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Electrical, magneto-, and optical conductivity of quasicrystals in the Al-Re-Pd system
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Measurements of the electrical conductivity(T) and magnetoconductivitd o(H) of icosahedral
Al;oRe Pd,g and AL Re; Py 4 quasicrystals at low temperatures and in high magnetic fléldse reported.
Below 0.2 K, o of Al;gRe Py varies aso(T)=oy+aTY? with 0o=300Q"*cm ! anda<0. The conduc-
tivity decreases with increasing magnetic field. FopgRE; P01 4 o(T) decreases with decreasifigand
saturates at the levet,=1.7 O~ *cm ! below 0.1 K. In magnetic fields up to 40 kO&p(H) is negative
below 1 K ando(T,H) remains temperature-independent at the lowest temperatures. The optical conductivity
o(w) is obtained from reflectivity data in the frequency range between 15 ahehi@. The main contribu-
tions too(w) are a broad absorption signal centered at about 0.1 eV and a sizable peak with its maximum at
2.6 eV.[S0163-182¢07)03310-9

I. INTRODUCTION num, 99.9975% pure palladium, and 99.94% pure rhenium

by arc melting suitable amounts of the constituent elements

Among thermodynamically stable quasicrystals, icosaheto a single piece in an argon atmosphere and remelting it
dral Al-Re-Pd is a quasiperiodically structured materialseveral times. The resulting ingots were annealed in vacuum

vyhich often shows very low values of the electrical conduc'—fOr 2 days and subsequently rapidly cooled to room tempera-
tivity at low temperatures, comparable to those observed in .o  powder x-ray diffraction and surface analysis with

heavily doped semiconductotdt seems possible to synthe- : ' ;
size igosaﬁedral Al-Re-Pd samples Wi51 different C%emicapack-scattered electron images confirmed the absence of in-

composition and annealing procedures while maintainin%lusmn of other pha_ses. Selected-area electron-diffractioq
about the same structural properties. The low-temperatu attern_s revealed ahlgh_degree_ of structur_al order_. The speci-
values of the electrical conductivity of these alloys vary overmens in the form of prisms with approximate dimensions
three orders in magnitudeTherefore icosahedral quasicrys- 0.8X1.4X6 mm were cut from the ingots using spark-
tals in the Al-Re-Pd system may be considered as modedrosion.
substances for investigating electronic transport properties The electrical conductivityr(T) and the magnetoconduc-
both at zero and nonzero frequency of quasiperiodically ortivity Ao(H) of icosahedral AlRePd, and
dered solids with varying concentration of itinerant chargeAl,,Re; Pd;; sWwere measured using a standard four probe ac
carriers. technique at low frequency. The measurements of the elec-
The available information on electrical-transport proper-trical conductivity o(T) covered the temperature range be-
ties of these materials includes data of the electrical d.caween 0.04 and 295 K. The magnetoconductivity(H) was

conductivity o(T) and the magnetoconductivitYo(H),>™®  measured at temperatures between 0.04 and 1.2 K and in
as well as o(w) data obtained from reflectivity magnetic fields up to 56 kOe.

measurementsBelow we describe our results of measure-

ments of the dc electrical conductivig(T) and magneto-  poon measured for the same samples within a broad fre-

conductivity Ao (H) of two samples of quasicrystalline Al- quency range between 15 and®1ém-, using four spec-

Re-Pd with different composition in overlapping temperature, ; : L
ranges between 0.04 and 295 K. This set of data extends tlﬁreZEEte(lrzle\g Itcvgvﬁ]r;%r;plzggri?uzng};ursggelllg.lt?gvfaégzrier
temperature range of previous measurements to ConSiderabr&terferometer with a Hg arc-light source and a He-cooled

