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Crystallographic and Magnetic Properties of the NaFe(PO;); Metaphosphate Cathode
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NaFe(PO;); metaphosphate cathode material for sodium ion batteries was synthesized through a solid-state process, and its
structural and magnetic properties and Na* ion diffusion path were analyzed. This compound crystallizes in the orthorhombic space
group P2,2,2,, forming one-dimensional Na* ion diffusion tunnels along the helical (PO;)” chains. Na* ions exist in the NaOg
octahedron, and the distance traveled between Na' ions is relatively long at 7 A. Magnetic susceptibility measurements in the
temperature range of 2~300 K yielded a Curie constant of 3.76 and Curie-Weiss temperature of —5.96K, indicating weak
antiferromagnetic behavior. The effective magnetic moment of the Fe?* ions was calculated to be 5.48 4, suggesting a high-spin state
with partial orbital contribution. Mdossbauer spectroscopy conducted over the temperature range of 4.2~295K revealed four

crystallographically distinct Fe sites, all exhibiting paramagnetic doublets. The observed isomer shift and quadrupole splitting are
consistent with a high-spin Fe*" state.

Keywords : Mossbauer spectroscopy, Metaphosphate, Sodium-ion battery, Cathode material
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Fig. 1. (Color online) (a) Rietveld refinement patterns of XRD data
for NaFe(POs3);. (b) Coordination environment of FeOg octahedron.
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Table L. Different interatomic Fe-O bond lengths and O-Fe-O bond
angles derived from the Rietveld-refined NaFe(PO;); structure.

Fe site Bond lengths (A) Bond angles (°)
Fel 1.924~2.343 73.4~170.4
Fe2 1.899~2.636 79.1~173.4
Fe3 1.943~2.292 74.1~176.6
Fe4 2.084~2.517 74.1~168.4

AXEAIL, AR} AE a=143340(5) A, b=143575(5) A,
c=14.3683(5) A, V=2956.996) A’, Z=162& 1<
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Fig. 2. (Color online) (a) Crystal structure of NaFe(POs);, showing the arrangement of PO, tetrahedra and FeOg octahedra, along with the
crystallographically independent positions of Fe sites (Fel~Fe4). (b) One-dimensional (PO;)” chains running along the a-axis and PO, tetrahedra,
with the crystallographically independent positions of P sites (P1~P12). A single (PO;)™ chain is marked by red dashed lines.



K AF=E> Journal of the Korean Magnetics Society Vol. 35, No. 4, August 2025

- 171 -

Fig. 3. (Color online) Projection of the NaFe(PO;); structure along (a) the [1 1 T] and (b) the [1 1 1] direction, after a slight rotation along the a-
axis, showing the crystallographically independent Na sites (Nal~Na4). The unit cell is outlined for clarity. (c) Na* diffusion path in NaFe(PO3);
structure along the [1 1 1] direction. NaOg (yellow), FeOg octahedra (purple), and PO, tetrahedra (pastel green) are depicted.
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Fig. 4. (Color online) Temperature dependence of the magnetic
susceptibility measured in an applied field of 0.1 T. The inverse
susceptibility in the inset is Curie-Weiss fitting.
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Fig. 5. (Color online) Mdssbauer spectra of NaFe(PO;); at various
temperatures.
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Table II. Mossbauer parameters obtained by fitting the spectra
recorded for NaFe(POs); at various temperatures.

T ® Parameters Fe sites
(mm/s) Fel Fe2 Fe3 Fed4
205 QS 245 2.09 2.84 2.55
IS 1.18 1.21 1.17 1.19
180 QS 2.74 242 3.14 2.88
IS 1.23 1.25 1.22 1.24
77 QS 3.02 2.69 342 3.15
IS 1.27 1.30 1.26 1.28
10 QS 3.17 2.82 3.55 3.29
IS 1.30 1.32 1.28 1.31
40 QS 3.18 2.83 3.57 3.30
’ IS 1.30 1.32 1.29 1.31

HI 2R FeOy TRAAICl o3l A= RHIET} 3] A7
HA] g3l R BER AoZ St 22,24,25].

FeO, AL} A T2 Fe ¥¥e HZnl9o] 237
£ Bl AT 4.2-295 KO &% HjelA S8E H
290 AHERLS Fig 59 UeRflen, B4 Avles
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