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Modeling the electrical conductivity of icosahedral quasicrystals
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A model for the electronic structure of icosahedral quasicrystals is proposed on the basis of a number of
pertinent experimental results. From this model we obtain a closed analytical expression for the electrical
conductivity accurately describing the most remarkable features observed dér{ Thecurves of high quality
guasicrystals. As a convenient working example we compare the theoretical description provided by our
treatment with a series of suitable experimental data fori tA6CuURu, unveiling a relationship among the
density-of-states structure, the sample stoichiometry, and the electrical conductivity of different samples at
different temperature ranges.

[. INTRODUCTION effects'® However, the possible existence of spiky features
in the DOS has remained quite elusive to experimental
The discovery of thermodynamically stable quasicrystal-confirmationt®~*8until two recent works have provided fea-
line alloys of high structural quality in the AlGEe,Ru,03  sible support to both the physical existence of a spiky DOS
and AlIPdMn,Re systems, and decagonal AlQ€u,Ni) component and its possible self-similar nattité’
systen? has allowed for detailed experimental studies of In the light of this broad collection of experimental results
transport properties in quasicryst&@C’s). In this way, un- it becomes quite appealing to reconsider one of the most
usual behaviors in the temperature dependence of electricaihportant open questions in the field, namely, that regarding
conductivity, Hall and Seebeck coefficients, specific heat anevhether the purported anomalies in the transport properties
thermal conductivity, have been reported.From these ex- observed in high quality QC's can be satisfactorily ac-
perimental results a fundamental question arises, concernirmpunted for by merely invoking band-structure effects or,
whether the purported anomalies in the quasicrystals transdternatively, these anomalies should be traced back to the
port properties should be mainly attributéor not) to the  critical nature of the electronic states. At this stage, it seems
characteristiquasiperiodic ordewof their structure. Two dif- quite reasonable that the proper answer may likely require a
ferent approaches to this question can be found in the litergeroper combinatiorof both kinds of effects. In fact, on the
ture. On the one hand, attempts are made to explain thene hand, certain experimental facts, such as the relative in-
transport properties of QC'’s in terms of concepts originallysensitivity of the specific-heat electronic ternto thermal
developed to describe amorphous solids. On the other handnnealingas compared to the strong dependence of the elec-
more specific treatments aimed to exploit the physical implitrical conductivity itself, suggests that the purported low
cations of the quasiperiodic order notion have been progresralues of o, cannot be satisfactorily explained by solely
sively introduced. Both approaches have obtained partighvoking the existence of a pseudogap. This conclusion is
successes in describing different experimental data, thufsirther stressed by the unrelated variationsogf and y
spurring the interest for a suitable theory of quasicrystallineamong different and AIPdRe sampfésas well as for the
matter’ relative insensitivity ofy to the chemical composition ob-
Theoretical efforts towards this goal have rendered twaserved in several AICuFe sampfésOn the other hand, it
main results concerning the electronic structure of QC’s. Théwas been suggested that when the energy spacing between
first one refers to the presence of a pronounced pseudogapthe electronic bands in the vicinity of the Fermy level be-
the Fermi level. The second one concerns the existence @bmes very small, as it occurs in the case of quasicrystalline
spiky features in the density of statd30S) near the Fermi approximants, the transport may turn out to be anomalous
level. The presence of a pseudogap was theoretically prdsecause tunneling occurs between different bands, causing
dicted in order to explain the stability of quasicrystalline the instability of the wave-packet cohererféehence rein-
