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Figure S1. Distribution of the direction of the magnetic force in a horizontal plane in a MagLev
containing N45 magnets with dimensions of 50 mm % 50 mm x 25 mm. The distance between the
2 magnets (d) was 45, 60 and 70 mm. At d =45 and 60 mm, the magnetic force is directed towards
the centerline whereas at d = 70, the magnetic force is directed both towards and away the
centerline, causing misalignment of the object.! Reprinted from ref !, Copyright (2019), with

permission from Elsevier.
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Figure S2. Increasing the sensitivity of MagLev by modifying its configuration. A. The difference
in levitation heights of thermoplastic polyurethanes (TPU) and polycaprolactone (PCL) was
increased when increasing the distance between the two magnets (d) from 45 mm to 60 mm (left
and middle).! Beads were misaligned from the vertical centerline of the two magnets when d was
increased to 70 mm (right). Adapted from ref !, Copyright (2019), with permission from Elsevier.
B. Millimeter-sized drug spheres were analyzed in the standard configuration (left) and rotated
configuration of MagLev (6 = 90°, right).? The rotated configuration allowed analyzing spherical
drug particles at a higher resolution. Drug particles whose densities were out of the measuring
range were separated at the top and bottom part of the cuvette that were not in contact with the
magnets. 4p is the difference between the density of the sample and the medium. Adapted with
permission from ref 2. Copyright 2016 American Chemical Society. C. In a centrifugal MagLev,

the MagLev device, consisting of 2 pairs of magnets, was placed on a spinning disk.?> The sample

was levitated under the effect of the gravitational force (F 9), the magnetic force along the x-axis (

F

magx) and along the z-axis (F mag,z), and the centrifugation force (F c). The sensitivity of the method
was tuned by controlling the distance between the Maglev device and the center of the disk (d”)
and the angular frequency (). Adapted from ref 3, Copyright (2019), with permission from

Elsevier.
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Figure S3. Enlarging the measuring range of MagLev. A. When tilting the device at an angle 0° <
F

8 < 909, the gravitational force (ﬁ 9) acting on the object was decomposed into

F F

gx (along the x-

F

9z (along the z-axis).* Fys was opposed by the magnetic force “mag while “gx was

F

axis) and

opposed by the normal force from the surface of the container “'k. B. Levitation profiles of objects
with different densities in a tilted MaglLev. The green numbers are densities of the material in
g/cm?®. Adapted with permission from ref 4. Copyright 2016 American Chemical Society. C.
Horizontal MagLev with the sample attached on a string.> The object reached the equilibrium
P‘gl F F

position when the 3 forces: t were counterbalanced. D.

mag and the pulling force of the string
The experimentally measured levitation profiles of different diamagnetic materials attached on a
string in a horizontal MaglLev were close to-values obtained from the literature. Adapted from ref

3, Copyright (2018), with permission from Elsevier.
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Figure S4. Facilitating the manipulation samples and enhancing throughput can be achieved by
changing Maglev configurations. A. Axial MaglLev with 2 ring magnets.® Adapted with
permission from ref ©. Copyright 2018 American Chemical Society. B. High-throughput MagLev

device.” Adapted with permission from ref 7. Copyright 2018 American Chemical Society.
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Figure S5. Measuring densities by MagLev of plasma protein® (A) and human breast cancer cells®
(B) in aqueous dispersions of superparamagnetic iron oxide nanoparticles and aqueous solutions
of gadolinium (III) diethylenetriaminepentaacetic acid. A: Reprinted with permission from ref 8.

Copyright 2020 American Chemical Society. B: Reprinted from ref ?, Copyright (2020), with

permission from Elsevier.
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Figure S6. Analyzing the fat content in food using MagLev.!? A, B. Milk, cheese and peanut butter
containing high fat displayed higher levitation position than those with low fat content. C. Oils
containing a high concentration of monounsaturated fat displayed a higher levitation height than
those with a high concentration of polyunsaturated fat. Adapted with permission from ref '°.

