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Optical and magneto-optical properties and electronic structures of single-crystallindRAl,
(R=Y, La, Ce, Pr, and Lu)
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The diagonal optical conductivity spectra of single crystalsRéf, (R=Y, La, Ce, Pr, and Luwere
measured at room temperature by spectroscopic ellipsometry in the 1.5-5.6-eV range. All the compounds
exhibit two strong interband absorption peaks at about 1.8 and 3.6 eV for afAl LuAb, and at about 2.0
and 3.0 eV for LaAd, CeAl, and PrA}. Such differences in the second peak position appear in the theoretical
optical conductivity spectra calculated from their band structures obtained by the tight-binding linear-muffin-
tin-orbitals method. Most of the contributions to the two peaks in La#k from thep andd states, i.e.p
—d andd— p transitions, while those involvinfstates are negligible. These results suggestftbaaracter
near Ex for LaAl,, CeAl, and PrA} distorts their conduction bands significantly through hybridization,
leading to different optical spectra compared to those of,Yakid LUAL. The magneto-optical properties of
CeAl, and PrA} were measured at low temperatures. The Kerr rotati®p)(and ellipticity (ex) for both
compounds show similar spectral variations with maxim@gof 0.35° and 0.55° at about 2.1 eV for CgAl
and PrA}, respectively. The evaluated off-diagonal conductivity spectra of the two compounds are also
similar, with two structures at about 2.1 and 3.8 eV for Geahd 2.1 and 3.4 eV for PrAl The energy
difference in the second structures is interpreted as due to the different conduction-band structures of the two
compounds caused by different hybridization strengths of frsimtes with conduction bands, because of the
difference in their degree of localization.
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I. INTRODUCTION tin orbital (LMTO) method, neglecting spin-orbit coupling.

They paid special attention to the role of thelectron states

Rare-earth and transition-metal dialuminides have beem CeAl, and LaAl, in determining the electronic structure
investigated extensively because of a variety of interestinground Ex. Their calculation showed that thebands in
physical properties they exhibit, such as magnetishh, CeAl, are located ned¢, while those in LaAj are located

superconductivity,® the de Haas—van Alpher(dHVA) at 3 eV above it. Thd states from La and Ce sites of the
effect/ and thermd and electronic properti€s?” Most of  compounds were found to modify treep-electron configu-

the compounds crystallize in the cubic Laves (MgCsiruc-  rations on the Al sites. They also showed that an antiferro-

ture, in which the rare-earth or transition-metal atoms arenagnetic state is stable in CeAlnd is favored over a fer-
arranged in the diamond structure consisting of two fcc lattomagnetic state. The band structure of LaAdas also
tices displaced from each other by one-fourth of a body dicalculated by Hasegawa and Yandsesing the augmented-
agonal, and the Al atoms are on sites of rhombohedral synplane-wavg APW) method. They showed that tfidands in

