JOURNAL OF APPLIED PHYSICS VOLUME 93, NUMBER 2 15 JANUARY 2003
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In this work, we introduce a phenomenological model describing the thermoelectric power of
icosahedral quasicrystals. On the basis of a realistic model for the spectral conductivity, obtained
from ab initio band-structure calculatiof€. Landauro and H. Solbrig, Physica31, 267(2000],

we derive a closed analytical expression for the Seebeck coefficient, satisfactorily describing its
temperature dependen8€T) over a wide temperature range. We introduce four phenomenological
coefficients relating the electronic structure to characteristic features of the experir8€nfal
curves. By comparing our analytical results with available experimental data we relate the
sensitivity of the thermopower curve to minor variations in the chemical composition to a systematic
shift of the Fermi-level position. €003 American Institute of Physics.
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I. INTRODUCTION the role of hybridization mechanisms in the cohesion of cu-
bic approximants in the-CdCa, Yb family.16 It seems rea-
Following the attainment of thermodynamically stable sonable, however, that a definite answer may require a proper
quasicrystal$QC’s) of high-structural quality,an increasing  combination of both kinds of contributions, so that both
number of transport measurements have been performed. Byng-range quasiperiodicity effects and local atomic environ-
comparing the obtained data with the transport properties ofent effects should be considered all togeffiéf Promising
conventional alloys of similar composition, several anoma-yidence in this sense comes from experimental and theoret-
lous behaviors in the temperature and composition depefical works showing that the structural evolution from the
dences of electrical conductivity, Hall coefficient, thermal amorphous to the quasicrystalline state is accompanied by a
conductivity, and thermoelectric power have beenpargjlel evolution of the electronic transport anomatfes.
reported’® In this way, it has been progressively realized  |n previous works we have considered simplified models
that QC's occupy an odd position among the well-orderedr the electronic density of state®09) of icosahedral
condensed-matter phases. In fact, on the one hand, mogic's in order to estimate the influence of their electronic
transport properties resemble a more semiconductorlike thagcture on the transport coefficiefs?2 The aim of this
metallic charactet”™* On the other hand, typical metallic \york is to introduce ahenomenological modetlating sev-
fingerprints, like the presence of a well-defined Fermi etige erql topological features observed in the thermoelectric
or an ideal ohmic behavior over a broad voltage raige, power curves, like extrema or sign reversals, with the main
have been observed in high-quality icosahedral samples. Ia¢res of the electronic structure of QC’s. To this end, we

addition, it has , been theoretically suggested 'thatshall consider the spectral conductivity model proposed by
Wiedemann—Franz's law should also be followed by d¢s. Landauro and SolbrigLS). This model was obtained from
Therefore, neither the notion of metal nor that of semicon-,, jnitio hand-structure calculatiod&2* On the basis of the

ductor seem to be suitable for QC’s, clearly requiring the g model we will perform a detailed analytical study, deriv-
introduction of a more adequate concept. ing a closed analytical expressiofor the Seebeck coeffi-
Nevertheless, a proper classification of QC’s able t0 eNgjent The obtained function satisfactorily describes its tem-
compass the peculiarities of their electronic structure an‘ﬂ)erature dependen®&T) over a wide temperature range. In
their unusual trans_port p_roperti_es within a unifyi_ng CONCeP+his way, we will introduce a number gthenomenological
tual scheme remains still elusive. The puzzle includes th@qetficients analytically relating the electronic structure to

basic fundamental question concerning whether the pursome characteristic topological features observed in the ex-

ported transport anomalies should be mainly attributed to thBerimental thermopower curves. In addition, by comparing
characteristic quasiperiodic order of QC's or, alternatively,yhe theoreticalS(T) curves obtained from our analytical
the very nature of the chemical bonding in these materialgeaiment with pertinent experimental data for icosahedral
plays a major role in determining their physical properties.qcs of different compositions, we will relate the purported
Two recent works have contributed to substantiate this issu?ensitivity of the S(T) curves to minor variations in the
by studying the influence of quasiperiodicity on the transpor

