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Observation of metal—insulator transition in Al-Pd—Re quasicrystals
by x-ray absorption and photoemission spectroscopy
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Using x-ray absorption and valence-band photoelectron spectro&®y we investigated the
electronic structures of icosahedra){Al;oPd» Re; 5 quasicrystalgQCs with a 4.2 K/300 K
resistivity ratio,r, ranging from 8.3 to 107 obtained under various annealing conditions. GGr Al

and Pd_;-edge x-ray absorption results show that the density of stsi{gs), near the Fermi level,

Er, jumps to a larger value whandecreases down to below about 20.6. The valence-band PES
results show thalN(E) nearEg is greatly reduced im-Al,¢Pd,, Re; 5 QCs relative to that of the

pure metal, which confirms the existence of the pseudogap. The PES spectrum has a sharp cutoff at
Er for r=8.3 QC, while it decreases smoothly down to zerdeatfor largerr’s. The combined

results suggest the occurrence of metal—insulator transition mbatween 13 and 20.6. @003
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Quasicrystalline alloys have received increasing interesRels;-edges XANES spectra were obtained using the double
owing to their unusual physical propertie$For example, crystal monochromator and wiggler-C beamlines by the
icosahedral i) phases of Al-based quasicrysté@Cs have  sample drain current and fluorescence methods, respectively.
high electrical resistivity(p) and a negative temperature co- Valence-band PES measurements were performed using the
efficient of resistivity>* The stability or metastability of QCs low-energy spherical grating monochromator beamline. The
was attributed to the Hume—Rothery effect, which causes th&abrication and characterization of the samples are described
formation of a pseudogap in the electronic density of statelsewheréd?

N(E), at the Fermi level Eg).>>® Low-temperature photo- Figure 1 shows the Af-edge XANES spectra of the
emission studies of Stadnikt al. demonstrated that the variousi-Al;oPd, Re; 5 QC samples and pure Al. The spec-
pseudogap plays an important role in determining the stabiltra were normalized using the incident beam intensigy,

ity of QCs, though it was argued not to be the major cause okeeping fixed the area under the spectra in an energy range
the observed higlp in QCs! Recent studies dtAl-Pd—Re  between 1605 and 1627 eliot fully shown in the figure

QCs also revealed that these QCs have the highastt.2 K The leading near-edge feature was argued to be due to strong
and the evidence of a metal—insulator transititiT) at a  hybridization between Ap and Pd/Rel orbitals**** For
critical resistivity ratior =p(4.2 K)/p(300 K) obtained under r=107, 75.6, 52, and 20.6 samples the leading feature as
some appropriate annealing conditith’ Studies using soft indicated by the position of the maximum intensity, which is
x-ray emission and absorption spectroscopy provided furthemarked by an arrow, in these spectra consistently shifts to
insight into the electronic structures of quasicrystallinelower energies when decreases from 107 to 20.6 as shown
Al-Pd—Mnt? andi-Al-Pd—Ré&'***?alloys. In this study we in Fig. 1. For pure Al,r<1 because the electric resistivity
have performed a systematic investigation of the electroniéncreases with the temperature for a metal. Thus, the leading
structures of both occupied and unoccupied valence states fgature in the spectra af=13 and 8.3 and pure Al samples
functions ofr for i-Al-Pd—Re QCs using A-, Pd and also consistently show a shift to lower energy wheris
Rels-edges x-ray absorption near edge strucifNES)  decreased. There is a discontinuity in the shift of the leading
and valence-band photoelectron spectroscéP¥S mea- feature between=20.6 andr =13, which indicates a sudden
surements. change(or transition of the electronic property. All spectra

XANES and PES spectra were obtained at the Synchroextend up to about 30 eV above the edge in agreement with
tron Radiation Research Center, Hsinchu, Taiwan. For althe finding of Tamurzet al'® The enlarged near edge fea-
samples, the AK-edge XANES spectra were obtained from tures shown in the inset of Fig. 1 are obtained by subtracting
high-energy spherical grating monochromator beamline usan arctangent type backgrouricepresented by the dotted
ing the fluorescence yield method, while the Pd andcurve from the measured spectra. The inset of Fig. 1 shows

that the near edge spectra, which reflect the density of unoc-
dAuthor to whom correspondence should be addressed; electronic maiEupled Al Jp-derived states, of .the QCS with=13 and 20.6
wipong@mail.tku.edu.tw ave the largest and smallest intensities, respectively.
PPresent address: Institute of Physics, Academic Sinica, Taipei, Taiwan. Figures 2 and 3 show the normalized Pd and_Redges
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FIG. 1. Normalized AK-edge x-ray absorption spectraief\l;oPd,, Re; 5 FIG. 2. Normalized Pd ;-edge x-ray absorption spectraiefl;;Pd;, Re; 5
QCs and pure Al. The lower inset shows the enlarged near edge featuré3Cs and pure Pd. The lower inset shows the enlarged near edge features
after background subtraction. after background subtraction.