metry (3m) in tetrahedra, with four rare-earth or transition- LaAl, aboveE distort the conduction band appreciably, and
metal atoms as next-nearest neighbors. During the laghat the resultant Fermi surface could explain the experimen-
decades nonmagnetic dialuminides such as,YAlaAl,, tal dHVA data reasonably well. Switendi@calculated the
and LuAlL have been extensively studied both theoreticallyband structures of YA, LaAl,, and LuAl, using a nonrel-
and experimentally®11417~1%These compounds are refer- ativistic APW method. He concluded that there is consider-
ence materials for studyingfdelectron systems, because ablef character mixed in the conduction bands states Bear
their 4f states are located well above, near, and well belown LaAl,.
the Fermi levelEg respectively. They are also important as ~ Spectroscopic ellipsometr§SE) was widely used to in-
host materials for doping with magnetic impurities. On thevestigate optical properties and the related electronic struc-
other hand, CeAland PrA}, show magnetic ordering. CeAl tures of solids by measuring the change in the polarization
orders antiferromagnetically below 3.8 K, and shows astate of light upon reflection at a sample surface. However,
strong competition between magnetic order and the Kond&E data on rare-earth and transition-metal dialuminide
effect, favoring a nonmagnetic singlet ground st (RAI,) compounds are rare. Kim and Lyrféimeasured the
PrAl, is a ferromagnet witi =33 K 2223 optical properties of polycrystalline CeAand LuAl, using
Reichelt and Winzérmeasured the dHVA effect in single SE and reflectivity measurements in the 0.04—4.5-eV region
crystals of LaA}, and compared the results with its calcu- to study the contributions dfstates in the interband optical
lated electronic band structure. They found good agreemertansitions. They found that the optical conductivity of CeAl
between theory and experiment, and proposed a Fermi suhas structures at 0.1 and 1.0 eV, while LyAlas no struc-
face for LaAb. Jarlborget al!” calculated the band structure ture below 1 eV. The differences in optical conductivity be-
of CeAl, and LaAl, self-consistently using the linear muffin- tween CeA} and LUAl were interpreted as originating from
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the difference in electronic structure caused by the location480°C in 2 h, then slowly cooled to 1200 °C over 120 h.
of their f states. In CeA), the f states are expected to be The crystal grew during the first cooling step. At the tem-
located neaiEg, while for LUAl,, they are well below it. perature of 1200°C, the sample was inverted and spun in a
Therefore, for CeAl thef states may contribute to interband centrifuge, forcing the still-liquid flux out through the quartz
transitions at infrared frequencies, while for LyAhterband  wool and leaving the crystal in the crucible. The quartz wool
transitions involving thef states can occur only at higher in the crucible acts as the filter during flux removal. In the
energies. Leet al'® compared the measured optical spectracase of LaAj, CeAl,, LUAl,, and PrA}, elemental La, Ce,

of single crystals of YbAl and LuAl, with the theoretical and Pr are mixed with Al in the same mol %. Each mixture
optical conductivities obtained by the tight-binding linear was placed in a sealed Ta crucible which was placed in a
muffin-tin-orbital (TB-LMTO) calculations under the atomic sealed quartz tube, then heated to 1200 °C and slowly cooled
sphere approximation. The theoretical optical conductivity ofto 890 °C, at which temperature the crystals were removed
YbAI, has strong peaks near 0.5 eV, while that of LWAI with the same method used for YAlIThese crystals were
shows no such feature in the same energy region, which igctahedral, with typical dimensions of®x 3 mnt. How-
interpreted as due to interband transitions involvirgjates  ever, when applied to LuA) this technique produces small,
located neaEg for YbAI,. intergrown crystals. Hence LuAlwas grown from a third-

To investigate the effects of tHestates on the electronic element flux, indium. The ternary melt was cooled slowly to
structures neaEr, we have grown single crystals of LaAl ~ 725°C, at which temperature the crystals were removed
CeAl,, and PrA}, and compared their experimental optical from the flux. These crystals were larger than those produced
conductivity spectra with those of YAland LuAL single  from the binary melt, and had both octahedral and platelike
crystals as reference materials. The valence electronic comorphologies. In the case of the platelike samples, the
figuration of Y is 4d'5s?, while that of La is §1'6s>. The 4 growth direction is along thgL11] direction.

states of Y in YA} are located far abovEr . LuAl, differs The surfaces of the YAland LaA}, single crystals looked
from LaAl, in that elemental La has nof 4alence electrons  somewhat dim due to the remnant flux on them. We used an
while LuAl, has fully occupied 4 states well belowEgr.  alumina abrasive of 0.054m diameter to remove any pos-

