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The electronic properties and the crystal structure of layered perovskite-related niohatgabO; 5
can be tuned by gradually changing the oxygen stoichiometry. We have studied the electronic structure of this
series in detail by angle-integrated and angle-resol(8RPES photoemission and x-ray absorption
(NEXAFS) on SrNbQ 45 and Lg ;Sry NbO; 39 Single crystals. ARPES shows a one-dimensional dispersion
and a purely one-dimensional Fermi surface with a nesting vedtpr=0.56 A"1. A strongly anisotropic
electronic character appears in polarization-dependens GIEXAFS as well. Local-density approximation
(LDA) band-structure calculations support this dispersion behavior of the lowest-lying conduction band and
find additional Fermi surface sheets with a more two-dimensional character.

I. INTRODUCTION tropy ratio p, /p| falls within the interval 18 to 1C°, de-
pending on temperature.

Perovskite-derived oxidic materials with layered structure The rich array of possible superstructures calls for a sys-
have been receiving special interest in the past few yearsematic exploration of the electronic properties and of how
often fueled by the quest for new cuprate or copper-free oxthey are affected by the two doping channels mentioned
ide superconductors. A recently synthesized perovskiteabove. In this paper, we present a detailed study of the elec-
related family with the formal compositionABOss ,, tronic properties of two representative compounds of
whereB is a transition meta{TM) andA is a large pre-TM  the series Sr,LaNbO;5 ,—SrNbQ 45 (Ref. 8 and
element, typically an alkaline earth or rare earth, exhibitsLa, ;Sry JNbO; 35-using angle-integrated and angle-resolved
complex but systematic superlattice structures depending gphotoemission(UPS, ARPE$ as well as near-edge x-ray
oxygen content. The interplay with the associated electroniabsorption (NEXAFS) spectroscopy. The ARPES results
structure is, however, not clear at this time. Members of thissuggest a one-dimensional metallic character for both com-
family that have been grown in single crystals include con4pounds, which will be discussed on the basis of band- struc-
ducting layered alkaline earth niobates and rare-eartiure calculations in the local-density approximation.
titanates* These compounds form the homologous series
An11Bn: 103515 and are derived from the three-dimensional
(3D) perovskiteABO; by “cutting” the edges of theBOg [l. EXPERIMENT
octahedra parallel to the.10 plane and inserting additional

oxygen. This is related to the WeII-know_n Ruddlesden-grown by a floating zone melting process under Ar atmo-
Popper scheniewhere a(100 cut accompanied by the in- ghpare Details on the preparation process and the character-
sertion ofAO leads to the seried,, 2B, 103n+4. Sta7rt|ng ization of the crystals in terms of thermogravimetric analysis,
from the ferroelectric insulating compound SINRO™" the  ejectrical transport properties, and magnetic susceptibility
electronic properties of the series SINRO, can be gradu-  can be found in Ref. 2. By powder x-ray diffractigRD)

ally tuned by decreasing the oxygen content, involving strucand high-resolution transmission electron microscopy
tural changes. A second doping channel consists of partigHRTEM) the room temperature crystal structure of the Sr-
substitution of divalent strontium by higher-valent atoms likeNb-O n=3 and n=4 members was determined to have
lanthanum. Both channels cause electron doping and leav@thorhombic symmetry, with lattice parameters estimated to
niobium in a mixed-valent state (Kb, Nb**). In the range a~3.9 A andb~5.5 A. A structural feature common to all
0<x<0.08, well-ordered intergrowth takes place betweenmembers of the series SrLa/NbO; 5, are corner-sharing
insulating (1=3) and conductingr(=4) subunits, resulting NbOg; octahedra whose Nb-O base planes (@) oriented

in new superlattices where the stacking sequence of the subnd that are connected continuously alongateis through
units is determined by the oxygen stoichiometry. For ex-their apical sitegFig. 1). Along thec direction, the sequence
ample, SrNb@,5 consists of alternatingi=3 and n=4  of the octahedra is broken up periodically by Sr interlayers,
slabs. This compound exhibits activated electrical transporéffectively producinga-b slabs that arer(+1) octahedra
with activation energies in the meV range, both paralig) (  wide. In the case of SINbQs, HRTEM diffraction patterns
and perpendiculary(, ) to the cleavage plane, and the aniso-exhibit a periodicity in the layer-stackingdirection with a

