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Abstract 

The high-pressure behavior of cubic Tb2O3 phase (C-type) has been investigated by in 

situ photoluminescence and Raman spectroscopy up to 18 GPa and 22 GPa, 

respectively. The luminescence spectrum of Tb2O3 at ambient conditions shows its 

characteristic sharp-line emission bands with the most intense one corresponding to the 

5
D4 - 

7
F5 transition, responsible of the green emission. Excitation and emission spectra 

measured at low temperature and at different emission and excitation wavelengths 

suggest that photoluminescence is governed by the Tb
3+

 in the non-centrosymmetric site 

(C2). A phase transition between 7.2 and 8.6 GPa is observed by Raman and 

photoluminescence experiments and is associated to a cubic-to-monoclinic (B-type) 

structural transformation. From 14 GPa the predominant modes in the Raman spectrum 

correspond to those from the trigonal phase (A-type), indicating that the pressure-

induced structural phase transition sequence of Tb2O3 is C  B  A. Upon pressure 

release, the starting cubic phase is not recovered, but the monoclinic one. 
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1. Introduction 

 

Rare earth sesquioxides (RE2O3) have attracted much interest in the last decades 

due to their unique physical and chemical properties [1],[2] and the wide range of 

applications that can show.[3],[4],[5],[6] RE2O3 exhibit polymorphism and  

mainly exist in three structural conformations, commonly named as A-, B- and C-

types, corresponding to trigonal (P-3m1 space group), monoclinic (C2/m space 

group) and cubic (Ia-3 space group) symmetry, respectively.[1] At ambient 

conditions, the stable phase depends on the ionic radii of the RE cation. Thus, 

RE2O3 with larger ionic radii (RE= La-Nd) normally crystallize in A-type 

structure, while those with smaller size (Tb-Lu and Y, Sc) adopt the C-type 

structure. Moreover, RE2O3 composed of medium size cations (RE=Sm-Gd) can 

be found forming B-type or C-type structures, depending on their synthesis 

procedure and thermal history.[7] 

The density of RE2O3 polymorphs is A > B > C at ambient conditions, so with 

increasing pressure, where volume is decreased, it is expected the phase transition 

sequence to be C  B  A in RE sesquioxides.[8] There is still some 

controversy though, since direct C  A transformation has also been reported for 

several RE2O3, such as Gd2O3, Eu2O3 or Sm2O3. [8],[9],[10],[11]. Also, particle 

size (bulk/nano) could play a role in the structural behavior of these compounds 

under pressure, including changes in both the phase sequence and the transition 

pressure, as it happens in Er2O3, where the transition pressure is increased when 

working at the nanoscale.[12] 

Optical, chemical and electronic properties of RE2O3 are derived from their 

characteristic 4f electronic shells.[13] The luminescence spectra of pure or RE
3+

-
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doped sesquioxides, consist of sharp lines whose positions are not strongly 

affected by the crystallographic environment (although their intensities and 

splittings do). They are due to electric and magnetic dipole  transitions involving 

f-f transitions.[14] Among RE2O3 compounds, systems based on Eu2O3, Tb2O3 or 

Yb2O3 have attracted much attention because of the green (Tb
3+

), red (Eu
3+

) or 

infrared (Yb
3+

) luminescence in the pure compounds. Usually a non-luminescent 

oxide host lattice, doped with a luminescent RE is used instead for luminescent 

applications, in order to avoid luminescence quenching at high RE concentration. 

Additionally, luminescence from RE
3+

 can be used as a local probe to track phase 

transitions under pressure or temperature, since their intensities and crystal-field 

splittings are sensitive to changes of the crystal environment. 

Tb2O3 crystallizes in the cubic bixbyite-type structure (C-type) with sixteen 

formula units per unit cell (Z = 16), [15] where the 32 Tb
3+

 cations, which are 

surrounded by oxygen anions in six-fold coordination and forming distorted 

octahedrons, are distributed on sites with C2 symmetry (24) and C3i symmetry (8). 

