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Mossbauer Spectroscopic Study of YFeO; Depending on Calcination Temperature
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In this study, phase-pure orthorhombic YFeO; (o-YFeOs) was synthesized via a sol-gel autocombustion method, and the effects of
calcination temperature and nitric acid leaching on its structural and magnetic properties were investigated. X-ray diffraction (XRD)
analysis revealed a phase transition from hexagonal YFeO; (4-YFeOs) to o-YFeO; with increasing calcination temperature, achieving
at 850°C and above. Crystallite size increased from 28 nm to 47 nm as the temperature rose. Mdssbauer spectroscopy confirmed the
magnetic ordering of Fe** ions in 0-YFeOs and the reduction of 4-YFeOs-related doublets at higher temperatures. Nitric acid leaching
effectively removed secondary phases such as Y,0; without altering the o-YFeO; structure, as verified by both XRD and Mgssbauer
analysis. Magnetic measurements showed enhanced saturation magnetization and coercivity after leaching, indicating improved
superexchange interactions. These findings demonstrate the critical role of thermal treatment and chemical purification in optimizing
the multiferroic properties of YFeO;.
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Fig. 1. (Color online) (a) XRD patterns of YFeO; samples calcinated
at various temperatures and (b) Rietveld refined XRD patterns of
HNO; leached/850°C calcinated YFeOs samples.
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Table 1. The lattice parameters, FWHM, and crystalline size of o-
YFeOj; samples calcinated at various temperatures.

Calcination ~ Lattice parameter (A)  FWHM  Crystalline
Temp (°C) a b c (deg)  size (nm)
1,000 5.5925 7.6075 52835 0.1758 4713
900 5.5928 7.6066 52835 0.1831 45.51
850 5.5938 7.6091 52842 0.2128 36.42
800 5.5918 7.6062 52827 0.2368 33.68
750 5.5962 7.6153 52875 0.2917 28.67
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Table I1. The lattice parameters, FWHM, and crystalline size of nitric acid-leached o-YFeO; samples calcinated at 850°C.

Lattice parameter (A) FWHM Crystalline
Sample .
a b c (deg) size (nm)
850°C_leach 2h 55931 7.6084 5.2835 0.2065 37.82
850°C_leach 1h 5.5928 7.6066 5.2822 0.2087 37.36
YFeO; 850°C 5.5938 7.6091 5.2842 02128 36.42
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Fig. 2. (Color online) (a) M-H curve of YFeO; samples calcinated at
750, 800, 850, 900, and 1,000°C and (b) M-H curve of YFeO;
samples calcinated at 850°C and HNO; leached.
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Table III. The magnetic parameters (M, H., and M;) of YFeOs; samples calcinated at various temperatures and nitric acid-leached o-YFeOs

samples calcinated at 850°C.

Calcination Magnetic parameter Samole Magnetic parameter

Temp (°C) Ms (emu/g) He (Oe) My (emu/g) P Ms (emu/g) He (Oe) My (emu/g)
1,000 0.4557 10,643 0.2329 5
900 04418 11,832.5 02062 850°C_leach _2h 0.6764 8,132.35 0.3256
850 0.4038 2,364.35 0.1379 5
300 03734 1.770.95 0.0987 850°C_leach_1h 0.5816 9,096.85 0.2500
750 0.3647 6,602.95 0.1261 YFeO;_850°C 0.4038 2,364.35 0.1379
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Fig. 3. (Color online) Mdssbauer spectra of YFeO; samples
calcinated at 750, 800, 850, 900, and 1,000°C.
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Fig. 4. (Color online) Mossbauer spectra of YFeO; samples
calcinated at 850°C and HNO; leached.
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H), Fig. 42] Mossbauer spectrum®} Table V2| Mossbauer
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Table IV. Mgssbauer parameters — hyperfine field (Hys), quadrupole splitting (QS), and isomer shift (IS) — of 0-YFeOs; samples calcinated at
various temperatures and nitric acid-leached o-YFeOs; samples calcinated at 850°C.

inati M@ossbauer parameter
Calcmatomn Phase P Area (%)
Temp (°C) Hy (kOe) QS (mm/s) IS (mm/s)
1,000 0-YFeO; 496.2 0.0 0.25 100
900 0-YFeO; 495.6 0.0 0.26 100
850 0-YFeO; 495.7 0.0 0.25 100
0-YFeO; 495.2 0.0 0.25 83.47
800 h2-YFeO; - 222 0.18 10.65
hl-YFeO; - 1.0 0.18 5.88
0-YFeO; 496 0.0 0.25 56.5
750 h2-YFeO; - 222 0.18 26.61
hl-YFeO; - 1.0 0.18 16.89
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Table V. Mossbauer parameters — hyperfine field (Hys), quadrupole splitting (QS), and isomer shift (IS) — of nitric acid-leached o-YFeOs

samples calcinated at 850°C.

Mossbauer parameter

Sample Phase Area (%)
Hye (kOe) QS (mm/s) IS (mm/s)
850°C_leach 2h 0-YFeO, 500.9 0.0 0.24 100
850°C_leach_1h 0-YFeO, 496.0 0.0 0.25 100
YFeOs;_850°C 0-YFeOs 495.7 0.0 0.25 100
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