randomly selected node is one of
the interior nodes of the chain, then a kink-jump move is
attempted. In this case, one of the nearest- or next-nearest-
~ . neighbor siteg is selected with the biased probability de-
Lo+ 1 nodes, wherens=pL /(Lc+1). Chains are placed scribed above. If sit¢ is empty, then we attempt to move the

on the lattice by a constrained self-avoiding W@(AW) node and the associated bonds via a Boltzmann distribution
process, each starting from a randomly selected site. A frac-

. . > Eqg. (2)]. However, if the neighboring sitgis occupied, the
“°r? Po o'f the 'Iattlce sites, ra}ndomly selected from'the empt' mgvé 221"5 and the node rer%ains ir?itsﬁ(‘)ld posiﬁon. An at-
lattice sites, is then occupied by quencheql barrlers_. A Slt'f"empt to move each node of all chains once regardless of its
cannot be occupied by more than one barrier or chain node; ; : S
The porosity of the medium is defined fpy=1— success is defined as a Monte Carlo SHEES). A periodic
porosity — 1 Po. boundary condition is used for the moves across the sample.
In addition to excluded volume, we consider nearest-

neighbor polymer-polymer repulsion and polymer-solvent at-The chains are moved for a fixddrgg number of time

traction. An effective charge or interaction densitis as- steps, during which we monitor various physical quantities.
: ' i 9 Sty The parameters are the concentratiprof the chains,
signed to each lattice site, whege=1 for the polymer

nodes, 0 for the barriers, and1 for the empty sites. The chain lengthL., temperatureT, strength of external bias

) . . ; B, and concentration of barriers or porosit
interaction energy of the system is described by p.=1-py). For each set of paramete[z)rbs \Eve use as )r/nany

independent simulationss as permitted by the available re-
E=2 i (1) sources to obtain a reliable estimate of the physical quanti-
TR ties. Chains of length..=20, 40, and 60 were used over

The simulations are performed on a simple cubic lattice o
sizeLXLXL. A fraction p of the lattice sites is randomly
occupied byn; polymer chains, each of length. (or

L=40, L =60, p=0.2

11.0

©—0B=0.0 (T=100.0)
G—& B=0.2 (T=100.0)
A—AB=0.5 (T=100.0)
; . <—<1B=0.8 (T=100.0)
9.0 4 - {o--®B=00(T=1.0) . . i

B--WB-02(T=10) FIG. 1. Radius of gyration versus time for

A--AB=05 (T=1.0) driven chains at concentratige=0.2 and length
«--4B8=08(T=1.0) L.=60.

@ -0 0 0 0 0 0-0 00
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external biasesB=0.0-0.8 at polymer concentrations state(i.e., a nearly constantalue Ry ) at almost all values
p=0.1,0.2,0.3 in the annealed system,€0.0) and at a of the flow field and temperatures. We define a configura-
fixed polymer concentratiop=0.3 in the porous medium tional relaxation time in which the magnitude &; ap-
(0.0<pyp=0.4). Each simulation was run for a sufficiently proaches its steady state value. Our simulations show that the
long time to relax the chain conformations. We evaluate théonger the chain, the longer it takes to reach this steady state
radius of gyration of the chains which is defined as

ng L+l

1
Ry=——— >, 21 KD —Tem(D1?),

9 ngn(L.+1) =1

1 Lett

rc.m.: I—c+1 |E ri 1

=1

wherer;(j) is the position of théth node of thejth chain;
(---) shows the ensemble averaging over configuration

states(i.e., over MCS timg

IIl. HOMOGENEOUS-ANNEALED SYSTEM

)

value. At a fixed bias, the relaxation time at high temperature
(T=100.0) is lower than that at the low temperature
(T=1.0). We further note that the magnitudeRyf depends
strongly onB and that the change Ry, i.e., the response of
Ry to bias, is larger at higheB.

