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Abstract 

The crystal, magnetic structure and vibrational spectra of multiferroic GaFeO3 have been studied 

by means of neutron, X-ray powder diffraction and Raman spectroscopy at pressures up to 6.2 

and 42 GPa, respectively. A presence of Fe/Ga antisite disorder leads to a formation of the 

ferrimagnetic ground state with the Néel temperature TN = 292 K at ambient pressure. Upon 

compression, the magnetic ground state symmetry remains the same and the Néel temperature 

increases with a pressure coefficient (1/TN)(dTN/dP) = 0.011(1) GPa-1. Application of high 

pressure above 21 GPa leads to a gradual structural phase transition from the polar orthorhombic 

Pc21n phase to nonpolar orthorhombic Pbnm phase. It is accompanied by anomalies in the 

pressure behaviour of several Raman modes. Pressure dependencies of lattice parameters and 

Raman modes frequencies in the observed structural phases were obtained. 

 

PACS: 75.25.-j, 61.50.Ks, 78.30.-j 
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1. Introduction 

 Multiferroic materials, demonstrating several ferroic properties, primary magnetism and 

ferroelectricity in a single phase, attract a great interest due to challenging physical phenomena 

and  wide range of potential applications in  multifunctional devices [1-3] (sensors, data storage 

devices, transducers).  

 Most of the multiferroic materials can be classified in two types. The first one, 

conventional multiferroics like BiFeO3 and hexagonal RMnO3 (R – rare earth elements), is 

characterized by magnetic ordering temperatures significantly lower than the ferroelectric 

transition ones, resulting in relatively weak magnetoelectric coupling [1, 2]. The second type, 

found more recently is improper multiferroics, where ferroelectricity is associated with the lattice 

inversion symmetry breaking by modulated magnetic order. In such materials, which list 

includes orthorhombic RMnO3, RMn2O5 (R = Tb, Ho, Dy, Y and Bi), RbFe(MoO4)2, the 

magnetoelectric coupling is much more pronounced and magnetic ordering and ferroelectric 

transition temperatures are close, but typically much lower ambient temperature, restricting a 

range of potential  technological applications [3-5].  

From practical point of view, one of the most attractive multiferroic materials is gallium 

iron oxides Ga2-xFexO3 (0.7 ≤ x ≤ 1.4). These compounds exhibit a ferrimagnetic order and the 

magnetic ordering temperature TN can be tuned in wide limits around ambient temperature 

(200 - 340 K) depending on chemical composition and synthesis procedure. Their unique 

magnetoelectric [6], magneto-optic [7] and piezoelectric [8,9] properties are also important for 

understanding fundamental nature of multiferroicity.  At temperatures below TN Ga2-xFexO3 

shows a relatively strong magnetoelectric coupling [9, 10].  

 One of the most studied representatives of Ga2-xFexO3 family is gallium ferrite GaFeO3. 

In wide temperature range 4 - 1386 K it exhibits orthorhombic structure of polar Pc21n 

symmetry [11, 12]. It consists of eight formula units per unit-cell with four different cation sites 

of Ga3+ and Fe3+: two sites of Ga3+ ions (Ga1 and Ga2), and two sites of Fe3+ ions (Fe1 and Fe2). 

Ga1 is surrounded by oxygen tetrahedron and Ga2 and Fe1 are surrounded by oxygen 

octahedrons. According to different experiments on x-ray [13] and neutron scattering [11], 

mӧssbauer spectroscopy [14] site disorder between Fe/Ga positions was observed in GaFeO3. It 

becomes possible due to nearly close ionic radii of Fe3+ (0.645 Å) and Ga3+ (0.62 Å) in 

octahedral coordination [15]. Antiferromagnetic coupling of magnetic moments of Fe1 and Fe2 

atoms was found [11]. The excess of Fe atoms at Ga2 octahedral sites leads to its ferromagnetic 
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coupling towards to magnetic moments of Fe2 atoms. The magnetization axis is found to be 

along the c axis [11, 16], while the electric polarization - along the b axis [11]. First-principles 

calculations of the total energy [17] for different spin and structural configurations revealed 

antiferromagnetic spin order in its ground state of ideal crystal structure in multiferroic GaFeO3, 

which is in agreement with neutron diffraction experiments for stoichiometric GaFeO3 