-

ﬁgg;fgﬁg?stu;% \t/r\{(ee ?lessuﬁirsgz?tégigiféjrltisnomgﬂf?gm%e-bolometer detector, while from the FIR up to the mid-IR
range a fast scanning Bruker interferometer IFS48PC was
used. In the visible spectral range a homemade spectrometer

quency range between 15 and°1€m™! at different tem-
peratures between 6 and 300 K. In this work, besides COVekiocad on a Zeiss monochromator was employed and in the
Itraviolet we used a McPherson spectrometer. From the

ing a more extended frequency range than in a previoua
mid-IR down to the FIR we have used the reflectivity of

investigatiorf, also the effect of the variation of the chemical
con:po.?t:;)n oro(w) for these Al-Re-Pd quasicrystals is in- tungsten as reference. The specimens had two large rectan-
vestigated. gular shiny surfaces. Subsequently, the surfaces of both
Il SAMPLES AND EXPERIMENT samples were pollshed. and mea.sur_ed again, Wlthqut a notice-
able change oR(w), neither qualitatively nor quantitatively,
We have synthesized samples with nominal compositionbesides an irrelevant increase of the overall reflectivity of a
Al;gRe Pdyg and ALgRe; fPdq 4 from 99.999% pure alumi- few percent.

The reflectivity R(w) as a function of temperature has
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100 . . nize a minimum ofo(T) at approximately 1 K. Below
0.2 K, the electrical conductivityg(T,H=0) varies as

AlqgReq0Pdgo

o(T)=0oy+aT?, (1)

i and an extrapolation of our(T) data toT=0, shown as
the solid line in Fig. 2, yields the residual conduc-
tivity 00=30Q 'cm! and the slope a
=-1.02 Q *cm ! K~¥2 Upon application of an external
magnetic field the negative slope of tfi&? variation at the
20| | lowest temperatures decreases in magnitude and changes
: sign at approximately 2 kOgsee inset Below 0.2 K and in
magnetic fieldsH>5 kOe, the electrical conductivity(T)
s = o 3'00 varies still asTY2, but with a positive slope. In this regime
T (K) the observed magnetoconductivityr(H) = o(H) — o(0) is
negative. In the inset of Fig. 2 we plot the slopeesulting
FIG. 1. Electrical conductivityo(T) of Al;RePd, and  from the fits of Eq. 1 to ourr(T) data taken in various

60 -

o (Qlem)

AlzgReg gPdg 4

Al;0Re; Pdh; 4 between 0.04 and 295 K. magnetic fieldsH in the temperature range between 0.075
and 0.2 K, as a function dfi. As mentioned above in-
creases gradually with increasig and changes sign at

Ill. RESULTS AND ANALYSIS . .
about 2 kOe. For magnetic fields exceeding 20 k&gH)
A. dc conductivity and magnetoconductivity tends to saturate, reaching a value of
-1 —1 —-1/2 —
The electrical conductivityo(T) of both ALRePd, 32/ &~ cm ™ K “"atH=56 kOe. . _
and AlgRe; (Pdy, , measured in zero magnetic fiehtbelow In the following we analyze these(T,H) variations with

room temperature is shown in Fig. 1. In both cases, the ele¢€SPECt toI andH in terms of quantum-interference effects
trical conductivity o first decreases with a constant slopeconsidering —Coulomb — interactions ~among  itinerant
do/dT with decreasing temperature. The range of temperaeleCtr,onsé" It should be noted that quantum-interference
ture for whichdo/dT is approximately constant extends to contributions to the electrical conductivity should also in-
170 K for Al,gReyPdhy and 40 K for AbgRes Pdhy 4 and the clude weak-localization term§.The plots in Fig. 2 indicate
Lo E0 0 0 B¢ that below 0.2 K,o(T) is adequately described by EQ.),

respective values are 0.2 and 0.09 “cm - K™ *. The " that th d d oforedomi
room temperature conductivities differ by a factor of 3 putSuggesting t "?‘tt e temperature ependence sipredomi-
the ratio of the limiting low-temperature values efis ap- nantly deterlmmed by a Coulomb-typ_e mtgrapﬂon corrgctlon
proximately 18. In both cases, it is nafpriori obvious what to the classical Boltzmann conductivity. Similar behavior of
causes the enHanced reductio,malt low temperatures. Dis- the electrical conductivity at low temperatures has previously
tinctly different features otr(T) of the two alloys are also beclen tc;}bserved I;OI‘ Vfar'olus. |c?sahe(kjjralc(qu:ﬁsgyétals.b int
observed at very low temperatures and we present and dis- n the case ot a SZ'an N |soHré)p|c and the Loulomb Inter-
cuss the two cases separately. f'icn_on Correctlonsascr_I z_ind do|" to the_ cIaSS|C_aI _condu<_:t|v-

