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Abstract. The band structure of Li2B4O7(100) and Li2B4O7(110) was experimentally determined using a
combination of angle-resolved photoemission and angle-resolved inverse photoemission spectroscopies. The
experimental band gap depends on crystallographic direction but exceeds 8.8 eV, while the bulk band gap
is believed to be in the vicinity of 9.8 eV, in qualitative agreement with expectations. The occupied bulk
band structure indicates relatively large values for the hole mass; with the hole mass as significantly larger
than that of the electron mass derived from the unoccupied band structure. The Li2B4O7(110) surface is
characterized by a very light mass image potential state and a surface state that falls within the band gap
of the projected bulk band structure.

1 Introduction

Lithium tetraborate is pyroelectric material, of space
group of I41cd, and a rather complex tetragonal crystal
with 104 atoms per unit cell [1–6] with an appreciable py-
roelectric coefficient in the region of 100 K to 250 K [7–9].
While several band structure calculations exist [10,11],
there is no uniform consistency in the predicted band
structure. Recent density functional theory (DFT) band
structure calculations [10] suggest that the hole mass is
larger than the electron mass, that is to say that the dis-
persion of the valence bands is expected to be very small
compared to the band dispersion in the conduction bands.
There has been, however, no experimental confirmation
of any of the key predictions of the calculated band struc-
ture, except the band gap [9,11–13] and some of the optical
properties [11].

The lithium borates have been considered as possible
solid state neutron detectors [14,15], an application where
efficient charge collection is desirable. The pyroelectric
and piezoelectric properties of the lithium borates require
excellent dielectric properties in the crystals of Li2B4O7,
particularly along the polar [001] direction. This mate-
rial has been measured to have undoped resistivities on

a Corresponding author: Department of Physics and As-
tronomy, Theodore Jorgensen Hall, University of Nebraska-
Lincoln, 855 North 16th Street, Lincoln, NE 68588-0299, USA
e-mail: pdowben@unl.edu

the order of 1010 Ω cm [14] or more. This problem of very
high resistivities has been circumvented in semiconducting
boron carbides where filling impurity bands [16,17] appear
to lead to dramatic increases in carrier mobilities in mate-
rials with otherwise very large carrier effective masses [17].
Thus semiconducting boron carbides do make effective
solid state neutron detectors [18–25]. Similar alloying of
lithium tetraborate may also result in an effective semi-
conductor. Although undoped lithium tetraborate has an
estimated large 6.2 to 9.3 eV band gap [9–12], the material
does possess advantages for solid state neutron detection if
suitably band engineered semiconductor device grade ma-
terials can be fabricated. Li2B4O7 has been enriched to
95 at% 6Li and 97.3 at% 10B from the natural 7.4 at% 6Li
and 19 at% 10B [15]. It has been shown that this material
can be doped [9,26,27], so impurity level band “engineer-
ing” of lithium tetraborate (Li2B4O7) should be possible.

2 Experimental

The Li2B4O7 single crystals were grown from the melt
by the Czochralski technique as described elsewhere [9,15]
and (110) and (100) crystals were cut with a miscut
of no more than 0.5◦, as determined by X-ray diffrac-
tion. As noted at the outset, lithium tetraborate is a
tetragonal crystal [1–6], consisting of boron-oxygen com-
plexes of planar trigonal BO3 and tetrahedral BO4 groups.
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Fig. 1. Schematic of both the Li2B4O7(100) and Li2B4O7(110)
surfaces investigated here, depicting the four directions used
in the band mapping studies and denoting the real space lat-
tice but with the labels for the Brillouin zone critical points
included. The lattice parameters that characterize the sur-
face unit cells have been determined to be a = 9.477 Å and
c = 10.286 Å [1–6], as schematically illustrated.

Lattice parameters that characterize the unit cell have
been determined to be a = 9.477 Å and c = 10.286 Å [5],
as schematically illustrated in Figure 1 for both the
Li2B4O7(100) and Li2B4O7(110) surfaces investigated
here.

While the X-ray diffraction shows that the crystals
were well oriented and single phase, point defects com-
prising of isolated oxygen vacancies, and to a smaller ex-
tent isolated lithium vacancies, with a very small trace of
Cu impurities were evident in electron paramagnetic reso-
nance (EPR) and electron-nuclear double resonance (EN-
DOR), consistent with prior measurements [5,28]. These
isolated point defects, amounting to between 2 and 5 ppm
in total, were not sufficient to degrade our crystals. Clean
surfaces were prepared by several methods including re-
sistive heating and combinations of sputtering and subse-
quent annealing. The electronic structure and stoichiom-
etry were similar in all cases.

