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ABSTRACT A model is developed for the dynamics of linear chain polymer systems in the melt. Mon- 
odisperse and polydisperse systems are considered. The basic premise of the model is that the polymer chains 
move by sliding along the backbones of the neighboring chains with which they are in contact. Since the 
various chains are entangled over distances on the order of the chain radius of gyration, this sliding contact 
motion along the contours of neighboring chains must occur over distances on the order of the chain contour. 
The constraining nature of the interchain contacts is included in an effective single-bead friction coefficient, 
which is found to be an increasing function of time. The effective friction coefficient is averaged over the 
distribution of contact lifetimes. The resulting averaged time-dependent single-bead friction coefficient is 
employed in a Rouse model for the chain dynamics. Calculations show that DCM - N-* and tf - N9 for 
monodisperse systems within this model. The mean-squared bead displacement displays a t1I3 dependence 
at early times and crosses over to the simple diffusion 6 D c ~ t  form for t > tf. The mean-squared displacement 
of the center of mass behaves as t2/3 for t < tf, before crossing over to the simple diffusion form. Numerical 
calculations are also performed for the case of a single probe polymer of length N p  in a melt of host chains, 
each of length N,. It is found that DCM only depends weakly on N,. 

I. Introduction 
The reptation model of polymer dynami~sl-~ and its 

refinements"22 have been highly successful in explaining 
a great deal of dynamic and viscoelastic data for polymer 
systems in the melt and concentrated  solution^.^^-^^ This 
model is based on the premise that the lateral motion of 
a polymer chain is suppressed by the obstacles imposed 
by neighboring chains and that each chain diffuses 
primarily along its own backbone. Despite its general 
success, some questions persist concerning the validity of 
the reptation model. The shear viscosity is found exper- 
imentally to scale with chain length roughly as W4, rather 
than the hP3.O as predicted by reptation. This difference 
may be real, or it may result merely from the experimental 
systems not being in the true large N asymptotic r e g i ~ n . ~  
Some computer simulations have also raised doubts 
concerning the validity of the reptation hypothe~is.3~-3~ 
However, these simulations consider only lightly entangled 
systems, and there is disagreement as to the conclusions 
that should be drawn from Since the justifi- 
cation for the reptation model lies mainly in its ability to 
reproduce phenomenology, it is of interest to explore 
whether other m ~ d e l s ~ l - ~ ~  reproduce the phenomenology 
as well. 

In this paper we consider the consequences of a model 
based on the alternate assumption that the chain lateral 
motion does play a significant role in the chain dynamics. 
A preliminary account of this model has been presented 
p r e ~ i o u s l y . ~ ~ ~ ~  In this paper we refine and generalize the 
development of the model to allow for polydisperse systems 
of linear chains. In a companion paper,47 we consider the 
linear viscoelastic response of these systems within the 
context of this model. 

A pair of neighboring chains in the melt has on the order 
of W12 contacts with each other. In the course of these 
many contacts, these two chains randomly wind around 
each other and entangle. As a result the chains cannot 
easily separate. Each chain entangles in this way with on 
the order of N12 neighboring chains. Reptation provides 
one possible mechanism for the chains to untangle. 
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Altematively, the chains could move laterally, sliding along 
the contours of neighboring chains until reaching the chain 
ends. Both mechanisms could also take place together. In 
this work we explore the consequences of a model based 
on the lateral motion premise. The motion of each chain 
along the contours of its neighboring chains is treated as 
Brownian, with a friction coefficient rc. On short time 
scales nearby chains impose obstacles to the sliding motion 
of one chain along the contour of a second chain. It is 
assumed that the chain can wriggle past these moving 
additional chains. If the correlation time for these many- 
chain interactions is short compared with the terminal 
relaxation for the polymer system, then the use of a friction 
coefficient to account for the average effects of these 
obstacles is reasonable for times long compared with this 
correlation time. 