Since the 4 states in YA} and LuAl, are not expected to sible remnant flux on the surfaces. The surfaces became mir-
contribute to the optical transitions in the present spectratorlike after polishing several minutes, and did not need fur-
range (1.5-5.6 eV), we expect similar optical properties forther treatment. The surface of the LaAdrystal was clean
YAl and LuAbL. For CeAl, and PrA} magneto-optical Kerr  and mirrorlike, so no further surface treatment was necessary
effect (MOKE) spectra were also measured to investigatenefore optical measurements. In the case of GaAtl PrAlL

their magneto-optical properties and to obtain the off-the crystals showed no clean facets, unlike LaAThese
diagonal components of their optical conductivity tensors incrystals are not so reactive, and so were polished, using sili-
duced by their magnetic properties. Any difference observedon carbide spray with grades of 6, 1, and 0%, and

in the optical conductivity spectra of Lafl CeAl,, and rinsed with acetone and isopropanol. X-ray powder diffrac-
PrAl,, compared to those of YAland LuAb, is expected to  tion patterns of YA}, LaAl,, and LuAlL were obtained from

be primarily due to the presence of thestates neaEr. To  crushed single crystals, and lattice constants of ,YAI
obtain the electronic structures and theoretical optical contaAl,, CeAl, PrAl,, and LuAl of 7.856, 8.155, 8.059,
ductivity, including the off-diagonal component needed t08.024, and 7.747 A, respectively, were determined. The
interpret MOKE spectra of the compounds, the TB-LMTO |ower limit for the detection of second phases in x-ray pat-

method with the local density approximatidrDA) was em-  terns is generally a few percent for the samples, and none
ployed. It is well known that the TB-LMTO method works were found.

well for the cubic Laves structure because they have closely

packed structures with high symmetfyThe band struc- )

tures, density of states, and theoretical optical conductivities B. Ellipsometry

were obtained for YA, LaAl,, and LuAl, and used to in- The optical conductivities of the present compounds were

terpret the interband-transition structures in their experimenmeasured by a rotating-analyzer-type SE in the 1.5-5.6-eV

tal optical conductivities. range. The principle of ellipsometry is the change in state of
polarization of light upon reflection from the surface of a
material. This change is directly related to the dielectric

Il. EXPERIMENTS function of the reflecting material. The absorptive part of the
dielectric function €,) is related to the absorptive part of the

A. S I ti . .
ample preparation optical conductivity ¢-;) by

Single crystals of YA, LaAl,, CeAl,, PrAl,, and LuAbL
were prepared via two different flux-growth technigées. 4
For YAl,, 45 and 55 mol % of elemental Y and Al, respec- P
tively, were placed in a sealed Ta crucible which was placed w
in a sealed quartz tube under a partial pressure of argon.
Quartz wool was filled in the crucible and inverted over theThe dielectric function or the optical conductivity is closely
top of the packed crucible. This assembly then was heated telated to the electronic structure of the material. Using
200°C in 1 h, to 1350°C in 8 h, held for 1 h, raised to ellipsometry?®?” one measures the ratio of the complex

@
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Fresnel reflection coefficientsy, and rg, for light re? 2
polarized parallelp) and perpendiculas) to the plane of gy =—"— > f 3k SIPrl2X Fi(k) X [1—f4(k)]
incidence respectively, 3m°w i JBZ  (2m)
X O E¢«(k)—E;(k)—fw], 5
S P _ sirf¢p—cos¢\e—sirtd [E(k)—Ei(k)~fiw] ®
p= I’_: T et=tanve't=
S S

' where BZ denotes the Brillouin zong(k) is the Fermi dis-
Sin*¢p+ cosg\ e —sir’ ¢ tribution function, and andf stand for the occupied initial
2 and unoccupied final energy-band states at wave végtor
whereV and A express the amplitude ratio and phase dif-fespectively.
ference between thp and s components of polarized light
reflected from a surface at an angbe ¥ andA are quanti- pfi=f.i—(f|V|i> (6)
ties directly measurable from ellipsometry, from which the I

gc;gpr)rlﬁiﬁgéelectnc function of the reflecting material can beis the dipole matrix element between the occupied and unoc-

cupied one-electron states. The calculated spectra are un-
broadened quantities. The electrons generally interact with
other electrons. These correlated electrons are described by