In Fig. 2 we display a plot o vs T2 in different exter- ity in zero magnetic fieldH=0 and in the limit of high
nal magnetic fields for AbRe,Pdy. For H=0 we recog- Magnetic fieldgugH>kgT, respectively, afe

2 1/2
| | | 57Ty = 1.3(4_1_§E)<kBT) R

1 47%h J2\3 2 )\ 4D
AAAW%F%’ 8
o mseeitrGIEREERNRE 00 2 -
o 2kOe ot A e 1.3(4 1~ kgT
s mo 1] 001" (M= g2 —(“ 2o i) &)
~ o 75kOe . g © §§ 47h \/E 3 2 fiD
'a v  10kOe . § a ¢
13} o 20k0e o * % o 1 ~ . .
= 961 o 30K0e A 1 HereF, is the Coulomb screening parameter dnds the
g A w0k0e e .2 1 electron diffusion constaritSolving the system of Eqg2)
© T e ot ¢ and(3) for F, andD using theda/d(T*?) values obtained
o4l . 2 ) 11 in the way described above vyield&,=1.1 and
T 20 40 60 D=0.26 cnts 1. We note thatF,, values exceeding 0.92
. H (0e) are not really compatible with a first-order perturbation
22; o3 o2 o o 5 v theory conidering a single 'isotropic bahtut values of .
TV2 (KV2) F, exceeding 0.92 have previously been reported for heavily

doped semiconductdrst?and for icosahedral quasicrystéls.
FIG. 2. Electrical conductivityr of icosahedral AlRePdy, N POth cases a single isotropic band is not necessarily a good
below 1K in varying magnetic fieldsl plotted as a function of approxmat_lon. _We also nOt? an leusually _h'gh valueDof
T2 The lines represent the fits of Eq. 1 to #&T) data between  for a material withoy=302""cm™ -, suggesting a very low
0.1 and 0.2 K(see text Inset:da/d(T*?) vs H. density of electronic states B .
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In principle an independent evaluation of the electron dif- . . : . .
fusion constanD may be made using the Einstein relation sor
for the electrical conductivityrg=e?N(Eg)D, whereog is AlzoRes 6Pd21 4
the classical Boltzmann conductivity alN{Eg) is the den-
sity of electronic states at the Fermi level. The latter quantity
may be obtained from the coefficient, of the electronic
specific heaty, T. We note, however, that the large residual
conductivity ratio of Al,jRe (Pd,o may lead to a considerable
difference between the residual conductivityy and the
Boltzmann conductivityog at zero temperature and, conse-
quently, to an uncertainty in the estimate of the electron dif-
fusion constanD. e 10KOe

For Al-Re-Pd quasicrystals a reliable evaluation of 10 , .
N(Eg) from the electronic contributiorT to the specific 0 02 04
heatC(T) is obscured by the presence of tunneling states as
indicated by the results of_our therm.al-conductlwty measure- _ . o 112 ¢ icosahedral ARy Py 4 below 1K in
ments on the same materiafsAnalyzing the tunneling state . . . _

415 . : . arying magnetic field$1. The lines are to guide the eye.
modet*!° and assuming a frequency-independent density o¥

tunneling states, thermal excitations of these states are ©¥%m can be restored by deforming the frame associated with
pected to contribute a termirsT to the total specific heat o main axes of the diffusion coefficient tensor ellipsoid.