Copyright 2010 American Chemical Society.
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Figure S7. Monitoring a reaction on solid supports by Magl.ev. The condensation of the carboxyl

groups of 2,5-diiodobenzoic acid with the amine groups of leucine coupled on polystyrene beads

caused a shift in the levitation height of the beads'! (A, B). The levitation height was used to

calculate the density of the reacting mixture (C). The concentration of polymer-bound amine

measured by MagLev matched the concentration obtained from "H NMR spectroscopy with a

confidence interval of 95% (D). Adapted with permission from ref '!. Copyright 2008 American

Chemical Society.
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Figure S8. Density of a complex between AuNPs and PMMA microparticle levitated in CAG-
field when the number of AuNPs increased from 0 to 10000.!2 PMMA particles displayed different
diameters (green: 15 pum, black: 9.57 um, red: 6.33 pum, blue: 5 um). The change in levitation
coordinate upon binding of AuNPs was more obvious for smaller PMMA particles. Therefore,
decreasing microparticle size was useful for increasing the sensitivity of the method. Reprinted

with permission from ref 2. Copyright 2018 American Chemical Society.
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Figure S9. Levitation coordinate of a bare PMMA microparticle (black) and a PMMA
microparticle with 10000 AuNPs bound on it (red) when levitated at different voltages in a CAG-
field.!> The levitation coordinate increased when increasing the voltage. The difference in
levitation coordinate between bare microparticle and AuNPs-bound microparticle was more
obvious at low voltage, hence increasing the sensitivity of the method. Reprinted with permission

from ref 2. Copyright 2018 American Chemical Society.
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Figure S10. Detecting small molecules by acoustic levitation based on interactions between
aptamer DNA and analytes.!> A. Aptamer DNA acted as a bridge to form a binding between a
DNA-anchored microparticle and DNA-anchored gold nanoparticles (AuNPs). When the analyte
was added, it interacted with the aptamer DNA. The complex between the microparticle and
AuNPs was dissociated, leading to a measurable change of the complex’s levitation coordinate
(Az2). The concentration of the analyte was calculated from Az B. Micrograph of the complex
between AuNPs and a microparticle at different concentrations of the analyte adenosine
triphosphate (ATP). C. Dependence of Az on the concentration of different analytes: ATP (blue),
dopamine (DA — red), ampicillin (AMP — black).
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poly(acrylic acid) 21 poly(2-acrylamido-2-methyl-
poly(methacrylic acid) 1-propanesulfonic acid)
poly(ethylene glycol) 22 1-O-octyl-B-D-glucopyranoside
poly(2-ethyl-2-oxazoline) 23 carboxy-polyacrylamide
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hydroxyethyl cellulose 26 sodium cholate
polyallylamine 27 sodium dodecyl sulfate
3-[(3-cholamidopropyl)dimethylammonio] 28 methyl cellulose
-1-propanesulfonate 29 diethylaminoethyl-dextran
Pluronic F68 30 poly(propylene glycol)
Triton X-100 31 polyvinylpyrrolidone
Tween 20 32 N N-dimethyldodecylamine N-oxide
Brij 35 33 nonylphenol polyoxyethylene 20
chondroitin sulfate A 34 Zonyl

Figure S11. Compositions of aqueous two-phase systems (ATPSs).!* When mixing solutions of

polymers and surfactants, they were either immiscible (red) and formed different phases, or

incompatible (blue) — causing precipitation, or miscible (grey). Reprinted with permission from

ref 4. Copyright 2012 American Chemical Society.
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Figure S12. Combination of MuPS and MaglLev for the 3D assembly of a mixture of objects

displaying various differences of density. The objects are centrifuged with components of a MuPS.
Without the presence of the magnetic field, the objects remain at the interfaces of the MuPS. When
placed in MaglLev, the objects are levitated at different equilibrium positions and align at the
vertical centerline of the device. Objects with a large difference in density remain in different
phases of the MuPS, while objects with a small difference in density remain at the same phase of
the MuPS, but at a different levitation height. Draining the MuPS out of the container promotes

stacking of the objects to form a 3D structure.
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