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Valence-band excitations in \,Os
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Max-Planck-Institut fu Physik komplexer Systeme, tNoitzer Strasse 38, D-01187 Dresden, Germany

M. Klemm and S. Horn
Institut fir Physik, Universita Augsburg, D-86159 Augsburg, Germany
(Received 9 December 1999

We present a joint theoretical and experimental investigation of the electronic and optical properties of
vanadium pentoxide. Electron energy-loss spectroscopy in transmission was employed to measure the
momentum-dependent loss function. This in turn was used to derive the optical conductivity, which is com-
pared to the results of band-structure calculations. A good qualitative and quantitative agreement between the
theoretical and the experimental optical conductivity was observed. The experimentally observed anisotropy of
the optical properties of MO5 could be understood in the light of an analysis of the theoretical data involving
the decomposition of the calculated optical conductivity into contributions from transitions into selected energy
regions of the conduction band. In addition, based upon a tight binding fit to the band structure, values are
given for the effective V 8,,-O 2p hopping terms and are compared to the corresponding values for
a’-NaV,0s.

[. INTRODUCTION transitions involved. Considering the crystal structure of va-
nadium pentoxide as a three-dimensional network of corner-

The transition metal element vanadium with the electronicand edge-sharing distorted ¥@ctahedra, we described the
configuration] Ar]3d34s? builds a variety of binary and ter- basic properties of the electronic structure in terms of
nary compounds. As vanadium can be found in the sambonding-antibonding and ligand-field splittings. The calcu-
compound in two different oxidation states, stoichiometriedated optical conductivity exhibits a strong anisotropy, which
with many different noninteger valencies are possible. In thaés in an excellent agreement with our experimental results.
Magndi phases VO,,_; (3=n=8), for example, different We have identified the possible origin of the main dipole
combinations of V* and V** provide us with the formal transitions by selecting three energy intervals in the conduc-
valencies 4-2/n, whereas in the compounds,®,,,, (2  tion band, corresponding to states with pronounced orbital
<n=4,n=6), the formal valencies 42/n are realized. Al- Symmetry and by investigating the contribution of the onsite
most all binary vanadates exhibit a metal-insulator transitio® 2p— O 3d transitions to the optical conductivity.

(MIT), but in most cases the discussion about the driving

force for the MIT is controversial. Even the origin of the Il. METHODOLOGY

MIT in V ,03, which is one of the best studied Mott-Hubbard
systems, was recently called into questton.

In the binary vanadate XDs with the formal electronid® Single crystals of YO5; were grown from the melt. The
configuration there is no evidence for a MiHowever, its  detailed procedure is described elsewtfele bright yel-
applications as, e.g., a gas sensor, a catalyst, or the catholev crystals were up to 30 mm in diameter and 0.2 mm
material in rechargeable lithium batteries makes this comthick. V,0O5 has an orthorhombic structure belonging to the
pound interesting(see for instance Refs. 3):5Recently space group Pmnwith the lattice constanta=11.51 A,
V,05 has attracted attention due to its electronic and struch=3.56 A, andc=4.37 A8 In Fig. 1 the crystal structure
tural relationship to the ternary’-NaV,Os in which the is depicted in three different ways. In the upper panel the
vanadium atoms are formally mixed valent4¥).5” The  vanadium atomsfilled black sphergsand the three in-
dynamics of the V 8-electrons ina’-NaV,05 are the sub- equivalent oxygen positionsyQbridge, O. (chain, and Q
ject of controversial discussion and hence the investigatiofivanady) are shown together with the bonds between the
of V,05 might supply us with a good basis for a deepervanadium and the nearest-neighbor oxygen atoms. Irbthe
understanding of the electronic propertiesadfNaV,Os. direction, linear chains are built up from alternating vana-

