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We present the results of the electronic structure investigation for the compByhg®,; (R=Sm—-Er, Yb,
Lu) with the pyrochlore-type crystal structure. The methods of x-ray photoelectron and emission spec-
troscopies, as well as the first-principles band-structure calculations have been employed. A good agreement
between theoretical and experimental results was observed. We found considerable influend® 5y the®
2s interaction on the formation of the subvalent bands that has to be taken into account while interpreting
experimental data. Estimated values of the optical gaps are closely related to the degreg aétai@dron
distortion.
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[. INTRODUCTION Nevertheless, the electronic structure of pyrochlore titan-
ates have not been systematically investigated and in order to
For more than four decades the electronic structure ofill this gap, we initiated the present study. With the help of
transition-metal oxides has been attracting great attentiohigh-energy spectroscopic methods and computational ap-
arising from their unusual electronic and physical propertiesProaches, we studied the electronic structure of the valence
Among this |arge class of materials, mQBZO7 pyroch|ore5 and conduction bands, the Origin of the semiconducting gaps,
are of special interest. Many phases whereArendB ele-  the oxygen-metal chemical bonding, as well as the influence
ments are present in the maximum possible oxidation statef the crystal structure, and the type of effect the rare-earth
demonstrate dielectric, piezo- and ferroelectric behavidr. €lement has on the electronic subsystem.
Magnetic properties ranging from paramagnetism to ferro- or
antiferro-magnetism are encountered in the case vihisra
3d transition element and is a rare-earth met4lSuch a Il. CRYSTAL STRUCTURE

variety of properties stimulates wide practical applications of  seyeral detailed reviews of the structures and properties
the pyrochlores. Prominent examples are pyrochlore titanatest oxide pyrochlores are availablé? Here we mention the
R,Ti;,O; (R=Sm-Lu). Demonstrating exceptional insulat- general crystallographic characteristics and briefly outline
ing and magnetic characteristics, some of these compoun(gﬁe relevant structure properties in terms of the simple and
can be used as working substances for a magnetic refrigergisyal description given in Ref. 13.

tor CyC|ing betWeen b0|l|ng |IqUId helium and b0|||ng |IqUId Pyrochlores have the Chemica' Compositla@TiZC)? (R
hydrogert® Also, such materials can be treated as model sm_Ly and crystallize in the face-centered cubic lattice

compounds in regard to zirconolite CaZsDp, which is one ith the space groupd3m (O]). The primitive cell com-
of the most effective means of the immobilizing of radloac-priSes two formula unitsR and Ti atoms occupy 1B

tive nuclear waste$® Recently, the pyrochlore rare-earth ti- i, .
tanates have been also inter):sivelypztudied as frustrated an{i%’,%’_%) and 1@ (0,0,0) positions, resp'ectlvejly. A more P'e'
ferromagnets being nearly ideal Ising systém. scriptive formula of the compound B, Ti, 050’ because six

By investigating the electronic structure of this importantO (X,5,5) anions are equivalent, and the seventh 075(3)
class of materials, one can form the basis for understandingnion has a distinct position in the structure. In Table | we
the majority of their physical properties. The simultaneoussummarize the lattice constants and availablgarameters
presence of the two types of transition elements and oxygethat are sufficient to describe the unit cell. Also given in
in the composition makes these objects extremely interestingjable | are the neare®—0O and Ti—O distances.
from the point of view of the fundamental problems of solid ~ The R®* cations, which are located within oxygen scale-
state physics. At the same time, simplicity provided by thenohedra, are eight coordinaté@O+20’). The T cations
3d° electronic configuration of titanium in these substancesare surrounded by trigonal antiprisms formed by six O at-
allows us to apply traditional experimental and computa-oms. The lanthanide scalenohedron becomes a cubg for
tional methods and lets us concentrate our attention on the 0.375, whereas the Ti trigonal antiprism becomes a perfect
interplay between structural and electronic structure pecuectahedron fox=0.3125. Thus, th& parameter can be con-
liarities without being involved in the battle with electron- sidered as a measure of the distortion of the oxygen octahe-
electron correlations. dron. In the following, the oxygen atoms forming the dis-
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TABLE |. Lattice and availablex parameters ofR,Ti,O,
(R=Sm-Lu).* Whenx=0.375, the lanthanide scalenohedra become

cubic and wherx=0.3125, the Ti trigonal antiprisms become per-
fect octahedra.

