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Optical properties and electronic structure of single crystals of LUAL and YbAI,
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The optical conductivities of single crystals of Lyfdnd YbAL were measured by spectroscopic ellipsom-
etry in the energy range of 1.4-5.5 eV for LyAdnd 1.4-5.2 eV for YbAI The optical conductivity spectra
of LUAl, and YbAL show similar features except for a difference in magnitude. Both have peaks near
1.8-2.1 eV and broad shoulders between 3.0 and 4.0 eV. The shoulder is weaker jn Mi®band struc-
ture, density of states, and optical conductivity were calculated with the tight-binding linear muffin-tin orbital
method in the atomic sphere approximation. The calculated optical conductivity with the inclusion of energy-
dependent broadening agrees well with the experimental data. Oxidation effects on the surface of the sample
were modeled using a three-phase model. The calculated optical conductivity of the clean surface is enhanced
over that of the oxidized surface.

[. INTRODUCTION XPS and bremsstrahlung isochromat spectros¢BpS), has
been performed by taking the total energy difference be-
The rare-earth dialuminideRAl, (R=rare earth), have tween the initial ground state and the final excited state ob-
been investigated extensively because they show a variety éined by self-consistent local-density approximatibDA)
physical phenomena and properties: magneligh, calculations?
superconductivity;® de Haas—van Alphen effettthermal In this paper we use the single-particle energies rather
property® and electronic properti€s® Nevertheless, the than the total energies to calculate the optical spectra. This
role of 4f electrons in determining the physical characteris-M&y cause problems iff4states are involved in the transi-
tics of these materials is still under investigation. JarlborgtonS- For the energy range considered this is not a problem
etal’® calculated the energy band structure of GeAl for LUAI, since the 4 states are quite low in energy, but for

Laal, and YA using the inear muffin-in orbiaLNTO) 1O 0 4 sttes near e Ferl vl do nfuence e
method, neglecting spin-orbit coupling for the valence state gy op Y. EXP

. She low-energy region are not yet available to test the ad-
They found that the rare-earth atoms are the dominant faCtoéquacy of the single-particle approximation for the YpAl

in determining the electronic structure near the Fermi energy

. ~I5pectra.
because thébands are located close to the Fermi level. Kim ™ 1, crystal structure of (Lu,Yb)Alis shown in Fig. 1.
and LyncH’ measured the optical properties of polycrystal—-l-he rare-earth intermetallic co’mpounds Lu/dnd YbAL
line CeAl and LuAl using rotating-polarizer-analyzer ellip- crystallize in the cubic Laves MgGUC15) structure. The
sometry and reflectivity measurements in the 0.04-4.5 eV
region at room temperature to study involvement of tlie 4
states in optical transitions. They found that the optical con-
ductivity of CeAl, has structures at 0.1 eV and 1.0 eV while
LuAl, has no structure below 1 eV. The difference in optical
conductivities between CeAland LuAlL arises primarily
from the different electronic structures involving thd 4
states. In the case of CeAlhe 4f states are located near the
Fermi level, while for LuA} the 4f states are located well
below the Fermi level. Therefore in the case of Cefthe 4f
states can contribute to interband transitions at lower ener.
gies, but for LuA} interband contributions involving thef4
states occur only at higher energies§ eV).

The calculatetf 4f bands for metallic elemental Yb are
split by the spin-orbit interaction, and the locations of the
fully occupied split bands are at 0.3 eV and 1.64 eV below
the Fermi energy. X-ray photoemissiOiPS) measurements
on evaporated films of Yb showed that the spin-orbit split 4
levels are located at 1#40.4 eV and 2.7 0.4 eV below the
Fermi level'® The difference in the energy position of thé 4
levels between theory and experiment is about 1 eV. This is
not surprising, since describing the final state spectrum with
the one-electron approximation is not appropriate for an FIG. 1. Crystal structure oRAl, (R=Lu,Yb). The large black
open-shell 4 system. The theoretical estimation of the circles denote the sites & atoms and the small open circles denote
4f-electron excitation energies, which can be measured bghe sites of Al atoms.
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rare-earth atoms are arranged in the diamond structure coterns is generally a few percent for both samples.
sisting of two fcc structures displaced from each other by
one-fourth of a body diagonal. The Al atoms are arranged on Il ELLIPSOMETRY

sites of rhombohedral symmetry_r@ in tetrahedra having ) . ) )
four rare-earth atoms as the next-nearest neighbors. This ElliPsometry is widely used to characterize surfaces, in-