In the present paper the optical properties g0y single  dium and chain oxygen atoms. In thedirection, the vana-
crystals have been investigated using electron energy-losium atoms are connected via the bridge oxygens. This ar-
spectroscopy(EELS in transmission and first-principles rangement can be described as a ladder structure with the
local-density approximation calculations. We found that thelegs running along and the rungs along@. Along thec
energy and momentum dependent loss spectra show dispetirection the vanadyl oxygens are located above and below
sionless features, which reflects the local character of théhe vanadium atoms creating the shortest (1.576 A) and

A. Samples
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B. Experiment

EELS in transmission with a primary beam energy of 170
keV was performed on free standing films at room tempera-
ture (for experimental details see Ref).9he energy and
momentum transfefq) resolution were chosen to be 110
meV and 0.05 A! for q=<0.4 A1, and 160 meV and
0.06 A ! for g>0.4 A~! due to the decrease of the cross
section at higher momentum transfer.

EELS in transmission provides us with the momentum
and energy dependent loss function[ ll/s(q,w)], from
which, by means of the Kramers-Kronig relations, the real
part of the negative inverse dielectric function and thus all
the optical constants, such as for example the optical conduc-
tivity o(q,w) can be calculated. For small momentum trans-
fer only dipole transitions are allowed and for the linjt
=0 the transition matrix elements are the same as in optics.
For the Kramers-Kronig analysis the loss spectra closest to
the optical limit @=0.1 A~!) were used in order to derive
the optical conductivity spectra.

FIG. 1. Crystal structure of M0s. Vanadium atoms are shown
as black sphere@pper panegl Bridge oxygens: dark gray; vanadyl
oxygens: light gray; chain oxygens: white. 3D network of distorted  The electronic structure of XD was calculated self-
VOg octahedra(lower-left panel. 2D network of VQ pyramids  consistently within the framework of the local-density ap-
(lower-right panel. proximation(LDA) to the density-functional theoy;** us-
ing the linear muffin-tin orbitalLMTO) method? with the
so-called combined correction tetfiaken into account. For
the exchange-correlation potential the von Barth-Hedin
parametrizatiolf has been employed. The calculations were
semirelativistic, i.e., all relativistic effects except for the
%pin-orbit coupling were taken into account.

Since the crystal structure of , @5 is loosely packed,

C. Computational details

longest (2.793 A) vanadium-oxygen distances in this struc
ture. The other V-O distances are 1.776 A (WO
1.878 A (V-Q) along the leg, and 2.018 A (VO be-
tween legs of neighboring ladders. Each vanadium atom an

its five nearest oxygen neighbors create \f@yramids that which leads to a large overlap of the atomic spheres, we

share their comers within the ladder and their edges betwegQserteq 24 additional empty spheres into the simple ortho-
neighboring ladderssee lower-right panel of Fig.)1The  ompic unit cell of \LOs. Their positions and radii were
resulting layers are stacked along the c direction. We woulqayen from Ref. 7. We checked the dependence of our results
like to remark that actually the vanadium is shifted out of thegy, changes of the positions and radii of the empty spheres.
base plane of the pyramid toward the vanadyl oxygen. If werhe effects on the band structure and the optical conductivi-
complete the pyramids to form strongly distorted octahedrajes turned out to be small provided that the sphere overlap
by adding the vanadyl oxygen from the lower lying pyramid does not become too largec@0%). The angular momentum
(2.793 A from the V atomwe obtain the third alternative expansion of the basis functions included3 for vanadium
description of the crystal structure in terms of corner andandl =2 for oxygen and the empty spheres. The @s3ates
edge-sharing V@octahedrglower-left panel of Fig. 1 have only a minor effect on the energy bands. However, they
The layered pyramid structure is ideal to explain the goodgive a significant contribution to the optical conductivity due
cleavage behavior in thab plane. The crystal cleavage re- to the large oscillator strength of the correspondmgd
sults in dangling bonds at the oxygen and vanadium sitesransitions(see Sec. Il §. The Brillouin zone integrations in
which are the origin of the properties that makegOy in-  the self-consistency loop were performed using the improved
teresting in applications as a catalyst or gas sehstow-  tetrahedron methddon a grid of 864k points.
ever, for the description of the electronic structure of vana- The real part of the optical conductivity tensor compo-
dium pentoxide the structure model with the y@ctahedra nents was computed from the energy bands and the LMTO
and the resulting ligand-field splitting of the W3states will  eigenvectors on the basis of the linear-response expres-
be more useful. sions'®~18The dispersive part of the conductivity tensor was
For the measurements using electron energy-loss speobtained via the Kramers-Kronig transformation. Finite-
troscopy in transmission, thin films of about 1000 A thick- lifetime effects and experimental resolution were simulated
ness were cut from the single crystals with a diamond knifeby broadening the calculated spectra with a Lorentzian of
using an ultramicrotome. Because of the good cleavage bevidth 0.3 eV.
havior, the crystallinity remains conserved after cutting par- The calculated band gap is somewhat less than the experi-
allel to theab plane, which is in contrast to the behavior for mentally observed gap of 2.3 eV. Such an underestimation of
any cutting plane containing the c direction. The high qualitythe band gap is a well-known limitation of the LDRwhich
and orientation of the single-crystalline samples werds due to the nonexact treatment of the electron exchange and
checked hyin situ electron diffraction. correlation. Nevertheless this discrepancy causes only a