SINbG; 45 and Lg 1Sty NbO; 59 single crystals were
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FIG. 1. Projection along tha axis of the SINb@, (n=4) crys- a
tal structure(shown are three unit cells aloy. Note thea-b slabs %‘Lo::gn ?Efi\ e‘:gy ‘(192V)44
with a width ofn+1 NbQ; octahedra. The Nb atontkidden oc- . : . ; . : . : . :
cupy the central sites of the octahedra, and the O at@mesy 10 8 6 4 2 0
circles occupy the octahedral vertices. The Sr atoms are repre- Binding Energy (eV) E.
sented by white circles. The bold dashed lines indicate the most
likely position of the(001) cleavage plane. FIG. 2. UPS spectra for SINkQs and Lg Sty gNbO; 39 taken

at room temperature withv=21.22 eV. Note that the intensity of

wavelenath of~59 A consistent with a stacking se uencethe nearkr feature is increased for the latter by a factor-e8.
9 ! g seq Inset: CIS spectrum of the neBi- peak at 0.6 eV for SrNbg);s.

—{3-4-3-4- of |nd|v!dual n=3 andr!=4 slabs per unit "o nhancement of the photoemission signal around 38 eV
cell. Indeed, HRTEM Images show this sequence to be_ per(Nb 4p—4d threshold suggests this peak to be N 4lerived.
fectly ordered® A detailed XRD analysisfor the composi-

tion SrNbQ,, revealed a unit cell witta=3.995(2) A, b N ) . . )
=5.674(2) A, andc=32.456(5) A in the space group Sensitive fluorescence yield mode, which gives a probing
Pnnm. These values are taken as an approximation for tréepth on the order of 1000 A, and were corrected for satu-
crystal parameters of ,aSr JNbOs 39. The crystals typi- ration and self-absorption effecf$ For energy calibration,
cally have a size of 24X 1 mnt and cleave perpendicular total electron yield data of NiO were taken simultaneously
to the layer-stacking direction, presumably along the Sr and referred to a NiO standdfdirom electron energy-loss
interlayers between two adjacent slabs. spectroscopy, resulting in an absolute energy calibration of
Angle-integrated (UPS and angle-resolved ARPES  about 0.1 eV. The present data are corrected for the energy-
photoemission measurements were performed with a disdependent incident photon flux monitored by the current
charge lamp using the Hed line at 21.22 eV and the Ne | from a gold mesh, and normalized to tabulated atomic ab-
line at 16.85 eV, respectively. Contributions from satellite sorption cross sectioffsat about 70 eV above the absorption
lines (16.67 eV for Ne and 23.09 eV for hievere subtracted edge.
for the spectra presented. For ARPES, the energy resolution A|l spectra shown were recorded at room temperature ex-
was set to 50 meV and 9A00 meV as determined by the cept for ARPES, where the temperature was set to 150 K and
Fermi edge of freshly evaporated gold films at 17 K. Better100 K for SINbQ 45and La, 1St JNbOs 34, respectively. For
resolution had to be sacrificed in exchange for a reasonablge compound SrNb§)s, below 150 K the resistivity in-
count rate. The angular acceptance of the hemispherical angreases substantially and leads to charging effects on the
lyzer (VSW HA54) amounts to+1°, corresponding to &  crystal surface, as seen in spectra measured at 100 K. No
resolution of about 0.06 Al. Sample surfaces suitable for charging effects were observed at 100 K for the La-doped

photoemission studies were prepared by cleaving the crystaiystem due to its better electrical conductivity.
in situ prior to the measurement, exposing @Q@1) surface.

