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The high- and low-pressure phases of crystalline boron oxide B2O3 are investigated by first-principle cal-
culations using a local-density approximation~LDA !. Both phases are insulators with wide LDA band gaps of
6.20 eV for B2O3-I ~low pressure! and 8.85-eV for B2O3-II ~high pressure!. The total density of states are
calculated and resolved into atomic and orbital components. The bond strength and charge transfers in these
two crystals are investigated by calculating the overlap populations and Mulliken effective charges. B2O3-II is
found to be more ionic than B2O3-I. It is also concluded that thesp

2 planar bonding in B2O3-I is stronger than
thesp3 tetrahedral bonding in B2O3-II. The optical conductivities, the dielectric functions, and the energy-loss
functions are also calculated using the wave functions at a large number ofk points in the Brillouin zone. The
calculated static dielectric constants for B2O3-I and B2O3-II are 2.32 and 2.35, respectively. The gross features
of the optical spectra for the two crystals are quite similar with one marked difference. The B2O3-II crystal
shows substantial optical anisotropy while B2O3-I is optically more isotropic.@S0163-1829~96!03143-8#

I. INTRODUCTION

Boron oxides are important in ceramic and the glass in-
dustries mainly as components of special purpose glasses.
The properties of vitreous boron oxide~v-B2O3!, binary, or
ternary borate glasses have been investigated mainly by op-
tical spectroscopy.1 It is well known that the transport prop-
erties of some borate glasses are affected by the nature of the
ion carriers in the ‘‘doping salt.’’1 For example, the ionic
conductivity of purev-B2O3 glass is very small due to the
lack of mobile charge carriers. However, the ionic conduc-
tivity can be increased drastically by the addition of a modi-
fier alkali oxide. Borate glasses generally have rather com-
plex structures. This complexity is caused mainly by a
change in the coordination number of B atoms to the O ions
which results in the formation of@B-O4#

2 tetrahedra from the
initial B-O3 triangular groups.

2 These two kinds of polyhedra
link together and form various connected ring structures. It is
therefore important to understand the fundamental bonding
structures in the boron compounds.

In contrast to the vast interest in borate glasses, there exist
very few investigations on crystalline B2O3. There are two
known crystalline forms obtained at low and high
pressures.3,4 Kracek, Morey, and Merwin concluded that
spontaneous crystallization of B2O3 is not a simple process,
since B2O3 does not crystallize readily from the highly de-
hydrated viscous melts.5 MacKenzie and Claussen obtained a
phase diagram consisting of two crystalline phases of B2O3
in the pressure range up to 80 kbar.6 The low-pressure phase
of B2O3 ~B2O3-I! with a hexagonal unit cell@shown in Fig.
1~a!# was obtained at a pressure between 10 and 15 kbar and
a high temperature up to 800 °C by Gurr, Montgomery,
Knutson, and Gorres.3 The structure consists of infinitely
linked B-O3 triangular units. The high-pressure phase of
B2O3 ~B2O3-II ! was obtained at a pressure of 65 kbar and a
temperature of 1100 °C by Prewitt and Shannon.4 Figure
1~b! shows the crystal structure of B2O3-II which has an
orthorhombic unit cell. The B2O3-II crystal consists of inter-
connected B-O4 tetrahedra units with six- and eight-

membered rings. The crystal parameters, the interatomic
bond lengths, and bond angles for the two crystalline phases
of B2O3 are summarized in Table I. In B2O3-I, the three B-O
bond lengths within the B-O3 planar are not the same. We
separate B atoms into B1 and B2 types which give two
slightly different B-O3 units. The three O atoms bond to B1
~B2! are labeled as O1, O2, and O3 ~O18, O28, and O38!. The B
atom is at the center of three-nearest O with an average
O-B-O angle of 119.97° and an average bridging angle for
B-O-B of 130.71°. This O bridging angle is smaller than the
O bridging angles in silicates. In B2O3-II, each B atom bonds
to four O to form a distorted tetrahedron with one short bond
of 1.373 Å and three longer bonds of 1.507, 1.506, and 1.512
Å.4 The average B-O distance in B2O3-II is larger than that
of B2O3-I in spite of the fact that B2O3-II has a much higher
density. The O atoms in B2O3-II are divided into four types:
O1 bridges to two B atoms with the two shortest bonds. O2,
O28, and O29 each bond to three B atoms. Hence, there are
33.33% of bridging O1 atoms and 66.67% of threefold
bonded O atoms which bond to three B atoms in B2O3-II.

