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Scheme 1 Rare earth functional materials can be divided into rare earth optics, magnetism, electricity and other new
materials. There are a total of 30 kinds of crystal materials, which play an important role in new neighborhoods such

as laser refrigeration, magnetic refrigeration, topological insulators and strong lighting
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Fig.1 Four different types of electronic transitions in lanthanide-activated compounds. Ex means the energy needed

to excite electrons from the top of the valence band through the band gap to form excitons. Ec and Ev are the energy

of the minimum conduction band and the maximum valence band, respectively'*’
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Fig.2 LnFeO,-type rare earth ferrites (Ln = Gd, Dy, Sm) exhibit three types of G-type antiferromagnetic spin
]

structures on the Fe site. Fe and Ln are represented by spheres with and without spins respectively [
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Fig.3 Ferroelectric polarization originates from the asymmetric distribution of atoms in the crystal structure of the
material-positively charged and negatively charged ions move slightly from symmetrical distribution to the opposite

direction, due to the presence of unpaired ions, the ferroelectric surface is negatively or positively charged'™’
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Fig.4 (a)Distorted perovskite structure of SNO crystal. (b) Conventional solid electrolytes (A B and M are metal
cations, and O is the proton incorporation and conduction mechanism in the oxygen anion) and (¢)the proposed new

electrolyte™’. (d)The role ofrare earth ions in photocatalysis
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Fig.5 Classification of rare earth functional materials
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Fig.6 Rare earth functional materials are composed of oxides, nitrides, oxygen-containing salts, etc
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Fig.7  The role of rare earth ions
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)

Research Progress on the Characteristics of Rare
Earth Ions and Rare Earth Functional Materials

HU Jiale, XUE Dongfeng "
(State Key Laboratory of Rare Earth Resource Utilization ,Changchun Institute of
Applied Chemistry ,Chinese Academy of Sciences , Changchun 130022 , China)

Abstract Rare earth elements are a series of 17 elements including scandium, yttrium and lanthanide. They
not only have physical and chemical similarities in nature, but also have their own unique and diverse
electronic structures. From the chemical level, the characteristics of rare earth ions determine the nature of
high-tech applications, such as rare earth permanent magnet, magnetic cooling, superconductivity,
pyroelectricity, optical refrigeration, nonlinear optics, catalysis, etc. Rare earth functional materials are the
basis for the application of these technologies. In terms of the requirements of scientific and technological
development, the research and development of rare earth functional materials is the most important way to
achieve high-quality development of rare earth resources. In this paper, based on the characteristics of rare
earth ions, the orbital hybrid model is used to construct the basic relationship between rare earth ions and rare
earth functional materials. The research progress of rare earth ions in composition design and performance
optimization of rare earth functional materials in different application fields in recent years is summarized.
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