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Table S1. Comparison of Magnetic Properties of Various Shapes of Nanoparticles. Reproduced
from Kolhatkar et al.'

Size (nm) Saturation Blocking
Reference MNP Shape Volume Magnetization | Coercivity | Temperature
comparison (Ms, emu/g) (Tg, K)
Montferra Fe;0,4 Cube 12 Side 40 0
nd, C. et (includes Rod 12 Width 18 4.4 kA/m
al? YFe,05) Sphere 12 80 0
Octahedron 12 Width 80 0
chbe > Vrod >
Vsphere > Voctahedron
Song, Q. CoFe,04 Sphere 10 80 16000 Oe 275
etal’ Cube 8 80 9500 Oe 275
Vsphere = chbe
Salazar- vFe, 05 Sphere 14.5 75 30 mT 235
Alvarez, Cube 12 Side 75 33 mT 190
G. et 61144 Vsphere =V cube
Chou, S. FePt Cube 11.8 2.5 164 Oe 50
etal’ Octapod 12 body dia 2.0 1461 Oe 95
Cuboctahedron 6.8 dia 0.1 11 Oe 20
chbe > Voctapod
>Voctahedron
Zhen, G. Fe;04 Cube 8.0 Side 40 0 60
etal® Sphere 8.5 31 0 100
chbe > Vsphere
Noh, S. et | Zng4Fe, O Sphere 22 145 0 360
al’ 4 Cube 18 165 0 320
Vsphere = chbe

We calculated the crystallinity index (CI) for each of our nanocubes and nanospheres using

the following equation.

CI = [(MNP size by SEM/TEM)/(Crystallite size)]

(1

Note: a crystallinity index close to 1 indicates a crystal that is completely monocrystalline.
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Figure S1. Quantification of magnetic signal as a function of magnetic nanoparticle mass.

Table S2. Crystallite Size and the Crystallinity
Index for Fe;O4 Nanocubes and Nanospheres

MNP Size Crystallite  Crystallinity
Shape (nm) Size (nm) Index
135 43 3
Cube 150 56 4
175 43 4
225 57 5
100 17 6
125 13 10
135 17 8
Sphere 150 15 13
175 12 15
275 11 26

Average crystallite size of cubic MNPs is 50 + 8 nm
and the crystallinity index is 4 + 1. In contrast, average
crystallite size of spherical MNPs is 14 + 3 nm and
crystallinity index is 17 + 7 nm.
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Giant Magnetoresistance (GMR) Sensor Fabrication

Giant magnetoresistance (GMR) multilayers of Ta(5nm)/Co(5nm)/Cu(3nm)/Co(5nm)/Ta(nm)
were deposited in an AJA-2200 ultra-high vacuum magnetron sputtering system at a base pressure
of 2 x 10™® Torr. Silicon wafers coated with 500 nm of thermal oxide were used as substrates.
The deposition was conducted at 2.5 mTorr Ar pressure at room temperature. The deposition
rates of copper, cobalt, and tantalum were 2.6 A/s, 0.59 A/s, and 1 A/s, respectively. The
multilayer films were patterned into 3 X 4 sensor arrays with Cu leads added to probe the
individual sensors. A combination of conventional e-beam and optical lithography techniques
was used for device patterning, and the resulting sensor array was coated with a 25 nm of
amorphous alumina for corrosion protection in nanoparticle-sensing experiments.® An SEM

image of a sensor array with 300 nm X 1.5 pm sensors is shown in Figure S2.

Figure S2. SEM images of the sensor array at different levels magnifications from
(a) being the highest magnification/zoom showing individual sensor to (d) being
the lowest magnification/zoom showing the entire sensor array.
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