The conformational relaxation of chains also depends on
the polymer concentration, with more severe effects at low
temperaturdFig. 2). As the polymer concentration increases,
the relaxation time of the chains increases quite drastically at
each value of the bias. For example, at biBs=0.5,
Ry—(Ry) at ~5.0x 10° MCS for chains ap=0.1, while
Ry— (Ry)- att>2.0x 10* MCS for chains ap=0.3. At low
polymer concentration, the probability for a chain to encoun-

aEer other chains during its movement is low. As the concen-

ration increases, there is a greater probability of encounter-
ing neighboring chains. The effective percolation threshold,
the concentration at which the chains begin to interfere with
each other, depends on the chain lendB]. For L.=40,
this threshold should be much smaller than 0.324.25, the

To simplify the analysis, we first examine the behavior 0fp'ercolation threshold for sitg percolation 'in three dimen-
the chains in a homogeneous system, i.e., in the absence ¥P"S: Therefore, at such a high concentratiopa$.3, the
quenched barriersp,=0.0). A variation of the radius of surrounding chains begin to act like barriers. Since the field
gyration with time is shown in Fig. 1 at various values of drives the chain, it begins to compete with the surrounding

bias B and two (high and low temperatures. We immedi-
ately note that the initial conformations of the chains
(t—0) are compacti.e., of a constrained SAW configura-
tion) and elongate or stretch out as the chains begin to ex-
plore their conformations in the external field. The magni-

chains with a resulting increase in relaxation time.

A. Scaling of Ry with chain length
In general, for a single chain or chains in solutidrom

tude of the radius of gyration seems to approach its steadgilute to melt regimg a frequently asked question is how the

TABLE I. Exponenty in Ry~L? for driven chains in porous media.

Polymer conc Barrier conc Temperature
p Py T=100.0 T=10.0 T=1.0 T=0.1
(B=0.2
0.1 0.0 0.71 0.71 0.71 0.70
0.2 0.0 0.71 0.71 0.71 0.74
0.3 0.0 0.71 0.73
0.3 0.1 0.70 0.70 0.39 0.45
0.3 0.2 0.67 0.67 0.45 0.47
0.3 0.3 0.68 0.68 0.44 0.47
0.3 0.4 0.62 0.60 0.46 0.46
(B=0.5
0.0 0.0 0.31(0.29
0.3 0.1 0.330.33 0.45(0.47)
0.3 0.2 0.380.39 0.47(0.46
0.3 0.3 0.400.42 0.48(0.45
(B=0.9
0.0 0.0 0.20
0.3 0.1 0.43(0.45
0.3 0.2 0.30(0.32 0.48(0.47)
0.3 0.3 0.40(0.40 0.48(0.48
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radius of gyration depends on the chain length)( This
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5.0

L=40, L,=40, T=1.0

(B=
' (B=0.
A—A p—o 8 (B=0. 2)
(B=
(

A - Ap=0.3 (B=0.5)

V—¥p=0.1 (B=0.8)
<4—<1p=0.2 (B=0.8)
*—%p=0.3 (B=0.8)

0.0

5000.0

10000.0
Time

15000.0

20000.0

FIG. 2. Radius of gyration versus time for
driven chains of length..=40 and temperature
T=1.0.

). The power-law exponenty~0.70-0.74 shows little

guestion is now addressed to our interacting chains driven byariation with temperature. At higher polymer concentration
a field. We observe a power-law dependence of the radius dqfp=0.3), a power-law dependence is observed only at high
gyration on the chain lengtiR,~ L7, over various ranges of temperature T=10.0), with y~0.71-0.73[Fig. 3@]. No

field, and chain and barrier concentrations. Such power-laywower-law dependence is observed at high temperature and

dependence is observed at low bi#<0.2) and concentra-
tions p<0.2 at various temperatures 6:T<100.0 (Table

Radius of Gyration

Radius of Gyration

L=40, T=100.0

Chain Length

L=40, T=0.1

v-- V p=0.1 (B=0.8)
<--<p=0.2 (B=0.8)
* - - %p=0.3 (B=0.8)

Chain Length

higher biasesB=0.5). At very low temperatureT(=0.1),
high concentration f=0.3), and high bias §=0.5), we

FIG. 3. Log-log plot of radius of gyration ver-
sus chain length for driven chains at concentra-
tion p=0.3 and(a) T=100.0 andb) T=0.1.
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13.0 T T T T

L=40, T=100.0

1.0 R R

0p=0.1 (L =20)
Op=0.2 (L=20)
Ap=0.3 (L=20)
7@p=0.1 (L =40)
W p=0.2 (L =40)
Ap=0.3 (L=40)
Vp=0.1 (L=60)

(L.=60)
% p=0.3 (L =60)

Radius of Gyration

FIG. 4. Radius of gyration versus bias for
chains of various lengths and concentrations, at
(b) temperaturga) T=100.0 andb) T=0.1.