Terbium oxides comprise not only the terbium sesquioxide Tb2O3, but also the 

stoichiometric oxide TbO2 (CaF2-type structure) and non-stoichiometric oxides 

such as Tb4O7, Tb12O7, Tb11O20, Tb6O11 or Tb16O30, which are mixed-valence 

(III, IV) Tb compounds. [16] The presence of Tb
4+

 ions in Tb2O3 compound  can 

be considered a drawback regarding its luminescent properties, as they act as 

luminescence quenching centers of the Tb
3+

 luminescence and facilitate non-

radiative processes, decreasing the total luminescence efficiency. [17]  

In this paper we report the spectroscopic characterization of the C-type Tb2O3 

phase at low temperatures and under high-pressure conditions by means of 

Raman and photoluminescence (PL) techniques. Raman and the Tb
3+
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photoluminescence measurements evidence a C  B  A phase sequence in the 

0-22 GPa range. 

2. Materials and Methods  

2.1 Materials and synthesis procedures 

Commercial samples of Tb2O3 (99.99%, Sigma Aldrich) were used without 

further purification. Isostructural Tb-doped Y2O3 (0.2 mol% or 40 mol%) 

nanoparticles were synthesized for comparison with pure Tb2O3. The 

nanocrystals were prepared by a solvothermal procedure [18], which can be 

described as follows: Y(NO3)3·6H2O (2.518 mmol) and Tb(NO3)3·6H2O (0.005 

mmol) are dissolved in a mixture of ethylenglycol and deionized water (30 ml, 

19:1). The solution is heated up while stirring until the nitrates are dissolved and 

subsequently introduced in a stainless-steel autoclave, which is heated at 180ºC 

for 24h. After the autoclave was naturally cooled to room temperature, the 

obtained solid was washed and centrifuged with EtOH:H2O (1:1)(1x100 ml) and 

deionized water (3x100 ml). The solid is then dried at 70ºC and calcined in air at 

1000ºC for 4h. The calcination of the Y2O3: Tb (40 mol%) sample at 1000ºC 

produced the partial oxidation of Tb
3+

 to Tb
4+

. Already at 800ºC the presence of 

Tb
4+

 is visible to the naked eye by the brown color of the nanocrystals. 

 

2.2 Characterization 

X-ray diffraction (XRD) experiments were performed in a Bruker D8 Advanced 

diffractometer equipped with a Cu tube (K1,2=1.5418 Å) and a Lynxeye 1-D 

detector. XRD patterns were recorded in the 10º-110º (2) range with a 0.03º 

step. Rietveld method performed with TOPAS software was used for phase 
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checking and structural refinement. Reflectance measurements were taken in a 

Cary 6000i spectrophotometer, capable of measuring in the UV-visible-NIR 

spectral range from 175 nm to 1800 nm with a resolution of 0.01 nm, using an 

integrating sphere. Photoluminescence, excitation and lifetime measurements as a 

function of temperature (300-10 K) were performed using a FLSP920 

spectrofluorometer (Edinburg instruments) equipped with a continuous 450 W 

and a 4 W supercontinuum from Fianium for excitation, double monochromators 

and an electrically cooled Hamamatsu R928P photomultiplier tube (PMT) as a 

detection system. Raman experiments as a function of temperature as well as at 

high pressure were carried out with a T64000 Raman spectrometer (Horiba), 

equipped with a nitrogen cooled CCD as a detector, which is coupled to a 

confocal microscopy, using the 514.5 nm line of a Kr
+
-Ar

+
–laser. 

Photoluminescence measurements at high pressure were performed using this 

device with the 488 nm line. For high pressure experiments, samples were loaded 

in a Boehler-Almax or a membrane diamond anvil cells (DAC), using paraffin oil 

as a pressure transmitting medium and ruby microspheres for pressure 

calibration, through the R-line pressure dependence. For low temperature 

experiments, a MicrostatHe (Oxford instruments) or a closed cycled cryostat 

(ARS) were used. 

3. Results and discussion 

3.1 Characterization at ambient conditions and at low temperature 

Powder X-Ray diffraction (XRD) measurements were taken to check the crystal 

structure and phase purity of terbium oxide. From the Rietveld analysis (Fig. 