alloy and its physical existence has received strong experiforcing the view that band-structure effects should also play
mental support in the last few years, as indicated by meaa significant role in the anomalous transport properties of
surements of the specific-heat capacity at low temperafuresQC's.
photoemissiotf and soft x-ray spectroscopiéser magnetic Keeping in mind both possible contributions, the aim of
susceptibility and nuclear magnetic resonance préb@n  this work is twofold. In the first place, we consider the tem-
the other hand, the existence of a spiky fine structure of theerature dependence of the electrical conductivitT),
electronic DOS over an energy scale of about 10 meV hashowing that its behavior can be satisfactorily described in
been obtained in self-consistatt initio calculations dealing terms of a closed analytical expression over a wide tempera-
with several suitable quasicrystalline approximdrtd@he ture rangg4—650 K). To this end, we will introduce a suit-
physical origin of such peaks may stem from the structurabble model for the electronic structure of icosahedral QC's,
quasiperiodicity of the substrate via a hierarchical cluster agalong with some reasonable assumptions about the physical
gregation resonant® or through d-orbital resonance behavior of charge carriers associated with critical states.
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Our proposed model will take into accoldththe existence the electron wave functions through the diffusivity depen-
of a pseudogap near the Fermi lewgld the presence of a dent factor. Within the Bloch-Boltzmann treatment it is cus-
self-similar distribution of spiky featureéa the DOS. In the tomary to expres® (E)=v?(E) 7(E), wherev(E) denotes
second place, we consider the purported sensitivity of théhe carriers group velocity andE) is the relaxation time.
o(T) curves to the chemical composition, arriving at the The application of Bloch-Boltzmann theory to quasiperiodic
conclusion that it should be mainly attributed tsystematic ~ systems has been criticiz&d2° on the basis that scaling
shift of the Fermi leveposition due to the different stoichi- properties of critical wave functions may lead to nonballistic
ometry of the corresponding quasicrystalline samples. Tdransport of the electrons. However, at present, we cannot
this end, we will compare the theoretica(T) curves de- definitively exclude the Bloch-Boltzmann scheme. In fact, it
rived from our model with pertinent experimental data forhas been shown that, in some instances, quasiperiodic mod-
i-AlCuRu QC's of different compositior:?° By properly  els are able to suppoextendeclectronic state¥*! Conse-
adjusting a number of physical parameters, we obtain a reguently, the role played by the peculiar nature of critical
markable agreement between experimental and theoreticatates in the anomalous transport properties observed in
conductivity curves. In this way, our approach may be con-QC’s requires a closer scrutiny aimed to clarify the relation-
sidered as a promising first step to gain a better understanghip between the spatial structure of critical states and their
ing of transport properties in quasicrystalline matter in termgelated transport propertiés.
of a phenomenologicaflescription of the electrical conduc-  To proceed we introduce a simplifying working hypoth-
tivity in QC'’s. esis and assume that the energy dependence of the electronic
The paper is organized as follows. In Sec. Il we describaliffusivity in expression(2) is quite smooth as compared
our approach to the study of the electrical conductivity andwith the energy dependence of the DOS, so that to a first
introduce the main features of the electronic structure proapproximationD(E)=D, and the integral appearing in Eq.
posed in our DOS model. In Sec. Ill we obtain a closed(2) vanishes. In fact, a low value for the electronic diffusivity
analytical expression for the electrical conductivity. Sectionhas been obtained in a number of numerical simulations
IV is devoted to compare the analytical expressions withdealing with realistic quasiperiodic systefisin addition,
experimental conductivity curves. Final comments and disexperimental evidence supporting this assumption comes