MgCu, structure belongs to the space grcﬁ)deSm with terfaces, and thin films. The principle of eII_ipsome_try i;
24 atoms per conventional cubic unit c8lin the primitive based on the fact that the state of polarization of light is
unit cel) changed on reflection. This change is directly related to the

In this paper we will present the real part of the diagonald'e|ECtr'C function of the reflecting material. With rotating

; 24
conductivity, the density of statéd®OS) and the band struc- analyz_e_r eIhp_sometr?;?' (RAE) one measures the complex
tures of LuAl and YbAL obtained by the tight-bindingre) ~ €flectivity ratio
LMTO method. The agreement between the theoretical and
experimental optical conductivity is good except for the p= P
magnitude differences between them. The differences in I's
magnitude between theory and experiment may arise, in par\;\,l

from oxidation effects on the sample surface. If there is no hererp, s are the complex amplitude reflection coeffi-
Xl P ' cients forp- ands-polarized light andV and A express the

oxide on the surface of a sample, then the dielectric funCtior}hange in amplitude and phase betwgeands components
or the optical conductivity can be obtained using atwo—phas%]c polarized light reflected from a surfacd@ and A are

(air-samplé model. But since the sample is exposed to air uantities directly measurable from ellibsometr
during measurement, oxidation cannot be avoided. We cond y P y

sidered the effect of oxidation through a three-phése-
thin-oxide layer—clean-samplenodel. The derived optical IV. TWO-PHASE AND THREE-PHASE MODELS

conductivity of the clean sample by the three-phase model The complex reflectivity ratigpy given in Eq.(1) can be
shows enhancement of features from the measured Spec"“@(pressed with the angle of incidengg and complex di-

i

e'*=tanWe's, )

S

electric functione by?®
Il. SAMPLE PREPARATION AND CHARACTERIZATION

Single crystals have some advantages over polycrystalline _ SiP o — COSho €= i by @
samples or thin films in that they have a higher purity, per- p Sirf g+ COShg /e—sin2¢o.

fect crystal periodicity, and good characterization, which is

manifested in reproducibility of data with samples from dif- This is obtained using the two-phase model, that is, the sys-
ferent growths. One disadvantage of single crystals is fretem consists of an isotropic ambient and an isotropic semi-
quently their small size, leading to difficulty in some experi- infinite, homogeneous solid. The interface between them is
mental measurements such as ellipsometry. Single crystals aésumed to be abrupt and flat. The two media are related by
YbAl, and LuAlL were prepared via two different flux- Snell’s law ngsin¢y,=n,sin¢,, wheren, and n, are the
growth techniques. For YbAl elemental Yb and Al in the refractive indices for the ambient and homogeneous solid
ratio of YhyssAlg45 Were placed in a sealed Ta crucible, medium. The complex dielectric functianis related to the
which was placed in a sealed quartz tube, heated to 1190 °Gomplex refractive indices of the media by \n, /n,. One

and slowly cooled to 750 °C, at which temperature the cryscan easily show that the complex dielectric functieris

tals were removed from the melt. These crystals were octaelated to the complex reflectivity ratjpgiven in Eq.(2) by
hedral, with typical dimensions of 322x 0.5 mn?. How-

ever, when applied to LuA)] this technique produces small, . )
intergrown crystals. Hence, LuAwas grown from a third €=Sir’ o+ it g tarf ¢
element flux, in this case indiuifin). The ternary melt was

cooled slowly to 725 °C, at which temperature the crystalsafter simple derivation. Once we have the experimental data,
were removed from the flux. These crystals were larger thap and ¢,, we can obtain a dielectric function.