Both the occupied and unoccupied experimental band
structures were characterized by combined angle-resolved
ultraviolet photoemission spectroscopy (ARUPS) and
angle-resolved inverse photoemission spectroscopy (AR-
IPES) studies of the Li2B4O7(100) and Li2B4O7(110)
single crystal surfaces. The angle-resolved photoemission
experiments were performed using the 3 m toroidal grat-
ing monochromator (3 m TGM) beam line [29,30] at the
Center for Advanced Microstructures and Devices [31]
in an ultra high vacuum (UHV) chamber previously de-
scribed [29,30], equipped with a hemispherical electron an-
alyzer with an angular acceptance of ±1◦, as described
elsewhere. The combined resolution of the electron en-
ergy analyzer and monochromator was 120–150 meV for
photon energies in the range of 50–120 eV. The photoe-
mission experiments were undertaken with a light inci-
dence angle of 45◦ with respect to the surface normal, un-
less stated otherwise. The photoelectrons were collected
at emission angles stated in terms of the surface normal.
For the light polarization dependent photoemission exper-
iments the light incidence angles were varied, in order to
change the orientation of the E of the plane-polarized inci-
dent light, but the photo-electrons were collected along the
surface normal (Γ) to preserve the high point group sym-

metry. The angle-resolved photoemission measurements
were made at sample temperatures over a temperature
range from 250 K to 700 K [9,13,29,30,32].

The angle-resolved (wave vector or k-resolved) inverse
photoemission spectra were also taken to determine the
unoccupied band structure [33–35]. The angle-resolved in-
verse photoemission spectra were obtained by using vari-
able energy electrons incident at different angles with re-
spect to the sample surface normal, while measuring the
emitted photons at a fixed energy (9.7 eV) using a Geiger-
Müller detector with an instrumental linewidth of about
400 meV [36,37]. The inverse photoemission spectra were
taken with sample temperatures of 300 to 350 K, as there
was much less surface charging evident in inverse photoe-
mission compared with the photoemission experiments.

The preponderance of the angle-resolved photoemis-
sion data was gathered at 623 ± 5 K. There was consid-
erable photovoltaic charging below 620 K in the photoe-
mission spectra [9,13], as expected because the lithium
tetraborate crystals are dielectrics. At temperatures above
620 K, the surface photovoltaic charging effects were neg-
ligible [13] and the charges within the crystal, including
the trapped charges, exhibit increased mobility [9].

The reference of the observed binding energies to
the Fermi level for Li2B4O7(110), and Li2B4O7(100), as
done here, differs from the sometimes common practice
of assigning binding energies with respect to the valence
band maximum for lithium borate [10]. Prior studies of
lithium tetraborate also have assigned their binding en-
ergies with respect to the chemical potential or Fermi
level [9,12,13,38]. We chose this latter convention for these
investigations, i.e. choosing the Fermi level as a reference,
and citing binding energies in terms of E-EF . Checks
to the placement of the Fermi level in both the angle-
resolved photoemission and inverse photoemission exper-
iments were performed using tantalum films in electrical
contact with the samples [9,12,32]. Surface charging effects
in the photoemission experiments were also taken into ac-
count by using the Li1s and O2s shallow core levels as a
reference [12,13].

3 The valence to conduction band gaps
of Li2B4O7(110) and Li2B4O7(100)

Both Li2B4O7(100) and Li2B4O7(110) exhibit a den-
sity of states that qualitatively agrees with the re-
sults from model bulk band structure calculations for
Li2B4O7 [10,11], as seen in Figure 2. For Li2B4O7(100) the
band gaps obtained from combined photoemission and in-
verse photoemission are 10.1±0.5 eV and 8.9±0.5 eV with
the in-plane component of E aligned along the [011] and
[010] direction, respectively. For Li2B4O7(110), the band
gaps are 9.8 ± 0.5 eV in both the [001] and [110] direc-
tion. In general, the combined photoemission and inverse
photoemission measure the direct band gap, but as fi-
nal state spectroscopies. Consequently, perfect agreement
with a ground state calculation, such as density functional
theory, is generally not possible and unlikely; although the
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Fig. 2. A comparison of the combined experimental photoe-
mission (left) and inverse photoemission (right) data, in E-EF ,
with theoretical expectations. The theoretical density of the
bulk band states of crystalline Li2B4O7 (a) obtained by the
LDA PW1PW is adapted from Islam et al. [10]. The combined
experimental photoemission (left) and inverse photoemission
(right) data for Li2B4O7(100), with the in-plane component of
the incident light E for photoemission oriented along (b) [011]
and (c) [010] are shown along with the data for Li2B4O7(110)
with the in-plane component of the incident light E for photoe-
mission oriented along (d) [001] and (e) [110]. For the photoe-
mission, the photon energy is 56 eV and the synchrotron light
is incident at 45 degrees with respect to the surface normal.
The electrons were either collected along the surface normal
(photoemission) or incident along the surface normal (inverse
photoemission).