1(a)), it is found that the phase of Tb2O3 at ambient conditions is C-type with 
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lattice parameter a =10.7293(1) Å, and no distinguishable traces of other terbium 

oxides were detected within the experimental uncertainty. Fig. 1(b) shows the 

reflectance spectrum of Tb2O3 compared with the one of Y2O3:Tb (40 mol%), 

which contains Tb
3+

 and Tb
4+

 ions.   

 

 

 

 

 

 

 

 

Fig. 1. (a) Refined X-ray powder diffraction pattern of Tb2O3 at ambient conditions. The 

indexed Bragg peaks for the cubic phase are shown. (b) Reflectance spectra of Tb2O3 powder 

and Y2O3:Tb (40 mol%) with Tb
3+

 and Tb
4+

 ions. The one of Y2O3:Tb has been shifted in the y-

axis for clarity reasons. 

 

Several features can be observed in the reflectance spectrum of Tb2O3: 1) a broad 

absorption band below 345 nm , 2) absorption peaks located at 483.7 nm and from 1460 

nm to the end of the spectra, corresponding to forced electric dipole 4f-4f transitions of 

the Tb
3+

 cations with C2 symmetry,[19] 3) a low reflectance plateau from 550 to 1380 

nm. On the other hand, the reflectance spectrum of Y2O3:Tb (40 mol%) is dominated by 

a band centered at 390 nm due to Tb
4+

 ions induced after thermal treatment (see 

Experimental section). 

It is worth mentioning that if the sample had small traces of Tb
4+

 it would acquire 

a slight brownish-color and the sample under study (Tb2O3) was pristine white, 
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indicating that only Tb
3+

 is present, as corroborated by the XRD measurements 

and the absent of remarkable absorption peaks in the visible spectral range.  

 

Raman spectroscopy provides useful information about polymorphism, chemical 

composition and lattice dynamics. In Tb2O3, as in other C-type sesquioxides, the 

irreps that represent their optic and acoustic modes are: = 4Ag + 4Eg + 14Tg + 

5A2u + 5Eu + 17Tu, where Ag, Eg and Tg are Raman active modes, Au and Eu are 

silent modes, sixteen Tu correspond to infrared active modes and one Tu is related 

to acoustic vibrations. Therefore, up to 22 modes are expected in the Raman 

spectra, although in general the number of observed experimental Raman peaks is 

smaller.  Fig. 2 shows a comparation of the Tb2O3 Raman spectra at 9 K, 124 K 

and room temperature. The Raman modes were assigned based on the 

experimental and theoretical study of  this compound by Ibáñez et al. [20] In our 

sample, only 9 of the 22 Raman active modes are clearly visible in the spectra at 

ambient conditions.  
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Fig. 2. Raman spectra of Tb2O3 for selected temperatures. Peaks with an asterisk have been 

tentatively assigned to local vibrational modes, as in ref [20]. 
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Table 1 shows the assignment of the experimental Raman active modes of Tb2O3 

with their corresponding energy and width (FWHM) at 9 K and 300 K. The most 

intense peak, which is located at 366 cm
-1

, corresponds to a Tg mode (Tg
5
 in Table 

1, hereafter C-Tg peak), although in other C-type RE2O3 compounds, a 

combination of Tg+ Ag modes are reported.[21],[22]  

 

Table 1. Assignment, frequency, and full width at half maximum (FWHM) of the Tb2O3 

Raman active modes at 9 K and RT. 