Co(T). Tunneling_states _are_commonly present_i_n metallicrhe giffusion coefficientD in Egs. (2) and (3) has to be
glasses and their contributio€;5 to the specific heat replaced byDa=(DfDH)l’3. The correction to the electrical

i H A1 -116

%i(ST) 'ST%F;ﬁfg'yC:rfretzso%dse:OSgppﬁgx?r:;?gy 1‘73 .+ conductivity Ao should then be multiplied by the factor
Iinearygcs)ntributionyT:139T 3 g-atom® K10 C.(T) of Dik/Da,BWhereDik is the classical diffgsion tensor. Experi-
thi ticular Ab-Re. P IllL 17 p ing th t(PT Z ments probing the magnetoconductivity dependence on the

IS particuiar foRe1Pdyo alloy. ssgﬁmlplg thalog=00  qrientation between the symmetry axes of a quasicrystal and
and thatye=5y, we obtainD=0.071 cnis *, i.e,, afactor applied magnetic field using single-grained samples, as
of fou.r smaller value thqn th. value ob_talned in the Way oo been done for arsenic doped germarftimould be
described above. Inserting this value in @) results in  pojof for estimating the importance of these anisotropies.
F,=0.98. ) ) ] ) We now present and discuss the temperature and the mag-

The Coulomb interaction corrections to the electrical con-etic field dependencies of the electrical conductivityof
ductivity, as given by Eqg2) and(3) have been obtained for Al,Re; Py, and compare them with the results for

the case Og_g‘o single isotropic band. Recently Burkov angy. re P, described above. The electrical conductivity
co-workers have proposed a model for the band struc-U(T) of Al,gRes Pdh; 4, shown in Fig. 1, continues to de-

ture of quasicrystals based on the explicit assumption ofrease monotonically with decreasing temperature and below
nearly free electrons close to a Fermi surface. They havg_l K it saturates at the level af,=1.7 O~ tcm L. This

argued that for a Hume-Rothery-type electronic stabilizatiortyloe of o(T) behavior is distinctly different from that of

mech.anism the interqction of the Bragg planes with theA|7ORe10Pd20 (see abovk In Fig. 3 the low-temperature elec-
Fermi surface results in an almost complete collapse of th

frical conductivity o(T) of Al;R is sh
latter. Within this scenario, the only pieces of the Fermi sur ical conductivity o(T) of Al7oR& Pt is shown as a

: - fynction of TY2 for T<1.5 K and in applied magnetic fields
face to survive are pockets of electrons and holes determingd, ", 15 rOe. Between 0.04 and 1.5 K. the measured mag-
by the ratio of the Fermi wave vectég and the reciprocal netoconductivityA o= o-(H) — o-(0) is ne’gative and fairly
lattice vectors associated with the strongest structure factor§arge ForT=0.04 K andH=40 kOe, e.g.Ac/o=—0.3
The generalization of Eq2) to a many-pocketed Fermi sur- . . e Y

face has previously been discussed in detail for heavil

. '12 .
;jhop;ed se_rrllconf:juctﬁi‘é. _:jn trt].e (I:lase .Of tadF_erm| §urfacT proaches constant values for all applied magnetic fields up to
at consists oh valleys identically onented In reciprocal ,q | ge again in contrast to the(T,H) behavior of

space and negligible intervalley scattering, the factor 3/2 inA|70RelOPOl20 described above. We note that the trend to-

front of F,, in Eq. (2), which gives the zero-field correction \,4r4s saturation of(T) of Al,gRes Pdh; 4 at very low tem-

to o(T) resu!tir)g from the interaction of a particlelar:ad a hole peratures unambiguously impliesreetallic ground state. On
with total spinj=1, needs to be replaced byr{2 3).” For  he other hand, the observed magnetic field and temperature-
the case of strong intervalley scattering the quantum corréqyependent features of of this material cannot be described
tion to the electrical conductivity(T) is expected to have using the above mentioned calculatidnsonsidering

the same form as for a single isotropic bé”,d- _ quantum-interference effects including Coulomb interaction.
The anisotropy of a nonspherical Fermi surface is also

expected to modify the quantum corrections, as it leads to
anisotropic diffusion of electrons and holes. The electron-
electron interaction effects result from particle diffusion, as a In principle, optical investigations, performed over a very
consequence they will possess the same anisotropy as theoad spectral range, are a powerful experimental tool for
diffusion coefficienf The spherical symmetry of the prob- identifying the spectrum of excitations. From this fairly com-

25
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c (QlemD)

