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a b s t r a c t
We fabricated Gd-doped Y3Fe5O12 (YIG) nanoparticles by a modified sol–gel method. We investigated the
effects of isovalent Gd3+-ion substitution on the structural and magnetic properties of Y3xGdxFe5O12 (0
 x  3) nanoparticles. Isovalent Gd3+-ion substitution for Y3+ leads to lattice expansion and change in
the Fe(a)–O–Fe(d) bond angle. The X-ray photoemission spectroscopy and Mössbauer measurements
3+
revealed a high-spin state of Fe3+. The Mössbauer analysis showed an increase in the Fe3+
(d)/Fe(a) ratio, indicating a relocation of Y3+ ions at the dodecahedral sites and Fe3+ ions at the octahedral sites. The magnetic
properties could be explained in terms of magnetic-structural evolution with increasing Gd3+ content.
The field dependence of magnetization indicated a clear decrease of the magnetization while the magnetic anisotropy first decreases and then increases with the increase of Gd3+ content. These Gd3+-ionsubstituted nanocrystalline garnet ferrites are suitable for use in a variety of magneto-optical
applications.
Ó 2017 Elsevier B.V. All rights reserved.

1. Introduction
Yttrium iron garnet (YIG: Y3Fe5O12) has many technologically
significant properties. For example, microcrystalline Y3Fe5O12
shows soft ferrimagnetic behavior at room temperature [1], has a
high electrical resistance, and further exhibits remarkable
magneto-optical properties such as large Faraday rotation [2,3].
Those properties underpin the use of such materials in spintronic,
magneto-optical, microwave, electrochemical devices and other
applications [4–6]. The Y3Fe5O12 crystal structure consists of three
magnetic sublattices: dodecahedral {c}, octahedral [a], and tetrahedral (d) sublattices, which are presented as {Y3}c[Fe2]a(Fe3)dO12 [4].
The Fe3+ at the [a] and (d) sites play an important role in controlling the magnetic properties of the Y3Fe5O12 structure [7,8]. This
is due to the fact that the Fe3+ ions at the [a] and (d) sites couple
antiferromagnetically via superexchange interaction across/
through oxygen anions, thereby leaving a net moment at the (d)
site [7,8]. As for the non-magnetic ions (Y3+), they align in the
opposite direction to the net moment of the Fe3+ ions at the (d) site,
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which coupling is weaker than that between the Fe3+ ions.
Recently, many isovalent rare-earth-ion (R3+) dopings at the Y3+
or {c} sites led to the enhancement and modification of the magnetic and electric properties of Y3Fe5O12 [7–9].
The properties desirable for certain specific applications can be
enhanced by proper control of reaction parameters, modification of
the synthesis method, as well as addition of magnetic dopants to
the spinel-structured Y3Fe5O12. It has also been shown that partial
substitution of isovalent rare-earth ions (R3+) for Y3+ [1,9–12] and
Al3+ for Fe3+ [13] can help to achieve various magnetization values
and, thus, different magneto-optical properties that are beneficial
for the development of non-reciprocal optical devices. Musa et al.
[13] found that the saturation magnetization and coercivity of
Al3+-substituted Y3Fe5xAlxO12 decreased in samples containing
Al3+. Conversely, Zeng [14] observed an increased saturation magnetization in Al3+-substituted Yttrium iron garnet (Y3Fe5xAlxO12).
Sadhana et al. [15] studied the magnetic properties of Sm3+substituted Yttrium iron garnet and reported decreasing saturation
magnetization and remnant magnetization with increasing Sm3+
concentration. Cheng and Yang [16], furthermore, determined that
the doping of Nd3+ at the Y3+ dodecahedral sites increases the saturation magnetization when x = 1 in Y3xNdxFe5O12 but that
henceforth it decreases with increasing Nd concentration (1  x
 2) due to structural distortion in the Y3Fe5O12 crystal lattice.

