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The static properties of continuum, multichain systems are investigated by a *‘reptation” Monte Carlo
algorithm. All beads interact via a repulsive (shifted) Lennard-Jones potential. In addition, nearest
neighbors along chains are linked by a quasiharmonic potential which permits limited pair extensions.
Chain lengths of 5, 10, 20, 32, 50, and 70 beads have been studied. Studies at densities of 0.1, 0.3, and
0.5 demonstrate that chain dimensions are compressed as the concentration is increased. Both the mean
square end-to-end distance, R ?), and the mean square radius of gyration, ¢S 2, have a power law
dependence upon -1, the number of bonds, with exponent approximately 1.16 for p = 0.1 and 1.07 for
p=0.3 and 0.5. (R *) and <S *) scale with density as p~" where y~ — 0.224-0.02 for long chains, in
reasonable agreement with the scaling prediction of — 0.25. The asphericity ratios, the pair correlation
functions of the center of masses, and the extent of chain overlaps indicate the nonideal behavior of these

systems.

INTRODUCTION

Computer simulation has become an established tool
for investigating model polymer systems.! Many mod-
els assume a lattice and hard potentials which prevent
chain segments from occupying the same site. The lat-
tice models gain computational simplicity at the expense
of making space discrete. The hard potentials allow
one to study in a very idealized way the effects of ex~
cluded volume on polymer properties, In this manner,
it has been well established that the dependence of the
mean square end-to-end distance { R®) and the mean
square radius of gyration (S%) on the number of units in
a polymer chain ! changes from ['° for a chain without
excluded volume to /!2 for a chain with excluded volume.
These results hold for infinitely dilute systems, i.e.,
for a single chain, and are in agreement with the early
theoretical treatment of Flory.2 A few studies have also
been done for single continuum polymers and for more
realistic potentials.?

Multichain systems have been simulated by Curro,*
De Vos and Bellemans,® Wall et al. ,® Okamoto,? Kran-
buehl and Schardt,® and Mandel.? These investigations
indicated that the chains contracted in the presence of
other polymers. Such results are in line with Flory’s
suggestion?® that in the bulk phase the inter- and intra-
molecular forces effectively cancel each other so that
there is no net excluded volume effect and therefore
polymer sizes will scale as I!'? instead of "2, More-
over, neutron scattering experiments of Cotton ef al.®
support the /!'® dependence for bulk polystyrene chains.
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The present study is devoted to a more detailed investi-
gation of the same effects as seen in a less restrictive—
i.e., a continuum polymer model.

MODEL

The potential of our model consists of two parts: a
shifted Lennard-Jones potential'! I/;; which operates
between all N, “beads” in the system and a modified
harmonic potential’? U, which links ! beads into N
chains. Each bead represents a statistical segment of
the polymer which includes many monomers. All poly-
mers in a given simulation contain the same number of

beads, i.e., the systems are monodisperse. U;; and
Uy are given by
/ 12 8 .
4 [(i) _ (_l_> + l] R=< 21/6
ULJ(R) = R R 4 (1)
0 R> 21/6 ,
(—0.5kR2In[1 - (R/R)?1| , 0=<R=R,,
UL(R) { @
0 R>R, .

The Lennard-Jones potential takes account of the ex-
cluded volume in a convenient manner because it is re-
pulsive, short ranged, and continuous. The harmonic
potential modifies the simple harmonic potential so that
the spring connnectors have finite extendibility. All of
the results are in the reduced units standard in molecular
dynamics.'® We have set Ry=1.95 and #=20. This value
of R, makes chain crossing impossible and the value of
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TABLE I. Variation of {(R?) and ($?) as a function of the number of chains for fixed chain
length. Here ! is the number of beads per chain, N the number of chains, (R?) the mean square
end-to-end distance, <S2) the mean square radius of gyration, NEQ the number of equilibration
steps in 1072 /chain, EQ the number of equilibrium steps in 107%/chain, and L is the periodic

box edge length. Averages are only taken over the equilibrium steps. All systems are at a

density of 0.3.