those produced from the binary melt and had both octahedral In real situations, the two-phase model may not be appro-
and platelike morphologies. In the case of the platelikepriate. A native oxide layer on the surface requires the use a
samples, the growth direction is alofigl1]. The surfaces of three-phase model to describe the real system and to derive
the single crystals of LuAland YbAL were somewhat dull the effective dielectric function of the oxidized sample. It is
due to the remnant flux on the surface of the crystal. We usedbtained from the dielectric functions of the clean bulk
only an alumina abrasive of 0.Qom diameter to remove the sample and its oxide. A good example of the three-phase
remnant flux from the surface. After a short period of pol-model with a native oxide layer is the air-SK3i system,
ishing, the surface became mirrorlike and did not requirewhich has been studied by many authr€® Rossov® has
further treatment. X-ray powder diffraction patterns of LyAl calculated the effective dielectric function of GaAs using the
and YbAL were measured at room temperature by crushinglielectric functions of GaAs and its oxide. He found that the
single crystals. From these, the lattice constants for LUAl height of the imaginary part of the dielectric function of the
and YbAL were determined as 7.746 A and 7588 , re-  oxidized sample, especially near the peak, is affected, that
spectively. These are similar to those of previous literaturas, the magnitude of the peak at 4.7 eV is reduced greatly as
data, which are 7.742 A and 7.B& , respectively’*2The  the oxide thickness increases. Conversely, with the dielectric
lower limit for the detection of second phases in x-ray pat-functions of an oxidized sample and its oxide layer, one can

1_
T, (3
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obtain the dielectric function of the clean sample. The comindex ny of the ambient air is 1. The angle of incidengg
plex reflectance ratio for the three-phase mételgiven by  and the wavelength are known parameters. Therefore there
the following equation: are three unknown parametédisvo real and one complex

that is, the refractive index of the overlayey, the thickness

of the overlayer,,y¢,, and the complex refractive index of
4) the clean bulk substrat®,. To get the dielectric function of

the clean bulk substrate, we need to know the refractive in-
where the subscripts 0, 1, and 2 in the above equations reptex n; and thickness,,, of the oxide overlayer covering
resent the ambient, the layer, and bulk sample, madids  the bulk sample. There are many difficulties in obtaining
stand forp and s polarization, respectively. The reflection accurate information on these. Therefore we assumed a con-
coefficients forp ands polarized light between thiej inter-  stant value of the refractive index of the oxide layer and

 Toptrip€?P 14 rgriae'?

1+ oyl 12p€ 2P TopstT 1€ 2P

face are given by varied the thickness of the oxide layer, as will be discussed
in detail later. With this information, the algorithm adjusts
€ V& —Sif do—€; \/fj —sif ¢, the unknown three-phase model parameteosnplex refrac-
rijp_ej Je—sifdo+ € \/ej—sinzqso’ ) tive index of the clean bulk substratéeratively until the

difference between the measured complex reflectance ratio
and the complex reflectance ratio determined from three-

o= Ve —sifdo— Ve, —smquo. (6)  Phase model, Eq4), is minimized.
J \/6|_S|n2¢o+ \/GJ_S|nZ¢0
For exampler oy, is the reflection coefficient fap polarized V. BAND-STRUCTURE CALCULATIONS

light at the interface between ambient and the overlayer. The

phase shifig is given by For the band-structure calculation, the tight-binding linear

muffin-tin orbital (TB-LMTO) method based on the atomic-
2md,, 27, sphere approximatiofASA) with the inclusion of spin-orbit
B= —yernl cos¢1=—ayer\/n"{— n% sirfgg, (7) coupling is employed. The spin-orbit interaction lifts some of
A A the degeneracies of the energy bands at high symmetry
where\ is the wavelength of the incident polarized ligh, ~ Points or lines ink space. It couples the spin-up and spin-
is the angle of incidence in ambient medium apgis the — down states and doubles the_ size of the_ Hamllt_oma_n matrix
angle of refraction in the oxide layer. By Snell's law,¢,, ~ rom that of the scalar-relativistic one-spin Hamiltonian ma-

&1, and ¢,, which are complex angles between the direc-trix. It is well known that as the packing ratio of the crystal
tions of propagation of the plane waves in the ambiex) ( increases, the accuracy of the band-structure calculation im-

and the clean bulk sample, are related each other by and YbAL are appropriate for the TB-LMTO method be-
cause they are closely packed structures with high symmetry.
Ng SiNp=nN1 SiNg,=n,SiN 5. (8) We used the room-temperature lattice constants for LUAl

