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Abstract

We study self-assembly in suspensions of supracolloidal polymer-like structures made of crosslinked magnetic particles. Inspir
by self-assembly motifs observed for dipolar hard spheres, we focus on féeredi topologies of the polymer-like structures:
linear chains, rings, Y-shaped and X-shaped polymers. We show how the presence of the crosslinkers, the number of beads
the polymer and the magnetic interparticle interactiffiec the structure of the suspension. It turns out that for the same set of
parameters, the rings are the least active in assembling larger structures, whereas the system of Y- and especially X-like magn
polymers tend to form very large loose aggregates.
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1. Introduction particle polydispersity [18, 19] or particle asphericity [20, 21].
One of the avenues to avoid such a sensitivity of self-
Nowadays, the creation of smart materials relies on a mulassembly is to predefine the structural motifs: to crosslink the
tiscale design, from the nanoscale to macroscopic propertie§lagnetic particles in so-called magnetic filaments [22-27] or
The internal structure at the nano- and micro-levels determine@ther polymer-like supracolloidal structures [28]. In this case,
the texture, elasticity, viscosity, taste and other macroscopiéluster sizes and shapes cannot be altered by temperature and
properties of soft materials. There are several techniques gpch clusters will remain connected even under conditions for
change the properties of soft materials: by varying the pH palwhich self-assembly in a “regular ferrofluid” would have not
ance, temperature, turning on anfl the external fields. The taken place. However, the question arises: “will, and, in case,
essential condition to use a magnetic field as a control paranfloW, supracolloidal structures self-assemble?”
eter is the presence of magnetically sensitive components in aIn the present computer simulation study, we investigate
soft material. There are several ways to incorporate such consuspensions of supracolloidal magnetic polymer-like structures
ponents into liquids and gels. The common thing for all the(SMP) of linear (LSMP), ring (RSMP), Y- (YSMP) and X-
techniques is the size of the magnetic building blocks magnetishapes (XSMP), since these structures are predominant at low
colloids in the range from a couple of nanometers to several mitemperatures in systems of dipolar fluids [12, 29, 30]. We vary
crons. Magnetic colloids in liquid or elastic carriers, directed bythe length of SMPs, that is the number of magnetic particles
applied magnetic fields, or under the action of intrinsic magforming them; the concentration of SMPs in the suspension;
netic forces, exhibit hierarchical self-assembling and variousind the strength of magnetic interparticle interactions. Ad-
structural-phase transitions, which, in turn, can lead to macroditionally, we perform the analysis of a ferrofluid with non-
scopic changes of all soft material. The list of possible struccrosslinked magnetic particles under the same set of condi-
tures and phases is very large and is determined by the sizé#ons. In this way, we do not only elucidate the influence of
concentration, type and material of magnetic inclusions. crosslinkers on the hierarchical self-assembly, but can also en-
The oldest and, probably, the most understood example ofision the topology-driven structural transitions. We found that
magnetic soft matter is a ferrofluid [1]e. a system of surface- While RSMPs are inert and do not self-assemble, LSMPs under
stabilised single-domain magnetic nanoparticles suspended the same conditions can exhibit cluster formation, albeit not as
a magnetopassive carrier. Nanoparticles in this systems aférong as that found for YSMPs and XSMPs.
known to self-assemble [2—6] and through clusterirfpc The structure of the manuscript is the following: firstly, in
strongly viscous [7, 8], optical [9-11], magnetic [12, 13] andsection 2, we discuss computational methods used to study
diffusion properties [14—-16]. Even though the self-assembly 0EMPs; next, we present results on cluster-size distributions for
magnetic nanoparticles seems to be a promising tool to contrearious SMPs (section 3.1), analyse how the position of the
the response of a ferrofluid, such structural transformations anmagnetic bead in a SMP influences its ability to form a connec-
very sensitive to noise created by temperature fluctuations [17}ion (section 3.2), and describe the topology of SMP clusters,
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