Recently, Takadaet al. had applied theab initio pseudo-
potential method to investigate the static structures of B2O3-I
and B2O3-II crystals. Their calculation confirmed the struc-
tural transformation from the B-O3 triangular unit into the
B-O4 tetrahedral unit after compression.

7 Unfortunately, their
calculation does not provide information on the electronic
structure of these two crystals. Grumbach, Sankey, and Mc-
Millan, using a plane-waves pseudopotential method in the
local-density approximation~LDA !, had elucidated the struc-
ture and electronic properties of B2O as an isoelectronic ana-
log of carbon.8 It was concluded that B2O has a body-
centered tetragonal structure.

In this paper, we report the first-principles calculation of
the electronic structure and optical properties of the two
crystalline phases of B2O3. Earlier, we had studied the elec-
tronic structure and optical properties of rhombohedral
B12O2 crystal.

9 In that case, the icosahedral B12 units bond to
two interstitial oxygen atoms. Thus the bonding configura-
tions in B12O2, B2O3-I, and B2O3-II are quite different and it
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is of interest to compare and contrast their electronic prop-
erties.

II. COMPUTATIONAL METHOD

We have used the first-principles orthogonalized linear
combination of atomic orbital method in the LDA approxi-
mation to investigate the electronic and optical properties of
B2O3-I and B2O3-II crystals. This LDA-based method for
electronic structure calculation was well described10 and has
been successfully applied to study many complex ceramic
crystals such as silicates,11,12 nitrides,12 titanates,13,14

aluminates,15–17 borates,18 and ZrO2,
19 etc. We briefly out-

line the major steps of our calculation. The Bloch functions
were constructed from the atomic orbitals which were gen-
erated by separate self-consistant atomic calculations. Each
atomic orbital consists of a linear combination of 16
Gaussian-type orbitals. Full basis sets consisting of 1s, 2s,
2p, 3s, and 3p orbitals of both B and O were used. A mini-
mal basis set which consists of only the 2s and 2p orbitals of
B and O is quite sufficient for the electronic structure study
of the occupied states. To improve the accuracy, especially
the higher conduction bands which are important for optical
properties, extra orbitals of 3s and 3p were included in the
basis set to increase the variational freedom. The potential
and charge-density functions were fitted to a sum of atom-
centered Gaussians. Fitting errors of less than a 0.001 elec-
tron per valence electron in the present calculations are
achieved. For self-consistent iterations, six special-k points
in the irreducible portion of the Brillouin-zone~BZ! were
used. For the final density of states~DOS’s! and optical cal-
culations, energy eigenvalues and eigenfunctions at 95 and
125 regularly spacedk points in the same irreducible part of
the BZ were obtained for B2O3-I and B2O3-II, respectively.
The DOS’s were obtained by using the linear analytical tet-
rahedron method and the partial DOS’s~PDOS’s! were pro-
jected using the Mulliken procedure.20

It is instructive to study the charge transfer and the bond
strength in the B2O3 crystals by calculating the effective
charges on each atom and the overlap populations~or bond

order! between pairs of atoms. The bond order is a simple
way to estimate the relative strengths of the bonding. Nega-
tive values indicate that antibonding may exist between the
pairs. We have already used this approach to study the elec-
tronic structure and bonding in the boron-rich compounds
B12As2, B12P2, B13C2, B11C~CBC! ~Ref. 21!, and B12O2.

9

The effective chargeQd* on atomd and the overlap popula-
tion rg,d between atomsg andd are defined as
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whereW~k! is thek point weighting factor and the summa-
tion over k is for the entire BZ.Ai ,g are the eigenfunction
coefficients andSig, jd~k! are the overlap integrals atk. i and
j are the orbital specifications for the state. Since the calcu-
lations for Qd* and rg,d are based on Mulliken analysis,20

which is more accurate when the basis functions are rela-
tively localized, we used the minimal basis set rather than a
full basis for the calculation ofQd* andrg,d .