) . and YbAL obtained from the x-ray powder diffraction pat-
To describe the three-phase model system, we need siX pgsins.

rameters. Three are tii]m general, complexrefractive indi- We treated the # electrons of the rare-earth atoms as
ces of the ambientr), layer (n;), and bulk substrateng).  yajence electrons throughout the whole calculation. The
These refractive indices will be real or complex dependingyy change-correlation potential has been included in the
on whether there is absorption. The other three are the th'ClTbcaI-density approximatio(LDA) with the von Barth—
ness of the layer djaye), angle of incidence ¢o), and  Hedin form3! The k-integrated functions have been evalu-
wavelength of incident lightX). In e:\ac.h measurement at 4iaq by the tetrahedron technique with 1d4oints in the
one wavelength. and one angle of incidencg,, we can jrequcible Brillouin zone, which iss of the Brillouin zone.
determine only one complex unknown parameter or two reahnce the self-consistent potential and charge are obtained,
unknown parameters of the t_hre_e-phase model system. Fgie req part of the optical conductivity can be calculated. In
example, the complex refractive index of the pure balk,  cypjc systems it is necessary to calculate only one of the
can be determined only if the oxide overlayer thicknessree equal diagonal components of the conductivity tensor.
djayer and refractive index, are known. The two unknown e ysed Kubo's linear response thedfywhich leads to

optical parameters can be obtained by minimizing interband contributions to the conductivity of the following
form:
M:|Pm_PC(nOrnlynZvdIayerrd’O:)\)Fi 9)
where p™ is the ratio of the complex-amplitude reflection el s 5
coefficients forp- ands-polarized light as defined in Eq1) TS & fBZ k(2 )2|pfi| fi(k)[1—Fe(k)]
for theith measurement on a three-phase model sysiéis, @n .
the computed value of this ratio from E@t). X S(E¢(K)—E;(K) — o) (10)

For LuAl, we measured from 1.4 to 5.5 eV with an en-
ergy step of 0.02 eV. For YbAlwe measured from 1.4 to where BZ denotes the Brillouin zon&(k) is the Fermi dis-
5.2 eV with the same energy step. For this nonlinear leastribution function, and,f stand for the occupied initial and
squares fitting, the well-known Levenberg-Marquardtunoccupied final energy band states at wave vdgtarspec-
algorithn?® has been employed. In E¢9), the refractive tively.
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h N
pfi:i_<f|v|i> (11 4r \

is the dipole matrix element between the occupigk) and
unoccupiedg;(k) one-electron states. The calculated spectra
are unbroadened quantities. Improvement to this formalism
comes from consideration of correlated interacting electrons
as described by the quasiparticle picture. This picture de-
scribes changes in the single-particle picture using self-
energy terms. The self-energy is usually momentum and en-
ergy dependent and consists of two pafts,

2:21+i22. (12)

The real part of the self-energy represents a shift of the one-
electron energy of a state, while the imaginary part describes
the broadening of the energy level caused by the finite life-
time of a state. To consider the broadened experimental op-
tical conductivity, the theoretical optical conductivity was r X w r K X L uw
convoluted with an energy-dependent Lorentzian broadening g 2. Band structure of LuAl obtained from the self-
functior™® of width equal to the imaginary part of the com- ¢onsistent TB LMTO with the spin-orbit interaction included.
plex self-energy, which was set empirically B,(E)
=0.1E, whereE is the incident photon energy. The real part
of the self-energy was not considered in this calculation be
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strate. They found that it slowly increases up to 22 A within
24 hours of exposure to air, and the oxide layer stabilized at
M value of 33 A after 48 hours. Burnham and Jameson mea-

sured the oxidation rate of ytterbium in air by a simple op-
Yical transmission techniqf@. They measured the optical

density of Yb thin films deposited on glass slides with a

densitometer. From this method, they found the oxidation
VI. OXIDE EFFECTS rate of Yb in air decreases quickly and estimated that the
h_thickness of the oxide overlayer on Yb was about 90 A after
fyvo months exposure to air, by extrapolation of their mea-
surements. Because we did the ellipsometric measurements
as soon as we finished a short period of polishing to remove
the remnant flux from the surfaces, the thickness of the oxide
probably does not exceed 50 A. We varied the thickness of
the unknown oxide layer from 20 A to 50 A in the three-
phase model calculation.

that of the experimental spectra is smatt@.2 eV). From
the energy bands and the TB-LMTO eigenvectors, we calc
lated the total and orbital projected density of states.