Surface quality was checked regularly by comparing charac-

teristic valence-band features. With the base pressure at IIl. RESULTS

<3%x10 " mbar, ARPES data could be recorded up to '

about 18 hours after cleaving without observing any degra- By UPS, we have probed the valence band of the present

dation of the spectra. The orientation of the samples wagiobate compounds. The UPS spectra of Fig. 2 exhibit a

determined to within= 1° by low-energy electron diffraction main valence band ranging from about 4 to 10 eV. In addi-

(LEED). The sharp, bright spots observed indicate high surtion, there is a small but well-defined peak close to the Fermi

face quality. Data for photoemission in the constant-initial-level, Eg, whose tail extends up &g . This feature is pre-

state(CIS) mode were recorded at beamline 6.2 at the Synsumed to be mainly Nb e derived. For Lg Sty gNbO; 3,

chrotron Radiation Source, Daresbury Laboratgkyk), the intensity ratioR of this nearEg feature relative to the

using light withhv=33...44 eV and amngle-integrating main valence band has increased by a factor oR3 8%)

VSW 100 mm hemispherical analyzer. compared to SrNbgys (R~1%). In asimple ionic picture,
Polarization-dependent Oslnear-edge x-ray absorption the Nb atoms in SrNbgys and Lg 1S NbO; 59 are in a

(NEXAFS) measurements were performed at beamline U4Bnixed valent state (NG, Nb**) with nominally 0.1 and

of the National Synchrotron Light Source, Brookhaven Na-0.32 Nb 4 electrons per formula unit. This enhanced num-

tional Laboratory, with the energy resolution set tober of Nb 4 electrons in Lg Sry gNbO; 59 agrees well with

~210 meV. The spectra were recorded in the nonsurfacthe observed increase R) supporting in turn the assumption
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above that the nedfr spectral weight is Nb d derived. The @) ()

presence of some Nb in the samples is also illustrated in ¢=0° ()
x-ray photoemission spectfaot shown where the main Nb 9=fﬂ\ W\L
3d core-level peaks due to Rb ions exhibit small shoul- 261/?“’1\;)‘( Z//SF\C
. . 24° -l o

ders at the lower binding-energy sitfe. Voo Ne — 6=0

The Nb 4d character is supported by the CIS result for ~ [22° e [ w%;\: M//”‘Wm\ =
SrNbQ; 45 shown in the inset of Fig. 2, where the photoemis- 20"///.\‘ ﬁ:mw\_ 20°
sion intensity of the neafy feature at 0.6 eV was tracked & 18‘;,///“\\— %: =180y
while tuning the incident photon energy in the range 33 to 44 & [16° | == “’/‘N"‘\g 16°
eV: The photoemission signal exhibits an enhancemeni® 14°—~'//\\_ %: /-\”‘\_140
around the Nb p—4d threshold energy at 38 eV due to = 12°—/‘/,/i7°\\_ %: ://.-vi\;ma
constructive interference of the direct photoemission channe_s 10° _//\L ﬁ:wo S\ S
4p%4d"+hv—4pb4d" 1+e with the indirect channel @l e ~ %t woaNl g
4p84d"+hyv—4p°4d"T1—4pb4d" 1+ e. In a similar pho- = eo_//rf\; :;j,fm/\\— o A\ .
toemission and x-ray absorption study on the related com-@ | 4 _,,/-/‘\_ ﬁ\: \/{J\\; 6
pound LaSr,_,TiOs, Fujimori et al1* were able to assign Ti -g por e N | — ,//r\\* ¥
3d character to the spectral weight within about 4 eV below £ . M/._,r—\“ b S
Eg, in close analogy with our results. Moreover, they assignn' o __/_.f\‘ r ﬁ:w - 0T
O 2p character to the valence band that they find between ¢ |° o_,/ﬁ\“ TN
and 9 eV; a similar assignment is expected to hold for 4 _,/m\;
SrNbO; 5, as well. -6° A//-\;

ARPES was applied to resolve distinct bands within the |[-8° _}///.\p
nearEg feature and to explore their dispersion relations. [10° —
Photoelectron energy distribution curveSDC’s) are mea- LU UM A SR I B