06 0.8 1.0 12
T1/2 (KI/Z)

similar in magnitude as the analogous relative change of
Wolo=—0.25 for AkoRePdy. Below 0.1 K, o(T) ap-

B. Reflectivity and optical conductivity
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FIG. 4. Room-temperature reflectivitf( w) for Al;oRePdyg FIG. 5. Room temperature optical conductivity;(w) of

and Al Re; P, 4 for frequencies between 15 and®tn 1. The Al gReoPdy, and AkgRe; P, 4 for frequencies between 15 and
inset displaysR(w) in the FIR spectral range for AJRe; (P4 4 at 10°cm™ . The inset displaysr;(w) in the FIR spectral range for
various temperatures. Al;Re; Py 4 at various temperatures.

plete electrodynamic response several intrinsic parameterenset of a huge excitation centered at about-2® eV.
such as, e.g., the plasma frequency and the scattering rate Dfie resonance frequency of this absorption is almost twice
the free charge carriers contribution, and the relevant excitaas high as that observed for the previously investigated
tions due to phonon modes or electronic transitions, may bél;MngPd,; compound. We ascribe this absorption to ex-
extracted and evaluated. citations across a pseudogap in the density of s{@€xS),’
Figure 4 displays the complete reflectivity spectra for bothwhich is believed to be a consequence of a Hume-Rothery-
compounds at 300 K, while the inset shows the temperaturype electronic mechanism for stabilizing the quasicrystalline
dependence ofR(w) in the FIR spectral range for phase. The inset of Fig. 5 emphasizes the phonon mode and
Al;oRe; Py 4. A similar weak temperature dependenceconfirms the rather good agreement between the dc limit of
was also found for AlRePdy. At first sight, the spectra o;(w) and the dc transport result at 300 K. Nevertheless, at
look metallic with a plasma-edge-type behavior at aboulower temperatures there is a systematic offset of
10 eV and an increasing reflectivity towards 100% for fre-o(w—0) with respect tary. which is always lower. This
quencies close to zero. A closer look reveals, however, &eature was already recognized in a previous investig&tion.
more complex behavior. There is definitely a broad shouldeOur R(w) and o;(w) results roughly agree with those of
in the visible spectral range and a distinct more narrow abBasovet al® on Al,gRe;Pdy in the spectral range common
sorption in the FIR at about 0.820.03 eV. We also note to both studies, but both the intensity and the resonance fre-
that the less conducting sample reveals a less intense reflegdency of the absorption at 2.6 eV revealed in ouyfw)
tivity below 0.2 eV, whereas the broad signal in the visiblespectrum are sizeably different from those of Ref. 6. Our
spectral range apparently acquires intensity for the less comeflectivity data extend up to the UV and allow us to com-
ducting alloy. Above 8 eV there is the clear onset of elecpletely map the plasma-edge-like behaviorRgfw) and the
tronic interband transitions. high-frequency interband transitions. This is obviously of
The complete set of optical properties expressed in termeelevance for the KK transformations. Indeed, both the inten-
of the complex optical conductivity is subsequently obtainedsity and the resonance frequency of the broad signal in
via a Kramers-Kronig transformatiqiK transformation of  o,(w) at about 2.6 eV depend very much on the high-
the reflectivity spectrum. To this enB(w) was extrapolated frequency extrapolation. Therefore, the considerable differ-
to lower frequencies assuming a metallic behavior, thus usence ino;(w) between our results and those of Ref. 6 can be
ing the Hagen-Rubens relation. Beyond the highest measuascribed to the fact that the authors of Ref. 6, for the purpose
able frequency, we first used the extrapolatiBs: 1/w?, of the KK transformation, used our previous visible-UV data
which simulates interband transitions, and at frequenciesf the Al,gMngPd,; material for extrapolating their data to
higher than 3.%10° cm™ !, we assumedR=1/0*, simulat-  higher frequencies.
ing the behavior of free electrons. The data displayed in the inset of Fig. 5 allow for an
Figure 5 shows the corresponding real paffw) of the  observation regarding the temperature variation of the
optical conductivity. From a very general point of view, the lattice-mode feature of AjRe; P01 4. At room temperature
trend and shape of these results are very reminiscent of whtis mode is split into two well separated peaks, merging into
has been found for AjMngPd,;.” In fact, the FIR optical one single narrow peak at low temperatures. When subtract-
conductivity is very low and slightly increases with increas-ing the broad background manifested by the tail at low fre-
ing frequency up to approximately 0.4 eV. An additional quencies and extending up to the midinfrared spectral range
phononlike absorption at 0.620.03 eV is overlapping the it turns out that the spectral weight encountered in the double
low-frequency tail of the FIRr;(w). At 0.4 eV, there is an peak at 300 K is, within the experimental uncertainty, equal
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to the spectral weight of the single absorption at low tem-when comparing the Mn and the Re compounds. However,
peratures. Although not shown in detail, the same remarkthis seems to hold only in a first approximation since, within
are valid for ALgRePd,y. This double-peak feature was the Re compound series a considerable changeyirdoes
also found in the excitation spectrum of ;f;\ingPd,; for  not lead to a sizeable shift of the pseudogap absorption. This
which, however, it persisted down to low temperaturég- indicates that another mechanism provides a varying degree
though we have no definite explanation for this peculiar tem-of localization in the less conducting Re materials. There is,
perature dependence of the lattice mode absorption of thiedeed a redistribution of the total spectral weight between
