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High-pressure phase of boron oxide, orthorhombic b-B2O3, has been studied in situ by synchrotron

X-ray diffraction to 22 GPa and Raman scattering to 46 GPa at room temperature. The bulk

modulus of b-B2O3 has been found to be 169(3) GPa that is in good agreement with our ab initio
calculations. Raman and IR spectra of b-B2O3 have been measured at ambient pressure; all

experimentally observed bands have been attributed to the theoretically calculated ones, and the mode

assignment has been performed. Based on the data on Raman shift as a function of pressure, com-

bined with equation-of-state data, the Gr€uneisen parameters of all experimentally observed Raman

bands have been calculated. b-B2O3 enriched by 10B isotope has been synthesized, and the effect of

boron isotopic substitution on Raman spectra has been studied. Published by AIP Publishing.
[http://dx.doi.org/10.1063/1.4966658]

I. INTRODUCTION

The boron (III) oxide is known in vitreous form as

(g-B2O3)
1 and in two crystalline forms: low-pressure

a-B2O3
1–3 and high-pressure b-B2O3.3–5 Vitreous boron oxide

and a-B2O3 are important materials in ceramic and glass indus-

tries, mainly, as components of special-purpose glasses.6–15

The main interest in b-B2O3 is due to its unexpectedly high

hardness (16 6 5 GPa (Ref. 16)) comparable with that of the

WC-10% Co hard metal.17 In spite of the fact that the high-

pressure phase of B2O3 has been rather intensively investi-

gated,18–24 its properties still remain ill-understood, especially

under pressure. For instance, the equation-of-state (EOS)

measurements gave very different values of the b-B2O3 bulk

modulus, that is, 90 6 15 GPa (Ref. 22) and 169.9 GPa.24 On

the other hand, the phonon properties of b-B2O3 have not been

studied so far, even at ambient pressure.

Here, we report the results of in situ X-ray diffraction

(XRD) and Raman studies of b-B2O3 under pressure to

46 GPa at room temperature. Based on ab initio calculations,

we assigned the experimentally observed Raman and IR

bands of b-B2O3 and estimated the Gr€uneisen parameters of

all Raman-active phonon modes.

II. EXPERIMENTAL

Polycrystalline b-B2O3 has been synthesized from vitre-

ous boron oxide, g-B2O3 according to the method described

earlier.5 g-B2O3 was produced by decomposition of HBO2

metaboric acid (Aldrich, 99.0%) at 940 K in Ni crucible and

subsequent re-melting (in order to remove air bubbles). 10B

enriched vitreous boron oxide was synthesized by thermal

decomposition of H3
10BO3 boric acid (Cambridge Isotope

Laboratories, Inc., 98%, 10B enrichment 99%) to H10BO2,

and then to 10B2O3. Orthorhombic b-B2O3 has been synthe-

sized from remelted g-B2O3 in a toroid type high-pressure

apparatus at 7.7 GPa and 1300 K with subsequent slow tem-

perature decrease down to 700 K and quenching. Boron

nitride (grade AX05, Saint-Gobain) capsules were used to

isolate the reaction mixture from the graphite heater.

The X-ray diffraction studies (G3000 TEXT Inel dif-

fractometer, Cu Ka1 radiation) showed that all synthesized

samples are highly crystalline b-B2O3 without any impurities

(the lattice parameters are presented in Table I).

Raman spectra at ambient pressure have been measured

in the 200–2500 cm�1 range using Horiba Jobin Yvon

HR800 Raman spectrometer. The 632.8 nm line of a He-Ne

laser (10–lm beam spot) has been used for excitation; the

laser power was less than 30 mW. A single crystal cubic Si

has been used for spectrometer calibration.

The Fourier transform infrared absorption spectra in mid-

infrared (450–4000 cm�1) and far-infrared (10–600 cm�1)

regions were recorded using a Bruker IFS 125HR spectrome-

ter. The b-B2O3 powders were mixed with KBr (for mid-

infrared range) and polyethylene (for far-infrared range) and

pressed in pellets.

