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Fig. 1. Magnetization curves for iron oxides. Ferromagnetic
iron oxide (o); superparamagnetic iron oxide (AMI-23),

(m); paramagnetic iron oxide, (a). MRI, Vol. 6 p647-653. 1988



Table 1. Relaxivities of materials with different types of magnetism, All values are in units of sec™' M™!
where M is the moles per liter of magnetic transition metal. All measurements are at 20 MHz.

Type of
Material R, R, R,/R; magnetism
AMI-25 4.0 x10* 16 x 10* 4 Sp
Ferromagnetic colloid 0.010 x 10 0.72 x 10 72 F
Paramagnetic colloid 0.010 x 10* 0.033 x 10* 33 P
Fel*/DTPA* 0.073 x 10* 0.085 x 10 1.2 P
Gd**/DTPA** 0.45 x10* 0.57 x 10 1.3 P

R2 relaxivities
Superparamagnetic>ferromagnetic>paramagnetic

MRI, Vol. 6 p647-653. 1988
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FIGURE 1. Magnetic nanoparticle-assisted natural navigation system used by salmon during migration. Reprinted with permission from
NMature (http:/ v nature.com), ref 1. Copyright 1997 Nature Publishing Group.
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In nanometer scale, parameters such as size, shape, composition, and magnetocrystalline

anisotropy strongly affect the magnetism (e.g., coercivity, mass magnetization, remanence) of
nanoparticles.

Cheon, 2008, Ace Chem Hes
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magnetic anisotropic energy barrier from a spin-up state to spin-down state of the
magnet is proportional to the product of the magnetic anisotropic constant (Ku)
and the volume (V) of the magnet
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Hc (kOe)
Size-dependent transition of iron oxide nanoparticles from superparamagnetism

to ferromagnetism showing TEM images and hysteresis loops of (b) 55 nm and {c)

12 nm sized iron oxide nanoparticles.
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Size dependent saturation magnetization values of 4, 6, 9, and 12 nm magnetism-
engineered iron oxide (MEIO) nanoparticles: (a) hysteresis loops, mass
magnetization values at 1.5 T, and TEM images
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Time-dependent changes of signal intensities in liv er
parenchyma in T2/T2* WI



T2WI T2WI 10 mins after intravenous bolus
Injection of Resovist
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wash-in










8 mol Fe/kg of Resovist 0.1 mmol/kg of Gd-based agent
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MR images show detection threshold of ilabd&ue el s slishwith
clinically available MR techniques



PNAS, 2004, vol101, 10901-6
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Radiology, vol245, 449-456
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Arbab, Expert Rev. Med. Devices 3(4), 2006
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hybrid iron oxide nanoparticles consisting of
SIO2@Fe304@Au and anti-HER2/neuantibody
for simultaneous MRI diagnosis and laser-assisted
hyperthermia therapy
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