- - A themical composition to a systematic shift of the Fermi-level
properties of an hypothetical decagonal aluminum ‘96

position of the considered samples.
The paper is organized as follows. In Sec. I, we briefly
dElectronic mail: macia@material.fis.ucm.es review relevant experimental results concerning the thermo-
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electric power of QC’s. In Sec. I, we describe the mainatoms?  Such different  behaviors among the
features of the LS model for the spectral conductivity. In Seci—AlCu(Fe,Ru,0s) and-AIPd(Mn,Re) families(bearing
IV, we introduce our phenomenological model and obtaintransition metalsand thei—ZnMg(RE) andi—CdYb fami-
closed analytical expressions describing the temperature dées (bearing rare-earth atomsstrongly suggest that chemi-
pendence of the Seebeck coefficient. Section V is devoted tcal effects may be playing a significant role.

compare the obtained analytical results with suitable experi-

mental data, highlighting the physical implications of the
phenomenological coefficients previously introduced. Fi-
nally, in Sec. VI, we summarize the main conclusions of this
work.

Ill. ELECTRONIC STRUCTURE MODEL

Our study will focus on the relationship between the
conductivity spectrumg(E), defined as th& —0 conduc-
tivity with the Fermi level at energy, and the transport
properties. Generally speaking the conductivity spectrum

During the last decade, the thermoelectric power ofshould take into account both band-structure effects and
samples belonging to different icosahedral families has beethose effects related to the critical nature of the electronic
measured®~“° Reported data refer to a broad range of sto-states®** In fact, although it may be tempting to assume
ichiometric compositions and cover different temperaturethat theo(E) function should closely resemble the overall
ranges in the interval from 1 to 900 K. From the collectedstructure of the DOS, it has been shown that a dip in the
data the following general conclusions can be drawn. Firstg(E) curve can correspond to a peak in the DOS at certain
the thermoelectric power usually exhibits large values wherenergie$>?44° This behavior is likely to be related to the
compared to those of both crystalline and disordered metallipeculiar nature of critical electronic staf®s*’ In fact, ac-
systemd! Second, the temperature dependence of the Seeording to the expressiom(E)«N(E)D(E), the conductiv-
beck coefficient usually deviates from the linear behaviorjty spectrum depends on the diffusivity of the electronic
exhibiting pronounced curvaturggither positive or nega- statesD(E), as well as on the DOS structuN(E). Con-
tive) at temperatures above50—-100 K. This behavior is at cerning the DOS structure, most efforts aimed to understand
variance with that exhibited by ordinary metallic alloys the unusual transport phenomena of QC’s have focused on
where theS(T) curve is dominated by electron diffusion the existence of a pronounced pseudogap at the Fermi
yielding a linear temperature dependence. Third, small varialevel *~>*and the possible presence of a dense set of nested
tions in the chemical compositioff just a few atomic per- peaks in the DOS>*¢The physical origin of such peaks may
cend can give rise to sign reversals in the thermopowerstem from the structural quasiperiodicity of the substrate via
value. Fourth, theS(T) curves exhibit well-defined extrema a hierarchical cluster aggregation resonaticer through
in several cases. For example, high-quality samples belongkorbital resonance effect§ At the time being, however, the
ing to the systemi-AlCu(Fe,Ru) showS(T) well-defined  very existence of such peaks remains controver$igP. In
extrema in the temperature range 80-256°®! The pres- any event, in order to make a meaningful comparison be-
ence of broad maxima has been recently observed in higliween experimental measurements and numerical results, one
quality i—AlIPd(Mn,Re) samples at temperatures aboveshould take into account possible phason, finite lifetime, and
~500 K373842Both the magnitude and position of these temperature broadening effects. In so doing, it is observed
extrema are extremely sensitive to minor variations in thehat most finer details in the DOS are significantly smeared
chemical stoichiometry of the sample. Fifth, for a givenout, and only the most conspicuous peaks remain in the vi-
sample stoichiometry, the thermopower shows a strong desinity of the Fermi level at room temperatureThese con-
pendence on the annealing conditions induced onto thsiderations convey us to reduce the number of main spectral
sample during the synthesis procd$2>3* Finally, signifi-  features necessary to capture the most relevant physics of the
cant differences among th&(T) curves corresponding to transport processes. Two fruitful approaches have been re-
poly-grained and single-grainetd-AlPdRe samples have cently considered in the literature to this end. On the one
been observetf-* hand, theab initio study performed by Landauro and Solbrig