) ) I
sured versus momentuky= (k,,k,) within the surface Bril- 10 05 00 1.0 05 00 1.0 05 00
louin zone(SB2). The components ok are related to the Binding Energy (eV)
slecton emission angled ) gven e IGL1es ks 15 5 agpes for Lyt Ah0u o T=100K usnghs
compounds under investigation have a layered structure, no 16-85 eV photons. Spectra taken aldhg(I'') with (a) 90 meV
dispersion along the directidn perpendicular to the cleav- and(b) 50 meV energy resolution and aloig I'-Y with 90 meV
age plane is expected. Figure 3 shows EDC's along the higrenergy resolution.

symmetry linesT-X and T-Y for Lag 1S1y gNbO;3 39 with an
energy resolution of 90 meYpanels(a) and(c)]; addition-  and is, in fact, indicative of a reconstruction of some sort.
ally, panel(b) contains EDC'’s taken alorig-X with 50 mev  Indeed, such a reconstruction is observed by LEED on the

cleaved surfacéFig. 5: A reproducible spot with lower in-
resolution. At thd” point, two bands are observed with bind-é ¢ig. 9 P P

) : ensity can clearly be seen along th& direction of the
ing energies of about 600 and 300 meV. The latter bandecinrocal lattice between any two adjacent bright spots of

exhibits no s_ignificant dispersion alor@-i In contrast, the main pattern. The corresponding>(2) reconstruction
starting fromI" and moving up to larger anglesthe other ~ Of the(001) plane leads to a folding down of the BZ, causing
peak disperses strongly towards-, piles up at 0,¢) the I' point of the reconstructed zone, call€d, to be lo-
=(10°,0°), and has lost the majority of its intensity at cated right on top of th& point of the unreconstructed zone.
(6,¢4)=(12°,0°). Using the higher-resolution data the Fermivery recent neutron scattering experiméhtshow this re-
surface (FS) crossing is determined to occur ab,()  construction to be a bulk, not a surface effect.

~(10°,0°). Moving to higher angle8 causes the peak to  The complete (001) Fermi surface (FS) of
reappear atf,¢)=(16°,0°) and to disperse away from the | 5, Sr, JNbO; 55 was mapped with an energy resolution of
Fermi level, indicating a crossing between6,$) 90 meV and is shown in Fig. 6. The points within the SBZ
=(14°,0°) and ,¢)=(16°,0°). At the position ¢,¢)  where EDC’s were recorded are indicated by circles. They
=(—10°,0%) the peak piles up again néas and looks simi- were chosen to lie on lines parallel -X, where the

lar to the one at ¢, $)=(10°,0%) suggesting a further FS ., dispersive band is obsenig. 3(@]. For all these
crossing. In the perpendicular directidi+Y both bands cuts the FS crossing of the dispersing band occurk,at
shovg noddisptre]lrsiom(-]I ARPES OE Sr]rNi_?@(Fig- 4) also Ifinds A ~0.28 A%, Obviously, the FS consists of two straight lines
two bands, whose dispersion behavior is very similar to t N A " .
one for Lg Sty gNbO; 39. All this suggests that both mate- ef;? gell tg (t)hsegi\(() gg?}fnihsgﬁaerfigrgg Etlhenle;sst”;gs \gebc_
rials ;hould have metallic character, albeit only in one di'served iFn AI.?PES.has a ;;uredme-dimensic;nad:haracter
mension. — The occupied part of the strongly dispersing band covers
The EDC's about th& point resemble very closely those 3694 of the SBZ(shaded area in Fig.)@nd thus corre-
about thel’ point, with respect to all parameters including sponds to 0.72 electrons. Taking into account the second,
binding energy at the bottom of the band, dispersion, andon-dispersing band, which also lies close to but completely
intensity. This is not at all required by the crystal symmetrybelow Eg, one arrives with ARPES at a total of 2.72 elec-



PRB 61 ELECTRONIC STRUCTURE OF LAYERED PEROVSKITE- ... 1879

»

S

'S

—@
4

>
»

