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We present molecular dynamics simulations of a polymer in a solvent of monomers. We have studied the influence of the
“quality” of the solvent on the radius of gyration. This is modelled by varying the ¢,,, of a Lennard-Jones potential, which de-
scribes the interaction of the monomers with the polymer segments. Starting from an isolated chain (€, =0), the introduction of
a very small interaction with the solvent causes a large decrease in the radius of gyration. A further increase of ¢, causes the

radius of gyration to increase again.

1. Introduction

Computer simulations of polymer systems, utiliz-
ing Monte Carlo or molecular dynamics methods,
can provide detailed quantitative data on precisely
defined models. However, most previous studies on
polymer systems have dealt with isolated chains. The
influence of the solvent has been represented qual-
itatively by the temperature, calculated from the
Gibbs distribution of the chain [1] or approximated
by a random force on the polymer segments, using
the Brownian dynamics technique [2].

Accounting for the solvent particles gives rise to a
large increase in the amount of computer time, not
only because of the increase in the total number of
particles but also because of the longer relaxation time
of the polymer due to the solvent. Therefore it is im-
portant to study to what extent the solvent influ-
ences the properties of a polymer.

! Present address: Koninklijke/Shell Laboratorium Amsterdam
(Shell Research B.V.), P.O. Box 3003, 1003 AA Amsterdam,
The Netherlands.

In several molecular dynamics studies the influ-
ence of the solvent on the properties of linear poly-
mers has been studied. Bruns and Bansal [3,4] found
that the radius of gyration was slightly higher for an
isolated chain than for a chain immersed in a sol-
vent. Comparison of the data from Bishop et al. [5]
and Rapaport [6] for an isolated chain with the data
for a chain in a solvent [ 7-9] showed almost no sol-
vent effect. This controversy motivated Khalatur et
al. [10] to study in detail the influence of the solvent
on the static properties of a polymer, In this study
Khalatur et al. concluded that the static structure of
a polymer is'mainly determined by intrachain rather
than by solvent effects, i.e. the solvent had almost no
effect on the static properties. In contrast to this con-
clusion, we demonstrated [11] that the static prop-
erties of a star polymer are significantly influenced
by the density of the solvent.

Recently Toxvaerd [12] studied the effect of the
solvent on the structure and dynamics of a polymer
by solving the generalized Langevin equation. In this
work Toxvaerd showed that a free polymer has a
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slightly higher radius of gyration than a polymer in
a solvent.

It is well known that the shape of a polymer is in-
fluenced by the chemical nature of the solvent. How-
ever, all previous studies concerned a polymer
immersed in a solvent containing its own segments
(i.e. the same Lennard-Jones potential is operating
between all particles). It is therefore interesting to
study the influence of the quality (chemical nature)
of the solvent, which is modelled by varying only the
interactions between the polymer segments and the
monomers of the solvent.

Although we have tried to incorporate some of the
characteristics of real polymer systems, our model
and the introduced concept of the solvent quality are,
of course, far from accurate descriptions of real
polymers,

2. Model and computational details

In this study we have used a linear polymer having
8 segments in a solvent containing 492 monomers.
The interaction potential consists of two parts: a
shifted Lennard-Jones potential which operates be-
tween all 500 particles and a harmonic potential
which links the 8 particles into a linear polymer. The
harmonic potential is.given by

Ull=1k(iri—r| —0)? (1)

fori=1, 2, .., 7 and j=i+ 1, where the value of the
force constant is made sufficiently large such that 98%
of the connected units have an instantaneous length
within 2% of the average value. The shifted Lennard-
Jones potential is given by

UY(r,)=4¢,((a/ry)'2 = (a/r))* 1+ U(r.)
r;<2.50,
=0 r;>2.50, (2)

with r.=2.50.
Usually it is assumed that the polymer is im-
mersed in a solvent of its own segments, this implies

6mm"=e|;\1:v=607 (3)
€mp =/ €mm Epp =€, 4
Omp=Omm =0pp =0 . (5)
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The subscript mm indicates monomer-monomer in-
teractions, pp polymer segment—polymer segment
interactions and mp monomer—polymer segment
interactions.

One method of changing the quality of the solvent
is to vary the polymer-monomer interactions by in-
troducing the parameter A:

€mp =A/ €mm €pp = A€ . (6)

When A< | the quality of the solvent is poorer than
the reference (¢°) and when A> 1 the quality of the
solvent is better than the reference.

Throughout this paper the usual reduced units are
adopted. Periodic boundary conditions are imposed
in all three directions. The equations of motion are
solved using Verlet’s [ 13] integration scheme. All the
simulations have been performed at a reduced tem-
perature T*=2.0 and a reduced density p*=0.6.

3. Results

The radius of gyration (S is widely used to in-
dicate the size of a chain and is defined by

S2 1 & 2
= LIn0-Z01, )

with N, the number of polymer segments (V,=8),
r;(t) the position of the jth polymer segment at time
step ¢, Z(¢) the centre of mass of the polymer.

In order to avoid large correlations, due to the long
relaxation time of the polymer, we have skipped a
number of time steps between two samples of the ra-
dius of gyration. This number of time steps is ob-
tained by monitoring the autocorrelation function of
the radius of gyration. Estimates of the standard de-
viations are obtained by dividing the samples into
five groups and calculating the group averages.

The values of the radius of gyration for several val-
ues of A are presented in table 1 and fig. 1. These data
show a significant influence of the quality of the sol-
vent on the radius of gyration of the polymer, In a
forthcoming paper we will extend this study to other
models and we will also present time-dependent
properties of the polymer.

Fig. 1 demonstrates that, compared to an isolated
chain (4=0), the introduction of a very small in-
teraction of the polymer segments with the mono-
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Table 1

Influence of the quality of the solvent on the radius of gyration
of a polymer. The reduced temperature for each simulation was
T*=2.0 and the reduced density was p*=0.6

CHEMICAL PHYSICS LETTERS

No. A (S

1 0.00 2.13£0.02
2 0.0002 1.75+0.05
3 0.02 1.67£0.06
4 0.20 1.59+0.07
5 0.60 1.6610.09
6 1.00 1.91£0.06
7 1.40 2.15+0.05

mers of the solvent gives rise to a decrease of the
radius of gyration of 25%. As the interaction is fur-
ther increased the radius of gyration starts to in-
creasc again.

Note that if attention is restricted only to an iso-
lated chain (1=0) and a chain immersed in its seg-
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Fig. 1. The mean-square radius of gyration as a function of the
quality of the solvent.
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ments (A=1) the results suggest that the influence of
the solvent is not very pronounced. From this point
of view it can be understood that depending on the
details of the simulation, some molecular dynamics
simulations (viz. refs. [3,4,7-10]) show almost no
solvent effect, but it refutes the conclusion that the
static properties of a polymer are mainly determined
by intrachain interactions rather than by solvent
effects.
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