12 794 S. ATZKERN et al. PRB 61

LA B LR L [ L L A B in EELS when the bands forming both the initial and final
states have significant dispersidin this case, the nondis-
persive nature of the EELS features in(¥ is attributable to

the local, nondispersive character of the final states, as the O
2p-dominated valence-band states do have significant band-
width.

For a simple interpretation we first consider a purely ionic
picture. In the low energy region the electrons from the com-
pletely filled O 2p states are excited into empty \d3tates.

In order to estimate qualitatively the character of the lowest
unoccupied states we consider the local symmetry around the
vanadium atoms. As mentioned in Sec. Il A, one possible
description of the crystal structure is the arrangement of cor-
ner and edge-sharing distorted Y©OctahedraFig. 1). The
octahedral symmetry implies a splitting of the \d 3evels
into t,, and energetically higher lying, states. Since in the
ab plane the differences between the V-O distances are small
whereas the deviations from a regular extension of the octa-
hedra in thec direction are large, we proceed with a tetrag-
onal distortion of the octahedra. The tetragonal ligand field
b 2 % 5 % 1002 02 %56 % 00 then gives rise to a further lowering of tig, level and a
Energy loss (eV) Energy loss (eV) splitting of the e, states. Hence the lowest excitations (E
~3.5 eV) with momentum transfer in tteeandb direction

FIG. 2. Electron energy-loss spectra measured with momentungan be related to dipole transitions from the occupiedp 2
transferq parallel to(a) the crystallographi@ and (b) the crystal-  states into the V 8,, state.
lographicb direction. On very general grounds, one expects that thepGstates
should hybridize with vanadiumdstates to produce a bond-

) ) ing and an energetically higher lying antibonding combina-
downward shift of the energy scale of the optical spectra. Agjon. The bonding states then build the valence bé&vil)
normalization parameters in the Kramers-Kronig analyses Ofyjle the conduction ban(CB) is formed by the antibond-
the experimental and theoretical data we used the static ding states. The magnitude of the splitting between the hy-