(TN = 200 K) [11]. Whereas Fe substitution at Ga2 site leads to ferromagnetic arrangement 

towards to Fe2 [17] and Néel temperature arises. The important factor, seriously affecting 

magnetic and ferroelectric properties, is the Fe/Ga site disorder, mediating distortions of GaO6 

and FeO6 polyhedra [11]. It is controlled by the sample preparation method. The inelastic 

neutron scattering and Raman spectroscopy experiments, as well as first-principles calculations 

evidence a presence of the strong spin-phonon coupling in GaFeO3 below TN [18, 19, 14].  

 Recent high-pressure measurements [20] up to 70 GPa revealed a complex sequence of 

structural phase transitions in GaFeO3 at compression, decompression and recompression. Upon 

compression, the perovskite orthorhombic phase (sp. gr. Pbnm) was stabilized above 25 GPa 

with discontinuous volume decrease of about 5.4 %. Further increase of pressure up to 53 GPa 

caused a reversible isostructural transition, characterized by significant discontinuous drop of the 

volume of ~ 3%. Decompression experiments showed unexpected first-order structural transition 

to LiNbO3-type structure (sp. gr. R3c), which appeared at 24 GPa and remained stable up to 

ambient pressure. With recompression the stability of the R3c - phase is preserved up to 50 GPa, 

above of which it replaced by the Pbnm - phase.  

 Magnetic and electric properties investigations under high pressure [20] revealed a 

significant changes of TN and resistance R in GaFeO3. As pressure increases up to 33 GPa, an 

increase of TN from initial value of 200 K to slightly above room temperature and resistivity drop 

by one order of magnitude were found. Nevertheless, GaFeO3 remains magnetic insulator up to 

56 GPa. In pressure region 62 - 77 GPa a coexistence of insulating clusters of Fe3+ moments and 

conducting nonmagnetic clusters was detected. At P > 77 GPa GaFeO3 becomes nonmagnetic 

metall. A comparison with the end member of Ga2-xFexO3 family (x = 2), hematite Fe2O3 (sp. gr. 

�3�) and also CaFe2O4 (sp. gr. Pbnm) showed that the electronic transition to the uncorrelated 

state occurs at the same pressure (~ 50 GPa) for all investigated ferrites, regardless of the 

preceding structure, when the relative volume of the FeO6-polyhedra Vpol/V0pol reaches a critical 

value ~ 0.85 [20]. The observed relationship between electronic and magnetic properties of the 

high pressure phase of GaFeO3 is consistent with the Mott transition driven by a band-width 

broadening mechanism [21]. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

4 

 

 The most of the previous high pressure studies of GaFeO3 were focused on investigations 

of crystal structure and macroscopic physical properties. Further insight into the relationship 

between the structural properties and magnetic order of GaFeO3 can be given by the studies of 

the modifications of the magnetic structure upon variation of structural parameters. In the present 

paper we report combined x-ray and neutron diffraction, and Raman spectroscopy studies on 

powder sample GaFeO3 over 0 - 41.8 GPa pressure range and 10 - 300 K temperature range to 

investigate structure and magnetic moments evolution and the role of phonon excitations across 

the structural phase transition.  

 

2. Experimental 

 GaFeO3 powdered sample was obtained from single crystals grown by the flux method 

[8] using the Ga2O3, Fe2O3 as sample components and B2O3 and Bi2O3 as flux components, taken 

in the weight ratio 12.5:12.5:7.7:67.3. 

 Angle-dispersive x-ray powder diffraction patterns at high pressures up to 30.5 GPa and 

ambient temperature were measured at the Extreme Conditions Beamline P02.2 [22] at the third-

generation synchrotron radiation source PETRA III located at the Deutsches Elektronen 

Synchrotron (DESY), Hamburg, Germany. The diffraction images were collected with the 

wavelength λ = 0.2904 Å on the amorphous silicon flat panel detector bonded to a ScI scintillator 

(XRD 1621) from Perkin Elmer and located at a distance of 430.5448 mm from the sample. The 

two-dimensional x-ray diffraction (XRD) images were converted to one-dimensional diffraction 

patterns using the FIT2D program [23]. 