Compound ag (A) X dr_or dro  Orico
Sm,Ti,O4 10.233 0.327 2.216 2.531 1.973
Eu,Ti,O; 10.196 0.327 2.208 2.522 1.966
Gd,Ti,O 10.185 0.322 2.205 2.555 1.944
Tb,Ti,O; 10.152

Dy, Ti,O, 10.124  0.323 2192 2533 1936
Ho,Ti,O, 10.100

ErTi,O, 10.087 0.331 2.184 2.467 1.961
Yb,Ti,O; 10.030

Lu,Ti,O, 10.018  0.330 2169 2441  1.944

torted TiQ, octahedra will be referred to as “titanium
oxygens,” and O’ atoms, nearest to tle site, as “lan-
thanide oxygens.” As seen from Table I, a regular JiO
octahedron is expected to be a good approximation for mos
compounds of the series.

The metal sublattice consists of atomic planes that are
formed by parallel alternating chains of titanium and rare
earth atomgsee Fig. 1a)]. The chains from neighboring
planes are perpendicular. We will consider each type of the
oxygen atoms with respect to the nearest metal atom. Sinci
each titanium atom is surrounded by O atoms, the parallel
chains of octahedra are generated in accordance with T,
chains[see Fig. 1b)]. In such a three-dimensional network, FIG. 1. (a) Metal sublattice in pyrochlore&unit cell). (Only
the axes of comer shared octahedra make an angle @f hjane connection lines are showrnb) Crystal structure of
~135°. We see also, that O’ atoms accompdhyhains R, Ti,0,. Light, medium, and dark grey atoms are the lanthanide,

giving rise to R—O/_—R zig-zags. Located in this way, O oxygen O’, and titanium atoms, respectively. OctahedragTa@
atoms are brought into the centers of Réetrahedra. Sum- distorted as irR=Er compound %=0.331). Octahedra chains and

marizing the description of the structure, we note that alzig-zags can be clearly seen.
though the distortion of TigQ octahedra is not vital for un-

derstanding the main peculiarities of the crystal structure, it Tj | 4 (2p—3d4s transition x-ray emission spectra
affects substantially the electronic structure. The bigger (xgES) were measured on the RSM-500 x-ray vacuum spec-
parameter, the bigger Ti—O distances and, consequently, thgsmeter with a diffraction gratingN=600 lines/mm;R
lowerR—O distances in a given compound. Even if one com-—g m) and electron excitation. T B, 5 (15— 4p) emis-
pares Ti—O distances in GHi,O0; and Ly Ti,O;, they will  sjon spectra were obtained using a fluorescent lohan-type

be nearly equal, despite 1.6% contraction of the lattice, dug ; ; —
. X ) : acuum spectrograph with a quartz single crystal (101
to the stronger distortion of the Tibctahedra in the case of plane curved toR=500 mm as a crystal analyzer. X-ray

R=Lu. fluorescence Ka (1s-2p) spectra were measured on a
vacuum spectrometer SARF-1 with the /B single crystal
. METHODOLOGY (2d=26.136 A, R=500 mm). The energy resolution for
Ti La, Ti KB,5, and OKa spectra was about 1.5 eV, 1.0
eV, and 0.5 eV, respectively. The x-ray emission spectra
Polycrystalline samples d®,Ti,O; (R=Sm-Er, Yb, LU  were brought to the binding energy scale with respect to the
obtained by a coprecipitation method were used in thé=ermi level of the XPS spectrometer analyzer using the mea-
present work?® Preliminary x-ray characterization showed sured binding energies of corresponded core levels and
that all compounds are well crystallized and virtually free of TiK «; peak position.
structural defects. The x-ray photoemission spectroscopy
(XPS experiments were performed as described
elsewherd®!® Energy scale calibration was made with re-
spect to theC 1s level. The energy resolution was about 1.2  The electronic structure d®,Ti,O; was calculated self-
eV and the accuracy of determination of the binding energiesonsistently within the framework of the local-density ap-
was about 0.1 eV. proximation(LDA) to the density-functional theofy:’ For

b)

A. Experiment

B. Computational details
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the exchange-correlation potential, the von Barth-Hedin SmTi,0; Tb,Ti,0; Er.Ti,0,
parametrizatiotf has been employed. APC