electric constants,(0) of 5.57, 4.8, and 4.55 fa, b, andc  pyigized states depends on the type of bonding. Ftmnd-
Q|r¢ctlons, respectively, obtained from the zero-frequencyng’ e.g., between the O2p, and the V 3l ,» state,
limit of the calculateds,(w). causes a much stronger splitting than the weakéonding,
as occurs between the,@p, and the V 3l,, states. The
Ill. RESULTS AND DISCUSSION difference between transitions from bonding states wito
states and those inte* states is visible in the EELS spectra
as the appearance of the spectral features in two well seper-
In Figs. 2a) and Zb) the energy dependent loss functions ated energy regions. Transitions into thé& states give rise
for different momentum transfers parallel to the crystallo-to spectral weight between 3.5 eV and 7 eV while the energy
graphica andb directions are shown, respectively. The spec-losses between 9 eV and 12 eV correspond to much more
tra are normalized at higher ener@@bout 15 eV where the intensive transitions into the* states.
shape does not change with the momentum transfer. On closer inspection the loss functions measured with
At first sight for both directions the spectra look similar. momentum transfer in tha andb direction show small dif-
The spectral onset is found to be at 2.3 eV, which agrees weferences in the spectral weight, which illustrate the anisot-
with optical transmission (§&,=2.24 eV) 20 optical absorp-  ropy of the electronic structure in thab plane. This anisot-
tion (Egap=2.3 eV) (Ref. 21 and optical reflectance mea- ropy is caused by the overlap between different pairs of O
surements (g,,=2.38 eV)?? Two rather narrow peaks at 2p and V 3d orbitals along thea and b direction, respec-
3.5 eV and at~9.7 eV are conspicuous while additional tively, and will be studied in detail in the next section.
broader features are found to be at 4.8 eV7 eV, and
between 10 eV and 12 eV. The intensity of all these features
decreases with increasing momentum transfer whereas an ad-
ditional feature at 5.1 eV, which appears at about 0.3* A In order to gain a deeper insight into the origin of the
gains intensity with higheg. These results can be explained interband transitions contributing to the spectra we calculate
by theq dependence of the transition matrix elements, whichthe partial densities of states for all inequivalent atoms and
means that the former feature can be identified as resultingesolve the partial V 8 and O 2 contributions into their
from interband plasmons related to dipole transitions whilefive and three symmetry components, respectively. The
the latter feature most likely originates from an interbandupper-left panel of Fig. @) shows the total V @ density of
plasmon related to an optically forbidden quadrupole transistates(DOS) which is consistent in most features with pre-
tion. In both directions all the features show no clear disperviously published theoretical studies that used variabs
sion. In general a dispersive interband plasmon is observeiditio techniques:? Three groups of bands could be identi-

Loss function (arb. units)

A. Loss functions

B. Partial densities of states
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subgroup of vanadium and oxygen sites, are also shown. For
" total V 3d [ V3dxy simplicity the partial DOS of the O 2, states as well as the
- V 3dy, partial DOS, whose shape is very similar to that of V
3d,,, are not shown. The energy ranges with high partial
L DOS are marked with a gray background. The present calcu-
lations yield an almost pure Vd3, character for the split-off
n subband. The V 8,,/3d,,/3d,, states appear within the en-
ergy regions betweern-3 eV and 0 eV and between 2 eV
_JM‘\_} and 4 eV, whereas the Vd32_,2/3d3,2_ 2 states have domi-
0= —- nant contributions in energy regions below3 eV and
V 3dxz above 4 eV[see Fig. 8a)]. For the latter states this is a
I consequence of the stronger bonding-antibonding splitting
2L resulting from o-like V 3d-O 2p interaction mentioned
above.
The shapes of the O@partial DOS and their symmetry

7l components are quite sensitive to the sort of oxygen atoms,
thus reflecting the different bonding environmepdse Fig.
46

(=)}

[\ ]

i

(=]

DOS (1/eV)

—
(=]

0.5

3(b)]. Keeping in mind that every bridge and vanadyl oxygen
atom is shared by two Vg octahedra we point out the re-
semblance between the,@p,/2p, and Q 2p,/2p, partial
DOS, which are involved inr bonding as well as the {2p,

E-E ) (V) and Q 2p, partial DOS participating ino bonding with
vanadium 38 states. In contrast, each chain oxygen belongs
Ov Oc at once to three distorted octahedra. Such a location suggests
that the Q components create bonds of both types. This fact

is reflected in the corresponding DOS, which can be consid-
ered as the superposition of the two distributions discussed
above.

