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We examine the structural and magnetic properties of Mg shallow-doped LiMgx Fe1−x PO4 (x = 0.01, 0.05, and 0.1) samples
synthesized by the conventional solid-state reaction route. Rietveld refinement of the X-ray diffraction patterns shows the crystal
structure and bond lengths of LiO6 and Fe(Mg)O6 . The Néel temperature (TN ), spin reorientation temperature (TS ), Curie–Weiss
temperature, and effective moment decreased owing to the decrease in superexchange interactions with increasing Mg2+ ions. The
Mössbauer spectra of samples below TN were fitted with asymmetrical eight absorption lines, whereas above TN were fitted with
symmetrical doublet. The change in the value of electric quadrupole splitting and its slop of magnetic susceptibility at TS suggests
that spin reorientation related to the orbital angular moment contributes to the magnetic properties by spin–orbit coupling. The
value of isomer shift of samples at all temperatures was Fe2+ ion states and it decreased with increasing Mg2+ ion owing to decrease
in charge density at the Fe nucleus due to the presence of Mg2+ ions on the FeO6 site.
Index Terms— Antiferromagnetic ordering, cathode, Mössbauer spectroscopy, spin reorientation.

I. I NTRODUCTION

T

HE LiFePO4 cathode material called triphylite, a naturally occurring mineral in nature, is commonly used
in lithium ion batteries (LIBs). LiFePO4 has been studied extensively, generating interest owing to its significant
thermal stability, cost-effectiveness, reduced environmental
impact compared to other cathode materials such as LiCoO2 ,
LiNiCoAlO2 , and LiNiCoMnO2 [1]–[4]. It is known to crystallize in orthorhombic symmetry with the Pnma space group.
The crystal structure is a distorted hexagonal-close-packed
oxygen framework consisting of one tetragonal (T = PO4 )
and two octahedra (M1 = LiO6 and M2 = FeO6 ), as shown
in Fig. 1. The corner-shared M2 octahedra are linked together
in the bc plane and the M1 octahedra form edge-sharing
chains along the b-axis. In the LiFePO4 , each M2 octahedron
is connected to four M2 octahedra at the vertices and the
M2 octahedra have two axial (O1, O2) and four equatorial
(O3) oxygen atoms.
Pristine LiFePO4 has advantages such as theoretical capacity, high discharge potential (Fe2+ /Fe3+ ) of approximately
3.4 V versus Li/Li+ [5]. Despite these advantages, LiFePO4
presents low electronic conductivity, and slow lithium ion
diffusion leading to poor rate capability. In addition, the low
conductivity is related to the corner sharing M2 linking
and large separation between the Fe atoms [6]. To overcome these disadvantages of LiFePO4 , several groups are
adopting effective approaches such as coating with electrically conductive agents [7]–[10], doping with supervalent
cations [11]–[14], and reducing the particle sizes through
manufacturing processes [15]–[17] to modify these materiManuscript received May 8, 2020; revised July 2, 2020; accepted
August 1, 2020. Date of publication August 6, 2020; date of current
version January 20, 2021. Corresponding author: C. S. Kim (e-mail:
cskim@kookmin.ac.kr).
Color versions of one or more of the figures in this article are available
online at https://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/TMAG.2020.3014728

Fig. 1. Crystal structure of LiFePO4 with linkage of M1 (LiO6 ), M2 (FeO6 ),
and T (PO4 ). The blue solid line represents the unit cell.

als. Among these, it was reported that the electrochemical
performance of low concentrated Mg doping of LiFePO4
increased the capacity and cycle performance of the electrode [18], [19]. Jang et al. [20] reported that doping with
Mg2+ cation at Fe site in LiFePO4 induces longer Li−O
bond length in the M1 octahedra of the structure. Doping
with an Mg2+ ion enables the Li ion migration owing the
larger interstitial sites in M1 octahedra; hence, enhancing the
diffusion kinetics of cathode material. Furthermore, the investigation of triphylite doped with low Mg demonstrated that
magnesium insertion in LiFePO4 increased conductivity of
it [21]. It provides higher discharge capacity and particularly
promotes the rate capability of the electrode.
In this study, the crystal structure refinement and magnetic
properties of Mg shallow doping LiMg x Fe1−x PO4 were investigated. The samples with 1%, 5%, and 10% doped Mg are
based on the desire to have impact on the lattice in structure
and, simultaneously, collect high-quality Mössbauer spectra
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