 Neutron powder diffraction measurements at high pressures up to 6.2 GPa were 

performed at selected temperatures in the range of 10–290 K with the DN-12 spectrometer [24] 

at the IBR-2 high-flux pulsed reactor [Frank Laboratory of Neutron Physics, Joint Institute for 

Nuclear Research (JINR), Dubna, Russia] using the sapphire anvil high-pressure cell [25]. The 

pressure was determined by the ruby fluorescence technique [26]. Diffraction patterns were 

collected at scattering angles 45° and 90°, with the resolution ∆d/d = 0.015. Experimental data of 

the x-ray and neutron powder diffraction experiments were analyzed by the Rietveld method 

using the FULLPROF [27].  

Raman spectra at ambient temperature and pressures up to 41.8 GPa were collected using 

a LabRam spectrometer (NeHe excitation laser) with a wavelength of 632.8 nm, 1800 grating, 

confocal hole of 1100 µm, and  x 50 objective. In the X-ray diffraction and Raman experiments, 
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The BX90 - type diamond anvil cell [28] was used. The sample was loaded into the hole of the 

120-µm diameter made in the Re gasket intended to be ~ 30-µm thickness. The diamonds with 

culets of 250 µm were used. Neon gas loaded under pressure of ~ 0.15 GPa was used as a 

pressure-transmitting medium. The pressure was determined by the ruby fluorescence technique 

[26]. 

 

3. Results and discussion 

3.1. Crystal structure 

 X-ray diffraction patterns of GaFeO3 at selected pressures and ambient temperature are 

shown in Fig. 1. In the pressure range 0 - 21.3 GPa they correspond to orthorhombic crystal 

structure of Pc21n symmetry (Fig. 2). The analysis by the Rietveld method has shown that at 

higher pressures a new phase of orthorhombic crystal structure of Pbnm symmetry starts to 

evolve (Fig. 2). It consists of four formula units per unit-cell with two different cation sites of 

Ga3+ and Fe3+: one site of Ga3+ ions and one site of Fe3+ ions. Ga ions are eight-fold coordinated 

and Fe ions are six-fold coordinated. Volume contribution of the new perovskite orthorhombic 

Pbnm - phase reaches 11.5% at 30.5 GPa and the gradual character of the structural transition is 

consistent with findings by Arielly et al. [20].  

 Calculated lattice parameters at ambient conditions are in agreement with that one found 

in previous studies [13, 14, 18, 20]: a = 8.754 (3) Å, b = 9.396(3) Å, c = 5.078 (2) Å.  

 The obtained pressure dependences of the unit-cell volume and lattice parameters for the 

Pc21n-phase of GaFeO3 are shown in Fig. 3. The volume compressibility data were fitted by the 

Birch-Murnaghan equation of state [29]: 

 � = �
��	 
�

�
� − ��
�
�� �1 + �

� ��
′ − 4� 
��

�
� − 1��,                          

were x = V/V0 is the relative volume change, V0 is the unit cell volume at P = 0 GPa, and B0, B' 

are the bulk modulus [B0 = -V(dP/dV)T] and its pressure derivative [B' = (dB0/dP)T]. Calculated 

value of B0 = 202.8(2.5) GPa is comparable with one 207 GPa estimated from the Kohn-Sham 

density functional theory within the local density approximation (LDA) [18] and somewhat less 

than the value of B0 = 230(4) GPa, found for stoichiometric GaFeO3 in [20]. The value of the 

bulk modulus pressure derivative was found to be B' = 4.0(5). 
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 The lattice compression of GaFeO3 is anisotropic. The average compressibility                           

(kai = -(1/ai0)(dai/dP)|T, ai = a, b, c) of the b – parameter, kb = 0.0024 GPa-1, is about twice larger 

in comparison with those of the a- and c- parameters, ka = 0.0015 and kc = 0.0012 GPa-1. The 

structural transition to the Pbnm-phase is accompanied by the unit cell volume change of -7.0%. 