C. Optical conductivity

0

2.0

1.0

14
=

We have calculated the optical conductivitfw) of
V,0O5 crystals for energies up te-27 eV. Since the most
important and well pronounced features of the EELS spectra
are found to be in the energy range from 0 to 14 eV, we use
these limits to present the calculated and experimental results
along the two main crystallographic directiorssandb, in
Fig. 4. In order to achieve the best correspondence, we ap-
plied the same upward energy shift of 0.35 eV to both cal-
culated curves, which is most likely due to the underestima-
tion of the band gagsee Sec. Il € This difference by a
factor of 1.2 is small compared with similar comparisons for
semiconductors(1.5—-2 which can be explained by the
(b) smaller effect of the on-site electronic correlations on the gap

value in \,Os. This is a consequence of the fact that both the

FIG. 3. (a) Partial vanadium DOS of 0. (b) Partial oxygen  top of the VB and the bottom of the CB in the semiconduc-
DOS of \,0s. Partial DOS are given per atom. Energies are giventors are formed by partially occupied orbitals of the same
relative to the valence-band maximuny E atom, while in \bOg they arise from fully occupied O [2

and completely unoccupied Vd3states, respectively. The

overall agreement between the calculated curves and those
fied in the energy range from6 eV to 10 eV giving rise to  derived from the experiment is striking. Along both direc-
the DOS(the zero point of energy corresponds to the top oftions the calculated energy positions of the main spectral
the valence band The VB has a width of~5.3 eV and is features coincide almost precisely with the experimental
separated from the CB by an indirect optical gap ofones. A strong absorption at 3 e\.2 e\) for the a (b)
~1.73 eV between thE point and a point close to (8, 7) direction as well as the following drop of the spectral weight
in the Brillouin zone of the simple orthorhombic lattice. A is reproduced by the calculation. The separation of the peak
narrow conduction subband of only 0.47 eV width splits off at 4.5 eV from the group of more intense peaks located be-
from the CB resulting in an additional band gap of 0.48 eV.tween 5.5 and 9.0 eV for treedirection and the qualitatively

In Fig. 3 the DOS components projected onto the cubidifferent picture in the given energy interval in the case of
harmonics Py, py, dyxy, dy,, andd,2_y2+ds,2_,2) which  the b direction are also reflected in the theoretical curves.
form the basis of the irreducible representations of the local'he only noticeable discrepancies seem to be an overestima-

DOS (1/6V)
—
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Optical conductivity (103 Q-lem-1)
Optical conductivity (10° Q-lcm!)
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FIG. 4. The optical conductivityr,, and o, of V,05 deter-
mined by LDA band-structure calculations compared with those

derived from the experiment. Theoretical curves are broadened with FIG.5.(a) D i fh lculated optical ductivit
a Lorentzian of 0.3 eV width and shifted by 0.35 eV to higher . -2 (@ becomposition of the calculated optical conductivity
energies. into three parts which represent the interband transitions into se-

lected energy intervals ¢E of the conduction bands: gray area:

total optical conductivity; area with horizontal lines: <(;

<3.1 eV; hatched area: 3<IE;<4.4 eV; area with vertical lines:
tion of the intensity of the peaks at7 eV (adirection and  4.4<E;<6.8 eV.(b) Optical conductivity calculated as i@ but
~5 eV (b direction and the theoretical underestimation of fexcluding successively the Op2-0O 3d transitions at the three

the energy of the broad features appearing between 10 arfepauivalent oxygen positions: the solid-gray line and the dotted-
12 eV in the experiment gray line in each panel represent the optical conductivity, including

. all and none of the transitions into the Qi 3tates, respectively.
The observed correspondence between calculations ang, . ; P y
hile o,, and o, are dominated by O 2—0O 3d transitions on

experim(_ent allows us to draw add_itional information from 0, and Q, respectively(black-solid lines in the upper and the
the detailed analysis of the theoretical spectra. For that putyiggie panel, the contributions tar,, from transitions into the &
pose we present the calculated components of the opticatates of @ (black-solid line in the lower paneland G (black-
conductivity tensor along the three principal crystallographicdotted line in the lower panehre almost equal.

axes in Fig. 8a). It is difficult to associate the features in the

optical conductivity curve with transitions involving specific

pairs of bands because of the multiplicity in the manifold ofsharp maximum at 2.17 eV iy, is due to transitions be-
band structures. Therefore we consider contributions to thtween the bands straddling the chemical potential, i.e., rep-
optical conductivity from transitions between the occupiedresenting the main gap.

