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a b s t r a c t

The dynamics and wave propagation of possible soft-matter quasicrystals with 5- and 10-fold symme-
tries are studied. Apart from elementary excitations – phonons and phasons, the fluid phonon is intro-
duced in the study for the hydrodynamics of the matter, which was originated from the Landau
school. The essential difference of soft-matter quasicrystals with solid quasicrystals lies in the existence
of fluid phonon and the interaction between fluid phonon, phonons and phasons. By extending the
hydrodynamics theory of solid quasicrystals proposed by Lubensky et al. the hydrodynamics theory of
soft-matter quasicrystals is suggested, and we give a numerical implementation through finite difference
method. The results in this paper explore some dynamic and wave propagating behaviour of soft-matter
quasicrystals with 5- and 10-fold symmetries.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Soft-matter quasicrystal is a novel and cross discipline subject
connecting two subfields of physics and chemistry – soft matter
and quasicrystals, and presents important meaning. The soft-mat-
ter quasicrystals with 12- and 18-fold symmetries observed in liq-
uid crystals, polymers and colloids etc. [1–5] are quite different
from those in solids (including binary and ternary alloys and natu-
ral quasicrystals, e.g. [6,7]). In particular, the 18-fold symmetry
soft-matter quasicrystals were first discovered. This observation
is one of the important events of the 21st century physics and
chemistry. The mechanical and physical property study of solid
quasicrystals has been achieved a great progress based on the
Landau symmetry breaking principle following the pioneering
work of Bak [8,9], Lubensky et al. [10–14], etc. How do we study
the mechanical and physical properties of soft-matter
quasicrystals?

Bak, Lubensky et al. and other pioneers put forward the elemen-
tary excitations – phonon and phason and set up the basis of con-
tinuum theory of solid quasicrystals. The theory is supported by
experiments and has been widely acknowledged. Because soft
matter is an intermediate phase between ideal solid and conven-
tional fluid, the other elementary excitation – fluid phonon should
be introduced for the study of mechanical properties and relevant

physical properties of soft-matter quasicrystals. The concept of
fluid phonon was originated from the Landau school [15], they
pointed out the fluid acoustic wave is a phonon, the fluid phonon,
which presents fundamental importance in condensed matter the-
ory. Fan [16,17] suggested a model for soft-matter quasicrystals
based on elementary excitations – phonon, phason and fluid pho-
non, and derived the equations of motion of the soft-matter qua-
sicrystals. On this basis Fan et al. [18–20] have carried out some
work on specific heat and other thermodynamic functions,
Stokes–Oseen flow, dislocations and other topics of soft-matter
quasicrystals of 12- and 18-fold symmetry observed so far, in
which the effects of fluid phonon and interaction between phonon
and fluid phonon are explored. However, the decoupling between
phonon and phason in soft-matter quasicrystals with 12- and 18-
fold symmetries leads unfortunately to lack of response of phason
field under the some boundary conditions studied in the work. In
this paper we give an analysis for possible soft-matter quasicrys-
tals with 5- and 10-fold symmetries on dynamics and wave prop-
agation, in which the effects of phason and coupling between
phason and phonon are explored explicitly. This extends the work
on 12- and 18-fold symmetry quasicrystals in soft matter.

2. Equations of motion of soft-matter quasicrystals with 5- and
10-fold symmetries

Soft matter includes liquid crystals (both monomer and
polymer liquid crystals), polymers, colloids, foams, surfactants,

http://dx.doi.org/10.1016/j.commatsci.2015.04.012
0927-0256/� 2015 Elsevier B.V. All rights reserved.

⇑ Corresponding author.
E-mail address: tyfan2013@126.com (T.Y. Fan).

Computational Materials Science 105 (2015) 47–54

Contents lists available at ScienceDirect

Computational Materials Science

journal homepage: www.elsevier .com/locate /commatsci

http://crossmark.crossref.org/dialog/?doi=10.1016/j.commatsci.2015.04.012&domain=pdf
http://dx.doi.org/10.1016/j.commatsci.2015.04.012
mailto:tyfan2013@126.com
http://dx.doi.org/10.1016/j.commatsci.2015.04.012
http://www.sciencedirect.com/science/journal/09270256
http://www.elsevier.com/locate/commatsci


emulsions, biological macromolecules, etc. Between them there are
great differences in forms and intra-structures. The attempt to give
a universal description on all classes of soft matter is hard to be
realized. Among individual classes of the matter, there are some
kinds of which, e.g. liquid crystals, the continuum mechanics is
well studied comparatively. We can draw the experiences of liquid
crystals and solid quasicrystals, and a mathematical model of a
class of soft matter [16,17] was suggested. Based on the model
and the Poisson bracket method in condensed matter physics
[21], the equations of motion for a class of soft matter have been
derived as follows
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in which q represents the mass density, V = (Vx, Vy, Vz) the veloci-
ties, or fluid phonon field, according to the Landau theory [15], rij

the elastic stress tensor, r0ij the fluid stress tensor, s the entropy,
u ¼ ðux; uy; uzÞ the displacements of phonons, and Cu the phonon
dissipation kinematic coefficient, respectively. In the following the
entropy Eq. (3) will not be used.

It is evident that we have drawn above equations from the work
of Lubensky et al. on solid quasicrystals and done some extending.

3. Applications to a class of soft-matter quasicrystals of 5- and
10-fold symmetries

We have mentioned the discovery of soft-matter quasicrystals
for a decade, and the mechanical behaviour of the matter has not
well been studied so far. The aim of this paper is to use the theory
suggested in Section 2 to study possible soft-matter quasicrystals
of 5- and 10-fold symmetries especially on their mechanical

Fig. 1. Specimen of 5- and 10-fold symmetry soft-matter quasicrystals under
dynamic loading.

Fig. 2. Elastic normal stress at the point A1 (or A2) of specimen versus time.

Fig. 3. Fluid normal stress at the point A1 (or A2) of specimen versus time.

Fig. 4. Phason normal stress at the point A1 (or A2) of specimen versus time.

48 H. Cheng et al. / Computational Materials Science 105 (2015) 47–54



Download English Version:

https://daneshyari.com/en/article/7959552

Download Persian Version:

https://daneshyari.com/article/7959552

Daneshyari.com

https://daneshyari.com/en/article/7959552
https://daneshyari.com/article/7959552
https://daneshyari.com