The evaluated bulk modulus value for the Pbnm phase, B0 = 295(10) GPa is about the same as 

one found in [20]. The calculated lattice parameters of the Pbnm phase at the highest pressure 

value achieved in the X-ray diffraction experiments P = 30.5 GPa, a = 4.900(9), b = 5.070(9), 

c = 7.000(15) Å, are comparable with those obtained at similar pressures in [20].  

 

3.2 Magnetic structure 

 Neutron diffraction patterns of GaFeO3, measured for selected pressures and 

temperatures are shown in Fig. 4. From the Rietveld refinement of ambient pressure data, a 

degree of the antisite disorder present in the sample was evaluated. In the orthorhombic structure 

of the Pc21n symmetry, the gallium Ga1,2 and iron Fe1,2 atoms are located at positions 4(a) (x, 

y, z). The obtained values of the coordinates of these atoms at ambient conditions, Ga1 – 

(0.153(1), 0, 0.171(1)), Ga2 – (0.156(1), 0.317(2), 0.833(3)), Fe1 - (0.162(1), 0.589(3), 0.203(2)) 

and Fe2 - (0.033(1), 0.813(3), 0.676(3)) are consistent with previous studies [11]. The 

occupation of Ga2 site by Fe atoms was found to be ~ 0.26, and this is compensated by the same 

occupation of Ga atoms on Fe2 sites. The Fe atoms located at Ga2 site will be further denoted as 

Fe3. No antisite disoder in Ga1/Fe1 positions was detected. 

 Upon cooling below ambient temperature, rapid increase of the intensities of the peaks 

(200) at dhkl ≈ 4.65 Å and (101) at dhkl ≈ 6.34 Å was observed, demonstrating appearance of the 

long range magnetic order. The analysis of the magnetic contribution to diffraction data suggests 

the anti-parallel arrangement of Fe1 and Fe2/Fe3 spins, oriented along the c - axis.  

For the ideal GeFeO3 crystal, theoretical calculations predict the antiferromagnetic 

ground state [17]. The values of the Fe ordered magnetic moments located at Fe1 and Fe2 

positions, determined from the analysis of the magnetic contribution to neutron diffraction data, 

are indeed very close, µFe1 ≈ µFe2 ≈ 3.05 µB (Table 1). However, antisite disorder of Fe and Ga 

atoms leads to a presence of the non-zero magnetic moments at relevant crystallographic position 

µFe3 ≈ 2.5 µB and weak spontaneous magnetization of about 0.07 µB per formula unit (Table 1). 

The obtained values of the ordered magnetic moments and spontaneous magnetization is 

somewhat less in comparison with previous studies [11, 14, 19], likely due to different sample 

preparation methods, influencing features of the Ga/Fe site disorder.  
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The Néel temperature TN of GaFeO3, calculated from the temperature dependencies of the 

ordered Fe magnetic moments, increases from 292 to 310 K in the pressure range 0 – 6.2 GPa 

(fig. 5). The corresponding pressure coefficient (1/TN)(dTN/dP) = 0.011(1) GPa-1 is comparable 

with relevant coefficients for the multiferroic relaxor PbFe0.5Nb0.5O3 (0.016 GPa-1) and ferrites 

NdFeO3 (0.016 GPa-1) and LuFeO3, (0.014 GPa−1) [30, 31]. The TN value at ambient pressure is 

close to one found for the high quality single crystal GaFeO3 [19]. The calculated absolute value 

of the spontaneous magnetization at 10 K exhibits a tendency towards increase by about 50 % in 

the pressure range 0 – 6.2 GPa (Fig. 5). 

 

3.3 Raman spectroscopy 

 In GaFeO3 theoretical calculations predict the existence of 120 vibrational modes for the 

Pc21n space group, 117 of which are Raman active modes [14]. In the present study we have 

identified 22 distinct Raman peaks in the spectral range 150 - 900 cm-1 at ambient pressure, 

located at frequencies 173, 198, 219, 238, 258, 281, 290, 304, 345, 358, 374, 390, 437, 467, 513, 

573, 604, 639, 663, 691, 723 and 746 cm-1. For comparison, Mukherjee at al [19] revealed 32 

phonon modes in the frequency range 90 - 900 cm-1 for high quality single crystal of GaFeO3, 

and positions of 22 of these modes are close to those found in our study.  