From the energy eigenvalues and wave functions, the real
part of the frequency-dependent interband optical conductiv-
ity s~v! can be obtained from Eq.~3!,

s~\v!5
e2

~2p!2m\v E dk (
n,m

z^cm~k,r !upucn~k,r !& z2

3 f n~k!@~12 f m~k!#d@Em~k!2En~k!2\v#,

~3!

where\v is the photon energy, andf n is the Fermi function
for the staten. The optical matrix elements were evaluated at
eachk point and the integration over the BZ was performed
using the linear analytic tetrahedron method. Since a fairly
large number ofk points were used, the resolution of the
calculated optical spectra is more than sufficient. The imagi-
nary part of the dielectric function«2~v! was obtained from

FIG. 1. Crystal structure of~a!
B2O3-I, ~b! B2O3-II. Two triangu-
lar units in ~a! and one tetrahedral
unit in ~b! are outlined by dashed
lines.
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«2~v!5~4p/v!s~v! and the real part«1~v! was extracted
from «2~v! using the Kramers-Kronig relation. The
electronic-energy loss function was then obtained from both
the real and imaginary parts of the dielectric function.

III. CALCULATED RESULTS OF B 2O3-I AND B 2O3-II

A. Electronic structures

The calculated band structures along the high-symmetry
axes of the BZ for B2O3-I and B2O3-II are shown in Fig. 2.
Both crystals are wide gap insulators with calculated LDA
gaps of about 6.20 and 8.85 eV, respectively. For B2O3-I
~B2O3-II !, the top of the valence band~VB! is at a point
alongGK (GR) and the bottom of the conduction band is at
A ~G!. Both are very flat with little dispersion indicating

TABLE I. Crystal data of B2O3-I and B2O3-II.

Crystals B2O3-I ~a! B2O3-II ~b!

Lattice constant a54.336~Å! a54.613~Å!

c58.340~Å! b57.803~Å!

c54.129~Å!

Density ~g/cm3! 2.56 3.11
Cell volume~Å3! 135.79 148.62
Space group P31 ~Z53! Ccm2 ~Z54!

Bond distances~Å! B1-O1: 1.404 B-O1: 1.373
~nearest! -O2: 1.366 -O2: 1.507

-O3: 1.337 -O28: 1.506
~Ave. B1-O: 1.369! -O29: 1.512
B2-O18: 1.336 ~Ave. B-O: 1.475!
-O28: 1.401 O1-O2: 2.364
-O38: 1.384 O1-O28: 2.440

~Ave. B2-O: 1.374! O1-O29: 2.409
O1-O2: 2.387 O2-O28: 2.428
O1-O3: 2.309 O2-O29: 2.394
O2-O3: 2.409 O28-O29: 2.388
O18-O28: 2.388 ~Ave. O-O: 2.404!
O18-O38: 2.409 B-B: 2.569
O28-O38: 2.333 : 2.664

~Ave. O-O: 2.373! : 2.664
B1-B2: 2.489 : 2.592

: 2.498 ~Ave. B-B: 2.608!
Bond angles O1-B1-O2: 119.03° O1-B-O2: 110.19°

O1-B1-O3: 114.73° O1-B-O28: 115.79°
O2-B1-O3: 126.10° O1-B-O29: 113.18°
O18-B2-O28: 121.47° ~Ave. O1-B-O2: 113.53°!
O18-B2-O38: 124.66° O2-B-O28: 107.34°
O28-B2-O38: 113.84° O2-B-O29: 104.94°

@Ave. O-B1~B2!-O: 119.97°# O28-B-O29: 104.64°
B1-O1~O18!-B2: 130.49° ~Ave. O2-B-O2: 105.64°!
B1-O2~O28!-B2: 128.29° B-O1-B: 138.59°
B1-O3~O38!-B2: 133.34° B-O2-B: 123.78°
~Ave. B1-O-B2: 130.71°! B-O28-B: 123.79°

B-O29-B: 118.69°
~Ave. B-O2-B: 122.02°!

Ring structure 20 6,8

aReference 3.
bReference 4.

FIG. 2. Calculated band structures of~a! B2O3-I, ~b! B2O3-II.
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large effective masses for the carriers. Our recent calcula-
tions on B12O2 ~Ref. 9! show it to be a semiconductor with a
gap of 2.40 eV. Obviously, the icosahedral B12 unit in B12O2
is a unique structure with a completely different bonding
pattern and a very different band structure.