agreement as seen here between experiment and the prior
band structure calculations [10] is generally quite good.

The Fermi level is placed slightly closer to the con-
duction band edge in the combined experimental pho-
toemission and inverse photoemission spectra, as seen in
Figure 2. This indicates that both the Li2B4O7(100) and
Li2B4O7(110) surfaces are n-type, although (100) is more
n-type than (110). While we have not measured the ma-
jority carrier, the Fermi level placement is consistent with
the known bulk properties where the majority of defects
seen in these Li2B4O7(100) and Li2B4O7(110) were oxy-
gen vacancies.

It is evident in the combined experimental photoe-
mission and inverse photoemission studies (Fig. 2) that
there are differences between the band gap values, in par-
ticular for Li2B4O7(100) with in-plane component of E
preferentially aligned along the [010] versus [011] direc-
tions. Inverse photoemission tends to be much more sur-
face sensitive than photoemission. The observed place-
ment of the conduction band edge closer to the Fermi
level with the photon collection direction along one spe-
cific crystallographic direction does suggest surface states
of preferential symmetry or selected oxygen vacancies at

Fig. 3. The light polarization dependent photoemission spec-
tra for the (a), (b) Li2B4O7(110) and (c), (d) Li2B4O7(100)
surfaces. The in-plane component of the incident light E for
photoemission from Li2B4O7(110) oriented along (a) [001] or
(b)[110]. For Li2B4O7(100), the incident light E for photoemis-
sion was oriented along [011] (c) or [010] (d). The orientation
of light incidence angle was either 70 degrees {-Δ − Δ − Δ-}
or 45 degrees {——} with respect to surface normal and the
spectra were taken with a photon energy of 70 eV with the
photoelectrons collected along the surface normal. The (S) de-
notes a surface state. The occupied state binding energies are
given in terms of E-EF .

the Li2B4O7(100) surface. There exists data to support
both of these contentions.

4 Surface states within the gap of the
projected bulk band structure

In general, there is little light polarization dependence ob-
served in the photoemission spectra taken for both the
Li2B4O7(100) and Li2B4O7(110) surfaces. As seen in Fig-
ures 3a and 3b, the light polarization dependent photoe-
mission in the valence band region of the Li2B4O7(110)
surface exhibits few differences between a light incidence
angle of 70◦, placing the electric vector E more along the
surface normal and a light incidence angle of 45◦. Yet with
a light incidence angle of 70◦, there is a small density of
states within the gap placed close to the Fermi level, as
seen in Figures 3a and 3b. This region, with the presence
of surface states located within the bulk band gap and
below EF , has been marked by an “S” in Figure 3, and
has been enhanced in Figure 4.

As these Li2B4O7(110) surface states fall into the gap
of the projected bulk band structure (Fig. 2a) [10], we
can initially conclude that these observed occupied states
are in fact true surface states. The observed intensities of
these surface states in photoemission are clearly affected
by light polarization (Figs. 3a and 3b) and these surface
states are likely of s or pz character (with z along the
surface normal), given that they are enhanced with inci-
dent light where the electric vector E is more along the
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Fig. 4. Angle resolved photoemission spectrum (ARPES) (—)
for the Li2B4O7(110) surface illustrating the presence of an
occupied surface state within the gap of the projected bulk
band structure (- - -) that does not include contributions from
the valence band maximum or background. The spectrum was
taken at a photon energy of 56 eV, with a light incidence angle
of 70 degrees with respect to sample surface normal and the
in-plane component of the incident light E oriented along the
[001] direction. The occupied state binding energies are given
in terms of E-EF .

surface normal. Certainly for the Li2B4O7(110) surface,
the possibility of surface states must be given serious con-
sideration as a Li1s surface to bulk core level shift has
been observed for this surface [12]. The presence of sur-
face states for semiconductors and insulators is certainly
not new [39,40], but these are the first examples reported
for Li2B4O7 (110). For the Li2B4O7(100) surface, the ab-
sence of such states within the gap between the valence
band edge and the Fermi level (Figs. 2b, 2c, 3c and 3d),
in the vicinity of the Fermi level, along with a decrease
in the conduction band minimum, with the photons col-
lected along [010] (Fig. 2c), is consistent with some types
of defects at this surface.