 

Symmetry 9K RT 

(cm
-1

) FWHM(cm
-1

)  (cm
-1

) FWHM(cm
-1

) 

Tg
1
 93.4(1) 2.6(3) 93.0(1) 2.4(1) 

Tg
2
 105.4(6) 3(1) 104.9(6) 3(1) 

Ag
1
 118.5(1) 2.2(1) 117.1(1) 2.1(1) 

Tg
3
 134.7(3) 2(1) 132.5(3) 1.8(8) 

Eg
1
 143.3(1) 2.3(7) 143.2(2) 3.8(6) 

Tg
4
 306.7(7) 4(2) - - 

Eg
2
 319.7(3) 5.6(8) 318.9(4) 7(1) 

Tg
5
 370.2(1) 6.8(3) 365.9(2) 14.9(6) 

Tg
6
 387(1) - - - 

Ag
2
 411.2(5) 5(1) - - 

Tg
7
 424.8(3) 4.3(9) - - 

Tg
8
 456.9(1) 6.8(3) 451.3(3) 15(1) 

Ag
3
 558(1) 8(4) - - 

Tg
9
 579.0(2) 10.2(4) 576.0(3) 18.1(9) 
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Given the considerable intensity of this peak, it will be used as a local probe to 

study possible temperature or pressure-induced phase variations. The temperature 

behavior of the Tb2O3 Raman modes has been investigated in the 9-300 K range. 

At 9K, some peaks that are not clearly visible at room temperature, mainly the 

weakest features around the C-Tg peak, become well defined allowing us to 

distinguish up to 14 Raman modes.  At this temperature also appear some bands 

(marked with asterisks in the spectra) that are reported to be local vibrational 

rather than Raman modes. [20] The C-Tg, Tg
8
 and Tg

9
 peaks shift noticeably 

towards lower frequencies when increasing temperature while the rest of the 

peaks, do not change their position significantly. The peak widths also increase 

upon rising temperature, as it is shown in the inset of Fig. 2 for the C-Tg mode. 

The variation of the frequency ω(T) of the Raman modes as a function of 

temperature can be modelled by the formula proposed by Balkanski et al. [23]
 

(Eq. 1), where the temperature dependence arises from the decay of an optical 

phonon into two or three acoustic phonons with the same energies, derived from 

the cubic and quartic anharmonic contributions in the vibrational potential energy  

 

                                                 
        

 

where                 and           . The dependence of the peak 

width (FWHM) with temperature (T) can be described through Eq. 2. [24] 
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where the term 0 is temperature-independent and stands for the width 

contribution due to the finite spectrometer resolution and other scattering 

mechanisms (defects, impurities), EPC
 represents the contribution from the 

electron-phonon coupling and an
 denotes the anharmonic phonon-phonon 

interactions. The terms EPC 
and an

 can be modelled by equations (3) and (4) 

 

 

                                                          

 

                                               
         

 

In all equations    represent the zone-center phonon energy at 0 K, kB is the 

Boltzmann constant, T the absolute temperature and A, B, C and D are fitting 

parameters representing the anharmonic constants. Fig. 3 shows the temperature 

dependence of the Raman frequency shift and FWHM for the C-Tg mode of 

Tb2O3. 
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Fig. 3. Temperature dependence of the Raman frequency (a) and peakwidth for the C-Tg 

mode of Tb2O3 (b). 

 

 

From Fig. 3 we can observe that equations (1) and (2) provide a good fit of the 

peakwidth (FWHM) and Raman frequency temperature behavior and allow us to 

extrapolate the peakwidth and Raman frequency at 0 K (ω0). The fitting 

parameters are given in Table 2. As it can be observed from Table 2, the 

anharmonic constants A and C are several times larger than B and D constants, 

suggesting that it is much more probable the process in which an optical phonon 

decay into two acoustic phonons, rather than three. Similar behavior in the ratio 

of the anharmonic constants A/B has been observed in other compounds such as 

Ho2O3, [25] Lu2O3,[26] ReSe2 and SnSe2. [27] 

The phonon lifetime  can be calculated through the Raman spectrum by the 

relation shown in eq. (5): 
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where    is the uncertainty in the energy of the phonon mode and c is the speed 

of light (in cm/s). Fig 4 shows the phonon lifetime temperature dependence of the 

Tb2O3 C-Tg Raman mode. The phonon lifetimes have been calculated using the 

value of the FWHM obtained at each temperature after subtracting the obtained 

instrumental contribution, 0 (Table 2).The lifetime of the phonon decreases as 

temperature increases (as it is inversely proportional to the FWHM) and reaches 

its maximum value  = 1.57 ps at 9 K. 