The band-structure calculations were performed by fully
relativistic linear muffin-tin orbita(LMTO) method®%'in
the atomic-sphere approximati¢ASA) with the combined
correction terrf? taken into account. Since the crystal struc-
ture of R,Ti,O; is not closely packed, which results in a
large overlap of the atomic spheres, additional empty spheres — T
were inserted into the corresponding unit cells. The angular Eu.TI.0r
momentum decomposition of the basis functions included
=2 for lanthanide and titanium arié= 1 for oxygen and the
empty spheres, whereas localized lanthanideefectrons
were treated as corelike states. The calculations were per-
formed using two separate energy panels. The basis set for
the upper panel contairR 6p states. However, to describe
properly the effect oR 5p—0 2s hybridization on the XES i e e e B L LI
spectra,R 5p states were included into the basis for the
lower panel that spans the energy rang&d&p and oxygen
2s states. The Brillouin zone integrations in the self- B.C
consistency loop were performed using the improved tetra- A
hedron methotf on a grid of 864k points.

Finally, the exchange splitting oR 4f electrons in
R,Ti,O; was estimated from scalar relativistic spin polarized
LMTO calculations.

B E

Yb,Ti,0,
D,E

Intensity (a.u.)

3020 10 0 3020 10 0 3020 10 0
Binding energy (eV)
IV. RESULTS AND DISCUSSION
FIG. 2. Experimental valence-band x-ray photoemission spectra

We show the valence-ban@/B) x-ray photoemission of R,Ti,0, (R=Sm—Er, Yb, Lu. If peaks are not clearly resolved
spectra for all compounds of the series in Fig. 2. There argr defined, the label contains a comma. Also shown as vertical lines
two clearly observed groups of features located in 35—15 e\jroportional to the occupation numbers are the binding energies of
and 15-0 eV binding-energy regions. Both groups are sensguasicore 4 electrons(LMTO-ASA).
tive to the type of the lanthanide atom and we will discuss
corresponding energy intervals separately. shown). The best agreement between the experiment and cal-
culation was achieved by employing fully relativistic version
of LMTO-ASA with 5p electrons of rare earth being treated
as valence electrons. Since such an approach correctly pre-

One can see that below 15 eV, the spectra of the VB oflicts a three-peak structure in this energy range, experimen-
most compounds are composed of three main péaksked tal peakC can be ascribed to the oxyges-Berived states,
A, B, andC) which are due to the contributions froRi5p  whereasA andB are due to thék 5p,/,- andR 5p5-derived
and O & electrons. The structure of the spectra in the giverspin-doublet components, respectively. Calculations give not
energy interval is complex enough, especially for the beginonly the right value of the spin-doublet splitting for each
ning of the series. The energy position of the p&kvhich  compound, but also its variation across the series. We note
becomes visible wheR=Tb, is only slightly affected by the also, that since the energy separation betwgemandC’ is
increase oR atomic number, whereas the featufesndB  larger than in the experiment, one should expect an even
move towards bigger binding energies. Moreover, the intenhigher degree oR 5p - O’(O) 2s interaction than the one
sities and widths of peak&, B, andC also depend on com- predicted by the band-structure calculations.
position. Precise analysis of their relative intensities is diffi- To understand in more detail the subvalence band struc-
cult because of the different backgrounds stemming from théure, we show in Fig. 4 the evolution of the partial DOS in
superposition of core Ti 8 andR 5s states. Nevertheless, the given energy interval for the three compounds of the
the energy location of these features proved to be weaklgeries: the first (SpTi,0;), the middle (DyTi,0O;), and the
dependent on different  background  subtractiondast (Lu,Ti,O;). The partial DOS are grouped in Fig. 4 in
(=0.1 eV). Thus, the analysis of the XPS valence-band specaccordance with crystal structure fragments. The left column
tra shows that observed structure cannot be ascribed to tlw@rresponds to the atoms froR-O' —R zig-zags, while the
simple superposition of atomiclike CszandR 5p contribu-  right one represents partial DOS of the FiOctahedra at-
tions, suggesting the possibility of formation of a chemicaloms. These latter DOS turn out to be weakly sensitive to the
bond betweerR 5p and O X electrons. type of lanthanide. Only in the case RE= Sm are detectable

In Fig. 3 we compare the energy position of the experi-features at energies of SnpEomponents present. This ob-
mental featuresh, B, and C with the corresponding peaks servation explains the relatively stable binding energy of the
A’, B’, andC’ in the total densities of statd®OS) (not  experimental pealkc, which is caused by the titanium oxy-

A. Electronic states within 35-15 eV binding-energy region
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spectra(Fig. 2). Right panel: the main maxima positions in total
DOS. FIG. 4. Dominant partial DOS for Sjii,O;, Dy,Ti,O;, and
Lu,Ti,O; compounds in subvalent energy regitfor details, see

text).

