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Directed assembly of small binary clusters of magnetizable ellipsoids’

David H. Harris,” and Isaac Torres-Diaz®*

1 The magnetic field of a uniform magnetizable ellipsoid

The magnetic potential outside the magnetizable ellipsoidal particle (£ > 0) generated by uniform magnetic field along
the x—axis of the particle is1
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The magnetic potential outside the magnetizable ellipsoidal particle (Eq. (1)) becomes
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Subtracting the magnetic potential of the uniform field ¢o = (—xHp) along the x—axis of the particle, the disturbance
potential generated by the particle results in
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The disturbance magnetic field at position & outside the particle results equal to the negative gradient of the magnetic
potential ¢. The components of the magnetic field due to the magnetic field along the x—direction results
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Similarly, the disturbance magnetic field components due to the magnetic field along the y—direction results
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The disturbance magnetic field components due to the magnetic field along the z—direction results,
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Using the Clausius-Mossotti factor2
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the disturbance magnetic field to the particle due to a magnetic field Hy = (Ho x,Ho y,Ho) in an arbitrary direction in the

particle frame results
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Thus, the disturbance field outside the ellipsoidal particle under the influence of arbitrarily oriented uniform magnetic

field Hy can be expressed as
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where ¢ is a tensor, which is equivalent to the Green tensor in ellipsoidal coordinates with components
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2 Number of particles

Figure §1|shows representative snapshots of MC simulations for the directed assembly of binary suspensions composed
of paramagnetic spheres 7 =5 and diamagnetic ellipsoids 7 /7’ = 5. The simulation results in Figure [1| have a fixed
area fraction ¢ = 0.1, but a different number ratio between diamagnetic and paramagnetic particles (Np/Np). Figure
shows that the simulations require a large number ratio Np/Np between particles to guarantee a predicted equilibrium
structure around the paramagnetic particle. We use the number ratio between particles Np/Np = 100 to analyze the
directed assembly of binary suspensions when one of the components is dilute with respect to the other component.

Fig. S 1 Snapshots of MC simulations of binary suspensions of a paramagnetic (P) particle in red and diamagnetic (D) particles
in cyan with different number ratio Np/Np between particles. The binary suspensions have an area fraction ¢ = 0.1 and a
dipole-field interaction parameter o, = 10*. The aspect ratio of the sphere is # =5 and the ellipsoid is FXD/FyD =5. The medium
permeabilities is W, /o = 1.04.



3 Model validation - parameters

HoHo
Wi/ Ho 6 gauss 12 gauss 60 gauss
1.0054 - 1.2157 | 101, 267.0105 | 101, 267.0105 | 101, 267.0105

Table 1 Number of particles and simulation box length (N, Ly, /rm) used in Figures 5.
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Fig. S 2 Radial distribution function g(7) between the central diamagnetic particle (72 = 3.67) and surrounding paramagnetic
particles (# = 1) shown in Figure 5 as a function of medium permeability and at different applied magnetic fields pyHy of (a)
6, (b) 12, and (c) 60 gauss. The results corresponds with Figure 5 in the main document.
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4 Simulation conditions

Hom / Ko

!
O

=

1.04

1.11

1.19

1.26

— W OO~

101, 58.39
101, 57.90
101, 56.81
101, 56.46

101, 58.39
101, 57.90
101, 56.81

101, 56.46

101, 58.39
101, 57.90
101, 56.81
101, 56.46

101, 58.39
101, 57.90
101, 56.81
101, 56.46

Table 2 Number of particles and simulation box length (N, Lyoy /1) used in Figures 6 — 7.

Hm [ Lo
7 /~y 1.04 1.11 1.19 1.26
5 101, 128.56 | 101, 128.56 | 101, 128.56 | 101, 128.56
4 101, 114.94 | 101, 114.94 | 101, 114.94 | 101, 114.94
3 101, 100.10 | 101, 100.10 | 101, 100.10 | 101, 100.10
2 101, 84.067 | 101, 84.067 | 101, 84.067 | 101, 84.067
1 201, 84.450 | 101, 62.110 | 101, 62.110 | 101, 62.110
Table 3 Number of particles and simulation box length (N, Lyoy /1) used in Figures 8 — 9.
/R
7 /~y 1 2 3 4 5
8 101, 158.60 | 101, 158.30 | 90, 151.19 90, 150.72 90, 151.83
6 101, 137.28 | 101, 137.78 | 101, 137.93 | 101, 138.69 | 101, 140.05
5 101, 124.97 | 101, 125.33 | 101, 126.48 | 101, 127.13 | 101, 128.56
4 101, 111.69 | 101, 112.33 | 101, 112.93 | 101, 113.79 | 100, 114.94
3 101, 97.21 | 101, 98.10 | 101, 98.24 | 101, 99.59 | 100, 100.10
2 101, 79.38 | 101, 79.67 | 101, 81.20 | 101, 82.04 | 100, 84.07
Table 4 Number of particles and simulation box length (N, Lpy/rm) used in Figures 10 — 11.
G
7 /Ny 1 2 3 4 5
8 101, 158.60 | 101, 158.30 | 90, 151.19 90, 150.72 90, 151.83
6 101, 137.28 | 101, 137.77 | 101, 137.93 | 101, 138.69 | 101, 140.05
5 101, 124.97 | 101, 125.33 | 101, 126.48 | 101, 127.13 | 101, 128.56
4 101, 111.69 | 101, 112.33 | 101, 112.93 | 101, 113.79 | 100, 114.94
3 101, 97.21 | 101, 98.08 | 101, 98.24 | 101, 99.59 | 100, 100.10
2 101, 79.38 | 101, 79.67 | 101, 81.20 | 101, 82.04 | 100, 84.07

Table 5 Number of particles and simulation box length (N, Ly, /rm) used in Figures 12 — 13.




5 Simulation results - Effect of dipolar interactions
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Fig. S 3 Radial distribution function g(F) between the central diamagnetic ellipsoid (7 /7) and surrounding paramagnetic
spheres (# = 1) for different dipole-field interaction parameters ;. The results corresponds with Figure 6 in the main document.
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Fig. S 4 Radial distribution function g(7) between the central paramagnetic sphere (7 =5) and surrounding diamagnetic
ellipsoids with different aspect ratios ?f/?f for different dipole-field interaction parameters a;. The results corresponds with

Figure 7 in the main document.
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Fig. S 5 Radial distribution function g(7) between the central paramagnetic sphere with radius # and diamagnetic ellipsoids
with different aspect ratios Ff/fyD for different dipole-field interaction parameters ;. The results corresponds with Figure 8 in

the main document.
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Fig. S 6 Radial distribution function g(7) between the central paramagnetic sphere with radius # and diamagnetic ellipsoids
with different aspect ratios Ff/fyD for different dipole-field interaction parameters ;. The results corresponds with Figure 9 in
the main document.
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Figure shows representative snapshots of MC simulations of the directed assembly of binary suspensions with a
paramagnetic sphere and diamagnetic ellipsoids as a function of relative permeabilities up/uo, tp/tUm, Up/tm, and o.
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Fig. S 7 Snapshots of MC simulations of the assembly of binary mixtures composed of a paramagnetic sphere (red) (7 = 5)
and diamagnetic ellipsoids (cyan) (7 /7 =5) as a function of relative permeability and a. The magnetic field is directed
perpendicular to the assembly plane.
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