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i. Size distribution of the micron-sized alumina platelets
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Figure S1. (a) Diameter and (b) thickness distribution curves for the alumina
platelets used in this study. Platelet diameter values represent the average
values of the maximum and minimum Ferret’s diameter measured through SEM
images of individual platelets. For the theoretical model used to estimate the
minimum magnetic field needed for platelet alignment, a single averaged
diameter of 7.9 um was used. A total of 150 platelets were measured to obtain
the size distribution curves shown above.



ii. Calculation of minimum magnetic field required for alignment

The dependence of the minimum magnetic field, Hmin, required to align
the UHMR platelets as a function of its surface coverage is calculated by
estimating the field at which the magnetic energy starts to dominate the
gravitational energy. 1.2 It is important to note that the thermal energy of the
micron-sized platelets used in this study can be neglected, as it is orders of
magnitude lower than the gravitational and magnetic energies. The gravitational
energy, Uy, of a platelet with diameter 2b and thickness 2a is:

Ug = Vo (pp — py)gbsin®

where V), is the volume of the platelet, g is the gravitational constant, oy and por
are the respective densities of the platelet and the surrounding fluid, and &is the
angle between the platelet long axis and the horizontal plane. For out-of-plane
alignment, #is 90° and the gravitational energy has a maximum value.

The magnetic energy, U, is calculated using an ellipsoidal shell model
that represents the platelet coated with a slight amount of magnetic material.
Thus, assuming that the permeability of the fluid is the same as that of the free
space (ur= o = 4m.10-7 m.kg /s2AZ%), the magnetic energy of an ellipsoidal shell of
material can be solved as:

2

2 X .
U, = gn[(a + A)(b + A)? — ab?|u, P _T_ T HZsin?y

where A is the diameter of the superparamagnetic iron oxide nanoparticles
(SPIONSs), xp is the platelet susceptibility, Hy is the applied magnetic field and 1 is
the angle between the applied magnetic field and the long axis of the ellipsoidal
shell. The platelet susceptibility is determined by x,=xs@s, where yg is the
susceptibility of bulk iron oxide and ¢g the concentration of SPIONs on the
surface. According to previous work, the bulk susceptibility of iron oxide is taken
as yg = 21. 3 Thus, the magnetic energy for the platelets has a maximum absolute
value when the angle between the platelet axis and the direction of the magnetic
field is 0°. The dependence of the magnetic and gravitational energies on the
angle @for platelets with SPION surface coverage of 18% and under an applied
field of 15 Gauss is shown in Figure S2a. The alignment field is estimated as the
magnetic field required to increase the magnetic energy, Um, just above the
gravitational energy, Uy Figure S2b shows how the magnetic field strength
affects the difference between Un and Uy for a platelet surface coverage of 13.0%.
In this case, the transition from gravity aligned to magnetic aligned (Un-Uy > 0)
occurs when the magnetic field is higher than 13.5 Gauss.
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Figure S2. a) Gravitational and magnetic energies of UHMR platelets as a function
of the angle @ relative to the substrate for 7.9 um alumina platelets exhibiting a
SPION surface coverage of 13% under an external magnetic field of 15 Gauss. b)
Difference between the maximum magnetic, Um max, and gravitational, Uy, max
energies as a function of the external magnetic field, Hg, for 7.9 pm alumina
platelets exhibiting a surface coverage of 13%. In this case, the minimum
magnetic field, Ho, min, required for alignment is 13.5 Gauss
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