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ARFm3CiL. [Characteristic response of electromagnetically stimulated magnetic nanoparticles and its potential application
for biosensing (Rl / R 7+ OESKW « BKHIBIEIZ L DIEE EZDONNA AR o 72T D0 H) ) LELT
FELTENINL, 8ENLMBHRINTND,
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Chapter 3 'Magnetic Characterization System and Protocols| Tl R OREET /KT OBk 2 O FINEES
D JEWEH - TREEARAFIE A RIE T D72, 10° emu £ TOAIWRMEA Y 2 B 1T~ 2 B 2 5D = A VBUEHERS 13 OB %
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Chapter 4 [Magnetic Properties of Ferrofluid at Low Magnetic-field Regime] T, {EASHIBLE CORBMLIIEIEIC X
B LR RDFERMS A T I 7 ATDWTIR 7z, ARRBEGEI T D R FihéAb 22 0 8 i Bk AR D 2 4y o1
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Chapter 5 ['Rotational Brownian Kinetics of Magnetic Nanoparticles| Ti&, 77 7 U HERO X A F I 7 AZBIT 5
magnetodynamic moment O % G-AZ DWW TR 7o, il T 7 A4 —Z B L TV DRMET /R R T, Uik
T D RULISE DHAL &L 72D 7 T A X —NOFIESRE—A > b & LT magnetodynamic moment Z#2Z& L. ki
FHEAHEERICEE L CE LT 22 2 RH L, £72. 2 @ moment 23MEJE 3 B aik C I ) #a08s & BES
57 TAE—DHRE—RAL FORE S EZRBEL, & B HEK CTlIx— A REfT 2 8 &« O/ R DR
F—AVPFORESERBLTND I EEH LML,

Chapter 6 [Electrical Impedance Characteristics of Ferrofluid] Ti%, 2 3 CTH% L7-A3Fikis Chbi U7z bEiik o
AV E—H U RGHOERIZON TR T, BEMEREOESIEFLOEBEIN SN BE IR ET 52 872
e < HUNT 2 Ry & B ONMAHZENEICH T B EE 5252 &R LT,

Chapter 7 TWash-free Liquid-phase Magneto-assay] Tid. MK OB T ~/NTHERICHES Lic A 3 00%E
WaRATL27 I/, BaHtEERHNT 23R AR Ui, BEOREE - KT b ISR,
magnetodynamic moment 434 D2t & Bk W O IR BE & DFHES & 7~ . magnetodynamic moment /34 D25k %
RN AR VORISR E LTHAT 20088 L T Z &2 LN LT,

Chapter 8 General Conclusions] Ti&, AFFTH LTI L & HIZABOWARE L BLEL E LD, K
Ofbim R~ T,

AFSUTIE, MRS OB T B DR TR )T D IR & AT 2 FTHl e BIEZIRE L, (kT
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Toward a direct biosensing of a colloidal (magnetic) label-analyte mixture, this dissertation
describes a fundamental characterization of magnetic nanoparticle behavior from the apparent magnetic
and electric responses to distinguish the polydispersed particles in a liquid medium. A high-speed
inductive-magnetometry is correspondingly developed to carefully measure frequency and field-strength
dependent complex magnetic susceptibility of magnetic nanoparticles, along with new analysis protocols
to estimate hydrodynamic size, medium viscosity, as well as static and dynamic magnetization (including
moment distributions). Alternatively, a magnetically assisted bipolar impedance spectroscopy is also
introduced to characterize magnetic field-induced change in electrical resistance of ferrofluid. Although
field-strength and phase difference of the electric and magnetic fields are important and adjustable
factors, however, the resistance change is found to be extremely small even for a relatively dense
ferrofluid.

In general, spectral magnetization responses are found contributing significantly to defining finite
superparamagnetism of a polydispersive ferrofluid at low field-regime. The respective hydrodynamic
polydispersity can be accurately estimated with regard to the nonlinear relaxation response, while paying
attention to the interparticle magnetism and thermal agitation for the spectral shift of the effective
relaxation frequency. Being specific to the rotational Brownian kinetics, magnetodynamic moment is then
introduced as a unit of an oscillatory magnetic field-induced magnetization—response of a magnetic
nanoparticle system forming clusters in liquid medium, thus being sensitive to dipolar interparticle
interaction. As an effective magnetic moment in a cluster, magnetodynamic moment at low frequency region
reflects the magnitude of magnetic moment of the cluster, corresponding to the hydrodynamic diameter.
Eventually, laboratorial trials on detecting ions, electrically charged amino acid, and polymeric
macromolecule were performed by employing cross—analysis of hydrodynamic size and magnetodynamic moment
distributions. This method shows its potential in evaluating the polydispersive state of magnetic labels
due to such non—specific electrostatic analyte—-immobilization, thus being suitable for developing

wash—free liquid-phase magneto—assay.
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