In experiments, the effects of oxidation, surface roug
ness, defects, and contamination are contained in the me
sured data. A measured dielectric functiercontaining all
these effects is called the effective dielectric function or
pseudodielectric function, written &&). The exact compo-
sition of a mixed oxide is difficult to determine. The rate of
oxidation depends on several variables. Among them, hig
temperature and humidity increase the rate of oxidation
Light rare earths like Ce oxidize considerably faster than
heavy rare-earth metakGd, Lu, Yb, etc).®> Zukowska® VII. RESULTS AND DISCUSSION
confirmed the formation of an %, overlayer on an ytter-
bium surface by a structural examination after removing the The calculated electronic band structures of Luahd
ytterbium from the vacuum chamber. The real situation ofYbAI, are shown in Figs. 2 and 3. The Fermi enekyyis
the oxidized surface may be more complicated than is asmarked by a horizontal dotted line and the symmetry points
sumed with the Bruggemann effective-medium theoryare indicated by vertical lines. In both calculations we treated
(BEMT) due to possible inhomogeneity of the oxitle. the 4f electrons of Lu and Yb as valence electrons. Two

Yb,0; and ALO; are not only the possible oxides on narrow flat 4 bands, separated due to the spin-orbit interac-
YbAI,. YbAIO; or other forms of ternary oxide are possible. tion, lie 4.0 and 5.5 eV below the Fermi level for Lyfdnd
(YbAI) ,05, a random mixture of Yb and Al oxides, is also 0.2 and 1.8 eV below the Fermi level for YbAlrespec-
possible. The oxide may be amorphous rather than crystatively. In the case of YbAI, a small fraction of the #,,
line. The dielectric functions for some of these possible ox-bands extends to the Fermi level while thielectron bands
ide layers are not known. In order to estimate the opticahre located well below the Fermi level for LuAlThe lowest
constants of the clean bulk YbAby the three-phase model, two bands of LuA} and YbAL, which are located between
we assumed a constant effective refractive index for the-10 and—6 eV, are mainly of Als and p character. The
complicated oxide layer. The refractive indi¢ésf Al,O;  theoretical partial densities of states for LyAdnd YbAL
and Yh,O5 are roughly 1.65 and 1.85 in the visible region. obtained from TB-LMTO with LDA in the ASA are shown
Therefore we take the assumed effective refractive index oin Figs. 4 and 5, respectively. The calculated partial densities
the oxide layer of YbAl as 1.7. It is well known that the of states for LuAj is similar to those of TakegahataHe
oxide thickness of AlO; saturates below 30 A when Al is calculated the partial densities of states by a self-consistent
exposed to air. Zukowska and Oleszkiewitestimated the augmented plane wav@PW) without the spin-orbit inter-
thickness of the ytterbium oxide layer on the ytterbium sub-action, so there was no spin-orbit splitting in thé gtates.
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FIG. 3. Band structure of YbAl obtained from the self-
consistent TB LMTO with the spin-orbit interaction included.
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Energy (eV)

There have been no reports on the theoretical electronic F|G. 5. Partial density of states obtained from the TB LMTO

structure calculation for YbAl as far as we know, so we

with the LDA in the ASA. The upper and lower panel show the

could not compare our results with others. Due to the exDOS on the Yb and Al site in states/eV atom.

tended 4, state at the Fermi level in YbA| the theoretical
density of states of YbAlat the Fermi level is nearly twice
as large as that of LuAlfor which the 4 electron states are
located well below the Fermi level.