The total DOS’s~TDOS’s! of B2O3-I and B2O3-II are
compared in Fig. 3. Both crystals have very sharp VB and
conduction-band edges. For B2O3-I, there are three segments
within the VB ~start from the top of VB! with the widths of
5.16, 4.64, and 3.25 eV separately. These segments account
for 36, 18, and 18 electrons, respectively, for a total of 72
valence electrons. The gap between the first and second seg-
ments, however, is only 0.3 eV. This gap is the signature of
O atom in a bridging position whose 2p orbitals can be
divided into bonding and nonbonding parts, as is common in
many oxides.11,12 For B2O3-II, there are only two segments
within the same VB region. The bonding and nonbonding
parts of the O-2p orbitals have coalesced together. This is
because in B2O3-II, only one-third of the O atoms are the
bridging O with the rest of the O atoms bond to three B
atoms. There are 72 valence electrons occupying the first
segment with a total width of 10.91 eV, which is about 1 eV
larger than the combined widths of the first two segments in
B2O3-I. The second segment which accounts for 24 electrons
is 1.5 eV wider than the third segment in B2O3-I. We have
listed the widths of each band segment and total widths of
the VB for both crystals in Table II.

The orbital-resolved PDOS’s for B2O3-I are presented in
Fig. 4. The PDOS’s in the figure actually include the 3s and
3p components. However, the 2s and 2p orbitals dominate
in the VB region and for clarity in the discussion, we simply
refer to as 2s and 2p orbitals of B and O. It is clear that B-2s
orbitals distribute over the second and third segments while
B-2p orbitals contribute to all three segments. Also, B-2s
and B-2p hybrid with each other within the second and third
segments. The lowest segment is dominated by the O-2s
electrons which interact with both B-2s and B-2p orbitals.
The O-2p orbitals dominate the first two segments. Although
there are two distinct B-O3 triangles in the B2O3-I structure,

3

we find that their PDOS’s are almost identical since the bond

lengths and bond angles are very similar as shown in Table I.
Figure 5 shows the PDOS’s of B1-2s, B1-2p, O1-2s, O1-2p,
O2-2s, and O2-2p for the B2O3-II crystal which are quite
different from that of B2O3-I. Both B1-2s and B1-2p have
distributions only at the lower part of the top segment. The
shapes of the PDOS’s are also quite different from B2O3-I
reflecting the different bonding environments. The distribu-
tions for the PDOS’s ofB are much more broad. In particu-
lar, there is little contribution within the 0 to23.5 eV region
while in B2O3-I, B-2s has a substantial contribution in the
same region. At the CB edge, B-s orbitals have a substantial
contribution which is not the case in B2O3-I. For the O atom,
there are substantial differences in the PDOS’s of O1 which
is a bridging O with a very short bond length and O2 which
bond to three B atoms with a longer bond length. It is also
noted that the PDOS’s of O1 is similar to the PDOS’s of O in
B2O3-I since both are bridging O. The PDOS’s of O1-2p
again shown the signature of bonding and nonbonding parts

FIG. 3. Calculated total DOS’s of~a! B2O3-I, ~b! B2O3-II.

TABLE II. Calculated band gaps, bandwidths, static dielectric
constants«0, and the bulk-plasmon frequencyvp of B2O3-I and
B2O3-II.

Crystal B2O3-I B2O3-II

Band gap Eg~eV! 6.20 8.85
Width of valence band W1: 5.16 W1: 10.91

~eV! W2: 4.64 W2: 4.81
W3: 3.25

Width of total VB ~eV! 20.60 22.21

«0
2.32 2.35
2.34 (x-y) 2.30 (x)
2.30 (z) 2.43 (y)

2.31 (z)
vp ~eV! 23.5; 26.5 25.0

FIG. 4. Calculated partial DOS’s of B2O3-I. 3s and 3p orbital
components are included.
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separated by a dip near24.0 eV. Another interesting obser-
vation is that in the case of B12O2,

9 the O-2s level is at
223.5 eV and does not mix with either B-2s or B-2p orbit-
als. For B2O3-I or B2O3-II, however, B-2s, B-2p, and O-2s
have contributions to the much broader third segment cen-
tered at220 eV. These differences all underscore the differ-
ent type of bonding in the three boron oxides. In B2O3-I, it is
the B-O3 bonding; in B2O3-II, it involves B-O4 tetrahedral
bonding and in B12O2, it is a partially covalent bonding of O
to three icosahedral B12 units.