x-ray absorption spectra fAl;Pdy, fRe; 5 QCs and refer-  tions of electron and hole carriers is proportional to an ex-
ence Pd and Re metals. In the insets of Figs. 2 and 3 thgonential function of the temperature, which greatly
spectra have been subtracted with an arctangent type backutweighs the increase of resistive electron-phonon interac-
ground as shown by the dotted curves to better illustrate th@ons. Thus,pe (300 K) is much less thap (4.2 K) andr>1
contributions from unoccupied Pdl4and Re® derived if the energy gap is not too largéf the energy gap is too
states in QCs and pure Pd and Re metals. In contrast to therge, p is still very large at 300 K For metals without an

Al K-edge XANES spectra, the near edge features in thenergy gap, the concentration of electron carriers does not
PdL;-edge spectra of QCs and reference Pd are more Synincrease with temperature as rapidly as that of the
metric and narrower, which suggest that these features agemiconductor/insulator, so thatis greatly reduced. Since
dominantly contributed by unoccupied Pd 4rbitals be- QCs are composed of metal atoE) is not expected to
cause a free Pd atom has d'4 configuration without & have a real energy gap, so that the largalues of QCs was
electrons’ The Relg-edge spectrum of the Re metal asinterpreted as the existence of a pseuddgdp? The
shown in Fig. 3 has two features located about 10538 an@seudogap manifests itself as a diminishM¢E) or deple-
10552 eV. The occurrence of two prominent features showgon of states neaEg and was argued as one of the factors
that this spectrum is an overlapping of two unoccupied ®e 5 responsible for the anomalously low electrical conductivity
subbands split by the crystal field. Rgedge spectra extend of i-Al-Pd—Re QCs:>6Thus, an increase afmeans that a

to about 30 eV similar to AK-edge spectra, while the greater number of states ne¢ are depleted, which will be
Pd Ls-edge spectra extend only up to about 10 eV. The Pd

and Rd_z-edge XANES spectra of QCs are also shifted by
~3.5 and~0.8 eV, respectively, toward the higher energy Re L; -edge
side and the near edge features are broader than those of
corresponding Pd and Re metals. The intensities of the near
edge features for QCs are reduced relative to that for the pure
metal for Pd, while they are enhanced for Re. The observed
large Pd_5-edge shift was attributed to the large work func-
tion difference between QCs and pure®dhe reduction of

the numbers of unoccupied Pd4lerived states in QCs can

be understood by a much larger electronegativity for Pd
(2.2 than for Al (1.61),'" which causes a transfer of elec-
trons from Al to Pd and reduces the number of unoccupied
Pd4d states. Since Re also has a larger electronegativity

Normalized absorption (arb. units)

Lo e =107

e 1756

|
(1.9),*" the enhancement of unoccupied Rederived states 0s E
may be due to the increase of electrostatic potential given *
rise by electron transfer from Al to the Re-@erived states. T TR T
The near edge features in the KWW and Pd and s 10540 Iose0 10580 10600

Rels-edges spectra were integrated between 1560.3 and Photon Energy (V)
1602.3 eV, 3170.7 and 3181.9 eV, and 10510 and 10566 e)éIG. 3. Normalized Rég-edge x-ray absorption spectraiefl;Pd, JRe; 5

respectively, as shown in Fig. 4. For a semiconductorycs and pure Re. The lower inset shows the enlarged near edge features

insulator with an energy gap, the increase of the concentrafter background subtraction.
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FIG. 4. Integrated intensities of the near edge features in the-Aind Pd P T T

and Rel;-edge XANES spectra as functionsrofor i-Al;oPd, Re; 5 QCs. -15 -10 -5 0=E
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accompanied by an enhancement of unoccupied states anf. 5. Representative valence-band PES spectra=@3, 20.6, and 107

the peak area of the near edge feature in the XANES spe&C samples for an incident photon energy of 80 eV. The inggtand (b)

trum will increase monotonically with the increase of show the enlarged spectra neki for the reference Re metal and
. i-Al;oPdy Re; 5 QCs, respectively.

Though Fig. 4 shows that the peak area of the RR&ature

is nearly a constant, both the peak areas of j\ed Pd 4

. . ) edge cutoff, which shows that this sample is metallic. In
features increase monotonically withfor anr greater than

contrast, the PES spectra of the=20.6 and 107 samples

Sb?m 20'86 BJUSt d“;((e) évethhave ilscussedf.ﬂlln theaéeg:jo‘r‘nj of decrease smoothly down to zeroEgt, which is a charac-
eween ©.5 an -0, the peak areas ot t epia ._teristics of an insulator. Thus, we have observed MIT in
near edge features jump to significantly higher values, which
L - - I-Al70Pdh, sRey 5 QCs.
suggests a significant change in the electronic structure near
Er. The sudden increase of the near edge XANES feature The author(W.F.P) wishes to acknowledge support by
means an increase dof(E) near and abov&g. For a gap- the National Science Council of the Republic of China under
less electronic structure ne&t-, this property implies an Contract No. NSC-91-2112-M-032-015.
increase ofN(E) near and belowEg. Thus, our XANES
results suggest that in the regiorc20.6 QCs are metallic  *D. Shechtman, I. Blech, D. Gratias, and J. W. Cahn, Phys. Rev.82tt.
and QC has a MIT around=20.6. This finding supports the ,1951(1984.
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