The Raman spectra of GaFeO3, containing a combination of tetrahedral (Ga,Fe)O4 and 

octahedral (Ga,Fe)O4 structural units can be compared with those of cubic magnetite Fe3O4 [32, 

33] and rhombohedral hematite Fe2O3 [34] and ortoferrites [35, 36, 37], which Raman active 

modes in the discussed frequencies range are generally associated with vibrations of either FeO4 

tetrahedra or FeO6 octahedra, respectively. Such a comparison allows to assign the high 

frequency modes in the 650 – 750 cm-1 to symmetric stretching vibrations of (Ga,Fe)O4 

tetrahedra, the modes in the range 600 – 650 cm-1 to symmetric stretching vibrations of 

(Ga,Fe)O6 octahedra, the modes in the range 500-590 cm-1 to asymmetric stretching of 

(Ga,Fe)O4 tetrahedra  and (Ga,Fe)O6 octahedra. The modes in the range 400-490 cm-1 likely 

correspond to bending vibrations and those in the range 150 – 390 cm-1 to rotational vibrations of 

(Ga,Fe)O4 tetrahedra and (Ga,Fe)O6 octahedra and translational vibrations. 

 For the analysis of pressure effects, eleven appropriately resolved modes were chosen and 

labeled as m1 … m11 (Fig. 6, Table 2). In the pressure range below 21 GPa, corresponding to 

the orthorhombic Pc21n – phase, the frequencies of these modes increase nearly linearly (Fig. 7). 

The m9, m10 and m11 modes, have similar pressure coefficients (kmi = {1/νmi0}·dνmi/dP) 0.0039-

0.0046 GPa-1 and Grüneisen parameters (γmi = -∂(lnνi)/∂lnV) 0.79-0.93 (Table 2). These values of 
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the Grüneisen parameters are comparable with ones found for the stretching modes of the FeO4 

tetrahedra in magnetite Fe3O4 [38] and ferrite spinels MgFe2O4 and ZnFe2O4 [39, 40], supporting 

the above modes assignment. The pressure coefficient and Grüneisen parameter of the m8 mode, 

associated with the symmetric stretching of the (Fe,Ge)O6 octahedra, are noticeably larger, 

0.0062 GPa-1 and 1.25, respectively. These values are similar to ones found for the stretching 

mode of FeO6 octahedra in Fe2O3 [34]. The frequencies of the stretching modes are mediated by 

the (Ga,Fe)-O bonds and the above difference in the pressure coefficients implies larger 

compressibility of  the octahedral (Ga,Fe)O6 units in comparison with the tetrahedral (Ga,Fe)O4 

ones. The comparison of pressure coefficients and Grüneisen parameters of the modes in 

bending region (Table 2) allows to associate the m6 mode with the vibrations of (Ga,Fe)O6 

octahedra and m7 one with the vibrations of the (Ga,Fe)O4 tetrahedra. 

 The m1 – m3 modes have the lowest pressure coefficients 0.0019 – 0.0031 GPa-1 and 

Grüneisen parameters 0.38-0.63, which are about twice smaller in comparison with those found 

for the translational modes in Fe3O4 [38] and ZnFe2O4 [40]. The values of the pressure 

coefficients and Grüneisen parameters for the m1-m3 modes are comparable with those of 

rotational modes in lead ferroniobate PbFe0.5Nb0.5O3 [30]. Therefore these modes may 

correspond to the rotational oxygen vibrations in octahedral and tetrahedral structural units. 

In the vicinity of the structural phase transition to the orthorhombic Pbnm phase, starting 

at 21 GPa, noticeable changes in Raman spectra occur. A merging of the m6 and m7 modes, and 

changes in the intensity of several Raman modes were detected (Figs. 6 and 7, Table 2). The 

main structural units of the Pbnm phase are (Ga,Fe)O6 octahedra, so the Raman modes 

associated with the (Ga,Fe)O4 tetrahedra in the initial Pc21n should be gradually suppressed 

during the phase transition. The pressure coefficients and Grüneisen parameters of the stretching 

and bending modes with frequencies values above 400 cm-1 are reduced significantly at pressures 

above 21 GPa (Table 2, Fig. 7), while relevant values of lower frequency modes remain nearly 

the same over the whole studied pressure range.  