gen X electrons rather than O’s2electrons. In contrast, the
shape and energy localization of Os 2listribution depend

much stronger on the type of rare-earth element. It makes Turning back to Fig. 2, one can see that the shape, energy
itself evident in the splitting of O’ & states on several com- positions, and intensities of the individual spectral features
ponentS, which is particularly Striking for the beginning of marked D and E undergo noticeable Changes upon the
the series. Thus, the foregoing suggests that the hybridizatioghange of theR atom. Considering the relative intensities of
of R 5p with O’ 2s is much stronger thaR 5p—O 2s hy- D andE peaks compared to the higher binding energy spec-
bridization, which can be explained by the fact that®eO  tral weight, one can note that the increase of the lanthanide
distances are longer tha-O’ ones for all the compounds. atomic number Zg) results in growth oD from R=Sm to
The hybridization degree fory-derived states is found to R=Gd. FeatureE appears in the Tqi,0; spectrum and
be stronger than fory,,, which is not unexpected since the becomes more intense upon further increasgqaf This ob-
energy position of the former is closer to that of oxygen 2 servation suggests that the increasing numbeRr éf elec-
states. The interaction in question becomes weaker as theons is responsible for such a gain in intensity and shows on
lanthanide atomic number increases. Clearly resolved twthe determinative influence of rare-earth dlectrons on the
components structure remains peculiar to @ ROS, thus photoemission near the top of the valence band. Comparison
indicating that it is no longer influenced by the interactionof the atomic photoionization cross sections provides support
with 5p electrons and that it is primarily due to the interac-for the previous statement. The ratiogsm 1)/ (o 2p)~44
tion with R 5d and 6 electrons. All of the preceding is and o (sm ar)/0(1i34)~60 rise through the series and run up
intended to illustrate that rare-eartip®xygen Z interac-  to ~340 and~480, respectively, in the case Bf=Lu.?* At
tion exists and that it strongly depends on spatial proximitythe same time, valence-band XPS spectra of the;lard
between these atoms, as well as on the type of lanthanide R,O; (R=La-Lu) compounds obtained in Refs. 25 and 26
It should be pointed out that the inclusion Rf5p states demonstrate the similar behavior in 0-15 eV energy range.
into the basis is also crucial for total-energy calculations. Itin other wordsR 4f-derived part of the spectra for the vari-
has been found that the calculated equilibrium lattice coneus rare earth compounds with the same ionicity turns out to
stants ofR,Ti,O; are much closer to the experimental onesbe weakly sensitive to both lanthanide coordination and crys-
if R5p electrons are treated as valence and not as core statéal structure, suggesting thet4f electrons do not take part

B. Electronic states within 15-0 eV binding-energy region
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in the chemical bonding. It is in this assumption the band-
structure calculations were performed. Corresponding result:
are shown in Fig. 2 as vertical lines with their heights being
proportional to the occupation numbers of up- and down-
spin 4f levels. The calculated energies of #lectrons, as

well as the energies of peaksandE, are presented in Fig.

5. The same shift of 2.4 eV has been applied to all the cal-

culated energies in order to achieve the best agreement be 4950 4960 4970  hv (eV)
tween experimental and calculated energy positions. Multip- —
let splitting determined by the final state aftef-dlectron 25 20 15 10 5 0

photoemission has not been taken into account. Nevertheles
as can be seen in Figs. 2 and 5, there is a reasonable corre-
spondence of the calculated energies bf 4nd 4f| levels FIG. 6. X-ray emission spectra of BYi,O, (doty compared
and the experimental peak positions. Since in the presejith the calculated spectrsolid lines.

work we do not address the detailed investigatiorRo4 f o o ) ) )
electrons, we restrict ourselves to demonstrate that they d¢cinity of 21 eV binding energies that reflects interaction
not participate in the chemical bonding and that photoemisWith O2s states. We did not resolve any noticeable differ-
sion in the 0—15 eV energy interval is determined by thes&Nces in this part of the spectrum for dlfferent_compoynds of
states. the series probably not only because of the insufficient en-

Since traditional XPS methods do not allow us to inves-S'9Y resolution, but also _bec_:ause tltanlum_ ox_ygens 2
tates turned out to be quite inert to tResubstitution(see

tigate the contributions of those valence electrons that forrrz . . .
. I : ec. IVA). The most noticeable differences are the overesti-
chemical bonding in the 0-15 eV region, we further employmation of the intensity of the lower binding energy feature in