cussions are contained in Sec. V. from angle-resolved photoelectron spectra shoviiagnar-
row bandlike features indicating quite small group velocities
Il. THE MODEL for the charge carrierS. By expressing Eq(3) in terms of
_ o the scaled variable<=(E— u)/kgT, where u denotes the
A. Electrical conductivity Fermi level position, andtg is the Boltzmann constant, and

Following previous works by Pierce and plugging it into Eq.(2) we get
collaboratorg®>2® we will start by assuming that the electri-

cal conductivity can be described by the general expre&sion a(T)=AJ+xN(x) secR(x/2)dx, (4
e’ [+
a(T)= o dE| — E) o(E), (1)  whereA=e?Dy/4(), and we have expressed the derivative
0J —

of the Fermi function in terms of hyperbolical functions. At
this point it is worth noticing that with the working hypoth-
esis introduced before we are not neglecting the possible role
of critical states in the transport properties of QC'’s, since
such influence is included in tiehenomenologicalparam-

wheree is the electron chargé) is the unit-cell volumeE
is the energyf is the Fermi function, and(E) is the con-
ductivity spectrum defined as tfie~0 conductivity with the
Fermi level at energ¥e. Expression(1) describes a weighted o . X .

average of the con%%ctivi?y specrt(rLzlrr(E) over the en%rgy eterA. This important question will be further elaborated in
range determined by the Fermi distribution at a given tem—sec' .
perature. Generally speaking the conductivity spectrum will

take into account both band-structure effects and those ef- B. DOS model

fects which may be related to the critical nature of the eigen- | ow resolution(in general about 0.3—0.5 eV) photoemis-
states. Consequently, we can expresE)=N(E)D(E),  sion spectroscopy has provided substantial evidence on the
whereN(E) is the DOS and(E) is the electronic diffusiv-  existence of a broad and smooth pseudogap in several qua-
ity. Then, by integrating expressidf) by parts, we obtain  sjcrystalline alloys:*¢ Photoemission studies of better reso-
lution (in the range 0.15-0.05 eV) are also consistent with
D(E)—JMdE( _@) (2y  this broad feature, without any fine spiky componént
o JE] | Investigation of AlCuFe quasicrystalline films by scanning
tunneling spectroscopy at low temperatures has given evi-
where dence for a narrow, symmetric dip about 60 meV wide lo-
i pr catgd around the Fermi Iey%'I.A subsequent STM investi-
U(T)Ef dE( _ _) N(E). 3) gatlo_n of l_aetter_ resolution on AICuFe and AlPdRe
JE quasicrystalline ribbons confirmed the presence of a
pseudogap about 50 meV wide and did not show evidence
Expression(2) indicates that the conductivity variation for finer structures in the DOS over the energy region ex-
with the temperature will be dependent on the electronicending about 0.5 eV from the Fermi levBIThe existence
structure, through the factar(T), but also on the nature of of a sharp DOS valley of about 20 meV at the Fermi level in

e2
o(T)= Q—OU(T)

—oo
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siperiodicity related outcome in a number of realistic
! calculations=® In addition, a number of structural models

strongly suggest that the DOS should exhibit a self-similar
structure originating from long-range correlated cluster
" packing*

Notwithstanding this, the possible existence of the spiky
component of the DOS is still awaiting for a definitive ex-
perimental confirmation. Thus, as we have previously men-
tioned, both high-resolution photoemission and tunneling
spectroscopies have failed to detect the theoretically pre-
dicted dense distribution of spiky features around the Fermi
level. Several reasons have been invoked in order to explain

‘ ‘ ’ a ° these unsuccessful results. Among them, the existence of

| | |I some residual disorder present even in samples of high struc-

E,, E,, E, E, 0 b/2 tural quality has been invoked as a plausible agent smearing
’ ' B out the finer details of the DO%.It has also been argued

that photoemission and scanning tunnel microscope tech-

FIG. 1. Diagram showing the different contributions to the QC niques probe the near surface layers, so that sharp features
electronic structure in our proposed DOS model. close to the pseudogap could be removed by subtle structural

deviations near the surface from those of the bulk, as re-
both quasicrystalline and approximant phases has been coperted for annealed QC surfacgs.
firmed by nuclear magnetic-resonance studies, which are On the other hand, recent tunneling spectroscopy mea-
able to probe the bulk properties of the considered saniples.surements performed in icosahedral QC'’s at low temperature
These observations indicate that the dip centered at th@ K) seem to provide some experimental support for the
pseudogap is not a surface feature and that both its width argkistence of certain fine structure asymmetrically placed with
depth are sample dependent. On the other hand, the possibitespect to the Fermi levéy.In addition, tunneling spectros-
dependence of the pseudogap structure with the temperatugepy measurements of decagonal QC'’s at ultralow tempera-
has been recently investigated by means of tunneling antlires have also revealed very rich fine structures in the DOS
point contact spectroscopy, and it has been reported that thgound the Fermi levél According to these authors, the
width of the broad pseudogap remains essentially unmodifiedomplex variation of the tunneling magnetoresistance with a
as the temperature is increased from 4 to 77 K. On the convarying applied magnetic field may be related to the self-
trary, the dip feature centered at the Fermi level exhibits &imilar properties of the quasicrystalline structure, exhibiting
significant modification, progressively deepening and nara hierarchy of spatial scale lengths. It should be mentioned,
rowing as the temperature is decreaséd. however, that although these features exhibit certain similari-

