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For the development of antibody therapeutics, magnetoresistance (MR) characteristics according to the size and distribution of
superparamagnetic magnetic beads (MBs) and magnetic nanoparticles (MNPs), each with surfaces functionalized by silanol and
carboxyl groups with magnetite (Fe;O,) cores, were investigated. Particles of different sizes were placed within a 1 mm space in the
center of a plastic tank that could contain up to 10 pl in volume. A magnetic field was applied to the tank in order to distribute the
particles. The minimum MR value, MR ratio, and solution coercivity obtained from the voltage curve, measured according to the
strength of the external magnetic field passing through the MBs solution, were 3.567 M€, 1.1%, and 400 Oe, respectively; for the
MNPs solution, 0.245 MC), 50%, and 184 Oe, respectively. The MNPs solution containing 0.35 pm sized particles showed a much
more sensitive change in MR properties than the MB solution with 1 pm sized particles. This phenomenon was analyzed to have been
caused by the estimated split distance (ESD) created by the movement of different sized magnetic particles and whether a large or
small number of estimated degree of solution pathway (EDSP) were created in response to an external magnetic field. It was discussed
that these characteristics could potentially be used to control the function of various biomolecules, including antibodies conjugated to
the surface of MNPs.

Keywords : superparamagnetism, magnetoresistance ratio, solution coercivity (SC), estimated split distance (ESD), estimated

degree of solution pathway (EDSP)
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Fig. 1. (Color online) (a) The schematic for the MBs (magnetic beads) and MNPs (magnetic nanoparticles) evenly mixed in dH,O set in the center
of an electromagnetic core in a 2-probe magnetoresistance measurement system. The distance between two Cu electrodes with a diameter of 1 mm
is 1 mm, and the volume of the solution put in the plastic cylinder reservoir is 10 pl. The direction of the external magnetic field applied to the
measurement system was determined to be perpendicular to the axis of copper electrodes. (b) SEM photos of SiIMAG-Silanol magnetic beads (dia.
~1 um) and Spherotech Cat. No. FCMseries magnetic nanoparticles (dia. ~350 nm) composed of core magnetite (Fe;0,) [12,14,15].
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Fig. 2. (Color online) Two schematics for the magnetic beads(MBs) (a) separated (top) and (b) evenly mixed (bottom) in dH,O, which is set on the
center of an electromagnetic core in a 2-probe magnetoresistance measurement system, respectively. Here the SC (solution coercivity) and the ESD
(estimated split distance) at £ 1.1 kOe are 400 Oe and wide, and the EDSP (estimated degree of solution pathway, dotted arrows) at + SC/2 is
small. (c) The magneto-voltage curve with a MR =1.1% for the MBs in dH,O measured in the region of + 1.1 kOe by condition f=1.7 mHz

during 588 s of one cycle.
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Fig. 3. (Color online) Two schematics for the magnetic beads (MBs) and the magnetic nanoparticles (MNPs) (a) separated (top) and (b) evenly
mixed (bottom) in dH,O, which are set on the center of an electromagnetic core in a 2-probe magnetoresistance measurement respectively. Here
the SC and the ESD at + 1.1 kOe are 126 Oe and medium, and the EDSP (dotted arrows) at + SC/2 is some. (¢) The magneto-voltage curve with a
MR = 8.7% for the MBs and the MNPs in dH,0 measured in the region of + 1.1 kOe by condition f= 1.7 mHz during 588 s of one cycle.
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Fig. 4. (Color online) Two schematics for the magnetic nanoparticles (MNPs) (a) separated (top) and (b) evenly mixed (bottom) in dH,O, which is
set on the center of an electromagnetic core in a 2-probe magnetoresistance measurement system, respectively. Here the SC and the ESD at
+ 1.1 kOe are 184 Oe and narrow, the EDSP (dotted arrows) at + SC/2 is large. (c) The magneto-voltage curve with a MR = 50% for the MNPs in
dH,0 measured in the region of £ 1.1 kOe by condition f= 1.7 mHz during 588 s of one cycle.

Table 1. Magnetoresistance properties dependent on the current (1 pA) and magnetic field for three types of solution existing between two Cu
rods (dia. 1 mm).

Resistance (MQ) MR sc’

Solution ESD' EDSP?
£ 1.1 kOe 0 Oe Minimum value (%) (Oe)
MBs 3.608 3.603 3.567 1.1 400 wide small
MBs + MNPs 0.92 0.89 0.84 8.7 126 medium some
MNPs 0.30 0.245 0.15 50 184 narrow large

*solution coercivity (of MBs, MBs + MNPs, and MNPs), ‘estimated split distance (at = 1.1 kOe), *estimated degree of solution pathway (at + SC/2).
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