1 N L (R?) (8% NEQ (107%) EQ (1079
20 25 11.86 42.740.8 7.1+0.1 6 12
20 50 14.94 41.940.9 7.0+0.1 10 24
32 16 1i.95 71.5+1.5 12.1+0.2 16.2 18
32 32 15.06 69.8+1.9 11.7+0.2 16 12
32 64 18.97 69.1+£2.7 11.5+0.3 6.6 12
70 7 11.78 166. = 20. 28. +2. 300.6% 120°
70 15 15.18 170.9+6.2 28.1+0.7 180 180

3Averages include 2430 Metropolis Monte Carlo moves.
PAverages include 300 Metropolis Monte Carlo moves.

k makes the time scale of the internal vibrational mo-
tion not much shorter than that of the translational mo-
tion so that a very small time step A7 will not be re-
quired in the numerical integration routine needed for
our future molecular dynamics studies. A previous in-
vestigation by Bishop, Kalos, and Frisch®® of the statics
and dynamics of single polymer c¢hains immersed in a
solvent demonstrated that a AT of 0.00463 was appro-
priate for solving the differential equations using this
potential model.

In all simulations the polymers are initially placed in
a lattice configuration in a periodic box of edge length
L consistent with the preselected number density NI/L3.
Tests with chains of 32 beads demonstrated that sys-
tems started from different lattice types converged to
the same equilibrium configurations. Also, at a given
density, different N, with fixed [ gave consistent values
for the properties examined., The results are presented
in Table I for a density of 0.3 and ! equal to 20, 32, and
70. This table indicates that our calculations are not
affected by the box size. A box neighbor scheme was
employed in order to reduce unnecessary calculations
of pair interactions,*

The difficulties in simulating polymer systems stem
from the long relaxation times that characterize these
systems. Long runs are needed in order to ensure ade-
quate equilibration and subsequent averaging over rep-
resentative configurations. A novel method has been
devised by Wall and Mandel'® to speed up the calcula-
tion. They begin their simulation by placing a chain on
a lattice. By random choice, one end of the chain is
selected as a “head” and the other end the “tail.” An
attempt is made to move the head to a new position,
taking account of the possibilities of excluded volume.
If the move is allowed, the entire chain is shifted along
the chain contour such that the (i — 1)th bead has the
position of the ith bead and the old tail position becomes
vacant. When the move is not allowed, the identities of
the head and tail are interchanged and the move at-
tempted again. This technique enables the chain to
sample configuration space with improved efficiency
since after, on the average, I moves, ® the chain is at
a new configuration whereas it requires /%2 moves!® of

the individual beads to achieve the same relaxation for
a single chain,

Webman, Ceperley, Kalos, and Lebowitz!? modified
these ideas for continuum single polymers with more
realistic bead interactions. We have applied their tech-
nique to multichain systems. Each chain is considered
in order and one end is chosen randomly as a head.
Suppose the initial chain coordinates are C ={X1, oo X b
A new position of the head X' is selected such that X’
=X, +AX, where X, is the initial head position and
AX is a vector randomly chosen via a rejection tech-
nique from the probability distribution exp| - U, (aX)],
where B=1/kyT, (kg is Boltzmann’s constant, and T is
the temperature) and Uy is given in Eq. (2). The trial
chain has coordinates C'={X,, X,, ..., X,, X'} after the
chain units are shifted along the chain contour. This
configuration is accepted with probability equal to

min{l, exp[—ﬁ; UU(Xj_XI)— U (X ‘Xl)]} ,

where Uy, (7) is the nonbonding potential [Eq. (1)] of two
beads separated by a distance . If the move is ac-
cepted, then C’ becomes the new chain configuration.
Otherwise it remains at C. In any case, the next chain
is considered and the selection processes repeated.
Each recurrence of a configuration which results from
rejection of possible moves is counted separately in av-
eraging. This form of reptation Monte Carlo—in con-
trast to that used by Wall and Mandel—asymptotically
samples the Boltzmann distribution. The algorithm has
been incorporated into the NRCC program cLAMPS!® and
was used in the work described here.

RESULTS

To test the reptation algorithm we first simulated
single polymer chains. The reduced density was set to
0.001, low enough so that the chain cannot wrap around
the box and interact with itself. Chains of 5, 10, 20, 32,
50, and 70 beads were investigated. The longer chains
required longer equilibration times {«#?), Relaxation
to the equilibrium state was monitored by following the
randomization of the directions of the eigenvectors of
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TABLE II. The simulation results for single chains. Here a’ is the mean square bond length between
beads and o’ is the expansion parameter. The other quantities are defined using Table I.

p=0.001

1 L (s?) (R® a NEQ (107) EQ (107%) a

5 17.10 1.34+0,02 7.45+0,11 1.43 48 144 1.30
10 21.54 3.45+0.05 21.18+0.65 1.43 48 144 1.65
20 27.14 8.30+0.21 52.57+1.51 1.42 48 144 1.95
32 31.74 15.33+0,30 98.12+4.06 1.42 48 144 2.23
50 36.84 26,74+1.03 176.66+ 11,41 1.42 48 216 2.48
70 41.21 40.15+1,50 249,42+ 14.86 1.44 320 480 2.51
the mass tensor. The value of this tensor for config- and
uration % is 1 MoX g !