VB states and selected energy intervals in the unoccupied The lowest unoccupied band has already been defined as
electronic structure. In Fig.(8 we display only three of having almost pure V @,, character while the highest occu-
such components since the rest play only a negligible role ipied band is a mixture of mainly ©2p,/2p,,0, 2p,,

the energy region from 0 to 11 eV. The first contributionand Q 2p, characters[see Fig. 8)]. Since only the
[area patterned with horizontal lines in FigaH corresponds O, 2p, (O 2py) orbital of them hybridizes with the V&,

to transitons into empty states located between 0 and 3.0@rbital in thea (b) direction the anisotropy in the behavior of
eV. This interval comprises the bands dominanted bydy,3 () right after the absorption threshold has its origin in the
states mixing with @ 2p, and Q 2p,/2p, . The calculated different probabilities for an electron to hop from the
absorption threshold is about 1.96 eV, which is 0.23 eVO, 2p,(O; 2py) orbital into the V 3,, orbital. The effec-
larger than the minimal indirect gap. The optical absorptiortive V 3d,,-O, 2p, (1.75 eV} and V 3d,,-O. 2p, (0.55
increases rapidly immediately above the direct-gap thresholdV) hopping terms were obtained by adjusting the param-
only for the a direction and has pronounced minima at 3.7eters of a tight bindingTB) model so as to reproduce the
eV for thea andb direction. Such a drop in absorption is calculated dispersion of the lowest unoccupied bands origi-
obviously the consequence of the presence of the additionalating from the V 3l,, states(for the detailed description of
band gap mentioned above. Our calculations show that thine TB model and the parameter values &drNaV,O5 see
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Ref. 24. The V 3d,,-O, 2p, term is responsible for the extentby @ 2p—O, 3d transitions with an important con-
splitting of the four bands into two subbands leading to thelribution from Q. near the absorption threshold and above
opening of the additional gap, mentioned above. As the,vV-05.5 eV[see the black-solid and the black-dashed line in the
distance in \Os is smaller than inx’-NaV,Os this hopping  lower panel of Fig. §)].
is slightly larger than the value of 1.7 eV found for the latter.  The analysis of the orbital projected Gd3DOS (not
The V 3d,,-O. 2p, term, which governs the dispersion of shown shows that only @ 3d,y,O; 3ds2—,2, and, to a
the bands along th& —Y direction, is, however, smaller lesser extent, O3d,, orbitals contribute to the wave func-
than the corresponding term '-NaV,Os (1 eV), despite tions of the lowest unoccupied bands formed by W,3
the smaller V-Q distance in \Os. It should be pointed out states. Thus, due to the dipole selection ruleszicempo-
that in order to minimize the number of parameters thenents of the optical matrix elements for all transitions from
O. 2p, orbitals were not included in the TB model. Their the O 2 levels into these O & states are zero, which ex-
effect was taken into account implicitly via renormalization plains the negligible contribution te-,, from the interband
of other hopping terms. Bearing this in mind, the reductiontransitions into the final states in the energy range up to 3.06
of the effective V 3l,,-O; 2p, hopping, which reflects the eV. The high intensity ofr,, just above the threshold arises
weaker dispersion along thE—Y direction, can be ex- from a superposition of ©2p,—O, 3d,, and Q 2p,
plained by an increased contribution of the 4,3-O, 2p, = —Oc 3dy2-y2 contributions due to the large spectral weight
hopping of opposite sign caused by a larger displacement aff O; 2p, and especially of © 2p, states near the top of
O, atoms out of V-V chains running along thedirection. If ~ the valence band. Finally, the shift of the spectral weight of
the oxygen octahedra were undistorted the Zp, orbitals ~ the low energy peak inry, to higher energies, compared
would be orthogonal to the V&, orbitals and would affect Wwith its counterpart inry,, can be explained by the fact that
the dispersion only via the renormalization of the effectivethe DOS of Q 2p, and Q 2p, states reach their maxima
V 3d,y-V 3dy, hopping. However, as the distortion in- ~1 eV below the top of the valence band and rapidly de-
creases the O 2p, orbitals start to overlap with the Vdg, ~ crease at higher energigsee Fig. 8)].
orbitals, thus suppressing the effective 9,30, 2p, hop- It should be noted that the optical matrix element depends
ping. not only on the contributions from individual spheres
The hatched area in Fig(& shows the contribution from but also on the expansion coefficients that determine the
transitions into final states with energies 3.06<ef;,  weight of the orbital in the Bloch wave functions of the
<4.4 eV and thus represents the transitions into thenitial and the final states and represent the symmetry of the
V 3d,,/3d,, states having an admixture of mainly, @p, crystal. Taking into account the exact form of the wave func-
and Q 2p, character. Ins,, this contribution appears with tions can result in a suppres;ioh of some contributions al-
more or less constant intensity in the energy region betweelpwed by the selection rules inside a sphere but makes the
3 eV and 8 eV reflecting the flatness of the total density ofnalysis very complicated and is thus beyond the scope of
occupied stategnot shown here However, ino,, these this paper.
transitions dominate within two separated energy intervals at
about 4.8 and 8 eV. In the direction they almost fully
determine the absorption in the region between 3 and 7 eV. IV. SUMMARY
The part of the spectra that is due to transitions to vanadium

