Author’s Accepted Manuscript —
ME
and
magnetic
Self-assembly of colloids with magnetic caps Mmaterials

E.V. Novak, S.S. Kantorovich

www.elsevier.comvlocate/jmmm

PII: S0304-8853(16)32061-3
DOI: http://dx.doi.org/10.1016/j.jmmm.2016.09.028
Reference: MAGMA61809

To appear in:  Journal of Magnetism and Magnetic Materials

Received date: 14 July 2016
Revised date: 2 September 2016
Accepted date: 4 September 2016

Cite this article as: E.V. Novak and S.S. Kantorovich, Self-assembly of colloid:
with  magnetic caps, Journal of Magnetism and Magnetic Materials
http://dx.doi.org/10.1016/j.jmmm.2016.09.028

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/jmmm
http://dx.doi.org/10.1016/j.jmmm.2016.09.028
http://dx.doi.org/10.1016/j.jmmm.2016.09.028

20

21

22

23

24

25

26

27

28

29

Self-assembly of colloids with magnetic caps

Novak E.V.%, Kantorovich S.S.2P

“Ural Federal University, Lenin Av. 51, Ekaterinburg, Russia
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Abstract

In our earlier work [1] we investigated a homogeneous system of magnetically capped colloidal particles that self-assembled via
two structural patterns of different symmetry. The particles could form a compact, equilateral triangle with a three-fold rotational
symmetry and zero dipole moment and a staggered chain with mirror symmetry with a net magnetisation perpendicular to the chain.
The system exhibited a bistability already in clusters of three particles. Based on observations of a real magnetic particles system,
analytical calculations and molecular dynamics simulations, it has been shown that the bistability is a result of an anisotropic
magnetisation distribution with rotational symmetry inside the particles. The present study is a logical extension of the above
research and forms a preparatory stage for the study of a self-assembly of such magnetic particles under the influence of an
external magnetic field. Since the magnetic field is only an additive contribution to the total ground state energy, we can study the

interparticle interaction energies of candidate ground state structures based on the field-free terms.
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Application of soft magnetic materials is based on the abil- ,,

ity to control the microstructure of these systems via the con- ,,
centration and magnetic particle sizes and viscous properties ,,
of the carrier liquid, followed by obtaining desired macroprop- ,,
erties of systems. These opportunities are used extensively in ,,
medicine and industry [2, 3, 4, 5, 6, 7, 8]. Nowadays, the ex- ,,
perimental technology reached an even higher level - scientists ,,
can control individual particles, their internal structure, shape,
topology at the level of synthesis. In magnetic materials in- ,,
novative complex methods led to the creation, for example, of ,,
Janus magnetic particles. Micron-sized Janus particles, named ,,
after the two-faced god in Roman mythology, are composed ,,
of two hemispheres that have fundamentally different proper- ,,
ties [9, 10]. These particles can form various types of clusters ,,
under the influence of an external magnetic field, and without ,,
it. Another example of particles with magnetic anisotropy are ,,
non-magnetic cores with a thin magnetic coating surface coat-
ing. All the above-mentioned materials, being very promis- ,
ing, were synthesised during the last five years and require de-
tailed theoretical study to optimise their properties. Thus, few
years ago, in Germany, our colleagues synthesised silica par- ,,
ticles hemispherically covered with a ferromagnetic thin film,
in the following denoted as cap [11]. There are examples of ,,
Janus particles, with two hemispheres, where cap had a mag-
netic anisotropy that points perpendicular to the particle sur-

face. In solution, the colloidal particles sediment and form %
quasi-2D assemblies due to their magnetostatic potential. Via %

video microscopy, it is possible to access the information on %
59
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spatial and magnetic configurations of assembled clusters. In
the article of Steinbach et al. [1], we presented our joint study
of a homogeneous system of magnetic colloidal particles that
self-assembled via two structural patterns of different symme-
try. The particles could form a compact, equilateral triangle
with a three-fold rotational symmetry and a staggered chain
with mirror symmetry. The system exhibited a bistability al-
ready in clusters of three particles. We found two stable states
with distinct topologies: one cluster type was compact and had
zero net magnetic moment, whereas the other one had the shape
of a staggered chain, with a net magnetisation perpendicular
to the chain. The self-assembly of two particles always re-
sulted in a dumbbell structure, characterised by the antiparal-
lel alignment of caps, that was previously seen in [1]. This
admirable magnetic feature of staggered antiparallel orienta-
tion has been presented before [12]. In order to explain this
configuration, a model of so-called shifted-dipole particles has
been introduced in Ref. [13], where every particle contains a
dipole that is shifted radially away from its centre. Therefore,
at first we tried to describe the observed bistability using this
model, however, only three-fold rotationally symmetric rings
were observed. This meant that we incorrectly approximate
magnetic caps by a single shifted dipole. Consequently, we in-
troduced additional anisotropy by assigning each particle three
point dipoles, which were radially shifted outwards due to the
form of the magnetisation distribution of the cap.

In the present study we extend the above research and pre-
pare the basis for the investigation of a self-assembly of such
a magnetic particle systems under the influence of an external
magnetic field. Since the magnetic field coupling enters the
interaction potentials as an additive contribution, here, we fo-
cused on a comprehensive study of the interparticle energies of
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