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ABSTRACT : In this study as a basic research of the elastomer, we show the results of the
behavior of the two different chain length polymers in the melt confined between two
impenetrable planes. The cubic lattice simulations are conducted in the canonical ensemble
with a method that is a combination of reptation and crackshaft bond flip motions. A total
of 680 chains which are 544 short chains comprising 10 beads and 136 long chains
comprising 160 beads were placed in 20 lattice layers. It was assumed that there is no
energetic interactions between covalently connected beads, while all other neighbors will
interact with a truncated 6-12 Lennard-Jones potential. From the analysis of the simulation
results, it was shown that purely entropic effects caused the shorter chains to partition
preferentially to the surface. We also showed that the center of mass density of the
shorter chains shows maximum near the surface. This is the opposite phenomena when
compared to that of the longer chains. However, the segments of the shorter and the
longer chains did not display any significant changes in bond order.
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I. Introduction

The behavior of polymeric systems in the
vicinity of surfaces has important conse-
quences in many different contexts. Typical
examples include the stabilization of colloidal
suspensions with adsorbed polymer chains,’
and the use of polymer melts as lubricant
films.>® These situations are also useful in
studying the fundamental physics that drives
the observed behavior of polymer systems in
the bulk. Such studies include the inter-
diffusion of polymers across an interface
(useful in studying the phenomenon of crack
healing of the elastomer).!

In all these cases, the phenomena under
consideration involve the behavior of poly-
meric systems in the presence of a surface.
A surface presents a constraint on the sys-
tem and is thus expected to perturb strongly
the properties of the chain molecules in its
vicinity. In the case of a model homopoly-
mer melt system that is confined into a
thin-film between two impenetrable surfaces,
Kumar et al® have demonstrated this
perturbative effect of a wall through an
Off-lattice Monte-Carlo simulation approach.
They have shown that the effect of the
surface is to force chains in its proximity to
adopt pancake-like shapes. Properties such
as the radius of gyration perpendicular to
the wall and the order parameter of these
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chains are thus modified in comparison to
the unperturbed coils. Further, this per-
turbative effect persists on all chains that
have their centers of mass within a distance
of ca. 2RG (twice the unperturbed radius of
gyration of the chains) from the wall
However, the model considered in this case
is a simple, idealized polymer melt that is
confined between impenetrable surfaces, a
system that is not representative of a
experimentally reliable system.

Frequently, real macromolecular systems
are characterized by several other factors
such as the presence of a distribution of
molecular. weights, and energetic interactions
between -specific moieties and the surface.
In addition, the presence of polymerization
initiators and terminators as the end-groups
on a chain transforms even a simple homo-
polymer system into a copolymer system. All
of these factors are expected to affect the
interfacial behavior of a polymeric system.

In this paper, we will consider the effect
of - the presence of a molecular weight dis-
tribution in a polymer sample on its in-
terfacial behavior. To date, analytical cal-
culations®” have been performed on the
surface segregation demonstrated by a bi-
nary mixture of monodisperse melt-polymers
near an impenetrable surface to study the
effects of polydispersity on the surface
behavior of a polymer melt. Such calcu-



Computer Simulation Studies of the Conformations of Polymeric Systems Near Surfaces as a Basic Research of the Elastomer 31

lations cannot yield a quantitative description
of the situations of interest. In our lattice
simulations, the effects of the surface on
the conformations of the two chain length
polymers in its vicinity will be studied to
understand the surface segregation phenom-
enon from a molecular viewpoint.

The lattice simulation is advantageous in
that they can be performed relatively
rapidly to obtain accurate information for
the conformations of the macromolecules in
the interface.

II. The Model

The technique adopted in simulating the
effects of polydispersity on the behavior of
a polymer molecules in a melt confined
between two parallel plates was involved a
modified Metropolis Monte-Carlo scheme.® In
such a scheme the chains were simulated in
the Canonical ensemble, i.e., at conditions of
constant temperature, total volume and the
number of particles.” It has been shown that
the probability of a fluctuation in this
ensemble at equilibrium is

P p.>~ exp{— AE,[kgT), 0

where AE, is the change in the total

energy of the system due to the fluctuation,
kg is the Boltzmann's constant, and 7T the

absolute temperature.