€, states mixed with § 2py, Oc 2p./2py, and Q 2p, resolution EELS measurements ofQ% single crystals. The

dzg\elfr?ezavcgs \(/Ael.récgﬁilif;&l?ise(\:/l)ezlasr fhha(ivj[lr?ezz :?;n;rtieoansmeasured dynamical response showed no distinct dispersion
P . S . ) ) along the principal crystallographic axes indicating the local
are responsible for the high intensity regionsvig, and o,

t about 6.6 eV and thev domi in th / character of the final states. The results of our LMTO calcu-
at about 6.6 eV and they dominatg, in the energy region. \4,ns of the electronic structure agree well with previous

between 7 and 12 eV due_to the strong overlap between thI_eDA based numerical studies and can be easily interpreted in
O, 2p, and V 3d3,2_,2 orbitals.

We complement the discussion about the strong opticatlerms of bonding-antibonding and ligand field splitting, con-

anisotropy by presenting calculations of the optical conduc-Slderlng the crystal structure of0s as a three-dimensional

tivity with the O 3d orbitals excluded from the LMTO basis (SD) network of cormner and edge-sharing ¥@ctahedra.
set. The result§see dotted-gray lines in Fig.(l9] show a The optical conductivity, calculated from the energy bands

strong decrease of the calculaidn the energy range up to @nd the LMTO eigenvectors show an excellent agreement
10 eV. This illustrates the important role of the p2 With that derived from the experimental loss spectra in a
—0 3d transitions in the matrix elements. The calculationsWide energy range. The divisibility of the DOS of the final
were repeated with OdBstates of only one type of inequiva- States into energy regions with contributions from states with
lent oxygen atoms included in the basis. From the comparicertain symmetries and the calculation of the optical conduc-
son of these spectra with those calculated with the maximdivity excluding the O »—O 3d transitions for the in-
basis set one can see thgt, and o, are effected mainly by equivalent oxygen positions allowed us to explain the emer-
O 2p—0O 3d transitions arising from Qand Q atomic  gence of the main peaks as well as the observed anisotropy
spheres, respectively, which is illustrated by the black-solidn the optical spectra. Because of the structural resemblance
lines in the upper and middle panel of Fighh However, we expect a similar dynamical behavior of the @ 2lec-

the increase of the intensity of,, is determined to a great trons in the quarter-filled compound’-NaV,Os. However,

In conclusion, we have carried ouf-dependent, high
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