We show that, due to the Gaussian coil nature of the 
chain contours, the three-dimensional mean-squared bead 
displacement for a polymer chain, g(t) ,  is related to the 
mean-squared contour displacement of one chain along 
the backbone of a neighboring chain, (Lz ( t ) ) .  The 
relationship is g( t )  - l ~ ( L ~ ( t ) ) l / ~ ,  where b is the segment 
length along the contour. To illustrate the consequences 
of this relationship, consider the example in which the 
contact points between chains are replaced by simple 
random walkers on the contours. In this case, the motion 
of the walkers along the contour is simple diffusion, which 
gives ( L 2 )  - t. This results in g(t)  - t112. Thus, the 
increase in g(t)  is slower when the walkers are constrained 
to follow the Gaussian random coils than when they are 
freely diffusing walkers. This result for g(t) is equivalent 
to having a time-dependent friction coefficient for the 
three-dimensional motion of the walker which behaves as 
f(t) - t112. This last expression shows that for this simple 

Because of the coupling between segments along achain, 
the Brownian motion of the contact points along the chain 
contours is not simple diffusion. However, we show that 
the relationship { ( t )  - g(t)  still holds for the bead friction 
coefficient in monodisperse samples, and we also provide 

case fW - g(t). 
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a generalization of this expression for polydisperse samples. 
Once the bead friction coefficient has been evaluated, the 
intrachain coupling can be included by means of a Rouse 
model. Since the constraining effects of the neighboring 
chains have been incorporated into S(t), a Rouse model is 
reasonable for the chain dynamics. A contact between 
chains influences the friction felt by each chain as long as 
the contact exists. Therefore, the effective friction co- 
efficient must be averaged over the distribution of contact 
lifetimes before it is employed in the Rouse model. 

Section 1I.A develops the basic relationships between 
the mean-squared bead displacement for the chains, the 
contour displacement of the contact point along the chains, 
and the effective time-dependent single-bead friction 
coefficient. The model employed for the contact survival 
probability is presented in section ILB, and it is used to 
average the effective friction coefficient. This average 
friction coefficient is employed in a Rouse model for chain 
dynamics. The results of numerical calculations are 
presented in section I11 for monodisperse systems and for 
the case of a single probe chain in a system of host chains 
of different length. These results are summarized and 
discussed in section IV. 
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of A and B. We can perform the average in two steps. The 
first step is an average over all configurations and motions 
of chains A and B which result in a contour displacement 
of LA between A0 and AI. In the melt the chain contours 
can be treated as Gaussian random  coil^.^^^^ Therefore, 
the value of [ R A ~ ( ~ )  - R&(t)I2 after performing this 
restricted average is bLA, where b is the effective segment 
length. This quantity must then be averaged over the 
distribution of contour lengths LA. If this average is 
performed for any of a number of simple distributions, we 
obtain51 

(3) 

where LA =   LA^)'/^ and bl depends on the particular 
distribution of LA. Since the shape of this distribution 
can in general vary with time, bl can have some small time 
dependence. However, this time dependence is negligible 
compared with the time dependence of LA, and we simply 
take ( [ R A ~ ( ~ )  - R&(t)I2) to be given by (3) with bl = 
( 2 / ~ ) ' / ~ b ,  which corresponds to a Gaussian distribution 
for LA. 

([RAl(t) - Rh(t)I2) = b1LA 

Substituting (3) into (2) yields 

(AR,,(t)') = blLA(t) + gA(t) 

gA(t) + blLA(t) = gB(t) + bl&(t) 

(4) 

The same relationship could also been derived in terms 
of chain B. Therfore 

(5 )  

We are not necessarily taking the motion of the two chains 
to be the same. For instance, one could be stiffer and less 
mobile than the other. 