For the Li2B4O7(100), there is enhancement of the va-
lence band photoemission intensities where the incident
photon electric vector E is more along the surface normal
and in-plane component of the incident light E is oriented
along the [010] direction (Fig. 3d). It is this surface and
crystallographic orientation where the conduction band
edge is placed closest to the Fermi level in inverse photoe-
mission (Fig. 2c), as just noted. Both the light polarization
dependence and the conduction band edge placement for
this orientation of the Li2B4O7(100) surface could be ex-
plained by an increased number of oxygen vacancies. The
loss of surface oxygen coordinated by O2px orbitals, with
x in-plane and using the surface lattice notation of Fig-
ure 1, would lead to a more polar Li2B4O7(100) surface.

Both the Li2B4O7(100) and Li2B4O7(110) surfaces are
orthogonal to the polar and pyroelectric [001] direction of
Li2B4O7 [7–9], and are not, a priori, hugely polar sur-
faces which generally are unstable against surface recon-
structions. This makes surface defects an even more likely

Fig. 5. The relative peak intensity near the valence band max-
imum (−6.7 ± 0.2 eV, E-EF ) versus photon energy depicting
resonance for the Li2B4O7(110) surface. For all spectra, the
in-plane component of the incident light E is oriented along
[001], the light incidence angle was 45 degrees, and the pho-
toelectrons were collected along the surface normal. Data was
abstracted from a sequence of photoemission spectra such as
those shown in Figure 6.

cause of the light polarization dependent photoemission
observed for the Li2B4O7(100) surface, with the in-plane
component of the incident photon E aligned along [010]
or perpendicular to the polar direction [001]. The result-
ing photoemission from the Li2B4O7(100) loses any even
symmetry mirror plane in the photoemission symmetry
selection rules [33,41–43]. It is also telling that the image
states [44], discussed below, seen for the Li2B4O7(110)
surface, are not observed for the Li2B4O7(100) surface.
This observation of image states for the (110) surface but
not the (100) surface is consistent with a greater defect
density at the Li2B4O7(100) surface.

In spite of the partial density of states calculated in
the local density approximation [10], there is resonant en-
hancement of the valence band maximum at a photon en-
ergy roughly corresponding to the Li1s core threshold of
about 55 to 56 eV [12], as seen in Figure 5. This indi-
cates that there is a hybridized lithium contribution at
the valence band maximum. This particular feature can
be reasonably explained as an Auger electron or Coster-
Kronig process of a Li1s electron photoexcitation to un-
occupied 2p conduction band state, followed by resonant
photoemission leaving the same final state as direct pho-
toemission from the states at the valence band maximum.
Such a lithium contribution, indicated by the resonant en-
hancement of the valence band maximum in photoemis-
sion at the lithium 1s core edge, along with boron weight
added to the valence band maximum, could contribute
to a more polar (100) surface in the presence of surface
oxygen vacancies. The lithium atoms are localized at the
interstices along the longitudinal axis of the crystal lat-
tice [1–6,25,38], so this would not be entirely unexpected.
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Fig. 6. The photon energy dependent photoemission spectra
for both the (a) Li2B4O7(110) and (b) Li2B4O7(100) surfaces.
The binding energy of occupied valence band features appears
to vary little with changing photon energy. Results for (a)
Li2B4O7(110), with the in-plane component of the incident
light E oriented along [110], and for (b) Li2B4O7 (100), with
the in-plane component of the incident light E oriented along
[010]. The light incidence angle was 45 degrees, and the photo-
electrons were collected along the surface normal. The occupied
state binding energies are given in terms of E-EF .

