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ABSTRACT
Sodium iron phosphate NaFePO4 can be considered for certain land-based non-portable power applications,
where factors such as cost, size, and weight are not critical. In this study, the crystallographic and magnetic
properties of maricite-NaFePO4 are characterized by using X-ray diffractometer (XRD), vibrating sample magnetometer (VSM), and Mössbauer spectrometer. The sample was prepared by solid-state reaction method. The
crystal structure of sample was determined to be orthorhombic with space group of Pnmb and the measured lattice constants are a0 = 6.8647 Å, b0 = 8.9781 Å, and c0 = 5.0420 Å. The zero-ﬁeld-cooled (ZFC) and ﬁeld-cooled
(FC) magnetic susceptibility curves of maricite-NaFePO4 were taken with applied ﬁeld of 1000 Oe. In the magnetization curve, maricite-NaFePO4 showed antiferromagnetic behavior below Néel temperature (TN = 15 K).
In order to investigate the magnetic structure through Fe nucleus, Mössbauer spectra of maricite-NaFePO4
were measured at various temperatures from 4.2 to 295 K. The room-temperature Mössbauer spectrum showed
one-doublet with measured values of E Q = 2.19 mm/s and  = 1.04 mm/s. The Mössbauer spectrum taken
at 4.2 K exhibited asymmetrical absorption line. The obtained Mössbauer parameters were the hyperﬁne ﬁeld
of Hhf = 165.97 kOe, electric quadrupole splitting of EQ = 2.20 mm/s,  = 1.23 mm/s,  = 15 ,  = 10 , and
 = 0.4. While the values of Hhf , and EQ decrease with increasing temperature. The values of isomer shift ()
indicate that, for all temperatures, the state of iron ions is ferrous. This suggests the reduction of strong electric
quadrupole interaction which enhances the asymmetric Mössbauer spectrum below TN .
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1. INTRODUCTION
Due to the economic and commercial importance in the
next generation energy storage applications, rechargeable
sodium-ion batteries have been extensively investigated as
an alternative to lithium-ion batteries.1–4 The performance
of the batteries by can be optimized by considering several
factors such as, thermal stability, low cost, energy density, sustainability, and electrochemical capacity.5 Among
several sodium-ion materials, NaFePO4 is one of the
typical systems considered mostly. The NaFePO4 exists
in two distinct polymorphs as triphylite-NaFePO4 and
maricite-NaFePO4 with a structure of distorted FeO6
octahedra and distorted PO4 tetrahedra.6 The triphyliteNaFePO4 has corner-sharing FeO6 octahedra, constructing
two-dimensional (2D) layers, linked by PO4 tetrahedra,
which forms a one-dimensional (1D) structure, parallel to the bc-plane.7 In constant, the maricite-NaFePO4
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has edge-sharing FeO6 octahdera, constructing chains
along the b-axis, linked by PO4 tetrahedra, which forms
a three-dimensional (3D) structure without Na diffusion channel.8 Thus, maricite-NaFePO4 is thermodynamically more stable than triphylite-NaFePO4. However, the
absence of Na diffusion channel in maricite-NaFePO4
makes it electrochemically inactive.9–11
In this present work, we report the crystal structure and
temperature-dependent magnetic properties of mariciteNaFePO4 , investigated with the Mössbauer spectroscopy.

2. EXPERIMENTAL DETAILS
The maricite-NaFePO4 polycrystalline sample was synthesized by the solid-state reaction method. Na(CH3 COO)
(99.99%), FeC2 O4 · 2H2 O (99%), and NH4H2 PO4
(99.999%) were used as precursors with molar ratios
of 1:1:1. The prepared reagents were mixed in an agate
bowl and heated at 350  C under Ar conditions for 4 h.
The mixture was then reground and pressed into a pellet,
which was later sintered at 700  C under Ar atmosphere
for 10 h. The resulting sample was cooled down to room
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