1° L.Oo f

(o]
a o (e}
(). =0 (b) ... ...
_ /.\ﬁ\ 0= X
X(F )M 27° 0.6
,/R"’A\ 25° =0° ( e ________
L4 -
E /\\\ 23° Al ¢= 0.4 5 &
2} 2 N— 20° ® ©
= ° 19° & - of @
3 17° . Y ~ 0.2 0} o le)
E —’M 1% A ¥16° ';'< 2; o o
/\-\/o——\\ ~ =
c o — or
.9 ’—./_,_,.M/V“\ 13 A L_12° 8 0.0 bl
) 11° -‘:-z () 2kF
g %\ /A\“\L & < oz g A [
° A 4
A
o PO m
- A
(o]
c
o

]
-—h
©
[
o
(=)
1

crrrrrcrrrcfrcrerrer

'+ A 70 0.0 0.1 0.2 0.3 0.4 0.5
3 9 k, [010] (A”)
LILALELELE BLELELELE BUR LI BRI B
1.0 05 0.0 1.0 05 0.0 FIG. 6. Measured FS of lgaSr JNbO;39: ARPES data were
Binding Energy (eV) taken at pointsK, ,k,) denoted by circles. The FS crossirgted

circles lie on a straight line. Crossing points obtained by symmetry

FIG. 4. ARPES for SrNb@,s at T=150 K using hv are indicated by filled triangles. The FS has one-dimensional char-
=16.85 eV photons; energy resolution 100 meV. Spectra takecter with nesting vector k= 0.56+0.06 AL The shaded area

along the(a) T-X(I'') and(b) T-Y high-symmetry lines. indicates the occupied part of the strongly dispersing band. The
g the(@ (" (b) gn-sy y (2% 1) superstructure produces a replica of the(&&shed-straight

line).
trons filling the nealEr Nb 4d density of state$® On the ‘

other hand, the 0.32 Nbd4electrons per formula unit from specifically: apartial DOS, as dipole selection rules allow
the ionic picture correspond to 3.2 electrons per unit celtransitions from, e.g., Odstates only into states with Op2
occupying the Nb d level. The discrepancy to the electron character. It is also &cal DOS as it probes only a region
count derived from ARPES hints that there may be addiwith sufficient overlap with the core level under consider-
tional bands very close tBg, possibly forming small elec- ation. In the niobate compounds studied here, Cstates are
tron pockets arounﬁ, which are not recorded by ARPES. hybridi;ed with Nb 4 sta.tes,.and. following our UPS results,
With near-edge x-ray absorptiofNEXAFS), one can & considerable Nb contribution is expected néar The O

probe the unoccupied density of statB©S) nearEr ; more 1s NEXAFS data presented may therefore serve as an illus-
tration of the unoccupied Nbd DOS as wellt’ Further-

more, the symmetry of the final states can be probed by
choosing different orientations of the polarization vedtor
relative to the crystal axes b, andc. The NEXAFS results

for Lag 1Sry JNbO; 39 and SrNbQ 45 are presented in Fig. 7
for the polarization vectoE oriented parallel to the crystal
axes. All spectra could be measured at appropriately cut or
cleaved surfaces, except for thegl8r, )NbO; 5 E||c Spec-
trum, which is extrapolated from data measured in 60° graz-
ing incidence.

All O 1s NEXAFS spectra exhibit a peak in the energy
range 530-532 eV, immediately above threshold, followed
by a marked intensity valley. For both SrNpg and
Lag 1Sth NbO; 59 the spectrum foE|a stands out: The onset
of the first peak is shifted by about 0.3 eV towards lower
photon energies and its intensity is enhanced by 30% to 40%
over the other directions. The origin of this first peak can be
understood in a simple way in terms of molecular orbitals of
a single NbQ@ octahedron; as the Nbddlevels are occupied
by at most one electron the first peak in NEXAFS would
correspond to transitions into the Ni4D2p7* antibonding

FIG. 5. Typical LEED pattern of LgSrNbO;59 and
SrNbQ; 45 single crystals. Along th@* direction, (2<1) super-
structure reflections are observed.
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' ' ' ' as the spatial structure can, by construction of the homolo-
gous series and by the cleaving behavior, most naturally be
described as “layered” or 2D. Furthermore, the 1D Fermi
surface suggests a one-dimensional metallic character, and
therefore seems to stand in contrast to the macroscopically
observed semiconducting behavfolthe latter point does
not, however, constitute a discrepancy as the in-plane resis-