13.0 : — ‘

L=40, T=0.1

p=0.1 (L,=20)
0 p=0.2 (L =20)
p=0.3 (L ,=20)
p=0.1 (L .=40)
W p=0.2 (L .=40)

Radius of Gyration

3_0 I I
0.0 0.2 0.4 0.6 0.8

Bias

seem to observe a power-law dependence on chain lengfioints. On further reducing the temperatureTte 0.1 [Fig.

with a much smaller exponent;~0.20-0.31, which sug- 4(b)], we observe that the response of the radius becomes
gests the possibility of a collapsed stéég. 3b)]. negative beyond a certain biaB#0.2) at high concentra-
tion (p=0.3) especially for the longer chaih {=40). Com-
petition between bias and chain obstacles leads to metastable

) ) ) (pinned conformations which may be reflected by the non-
The response of the chain radius to the bias depends cofonotonic dependence.

siderably on polymer concentration, chain length, and tem-
perature. At high temperaturd €100.0), we find that the IV. POROUS MEDIUM

rate of Increase ORQ. is large at l.OW bias followed by a Inclusion of quenched barrierp(>0) in the above sys-
decreasing rate leading to saturationFgffor longer chains o has severe effects on the relaxation of the chains and
(L=40) — a nonlinear respon$kig. 4a)]. This qualitative  hejr equilibrium values at low temperature. We observe no
response behavior remains nearly the same even on loweriRgfect of the bias on the relaxation of the radius of gyration
the temperature td=1.0, with no response to the field at as the chains are unable to move against barriers, even at
B=0.2 for long chains; i.e., the radius of the=60 chains  fairly low barrier concentrationspi,=0.2) at low tempera-
rapidly approaches an asymptotic limit at a rather low valugures. At high temperatured & 100.0), the relaxation time

of bias,B~0.2. The short chainsL(=20) show nearly a increases on increasing the barrier concentration. For ex-
linear response. Thus, we see that the chains stretch out wittmple, for L.=40 chains atT=100.0 and biasB=0.5,

bias until a characteristic value, beyond which the radiuRy— (Rgy).. at ~7.5X 10° MCS at p,=0.0, Ry—(Ry)- at
saturates. This characteristic bias, as we expect, depends erl.5x 10* MCS atp,=0.2, andR;— (Ry).. at >2.0x 10

the chain length and concentration, since the probability oMCS at p,=0.4 (Fig. 5. The relaxation time additionally
intercepting the surrounding chains increases with the chaidepends on the strength of the bias. At low barrier concen-
length and concentration. Unfortunately, we are unable tarations (,<0.2), the relaxation time decreases on increas-
quantify this dependence due to limitations in our dataing the bias. This trend continues even to high barrier con-

B. Response to bias
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12.0 T
L=40, L =40, p=0.3, T=100.0

_e- —e-0-0—0 —¢ O—0Op=00(B=02)
o 0-0-0-¢ -0 0 00 0 00 . o ahosim0n
A—Ap,=0.4 (B=0.2)
& — ®p,=0.0 (B=0.5)
= —Mp.-0.2 (B=0.5) . . i
A —Ap,=0.4 (B=0.5) FIG. 5. Radius of gyration versus time for
V—Vp,=0.0 (B=0.8) driven chains of lengtih..=40 in porous media.
<4—p,=0.2 (B=0.8)
*—%p =0.4 (B=0.8)