 

Fig. 4. Phonon lifetime temperature dependence for the C-Tg Raman mode of Tb2O3.  

 

Fig. 5 shows the RT and 10 K excitation (a) and luminescence (b) spectra of Tb2O3. The 
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population multiplet at the expense of the 
5
D3 one. [28] The excitation spectra recording 

Tb
3+

 emission at 550 nm consist of two groups of narrow peaks, centered at about 375 

nm and 483 nm, that corresponds to transitions from the 
7
F6 ground state to 

5
D4 and 

5
D3 

excited states of Tb
3+

. The broad intense bands below 330 nm, also observed in the 

reflectance spectrum, are assigned to 4f-5d interconfigurational transitions. [29],
 
[30]  

The comparison of the RT absorption (Fig. 1b) and excitation spectrum (Fig. 5a) seems 

to point out that the band at around 400 nm in Fig.1b could be attributed to undesired 

traces of Tb
4+

. 

Table 2. Best fit values for the parameters refined during the fitting process of the 

Raman frequency and peakwidth temperature dependence of the C-Tg Tb2O3 mode. 
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Fig. 5. 10 K and RT Excitation (a) and emission (b) spectra of Tb2O3. Excitation and 

detection wavelengths are indicated. 
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Emission and excitation spectra of Tb2O3 were also measured at low 

temperatures. As previously stated, in the C-type structure of Tb2O3 there are two 

different sites for Tb
3+

 cations, which have C2 and C3i symmetry in a ratio 3:1, 

where the abundant site is the one with C2 symmetry. In the isostructural Y2O3 

doped with 0.2% Tb
3+

, both sites have been clearly identified (Fig. 6(a)), which is 

in agreement with what has been reported in the literature for that compound 

doped with different amount of Tb
3+

 ions. [31],[32] However, this is not the case 

of the pure Tb2O3 compound, where the RT emission spectrum (in green, Fig. 

6(a)) is identical to that assigned to C2 site by fluorescence lifetimes. The C2 

present higher oscillator strength than the C3i and therefore shorter lifetime. We 

can deduce that we are observing just one Tb
3+

 crystallographic site (C2), which 

is non-centrosymmetric and the most abundant. The ratio between the integrated 

intensity of the magnetic transition 
5
D4  

7
F6, which is less sensitive to the 

coordination environment, and the one of the electric dipole transition 
5
D4  

7
F5 

(also referred as the hypersensitive transition), is found to be 0.21 for Tb
3+

 in S6 

site  of Y2O3 and 0.35 for both, Tb
3+

 in C2 site of Y2O3 and in Tb2O3. 

The temporal evolution of the 
5
D4 to 

7
F5 Tb

3+ 
luminescence has been obtained 

from 9 K to RT, detecting at 543 nm after short pulsed excitation at 482 nm. The 

decay curves have been fitted with a bi-exponential function and an average 

lifetime has been calculated using eq. (6). 

 

        
    

      
 

         
             

 

where A1 and A2 are the pre-exponential factors and τ1 and τ2 are the decay time 

of each exponential. The average fluorescence lifetime is found to range from 

hundreds of microsecond (0.35 ms) at 10 K to nanosecond (1.6 ns) at RT. The 
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temperature dependence of the average lifetime (Fig. 6b) can be described with 

an Arrhenius-type equation (inset Fig 6b), where Ea is the activation energy, kB is 

the Boltzmann constant, τrad is a temperature independent rate constant and τ0 is a 

frequency factor for the thermally assisted de-activation process. From this 

model, an activation energy of Ea = 7.9 meV (63.9 cm
-1

) is obtained and the 

temperature at which lifetime drops to half its maximum value is found to be 17 

K. The short PL lifetime (ns), bright green emission and its density makes Tb2O3 

a good candidate for scintillation applications. 

