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Magnetic Properties and Mössbauer Studies of Fe3O4 Substituted with Gd
Ions
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The Gd0.05Fe2.95O4 nanoparticles were synthesized by seed - mediated growth and were reacted
for 30, 45, 60 and 75 min (Gd30, Gd45, Gd60 and Gd75), respectively. The samples structural and
magnetic properties were investigated by x-ray diffraction (XRD), vibrating sample magnetometry
(VSM), and Mössbauer spectroscopy. The self-heating properties were investigated by using a
MagneTherm device. According to XRD analysis, gadolinium (Gd) nanoparticles found to be a
cubic spinel structure has a space group Fd-3m. The lattice constant (a0) of Gd nanoparticles are
8.3633 Å and increases to 8.3721 Å as the high-temperature reaction time increases. The particle
size was determined using Scherrer’s equation and the maximum particle size was 10.84 nm. The
maximum saturation magnetization (MS) value of Gd60 at room temperature was 63.10 emu/g.
The self - heating temperature of Gd60 at 112 kHz and 250 Oe was measured and 63.3 ◦C was
the highest. Gd60 had the largest particle size and highest MS and self-heating properties were
measured. Mössbauer measurements were performed to investigate hyperfine interactions at from
4.2 to 290 K.
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I. INTRODUCTION

Nano ferrites have been intensively studied due to the
remarkable magnetic properties, biostability and wide
applicability. In the field of biotechnology, hyperther-
mia is actively researched using the magnetic properties
of nano ferrites that self-heating effect under AC field
[1–5]. In order to replace the conventional method of
treating cancer, which causes many side effects, many re-
searchers have tried to improve the hyperthermia charac-
teristics by substituting Co2+, Zn2+, Mg2+, Ni2+, Cu2+

and etc. for Fe3O4 [6–9]. MRI diagnosis of size and lo-
cation of mutant cells is required for hyperthermia treat-
ment. Gadolinium (Gd) is used for effective MRI diagno-
sis, but has problems causing side effects [10]. To solve
this problem, we synthesized nanoparticles substituted
with Gd. Substituting a small amount of Gd, the side
effects of MRI contrast agents can be reduced, and at
the same time, cancer can be efficiently diagnosed and
treated. In this study, nanoparticles with small amounts
of Gd were synthesized by high temperature thermal de-
composition (HTTD) method. The high-temperature re-
action time was controlled to find an effective synthesis
method. Gd nanoparticles with different reaction times
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were examined for their magnetic properties using XRD,
VSM, and Mössbauer, and the self-heating effect was ob-
served using MagneTherm.

II. RESULTS AND DISCUSSION

The Gd series which controlled the high temperature
reaction time 30(Gd30), 45(Gd45), 60(Gd60) and 75 min
(Gd75) were prepared by high temperature thermal de-
composition method. Gd(acac)3, Fe(acac)3 were mixed
with oleylamine, and oleic acid and benzyl ether in a sto-
ichiometric amount. The mixture was heated at 200 ◦C
for 30 min. Thereafter, the reaction time was controlled
after heating to 300 ◦C. After the reaction, the mixture
is cooled and then added ethanol to disperse the product.
After removal of impurities by centrifugation, it was re-
peated three times by the addition of hexane and ethanol
and dried in a vacuum dryer of 80 ◦C.

The crystal structure of Gd nanoparticles was inves-
tigated by using x-ray diffraction (XRD) with a Cu-Kα
radiation source (λ = 1.5406 Å). The magnetic hystere-
sis curve was obtained by applying a magnetic field of
up to ±1.5 kOe at room temperature. Zero-field-cooled
(ZFC) and field-cooled (FC) were measured from 4.2 to
290 K and applied a magnetic field of 100 Oe. The self-
heating properties of the nanoparticles were measured
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