Radius of Gyration

0 0 5000 10000 15000 20000
Time
centration p,=0.4), but the relaxation is affected nonmono- A. Scaling of Ry with chain length

tonically; it decreases on increasiBgup to a certain value, _
beyond which it increases due to competition between the For chains p=0.3) in the presence of barriers at low bias
barriers and the bias as the chains stretch @ut, at (B=0.2), a power-law dependence on the chain length is

pp,=0.4,B=0.5). still observed but with generally reduced exponefitable
(a)
L=40, p=0.3, T=100.0
,_/:';’/""

c10f LI EET {6—9p=0.1(B=02)
ke T = B—=&p,=0.2 (B=0.2)
© A—Ap,=0.4 (B=0.2)
> P ® —®p,=0.1(B=0.5)
o Tz B — mp,=0.2 (B=0.5)
S yl-lzET A —Ap,=0.4 (B=0.5)
2 ¥--¥p,=0.1 (B=0.8)
5 <--<p,=0.2 (8=0.8)
8 % -~ %p,=0.4 (B=0.8)

3 L
20 60
Chain Length FIG. 6. Radius of gyration versus chain length
for driven chains at temperatu¢a) T=100.0 and
(b) (b) T=0.1 in porous media.
8

L=40, p=0.3, T=0.1

G—0Op,=0.1 (B=0.2)
E—ap,=0.2 (B=0.2)
A—Ap,=0.3 (B=0.2)
& —@p,=0.1 (B=0.5)
® — Wp,=0.2 (B=0.5)
A —Ap=03 (B=05)

.8)

)

<--<1pb—02(B-08
% - - %p,=0.3 (B=0.8)

Radius of Gyration

%0 60
Chain Length
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(a)

8.0 T T T

L=40, L =20, p=0.3 .

Op,=0.0 (T=100.0)
00 p,=0.1 (T=100.0)
A p,=0.2 (T=100.0)
<1p,=0.3 (T=100.0})
¥ p,=0.4 (T=100.0)
®p,=0.0 (T=1.0)

(
p,=0.3 (T=1.0)

Radius of Gyration

0.0 0;2 0.4 016 0i8 . . .
Bias FIG. 7. Radius of gyration versus bias for

chains of length(a) L,=20 and(b) L,=60 in
(b) porous media.
13.0 ‘ : :

120  L=40.L.=60,p=03

Radius of Gyration

0.0 0.2 04 0.6 0.8
Bias

[). At high temperature T=10.0), the exponent the power-law dependence at low temperatdre(.0) and
vy~0.60-0.70 is less sensitive to barrier concentrationshigh bias 8=0.5). The power laws were recovered with
pp=<0.3 [Fig. 6@)]. But at p,=0.4, y has dropped to estimates of the exponershown in parenthesgim Table I.
~0.60-0.62. As in the annealed case, deviations from thene note some small differences with the corresponding val-
power-law dependence are observed at higher biages of exponents on the smaller lattide. € 40), but these
(B=0.5) and high temperature. The stretching of the chaingre not severe.

by the field saturates at higher valuesBs field and bar-

riers compete. At lower temperaturé<1.0), v is not sen- B. Response to bias

sitive to barrier concentrations ovgn,=0.1-0.4, but its _ . .
magnitude has reduced considerably, ihex0.39—0.47, in When barriers are introduced to the system of chains, the

comparison to their values at higher temperat{ifég. 6b)].  "€SPonse oRy to the bias is again dependent on the chqm
At higher bias B=0.5), the power-law dependence on chain'éngth and temperatu_re. For example, for short chains
length persists with the exponent~0.30-0.48 (Table | (L.=20) at concentratiop=0.3, we find that the response
which seems to increase somewhat on increasing the barriéf Ry to B decreases systematically on increasing the barrier
concentration and decreasing the temperature or bias. Nog@ncentration over the rangs,=0.0-0.4 [Fig. 7(a)]. For
that in the absence of barriefse., in a homogeneous sys- longer chains I(.=60), however, the response of the radius
tem), the chains are collapsed while the presence of barriert9 B is nonlinear and more sensitive to temperat{ffe.
seems to trap the chains in more extended configurationg(b)]. At low temperature T=1.0), the presence of barriers
Such pinning of chains due to the competition between th€0<p,<0.3) reduces the growth rate Bf; substantially in
field and barriers becomes more pronounced on increasingomparison to those without the barriers at small values of
the barrier concentration. B, but sustains a positive growth with increasing field. At
To check for finite size effects, some simulations were rurhigh temperature=100.0), however, a nonmonotonic re-
on a larger-sized latticeL(=50). In particular, we checked sponse seems to prevail at higher values of barrier concen-
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13.0 T T