Magneto-optical propertiegolar Kerr effect of CeAl, the quasiparticle picture using a self-energy correction. This
and PrAL were measured by MOKE measurements at lowself-energy E=3,+i2,) is, in general, momentum and en-
temperatures [<70 K) in an optical cryostat. A split-coil ergy dependent. The real part of the self energy represents a
superconducting magnet system enclosed in the cryostat c&hift of the one-electron energy, and the imaginary part de-
produce magnetic field up to 70 kOe. We used an intensitgcribes the broadening of the energy level caused by the
method employing a photoelastic modulat®f® which af- ~ finite lifetime of a state. To take into account the finite life-
fords simultaneous measurement of the two magneto-opticdime of the excited quasiparticle state, the theoretical optical
parameters, Kerr rotatior, , and ellipticity, e, , with high ~ conductivity is convoluted with an energy-dependent Lorent-
accuracy. The principle of the technique, calibration, andzian broadening functiofl of width equal to the imaginary
other experimental details were described in detailpart of the complex self-energy, which was set empirically to
elsewheré®=3! The off-diagonal components of the optical 2,(E)=0.1E, whereE is the incident photon energy.
conductivity are related to the magneto-optical parameters

(6x and ) by*? IV. RESULTS AND DISCUSSION

C. Magneto-optic Kerr effect

A. Optical properties

w
Ty = g (Al Bew), The measured real parts of the room-temperature optical

©) conductivity spectra oRAl, (R=Y, La, Ce, Pr, and Luare

w exhibited in Fig. 1. The conductivity spectra for YAand
Ooxy= "~ E(BeK”LAfK)’ LUAl, are similar to each other in the peak positions of their
two strong structures, as well as in their overall spectral
whereA andB are given by shapes. The first peaks are located at about 1.8 eV for both

compounds and the second peaks at about 3.6 and 3.8 eV for
YAl , and LuAlL, respectively. On the other hand, the optical
(4 conductivity spectra of LaAl, CeAl,, and PrA} are some-

A=—k3+3n%k—Kk,

— 3 2
B=—n"+3kn+n. what different from those of YAland LuAL. The first peaks
The optical constants andk of the samples are obtained by Of LaAl,, CeAb, and PrA} appear at about 2.0 eV, higher
SE at room temperature. than those of YA} and LuAl, by about 0.2 eV and their
second peaks at about 3.0 eV, lower by about 0.6 and 0.8 eV,

respectively.

The calculated band structures along high-symmetry lines

We used the lattice constants from x-ray powder diffrac-and densities of state@OS'’s) for YAI, and LaAl are
tion. The exchange-correlation potential was included in thesshown in Figs. 2 and 3, respectively. A similar figure for
local-density approximation with the von Barth—Hedin LUAl, can be found in Ref. 16. Strong direct interband tran-
form.3 The k-integrated functions were evaluated by the tet-sitions from the occupied states to the unoccupied states
rahedron technique with 14dpoints in the irreducible Bril- acrossEg, corresponding to the observed absorption peaks,
louin zone, which is55 of the Brillouin zone. Once the self- are denoted by arrows in the band structure. The calculated
consistent potential and the charge density were obtained, the&nd structures and densities of states for the three com-
real part of the optical conductivity was calculated. In cubicpounds show similar features beldw:. The two peaks in
systems only one of the three equal diagonal components dfie density of states between 6 and 9 eV below the Fermi
the conductivity tensor needs to be calculated. We used Kuenergy are due to the mixed Aland Al states for all three
bo’s linear-response theowhich leads to interband con- compounds. The occupied states betw&nand 4.0 eV
tributions to the conductivity of the form belowE are primarily due to the Ap and Y-, Lu-, or Lad

I1l. BAND-STRUCTURE CALCULATIONS
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FIG. 1. Experimental optical conductivity spectra RAl, (R
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states. The unoccupiddtates of YA} are located far above
Er, and are not shown in Fig. 3. For LuAltwo narrowf
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FIG. 3. Band structure along the high-symmetry lines and total
density of states for LaAlobtained from the TB-LMTO method
with the LDA in the atomic-sphere approximation, including spin-
orbit splitting. Strong direct interband transitions corresponding to
the measured peaks are marked by arrows. Numbers 14 and 20
represent the transition band pair along theV line which con-
tribute to the peak at 2.0 eV.

