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Supplementary Information
S1: Calculation of steady-state distances

For the calculation of steady-state distances between Janus particles and the surface of the
underlying substrate, three relevant forces are balanced against each other, depending on

whether they are attractive or repulsive forces. We take the following forces into account: the



magnetic force F u(2) (see Eq. (2) in the manuscript) between the magnetic substrate and the
magnetic cap of the particle, the van der Waals force ﬁvdw(z) originating from interactions
between dipoles and/or induced dipoles and the electrostatic force ﬁel(z). Employing the

Hamaker constant 413, for a particle of material 1 above a substrate of material 2 surrounded

by a medium of material 3, the van der Waals force can be expressed as follows:
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With A,..; representing the retardation wavelength of the interaction, which in this case is
assumed to be 100 nm. Considering the immersion of the particles and the substrate surface in
an ionic liquid like water, a double-layer of opposite charges is forming at each surface, leading
to an electrostatic force between the surfaces when their respective double-layers start to
overlap. This force is governed by the surface potentials of the particle ¥, and the substrate ¥s,
respectively, and the inverse double-layer thickness «, given by the Debye-Hiickel theory. Now,

the electrostatic force can be written as:
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with € being the permittivity of the medium. Depending on the used sign in Eq. (2), it can be
differentiated between a model for the electrostatic force, where the surface potentials of both
particle and substrate are assumed to be constant (upper sign) and where the surface charge
density of both components is assumed to be constant (lower sign). Since both of these models

describe extreme cases for the behavior of the here studied system, calculations for the

electrostatic force were conducted using both approaches. In order to obtain the steady-state
distance between substrate surface and Janus particle, F v (2), ﬁvdW (z) and ﬁel(z) were
computed in dependence of z for particles with a diameter of 3 um. For the calculation of F v (2),

the simulated magnetic stray field landscape ﬁMFL (x,z) above the substrate (retrieved from



micromagnetic simulations for the used domain configuration) was considered at the position

x above the center of a domain wall. For ﬁvdw (z), a Hamaker constant of A132 = 3.4 - 102! was

chosen, leading to an attractive van der Waals interaction between particle and substrate.

However, in the case of ﬁel(z) a repulsive force is present, since for W5 and ¥p the zeta

potentials of PMMA (-35 mV) and glass (-35 mV) at pH = 7 were used, respectively. Balancing
the sum of Fy(2z) and F,q,(2) in dependence on the distance between particle surface and

resist surface and the repulsive force ﬁel(z) yields the stead-state distance. It is important to
note, that the gravitational force Fg and the buoyancy force Fs were not considered for the
calculation of the steady-state distance, since they are two to three orders of magnitude smaller
for Janus particles with d = 3 pm than the discussed forces which are in the range of 1071 N
and 1072 N for the relevant ranges of z. When finding that both models for the electrostatic
force yield two clear intersections with the attractive forces curve, we take the average of both

as the estimated steady-state distance.
S2: Video of magnetic Janus particle motion

Exemplary video demonstrating the combined translational and rotational motion pattern of
exchange-bias capped Janus particles (d = 3 um) within an artificially created magnetic field
landscape in aqueous medium. The motion was studied via a light microscope with 100x

magnification and a high-speed camera with 1000 frames per second.