Due to the broad pressure range of the phase coexistence, it was difficult to distinguish 

unambiguously particular modes corresponding to the Pbnm phase. In the recent structural study 

of GaFeO3 [20], the pure Pbnm phase was observed for pressures above 42 GPa. The highest 

pressure, achieved in the present study, was 41.8 GPa and it is reasonable to suggest that Raman 

spectrum measured for this value (Fig. 6) corresponds to the prevailing Pbnm phase. It contains 

seven resolved peaks at ~ 247, 326, 344, 369, 522, 566, 788 cm-1. The group theory predicts 24 

Raman-active phonon modes for the Pnma symmetry, ГRam = 7Ag + 7B1g + 5B2g + 5B3g [41]. 

According to previous studies of isostructural orthoferrites [35, 36, 42, 43], the observed modes 

can be assigned to B2g (788 cm-1) and Ag (566 cm-1) stretching modes, Ag (369 cm-1) and B1g 
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(522 and 344 cm-1) bending modes, B1g (326 cm-1) and Ag (247 cm-1) rotation modes of 

(Ga,Fe)O6 octahedra. Further studies in the extended pressure range are necessary to evaluate 

pressure coefficients and Grüneisen partameters of the Raman active modes of the pressure 

induced Pbnm phase. 

 

4. Conclusions 

 The present results demonstrate that at elevated pressures the magnetic ordering in the 

polar orthorhombic Pc21n phase of GaFeO3 occurs above room temperature and the Néel 

temperature raises with the positive pressure coefficient of 0.011 GPa-1. The spontaneous 

magnetization calculated from the ordered Fe magnetic moments at T = 10 K exhibits a tendency 

towards increase by about 50 % in the 0 – 6.2 GPa pressure range. Analysis of the pressure 

coefficients and Grüneisen parameters of the Raman modes implies the larger compressibility of 

the tetrahedral (Ga,Fe)O4 structural units in comparison with the octahedral (Ga,Fe)O6 ones in 

the Pc21n phase. At pressures above 21 GPa, a gradual phase transition into the non-polar 

orthorhombic Pbnm phase occurs. It modifies significantly the Raman spectra, resulting in 

suppression of the vibrational modes involving tetrahedral (Ga,Fe)O4 structural units and 

anomalies in pressure dependences of the high frequency modes associated with vibrations of the 

(Ga,Fe)O6 oxygen octahedra.  
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Table 1.  

Calculated ordered magnetic moments µ for Fe1, Fe2 and Fe3 sites in the orthorhombic Pc21n 
phase of GaFeO3 and net magnetization µf.u. per formula unit  at T = 10 K and selected pressures. 

P, GPa 
 

0 2.5 6.2 

 
µ(Fe1), µB 

 
-3.070(10) 

 
-3.0(1) 

 
-3.0(1) 

 
µ(Fe2), µB 

 
3.057(9) 

 
3.0(1) 

 
2.9(1) 

 
µ(Fe3), µB 

 

 
2.498(9) 

 
2.3(1) 

 
2.4(1) 

µf.u., µB /f.u. -0.0798(3) -0.09(3) -0.12(3) 
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Table 2.  

Pressure coefficients kmi = {1/νmi0}·dνmi/dP and Grüneisen parameters γmi = -∂(lnνi)/∂lnV of 
Raman modes in GaFeO3 at pressure ranges below and above the structural transition pressure 
P ~ 21 GPa. 

Raman mode, mi 
 

Frequency, cm-1 kνmi (GPa-1) γmi 

 
m1 

 

 
238 

 
0.0019 

 
0.38 

m2 
 

304 0.0038 0.77 

m3 
 

358 0.0031 0.63 

m4 
 

374 0.0048 0.98 

m5 
 

390 0.0054 1.10 

m6 
 
 

437 0.0069 (P < 21 GPa) 
0.0017 (P > 21 GPa) 

1.42 
0.34 

m7 
 
 

467 0.0039 (P < 21 GPa) 
0.0017 (P > 21 GPa) 

0.79 
0.34 

m8 
 
 

604 0.0062 (P < 21 GPa) 
0.0019 (P > 21 GPa) 