 

3.2 Characterization at high pressure 

In order to study the high-pressure structural evolution of polycrystalline Tb2O3, 

Raman experiments were performed for pressures up to 22 GPa in a Boehler-

Almax DAC, using the ruby R-line luminescence scale for pressure estimation. 

Fig. 7 (a) shows representative Raman spectra. The Raman modes shift towards 

higher frequencies with increasing pressure, indicating contraction of the Tb-O 

bonding, although this is less noticeable for the low frequency modes (Fig 7(b)). 

At 7.45 GPa, there is a decrease in the relative intensity of the Raman peaks, 

especially visible for the peaks located at 396 cm
-1

 (C-Tg) and 123 cm
-1

, when 

compared with those at ambient pressure. The Tg mode located around 490 cm
-1

 

broadens and a new contribution starts to appear by its side, indicating the 

development of a new crystalline phase. At 8.2 GPa, there is an intensity 

inversion for the lowest frequency Raman peaks (80-123 cm
-1

) and the new 

contribution, although not well-defined, is evident. At 9.8 GPa, the C-Tg peak 

drops in intensity and the new contribution splits into two peaks. Also, at this 

pressure, a new set of broad bands became visible in the 140-380   cm
-1

 range, 
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being then up to 13 Raman modes visible in the spectra. Now, the most intense 

peak at 114 cm
-1

 has growth in intensity at the expense of its nearest peaks, that 

appears just as a shoulder in the spectra. According to group theory, there are 

predicted up to 21 Raman modes for B-type structure (14Ag + 7Bg modes), and 

up to 4 Raman active modes for A-type  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig.  6. (a) Emission spectra of Y2O3: 0.2mol% Tb
3+

 corresponding to the two non-

equivalent crystallographic sites, C2 and C3i, compared with the one of Tb2O3 (b) 

Temperature dependence of the temporal evolution of the 
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This decrease in the number of Raman modes can be attributed to a second phase 

transition towards an A-type structure. No additional changes seem to happen up 

to the highest measured pressure, 21.5 GPa. This high-pressure behavior, with a 

C  B  A sequence is in agreement with the recently finds reported for this 

compound by XRD measurements. [33],[34] 

The Grüneisen parameters (γ) were calculated for the cubic phase using eq.(7), 

where 0i is the frequency of the modes at ambient pressure and i/P  is their 

pressure dependence. B0 =151.5 GPa is the bulk modulus.
 
[20]

 

 

                
  
  

   
 

 
                                 

 

The obtained values are collected in Table 3. As it can be observed from the 

pressure derivatives and Grüneisen parameters, the first two Raman modes (93 

and 105 cm
-1

) do not shift with pressure, indicating that they might not be 

originated from the sample under study, although in other RE2O3, such as Eu2O3 

or Sm2O3 and for Tb2O3 itself,  Raman peaks at 94 cm
-1

 have been reported 

[20],[35] and the same behavior in the pressure derivatives  has been observed 

among other C-type sesquioxides. [34]   
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Table 3. Symmetry, energy, pressure derivative and Grüneisen parameters γ of the 

Raman active modes of Tb2O3 corresponding to the cubic phase (0-7.5 GPa range). 

 

Symmetry 0/cm
-1

 /P 

(cm
-1

/GPa) 

γ 

Tg
1
 93.0(1) -0.14(2) -0.22(3) 

Tg
2
 104.9(6) 0.01(1) 0.014(9) 

Ag
1
 117.1(1) 0.3(1) 0.4(1) 

Tg
3
 132.5(3) 0.5(2) 0.6(2) 

Eg
1
 143.2(2) 0.8(1) 0.8(1) 

Eg
2
 318.9(4) 3.2(1) 1.52(1) 

Tg
5
 365.9(2) 4.1(1) 1.69(4) 

Tg
8
 451.3(3) 5.1(1) 1.71(3) 

Tg
9
 576.0(3) 5.2(1) 1.36(3) 

 

Fig. 7. RT Raman spectra of Tb2O3 upon increasing pressure (a) and shift of the Raman  modes 

(b).  
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 Upon releasing pressure, the Raman spectrum (Fig. 8) is different from the one at 

the highest measured pressure and different from the one of the starting material 

