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Table S1.  Comparison of Magnetic Properties of Various Shapes of Nanoparticles.  Reproduced 
from Kolhatkar et al.1   

 

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 Fe3O4 Nanocubes and Nanospheres  

MNP 
Shape 

Size 
(nm) 

Crystallite 
Size (nm) 

Crystallinity 
Index 

Cube 
 

 
135 
150 
175 
225 

 
43 
56 
43 
57 

3 
4 
4 
5 

 
Sphere 
 

100 
125 
135 
150 
175 
275 

17 
13 
17 
15 
12 
11 

6 
10 
8 

13 
15 
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 × 10-8 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 Å/s, 0.59 Å/s, and 1 Å/s, respectively.  The 
multilayer films were patterned into 3 × 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.8  An SEM 
image of a sensor array with 300 nm × 1.5 µm 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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