Over a relatively short time interval T ,  we can decompose 
the changes in quantities into changes due to the motion 
of chain A and changes due to the motion of chain B. The 
lateral motion of chain A produces a change in ( L B ~ )  and 
also a change in  LA^). We refer to these as ~ ( L B ~ ) A  and 
~(LA')A,  respectively. Thequantities 6(LB2)Aand ~ ( L A ~ ) A  
should be proportional. The value of the proportionality 
constant does not qualitatively effect the results of the 
model. Throughout we choose ~ ( L A ~ ) A  = ( 1 / 3 ) 6 ( L ~ ~ ) ~  in 
order to be definite.52 

The changes in ( 5 )  during the time interval T are given 
by 

11. Theory 
A. Relationship between g, L, and f. In this section 

we first derive a relationship between g and L and then 
use this to obtain expressions for the time derivative of 
L2 and an effective bead friction coefficient, which account 
for the constrained nature of the chain motion in this 
model. The Brownian motion along the chain contours 
must be related to the three-dimensional motion of the 
chain segments. Consider a point A0 on the contour of a 
particular chain, chain A. Suppose at time zero this point 
is a point of contact with another chain, chain B. At some 
time t later this point on the contour of chain A has moved 
fromRb(0) to R&(t). During this time the point of contact 
with chain B has moved along the contour of A from & 
to AI. The displacement of the contact point from RA&O) 
to RAl(t) can be expressed as 

ARCp(t) = [RAl(t) - Rh(t)l + [Rb(t) - Rb(0)l (1) 

The first term is the distance between the points Ao and 
A1 along the contour of A at time t, while the second term 
is the displacement of the point A0 on chain A during the 
time interval. We can divide the motion of RA,, into a 
reptation motion along the contour and a lateral motion. 
For pure reptation motion, the vectors RAl(t) - R&) and 
R&(t) - R&,(O) are completely correlated, since the motion 
of A is completely along ita own backbone. For pure lateral 
motion these two vectors are totally uncorrelated. Since 
we are assuming that lateral motion dominates, we ignore 
the correlation between these two vectors. This yields 
the mean-squared displacement of the contact point as 

(2) 

where gA(t) is the mean-squared displacement of a bead 
in chain A in time t. In general,gA(t) depends on location 
along the contour. In particular, gA(t) is larger for points 
near the chain ends. However, it does not change too 
much over the central portion of the chain. In order to 
simplify the model, we ignore the variations in gA(t) with 
location on the chain. These variations can be accounted 
for, but a much more complex model results.48 

The quantity ( [ R A ~ ( ~ )  - R~,,(t)12) is the mean-squared 
distance between two points along the contour of A. This 
quantity is averaged over configurations and all motions 

(ARC:) = ( [RAl(t) - R,(t)I2) + gA(t) If we separately equate all changes due to the motion of 
A, we obtain 

where ~ ( L A ~ ) A  = (1/3)6(LB2)A has been employed. Like- 
wise 

UShg6(LB2)B= ( 1 / 3 ) 6 ( L ~ ~ ) ~ .  Ifwedivide by TtOfOrmally 
obtain time derivatives, we can obtain after a little 
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manipulation 
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where the dot over gA and gB denotes time derivatives. 
This expression relates the time dependence of the contour 
displacement for the contact point between chains A and 
B to the rate of change of g A  and gB. A similar expression 
for the time derivative of   LA^) is obtained by inter- 
changing the A and B subscripts. 

In order to obtain a simple model, we want to evaluate 
a friction coefficient for the three-dimensional motion of 
a point on a given chain. This friction coefficient should 
incorporate the effect of constraining the chain motion to 
be along the random-coil contours of neighboring chains. 
This bead friction should not include the effect of the 
coupling to adjacent beads in the same chain, since this 
is included directly in the Rouse model. If this coupling 
is neglected, the motion of one chain along the other is 
purely diffusive. Therefore 

6 ( L ~ ) B ~  = %KBT/~C,B)~ (lob) 

where {C,A is the friction coefficient for the sliding of chain 
A along the contour of chain’B, and {C,B is defined 
analogously. The subscript zero on 6 ( L B ~  )& and 6   LA^ ) B~ 
indicates the neglect of intrachain couplings. The effective 
friction coefficient for the three-dimensional motion of 
the chain segments can be defined in terms of the bead 
mean-squared displacement from 

&gA, = ~ [ K B T / { A ( ~ ) ] ~  (W 

&Bo = ~ [ K B T /  {~( t ) l r  (1lb) 

The bead friction coefficients {A(t) and {B(t) are written 
as time-dependent quantities, anticipating the result 
below. 