From the experimental electronic specific heat, one can
estimateN(Eg). The coefficienty of the electronic specific
heat is given by

2
v
=5 N(EKG(1+ N+ p), @

where kg is Boltzmann’s constant, and and p the mass
enhancement factor due to electron-electron and electron-
phonon interactions, respectively. The experimental elec-
tronic specific-heat coefficienty of YAIl,, LaAl,, and
LUAl, were reported to be 5.46, 9.55, and
5.60 mJK 2mol™ %, respectively’*® The theoretical values

bands, Separated by Spin-orbit interaction, lie 4.0 and 5.5 eYor these Compound@vithout A\ and M) are obtained to be
below E¢. For LaAl, the unoccupied bands are located 373, 5.37, and 4.08 mJ¥ mol~?, respectively, from the

around 3.0 eV abov&r. The DOS’s atEg, N(Eg), for
YAl,, LUAl,, and LaAl are 42.90, 47.54, and 61.86tates
per Ry cel), respectivelyN(Eg) for LaAl, agrees well with

that obtained by Jarlboret al. (60 states per Ry celt’

6

A 7 | |
s 0 / KON }:(:,é;
RN | =
w 4P \J \ 5 J
6 _ _
sl "C\ /SC/? ]
-wr X W L r K X L UWwWo ; ; é 8
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FIG

with the LDA in the atomic-sphere approximation, including spin-

present calculations. The theoretical valuesyadre smaller
than the experimental data for all the compounds. The dis-
crepancy between them is largest for LgAWhich is inter-
preted as due to the underestimation of tistate contribu-
tion to DOS atEg by the TB-LMTO band calculation based
on the LDA.

The calculated optical conductivity spectra obtained from
the band structures of the three compounds are shown in Fig.
4. They were broadened as described above. The calculated
spectra for YA} and LuAl, agree well with the experimental
spectra for the energy positions of the interband absorption
structures as shown in Fig. 4. The first peak appears at about
2.0 eV for both compounds, and the second at about 3.6 and
3.8 eV for YAl, and LuAl, respectively, exactly reproduc-
ing the energy difference between the second absorption
structures. For LaAl the first peak appears at about 2.0 eV,
as for the other two compounds, while the second appears at
about 3.0 eV, and the shape of the spectrum is quite different

. 2. Band structure along the high-symmetry lines and totaffOm those of YA} and LuAb, as is also seen in the experi-
density of states for YAl obtained from the TB-LMTO method Mental spectra.

The electronic configurations of elemental Y, Lu, and La

orbit splitting. Strong direct interband transitions corresponding toare similar; they each have about one electron in their
the measured peaks are marked by arrows.

bands. The physical properties of YAILuAl,, and LaAlb,
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8 ————— T T final band characters participating in the interband transitions
I 1 should satisfy the selection rufd = = 1. For LaAl, the first

strong peak at 2.0 eV is dominated by interband transitions

between occupied band%4-16 to unoccupied band®2-

24). The transition band pairs are 3420, 1422, 15-23,

and 16-24. The occupied bands have pland Lap char-

acters hybridized witld bands. The unoccupied bands have

La-d character hybridized witlp bands and also Ap char-

acter hybridized withd bands. The transitions around 2.0 eV

occur near the linegv-L, L-U, andU-W, similar to the case

of YAI,. These transitions are marked as short dashed arrows

in the electronic structure in Fig. 2. The peak at 3.0 eV

comes from occupied band41-16 to unoccupied bands

I ] (26—39. The transition pairs are 1126, 1533, and 16

1 R T R S S A —34. The transitions around 3.0 eV occur near the lines

Cyxx {10"%/ sec)