Al-Re-Pd quasicrystals, we may anticipate that slight symthe effective “metallic”’-like component and the nonzero
metry changes or temperature dependent coupling betwedrequency absorption§.e., FIR excitations and pseudogap
the electronic and the lattice subsystems could lead to a rexcitationsg in o4(w), shown in Fig. 5.
distribution of the spectral weight of the lattice modes. The broad absorption centered at approximately
For Al,)MngPd,; the previously reported excitation spec- 0.12 eV, which manifests itself via the increasing(w)
trum of o1(w) (Ref. 7 reveals a distinct double peak be- with increasing frequency above 0.01 eV and is part of the
tween 0.020 and 0.045 eV. This feature may be comparebbw-frequency tail of the pseudogap excitation, has previ-
with the results of inelastic neutron-scattering experiment®usly been identified and was ascribed to excitations across a
on Al-Mn-Pd quasicrystals. A time-of-flight experiment re- mobility gap®2® The authors of Ref. 6 claimed a mobility
vealed a band of excitations centered at 0.016 eV and gap of about 0.025 eV, distinctly lower than the center of
broad maximum between 0.025 and 0.040 eV in the genemgravity of our low-frequency absorption. This discrepancy
alized density of vibrational states of icosahedralmay be related with differences in the frequency range of
Al-Mn-Pd?? An analogous investigation using a triple axis available reflectivity data and the corresponding KK trans-
spectrometer has revealed a number of broad (0.004 efrmation. At any rate, the claim of a mobility gap meets
width) dispersionless modes at various energies up tevith problems of consistency, at least in our case. At a mo-
0.023 eV?® We shall address the issue of lattice excitationsbility edge we expect a crossover from localized to delocal-
and their temperature dependence as monitored by opticided state¥ and its presence should lead to an activated
experiments in more detail in a future publication. behavior ofo g in the appropriate temperature range. As is
A rather simple but very helpful description of the com- shown in Fig. 1,04(T) of our samples decreases almost
plete excitation spectrum may be obtained by a phenomendinearly with decreasing temperature, far from an expected
logical approach, based on the classical dispersion theory @&xponential temperature variation. Consequently, it remains
Drude and LorentZ* This analysis allows to separate the to be seen what kind of relationship may be established be-
various components contributing @,(w). We consider a tween the temperature dependencergfdisplayed in Fig. 1
number of Lorentz harmonic oscillatof$1O) in order to  and the dynamic part of the conductivity, which is not obvi-
describe the huge pseudogap-like absorption at 2.6 eV amls from the present data. As an alternative scenario to the
the single low-temperature lattice mode at 0.025 eV. At fre-mobility-edge interpretation we suggest that a distribution of
guencies below 0.4 eV, i.e., in the FIR spectral rangepound states is the origin for the broad low-frequency tail in
o1(w) can be interpreted in terms of two components;oi(w) below 0.4 eV.
namely a Drude-like behavior for the residual metallic con-
ductivity for o—0 and a broad HO, extending from the FIR
up to the visible. A much narrower HO represents the lattice
mode at 0.025 eV. We note that the electrical transport in low-conductivity
The total spectral weight, i.ef,o;(w)dw= gwg, associ- icosahedral quasicrystals reveals distinct temperature depen-
ated with the pseudogap-like absorption corresponds to éencies in different ranges of temperature. The lingar
mode strength ofv,=8 eV, which again is comparable to variation of o at higher temperatures is compatible with a
the analogous value obtained for,fMingPd,,.” However,  scattering rate= '~T~1, a rather unusual feature consider-
the plasma frequency with the low-frequency Drude-typeing the magnitude of the electrical conductivity. THé
component ofo;(w) characterizing the residual metallic variations of the low-temperature electrical conductivity of
contribution, is smaller for the present alloys than foricosahedral AlyRePdygin zero and nonzero magnetic field
Al,oMngPd,;.” This is obviously consistent with the less con- implies that quantum-interference effects invoking the Cou-
ducting character of the Re quasicryst&3C’s). On the lomb interaction among itinerant electrons still occur at this
other hand, the parameters for the phonon modes are afgvel of conductivity in icosahedral quasicrystals. Because of
proximately the same for all these materials. the unknown details of the electronic structure of these qua-
With this phenomenological fit two energy scales maysicrystals the prefactors of tié’? variation ofo- may not be
clearly be identified. First, the broad FIR to visible absorp-those given in Egs(2) and (3). Nevertheless, the most
tion and secondly, the resonance at 2.6 eV. This latter alsimple analysis confirms that the density of electronic states
sorption, the onset of which occurs already at 0.4 eV andit the Fermi energy is very low in these materials. The elec-
which has been ascribed to a pseudogap excitation, shiftsical conductivityo(T) of icosahedral AljRe; ¢Pdy; 4 Satu-
towards higher frequencies when moving from the (Ref.  rates below 0.1 K in all applied magnetic fields up to
7) to the Re QC's. Nevertheless, the total spectral weigh#t0 kOe, suggesting that for this material a different approach
encountered by these excitations remains constant for all afer describing the electronic transport at the lowest tempera-
loys. From this trend we may infer that the electrical conduciures needs to be considered. Nevertheless, the relative re-
tivity of quasicrystals to some extent correlates with theduction of o(T—0) by application of an external magnetic
width of the pseudogap around the Fermi energy, particularlyield is similar in magnitude in both cases. The comparison