In situ X-ray diffraction experiments up to 22 GPa were

conducted at ID27 beamline (ESRF) in a Chervin-type mem-

brane diamond anvil cell (MDAC)25 equipped with 300–lm

culet anvils. The polycrystalline powder sample was loaded

into a 100–lm hole drilled in a rhenium gasket pre-indented

down to �25 lm. Neon was used as a pressure transmitting

medium to maintain quasi-hydrostatic conditions. Pressure

in a MDAC was determined from both the shift of the ruby
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fluorescence R1 line26,27 and equation of state of neon,28,29

the pressure drift at each pressure point did not exceed

0.4 GPa. The pressure values determined according to both

pressure gauges (ruby and neon) are presented in See supple-

mentary material Table SI. Up to 22 GPa, these values are

very close indicating negligible strains and stresses. and con-

sequently, insignificant pressure gradients all over the cell.

High-brilliance focused (3� 3 lm2) synchrotron radiation

was set to a wavelength of 0.3738(1) Å. Angle-dispersive X-

ray diffraction patterns were collected using MAR 345

image plate detector with exposure time of 10 s. 2D diffrac-

tion patterns were processed with FIT2D30 and GSAS31 soft-

ware. The lattice parameters and unit cell volume were

refined using DICVOL04 and WinPLOTR packages in

FullProf software32,33 (see supplementary material Table SI).

High-pressure Raman studies were performed in a Le

Toullec-type MDAC34 (Re gasket, Ne pressure transmitting

medium) using Arþ laser (514.5 nm, 5 lm beam spot). The

spectra have been recorded in the 200–2000 cm�1 range

using Horiba Jobin Yvon HR460 Raman spectrometer. The

spectrometer was calibrated using a single crystal cubic Si at

ambient conditions. A laser power was 10 mW; no effect

due to laser heating of the sample has been observed. Raman

spectra of b-B2O3 have been measured in 17 points in the

0.3–46.4 GPa pressure range at room temperature. The sam-

ple pressure was determined from the shift of the ruby fluo-

rescence R1 line;27 pressure drift during each experiment did

not exceed 0.3 GPa.

III. CALCULATIONS DETAILS

The first principles LCAO calculations for b-B2O3 have

been performed using the CRYSTAL09 code.35 The optimized

in earlier calculations all-electron basis sets for boron36 and

oxygen37 atoms have been used. In the CRYSTAL09 code, the

accuracy of the calculation of the bielectronic Coulomb and

exchange series is controlled by the set of tolerances, which

were taken to be (10�8, 10�8, 10�8, 10�8, and 10�16). When

the overlap between two atomic orbitals is smaller than 10�8,

the corresponding integral is disregarded or evaluated in a less

precise way.35 The Monkhorst-Pack scheme38 for an

8� 8� 8 k-point mesh in the Brillouin zone was applied. Self-

consistent field calculations were performed for hybrid DFT-

HF WCGGA–PBE-16% functional.39 The percentage 16%

defines the Hartree–Fock admixture in the exchange part of

DFT functional.

We performed the full structure optimization procedure

according to the energy minima criterion. The optimized

structural parameters, that is, the lattice parameters (a, b, c)

and unit cell volume (V0) are listed in Table I.

The b-B2O3 equation-of-state parameters (bulk modulus

B0 and its first pressure derivative B0
0) have been estimated

using routine implemented in the CRYSTAL09 code. To

obtain the E(V) dependence, the unit cell volume was varied

from 78.1% to 110.3% of the volume (V0) corresponding to

the energy minimum (E0). The structure optimization was

performed at each volume value. The calculated E(V) depen-

dence have been fitted to the Murnaghan40 (Eq. (1)) and

Birch-Murnaghan41 (Eq. (2)) EOSs with V0¼ 149.23 Å3 and

E0¼�29.933 keV. The obtained B0 and B0
0 values have

been further used to estimate the P(V) dependence

EðVÞ ¼ E0 þ V0B0
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It should be noted, that electronic structure for reduced

unit cell volume V/V0< 0.78 could not be calculated.

According to Eqs. (1)–(4), the reduced unit cell volume of

0.78 corresponds to pressure of 58.2 GPa. Hence, the pres-

sure dependencies of b-11B2O3* unit cell parameters, V0,

and so on, are given only up to 58.2 GPa.

The phonon frequencies for b-B2O3 containing 100% of
10B (b–10B2O3*) and 100% of 11B (b-11B2O3*) have been

calculated using the direct (frozen-phonon) method35,42 at

ambient pressure and selected pressure points up to 58.2 GPa

using optimized geometries for corresponding reduced

volume of unit cells.