= tivity measured in Ref. 2 most probably has betland b
g contributions.
! To explain the former point, on the other hand, would
S seem to require revising the picture of a layered, essentially
£ 2D crystal structure applied so far which may be oversimpli-
S Ella fied. An equally valid description of the=3 andn=4 sub-
¥ 5 }La _Sr..NbO o E|b units considers them as being built up by linear chains of
0.1 0.9 3.39 .. . . . .
c (b) A o Elc NbOg octahedra joined throug_h thelr_ apical sites ar_ld aligned
® 4| A along the crystallographia axis, while the correlation be-
2 A tween the chains may be confined to within the respective
E il subunit(cf. Fig. 1). Although being somewhat naive in itself,
b 3¢ N this picture makes plausible a spatial structure with quasi-1D
a character which could explain the anisotropic electronic
2L :S properties and furthermore the one-dimensional dispersion
:5.';’ observed.
11 A9 To shed some more light on these questions, we per-
A formed band-structure calculations in the local-density ap-
I ﬁ[ proximation (LDA) and within the pseudopotential frame-
Oc ' - - work for the composition SrNb©y,with a puren=4 crystal
528 530 532 534 structure. The experimentally determined atomic positions
Photon Energy (eV) taken from Ref. 9 were used with no relaxation allowed in

the calculations. However, we could show that relaxation
FIG. 7. O 1s NEXAFS spectra for Lg;SpNbOs39 and  forces are small. The electronic wave functions are repre-
SrNbG; 45 with polarization directiorE along the crystal axes b,  sented in terms of a mixed basis set consisting of a linear
andc. combination of atomic orbitals and plane waves. The local-
ized functions consist of ons and threep functions per
tions occur from the O 4 core level into empty O g orbit- oxygen_site, threqa_ fur_wtion_s per strontium s_ite, and of five_
als lying within the plane, while foE||a such transitions are d functions per nlqb|um site. These functions are atomic
into O 2p orbitals oriented perpendicular to the Nb-O basePSeudo-wave functions that are cut off at a radiyswhere
plane. Again, looking at just one N@ctahedron, molecu- they are joined smoothly to a set of plane waves. In the
lar orbitals involving all 6 O atoms will contribute #b,c ~ Present case, plane waves up to a kinetic energy of 16 Ry
Spectra, while forE”a' the 4 O atoms of the base plane have b.een taken into account. Det.a”S of the method_ can be
contribute, each involving hybridization with thg, subset ~found in Ref. 19. Norm conserving pseudopotentials of
of d states. This multitude of contributions would require Hamann-Schiter-Chiang type were utilized, and for the ex-
some knowledge of their relative energies to be interpreteghange and correlation potential, the Hedin-Lundgvist ap-
unanimously, and thus site-specific NEXAFS measurementgroximation was used. For oxygen the &nd 2, for stron-
are less straightforward here than, e.g., for cuprates wittium the 4p and 5, and for niobium the d and 5s electrons
their predominantlyr bond character & . Moreover, there have been treated as valence electrons. Brillouin zone inte-
is a large number of inequivalent O and Nb sites within agrations are carried out for 280 points in the zone. From
unit cell due to the various degrees of canting and distortionhese calculations we find that the system turns out to be a
of the NbQ octahedra(see Fig. 1, which further compli-  metal; the number of states immediately belBw is, how-
cates a detailed interpretation of the NEXAFS features. Mor@ver, very small. When going further down beld , this
insight would be offered by comparison with NEXAFS Cross smg|| neare. DOS is followed by an energy gap. These
sections calculated from band structure; such calculationﬁndings have been confirmed in the meantime by an LMTO
will be presented separately. . band structure calculation which will be published
Here, we summarize that the pronounced polarization degsawherd® To be able to draw comparisons with our
pendence observed indicates directly a strong anisotropy Q{RPES data of LgySt, JNbO; 56, cONtaining about 0.1 elec-
the electronic structure, similar to the one already observeflron per formula unit more t'ha,n the structure for which the
by ARPES. Eurthermore, it clearly shows that the anismmpi%alculations were performed, one may apply a rigid band
character is indeed a bulk property. model to the LDA results as a first approximatfdnThe
filling of the LDA total density of states(TDOS) of
V. DISCUSSION SrNbQ; 40 With additional electrons, corresponding to 10%
The observation of this pronounced one-dimensighB) La doping, would cause a shift of the Fermi level by 80
electronic structure in ARPES is quite unexpected, especiallyneV.