T . SI'iK,BZ sat about 3.8 eV and the width of thelTa spectrum.
one can expect that Op2hybridized with Ti & andR 5d \ypjie'the former is most likely due to the neglected influ-

states will dominate in this energy region. Therefore, Wegnce of the energy dependence of the transition matrix ele-

have focused our attention onlld and (K« emission Spec-  ments and a contribution from Tis4states, the latter is the

tra. As dipole selection rules apply for XES, and due to thegonsequence of the electronic type of excitation used for re-
localized character of the initial core states, our studies probgording the TLa spectrum, which results in the observed
occupied Ti 3l and O 2 electronic states. In spite of low wjdening of the original spectral shape. Nevertheless, pre-
occupancy of Ti 4 orbitals, TK, 5 spectra provide valu- sented spectra and the observed correspondence with com-
able information about the electronic states of the ligandputational data allow us to extract some information about
surrounding the Ti atom. They were recorded in the presente structure of the valence band. There are two main fea-
work to gain additional information about the energy distri- tures at about 3.8 and 6.4 eV in all the spectra. These fea-
bution of O X and 2 states. tures are typical for titanates with perovskitelike lattice,

In Fig. 6 we compare the experimental spectra for thecontaining TiQ octahedra, and indicate the strong hybridiza-
caseR= Dy with corresponding calculated spectf&or the  tion of Ti 3d and O 2 valence states. It is this interaction
other compounds of the series, these spectra turned out to bieat is responsible for the chemical bonding in the distorted
quite similar and are not presented here for brevity. As it istitanium-oxygen octahedra iR, Ti,O;. The following analy-
seen from Fig. 6, the overall agreement between the expersis of the computational results allows us to get additional
mental spectra and the calculated ones appears to be goddformation regarding the chemical bonding in these com-
As expected, T 3, s spectrum shows typical structure in the pounds.

Binding energy (eV)
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neighboring oxygen, which is indeed observed in Fig. 7. The
4 same behavior is observed in the case of dgand O’ p.
Their strong resemblance in the given energy range clearly
21 indicates Dyd - O’ p hybridization. Partial DOS of the two
M types of oxygen atoms are different in shape. Moreover, the
, , , center of gravity of occupied ) states lies 0.5 eV deeper
' ' Dy 5d than that of Op states. This observation implies that the
""""" Dy 6p atomic partial states from the same structural fragment are

hybridized between each other more substantially than inter-
fragmentally. It is to be noted that this is valid for all the
objects of the series.
5 5 a 3 5 0 0 4 The valence and conduction band are separated by a di-
Energy (eV) rect band gap with the band extrema located ipoint. In
Fig. 8, total and partial DOS are shown for,Erb,O; and
FIG. 7. Total and partial densities of stat&09) of Dy,Ti,O;. Dy, Ti,0,, which turned out to have minimal 2.63 eV and
Here, and in the following, the total DOS is given per cell, and themaximal 2.87 eV values of the gaps, respectively. In contrast
partial DOS per atom. Energies are given relative to the valenceg the valence band, the conduction band is more sensitive to
band maximum. the type of lanthanide. The conduction band of all the com-
pounds is split into two sub-bands. The states just above the
As a typical example of the studied pyrochlores, we dis-gap are formed mainly by Tidstates hybridized with O2
play in Fig. 7 the calculated total and partial DOS for states. These states are separated by a small gap of about 0.8
Dy,Ti,O;. There is a broad group of features approximatelyeV from R 5d states that are, in turn, hybridized wittp 2
between—6 and O eV. This region is dominantly formed by states of O’. One can note that, as mentioned above, the
O 2p, O’ 2p, Ti 3d, and Dy H contributions. The rest of the hybridization within the structural fragments is stronger than
shown DOS plays only a negligible role in the given energyinterfragmental interaction. However, there is a noticeable Ti
interval. The states in the energy range frer2.8 to 0 eV 3d — R 5d hybridization via oxygen @ states. The fact that
are mainly of O 2 character with small Ti 8 and Dy the energy position of R & states remains unchanged
admixture. On the other hand, tldestates of both titanium through the series indicates that the excessive R nuclear
and dysprosium contribute more substantially to the energgharge “seen” by these electrons is almost perfectly
range between-5.5 and —2.8 eV. Due to the aforemen- screened by localized Rf4electrons.
tioned hybridization of Td with the Op states, the structure Again, we observe the hybridization between oxygén
of the Ti d states should follow the density of states of theO’) p and metal R, Ti) d states with enhanceld 5d-O 2p