IV. RESULTS AND DISCUSSION

A. Equation of state of b-B2O3

High-pressure phase of boron oxide has an orthorhombic

unit cell (Cmc2 space group) and consists of corner-linked

distorted (BO4)5� tetrahedral units, forming six- and eight-

membered rings5 (Fig. 1). The lattice parameters of b-B2O3

found in the present study are in good agreement with litera-

ture data.5 The lattice parameters obtained from our ab initio
calculations are also slightly larger than experimental ones.

The deviations of the calculated a, b, c lattice parameters

from the experimental ones (b-B2O3) are 0.35%, 0.50%, and

0.17%, respectively. The unit cell volume deviation does not

exceed 1%. It should be noted that there is no difference

between lattice parameters of b-10B2O3* and b-11B2O3*, so

further only b-11B2O3* will be considered.

During compression of b-B2O3 a monotonous shift of

the diffraction lines towards larger 2h-values was observed

(Fig. 2). The lattice parameters of b-B2O3 at different pres-

sures are presented in Fig. 3. The most significant compres-

sion undergoes along a axis. We used the one-dimensional

analog of the Murnaghan EOS (Eq. (3)), to approximate the

TABLE I. Cell parameters of b-B2O3, b-10B2O3, b-11B2O3* (LCAO, present

work) and b-B2O3.5

Parameter b-B2O3 b-10B2O3 b-11B2O3* b-B2O3
5

a, Å 4.611(5) 4.626(5) 4.627(6) 4.613(2)

b, Å 7.804(5) 7.824(3) 7.843(8) 7.803(4)

c, Å 4.132(3) 4.147(4) 4.125(6) 4.129(4)

V0, Å3 148.66 150.11 149.23 148.62
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relation between the lattice parameters and pressure, in the

same way as has been done in43

r ¼ r0 1þ P
b00;r
b0;r

 !" #� 1
b0

0;r

: (3)

Here, r is the lattice parameter (index 0 refers to ambient

pressure), b0;r is the axial modulus, and b00;r is the pressure

derivative of b0,r. Employing Eq. (4) and the axial moduli

b0;a, b0;b, and b0;c, the linear compressibilities (kr) can be

determined

kr ¼ b�1
0; r ¼

d ln rð Þ
d P

� �
P¼0

: (4)

The b0;r and kr values from experimental and theoretical

studies are presented in Table II. According to ab initio
LCAO simulation (Fig. 3), only pressure dependence of a
parameter perfectly fits with experimental data. The theoreti-

cal prediction for the compressions along b and c axes

revealed the slights deviations from experimental points.

The EOS parameters of b–11B2O3* have been estimated

using the E(V) dependence obtained from LCAO calculations

and approximated by Eqs. (1) and (2) (Fig. 4(a)). Volume

dependence V(P) fitted to the Birch-Murnaghan EOS is shown

in Fig. 4(b). The isothermal bulk moduli (B0) and their first

pressure derivatives (B0
0) found from the approximations by

Murnaghan and Birch-Murnaghan EOSs are 174.9 6 1 GPa,

2.1 6 0.1 and 173.1 6 1 GPa, 2.5 6 0.1, respectively. Both

bulk modulus values are close to B0¼ 169.9 GPa reported in

Ref. 24.

The experimentally observed unit cell volume change

under compression is plotted in Fig. 5. For data fitting we

used the Murnaghan (Eq. (5)), third-order Birch-Murnaghan

(Eq. (6)) and Vinet44 (Eq. (7)) equations of state.
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ffiffiffiffi
V
V0

3

q
, V0 is unit cell volume at ambient pressure.

FIG. 1. Orthorhombic unit cell of b-B2O3
5 (boron atoms are green, oxygen

atoms are red).

FIG. 2. Synchrotron X-ray diffraction patterns of b-B2O3 taken at different

pressures (k¼ 0.3738 Å). The shifts of b-B2O3 peaks under compression are

traced by the dashed lines; Neon peaks are marked by blue stars.
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The corresponding B0 and B0
0 values are presented in

Table III. B0 values calculated using Vinet, Birch-Murnaghan,

Murnaghan EOSs and our experimental data are very close to

those reported in Ref. 24 and to our theoretical estimations.