orbitals. For in-plane polarization in OsSINEXAFS, transi-
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are dispersing strongly and crdss. Our ARPES results for
Lag 1Sty oNbO; 39 are included in the figure; to account for
the extra La doping the experimental binding energies are
referred to a virtuaEg located 80 meV abov&=0. The
general agreement between LDA and ARPES is very good
regarding the 1D dispersion behavior of the lowest band, and
J AJM the experimental effective mass of the lowest band along
. I'-X, m*/my=0.56, is only slightly enhanced over the LDA
{b) value (m*/my=0.47). The agreement between experiment
and theory is less good arourie:, where LDA exhibits
additional bands &g with some dispersion both alodgX
} andI'-Y. According to LDA, altogether seven bands cross

(@

PR

Density of states

ML Er alongI'-X and therefore contribute to the Fermi surface
v of the material. As pointed out above, the electron count
F derived from ARPES indicates the existence of further FS

8 6 4 > 0 sheets. Also, when going back to Fig. 3 and inspecting again
the spectra in the middle panel, taken at high resolution, one
does find some small indication for additional structure at
FIG. 8. LDA TDOS of SrNbQ 4, with (a) “real” (experimen- Eg. Still, this evidence is less than conclusive; possible
tal) and(b) “ideal” (artificial) crystal structure. The former exhibits causes for the lack of experimental observation include in-

Binding Energy (eV)

a small density of state§ndicated by an arropright below Eg, terference effects in the photoemission process.
followed by an energy gap of width>1 eV. For(b), this gap is An important question to be asked when studying
filled up completely by additional O2derived states. transition-metal compounds concerns the role of correlation.

The observation above that the effective-mass enhancement
The LDA TDOS and the LDA dispersion relations along for the lowest-lying conduction band is only small points to
the three high-symmetry lines-X, I'-Y, andI'-Z are pre- a minor role of correlation effects in the niobates under study
sented in Fig. §a) and Fig. 9, respectively, for the compo- here. This view is further supported by recalling that corre-
sition SrNbQ 4,. The LDA TDOS closely resembles our lation effects are most significant fod3rMs like Ti, V, and
UPS results of Fig. 2: The valence band is located betweefru with their fairly compact @ orbitals; they are reduced for
7.5 and 2 eV binding energy; the calculations show it to havélMs with more extended d and & orbitals?® In the same
mainly O 2p character. It is separated from the conductionvein, we note that for SrNbQs and Sg oLag ;NbO; 39, the
band(whose character is mainly Nbd4 consistent with our nominal 4d electron count is very low: just 0.1 and 0.32,
assignment aboydy an energy gap with a width of about 1 respectively, making charge fluctuations that lead to more
eV. Right belowEg, there is a small density of states con- than single orbital occupancy and to correlation effects quite
centrated aroune 580 meV binding energgindicated by an  unlikely. All this, together with the fact that the ARPES
arrow), to which altogether seven bands contribute. Alongresults presented above are quite similar for both materials
theI'-Z high-symmetry line the LDA band structure exhibits indicates that the features observed in the present study are
very little dispersion for all bands. At thE point, there are  not strongly influenced by correlation.
two degenerate bands with binding energy 6750 meV Returning to the problem of what could cause the lowest-
and a number of bands with complicated dispersion locatetying conduction band to be 1D in character, we have calcu-
right at Er. The two degenerate bands do not show anyated the partial density of states to find out which atoms
discernible dispersion alon§-Y, whereas alond’-X they  Within the unit cell contribute to the ne&r feature and to
what extent. The result is illustrated in Fig. 10 superimposed
— on thea-projection of then=4 crystal structure. Only the Nb
1.5 contributions are depicted as all other contributions remain
far smaller. Within the five corner-sharing octahedra wide