The calculated Mulliken effective charges for B2O3-I and
B2O3-II are listed in Table III. In B2O3-I, each B atom loses
a 0.71 electron to the neighboring O. O1, O2, and O3 each
gain 0.45, 0.46, and 0.51 electrons respectively. The differ-
ence is attributed to the slight distortion of the B-O3 triangu-

lar unit. In B2O3-II, each B atom lose almost one electron.
The bridging atom O1 with the shortest bond length gains a
0.66 electron, while O2, O28, and O29 each gain a 0.58 elec-
tron, although the bond length for B-O2, B-O28, and B-O29
are slightly different. On average, the effective charge calcu-
lation has shown B2O3-II to be more ionic than B2O3-I.

The overlap populations between different B-O pairs in
B2O3-I and B2O3-II are calculated according to Eq.~2!. The
results are listed in Table IV. In B2O3-I, B1-O3 and B2-O18
have the largest bond order values of 0.21 and B1-O1 and
B2-O28 have the smallest value of 0.17. B1-O2 and B2-O38
have intermediate values of 0.20 and 0.19. Apparently, the
bond order for the triangular unit in B2O3-I scales inversely
with interatomic separations. For B2O3-II, the largest bond
order is 0.20 for B1-O1, while the smallest value is 0.13 for
B1-O29. Hence, on average, the bond strength in B2O3-II is
weaker than that in B2O3-I. It is thus concluded that planar
sp2 bonding in B2O3-I is stronger than thesp3 tetrahedral
bonding in B2O3-II. The bond order for a B-O pair in the
B12O2 crystal is 0.17.

9

Figure 6 displays the calculated valence charge-density
map for a plane that approximately contains a B-O3 unit in
B2O3-I. We can actually identify three B-O3 units linked to-
gether, but two of them are slightly off the plane. It can be
seen that the valence charge distribution of O is no longer
spherical with the charge drawn in the direction towards the
B atom. This is further evidence that the triangular B-O3
bonding in B2O3-I has some covalent character which
strengthens the bond. The charge density in the middle of the
B-O bond is 0.11e/~a.u.!3. A similar valence charge-density
contour for B2O3-II is shown in Fig. 7. The plane passes

FIG. 5. Calculated partial DOS’s of B2O3-I. 3s and 3p orbital
components are included.

TABLE III. Calculated effective chargeQd* for B2O3-I and
B2O3-II.

B2O3-I B2O3-II

2.29 ~B1! 2.09 ~B!

2.29 ~B2! 6.66 ~O1!

6.45 ~O1 or O18! 6.58 ~O2!

6.46 ~O2 or O28! 6.58 ~O28!

6.51 ~O3 or O38! 6.58 ~O29!

TABLE IV. Calculated overlap populationsrg,d for B2O3-I and
B2O3-II.

B2O3-I B2O3-II

0.17 ~B1-O1! 0.20 ~B-O1!

0.20 ~B1-O2! 0.14 ~B-O2!

0.21 ~B1-O3! 0.14 ~B-O28!

0.21 ~B2-O18! 0.13 ~B-O29!

0.17 ~B2-O28!

0.19 ~B2-O38!

FIG. 6. Charge-density contours in a plane containing a B-O3
unit in B2O3-I. The contour lines range from 0.01 to 0.25e/~a.u.!3

in intervals of 0.01.
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three atoms forming the B-O-B bonding. The charge density
in the middle of the B-O1 ~B-O2! bonding is 0.09~0.07!
e/~a.u.!3. The charge-density distributions in B2O3-II is quite
different from that of B2O3-I in Fig. 6. In particular, the
distribution on the O atom is more spherical in B2O3-II, re-
flecting a higher symmetric configuration of the B-O4 tetra-
hedral unit.

B. Optical properties

We have calculated the interband optical conductivity
s~v! of B2O3-I and B2O3-II crystals for photon energies up
to 40 eV according to Eq.~3!. Thes~v! for B2O3-I is shown
in Fig. 8~a!. The calculated absorption threshold is about
6.40 eV which is 0.20 eV larger than the minimal indirect
gap. A sharp peak at 6.63 eV immediately after the sharp
threshold is noted. Other major structures are located at 11.7,
17.3, and 32.4 eV with many additional smaller structures in
between. The real and imaginary parts of the dielectric func-

tion obtained froms~v! are plotted in Fig. 8~b!. The static
dielectric constant«0 of 2.32 is obtained from the zero-
frequency limit of«1~v!. Figure 8~c! shows the energy-loss
function. Two major plasmon peaks around 23.5 and 26.5 eV
can be identified.