Equations 7 and 8 must hold for the dynamics whether 
the intrachain couplings are included or not. After 
substituting (10) and (11) into (7) and (8) andrearranging, 
we find 

Since the intrachain couplings are neglected when defining 
the friction coefficients, the motion along the contours is 
purely diffusive, and {C,A and {C,B are time independent. 
The time dependence of {A(t) and { ~ ( t )  arises from the 
time-dependent nature of LA and LB. 
B. Contact Survival Probability, Average Friction 

Coefficient and Rouse Model. In this model, a contact 
point between two chains is treated as moving along the 
chain contours which have an effective length of L,ff = 
cbN. bN is the actual contour length of the chain. The 
parameter c is included to compensate for the fact that, 
in real systems, the chain ends tend to be more mobile 
than the rest of the chain. Thus, they provide less of a 
constraint on the chain motion. Furthermore, some 
contacts can break before reaching the end of the chain. 

R 

Figure 1. Breaking of a contact between chains A and B. In a, 
the contact is broken as it slides past the end of chain A. In b, 
the contact is broken at a point along each chain which is not a 
chain end. 

d 
//-- R 

\ c  4 
Figure 2. Chain A slides past the end of chain B. As this occurs 
the constraint on the motion of chain A is continued due to the 
contact with chain C. 

This is pictured in Figure 1. By choosing c < 1, we allow 
for somewhat faster contact breaking than is the case for 
c = 1. 

Consider the function PA(t), which is the probability 
that a contact between chain A and B has not slid past the 
end of the contour of chain A. The contact point is taken 
to be distributed along this contour with uniform prob- 
ability at  time zero. We model P A @ )  as 

If the contact point were a simple random walker on the 
chain contours, then  LA^) = 2Dt, and (13) is the well- 
known expression for a one-dimensional walker with 
absorbing boundary conditions. In our model the contact 
point is not a simple random walker, and this expression 
is only approximate. However, it should be qualitatively 
correct and is sufficient to demonstrate the important 
behavior of this lateral motion model. 

As chain A moves past the end of chain B, there are 
other chains which constrain ita motion in the same 
direction as chain B did. This is sketched in Figure 2, As 
chain A moves off of chain B, it establishes contact with 
chain C, and the effective constraint on A is continued 
rather than broken. In this view the influence of this event 
on the constrained dynamics of chain A is rather slight. 
Chain A may be able to take a small additional three- 
dimensional displacement as it switches from chain B to 
chain C. This should add a contribution togA(t) in much 
the same manner as constraint release517 adds an additional 
contribution to g(t )  in the reptation model. On the other 
hand, as the contact slides past the end of chain B, it no 
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can be easily integrated. The result, together with 
(ap2(t)) = ~KBTIKP, which follows from the fluctuation- 
dissipation theorem, yields the mean-squared bead dis- 
placement 

longer effects the dynamics of chain B. Therefore, contacts 
are considered broken for the purpose of evaluating the 
{ ~ ( t )  only when the contact point reaches the end of chain 
A, and the contact survival probability for chain A is 

A model for the contact survival probability is required 
because the relationship between the effective bead friction 
coefficients and the contour displacements, (12), persists 
only as long as the contact survives. The average number 
of interchain contacts involving chain A in an equilibrium 
system is independent of time. For each contact that 
breaks, on the average another is formed. The effective 
single-bead friction coefficient for chain A at time t, 
averaged over contact lifetimes, is given by 

P A ( t ) .  