By collecting all the relevant information provided by this ties with the DOS structure predicted by Fujiwara and
set of different experimental measurements we propose ¥okokawal® a definitive confirmation still requires some ad-
DOS structure around the Fermi level which include®  ditional work3®
main contributions al =0, as it is sketched in Fig. 1. Inthe  Consequently, with the aim of shedding some light onto
first place, we include the contribution due to a relativelythis debated question, we will ascertain the possible influ-
broad pseudogap~0.5 eV) which, according to the STM ence that a self-similar spiky structure in the electronic struc-
and NMR measurements discussed above, should contaiore may play in the resulting transport properties. To this
two main features:(i) a contribution due to a narrow end, and inspired by our previous experience in studying
(~0.06-0.02 eV) and symmetrparabolic dip Ny, located  band-structure effects in the dc conductivity of Fibonacci
close to the Fermi level andji) a contribution due to a superlattices® we will include a spiky component in the
square-rootterm Ng,, beyond the narrow dip region. Ac- DOS model by means of self-similar Dirac comkgiven by
cordingly, the DOS around the Fermi level will be describedthe expression
by the function

>

4,0

M M-1
Ng(E)=a+aE?  |E|<b/2 Neo( )= 2, jZO NnjO(E—Ep)), (6)
Ng(E)=d+c\|E] |E|>Db/2, ©® o _
where , ;= 7""1"1\g, with \g=Ny(b/2)=a+ ab?/4, mea-
wherea gives the DOS value at the origin of the energy scalesures the strength of the self-similar peaks, and the series
[note that, in generala#N(Er)], a=3(d?N/dE?) mea- E,;j=—7""?[1+7 )(»—1)]b/2 determines their posi-
sures the curvature of the dip,is the dip width, and the tions. This self-similar structure includés main peaks, la-
constante = 2abb/2 andd=a—3ab?/4 guarantee the de- beled by the integen, andM(M —1) subsidiary peaks, la-
rivability and continuity of the DOS & =b/2. beled by pairst, j). The inflation factorp>1 is related to
In the second place, we consider an additional contributhe QC structure. On the basis of crystallographic data for

tion due to aself-similar distributionof spiky DOS features. thei-AlCuFe andi-AlCuRu we will take the valuey= 72,
The need for such a contribution is well documented on thes, being the golden ratio, as appropriately describing the
oretical grounds. In fact, the existence of a dense set of naself-similar structure of the DOS. This assumption has been
row peaks (-0.01-0.02 eV) in the DOS appears as a qua<hecked by considering also the valugs 7, ,ri ,ri , real-



8774 ENRIQUE MACIA PRB 61

izing that, in these cases, it is not possible to attain a satiswhere we have introduced the dimensionless function
factory fit between theoretical and experimental curves.

2 3
IIl. ANALYTICAL EXPRESSIONS A(M)= 2N(Ef) Z‘l Fis (15
Expressing Eq95) and(6) in terms ofx, and substituting  with
them into Eq.(4), we can express the electrical conductivity
as a sum of three different contributions, Fi(T)=g(T)+2h(T)-1, (163
a(T)=oy(T)+os(T) +osdT), (7) Fo(T)=(T/Ty) [In f(T)+h(T)], (16b)
respectively associated to the corresponding DOS compo- M Mo1
nents. In order to perform the pertinent integrations we have Ao n—j-1 j
made an appropriate expansion of the functions around the Fa(T)= 2 ab? zl i=o K sect 2 (169

Fermi level when required. As a consequence, the domain

validity of expressiong8) and(9) below is restricted to the
condition| x| <b/2. In this way we obtain

T
oyq(T)=2A q+)\og(T)+ab2(T—)ln f(T)|, (8)

0
where q=2a(b?/4+ u?), g(T)=f(T)sinh(Ty/T),
f(T)= sech W,/2T) sech w_/2T), and we have defined