(=37 20§ 20 T & [XiB) -2/ (6)
k=t i b ia

N 1
TN = 5 20 7 2 (X0 -2 W] e - 20, @)

where Xi(k) is the position of the ith bead on the jth
chain and Z/(k) is the center of mass of the jth chain;
a and b designate two directions in a Cartesian frame

1
z’(k)z%;xz(k) . v (4)

In the single chain test cases, j is one. The polymer is
started on a lattice in a configuration aligned in the X
direction, As it melts from its lattice, its tumbling mo-
tions should eventually make the distribution of the prin-
cipal axes of the mass tensor U;; isotropic in space and
all (U%)) —1/3 zero on the average. The configuration
data were split into six batches and batch means and
standard deviations calculated. The mean square end-
to-end distance (R?) and the mean square radius of gyra-
tion ($?) were computed as a function of the number of
bonds (I —1). These quantities are defined in terms of
polymer configurations by

M N
B9 - 57 20 5 LRI -X )P (5)

P=.001 SINGLE CHAIN

@
TrroTr]

~
T

2
10

g0 2 56

8

FIG. 1. The variation of the mean square radius of gyration
(sz) with the number of bonds, A log-log scale is used. Re-
sults are for single chains at a density of 0.001.

where M is the number of configurations the data is
averaged over, and X{(k), X4(k) and X}(%) are the posi-
tion vectors of the first, last, and ith bead, respectiVely,
on the j chain at configuration k2. To compute the aver-
ages, the chain positions were “unwrapped” from the
periodic box, i.e., starting at one end of the chain, vec-
tor multiples of the box edge were added to the bead co-
ordinates so as to require that adjacent beads be closer
than R, [see Eq. (2)]. This yields a unique representa-
tion for a polymer given the position of one end of the
chain in which a chain may be larger than the box.

The results of these calculations are listed in Table
II. Also included are the mean of the square of the near-
est neighbor distance a? and the expansion factor a?
=(R®/(l -1)a®. The number of equilibration and equi-
librium reptation moves is also indicated. Figures 1
and 2 present log—log plots of (5%) vs I -1 and (R®) vs
(I - 1), respectively. A weighted least-squares fit*® to
the data of 20, 32, 50, and 70 bead chains gave (5%
=(0.23 £0.03) (I - 1)!-224%-9 3nd (R*)=(1.44 £0.22)

P= .00l SINGLE CHAIN

» N ~N o))
T T TrrTT] T T Ty T T T T

n
T

111) I L 1 J.
6 10 2 4

-1
FIG. 2. The variation of the mean end-to-end distance (RY)
with the number of bonds. A log—log scale is used. Results
are for single chains at a density of 0,001,

| T
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TABLE III. The simulation results for multichains. Here 8 is the average intersection volume of the chains. The other quantities
are defined as in Tables I and II.

! N L (8% (R%) a NEQ (107) EQ(L0™®) 6 o
. p=0.10
5 25 10,77 1.34+0.01 7.35+ 0,06 1.41 6 24 0.109+0.004 1.30
10 20 12.60 3.34+0.02 20.18x+0.25 1.43 30 60 0.195+ 0, 007 1.57
20 20 15.87 7.92+0.07 49.50+0.54 1.42 30 60 0.313+0.008 1.83
32 10 14,74 14.07+0.25 88.98+2,73 1.42 60 60 0.374+0.009 2.02
50 15 19.57 23.80+0.17 148.43+1.41 1.42 120 120 0.466+ 0,007 2.13
70 15 21.90 35.44+0,25 217.99+2.99 1.43 180 180 0.540+0.004 2,21
p=0.30
5 50 9.41 1.29+0.01 7.06+0, 04 1.38 6 24 0.164+0.004 1.28
10 25 9.41 3.06+0,02 17.96+0.27 1.39 30 60 0.307+0.003 1.44
20 50 14.94 7.05+0,09 42.65+0.79 1.39 6 12 0.473+0.007 1.61
32 16 11.95 11.91+0.18 72.62+1.68 1.40 60 60 0.552+0.005 1.67
50 20 14,94 19.29+0.27 117.26+2.18 1.39 120 120 0.632+0,006 1.72
70 15 15.18 28.07+0.69 170.93+6.18 1.39 180 180 0.713+0.010 1.78
p=0.50
5 50 7.94 1.23+0.01 6.60+0,05 1.34 6 24 0.214+ 0,002 1.25
10 25 7.94 2.80+0.01 16.18+0.18 1.34 30 60 0.387+0,003 1.34
20 25 10.00 6.16+0.10 37.06+1.12 1.34 4.8 15 0.542+0.007 1.46
32 16 10.08 10.39+0.35 62, 07+3,01 1.34 60 60 0.643+0.010 1.49
50 20 12.60 17.27+0.57 104.01+4.65 1.36 120 120 0.715+0.010 1.56
70 15 12,81 24,87+0.79 150.34+7.39 1.38 180 180 0.755+0.008 1.58
X (I - 1)1-240-05  Thege results are consistent with early We found the following:

work on single chain, excluded volume polymers.

at a density of 0.1
We then simulated multichain systems at densities of X '
0.1, 0.3, and 0.5 containing polymers of 5, 10, 20, 32, (%) =(0.26 £0.01) (7 - 1112008, (72)
50, or 70 beads. Results for these systems are con- (R®)=(1.67+0.07) (] - 1)t-15¢0:01 (7o)
tained in Table III. The number of chains in each sys-
tem is indicated as well as the periodic box length.
Log-log plots of (5% and (R?) vs (I - 1) at these densi- (8% =(0.3120.02) (I — 1)}-0%0.02 (7c)
ties are presented in Figs. 3-8. Again, weighted least-

at a density of 0.3

- _ 1)1.07:0.02 .
square fits to the data of 20, 32, 50, and 70 bead chains (R%)=(1.830.15)( -1) ’ (7d)
were made. and
10 Ig_
8t = F
£ 1o 6 p:0I0
L 4r
at 2
3 <R%>
o 3
<s?® 6
10 ?,:
8r 2l
6._
ar '3 .
3+ 6
a-
2F 3
2._
[ 1 1 :1|11||' ] Lt L 1t panlk bt taa el L4
| 2 3456 810 2 3 456 810 I 2 34 6810 2 34 6810 2 34 6
£-1 £-
FIG. 3. The variation of (S%) with the number of bonds. A FIG. 4. The variation of (R?) with the number of bonds. A
log—log scale is used. Results are for multichains at a density log—log scale is used. Results are for multichains at a density

of 0.1. of 0.1.
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1 L 1 1 I
I 2 4 6 810 2 4 6 810
£-1
FIG. 5. The variation of (5%) with the number of bonds. A
log—log scale is used. Results are for multichains at a density

of 0.3.

at a density of 0.5
($%)=(0.26 £0.02) (I — 1)1-08:0.02 7e)

(R%=(1.50+0.20) (I —1)1-0%0.0¢ )

From Tables II and III, one sees that increasing con-
centration reduces both (R?) and {(S% for given I; more-
over, o decreases with concentration and increases
with chain length. Such compressions have also been
found by other workers.*~® In addition to the general
chain contraction, we note that the power law of (R%
and (5% has changed from 1.22 to 1.16 and then to 1.07
as the concentration is increased. The exponent is 1.07
for both p=0.3 and 0.5. De Vos and Bellemans® studied

3
T

[+2] [a:]
TT T L B B AR

ny
T

111l I 1 1 1
6 0 2 4

£-1
FIG. 6. The variation of (R?) with the number of bonds. A
log—log scale is used. Results are for multichains at a density
of 0.3.
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o
"
o

T 1|vur]

f ol . ool

| 2 4 6 810 2 4 6 810
£-1
FIG. 7. The variation of (§*) with the number of bonds. A

log—log scale is used. Results are for multichains at a density
of 0.5.

chains with 6, 10, 20, and 30 beads on a lattice as a
function of volume fraction (density) for volume frac-
tions as high as 0.95. Their best estimate far a poly-
mer in bulk (volume fraction of 1) was (R® =(1.20+0.03)
X (] = 1)1-075+0.010 1, addition, they found a monotonic de-
crease in exponent from 1.2 as the volume fraction was
increased. They argue that the neutron data do not pre-
clude such a power law dependence. Wall and Seitz®
studied chains having eight links on different lattice
types as well as chains having 20 links on one lattice
type as a function of concentration. Curro* simulated
chains having 15 and 20 units on a tetrahedral lattice

for a variety of packing fractions. Both of these inves-
tigations concluded that extrapolation of (R® and, in