C. Electronic states in the conduction band
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20— 7 7 T T T T T tructural compounds witR=Sm andR= Eu, which possess
A v 40322 the same degree of Tibctahedra distortion. The difference
2.85F v A . in the gap values is approximately equal to 20 meV.
= 10324 From the other side, by fixing the atomic number of the
& 280+ ] lanthanide atom one can investigate the dependence of the
a L0526 gap on thex parameter. Starting from the perfect octahedral
= 275| T x coordination of Ti atom X=0.3125) in hypothetical com-
g s i 1 pound and going to the ideal cubic coordination of fRe
B 270l . V. 0328 atom (x=0.375) one can easily predict a reduction of the
S 7 : gap value. Indeed, model calculations for,&3O; not only
2651 A 0330 confirm this behavior but also indicate the presence of the
™ | insulator-metal transition that occurs at=0.37, which is
P I T S S S R 0352 very close to the perfect LnfOcubes.
Sm Eu Gd Tb Dy Ho Er Yb Lu
R V. CONCLUSION
~ FIG. 9. Calculated optical band gaspen down trianglésand In summary, we have investigated electronic structure of
distortion parametex (solid up triangles ternary oxidesR,Ti,O; (R=Sm—Er, Yb, L0 with the help

of experimental XPS and XES measurements abdnitio

interaction in comparison with such interaction of occupiedcalculations. The calculated spectral features agree well with
states. However, in contrast to the valence band, the conduthe experimental ones for all compounds of the series. XPS
tion bands are formed primarily by Tid3andR 5d unoccu-  spectra near the top of the valence band are strongly influ-
pied states. Presented partial DOS suggest that upper aedced by Ln4 contributions and do not allow us to deter-
lower conduction bands are derived frdR5d and Ti 3d mine the role of other electrons in the formation of this en-
states, respectively. From this observation it is clear that thergy region. Lanthanide f4 states are assumed to be not
second gap becomes smaller because of the downshigt of hybridized with the other states and could be well described
5d-0’ 2p-0 2p derived states and upshift of Td3-O 2p  as spin-polarized quasicore states. XES and computational
as one goes frolR=Sm, Eu, Er, Lu, toR=Gd, Dy. These results show that the 0—15 eV region of the valence band is
shifts can be attributed to the increasing overlap of thedri 3 formed primarily by oxygen g, titanium 3d, and lanthanide
with the O 2 orbitals and simultaneously decreasiRy 5d electrons. Considering the crystal structure of pyrochlores
5d—0 2p overlap. Indeed, the transition from the secondas a superposition of Tigoctahedra chains and—-0O'-R
group of compounds to the first one is accompanied by theig-zags, we found out that the atomic partial states from the
increase of Ti-O distance®nd hence, the decrease RO same structural fragment are hybridized between each other
distancesdue to the stronger distortion of regular Fi©c-  more substantially than interfragmentally. On the basis of
tahedra(see Table)l XPS data and fully relativistic LDA calculations, it was

Therefore, one should naturally expect a very close relashown that there is a hybridization between subvakebp
tion between the calculated gap and the distortion of thend O X states. The degree of this interaction depends on
TiOg octahedra. Data shown in Fig. 9 confirm that the be-the sort of lanthanide as well as tRe-O distance and sym-
havior of calculated optical gaps is governed by the value ofnetry of anR nearest neighborhood. The values of the opti-
the distortion parametet. The stronger the deviation of the cal band gaps have been estimated from spin restricted fully
TiOg antiprism from octahedron, the larger the Ti-O dis-relativistic LMTO-ASA calculations using experimental
tances and, consequently, the smaller the band gap. The resystal structure information. Ranging from 2.63 eV
maining deviation from the inverse proportionality is ex- (Er,Ti,O;) to 2.87 eV (DyTi,O;) the gap values turned out
plained by the change of the lattice constant upon the change be closely related to the degree of FiGctahedron dis-
of the R atom. The effect of the lattice squeezing due to thetortion. In all investigated compounds, the decrease of the Ti
substitution of a lanthanide atom by another one with a@3d—0O 2p bonding-antibonding splitting not only reduces the
higher atomic number and a smaller ionic radius can beyap value but also results in the appearance of a split-off
clearly seen from the comparison of the band gaps of isossonduction band right above the optical band gap.
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