Most of the anomalous behaviors listed above are mainljyhas shown that the spectral resistivitye) corresponding to
observed in high-quality QC’s containing transition metals.i—AlCuFe phases, can be satisfactorily modeled by means of
In fact, it was reported that poor quality, metastable QCjust two basic spectral features, namely, a wide and a narrow
phases containing only simple and noble metals, likeLorentzian peak$® Quite remarkably, this model is able to
i—AlCuMg,? obey a linear relation of the typ®(T)~aT. properly fit the experimentatr(T) and S(T) curves in a
In addition, the order of magnitude of their thermopower isbroad temperature rang&Following a different line of rea-
typical of metallic alloys [S|<10x VK1) over the entire  soning, aimed to encompass the transport properties of both
temperature range considered. On the other hand, theamorphous phases and QC'’s within a unified schemasHa
mopower measurements of rare-earth bearing QC's in thsler and collaborators have shown that the main qualitative
systemi-ZnMg(Y,Tb,Ho,Er) also exhibit markedly linear features of thes(T), S(T), as well as the Hall coefficient
temperature dependences $fabove ~50 K, with slopes curves, can be accounted for by consideringaapmmetric
ranging from approximately 0.015 to 0.030V K ~2.3% An spectral conductivity function characterized by a broad mini-
analogous behavior has been reported for the thermodynanmiaum (arising from a momentum-based spherical resonance
cally stable CdYb QC, which also contains rare-earthmechanism exhibiting a pronounced dip within itdue to

Il. THERMOELECTRIC POWER OF ICOSAHEDRAL
QUASICRYSTALS
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0.010 is the electrical conductivitye is the electron chargé, is the
temperaturef (E,T) is the Fermi distribution, ané is the
electron energy. By expressing Eq8) and (4) in terms of
the scaled variable=B(E— u), with B=(kgT) !, where
kg is the Boltzmann constant, we gkt?

5=-044 eV y=l35eV

:.E: 0.005 4 S(T) = C_Jl (5)
e Jo

)

[<]

wherec=—kg/|e|=—87 uVK %, and we have introduced
the integrals

Jn(B)= J'j:x“ secl(x/2) o(x)dx. (6)

T v T T
-1.0 0.5 0.0 0.5 1.0

E (eV) Expressing Eq(1) in terms of the scaled variable agx)

=coP4(X)/P5(x), where
FIG. 1. Spectral conductivity curve in the energy interydl eV around the _ p—4yh -3 3 ) 2 -1
Fermi level as obtained from Eql) for the electronic model parameter P,O)=B""X"=2B"ngx"+ B X" =2 nyx+ n(o')
valuesy; and §; indicated in the frame. — p—2y2 -1 7
n ' Pa(X)=B"X"=2B""q1x+do,

where COEWA(’}/1+ ’}/2)_1, n3551+ 52, nzfsi-i-sg

angular or planar order, based on an angular momentum 45, 5,, n,=48,s2+ 8182, Noy=e2e2, qo=s&26(y,
resonance triggered by a hybridization mechanin +92) 7 qu=(y182+ 8172) (y1+ v2) L with £2=y2+ 52,
Motivated by these results, in this work we shall start byandsz ‘}/18IZ+ ’}/282_2, we can rewrite Eq(6) in the form
considering the LS model for the spectral conductivity

2
o(E)=A[L1(E)+ Ly(E)] 2, O et |3 as e
where the parameték is expressed i) tcm eV ! units
and the Lorentzians X
Q;%)) secR(x/2)dx, ®
Yie 2 21-1 2
Li(E)=—[y +(E—u—9, , 2
(E)=— [+ (E-u=58)] @ here
characterize the heightr{y,) " and positions; of each spec- ap=2a,0;+N,— o
tral feature with reference to the Fermi-leyel In addition, ) ) 5
the y; parameters can be related to the diffusivity of the _(nty)(yie1t v262) —4y17,A6
corresponding staté§:>3 Thus, the variation of the transport (y1+ ¥2)2 :
properties with the temperature will be determined as a St 9
proper combination of both band-structure effects and the algz(ql_%):_zu a,=1,
critical nature of the electron wave functions in a natural Y1t ¥z

way. For the sake of illustration in Fig. 1 the spectral con-yjth A 5=, 5,, andQ,,. 1(X)=asB8 X"*1+a,x", with
ductivity curve, as obtained from expressi¢l), is shown

for a suitable choice of the parameteps and &;.%° The a3=28001~ 2N~ 100

overall behavior of t_his curve agrees well with the experi- 2q1A5—si+s§

mental results obtained from tunneling and point contact =—4y,9,Aé 5

spectroscopy measurements, where the presence of a dip fea- (72+72)

ture of small width superimposed onto a broad, asymmetric  a,=n,—a,q, (10

pseudogap has been reportéf®
4eeie50 8%~ (85— 25)%(v1+ 72)