(Fig. 7), indicating an irreversible phase transition. Moreover, it is very similar to 

the monoclinic one reported for SmGdO3 [36] or Gd2O3, [10] allowing us to infer 

that a structural phase transition A  B takes place.[34] 

 

 

Fig. 8. Raman spectra of Tb2O3 upon releasing pressure (a) and energy shift of the Raman 

modes (b).  
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type Sm2O3 and B-type Eu2O3, respectively, allowing us to confirm that an A  

B transition takes place. Table 4 shows a comparison of the A-type and B-type 

Tb2O3 Raman wavenumbers with the Raman modes extrapolated for A-type 

Sm2O3 and the ones of B-type Eu2O3. B-type Tb2O3 Raman modes corresponds to 

the experimental ones after releasing pressure (0.16 GPa) while the modes of the 

A-type structure are extrapolated results. The Raman modes of B- and A-type 

Tb2O3 were assigned based on the very recently published experimental and 

theoretical study of this compound under compression by J. Ibáñez et al. [34], 

and whose frequencies are also compared in Table 4. Our experimental 

frequencies for B-type Tb2O3 are in accordance with those reported in the 

mentioned study (small differences could arise from the fact that our reported 

modes for this structure correspond to those before opening the DAC, at 0.16 

GPa). 
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Fig. 9. Comparison between the Raman spectrum of A-type Sm2O3 (17.2 GPa) and the 

one of Tb2O3 measured at its highest pressure (a) and XRD pattern (= 0.6199 Å) of A-

type Sm2O3 at 13. 5 GPa. Data of Sm2O3 was taken from ref [37] in both cases (b). 

Raman spectra of Tb2O3 upon pressure release compared with synthesized B-type Eu2O3 

(c) and XRD pattern (=1.5418 Å) of as-synthesized B-type Eu2O3 (d). 
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Table 4. Comparison of A-type and B-type Tb2O3 Raman wavenumbers with the ones 

extrapolated for A-type Sm2O3 and B-type Eu2O3. 

 

Modes 

(B-Type) 

0/cm
-1

  

Eu2O3 
a 

0/cm
-1 

Tb2O3 
a 

0/cm
-1 

Tb2O3 
b 

Modes 

(A-Type) 

0/cm
-1

  

Sm2O3 
c
 

0/cm
-1 

Tb2O3 
a
 

0/cm
-1

  

Tb2O3 
b
 

Bg - - 70.3 Eg 107.5(4) 104(1) 99 

Ag - - 82.9 A1g 197.7(9) 186(2) 183 

Bg
 

96.23(4) 95.5(1) 96.8 A1g 450.1(7) 471(1) 465 

Ag
 

108.91(4) 109.2(1) 110.8 Eg 472.5(9) 505(1) 498 

Bg 120(1) 121(1) 122.9     

Ag
 

154(1) 153.6(8) 156.3     

Ag
 

173.9(2) 173.1(4) 172.8     

Ag
 

217.4(2) 216(1) 216.5     

Ag 243.6(2) - 261.8     

Ag
 

256.8(2) 263.9(4) 265.2     

Bg 282.9(2) 305.2(9) 306.6     

Bg 

Ag 

Bg 

Ag 

Bg 

Ag 

Ag 

- 

373.3(2) 

392.6(5) 

410.7(2) 

423.1 (1) 

462.5(2) 

577.3(3) 

- 

392.6(5) 

419(1)  

  432(1)  

448.1(6) 

491.3(4) 

597.3(7) 

368.6 

391.7 

- 

426.2 

446.0 

492.2 

596.7 

    

a
 This work, 

b
 Ref. [34], 

c
 Ref. [37] 
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In a similar way, the extrapolated wavenumbers for the Raman-active modes in 

the A-type structure are fairly similar to those reported by them, although ours are 

slightly higher. It is worth to point out that differences could also originate from 

the distinct transmitting media employed in the high-pressure Raman 

experiments: we use paraffin while they use a 4:1 methanol-ethanol mixture. 

