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Mössbauer studies of Zn0.05Fe2.95O4 nanoparticles
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Nanoparticles of spinel ferrite (Zn0.05Fe2.95O4) were prepared using the process of high- tem-
perature thermal decomposition (HTTD) and were treated with an Ar plasma for 30 min. The
crystal structure was found to be cubic spinel with space group (Fd-3m). The lattice constants of
Zn0.05Fe2.95O4 before and after the plasma treatment were found to be 8.3862 and 8.3853 Å, re-
spectively. The saturation magnetization value increased from 69.1 to 73.5 emu/g after the plasma
treatment of the Zn0.05Fe2.95O4 nanoparticles. The Mössbauer spectra before and after the plasma
treatment of Zn0.05Fe2.95O4 were analyzed at 4.2 K using four sextets. As the temperature was
increased, the lines of the Mössbauer spectra broadened due to a fluctuation in the anisotropic
hyperfine field. The Mössbauer spectra were found to have the same anisotropic field fluctuation of
+H (P+ = 0.5) and −H (P− = 0.5). The relaxation frequency factor, f , was also calculated from
the Mössbauer spectra.
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I. INTRODUCTION

Magnetic nanoparticles have attracted much research
interest in the past few decades due to their potential ap-
plications in magnetic hyperthermia, drug delivery, mag-
netic resonance imaging, and alternative cancer treat-
ments [1–3]. For all these applications, the higher the
magnetic moment and the saturation magnetization of
the nanoparticles, the stronger the magnetic response
and its effects on related properties [4]. One of the ways
to increase the saturation magnetization is the doping of
different metal ions such as Zn2+, Co2+, Mn2+, Ni2+,
and Gd3+ [5–9]. Among all metal ions, the usage of the
non-magnetic Zn2+ ion as a dopant in magnetite Fe3O4

nanoparticles has been reported to be almost non-toxic
[10]. Although the magnetic moment of Zn2+ ions is
zero, a low amount of Zn doping in Fe3O4 results in
an increased magnetization of Fe3O4. As an example,
Bram et al. revealed that an increase in the amount
of Zn used as a dopant, first led to a slight increase in
the saturation magnetization at x = 0.05 and then to
a significant decrease, for x > 0.1 [11]. They also re-
ported that two Fe3+ ions may be present in the octahe-
dral sites at low amounts of Zn doping while Zn2+ ions
may occupy the tetrahedral sites, thus preventing anti-
ferromagnetic coupling between the two Fe3+ ions; how-
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ever, for a higher Zn2+ amount, Zn2+ ions occupy the
octahedral sites, leading to a decrease in the magnetiza-
tion of the nanoparticles. In this work, we studied the
structure and the magnetic properties of ZnxFe3−xO4

(x = 0.05) nanoparticles. Furthermore, the prepared
Zn0.05Fe2.95O4 nanoparticles were treated with an Ar
plasma for 30 min and the changed properties of the
nanoparticles were confirmed. We performed a detailed
Mössbauer spectroscopic study on the cation distribution
in the Fe sites and obtained the anisotropic hyperfine
field fluctuation from the Mössbauer result.

II. EXPERIMENTS

ZnxFe3−xO4 (x = 0.05) nanoparticles were prepared
starting with a mixture of Fe(acac)3, Zn(acac)2, and ben-
zyl ether. The mixture was mechanically stirred with
oleic acid, oleylamine, and 1,2-hexadecanediol. The mix-
ture was heated to 200 ◦C for 30 min. Finally, the mix-
ture was heated to 298 ◦C for 1 h, resulting in a black
solution. The solution was cooled to room temperature
by removing the heat source. Ethanol was then added to
the mixture, while was then subjected to centrifugation
after while the precipitate was washed several times with
a hexane/ethanol mixture. The obtained Zn0.05Fe2.95O4

nanoparticles were dried in a vacuum oven at 60 ◦C for
24 h and were treated with an Ar plasma for 30 min to
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