IV. ANALYTICAL TREATMENT BRERE (y1+72)°

In this work, the study of the transport properties is Making use of the integrals
based on the energy spectrum functie(E). Then, follow-

o o0 2
ing previous works22242\We will start by expressing the f secR(x/2)dx=4, f x2 secR(x/2)dx= 41
Seebeck coefficient in the way —o —o 3
1 +oo Jf ) . 28’774
S(T)ZWJ_DOdE(—&—E)(E—M)a(E), ©) f_mx secﬁ(x/z)dx_l—S,
where oc
f x' sech(x/2)dx=0, (I odd),

oo of
dn=fxd#—3§amx @

we obtain
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JoCo t=4m?B 23+ a8 *H,+a,Hy+ 4a, V. DISCUSSION
1 5 . (11 A. Deviation from the linear behavior
‘]lCO :4’77 al,B /3+a5H1+a3,8G0,
In the low—temperature regime, the thermoelectric
where power of QC'’s belonging to the-AlCu(Fe, Ru, O$ and
. i—AIPd(Mn,Re) families exhibit a linear dependence with
- %[(h_ vo)2(e3+4A 52) At temperatures _above«50—100 K, however, théS('!')_ _
(71t 72) curve clearly deviates from the linear behavior, exhibiting
FANS(S0v2— 8172, 12 pronounced curvatures. This behavior can be readily de-
(%272~ 171)] (12 scribed by means of Eqé15) and (16). In fact, sinceF(T
with e3=(y1+ v2)2+ A 8%, Gy=4—(qoH,, and we have in- —0)=§&, in the low-temperature limit Eq15) reduces to

as=2( a3+ as=

troduced the auxiliary integrals the linear form
K 2 S(T—0)=—2|e|Loé; T=aT. (21
Hk(ﬁ)zf_xPz(x) sechi(x/2)dx. (13 The sign of the slopa is determined by the sign of the

. paramete; which, in turn, depends on the electronic struc-
In order to evaluate these integrals we shall expand the fungyre of the sample according to EG.7). The slope value is

. _1 . . . . ) . ) A .
tion P, *(x) in Taylor series around the Fermi level to get getermined by two contributions: one involving universal

4 72 4g2—q constants only(whose value will be the same for all the
Ho:—(l — 12 0,3—2), sampleg and a sample-dependent one given by kg
do 3 Yo value. In order to gain some physical insight about the coef-
8,20, g1 1472 22— (14)  ficient & we will take the logarithm derivative of Ed1),
Hy= T q12,3 ( | 14m° 203 ; Yo _2). obtaining the relationship
3da > % 1/dIno(E)
By plugging Egs.(14) into Egs. (11) and (5), keeping §1=§< dE ) (22)
O(B~*) terms, we finally arrive to the following expression Eon
for the Seebeck coefficient: Therefore, Eq.21) reduces to the well-known Mott's for-
mula S= —|e| L[ d In o(E)/dEJe—, T in the low-temperature
S(T)=—2|e[L,TAT), (15 limit. In several previous works the validity of such an ex-

pression has been assumed for QC’s in order to discuss some
experimental resul®3%3*From Egs.(21) and (22) it fol-
lows that Mott’'s formula will properly describe the thermo-
&1+ &b T2 electric power of QC’s as far as the remaining coefficients
1+ £,bT2+ £,02T%" (16) &, &, and&, in the A(T) function given by Eq(16) are
negligible as compared té,. Since these coefficients are
whereb=e?£,=2.44x10"8 (eV)?K 2, and multiplied by the temperature-dependent factdis® and
b2T#, respectively, it is clear that the range of validity of Eq.
(21) will be strongly dependent on the electronic structure of

where £o=m?k3/3e?=2.44<10"8 V2K 2 is the Lorenz
number and we have introduced the auxiliary function