The quantity f A ( t l )  is the probability density that a contact 
that exists a t  time t was formed at time t - tl. The first 
term on the right-hand side of (14) is the contribution 
from contacts which exist at t and were formed before 
time zero. The second term is the contribution for contacts 
which were formed after time zero. For an equilibrium 
system, the probability distribution that a contact exists 
at a given time t and was formed at t - tl must be the same 
as the probability distribution that a contact existing at 
a specific time will break at  a time tl later. This quantity 
is just the negative of the time derivative of PA@) 

PA, fA, and LA are quantities defined for a contact point 
between two chains. They depend on the motion of both 
chains through (9). The averaging in (14) is over the 
distribution of lifetimes for a specific pair of chains 
involved in a contact. The average {At) employed in the 
Rouse model for gA(t) must be averaged over all possible 
types and lengths of B chains, as well as over the 
distribution of contact times for each specific A-B pair. 

({A) =  PA(^) { ~ ( t )  + Jotdtl fA(t1) { ~ ( t l ) ] ) ~  (16) 

where ( )B denotes the averaging over all lengths and types 
of B chains. 

Since the effecta of the interactions between neighboring 
chains have been incorporated into the effective single- 
bead friction coefficient, a Rouse model can be used to 
account for the intrachain couplings. The single-bead 
friction coefficient employed in the Rouse model is the 
time-dependent bead friction coefficient, (16). In this work 
the effective friction coefficient {A( t )  is independent of 
location on the chain. This is consistent with the use of 
an averaged mean-squared bead displacement, gA(t). As 
a result, the normal modes of the chain are simply the 
standard Rouse modes. The location of the j th  monomer 
in an N bead chain can be expressed as1 

m 
ipa R~ = a. + 2 C a p  cos - 

p=l N 
where a0 is the location of the center of mass and a, is the 
amplitude of the pth Rouse model. The amplitude ap 
obeys the equation 

lP:pap = -Kpap + €, (18) 
where fp is the fluctuating random force, tP = 2N( [ ~ ( t )  ) 
and Kp = 6r2K~Tp2/Nb2 = p2K1 in the large N limit. The 
fluctuating force satisfies the fluctuation-dissipation 
theorem ( f p ( t )  f q ( t z ) )  = 2K~T{,6,,6(tl- t 2 ) .  Equation 18 

with rph = tP:pPJKp,~ = r1:pPJp2. The center-of-mass mean- 
squared displacement is given by 

where {cm,A(t) = NA( {A@)). The relaxation time for the 
p th  mode, T,,A, depends on time through {p,A(t) = 
2 N ( { ~ ( t ) ) .  At long times ( { ~ ( t ) )  and {cmh(t) approach 
asymptoticvalues, ({A(-)) and l m , ~ ( m ) ,  respectively, and 
gm,A(t) assumes the simple diffusion form. The center- 
of-mass diffusion constant is given by Dcm,A = KBT/ 
{cm,A( 

111. Results 
In this section we present the results of numerical 

calculations for monodisperse melts and for a probe 
polymer of length Np in an otherwise monodisperse 
multichain system with chain length Nm. A calculational 
procedure correct through second order in the time step 
6 t  is employed. For the monodisperse case, LA = LB, gA 
= gA, etc. At each time step an initial estimate of 
&,(t+Gt) is obtained from the two most recent values of 
LA (except, of course, on the first time step). This can 
then be used in (13) to obtain PA at t + at. Equations 12 
and 16 can then be employed to obtain ( {A), which in turn 
can be substituted into (19) and (20) to yield gA and gcm,A. 
These then provide a better estimate of  LA^) through (9). 
This is iterated to self-consistency for each time step. For 
the case of a probe chain with a different length than that 
of the host chains, the monodisperse calculation provides 
all quantities for the host chains. A second calculation 
must be performed for the probe chain quantities. In this 
calculation the A chain in each contact is the probe chain, 
and the B chain is a host chain. Therefore,gB(t),gcm,B(t), 
and LB(t) are already known, and the iterative procedure 
described for the monodisperse case can be employed to 
evaluate PA, ([A), gA, gmh, and  LA^). The time step 6t 
is chosen to be a fixed fraction (0.004 in all calculations 
reported) of the total time t before that step. At very 
early times the bead friction is treated as a constant, and 
its value is set to {C,A of (10). This is done because the 
expression for the time-dependent friction coefficient is 
only appropriate forg(t) > b2. The crossover time between 
the constant behavior and the time-dependent behavior 
is chosen so that { ~ ( t )  is continuous. The length scale is 
chosen so that bl = 1, and the time scale is defined such 