1 2 3 4 5 6 7 X-W andW-L. The occupied and unoccupied bands involved
Energy (ev) in the transition near 3.0 eV are primarily of lpaeharacter

hybridized withd bands. For the two peaks at 2.0 and 3.0
eV, there is no evidence for direct involvement of empty La-
f states. But the different optical spectrum between 2.0 and
3.5 eV indicates that the conduction bands are distorted due
to the presence of thiestates. If the unoccupied Liastates
mainly related to theid bands, are expected to be similar. were directly involved in interband transitions with the oc-
On the other hand, thestates in YA} and LUAl, are not  cupied Lad states, we can expect a spectrum different from
expected to affect the optical spectra in the present spectrghose of YAL and LaAl, above 3.5 eV. But the experimental
range because they are located well above and bElovor  spectra for three compounds above 3.5 eV are quite similar.
YAl, and LuUAL, respectively. However, thestates in LaAl ~ Therefore, we can conclude that direct contributions of the
near Er can be strongly hybridized with neighboring con- La-f states to the optical conductivity can be ingored in the
duction bands. Hasegawa and Yartasshowed that thd  present spectral range.
bands of LaA} lie about 3.1 eV abové&,, and the other
conduction bands ne& are distorted significantly by them.
Switendick® concluded that there is considerableharacter
mixed into the conduction bands neag in LaAl,. How- Paramagnetic YAI, LaAl,, and LuAl, are expected to
ever, there are no experimental optical data to prove such ghow barely detectable MOKE effects, so there has been no
prediction yet. As shown in Fig. 1, the optical conductivity report of MOKE measurements. On the other hand, geAl
spectrum of LaAJ looks quite different from those of YAl  and PrA, show MOKE spectra, interpreted as mainly due to
and LuAl, reference compounds withoustates neaEg. If  their partly filledf shells. Figure 5 shows the MOKE spectra
thef states in LaAJ did not affect its band structure negg ~ for CeAl, and PrAb. Due to low light intensity it was not
and the resultant optical spectrum in the present spectrgiossible to obtain ellipticity data for CeAldirectly. We
range, its optical conductivity spectrum would be quite simi-therefore used the Kramers-Kronig transform of the Kerr-
lar to those of YA} and LuAlL, which was not observed. angle spectra to calculate the ellipticity. Kerr-angle spectra
Therefore, thef states in LaAJ at least cause a significant for CeAl, were taken at 2.7 K with a 70-kOe magnetic field.
modification of the conduction bands through strong hybrid-Referring to Fig. 6, such a field is sufficient to induce ferro-
ization with p-d bands, leading to differences in the optical magnetic spin-alignment in the compound. In the case of
spectrum of the compound compared to those of Yadd  PrAl, the ordering temperature is an order of magnitude
LuAl,. higher than that of CeAl We measured the MOKE spectra
The identification of the band pairs contributing to the of PrAl, at 5 K and 10 kOe, sufficient to saturadg(H) (Fig.
observed absorption peaks and their band characteristics afe The spectra for both compounds are similar, showing a
important to understand the origin of the absorption in thenegative Kerr rotationy, over the entire spectral range.
optical conductivity spectrum. This also informs us whetherUnder the given conditions PrAlhas a magnetic moment
the unoccupied states in LaA] are directly involved in that is at least a factor of three larger than that of Ge@In
optical absorption through interband transitions or indirectlythe other hand, the amplitude 6fx of PrAl, is only about
involved in it by changing the conduction bands located neaf.5 times larger than that of CeAMWe note a first maximum
them through hybridization. For the identification of bandin ®y at about 1.8 eV followed by a minimum at about 2.2
pairs which contribute most to the specific peak in the opticakV. These low-energy structures dominate the MOKE spec-
conductivity, all band pairs contributing to the peak weretra in these compounds. At 3 eV we have a very weak peak
identified. In numbering bands, due to the degeneracy oih @y which can be identified as a shoulder in the ellipticity
spin-up and spin-down states for the paramagnetic,¥d  data. There is another weak minimum at 3.8 eV. At higher
LaAl,, one should double count each band. The initial andenergies®y approaches zero.