5 The electronic bulk band structure

The general prediction that the hole mass should be far
greater than the electron mass, based on the calculated
band structure, is supported by the experimental band
mappings of the Li2B4O7(100) and Li2B4O7(110) sur-
faces. There is no evidence for dispersion, or wave vector
dependent changes in binding energy, with either photon
energy or emission angle for the filled states, as seen in
Figure 6 and Figure 7, respectively. Bulk band structure
effects should be evident in the photon energy dependent
photoemission spectra. While the perpendicular compo-
nent of the crystal wave vector (k⊥) is not conserved across
the solid vacuum interface, there should be wave vector
dependence nonetheless [41–43]:

k⊥ =
(

2m

�2

{
EKin(cos(θ))2 + U0

})1/2

(1)

where U0 is the inner potential or roughly the occupied
band width. No such wave vector dependence is observed
in the photon energy dependent photoemission spectra,
as illustrated in Figure 6 for both the Li2B4O7(100) and
Li2B4O7(110) surfaces.

Similarly, the parallel momentum (k||) can be de-
rived as follows from the photoelectron kinetic energy and
the emission angle (θ) with respect to the surface nor-
mal [41–43]:

k|| =

√
2m

�2
EKin sin(θ) = 0.51198

√
EKin{eV}

× sin(θ)
{

Å
−1

}
. (2)

Fig. 7. The emission angle dependent photoemission spectra
for the Li2B4O7(110) taken with increasing (emission angle)
wave vector along the [110] direction. The light incidence angle
was 45 degrees and the spectra were taken at a photon energy
of 56 eV. The occupied state binding energies are given in terms
of E-EF .

Again, both the Li2B4O7(110) and Li2B4O7(100) surfaces
exhibit equally little valence band dispersion, with wave
vector (k||) parallel to either surface along the high sym-
metry directions of the surface Brillouin zones for each
surface. This is illustrated for the Li2B4O7(110) surface,
by the emission angle dependent photoemission spectra
shown in Figure 7.

Periodic wave vector dependence of shallow core lev-
els have been observed for oxides with large real space
unit cells, and thus small Brillouin zones, as in the case
of monoclinic Gd2O3(–402) [32]. The absence of any such
dispersion suggests that the occupied states for both the
Li2B4O7(110) and Li2B4O7(100) surfaces are very heavy
mass. From the absence of dispersion in the photoemis-
sion data (Figs. 6 and 7), we can assign a lower bound to
the hole effective mass of about 10 [m∗/me]. This lower
bound is limited by the feature widths in photoemission,
and the limited wave vector and energy resolution.

The absence of dispersion with photon energy is often
attributed to conservation of two dimensionality of state,
that is to say a surface state. We do not believe that this
is the case here as these occupied states, aside from the
surface state identified above, do not fall into a gap of
the projected band structure and indeed are heavy mass
states that simply do not disperse very much. Nor can
the problem with the dispersion be related to disorder at
the surface: the inverse photoemission exhibits band dis-
persion consistent with the surface Brillouin zone. Very
heavy hole or occupied band state masses for both the
Li2B4O7(110) and Li2B4O7(100) crystallographic orienta-
tions are consistent with the DFT [10] and LDA [11] band
structure calculations.

In contrast to the results garnered from the
angle-resolved photoemission, dispersion is evident in
empty states observed in the angle-resolved inverse
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Fig. 8. The incidence angle dependent inverse photoemission
spectra for the Li2B4O7(110) with increasing incidence angle
(wave vector) along the [110] direction. The image state wave
vector dependent (incidence angle) dispersion (see text) is in-
dicated by the arrows. The unoccupied state binding energies
are given in terms of E-EF .

Fig. 9. The unoccupied state binding energies versus the sur-
face parallel wave vector are mapped for the Li2B4O7(110)
along the [110] direction. The surface Brillouin zone critical
points are denoted at top.

photoemission results, obtained as a function of electron
incidence angle (θ), as seen in Figure 8. Using the inci-
dent electron kinetic energy and equation (2) [33,44], an
experimental unoccupied state band dispersion has been
mapped, as shown in Figure 9. Despite of the much lower
resolution of inverse photoemission, one is able to observe

Fig. 10. dE/dk|| versus k|| of unoccupied states for
(a) Li2B4O7(100) LUMO oriented along [011] and the
Li2B4O7(110) image state oriented along [110], in the reduced
Brillouin zone scheme, extracted from inverse photoemission.

dispersion of the bands at the conduction band mini-
mum, as shown in Figures 8 and 9. The periodicity of
the dispersion, of the states at the conduction band mini-
mum, is consistent with the expected Brillouin zone of the
Li2B4O7(110) surface, as plotted in Figure 9, along both
the [001] and [110] directions. Again, this could be related
to the surface electronic structure, particularly as inverse
photoemission is notoriously surface sensitive, but these
states do not fall into a gap of the projected bulk band
structure.