The values of the center-of-mass diffusion constant are 
presented in Figure 3 for monodisperse systems with N 
ranging from 50 to 204 800. A value of Le = NblI2 = 
Nb/(2n)lJ2 is used for the effective chain contour length 
in all calculations. Also shown in Figure 3 is the time at 
which the mean-squared displacement of the center of 
mass equals twice the squared radius of gyration. We 
equate this time, which we call tf, with the terminal time. 
The results are well described by the forms Dcm - N-2 and 
tf - W .  Figure 4 presents g c m ( t )  and g(t) from the 
calculation for monodisperse chains with N = 800. The 
function g(t )  is approximated very well by t1I3 and gcm(t) 

- 

that KBT/{cC,A = 1. 
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Figure 3. Dependence of D,, and tf on N for monodisperse 
samples for N = 50 to N = 204 800. The circles are the D, data, 
and the pluses are the data for tf. The straight lines have slope 
2 for the -log D, data and slope 3 for the log tr data and pass 
through the data points for N = 204 800. 
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Figure 4. log-log plot of g, (lower curve) and g (upper curve) 
versus t for N = 800. The dashed straight lines have slopes l / 3  
(early times, upper curve), 2/3 (early times, lower curve), and 1 
(later times). The dotted vertical line is located at t = tf. 

by t2 /3  at early times, and then they switch over to the 
simple diffusion 6D-t form at longer times. Figure 5 plots 
the results for the center-of-mass diffusion coefficient of 
a probe chain of length Np in an otherwise monodisperse 
system of chains of length Nm. Dcm is essentially inde- 
pendent of N m  for Nm > Np, and it is only weakly de- 
pendent on N m  for N m  < Np. 

IV. Discussion 
We have presented a model for the dynamics of dense 

systems of linear polymers which is based upon the 
assumption that the primary mechanism for chain motion 
is a sliding of each chain along the contours of neighboring 
chains. A time-dependent effective single-bead friction 
coefficient is derived which accounts for the constraining 
nature of the neighboring chains on the motion of a given 
chain. For monodisperse systems, a t  times short compared 
with the average contact lifetime, g(t) and gcm(t) have the 
forms g - t1I3 and gcm - t2l3. For times long compared 
with the averaged contact survival time, g(t) and gcm(t) 
cross over to the simple diffuson form 6Dcmt, with Dcm 
having an N-2 dependence on the chain length. The model 

I I I m 
I 
1 .0  l o g  N 5.0 

Figure 5. log D,, for a probe polymer of length Np plotted 
versus log N for the host polymer chains. The data are for Np 
= 200 (O), Np = 400 (A), Np = 800 (+), Np = 1600 (X), and Np 
= 3200 ( 0 ) .  

also produces tf = W dependence for the time a t  which 
gcm is equal to twice the radius of gyration for the chain. 
If we were to employ a contact survival probability which 
is unicy unci1 g,, = utg- ana cnen aDrupuy arops u) zero, 
then r(t) is proportional tog@) for t tf, and it is constant 
for t > tf. In this case46 the model provides results which 
are not qualitatively different from the numerical results 
in Figure 4. This demonstrates that the basic results of 
the model are not very sensitive to the form employed for 
PA@) .  Rather they are a direct consequence of the time- 
dependent form of the friction coefficient, (12). On the 
other hand, the time dependence of the relaxation modulus, 
which is discussed in the following does depend 
on the details of PA@). 