T T

no
T

T T T

T YT

N
T

| 1 Illlllll 1 Jlll|lll;l L
I 2 46 10 2 46 10 2 4

-1
FIG. 8. The variation of (R?) with the number of bonds. A

log-log scale is used. Results are for multichains at a density
of 0.5.
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Curro’s study, (R% to a concentration of 1 gave the sec-
ond-order random walk value characteristic of the ap-
proriate lattice type for chains of the size investigated.

Second-order random walks are walks in which im-
mediate step reversals to form loops of length two are
forbidden but longer loops are allowed. However, these
studies did not infer any power laws although, of course,
second order walks give the asymptotic behavior (I - 1)1'0
for (R%). Wall, Chin, and Mandel® studied the concen-
tration dependence of (R® for different chain lengths on
a square lattice. They found that the exponent mono-
tonically decreased from 1.49+0.01 (the value of a sin-
gle chain with excluded volume) to 1.16 £0.01 as the
concentration was varied from 0.0 to 0.50. This inves-
tigation—and ours—did not examine high enough densi-
ties to demonstrate that the exponent becomes 1.00. It
is not clear what the significance is of the leveling off
of our exponents at densities of 0.3 and 0.5.

The detailed behavior of (R®) vs concentration shown
in the results of Wall and Seitz confirms that two-di-
mensional polymers converge to the high concentration
limit more slowly than do three-dimensional polymers.
We presume that this is a consequence of the richer op-
portunities for entanglement that obtain in three dimen-
sions,

We have also investigated the concentration depen-
dence of (R%) and (S%). Scaling arguments'®? on poly-
mer systems in the semidilute region indicate that these
quantities should scale as p%. Weighted least-squares
fits to the data at densities 0.1, 0.3, and 0.5 gave the
exponents reported in Table IV. For smaller chains we
observe smaller exponents, as did Curro in his lattice
simulations with chains having 15 and 20 units. On the
other hand, the exponents shown in Table IV approach
the predictions of the scaling law for long chains.

We have further examined the nature of our polymer
systems by calculating the eigenvalues of the mass ten-
sor. These provide an approximate measure of the
shape of the polymer. Let the three eigenvalues be
Ri=<RZ<R?; one has S°=R?+R2+R2. The asphericity
ratios (R%)/(S% have been determined by Kranbuehl and
Verdier, 2! Solc,? Mazur, Guttman, and McCrackin®®
for single chains on a lattice, by Ceperley, Kalos, and
Lebowitz'® for single continuum chains, and by Bishop,
Kalos, and Frisch® for a single chain immersed in a
solvent. Solc studied the longest ideal chains (no ex-
cluded volume) and found the ratios 0.759, 0.175, and
0.065. Mazur ef al. simulated the longest excluded

TABLE IV. The exponent of the density depen-
dence of (R?) and {S?) for different chain

lengths.
1 {R?) exponent {§*) exponent
5 —0.06+0.01 —-0.05+0.01
10 ~0,13+£0.02 -0.11+0.01
20 —-0.16+0.02 -0.14+0,01
32 —0.20+0.03 —-0.17+0.02
50 —0.22+0.02 -0.19+0.01
70 —0.23+0.02

—-0.2220.02

3233

TABLE V. Asphericity ratios for all systems. The
symbols are defined in the text.

1 (RH/(SH) (R3Y/(S%) (RY /(5%
p=0,001
5 0.799 0.172 0.039
10 0.797 0.154 0,049
20 0.791 0.159 0.050
32 0.797 0.151 0.052
50 0.793 0.157 0.050
70 0.784 0,163 0,053
p=0,10
5 0.796 0.167 0,037
10 0.784 0.163 0,053
20 0,782 0.164 0.054
32 0.779 0. 166 0,055
50 0.777 0,167 0.056
70 0.772 0.170 0.058
p=0.30
5 0,791 0.171 0.038
10 0,775 0.170 0.055
20 0.773 0.170 0.057
32 0.774 0.167 0. 059
50 0.769 0.171 0.060
70 0,767 0.172 0.061
p=0,50

5 0.789‘ 0,171 0,040
10 0.771 0.171 0.058
20 0.774 0.164 0.062
32 0.769 0.168 0.063
50 0,772 0.169 0.059
70 0,771 0.167 0.062

volume chains and determined the ratios 0.785, 0.162,
and 0.053. The values obtained for our polymer inves-
tigations are presented in Table V. Note that the single
chain results for long chains at a density of 0.001 are
in good agreement with Mazur ef al. Also, as the den-
sity or chain length is increased for the multichain sys-
tems, the ratios decrease. However, they do not be-
come equal to those expected for an ideal chain.