Such close B0 values for these three independent datasets give

strong reason to conclude that B0¼ 90 6 15 GPa reported in

Ref. 22) is incorrect. The lower v2 parameters for our dataset

indicate the better accuracy of our data compared with data

reported earlier.24

In Fig. 5 the EOS-data for b-B2O3 obtained in the

present (18 points) and previous24 (13 points) studies are

FIG. 3. Relative lattice parameters of b-B2O3 versus pressure. Open black

circles represent experimental data. The red and blue dashed lines represent

the fits of one-dimensional analog of the Murnaghan EOS to the experimen-

tal and LCAO data; the pressure values are given by the ruby gauge.

TABLE II. Axial bulk moduli and linear compressibilities of b-B2O3 from

experimental and theoretical studies.

Experiment LCAO

b0,a, GPa 399 6 7 362 6 2

b0,b, GPa 562 6 13 633 6 2

b0,c, GPa 628 6 19 549 6 9

ka� 10�3 GPa�1 2.51 6 0.05 2.76 6 0.01

kb� 10�3 GPa�1 1.78 6 0.02 1.58 6 0.01

kc� 10�3 GPa�1 1.59 6 0.05 1.82 6 0.03

FIG. 4. (a) Energy variation of b-B2O3 unit cell versus volume (solid line is the Birch-Murnaghan fit, the V0 is indicated by dashed line); (b) b-11B2O3* EOS,

solid line is the Birch-Murnaghan fit to the theoretical data.

FIG. 5. Equation of state of b-B2O3. The solid and open circles represent

our and previous24 experimental data, respectively. The red solid and black

dashed lines present Vinet fit to our experimental dataset and dataset,24

respectively; the blue dashed line presents the Birch-Murnaghan fit to the

LCAO data; the pressure values are given by the ruby gauge.
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presented. One can see that these two independent datasets

complement each other. Consequently, these two datasets

have been combined into one that has been approximated by

the same EOSs. The results of this fitting are listed in Table

III. In spite of the fact that the v2 values for combined dataset

are higher than those for separate datasets, they are still

rather low. Approximation of the combined experimental

P(V) data by the Murnaghan and Birch-Murnaghan EOSs

gave the lowest v2 values. Taking into account v2 values pre-

sented in Table III, the bulk modulus Bt
0 and its first pressure

derivative Bt
0
0 found for the combined P(V) dataset can be

considered as rather precise and confident.

B. Phonons study of b-B2O3 at ambient conditions

b-B2O3 has 10 atoms in the unit cell and according to

group theoretical analysis, 30 phonon modes are expected at

the Brillion zone center (C). They are described by the irre-

ducible representation of the C2v point group

U ¼ 8A1 þ 7A2 þ 7B1 þ 8B2: (8)

Three modes among 30 are acoustic: A1þB1þB2. 20 opti-

cal modes 7A1þ 6B1þ 7B2 are both infrared and Raman

active, whereas 7A2 are only Raman active; thus, there are

27 non-degenerate Raman active modes in Raman spectrum.

Raman spectra were measured in the 100–2500 cm�1

frequency range; however, all bands were observed in the

200–1200 cm�1 range. For b-B2O3 only 12 bands were

observed, whereas the Raman spectrum of b–10B2O3

contains 6 bands (Fig. 6). The frequencies of all Raman

bands of b-B2O3 and b–10B2O3 listed in Table SII (see sup-

plementary material) perfectly match with those observed

previously.21 According to relative intensity, the Raman

bands can be divided in three main groups: strong, medium,

and weak. For convenience, we numbered all observed

Raman bands, that is, #1, #2, #3, and so on. The isotope sub-

stitution in b-B2O3 led to Raman bands shift toward high fre-

quencies (Fig. 6), as well as, it has been observed previously

for r-BS.45 In order to evaluate the isotope Raman shifts the

following expression has been used:

Dx ¼ x ðb� 10B2O3Þ � x ðb� B2O3Þ: (9)

The isotope shifts vary in the 0.3–15.8 cm�1 range (see sup-

plementary material Table SII).

IR spectra of b-B2O3 (see supplementary material Figure

S1) have been measured for the first time. They were recorded

in the 10–600 cm�1 and 450–4000 cm�1 frequency ranges and

contain a vast quantity of bands. The intense bands in the

2400–4000 cm�1 range can be explained by the presence of

organic impurities (two bands at �2850 cm�1 and �2920 cm�1

referring to C-H stretching oscillations) and adsorbed water

(broad band and shoulder at�3210 cm�1 and�3380 cm�1).