 

Fig. 10. PL spectra (exc = 488 nm) of Tb2O3, including the 
5
D4 - 

7
F5  and 

5
D4 - 

7
F4  

emission bands, upon increasing pressure. The resultant spectrum after releasing pressure 

is also shown (a). Pressure dependence of the wavelength for the most intense emission 

peak (b). 
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 For this reason, we have also used the RT Tb
3+

 high-pressure photoluminescence 

(PL) to study the structural implications in Tb2O3. Measurements were taken in 

the 490-650 nm range up to 17.5 GPa in a membrane DAC under a 488 nm 

excitation. Fig. 10 (a) shows selected photoluminescence spectra up to 17.5 GPa 

as well as the resulting spectra upon releasing pressure. At lower pressures, the 

spectra show the characteristic sharp line emission profiles of   C-type Tb2O3, 

dominated by the 
5
D4 - 

7
F5 transition. With increasing pressure, the spectra shift 

toward longer wavelengths, being the pressure coefficient for the most intense 

peak at 542.1 nm (
5
D4 - 

7
F5 transition),       = 0.07 nm/GPa (Figure 10 (b)). 

At 8.6 GPa there are appreciable changes in the intensities of the PL spectrum, 

mainly noticeable for intensity change of the 
5
D4 - 

7
F5 band, and with further 

increasing pressure some of the sharp emission lines that existed at RT have 

disappeared or cannot be completely resolved, probably due to the solidification 

of the pressure transiting media. Above 10 GPa, the peaks corresponding to the 

transitions 
5
D4 - 

7
F6  have completely disappeared and the ones corresponding to 

the transitions 
5
D4 - 

7
F3  have widened. All these variations point out a change in 

the crystallographic symmetry of Tb2O3 and hence, in the crystal environment of 

the Tb
3+

 ions, leading to differences in the PL spectra with respect to the one 

recorded at ambient conditions.  

Upon decompression, the obtained PL spectrum is different from the one of the 

starting materials (Fig. 10 (a)), suggesting again an irreversible phase transition. 

The spectrum is very similar to the one obtained at the highest measured pressure, 

but with a less resolved emission profile, probably due to the similar symmetry in 

both cases and because of pressure effects. 
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We infer from the results of Raman measurements that the resulting changes in 

the emission profile are due to a C  B phase transition upon increasing pressure 

and a recover of the B phase when releasing that pressure. Photoluminescence 

measurements under compression allows us to distinguish only one phase 

transition, as the widening of the peaks with pressure can hinder the observation 

of subtle changes in the intensity of the emission peaks that could be related with 

the second phase transition (B  A).  

4. Conclusions 

In this work, we have characterized the C-Type Tb2O3 phase at ambient 

conditions, as well as its evolution in the low temperature and high-pressure 

regimes. No remarkable traces of Tb
4+

 were found in the sample. We have 

determined the pressure-induced phase transition sequence of Tb2O3 by following 

the changes in the emission spectra of Tb
3+ 

and employing in situ Raman 

spectroscopy up to pressures of 18 GPa and 22 GPa, respectively. Raman results 

evidence a structural transition sequence C  B  A in the 0-22 GPa pressure 

range, in agreement with previous reports, [34] whereas only the first structural 

phase transition induces marked changes of the PL spectra. In any case, the 

monoclinic (B) phase is stable after total release of pressure. No evidence of 

structural phase transitions under temperature were observed spectroscopically. 

The anharmonic constant ratios in the model for Raman analysis suggest an 

optical phonon decay into two acoustic phonons, rather than three, in agreement 

with other isostructural RE sesquioxides. The excitation and emission spectra of 

Tb2O3 recorded at low temperature and at different emission and excitation 

wavelengths, suggest that only the emission from the non-centrosymmetric Tb
3+

 



26 
 

crystallographic site (C2) is observed. The reduction of Tb
3+

 lifetime upon 

increasing temperature have been modeled using an Arrhenius activation energy 

process. The fast decay, bright green emission and the good density makes Tb2O3 

an interesting material for its use as a scintillator. 
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