The trend of the dispersion of the states at the con-
duction band minimum, towards the Fermi level with in-
creasing wave vector away from the center of the surface
Brillouin zone, is qualitatively the opposite of the DFT
calculation [10]. Although the LDA calculation of Adamiv
and coworkers [11] provides a much smaller band gap than
observed in the combined photoemission and inverse pho-
toemission, the trend of the dispersion towards the Fermi
level with increasing wave vector away from the center of
the surface Brillouin zone seen is consistent with experi-
ment. We can make an estimate of the electron effective
masses for the unoccupied Li2B4O7(110) states near the
conduction band minimum to be in the region of −0.15±
0.1 [m∗/me], as indicated in Figure 10. For Li2B4O7(100)
states near the conduction band minimum, the effective
mass is also in the region of −0.15 ± 0.1 [m∗/me].

A nearly parabolic lighter mass band is also seen to dis-
perse independent of the surface Brillouin zone, as shown
in Figures 8 and 9, again along both the along [001] and
[110] directions. This latter very lighter mass band ob-
served for the Li2B4O7(110) surface, along both the along
[001] and [110] directions of the surface Brillouin zone, at
binding energies (E-EF ) well above the Fermi level is an
image state, as discussed below. In fact, there was no im-
age potential state observed for the Li2B4O7(100) surface.

31601-p6
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6 The image state at the Li2B4O7(110)
surface

Image states are characteristic of clean, flat, largely de-
fect free surfaces. The absence of any image states for
the Li2B4O7(100) surface is consistent with the presence
of defects at this surface; defects which are very likely
surface oxygen vacancies, as has been noted above. The
presence of an image state for the Li2B4O7(110) surface
(Figs. 8 and 9), indicates that this surface is largely defect
free with a very flat surface potential. We note that the
Li2B4O7(110) surface image state dispersion is not peri-
odic in nature and, in fact, is seen to be simply parabolic
both the [001] and [110] directions of the surface Brillouin
zone. The surface potential of the Li2B4O7(110) surface
must be so flat that the image state is not perturbed by
the surface crystallography, and disperses almost indepen-
dently of the surface Brillouin zone (Figs. 8 and 9).

While, as we noted above, the Li2B4O7(110) surface is
distinguished by a surface state within a gap of the pro-
jected bulk band structure (Figs. 3 and 4), this surface
also exhibits very little light polarization dependence of
the bulk valence band states (Fig. 3). As has been deter-
mined previously, this same surface is also characterized
by an off-axis pyroelectric effect [9]. Both effects may com-
bine to reduce the surface potential variations leading to
a parabolic image potential state. What is also evident
is that the image state for the Li2B4O7(110) surface pos-
sesses a very light effective mass of m∗/me = 0.06± 0.02.
Such a light mass state might well reside well above the
surface potential and show little scattering with the sur-
face lattice.

7 Summary

We find from combined photoemission and inverse pho-
toemission studies that the bulk band gap for both the
Li2B4O7(110) and Li2B4O7(100) surfaces is in the vicinity
of 8.9 to 10.1 eV, but generally between 9.8 and 10.1 eV.
These values are qualitatively similar to DFT/LDA
ground state models [10]. Both the Li2B4O7(110) and
Li2B4O7(100) surfaces are n-type, consistent with oxygen
vacancies, although (100) is more n-type than (110), pos-
sibly due to a higher concentration of oxygen vacancies
at the (100) surface. Consistent with recent band struc-
ture calculations [10,11], the occupied states show much
less dispersion than the unoccupied states with an effec-
tive mass in the region of −0.15 ± 0.1 [m∗/me]. The dis-
persion of the states near the conduction band minimum
shows qualitative agreement with one band structure cal-
culation for this material [11] but not the other [10]. From
our results, clear, periodic dispersion is observed in the
unoccupied states.

In addition, there is an image state for the
Li2B4O7(110) surface with a very light effective mass of
m∗/me = 0.06± 0.02. This is a very surprising result sug-
gesting that well ordered compositionally uniform surfaces
of Li2B4O7(110) are possible.
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