The results of our theoretical prediction of the phonon

modes of b–11B2O3* at T ¼ 0 K are presented by the dashed

lines in Figs. 6 and 7. The wavenumbers of all theoretically

predicted phonon modes (see supplementary material Table

SII) are in good agreement with the experimentally observed

bands. Based on the results of LCAO calculation 6 bands in

TABLE III. EOS parameters of b-B2O3 obtained from ab initio LCAO calculations and from the approximations of our experimental data, data of Nieto-Sanz
et al.24 and combined dataset using Vinet (V), Birch-Murnaghan (B-M) and Murnaghan (M) EOS. v2 is an indication of the quality of the fit (lower for a better

fit).

EOS Parameters Ref. 24 v2 Present study v2 Combined dataset v2 LCAO

V B0, GPa 169.5 6 10 0.55 169.9 6 3 0.06 168.7 6 4 0.86 …

B0
0 2.6 6 0.7 2.4 6 0.4 2.6 6 0.3 …

B-M B0, GPa 167.4 6 8 0.41 169.4 6 3 0.07 167.5 6 3 0.48 173.1 6 1

B0
0 2.8 6 0.5 2.6 6 0.3 2.8 6 0.2 2.5 6 0.1

M B0, GPa 172.1 6 8 0.39 170.6 6 3 0.06 170.6 6 3 0.48 174.9 6 1

B0
0 2.3 6 0.6 2.3 6 0.3 2.3 6 0.3 2.1 6 0.1

FIG. 6. Raman bands of b-B2O3 (red)

and b-10B2O3 (blue) at ambient condi-

tions. The positions of the phonons

predicted by LCAO calculations are

marked by the lines: the black dashed

lines correspond to the experimentally

observed phonons, the green dot lines

correspond to the non-experimentally

observed phonons. The arrow indicates

the Raman band related to a contami-

nation. Inset: magnification of the

670–990 cm�1 region.
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far-infrared region and 10 bands in mid infrared region have

been assigned to b-B2O3 (see supplementary material Table

SIII). Thus, an assignment of all experimentally observed

Raman and IR bands of b-B2O3 to the phonon modes have

been performed for the first time (see supplementary material

Tables SII and SIII). The deviation of calculated Raman and

IR modes from experimentally observed ones did not exceed

6%. The theoretically predicted isotope shifts (Dx*) vary in

the 0.1–4.6 cm�1 range (see supplementary material Table

SII). In spite of the fact that there is no good coincidence

between absolute values of Dx and Dx*, the experimentally

observed and theoretically predicted isotope shifts have the

same order of magnitude. The Raman band at �499 cm�1

(marked by arrow in Fig. 6) is due to an impurity.

C. Phonons study of b-B2O3 at high pressure

The Raman measurements of b-B2O3 have been per-

formed at pressures up to 46 GPa. Some of the observed

Raman spectra are presented in Fig. 7. During compression

all Raman bands expectedly shifted toward higher frequen-

cies and revealed rather strong phonon’s shift (Fig. 8). The ab
initio prediction of the pressure dependencies of the phonon

frequencies is in good agreement with the experimental data.

Three new bands appeared during compression: 608.6 cm�1

at 11.3 GPa, 644.6 cm�1 at 25.8 GPa, and 701.4 cm�1 at

26.9 GPa (further marked as #a, #b, and #c, respectively).

These bands were not observed in previous Raman studies of

b-B2O3.21 Moreover, Raman bands (#1) and (#5) observed at

255.6 cm�1 and 455.1 cm�1 at ambient conditions disappear

during compression at 11.3 and 37.0 GPa, respectively. Based

on the literature data on b-B2O3 phase stability up to 41

GPa,18,24 we excluded any possibility of phase transition. The

bands appearing during compression might be assigned to B1,

B2, and A2 modes of b-B2O3, as it follows from our LCAO

prediction of phonon modes under compression.

In order to express the extension of the phonon shifts

observed experimentally and predicted theoretically toward

high-frequency range, the quadratic equation has been

employed for the approximation of experimental and theoret-

ical data presented in Fig. 8

x ¼ x0 þ x1 � Pþ x2 � P2: (10)

The parameters x1 used in Eq. (10) are given in Table IV. It

should be noted that the pressure dependency of Raman mode

(#3) could be satisfactorily fitted only by the polynomial of the

3rd order; so, x1, x2, and x3 parameters are presented. The

large variation of the x1 values might be presumably explained

by the fact that compression of the distorted BO4 tetrahedron

(the building block of b-B2O3) undergoes ununiformly.