The calculateds~v! for B2O3-II is shown in Fig. 9~a!. The
absorption threshold is again very sharp starting at 9.03 eV,
which is close to the band gap of 8.86 eV. This curve is
somewhat different from B2O3-I with one major peak at 15.7
eV. The gross features of the twos~v! curves for the two
crystals are quite similar. This peak is 1.6 eV lower than the
major peak in B2O3-I. There are several additional structures
on either side of the broad peak. The real and imaginary
dielectric functions are plotted in Fig. 9~b!, with a static di-
electric constant«0 of 2.35. This value is very close to the«0
value of 2.32 for B2O3-I. This is quite surprising, considering
the difference in the band gaps of the two crystals. Both of
the calculated«0 are smaller than the value of 3.40 for the
icosahedral B12O2 crystal.9 The energy-loss function of
B2O3-II in Fig. 9~c! shows a single bulk-plasmon peak at
25.0 eV, which is between the two plasmon peaks in B2O3-I.
Comparing the calculated«0 andvp of B2O3-I and B2O3-II
with the other B-rich compounds such asa-r -B12, B12As2,
B12P2, B13C2, and B11C~CBC!,21,22we notice that«0 andvp
of B2O3-I, B2O3-II, and B12O2 are all relatively smaller. We
attribute this to the more ionic bonding changes associated
with the oxygen atoms. We found that the experimental val-
ues for the static dielectric constant of B2O3-I and B2O3-II
were quoted as between 3.0 and 3.5.23 Our calculated values
of 2.32 and 2.35 are smaller than the quoted values. It is
conceivable that the measurements were carried out at finite
frequencies which have a larger value of«1~v! than «1~0!.
The calculated«0 andvp of B2O3-I and B2O3-II are listed in
Table II.

To study the possible optical anisotropies in B2O3-I and
B2O3-II crystals, we resolve the imaginary dielectric function
of the hexagonal of B2O3-I in the x-y plane and along thez

FIG. 7. Charge-density contours in a plane containing a B-O-B
unit in B2O3-II. The units are the same as in Fig. 6.

FIG. 8. Calculated optical properties of B2O3-I: ~a! s~v!, ~b!
«1~v! ~solid line! and «2~v! ~dashed line!, and ~c! the energy-loss
function.

FIG. 9. Calculated optical properties of B2O3-II: ~a! s~v!, ~b!
«1~v! ~solid line! and «2~v! ~dashed line!, and ~c! the energy-loss
function.
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axis, and the orthorhombic B2O3-II in components parallel to
thex, y, andz axes. These are displayed in Fig. 10 and Fig.
11, respectively. No substantial anisotropy is found in
B2O3-I. However, thex, y, andz components of«2~v! for
B2O3-II show a considerable difference. In particular, they
component of«2~v! shows a much steeper edge at the thresh-
old than thex or z component. The major peak positions in
the spectra for the three compounds are also very different.
We speculate that the difference in the optical anisotropy
between B2O3-I and B2O3-II is mainly due to the difference
in the local bonding units. In B2O3-I, O are all in bridging
position connecting the B-O3 triangular units, while in
B2O3-II two-thirds of the O are bonded to three B atoms at
the centers of the B-O4 tetrahedral units.

IV. CONCLUSIONS

We have studied the electronic structure and optical prop-
erties of the two crystalline forms of B2O3. The low-pressure
phase B2O3-I and the high-pressure phase B2O3-II have
rather different DOS’s and PDOS’s because of different local

bonding configurations. Both are wide gap insulators with
LDA gaps of 6.20 and 8.85 eV, respectively. Effective
charge and bond order calculations show B2O3-I to be less
ionic and show partial covalent character. Optical properties
calculation shows similar optical conductivity curves with
sharp edges at the threshold and similar static dielectric con-
stants for both crystals. B2O3-I shows little optical anisotropy
while B2O3-II shows considerable optical anisotropy possi-
bly because of the more complicated local bonding structure.
We anticipate the electronic structure and optical properties
of purev-B2O3 to be close to that of the B2O3-I.
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