The lattice was constructed so that its
planes are parallel to the surface with its
first layer coincident with the wall. Con-
nections to the other layers are then pro-

vided through the presence of bonds in the
interlayers perpendicular to the wall. The
surfaces of interest were modelled as planes
normal to the z-axis. The planes were
located at z=1 and z=20. During the sim-
ulations the chains are not allowed to cross
these planes. In the x and y directions,
periodical boundary conditions were assumed
as illustrated in Fig. 1. The periodical
boundaries were located at x=1, x=40 and
y=1, y=40. Polymer chains were represented
In these simulations as a necklace of 160
and 10 connected beads, respectively. In
this study, the polymer density was 0.85
(i.e., 15% of the lattice sites were empty). A
total of 680 chains which are 544 short
chains (=ns) comprising 10 beads (= M,) and
136 long chains (sm) comprising 160 beads
(=M;) were placed in 20 lattice layers. It

was assumed that there is no energetic
interactions between covalently connected
beads, while all other neighbors will interact
with a truncated 6-12 Lennard-Jones poten-
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Fig. 1. A schematic representatlon of bound-
ary conditions.
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tial.”

One technique to allow a system to attain
its equilibrium state denoted by a minimum
in its Helmholtz energy,” is to use the
technique that was proposed by Metropolis
et al} In this scheme, new configurations
are generated from an initial, feasible state
as is described below. Subsequently, the
change in the total interaction energy of the
system due to this change, AE: is calcu-
lated. If this quantity is smaller than zero,
denoting a decrease in the Helmholtz energy
of the system, the new configuration is
stored and a new set of moves attempted on
it. However, if this quantity is larger than
zero, then a quantity P. [=exp(- AE/KBT)] is
computed. A random number between 0 and
1, & is then generated. If £ is larger than
P. . then the new configuration is stored as
the new starting point. Otherwise, the old
configuration is restored and utilized to
geherate a new configuration.

The initial configuration of chains is
generated by randomly placing the chains on
the lattice under its geometric constraints.
Further, chains are placed so as to have at
most a single bead at each occupied lattice
site. Subsequently, the beads of the chains
.were moved through a combination of two
different elementary moves (See Fig. 2) :
reptation and crank-shaft of bond flip. In
the reptation move which has been used
previously by several workers>'"?
was chosen at random, and one of its end
beads (also chosen at random) moved to the
other end of the chain. The new, trial ori-
entation of this bead was chosen randomly.

a chain

A rxv] A3sd A1E, 2000

(a) Repation
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(b) Crank Shaft Bond Flip
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Fig. 2. Nlustration of elementary motions :
(a) reptation (b) crank shaft of bond-
flip.

Random Numbers generate
to find empty lattice sites

Select Arbitary Chain <,._,— I
Random Numbers Generata to
Choose Reptation or Crank Shaft Motion

4—-—-——[ New Cotormation Accept

Fig. 3. Flow cart of the simulation pro-
cedure. NB and N denote number of
beads and number of chains, respec-
tively.
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The trial orientation was then tested for
acceptance following Eq. (1), and if rejected
the old configuration was restored, and
stored as the result of the attempted move.
In the crank-shaft of bead-flip move, pro-
posed originally by Verdier and Stockma-
yer,” non-collinear beads on a chain are
selected at random. The center beads are
then flipped so that they occupies the other
available sites, also chosen at random. In
this fashion a new configuration is genera-
ted. The procedure is summarized in Fig. 3.
Ten different equilibrium structures were
made to reduce the statistical error. Average
were calculated, taking the symmetry of the

system into account.

M. Results and Discussion

Fig. 4 shows total energy as a function of
number of steps. It is shown that the
elementary moves lead the system to attain
a state of thermodynamic equilibrium after
107 steps. The polymer bead density as a
function of =z for the shorter chains com-
prising 10 beads is plotted in Fig. 5. The
concentration of the beads of the shorter
chain was found to be maximum on the
surface and approached its bulk value at
distances characteristic of each system. This
result is in agreement with the analytic
calculation of Hariharan et al® It suggests
that the segregation of the shorter chains to
the surface is a purely entropic effect.
Consequently the shorter chains are thermo-
dynamically driven to the surface so as to
maximize the entropy of the system. In

-5700

-5800

-59004

AE(Kcal)

-6000

-6100
Oe+0 2¢+6 4e+6 6e+6 8e+6 le+7

#0Of Steps

Fig. 4. Total energy as a function of num-
ber of steps.
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Fig. 5. Polymer bead density as a function
of z for the shorter chains.

other words, the entropic loss suffered by
the longer chains in the vicinity of the
surface, in the absence of any energetic
interactions, would be greater than that for
the shorter chains due to the restriction
posed by connectivity of the chain beads. To
exam the effect of the surface on the
configurations of shorter chain ends as a
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Fig. 6. End bead density as a function of z
for the shorter chains.

function of =z from the surface. This is
plotted in Fig. 6. It is seen in this figure that
we have an enhanced density of shorter
chain ends at the surfaces. The presence of
chain ends near the surface is less re-
strictive than having a central bead near the
surface. This is because an end is attached
to only one unit while each central bead has
two bonded neighbors. This effect will be
damped out as z is extended out of the sur-
face. Subsequently, a bulk structure should
be obtained since all the interfacial effects
have been screened out.