W.=To*+T, with To=b/2kg and T ,= u/ks,

crsr(T)=2A[2d—dg(T)+ab2 h(T)}, 9)

whereh(T)=2exp(-Ty/T)cosh(,/T), and finally

2+ !
To

M M-1

osg(T)=A)\on§l ,Zo it sechz(%), (10)

where x,;=—(|E,;|+u)/kgT. The auxiliary functions
g(T), f(T), andh(T) verify the following limiting behav-
iors:

limg(T)= (11

1+ lime W-'T’

T—0
T—0
; W .
imT In f(T)=————lim T In(e"-"2T+e~W-/2T),
T-0 2 T—0
(12)
limh(T)=lime™"-'T. (13)

T—0 T—0

Then, since the conditiohu|<b/2 above impliesw_
>0, we obtain the following limiting behaviors for expres-
sions (8)—(10) in the low-temperature regimeuos(0)
=044{0)=0 andoy(0)=4A(a+ au?). Consequently, mak-
ing use of Eq.(7) we geto(0)=4AN(Eg), whereN(Eg)

Since expressiofil5) satisfies the limiting behaviok (T
—0)=0, we can interpret expressigh4) as indicating that
the electrical conductivity curve of a quasicrystalline sample
can be separated as tpeoduct of two different contribu-
tions. The first one is given by the(0) factor and describes
the residual conductivityof the sample in the limit of van-
ishing temperatures. This term will be the one responsible
for the low conductivity values observed in these materials,
as it will be further discussed below. The second contribu-
tion is given by the function + A(T) and describes the
temperature dependence of the electrical conductivity as the
temperature is increased. It is worth noting that a splitting of
this sort was originally proposed by the LEPES gfotp
describe the remarkable experimental fact that the plots
o(T)—a(4 K) for different samples were almost identical.
This behavior seems to be a quite general property of most
icosahedral QC'’s of high structural qualitand their ap-
proximants and has been referred to mverse Matthiessen
rule.>® However, our expressiofil4) does not completely
coincide with that originally proposed by these authors,
namely,

a(T)=0a(0)+ Sa(T), (17

since, in our description, the(0) contribution also influ-
ences the high-temperature behavior of the conductivity
curve, i.e.,60(T)=0a(0)A(T). A detailed discussion about
this important difference is beyond the scope of the present
study and deserves a closer scrutifly.

IV. COMPARISON WITH EXPERIMENTAL RESULTS

To gain a deeper insight into the physical implications of
these expressions in Figs. 2 and 3 we compare the theoretical
curves derived from expressidf4) with experimental data
for a set ofi-AlICuRu samples of different compositions. In
Fig. 2 we can appreciate the marked dependence of the elec-
trical conductivity with the sample composition for a series

=a+ au? measures the value of the DOS at the Fermi levelOf high quality QC’s whose stoichiometry is given by the

This relationship allows us to relate the coefficiénto two
experimental quantitiesN(Eg), which can be determined
from specific-heat measurements, an(D), which can be

formula AlgsCuyg, yRUi5_, With x=2,1,0~1. The conduc-
tivity curves corresponding to the samples with a Ru content
in the range 16-14 at. % exhibit low conductivities and are

obtained extrapolating the conductivity curves. Then, exnearly parallel, satisfying the inverse Matthiessen rule. On
pressingA in terms of these physical magnitudes in Egs.the contrary, the o(T) curve corresponding to the
(7)—(10), the electrical conductivity of the system can beAlssClzRUi3 sample exhibits a significantly higher value of

rewritten in the closed form

o(T)=0c(0)[1+A(T)], (14

the residual conductivity, and also shows a reversed curva-
ture.
As it was indicated above, the variation of #€0) factor
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T(K) FIG. 3. Comparison between theoreti¢atlid lineg and experi-

mental (circles o(T) curves for two different i-AdsCuyoRUys5
samples. Data for the curve covering the range 6—-950 K are taken

bottom, the curves are arranged according to the increasing conteﬁ m RfEf' 25RI ?a;i f(?rrhthe curve covclerlng the range 4D—300 K are
of Ru in the samples. The inset shows the DOS structure around tHe endrohm Fe s I. I(f? upk))perr] pane lcom_lphareds thed 0S _strijlc_ture
respective Fermi level@ashed vertical linggor the different QC'’s around the Fermi level for both samples. The dashed vertical lines

(arranged in the same ordeas determined from the fitting param- indicate the length of th&gT,,.x interval in the energy scale. The
eters listed in Table | lower panel shows the relative contribution of the different DOS

features depending on the temperature range considered.