The coefficienty of electronic specific heat is given by

7= 3 N(Ep)k3(1+N), (13
whereN(Eg) is the density of states at the Fermi enerigyy,
is Boltzmann’s constant, andis the mass-enhancement fac-

T || T T T T T 5 3.0

|I +Ep ——— Lt ]
f5i2 || te . Lud 25
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| 11.5
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Energy (eV)
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FIG. 4. Partial density of states obtained from the TB LMTO

with the LDA in the ASA. The upper and lower panel show the
DOS on the Lu and Al site in states/eV atom.

tor. The experimental values of can be compared with the
theoretical values obtained from the density of states at the
Fermi energy. The experimental electronic specific heat co-

efficient y of YbAI, has been reported to be
16.8 mJK?mol™t  while that of LuAL s
56 mJK2mol 1424 The theoretical values are

7.81 mIJK?mol ! and 4.08 mJK?mol™!, respectively,
with the TB-LMTO method. The difference between the cal-
culated and measuregdis due to the mass-enhancement fac-
tor due to electron correlations incorporating the interactions
of an electron with other electrons or phonons. Sipces
proportional to the density of states at the Fermi level, the
largery of YbAI, than that of LuAj} implies a larger density

of YbAI, at the Fermi level due to the presence d¢fstates

of YbAI, lying close to the Fermi level while those of LUAI
stay far below the Fermi level.

Bremsstrahlung isochromat spectroscofB1S) is the
counterpart of x-ray photoemission spectroscoipPsS). It
reveals information on the unoccupied density of states
above the Fermi level while XPS provides information on
the occupied density of states below the Fermi 1&¢&bh
et al®® studied the electronic structure of YbAlising XPS
and BIS. The theoretical partial density of states dfsflates
of Yb in YbAI, shown in Fig. 5 shows two big peaks, sepa-
rated by 1.7 eV from the spin-orbit interaction. The theoret-
ical positions of the 4 states and the spin-orbit splitting are
quite similar to the experimental d&fa.

The theoretical calculations were performed for zero tem-
perature. Therefore in the calculation of the optical conduc-
tivity, we treated Yb in YbA} as divalent in the ground state.
Figures 6 and 8 show the diagonal component of the optical
conductivity of pure bulk LuA] and YbAL obtained using
the three-phase model with different thickness of the oxide
layer. Identifying which band pairs contribute to the ob-
served peaks and their band characteristics is important for
understanding the origin of peaks in the optical conductivity
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FIG. 6. Diagonal component of the optical conductivity of 1 2 3 4 5
LuAl,. Dotted line: theoretical data obtained from the TB LMTO Energy (eV)

using a lifetime broadening proportional to energy. Solid line: ex-

perimental data of single crystal of LUAIThe calculated diagonal FIG. 7. The contribution of particular interband transitions to
component of the optical conductivity of the clean bulk LyMlas  the diagonal optical conductivity for peaks at 2.0 eV and 4.0 eV for
obtained using the three-phase model with a constant refractive ir-uAl,. (In assigning the band numbers in Fig. 2, one should
dexn,;=1.7 and a different thickness of the oxide layer. The dash-double-count each band due to the degeneracy of states for the
dotted line and short-dashed line are the derived optical conductiviparamagnetic LuAl)

ties of the clean bulk LuAl corresponding to 20 A and 40 A of the

ide | , tively. . . . .
oxide fayer, respectively In Fig. 8, the theoretical optical conductivity of YbAI

spectrum. For LuA), there are three peaks in the theoreticalc.)btalne<j using the TB-LMTO within the LDA using a life-

optical spectrum, one small peak around 0.7 eV, and two bi ime broadening proportional to energy is represented by the
peaks near 2.0 éV and 4.0 eV as shown in Fié] 6. The bi otted line. In the calculation, thef £lectrons of Yb are also

peak at 2.0 eV is dominated by the interband transitions beré@ted as valence electrons like those of Lu. For yb#ie