FIG. 4. Calculated optical conductivity spectra for YALaAl,,
and LuAl, obtained from the TB-LMTO method using a lifetime
broadening proportional to energy.

B. Magneto-optic Kerr effects in CeAl, and PrAl,
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0.2 OO FIG. 7. Magnetization vs field for PrAlwith applied field along
L %o J the[110] direction.
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0.2 0000000022299% small to be detected in the magnetization data at 3(Fi.
0.4 1 ada JVTTYYYVON e . 6). Our O data show stronger saturation effects than those
4 A aaad in M(H), although a complete saturation of the Kerr rotation
061 . ! , i cannot be achieved up to 70 kOe. The lower panel of Fig. 8
2 3 4 5 shows data taken at 2.7 K at different photon energies. The

Energy (eV)

FIG. 5. Magneto-optic Kerr spectra 8Al, (R=Ce,P}. e for
CeAl, was obtained from a Kramers-Kronig transformatiorgf .

curves are very similar, indicating the proportionality of the
Kerr rotation to the spin polarization of the states involved in
the transitions at 2.1 and 4.6 eV. The phase transition occurs
between 40 and 50 kOe M (H), and around 30 kOe in the
Kerr spectra. Since the anisotropy in this compound is small,

Figure 8 shows the Kerr rotation versus magnetic field fowe believe that this is due to different samples. The sample

CeAl,. The upper panel shows data taken at the energy of
minimum @ in Fig. 5. For temperatures beloly we have

a very sharp metamagnetic transition to field-induced ferro-
magnetism. It should be noted that the spectra for 2.7 and 3.3
K are basically identical, whereas data taken at 2.1 K are
clearly different.®, at 2.1 K is smaller than at higher tem-
peratures, which is attributable to stronger antiferromagnetic
interactions at this temperature. Furthermore we note a de-
crease of ¢ with increasing magnetic field. This is unusual,
sinceM (H) data indicate an increase of the magnetization,
even at lower temperatures. Similar anomalies were observed
in CeSb by Pittiniet al3” Even at 7 K, which is abov&y,

0.4

02

CeAl,
E=21eV

we can still identify the phase transition which is already too

DDDDDD
'Y &0 T = 2.7 K
10 — 02 Mg -
CeAl 2
08 2 &0 oy
HI 11 L 28y ]
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5 0.6 .
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FIG. 6. Magnetic moment per Ce as a function of field wth
[[111]. We show one scan well beloW,= 3.8 K, and another one

very close to it.

FIG. 8. Field dependence of the Kerr rotation of CeAfield
scans at constant energy are shown in the upper panel. The meta-
magnetic transition to a field-induced ferromagnetic structure be-
gins at 30 kOe. The lower panel shows the energy dependence of
the saturation behavior &, below Ty .
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5F . . .
R Lo FIG. 10. Absorptive part of the off-diagonal optical conductivity
g ° of RAI, (R=Ce,P) calculated from the diagonal optical conductiv-
g 0.0 - é ] ity and the Kerr parameters.
051 e B5eV ‘ i w0y is therefore associated with the special role of Ce in
s 2 the compound. Strong hybridization involvirfgstates, as
‘ A : Qg&:» . 9
-1.0 - o550l 8 3¢ evidenced by the Kondo effect and the reduced moment ob-
20 _1'0 (') 110 20 served even at temperatures exceedipgin CeAl,, is ex-

pected to give rise to stronger distortion of the conduction
H (kOe) bands of the compound in the vicinity &y compared to
PrAl,. This leads to the observed shift of the second absorp-
tion peak in the experimentabo,,,, which might not be
detected in ther,,, Spectra due to its integrated nature.