Our calculations show that to a very good approximation 
Dcm - W2 and tf - W for this model. This is the same 
level of qualitative agreement with experimental results 
as obtained by the reptation model.' As with the repta- 
tion model, the question arises of the discrepancy with 
the experimentally observed dependence of the terminal 
relaxation time Tf - Ws4. There have been numerous 
e~planations9*~~~" purposed for this apparent discrepancy 
with regard to reptation. Many of these explanations apply 
to the model described in this paper as well as to repta- 
tion. Since both the current model for lateral motion and 
reptation result in the same scaling behavior, this raises 
the possibility that both mechanisms can contribute in 
polymer systems in varying degrees. 

There have been a number of recent interesting com- 
puter simulations of multichain systems.34* Skolnick 
and co-workers have performed lattice-based Monte Carlo 
simulations for systems with chain lengths ranging up to 
BOO ~egments.3"~~ They findg - tu andgcm - tB for their 
simulations at  early times, and then these quantities cross 
over to the simple diffusion 6Dcmt form at long times. The 
exponents a! and fl depend on the chain length. They 
have values near the Rouse values, a = 112 and /3 = 1, for 
short chains, and they seem to approach the values 
predicted by the model presented here, a! = and fl = 
Y 3 ,  for longer chains. The values a! = 0.36 and /3 = 0.71 
are obtained for N = BOO. Skolnick and co-workers have 
also evaluated mean-squared single-bead displacements 
parallel and perpendicular to the 'primitive path".3%a7 
They find that the dynamics is not dominated by motion 
parallel to this primitive path. This result is in qualitative 
agreement with the model presented here. 
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Grest et a l . 3 8 3 3 9  have recently reported very extensive 
molecular dynamics calculations for dense multichain 
systems with chain lengths as high as N = 200. The data 
forg(t) display a short Rouse-like t1 /2 region at  early times, 
which crosses over to a tu region. The g( t )  they report is 
averaged over the central five beads in the chain, so as not 
to include the more mobile end beads. For N = 150, they 
fit this region with a curve. They attribute the 
difference between their observations and those of Skol- 
nick and co-workers to the higher density in their system. 
On the other hand, Skolnick and co-workers also observe 
a region in their N = 800 simulations, if they average 
only over the middle region of the chain. This suggests 
that the simulations of the two groups are ~omparab le .~~  
Grest et al. conclude that the motion parallel to the 
primitive path dominates, although they only report these 
quantities for relatively short times compared with the 
terminal relaxation time. Skolnick and co-workers con- 
sider these quantities for longer times. They observe the 
dominance of the parallel motions at  early times as well 
but find that the motion becomes isotropic at  later 

Our data for a single probe chain of lengthN, in a system 
of host chains of length N m  are in qualitative agreement 
with the rather limited range of simulation data available.% 
The data on actual experimental systemP*24~27 also display 
a very weak dependence of D c m  on N m  for sufficiently large 
values for Nm. For smaller Nm, there is a crossover to a 
rather strong dependence on Nm. This crossover occurs 
at  a value of Nm which depends weakly on Np. In our 
model calculations D c m  is only very weakly dependent on 
N m  over the entire range of N m  considered. Although we 
do not include it in the calculations presented in this work, 
there should be an independent contribution to g(t) and 
DCm for a chain due to the moving of the contact point past 
the end of the other chain in the contact. This contribution 
is quite analogous to the constraint-release contribution5~~ 
in the reptation model. It is known that the experimental 
data are well fit by reptation with constraint r e l e a ~ e , ~ ~ ~ ~ ~  
and the model present here should give comparable results. 
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