The local structure of the multichain systems was
examined via the pair correlation function g(R). This
function is calculated from

n(R))

(8)
where (n(R)) is the average number of pairs having
separations between R and R + AR and p is the uniform
system number density. We took AR=0,10 for shorter
chains and AR =0.25 for longer chains in computing the
pair correlation function for the centers of masses of
the chains., The g(R) curves for each chain length have
been scaled in R by (I/p)/3, i.e., R* in Figs. 9-11is
measured in terms of the mean interchain distance. The
graphs of g(R) for I =5 and I =10 are similar to each
other but somewhat different in behavior from chains in
which 7= 20, This parallels the data for (R?) and (5%),
Hence, one cannot consider chains with /=5 or 10 as
representative of longer polymers, If the polymers be-
haved in the way characteristic of systems with no ex-
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P =010

*

FIG. 9. The pair correlation function of the centers of mass.
R* is scaled as discussed in the text., p=0,10.

cluded volume, the g(R) would be 1.0 for all R, How-
ever, the presence of volume exclusion is clearly in-
dicated, even though the exclusion is smaller at higher

densities. The conclusion of nonideal behavior confirms

the study of (R%), ($?), and of the asphericity ratios.

We have also calculated the fraction of “elliptical”
overlap for the multichain systems. A nonspherical
Gaussian distribution which represents approximately
the mass distribution of a single chain is constructed
as follows:

exp|- T (- 20,400 - 2), ]

(7’) = g; b J 9

o] (ﬂ)a/z ’__(Kjdet s (9)
where A%? is selected so that

f Er(r = 2)(r - Z),p;(") =T (10)

and T'¢® and Z,; are the mass tensor and center of mass
of chain ¢ at this configuration. The overlap probability
is then defined as

FIG. 10. The pair correlation function of the centers of mass.

R* is scaled as discussed in the text. .p=0.30.

FIG. 11. The pair correlation function of the centers of mass,
R* is scaled as discussed in the text. p=0.50.

2L3
6= wrzdarpi(r)pj(r) , (11)
i<j
218 1
T TN & Vaet(T, + T,
xexp[-(2Z; - Z,)(T; + T,) N2, - 2,)] . (12)

This overlap intersection volume is computed for all
pairs of chains. It is averaged over all chains and over
all configurations. The results are contained in Table
IIT and Fig. 12. At higher density and longer chain
length, the overlap is larger. There appears to be a
saturation effect. For ideal, nonexcluded volume chains
one would expect 6 to be 1.0. Again, our systems are
not ideal as measured in this way.

CONCLUSION

We have demonstrated that the study of multipolymer
continuum systems is possible using a reptation Monte
Carlo algorithm to attain and sample equilibrium config-
urations. Chains are found to be contracted as the den-
sity is increased and the power laws of (R?) and (5*) have
an exponent of 1.07 at the highest concentration we used,
in disagreement with 1,0 but in agreement with other

——— P:05
—-— p:03
p=0l

-1
FIG. 12. The overlap volume ¢ as a function of chain length.
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workers. (R% and (5% are found to scale with density
as p”7, where y~ -0.22 £ 0.02 for long chains, in rea-

sonable agreement with the scaling prediction of - 0.25.

Calculations of the asphericity ratios, the center of
mass correlation function, and the intersection volumes
for these systems demonstrate the nonideal behavior of
the chains. Hence, the notion that the intrachain and
interchain forces effectively cancel in dense systems
so that one obtains ideal behavior is still an open ques-
tion. It may very well be the case that longer chains
at higher densities are necessary to probe the asymp-
totic limit. However, the simulation of 15 chains with
70 beads each required about 1 h on a CDC 7600 com-
puter. Hence, the study of longer chains is unlikely at
present. These investigations give information only
about static properties. However, they provide equil -
ibrated systems for initializing detailed molecular dy-
namics calculations. We plan to study time dependent
properties such as the diffusion coefficient and the re-
laxation times of various correlation functions as a
function of both chain length and density.
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