FIG. 9. Kerr rotation versus field for PrAl Upper panel:
MOKE at 2.1 eV at 5, 30, and 70 K. Lower panel: normalized Kerr
rotation at 5 K at 2.1 and 5 eV.

qsed in the optical experiment is fairly large, and _magne_tiza- V. SUMMARY AND CONCLUSIONS
tion measurements could not be performed on this specimen.
Figure 9 shows similar scans for Ppfdt 2.1 eV. Below The diagonal optical conductivity spectra of single-

T. we observe ferromagnetic behavior with an increasingrystals ofRAl, (R=Y, La, Ce, Pr, and Luwere measured
hysteresis at lower temperatures. At 5 €, saturates at between 1.5 and 5.6 eV, and compared with the results of
nearly —0.6° in an external field of 10 kOe. The Kerr rota- calculations using the self-consistent TB-LMTO method.
tion in this sample is proportional to the magnetizationThe experimental optical conductivity spectra show two
shown in Fig. 7. As expected is strongly reduced above strong absorption structures for all the compounds. The first
the ordering temperature. In order to check the energy depeaks are around 2.0 eV for all the compounds. The second
pendence o® we took Kerr loops at different energies. peaks of LaA}, CeAl, and PrA} are at about 3.0 eV,
Figure 9 shows the normalized Kerr rotation and it is obvi-shifted to lower energies from those of Y,Aand LuAlL by
ous that the transitions at both energies are of similar originabout 0.6 eV. The calculated optical conductivities of YAl
We calculated the absorptive part of the off-diagonal condLuAl,, and LaA}L show good agreement in the energy posi-
ductivity, wop,, from the experimental Kerr rotation and tions of their absorption structures with those of the experi-
ellipticity and the measured diagonal optical conductivitymental spectra. For the two peaks at 2.0 and 3.0 eV, it is
o1, Using Eq.(3). The intraband contributions by nearly found that the contribution of the empttates is negligible.
free electrons tar,,, are expected to be proportionalao !,  Thef states of LaA} do not give significant contributions to
shown in Fig. 10 as constant shifts at low energies below #s optical conductivity from interband transitions but the dis-
eV for both compounds. Again the absorption spectra lookortion of the conduction bands due to the presence of the
very similar to each other. We can identify two peaks atstates results in the difference in its optical spectrum, along
about 2.1 and 3.8 eV in Ceplbnd 2.1 and 3.4 eV in Pral  with those of CeA] and PrA}L, compared to those of YAl
Then absorption decreases toward higher energies, and theasd LUAL in the 2.0-3.5-eV range. The Kerr rotatiéy
might be more transitions above 4.5 eV which produce and ellipticity e, of CeAl, and PrA}, were measured at 2.7
weak shoulder inr,,, for both compounds. Comparing the K for CeAl, and 5 K for PrA} under applied magnetic fields
off-diagonal conductivity with the diagonal conductivity we of 70 and 10 kOe for CeAland PrA} respectively. The
expect that the structure at 2.1 eV is dugted transitions. measured® y andey for both compounds show similar spec-
The higher-energy peaks, which show a blueshift for GeAl tral variations with photon energy with their maximu@n
with respect to PrAl, are tentatively assigned tb—p tran-  of 0.35° and 0.55° at about 2.1 eV for CgAdnd PrA},
sitions. PrA}, shows transitions which are very close in en-respectively. The evaluated off-diagonal conductivity spectra
ergy to those observed in heavier rare-earth compounds, s the two compounds also show a similarity with each other,
the blueshift of the second absorption peak in Geialthe  with two strong peaks at about 2.1 and 3.8 eV for Gedixid
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2.1 and 3.4 eV for PrAl The blueshift of the second peak of
CeAl,, compared to that of PrA| is interpreted as being due

PHYSICAL REVIEW B 63 035105
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