1.25 
0.39 

m9 
 
 

691 0.0046 (P < 21 GPa) 
0.0008 (P > 21 GPa) 

0.93 
0.16 

m10 
 
 

722 0.0039 (P < 21 GPa) 
0.0006 (P > 21 GPa) 

0.79 
0.13 

m11 
 

746 0.0042 (P < 21 GPa) 
0.0013 (P > 21 GPa) 

 

0.85 
0.26 
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Fig. 1. (Color online) Left panel: X-ray diffraction patterns of GaFeO3 measured at selected 
pressures and ambient temperature and refined by the Rietveld method. Experimental points, 
calculated profiles and difference curve (for P = 0 GPa) are shown. Tick marks at the bottom and 
top represent the calculated positions of diffraction peaks for the Pc21n orthorhombic phase (at P 
= 0 GPa) and Pbnm orthorhombic phase (at P = 30.5 GPa), respectively. In the right panel a 
more detailed view of the patterns measured at pressures P = 14.5 (top) and 30.5 GPa (bottom) is 
given, including difference curves. Tick marks represent the calculated positions of diffraction 
peaks for the Pc21n orthorhombic phase (P = 14.5 GPa) and for coexisting orthorhombic phases 
Pc21n (upper row) and Pbnm (lower row) for P = 30.5 GPa. 

Fig. 2. (Color online) Schematic crystal structure of ambient pressure Pc21n (left) and high 
pressure Pbnm (right) orthorhombic phases of GaFeO3. 

Fig. 3. (Color online) Lattice parameters and unit cell volume of the Pc21n orthorhombic phase 
of GaFeO3 as functions of pressure and their interpolation based on the Birch-Murnaghan 
equation of state. The pressure dependence of the unit cell volume for the pressure-induced 
Pbnm phase is also shown. 

Fig. 4. (Color online) Neutron diffraction patterns of GaFeO3, measured at 290 K and 10 K 
(inserts) at pressures 0 GPa (top pattern) and 2.5 GPa (lower pattern),  processed by the Rietveld 
method. The experimental points, calculated profiles and differences curves are shown. The ticks 
below represent positions of structural and magnetic diffraction peaks. Peaks with ferrimagnetic 
contribution are marked as Ferrimag (inserts). In patterns measured at P = 2.5 GPa external 
peaks from the pressure cell are labeled by mark “S” (they were considered in the fitting 
process).   

Fig. 5. (Color online) (a) Temperature dependences of the ordered Fe magnetic moments in 
Fe1,2,3 crystallographic sites of the Pc21n orthorhombic phase of GaFeO3 at selected pressures, 
normalized to the values obtained at T = 10 K. Solid and dashed lines represent interpolations by 
functions µ = µ0(1-(T/TN)α)β. (b) Pressure dependence of the Néel temperature and its linear 
interpolation. (c) Pressure dependence of the absolute value of the spontaneous magnetization 
and its linear interpolation. 

Fig. 6. (Color online) Left panel: Raman spectra of GaFeO3 at selected pressures and ambient 
temperature. Right panel: Pressure dependent Raman spectra of GaFeO3 at selected pressures in 
the Raman shift range 550 - 900 cm-1. Spectra were fitted with a combination of the Pearson-VII 
functions. The most intense modes discussed in the text are marked as m8-m11. 

Fig. 7. (Color online) Pressure dependencies of the m1-m11 modes frequencies and their linear 
interpolation. The error bars are within the symbol size. Dashed lines denote the pressure P = 21 
GPa corresponding to the Pc21n - Pbnm structural phase transition.  

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

16 

 

Fig.1. 
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Fig. 2. 
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Fig. 3. 
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Fig. 4. 
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Fig. 5. 
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Fig. 6. 
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Fig. 7. 
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Highlights: 

1. Magnetic structure of GaFeO3 is changed under pressure 

2. The Néel temperature of GaFeO3 is close to room temperature  

3. The Néel temperature of GaFeO3 raises under pressure 

4. The spontaneous magnetization exhibits a tendency towards increase under pressure in 
GaFeO3 

5. Application of high pressure leads to changes in Raman spectra of GaFeO3 at structural phase 
transition 