IV. SUMMARY AND CONCLUSIONS
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of our o(T,H) results for icosahedral ARePd,y, and modes in icosahedral ARePdyy, Al;gRes P 4 as well
Al,Re; Py, 4indicates that the breakdown of the quantum-as Al-Mn-Pd quasicrystals are observed at energies close to
interference-type behavior in Al-Re-Pd quasicrystals occur§.03 eV!* The acoustical phonons are again hardly much
within the metallic regimeof conductance, at a residual con- different, because the Debye temperature extracted from the
ductivity value in the range between 1.7 andlow-temperature specific heat for AMngPd; (Ref. 26 of
30 O *cm . Although an insulating ground state in Al- ®p=362K is very close to the values ¢i,=382 K and
Re-Pd quasicrystals in a narrow range of the phase diagrafip=378 K reported for AJRePd, (Ref. 17 and
seems possibléour o(T,H) data for AbgRe; Pdh; 4 SUG- Al;oRe; Py 4,12 respectively. Finally we note a peculiar
gests that corresponding claims should be based on measutemperature dependence of an optical lattice excitation of the
ments at very low temperatures, i.e., below 0.1 K at least. Al-Re-Pd quasicrystals which seems not to have been re-

A common feature inr;(w) of these quasicrystals of the ported before.
type Al-T-Pd, whereT is Mn or Re, respectively, is the large
abs_orptlon in the visible spectral range, which |s_ascr|bed_to ACKNOWLEDGMENTS
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