L=40, L =60, p=0.3

O0—oOT=100.0 (B=0.2)
{mZ—aTt-10 (B=02
A—AT=01 (B=0.2

{m—wT=10 (B=05 FIG.. 8. Radigs of gyrgtion versus barrier con-
A —AT=01 (B=05 centration for driven chains of length,=60 and

| O—0T=100.0 (B=0.8) concentratiorp=0.3.
<4—<T=1.0 (B=0.8)
*—%T=0.1 (B=0.8)

Radius of Gyration

0 . 1 . I
0.00 0.10 020 0.30 0.40
Barrier Concentration

tration (pp=0.3). At T=0.1, the bias has very little effect on lengths, and high temperatures, the chain radius increases
the chain radius when barriers are present even at low co@most linearly with bias, leading to rodlike conformations.

centrations. Thus, the responseRyfto bias is nonlinear and However, as polymer and barrier concentrations or chain
depends on the range pf, T, andB. lengths(mass increase, a nonlinear response to the bias sets

in with smaller responses at higher bias. This is due to the
enhanced probability of intercepting the surrounding chains
obstacles as the length of chains, their concentration, and the
external bias increase.
) ) ) ) We note a power-law dependence of the radius of gyra-
A radius of gyration versus barrier concentration plot forijon on the chain length over limited ranges of the param-
L_C=60 chqms is presented in _F|g. 8. We _note a S'gmf'ca”%ters,Rg~Lg. The exponenty at high temperature ranges
difference in the nature of variation &, with p, at high  fom ~0.70-0.74 for chains at low chain concentrations
(T=100.0) and low T<1.0) temperatures. At high tem- (5<0.2) and low external biasB<0.5) in absence of bar-
perature,R, remains constant at low barrier concentrationsyjers (p,=0.0), and decreases with increasing barrier con-
(i.e., ppb=0.0-0.3 for B<0.5) and drops drastically at high centration, to~0.60—0.70. At higher chain concentrations
barrier concentrations. We note that there is a characteristignd higher biasg§=0.5) but low temperatureT(<1.0), the
value of barrier concentrationp(.), above whichRy is  radius also shows a power-law dependence on chain length.
strongly affected by the barriers. We find thm{, decreases However, there is a sharp drop in the magnitude of the ex-
on increasing the magnitude of the bias. For examBlg, ponenty: In a homogeneous-annealed system, the exponent
drops significantly atp,=0.2 for B=0.8, and therefore, is much smaller;y~0.20-0.31, a sign of collapsed confor-
Ppc~0.2; ppc~0.3 at B=0.5. At low temperatures mation, while in quenched porous mediuty-0.30-0.48
(T<1.0), since the chains are relatively less mobile, theifor pp<0.3. Thus, at low temperature, some of the chain
size is restricted by the pore size, i.e., the barriers at the poigonformations seem to get pinned by the quenched impuri-
boundaries. As the barrier concentration increases, the poftS. Ry decays on increasing, at low T where barriers
size decreases; therefore the chains become more confinedtgcome more effective in controlling the size of the chains.
the pores — this is consistent with the theoretical predictiongt high temperatures, chain nodes attempt to move more
[14-18 as well as our simulations on an athermal system offéquently; as a result the chains are able to get out of traps
chains[21]. Thus, we see that temperature, bias, and barrierd3"d explore a larger conformational phase space. The size of

are important in governing the size of the chains. the chains remains unaffected by barriers at Ipy for
Pb<Ppc- At p=py., Ry decays dramatically on increasing

Py, perhaps to collapsey,. depends orB; the higher the
V. SUMMARY AND CONCLUSION field, the lower is the value ob,. and larger is the rate of
decay ofRg.
We have used a Monte Carlo simulation to study the con-
formational properties of driven polymer chains in homoge-
neous and porous media. Interesting behaviors such as a non- ACKNOWLEDGMENTS
linear response and nonmonotonic dependence appear due to
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