Having checked the distribution of ends
near the surface we proceeded to examine
the distribution of centers of mass of shor-
ter chains along the =z axis for all shorter
chains. The vector position of the center of
mass (CM) of a chain is the first moment of
the spatial distribution of its segments,

r,-';, (2)
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Fig. 7. Normalized center of mass density
for the shorter chains.

where #;, represents the vector position

(ile.,x, v, and 2) of the sth bead of mol-
ecule 7 and M, , are number of beads of .
short chains and long chains, respectively.
From this, the center of mass position
along the 2z axis may be obtained. The
density of centers of mass for the shorter
chains as a function of their z is plotted in
Fig. 7 positions. It is seen in this figure that
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Fig. 8. Normalized center of mass density
for the longer chains.
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the center of mass density for the shorter
chains shows maximum near the surface. In
case of the polydisperse system the shorter
chains segregated to the surface. As a
consequence, we have many shorter chains
that have centers of mass in this region.
This is the opposite phenomena when com-
pared to that of the longer chains (See Fig. 8).

Next, we consider the radius of gyration
(Rg) in the x—y and z directions. It is the
second moment about the center of mass.
This quantity is the radius of gyration (R, )

in the z direction :

M,
Ri.x—ﬁ { lllls_, ’ZI(Zi—ZcM) 2} 3

Also, the x and y components of the radius
of gyration are calculated through similar
expressions. The average value in the x—y
direction was calculated through the expres-
sion

RY, - —[%ﬂ. @
In Fig. 9, we plot the z, the average of the
x and y components and the total radius of
gyration as a function of the =z position of
the center of mass of the shorter chains.
The =z component of Rg:z is small for chains
that have their center of mass near the
surface. It suggests that chains that have
centers of mass close to the surface must
be flattened in a direction parallel to the
surfaces. Also, the x—y component of Rg
suggests that chains close to the surface
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Fig. 9. Radii of gyration of as a function of
the position of the center of mass.

Filled squares are the =z component
of R, while circles are averages of
the x—y components. Triangles are
the total R.

must be swollen in a direction parallel to the
surfaces. Near the middle of surfaces, a
plateau value is reached. In the plateau
regime, the parallel component of the radius
of gyration is approximately equal to the
orthogonal component.

Another technique used in this paper is to
study the order parameter associated with
each chain. We initially proceeded to cal-
culate the direction cosine of each segment
of a chain in relation to the =z axis. This
was determined by taking the dot product of
the unit vector joining the centers of beads
j and j—1 with the vector defining the z
axis, The order parameter of a chain was
calculated through the expression

2 . o —
.= 3(cos 492,,,,), 1, 5)
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Fig. 10. Order parameter profile of the
segments of the shorter chain.
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Fig. 11. Order parameter profile of the
segments of the shorter chain.

where the ensemble average is taken over
all the segments of a single chain i.

The order parameter of chains are plotted
as functions of the positions of their centers
of mass in Fig. 10 and Fig. 11. The seg-
ments of the shorter and the longer chains
did not display any significant changes in
bond order. That means the changes in bond
order in the interface from the case of a

det~ev] AH35@ A1E, 2000

pure homopolymer to a bimodal melt were
seen to be negligible in our simulations. This
order parameter then become smaller and it
Is zero ie., the chains have essentially no
preferred orientation, and hence constitute
isotropic chains.

IV. Conclusions

An advantage of computer simulation tech-
niques 14-16 is that they can be used as
predictive tools to determine the dependence
of the properties of polymeric interfacial
systems on the microscopic architecture of
the chains. In this paper, we have simulated,
with the aid of a cubic lattice model, the
behavior of the two chain length polymers
in the melt confined between two impen-
etrable planes. This includes the segregation
of shorter chains to a surface from a bi-
modal melt composed of shorter and longer
chains.

The concentration of the beads of the
shorter chain was found to be maximum on
the surface and approached its bulk value at
distances characteristic of each system. It
was shown that purely entropic effects
caused the shorter chains to partition pref-
erentially to the surface. The center of mass
density of the shorter chains shows max-
imum near the surface. This is the opposite
phenomena when compared to that of the
longer chains.

We also showed that the shorter chains
near the surface are flattened parallel to
the surface. However, the segments of the
shorter and the longer chains did not display
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