S- --1.0 slabs(see also Fig. 1 the Nb partial DOS is maximum for
% the atoms located in the middle of the slabs and decreases
2" --0.5 substantially towards the edges. This might be linked to
P characteristic distortions of the N@ctahedra observed by
2 0.0 x-ray diffraction? The Nb atoms with maximum contribution
B pasasatatt are sitting right in the center of the Ng@ctahedra, whereas
a ;:_:;;' 0.5 the ones contributing considerably less are displaced up to
| 13% (0.25 A) from the central octahedral position. As a
Ot ——r————r —— 1:0 crude test if this kind of distortion can decrease the Nb con-
"% %t P Tt YT 2 tribution to such an extent the LDA TDOS was calculated
0

for the “ideal” SrNbQ; 4 crystal structure, i.e., a modified
FIG. 9. LDA band dispersion for SINbQ, along the high-  Structure where the Nb displacements have been artificially
symmetry linesl'-X, I'-Y, andI'-Z. Symbols: ARPES results for removed. As shown in Fig. (B), this spatial correction
Lag 1St NbO; 36 (Fig. 3), referred to a Fermi level 80 meV above causes the energy gap to be filled up completely by addi-
the E indicated in the figure to account for La dopifgge text tional, mainly O Z-derived states. Also, the dispersion of
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call this a “frustrated” Peierls behavior. Furthermore, it
should be borne in mind that for the niobate compounds
considered here, the number of N é4lectrons may be too
small to cause significant correlation effe@t$ our remarks
above. It may, therefore, not be sufficient for inducing a
Luttinger liquid behavior.

V. SUMMARY

By photoemissiofUPS, CIS, ARPEBand x-ray absorp-

FIG. 10. lllustration of the LDA partial density of states in terms tion (NEXAFS) measurements both the occupied and unoc-

of the projection of then=4 crystal structure along treaxis: Nb  cupied electronic structure of layered perovskite-related
atoms are represented by filled grey circles, O atoms by filled bIaCISrNbQ_45 and Lg ;Sip NbO; 39 Single crystals have been

circles, and Sr atoms by open circles. The diameter of the gregxamined. In ARPES, an anisotropic electronic structure was
circles reflects the strength of Nb contribution to the nearfea- f d with di . | di . | EY d th
ture of the LDA total density of states, according to LDA. The ound with one-dimensional dispersion alohgx an e

contribution of the Nb atoms in the middle of the slabs is maxi-h!ghly ynusual observation O_f a Fe.rml surfaqe with one-
mum. dimensional character. The anisotropic electronic character is

consistent with polarization-dependent @ NEXAFS re-
sults. LDA band-structure calculations for SrNjfg show
Sconsiderable agreement with ARPES in terms of a quasi-
one-dimensional electronic structure. Very close He,
LDA predicts a variety of further bands, which are not ob-

the bands arounég (not shown is now considerably more
2D in character, indicating a close connection of the 1D F
observed in ARPES with characteristic distortions of the

Ehkjl('?%)o;i:;?j?r?;sr% fOArgg]lg,Stgrei]ée‘ﬁlélésalﬁrset:ﬂ%::eonSIStent WIthserved in ARPES. The results presented here clearly call for

There are further important implications raised by thefurther studies of the interplay between the spatial and the

. ' : -electronic structure in this type of perovskite-related materi-
purely 1D FS as seen in ARPES, with a nesting vector that 3. Specifically, having found a purely one-dimensional

constant over the whole SBZ, as it looks almost like a text- o . DT ; .
book example of a 1D system that should be extremely Sussheet within the full Fermi surface, it is highly interesting to

ceptible to structural instabilities with wavelength K2 see how it evolves upon further doping, and thus gain addi-

accompanied by a charge density wi¥en fact, many pho- tional insight into the delicate balance between spatial dis-

o . . . . tortions and the dimensional character of bands.
toemission experiments on both organic and inorganic

quasi-1D metals have shown a suppression of spectral
weight right atEg ,? effectively obscuring any observation ACKNOWLEDGMENTS
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