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Abstract

Polymer chain dynamics have been
studied in three aspects: (1) probing by the
photon-correlation  spectroscopy; (2) the
relation with the viscoelastic properties; and
(3) the Monte-Carlo simulation of chan
motions.
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While involving quite a few fundamental
aspects of physical science, the study of
polymer dynamics is very unigue because of
the chain structure of the polymer molecule,
and thus academically is an important
research field. On the other hand it is
related to a wide scope of applications of the
polymer, such as viscoelastic properties,
diffusion, glass/rubber transition, toughness
of polymer blends and lubrication effect of
polymers. In fact amost al polymer
properties are related in various degrees to
polymer dynamics. It has been our long-term
research interest to combine theory and
experiment to advance our understanding of
polymer dynamics at the molecular level.
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Recently, we added to it the Monte-Carlo
simulation. Based on our long-term
research, we have recognized the central
roles of two basic structural size scalesin the
universal  behavior of polymer chan
dynamics and viscoelasticity: that of the
Rouse segment and that of an entanglement
stand.

In our study of the polymer dynamics
using the depolarized photon-correlation
spectroscopy, a theoretical model was first
developed showing that the observed
dynamics is basically the reorientation
motion associated with a Rouse segment. [1]
Based on it, the experiment has been
designed and carried out.[2, 3] Because the
Langevin equation does not yield an analytic
solution for the dynamic quantity associated
with a single Rouse segment observed by the
depolarized photon-correlation spectroscopy,
the Monte-Carlo simulation is employed.
The Monte-Carlo simulation has been first
tested for the cases, where a comparison with
the analytica solution is possible.  Very
good agreement between the measured
depolarized photon-correlation functions and
the simulation curves has been obtained. [4]
The study has much advanced our
understanding of the polymer chain dynamics
at the Rouse segment level; at the same time
it serves as a vey good example
demonstrating the interplay among theory,
experiment and computer simulation in
advancing scientific research.

From the analyses of the polymer
viscoelasticity and diffusion data in terms of
the extended reptation model,[5-8] it has
been expected that the onset of entanglement

occurs at M (=4p RT/5Gy) rather at M¢ as

believed traditionally. This is confirmed by
the study of a specially designed polymer



blend solution system.[9] The viscoelastic
spectra of the blend solutions from the
entanglement-free region to the entanglement
region have been analyzed in terms of the
Rouse theory. The onset of entanglement

Mg’ is determined from monitoring the
beginning point of deviation from the theory.
This analysis in terms of the Rouse theory,
while confirming the expectation based on
the extended reptation theory, is totally
independent of the reptation model. The

agreement of Mg and Mg’ is very significant
in understanding the basic nature of chain
entanglement.

(1) Chain Dynamicsin Concentrated

Polystyrene  Solutions  Studied by
Depolarized  Photon-Correlation  and
Viscosity  Measurements  (Ref.  3).
Concentrated solutions of nearly
monodisperse  polystyrene  samples in

cyclohexane in the theta condition and in the
entanglement-free region have been studied
by means of the depolarized photon-
correlation  spectroscopy and  viscosity
measurements. It is shown that the
viscoelastic behavior of the studied systems
is described by the Rouse theory and that in
agreement with the theoretical analysis the
main polymer dynamic process probed by the
depolarized Rayleigh scattering is basically
the reorientation motion associated with a
Rouse segment of the polymer chain, whose
relaxation is independent of the scattering
angle and the molecular weight. In addition
to the main dynamic process, the tail region
of avery fast process associated with the sub-
Rouse-segmental motions can be observed,
whose existence is expected from the
theoretical analysis.

(2) Monte Carlo Simulations of the

Motions Associated with a Single Rouse
Segment (Ref. 4). The validity of the Monte
Carlo simulation for studying the dynamics

of a Rouse chain with a finite number of
beads, N, is established by showing the close
agreement between the simulation results and
the analytical solutions for the time-
correlation function of the end-to-end vector.
Then, the Monte Carlo simulation is used to
calculate the dynamic functions associated
with the bond vector b(t) or direction
u(t)=b(t)/[b(t)| of an elastic dumbbell and a
Rouse segment in a chain. The effect of
chain connectivity on the motions of a single
Rouse segment is studied. In particular, itis
shown that the dynamic function
<P,[u(0)-u(t)] >2 over awide dynamic range,
which is the man region probed by the
depolarized photon-correlation spectroscopy,
is basically independent of the values of N

8 in agreement with the experimental results.
Furthermore, the line shape of the
depolarized photon-correlation functions of
the concentrated solutions (~60wt%) of
polystyrene in cyclohexane at the theta point
can be fully accounted for by including the
effect of chain connectivity regardless of the
crudeness of the Rouse segment relative to
the chemical structure. From the study, the
molecular weight for a Rouse segment of
polystyrene in the concentrated solutions is
estimated to be 1100, which is dightly larger
than the values m=780~900 obtained for
polystyrene in the melt state by other
methods.

(3) Onset of Entanglement (Ref. 9). The
onset of entanglement was determined from
studying the viscoel astic spectra of the blends
consisting of two nearly monodisperse
polystyrene polymers. component one having
a molecular weight dlightly less than the
entanglement molecular weight Mg(=4 p

RT/5Gy) , whereas that of component two

being greater than Mg (such a blend is
referred to as the blend solution). It is shown
that because of the absence of the
hydrodynamic interaction the viscoelastic
spectrum of the blend solution can be
described by applying the Rouse theory to
both components in the entanglement-free



region. As entanglements among the chains
of component two occur, when its weight
fraction, W5, increases above a critical point,
the viscoelastic response of component one
remains described by the Rouse theory.
With the Rouse viscodlastic response of
component one as the internal reference, the
onset of chain entanglement among the
chains of component two can be determined
by monitoring the deviation of the
viscoel astic response of component two from
being described by the Rouse theory as a
function of W,. According to the study,
entanglement starts to occur in the close

neighborhood of Mg (the entanglement
molecular weight of the blend solution and
Me = MeWZ'l) for the polymer blend
solution or equivaently M, for the
monodisperse polymer melt well below M¢’
or Mc (MC’=MCW2'1, where Mc is the
critical molecular weight of the zero shear
viscosity of the polymer melt). The
traditional idea of regarding the Rouse theory
as being applicable below M’ or M¢ is thus
incorrect.

From our long-term research on the
universality in polymer dynamics and
viscoelasticity, the important roles of two
basic structura size scales. that of a Rouse
segment and that of an entanglement strand,
have been recognized. We have made
significant advances in both aspects. In the
case of the Rouse segment, in addition to the
obtained understanding as to its dynamics,
which can be probed by the depolarized
photon-correlation spectroscopy, we have
demonstrated that a close interplay among
theory, experiment and computer simulation
can contribute greatly the advancement of a
scientific research. Asto chain entanglement,
by studying the specialy designed blend
solutions, we illustratively show that the
onset of entanglement occurs a M rather

than at Mc. This clearly breaks the belief

that the viscoelastic behavior of a polymer is

described by the Rouse theory below Mc,
which has been wrongly held for decades.
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