Although x1 values found from experimental and theoretical

pressure dependencies differ, the theoretical prediction of all

phonon shifts under compression nicely matches with the

experimental data. Based on a good agreement of pressure

dependences for the experimental and theoretical data, the

three unknown Raman bands (marked by #a, #b, #c) observed

during compression have been attributed to B1, B2, and A2

modes, respectively. Thus, the good agreement between theo-

retical and experimental pressure dependencies of the phonon

modes has been used as a complimentary criterion for the

mode assignment (Table III).

In order to estimate the Gr€uneisen parameters of

observed Raman modes under pressure we used the

FIG. 7. Raman spectra of b-B2O3 at

different pressures and room tempera-

ture. The Raman bands that appeared

during compression are marked by

“#a,” “#b,” “#c” the Raman band

related to a contamination is marked

by arrow.
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FIG. 8. Pressure dependencies of the experimentally observed (open circles) and theoretically calculated (solid squares) phonon mode frequencies. The black

and red lines are quadratic least squares fits (R2> 0.95) to the experimental and theoretical data, respectively.

TABLE IV. The parameters of Eq. (10) describing pressure dependencies of phonon shifts.

No. Mode

Experimental data LCAO data

x0, cm�1 x1, cm�1 GPa�1 x2, cm�1 GPa�1 xt, cm�1 x1, cm�1 GPa�1

(#1) A1 255.6 … … 262.3 3.21

(#2) B1 288.6 2.69 … 288.9 3.92

(#3) A1 333.5 �1.82 0.40 343.0 1.01

(#4) A2 385.7 �1.00 … 402.6 �1.78

(#5) B1 454.6 3.62 … 436.1 3.90

(#6) A1 525.3 1.55 … 530.8 1.04

(#7) A2 555.7 1.94 … 568.7 1.88

(#a) … 608.6a 1.69 … … 1.94

(#b) … 644.6b 3.25 … … 1.12

(#c) … 701.4c 0.90 … … 1.08

(#8) A1 706.2 4.70 … 714.8 2.84

(#9) A1 786.0 5.30 … 800.3 4.30

(#10) A2 816.7 3.00 … 846.5 3.65

(#11) A2 879.5 3.19 … 889.4 4.33

(#12) B1 952.7 3.90 … 936.1 3.06

aAt 11.3 GPa.
bAt 25.8 GPa.
cAt 26.9 GPa.
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approximation of the experimental data presented in Fig.

8 by Eq. (11) as it has been done earlier46

x ¼ x0 � 1þ P � d0

d0

� �d0

; (11)

where d0 ¼ d lnx
dP

� 	
P¼0

and d0 ¼ d2
0

d2lnx
dP2

� �
P¼0

.

A least-squares fit of Eq. (11) to the high-pressure exper-

imental data yielded values of first-order parameters (d0) for

all observed Raman modes except the #a, #b, #c-modes that

appeared during compression. We defined the Gr€uneisen

parameters using Eq. (12)

cG ¼ B0 � d0; (12)

where B0 is a bulk modulus. We used the B0 equal to 169.9

GPa (Vinet EOS) obtained from EOS measurements of

b-B2O3. All cG values are listed in See supplementary material

Table SII.

V. CONCLUSIONS

300-K equation of state of orthorhombic boron (III)

oxide, b-B2O3 has been in situ studied by angle-dispersive

X-ray diffraction in DAC. The lattice parameters have been

accurately determined at pressures up to 22 GPa. The

obtained V(P) dependence have been fitted to Vinet, Birch-

Murnaghan and Murnaghan EOSs, and the corresponding

values of bulk modulus (B0) and its first derivative (B0
0) have

been refined. The experimental data have been verified and

proved by ab initio LCAO calculations.

b-B2O3 has also been studied by Raman spectroscopy at

ambient and high pressure. Ab initio LCAO calculations

have been performed in order to assign all experimentally

observed phonons to the vibrational modes. The evolution of

Raman bands of b-B2O3 has been studied up to 46 GPa at

room temperature. Based on EOS data and pressure depen-

dencies of the Raman modes, the corresponding Gr€uneisen

parameters were calculated for the first time.

SUPPLEMENTARY MATERIAL

See supplementary material for the experimental and

theoretically calculated values of b-B2O3 lattice parameters

and phonon modes under compression, and IR spectrum at

ambient pressure.
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