FIG. 2. Comparison between theoreti¢sblid lineg and experi-
mental (circles o(T) curves(taken from Ref. 24 From top to

with the sample stoichiometry accounts for the systematic
dependence of the conductivity curves observed in Fig. 2. In the inset we show the DOS structure around the respec-
According to our derivation, the facter(0) is related to the tive Fermi levels(dashed vertical lingsfor the different
electronic diffusivity through the relationshipo(0) samples, as determined from the fitting parameters listed in
=e’DyN(Eg)/Q,. Therefore our model suggests that the Table I. We have checked that no significant improvement in
low conductivity values observed in high quality QC'’s at low the fits can be obtained by further increasing the repavted
temperatures may stem from two different sources. On thgalues. This indicates that only the first stages in the fractal
one hand, we have the severe depletion of available charggowth process determining the self-similar DOS contribu-
carriers associated with the presence of a pronouncetibon must be considered in order to properly account for the
pseudogap around the Fermi level. On the other hand, wexperimental electrical conductivity curves. From the physi-
must consider the peculiar nature of critical states, most ofal viewpoint, this is a quite reasonable result since one ex-
which may exhibit quite small group velocities. Although pects that the unavoidable presence of phason defects in any
our approach does not allow for a precise estimation of theeal sample significantly contributes to smearing out the finer
relative importance of both contributions to the final value ofdetails of the DOS spiky structure.
the factoro(0), it represents a promising starting point to  From the information graphically summarized in Fig. 2
future detailed studies. two main conclusions can be drawn. First, we observe that as
Another interesting result that we can extract from Fig. 2the dip minimum rises approaching the metallic vafunali-
refers to the change in the sign of the curvature fordf€)  cated by the horizontal dashed line in the insés width
curve corresponding to the ACu,,Ru 3 sample. In fact, broadens and, consequently, the residual conductiv{ty)
since some topological differences exist between the differprogressively increases. Second, a shift in the Fermi level
ent curves, it is noteworthy to realize that expressibd) position, depending on the sample composition, is clearly
provides aunified description of the electrical conductivity seen. Therefore the variation of thgT) curves with the
for the four samples, allowing us to fit the experimentalsample stoichiometry can be related teystematic shift of
curves quite welin the entire temperature range considered the Fermi levelaround the DOS dip, in such a way that as
with the only exception of the Ru 13 at. % sample at tem-the Fermi level shifts approaching the DOS symmetry axis
peratures lower than 30 K. and the dip narrows and deepens, the electdoalductivity

TABLE |. Parameters used to fit the theoretical curves presented in Figs. 2 and &(Thealues are
taken from Refs. 24 and 25.

a(state/eV a). o (state/eV at) b(meV) w (meV) o(0) (Q cm)™?! M

Alg:ClygRUy 0.045 36 45 11 18.7 3
Al g:ClgRUy5 0.047 40 37 0 26.6 3
Al g:ClbgRUy5 0.064 45 60 0 70.9 5
AlgsClyiRuy, 0.075 24 75 23 72.1 3
Al gsCly,RUy 3 0.240 15 95 46 258.9 3
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TABLE II. Experimental values for several parameters used inthe fitting process, the position of the Fermi level is located
our DOS model, as reported for the representative@LoRu;5 QC far away from the spiky component of the D@ske Fig. L
in literature. Consequently, one expects that the influence of such a com-
ponent on the electrical conductivity will be of some impor-
AlgsClpoRus  Measurement  Ref. tance only in the regime of high temperatures, as it is indeed
the case. If the existence of a self-similar spiky component of

