Biaxial ferromagnetic liquid crystal colloids
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between the BFLCC director n and z in the middle of a homeo-
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observations that individual nanoplates rarely approach each other
to distances smaller than 0.5-1 um, even in fields ~5 mT applied in
different directions (Fig. S6). The pair potential Ugey due to the
screened Coulomb electrostatic repulsion between FNPs modeled
as spheres of equivalent radius R is

Uelect(rcc) = (Al/rcc)exp(_rcc/)\D): [3]

where re. is the center-to-center pair-separation distance, A\p =
(seoksT/2Nae?1) ™2, & is an average dielectric constant of the LC,
go IS vacuum permittivity, Nn is the Avogadro’s number, | is the
ionic strength, A; = (Z*e)” exp(2R/Ap)/[e0e(1 + R/Ap)?], and Z* is
the number of elementary charges on a single FNP. For 2R ~ 140 nm,
Z* ~ 500, e ~# 11.1, and A\p =~ 378 nm (21), one finds A; ~ 6.8 x
10722 J/m. Minimization of free energy of the elastic distortions

induced by FNPs leads to an elastic pair-interaction potential
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terms are always present due to symmetry of elastic distortions in-
duced by the geometrically complex FNPs (Fig. 1B and Fig. S1)
tilted with respect to no. The elastic dipole and quadrupole
terms help maintain correlated orientations of FNPs and their
magnetic moments upon formation of BFLCCs in concen-
trated dispersions. When B
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and field geometry as well as on the domains. The free energy
term describing the coupling between n(r) and M(r) reads

Feoupl =& / (cos?6m — coszeme)zdv ~ E5in?(26me) / (B — Bme)*dV,
[9]

where the coupling coefficient § originates from the mechan-
ical coupling of individual FNP orientations to n, enhanced
by their collective response in concentrated dispersions.
Different free energy terms often compete, with the elastic
term tending to minimize n(r) distortions, the magnetic term

rotating M toward B while also prompting formation of domains
due to the demagnetizing factor, and the coupling term tending
to keep relative orientations of n(r) and M(r) at 8, = 6,ne. NuU-
merical minimization of the free energy given by Eq. 7 yields
equilibrium n(r) and M(r) at different fields consistent with the
experimental hysteresis and switching data (Fig. 2 A-C).
Allowing the magnetic domain size to be a fitting parameter, we
model fine details of experimental hysteresis loops, such as the
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orientations of nanoplates with TEM (Fig. 6 I-K), revealing 8, of
individual FNPs and M tilted relative to ng.

Three-dimensional confocal fluorescence (Fig. 8 A and B) and
dark-field microscopies (Fig. 8 C-E) and bright-field imaging in a
transmission mode that derives contrast from spatially varying ab-
sorption of BFLCCs (Fig. S9) provide insights into the spatial
changes of local number density of nanoplates. Upon formation of
up-down domains, the concentration of nanoplates is depleted in the
interdomain walls and increased within the domain regions (Fig. 8
and Fig. S9), becoming more homogeneous again when B is turned
off. The ensuing walls (Figs. 5, 7, and 8) between the up-down do-
mains with decreased magnitude of M and an abrupt change of its
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