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Introduction: We will present zero field-cooled/field-cooled measurements (ZFC/FC)
performed on cobalt ferrite/nickel ferrite core shell nanoparticles. The nanoparticles are
synthesized in two steps: 1) synthesis of oleate precursors, and 2) continuous injection synthesis
of particles [1]. To obtain a core-shell structure, cobalt and nickel precursor solutions are mixed
separately with iron precursor solutions in a volume ratio of 1:2, respectively, to give a cobalt
ferrite precursor solution and a nickel ferrite precursor solution. The cobalt ferrite and nickel
ferrite precursors are injected for different amounts of time to control the core and shell
thicknesses. Nanoparticle sizes are determined by TEM image analysis giving a mean diameter
of 10 nm and standard deviation of 1 nm.

Methodology: From the inflection point of the ZFC branch of the data shown in Fig. 1 [2], we
obtain a mode blocking temperature of 154 K. In addition, we find the interaction temperature by
measuring moment versus field at various temperatures greater than Tg [3]. Fitting the inverse
susceptibility vs. temperature curve, at high temperatures only, using the Curie-Weiss law (Fig.
2), we find an interaction temperature, To = -93 K. The negative interaction temperature and the
shape of the 1/y curve, suggest that the interaction opposes the external field in some way [4].
Data at higher temperatures are needed to further confirm that the spin interactions within the
nanoparticles or interactions between nanoparticles follow the Curie-Weiss law.

Conclusion: Using To in conjunction with Tg, we obtain a value for the effective anisotropy of
approximately Keff = 100 kJ/ m® [5]. The anisotropy for bulk cobalt ferrite is 180-300 kJ/m? [6]
while for nickel ferrite it is 11 kJ/ m3 [7]. Thus, the calculated effective anisotropy is between
that of bulk cobalt ferrite and bulk nickel ferrite.
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Fig. 1 ZFC/FC moment signal over the temperature range 300 K to 8 K.

3000

2750

Ix

-— -
¥
o"
"
2500 — o -
#
-
-
o
-
’O

2250 - .7 ~

1 | | | |
240 260 280 300 320
Temperature (K)

Fig. 2 Inverse susceptibility plotted versus temperature (blue solid line). The Curie-Weiss Law
fit (red dashed line) of data above the turning point intersects the temperature axis at the
interaction temperature, To.
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