N(E) (state/eV ay. 0.0467 Spec!f!C heat S the DOS were ultimately confirmed, then the model intro-
0.0637 specific heat 22 4,064 in this work may be readily implemented to account
for more realistic parameters defining the main features of
b (meV) 20-50 NMR 36,42 ihis component. Therefore we believe that, on the basis of
actual model parameters alone, it is not possible to arrive to
o (state/eV at) 23-32 NMR 43 any definitive conclusion on the role played by the spiky
component in the electrical conductivity of the considered

samples.

of the QC progressivelyorsens In this sense it is interest-
ing to note that the most symmetric structuge=0) is ob-
tained for the Al:Cu,Ru;5 sample, which according to met-
allurgical studied! seems to be the most stable of the series

To conclude, some words are appropriate with regard to
the physical relevance of our approach as well as its appli-
cability. In the present treatment the evaluation of the trans-
port properties is mainly based on the energy spectrum func-
tion o(E). In our opinion, this approach to the problem

V. CONCLUDING REMARKS offers some appealing advantages. First, such a procedure
In order to estimate the applicability domain of our circumvents many of the approximations usually required in

model, we compare in Fig. 3 theoretical and experimentaPther approaches to the study of transport properties in QC's.

conductivity curves covering different temperature ranges>€cond, we can make use of some current knowledge about

We see that it is possible to obtain a good fit from below 4 K€ €nergy spectrum, which has been recently obtained in the
up to about 650 K. This threshold value is expected fromCOUrse gf numerical studies of realistic quasiperiodic
NMR measurements suggesting that a significant change éystemﬁ T.hl.l’d, this treatment is quite gengral, thus provid-
the DOS structure might take place above the Debye ten'd @ Promising starting point for a more rigorous study of
perature 500 K)*3 hence implying that an appropriate transport properties in _QCS W|_th|n a unified scheme. In this
dependence of the DOS structure with the temperatur ense, future studies ;;umed t(_) include relevant_ effects_such as
should be considered. On the other hand, the fitting paranit e electron-phonon interaction or quantum interaction ef-

eters listed in Table | are in complete agreement with experitects Will be appealing. del which |
mental figures reported in the literatufgiven in Table I). In §ummﬁry, we prohpose a .D.OSme €l whic accurgte?]/
This fact provides further evidence on the reliability of the 9€SCribes the most characteristic features observed in the

model. In this sense, suitable measurements aimed to chei 1) Curves of high quality QC’s over a wide temperature
the Fermi level position shift predicted by the model should'@nge- In this way, we obtain a closed expression for the
be pertinent. eIe_qtncaI.conductlwty','whmh exhibits some relevant' simi-
We can also estimate the relative importance of the threffities with the empirically proposed inverse Matthiessen
different contributions of the DOS to the overall evolution of 'U€- In addition, by properly choosing the physical param-
the conductivity curve. To this end, we present in the lowerSters appearing in the mo.d_el, we unveil a relationship be-
panel of Fig. 3 the contribution due to eaeh to the overall tween the Fermi level position, the DOS structure, and the
temperature dependence of the QC electrical conductivity, a32MPle stoichiometry.
determined from expressiori$)—(10). As it can be readily
seen, below 50 K ther(T) curve is entirely dominated by
the narrow dip component contribution, although the self- Thanks are warmly due to Claire Berger, Thierry Grenet,
similar spiky component plays a minor but significant role inDidier Mayou, and Stephan Roche for many helpful com-
determining thepositive curvatureof the conductivity curve ments and suggestions as well as for their kind hospitality
in this temperature interval. On the other hand, above roonduring my visit at LEPES in Grenoble. | gratefully thank
temperature the contribution due to ttrg; component starts  Zbigniew M. Stadnik for interesting conversations and useful
to play also a significant quantitative role, compensating thesuggestions. | also thank M. Victoria Hémez for a critical
progressive decrease in the contribution due toseom-  reading of the manuscript. This work is supported by Uni-
ponent. Nonetheless, it should be stressed that, in order teersidad Complutense de Madrid through Project No. PR64/
keep the lowest possible number of free parameters during9-8510.
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