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Abstract:
The intention of the paper is to illustrate the ability of the Brownian dynamics simulation technique applied to
mesoscale polymer models in order to reproduce light scattering experiments of dilute polymer solution under
flow. After suitable parameterization of a real polymeric system, polystyrene solved in a oligostyrene/toluene
mixture at 299 K (good solvent conditions), a bead-spring model of the polymer chain is built and used to gen-
erate molecular trajectories on a computer. Such trajectories will capture the deformational and orientational
processes experienced by the real polymer chain under flow. Then, from the set of molecular conformations gen-
erated, several polymer properties as well as typical scattering patterns can be reproduced quite accurately. FENE
springs were used and excluded volume and non-preaveraging hydrodynamic interaction were taken into
account in order to build a chain model as realistic as needed. 

Zusammenfassung:
Die Absicht dieses Artikels ist die Illustration der Leistungsfähigkeit der Simulationstechnik der Brownschen
Dynamik, angewandt auf mesoskopische Polymermodelle, um Lichtstreuexperimente für verdünnte Polymer-
lösungen unter Strömungseinfluss zu reproduzieren. Nach einer geeigneten Parametrisierung eines realen Poly-
mersystems, Polystyrol in einer Oligostyrol/Toluol Mischung bei 299K (gute Löslichkeit), wird ein Perlen-Feder
Modell der Polymerkette konstruiert und dazu benutzt, Molekültrajektorien am Computer zu generieren. Solche
Trajektorien erfassen den Deformations- und Orientierungsprozess welcher von der realen Polymerkette unter
Strömungseinfluss wahrgenommen wird. Aus dem Satz von generierten Molekülkonformationen können dann
verschiedene polymere Eigenschaften sowie typische Streubilder relativ genau reproduziert werden. FENE-Fed-
ern, ausgeschlossene Volumina und exakt gemittelte hydrodynamische Wechselwirkungen wurden berück-
sichtigt, um ein Kettenmodell zu realisiern, welches so realistisch als möglich ist.

Résumé:
L’intention de cet article est d’illustrer la possibilité d’appliquer la technique de simulation de dynamique Brown-
ienne à des modèles mésoscopiques de polymères dans le but de reproduire des expériences de diffusion de
lumière sur des solutions diluées de polymère en écoulement. Après une paramétrisation convenable du sys-
tème polymérique réel, du polystyrène dilué dans un mélange oligostyrène/toluène à 299ºK (conditions de bon
solvant), un modèle type bille-ressort est construit afin de modéliser la chaîne polymère et est utilisé pour génér-
er des trajectoires moléculaires avec l’ordinateur. De telles trajectoires vont capturer les évènements de défor-
mation et d’orientation subits par la chaîne polymère réelle sous écoulement. Ensuite, à partir de l’ensemble de
conformations moléculaires générées, plusieurs propriétés polymères ainsi que des figures de diffusion typiques
peuvent être reproduites assez précisément. Des ressorts FENE ont été utilisés et le volume exclu, de même que
des interactions hydrodynamiques non pré-moyennées ont été prises en compte dans le but de construire un
modèle de chaîne aussi réalistique que nécessaire.
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flow direction. Indeed, as observed in Figs. 3b - d,
the orientation of the molecule can be measured
by the angle between the major axis of the ellip-
soid formed by the isointensity lines and the flow
direction (x-axis), i.e. our angle fmax. Thus, when
fmax = 0˚ the ellipsoid is fully aligned with the
flow.

It is customary in the literature to define
an orientation angle c (equivalent to our fmax)
which is related to the dimensionless shear rate,
b, as

(17)

where m is, in general, an adjustable parameter
that will depend on the system under study and
is called orientation resistance. Experimentally,
orientation is often monitored by flow birefrin-
gence, in which case the stress tensor defines the
orientation angle in an analogous way to the
gyration tensor in Eq. 16. For that property and
low shear rate, m is a constant with value m = 3.4,
as obtained from Brownian dynamics [16] and
confirmed by other approaches [15]. However, as
shown, among others, by Bossart and Öttinger
[15], m is not the same for a computation of the
orientation angle based on the gyration tensor
(this work; see Eq. 16), as for a calculation based
on the stress tensor; let us call these parameters
mG and mt, respectively. Furthermore, m
depends on the shear rate b and therefore we
should not employ it as a constant to make cal-
culations. Using Eq. 17 and values for mq extract-
ed from Fig. 2 in [15] for b = 0.38, 1.19, 4.76 and
11.91, the corresponding orientation angles can
be computed: c = 39.4˚, 29.2˚, 11.7˚ and 3.9˚
respectively. Those values can be compared to
the values obtained from our Brownian dynam-
ics simulations by using Eq. 16: c = 38.5˚, 27.2˚,
16.2˚ and 9.3˚. Both series of c values show the
same qualitative behavior. However, the rela-
tively good quantitative agreement appreciated
at low b values is lost in increasing the shear rate.
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β
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The main cause of this disagreement is the dif-
ferent spring type used. Authors in [15] work on
Gaussian chains whereas we employ FENE
springs whose behavior increasily diverges from
Gaussian as chains are more stretched. Indeed,
orientation of FENE chains becomes more diffi-
cult in increasing the shear rate. Aust et al. [17]
used nonequilibrium molecular dynamics simu-
lations to study, among other properties, the
shear rate dependence of mG in dilute polymer
solutions by employing the FENE chain model.
Using the values of mG obtained by those authors
(see Fig. 7 in [17] and text related) and using Eq.
17 as before, we found the following series of ori-
entation angles for the same values of bas above:
c = 38.7˚, 27.9˚, 18.9˚ and 13.5˚. Clearly, in better
agreement with our results.

4 SUMMARY
In this paper we have shown the utility of the
Brownian dynamics simulation technique
applied to bead-spring models of flexible poly-
mers to mimic the flow behavior of a real poly-
mer system, in the interesting situation of scat-
tering of light by the flowing polymer solution. A
key point is the correct parameterization of the
polymer under study. The chain model used in
this work was based on two parameters: the
number of elements (beads) of the chain, N,
which is chosen by the user, and the equilibrium
length of a Hookean spring in the chain, b, which
must be fit to the physical dimensions of the poly-
mer. Besides, as we took into account excluded
volume interactions because of good solvent
conditions, two Lennard-Jones parameters were
also needed and obtained from the literature [9].
The ensemble of chain conformations numeri-
cally generated was then analyzed by using the
suitable theory in order to get two closely relat-
ed polymeric properties, gyration tensor (Eq. 8)
and form factor (Eq. 11), the latter being a prima-
ry measured quantity in light scattering experi-
ments. The expected angular dependencies for
the form factor are perfectly captured by the
numerical simulations despite the approxima-
tions inherent to the model. In this work we also
shown the use of the angular dependency of the
form factor to computationally create the typical
scattering patterns appearing on a detecting
plane placed perpendicular to the incident beam
in a real light scattering experiment.
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Figure 4: Evolution of the
form factor, P(q, f), with the
angle f for fix f = 5˚
and varying b.
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