tween occupied band&t1-46 to unoccupied band§47— situation is similar to that for LuAl except for a big peak at
52). The transition pairs are 4247, 4248, 43-49, efc. lower energy in the theoretical spectrum. This peak at 0.5 eV
The occupied bands have Alcharacter hybridized witll ~ arises mainly from the #istates in Yb in YbA} because the
bands. The unoccupied bands have duand Al d mixed  4f states of Yb are close to the Fermi level. Interband tran-
character. In numbering bands, due to the degeneracy éitions between bands 43-45, 43-46, 44-45, and 44-46
spin-up and spin-down states for the paramagnetic LuAl contribute importantly to the peak at 0.5 eV. Occupied bands
one should double-count each band. The initial and fina##t3 and 44 are located close to the Fermi level and mostly of
band characters participating in the interband transition¥'b 4f character. The unoccupied bands 45 and 46 above the
should satisfy the selection ruldl==+1. The transitions Fermi level are of Yb 8 character. Figure 9 shows contri-
around 2.0 eV occur near the line Bf-L in the irreducible  butions of particular bands to the interband transitions of
Brillouin zone of the fcc lattice. The peak at 4.0 eV comesYbAIl,. The optical conductivity of clean YbAlis calculated
from occupied band&38-46 to unoccupied band$0-60. by using the measured optical conductivity of the single
The contributions of particular bands to interband transitiongrystal of YbAL with an assumed thickness and refractive
in the diagonal optical conductivity for peaks at 2.0 eV andindex of the oxide layer. Dash-dotted and short-dashed lines
4.0 eV for LuAl, are shown in Fig. 7. are the calculated optical conductivities of the clean bulk

In Fig. 6 the solid line is for the experimental data of YbAI,. For the calculation, we assumed a constant refractive
single crystal of LuAj. To consider the oxide layer, the three index ofn;=1.7. The assumed thickness of the oxide layers
phase model has been used. The optical conductivity of cleasre 30 A and 50 A, respectively. We notice a small flat
LuAl, is calculated using the measured optical conductivityshoulder around 1.6 eV seen in experiment and around 1.7
of the single crystal of LuAl with an assumed thickness and eV in theory in the optical conductivity. A wide shoulder
refractive index of the oxide layer. Dash-dotted and shortbetween 3.0 and 4.0 eV is shown in both theoretical and
dashed lines are the calculated optical conductivity of cleamxperimental spectra as shown in Fig. 8. Ellipsometry is sur-
bulk LuAl, with the assumption of constant refractive index face sensitive in that the measured optical conductivity is not
n,=1.7 and thicknesses of the oxide layer of 20 A and 40 A correct if the surface is oxidized. As already discussed, as the
respectively. As shown in Fig. 6, as the thickness of theoxide refractive index or thickness increases, the optical con-
oxide layer increases the calculated optical conductivity ofductivity of the clean bulk sample, determined from mea-
the clean bulk sample increases. surements on the oxidized sample, increases. For L a8l
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The calculated diagonal component of the optical conductivity of
the clean bulk YbAJ was obtained using the three-phase model ki, 9. The contribution of particular interband transitions to
with a constant refractive index,=1.7 and different thickness of diagonal optical conductivity for peaks at 0.5 eV, 2.0 eV, and
the oxide layer. Dash-dotted line and short-dashed line are the derq ey for YbAL. (In assigning the band numbers in Fig. 3, one

rived optical conductivities of the clean bulk YbAtorresponding  shouid double-count each band due to the degeneracy of states for
to 30 A and 50 A of the oxide layer, respectively. the paramagnetic YbA)

the oxide thickness increases, the feature around 4.0 eV be-

comes more prominent. It agrees well with the theoreticafECtronic structure of LuAland YbA.‘Iz is that the 4 states
calculation around 4.0 eV of YbAI, are located near the Fermi energy level while those

of LUAl, are located well below the Fermi level. Thed 4
electrons near the Fermi level contribute the large peak at 0.5
eV in the theoretical optical conductivity of YbAIExperi-

The optical conductivities of single crystals of Lydnd ~ Ments have not yet been extended to this energy range to
YbAI, have been measured between 1.4 and 5.5 eV fook for the predicted peak in the optical conductivity of
LuA|2 and between 1.4 and 52 eV for Y[%An'he experi_ YbAlz Therefore |t WOUId be Useful to examine |t by IR
mental optical conductivity spectra of single crystals oféllipsometry or IR reflectivity measurements.

LuAl, and YbAL agree well with the calculated values ob-

tained from the self-consistent TB-LMTO method based on
the LDA formalism except for a difference in magnitude,

partially from the effect of the oxide overlayer. Correcting Ames Laboratory is operated for the U.S. Department of
the data with a three-phase model, we find the oxide overEnergy by lowa State University under Contract No.

layer reduces the magnitude of the optical conductivity andV-7405-Eng-82. This work was supported by the Director
smoothes out some features. The difference between tHer Energy Research, Office of Basic Energy Science.

VIIl. SUMMARY AND CONCLUSION
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