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Abstract

Magnetic dynamics of magnetic nanoparticle (NP) assembly is important for application of
magnetic NPs. However, magnetic properties of dense NP assembly are not clearly understood
because of the complexity of collective phenomena induced by interparticle interactions. It is
suggested that a magnetic ordered state, which is called "superspin glass (SSG)", appears in
concentrated NP assemblies due to strong interparticle dipolar interactions, but the magnetic
behavior has not been clarified in the limit of strong interaction. In this study, interacting NP
assemblies whose interparticle distance is systematically controlled were prepared and the
relation between the strength of interparticle interaction and the appearance of magnetic
ordering in NP assemblies is investigated.

Chapter 1 describes the purpose and the background of this study.

Chapter 2 summarizes basic theories and previous reports concerning magnetic NPs and
their collective behavior induced by interparticle interactions.

In Chapter 3, y-Fe>03/Si0; core-shell NP assembles, in which the interparticle distance of
v-Fe2O3 NPs is controlled by the silica thickness, are prepared and the critical strength of
interparticle dipolar interaction necessary for inducing SSG is estimated. Aging phenomenon
in magnetization relaxation, which is typical in SSG, is found in a strongly interacting sample
with an interparticle distance L < 14 nm but is scarcely observed in a sample with the L = 18
nm. Therefore, the critical interparticle interaction for appearance of SSG transition is
estimated to be 6 ~ 12% of the magnetic anisotropy energy of y-Fe,O3; NP.

In Chapter 4, Fe/Au NP assemblies, which have various dipolar interactions among Fe NPs
depending on the volume density of the Fe NP, are prepared. When Fe NP density becomes
higher than ~5%, the magnetic dynamics of NP assembly changes to that resembles to SSG.
This suggests that the spin glass transition occurs when the interparticle dipolar interaction
energy is larger than 12% of anisotropy energy of the Fe NP. This ratio is almost consistent
with that of vy-Fe;O03/SiO, NP assembly. In the sample with highest Fe density,
reentrant-spin-glass-like two-step magnetic transition from a paramagnetic to a ferromagnetic
and to a spin-glass phase is observed.

In Chapter 5, nonlinear AC susceptibilities of Fe NP assembly were measured to investigate
the critical behavior in detail. The nonlinear susceptibility exhibits the critical behavior which
is similar to that observed in ferromagnetic transition. The critical exponents, obtained from
linear susceptibility and nonlinear one, were very close to that reported for the ferromagnetic
transition. This strongly suggests that the ferromagnetic transition occurs in the strongly
interacting Fe NP assembly.

Chapter 6 summarizes the main findings of this thesis and concluded this study.




