Nanoparticle Coating and Size : Key for optimal magnetic Biosensors
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‘ Magnetic Nanoparticles (MNP) in Biosensors :E|_.
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‘ MNP size influences Magnetization

Coercivity variation and NP size distribution

/* Superparamagnetism
—
.-_.-

M Margo.Hauwaert@uclouvain.be

— . PHE Sensor

reasing use of magnetic nanoparticles (MNP)

v" Low magnetic background noise in the
aqueous samples

v Fast improvement of magnetic sensors
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System-thinking
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MNP Diameter Size
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R\ MNP CONCENTRATION
Magnetisation curve of « bare » NP

e Homemade NP H-MNP 2]

Biosensing system
constraints

C-MNP

Microfluidics : size
Biology/immunology : coating

A Gold NP enrobement
B Phosphonates functionalisation
@ 5i02 coating

/» Gold NP, -COOH tails, SiO,,...

Magnetic transduction

constraints

SNR, LoD
X, He, Mg, M,

Two major parameters for an
optimal biosensor system :
SIZE & COATING
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Superparamagnetism D, : 18 nm
Maximum Coercivity D, : 82 hm

ﬁm ‘ Silica Coating and its diamagnetic Influence

C-MNP

Silica coating [4]
v Good colloidal stability
v Functional groups for biomolecules
v' Adaptable porosity

XPS Coating Validation
v 14% Si
v" No bare Fe left

Saturation and Remanent Magnetisation
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H_(H-MNP) << H_(C-MNP)
- Superparamagnetism

Slower saturation when smaller MNP
—> surface effect (spin canting) el
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Difference in susceptibility y [m3kg1] tails
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Remanent Magnetisation Mr [emu]

Saturation Magnetisation Ms [emu]

e Fe,0,: ¥ =50000- 1078
“3ta X powder
Saturation M_ [emu/g] after coating
e C-MNP :93% decrease (avg) .

e H-MNP : 36% decrease (avg) .

Remanence M, [emu/g] after coating
e C-MNP :87% decrease (avg)
e H-MNP: 24% decrease

Coercivity H_ unchanged after coating

C-MNP
C-MNP@Si02
H-MNP
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superparamagnetic nanoparticles

Q Bulk vs Surface properties ?

* Measurements in « real conditions »
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Magnetic Characterisation
Methodology

Alternating Gradient Force Magnetometer (AGFM)
e MNP powder samples : 0.02mg — 2mg
* Encapsulation in Kapton® Tape

Measurement of magnetic moment
e DC coils -15 = +15 kQe
e AC coils @ 500 Hz

Perspectives for
future Works

Magnetic Properties Characterisation
 Gold NP enrobement, Phosphonates with -COOH

* Further characterisation with e.g. SQUID

: no MNP

Integration of adequate sensor system

Design of adequate Fluxgate sensor

Commercial PHE, GMR, Hall Effect sensors

* Interdisciplinary development of biosensor system
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