AT)=

B y18185+ V2881

&= 88‘1‘8‘2‘ ' 17 the sample. We can quantitatively express this relationship
o o , . 5 by means of Eqs(17)—(20), determining the corresponding
e (e7—467)+ yre,(e5—4655) values.
£,= Yi€o(&q 1 67;2 1L&2 2 +4§i: (18) én
€€y
42 205(y1+ v2) —esies B. Th [ |
£a= €a5q1(y1+ v,)? AR ' (19) . ermo?ower sign reversal |
According to Eqs(15) and(16), the overall sign of the
AS(2q,A 5+ 82— £2) thermoelectric power depends on the sign of the auxiliary
E4=—8sv17s 2 Ve (200 function F(T) which, in turn, is determined by the electronic
(71t 72)%as structure through the signs adopted by e§¢lkoefficient. In

Therefore, the expression we have obtained for the thermdrder to get a Seebeck coefficient sign reversal the condition
electric power can be viewed as a product involving the fac/{T)=0 should be satisfied. Thus, t&T) curve will have
tor —2|e| £, T, exhibiting a linear temperature dependence @ €rossing point at the temperature given by the relationship
and the auxiliary function defined by E@L6). This function &

exhibits a marked nonlinear temperature dependence. In the Ty=1/— ey
next section, we will account for some of the Seebeck coef- 3
ficient anomalies reviewed in Sec. Il by means of Eip).  Therefore, the necessary condition for the existence of such a
To this end, we will focus on the main topological features ofcrossing point is that the coefficiengs and&; have opposite
function A(T) and the physical implications of the param- signs. This condition explains why not all samples exhibit
eters¢,. such sign reversal. Equatiq23) also defines two singular

(23
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TABLE |. Experimental values of the low-temperature thermopower skboped sign reversal temperatufg for different QC’s(taken from the literatupe
along with the corresponding values for the phenomenological coeffici§fitand &5 as determined from Eq$24) and (25). The values labele¢) have
been extrapolated from experimental curves in the range 4—-300 K.

Reference Sample a(uVK™? To (K) P [(eV) Y £ [(eV) 3]
31 AlgsClosFer, -0.39 398 +8.02 -2078
26 AlgsCldRUys5 -0.30 162 +6.09 —9557
26 AlgsCuyRugs -0.25 329 +5.03 —1908
27 Algo ClrFers s -0.23 334 +4.76 —1746
26 Al;CuysRugs -0.22 285 +4.45 —2253
30 Algo ClosFers s -0.19 349 +3.85 —1294
29 Al CgRUsSio 5 -0.07 197 +1.46 -1531
electronic structures, corresponding to the cages0=T, & E\2 - &€&
. 2 1 1 376162
=0, andé;=0=T,—=. In both cases we have no crossing  bTi=-— f_si \/(5_3) + A (27)

points either.
According to Eq.(21) the coefficient; can be obtained Therefore, depending on the actual values of §heoeffi-
from the slope of theS(T) curve in the low-temperature cients, two nontrivial extrema may be present in 8(&)/T
regime as curve, namely, a maximurfminus sign choiceat T, fol-
£~ 20 B[ VK 2], (eV) L. (24  lowed by a minimum(plus sign choicpat T, (T{<Ty).
Quite interestingly, the presence of both extrema has been
Then, making use of Eqé21) and(23) the coefficien; can  opserved in a recent study of theMgzn(Y, Th, Ho, Ep
be obtained from the experiment(T) curves by means of system, where a small hump in tiT)/T curve, at about

the relationship T, =15K, followed by a little dip atT; =50 K, has been
a[uVK 2] reported in all the considered sampfé&.he possible mag-
EP=8.4x10° T) . (ev) 3, (25 netic origin of such a hump can be ruled out as the hump also
0

appears in the thermoelectric power of the nonmagnetic
For the sake of illustration, in Table | we list the low- i—ZnMgY,*® hence favoring an electronic structure origin for
temperature thermopower slopes dnpgdvalues for some rep- this feature. By mutually adding the solutions given by Eq.
resentative QC's, along with the corresponding values for th€27) we obtain the relationship

parameters:y™® and ¢5°P as determined from Eq$24) and

(25). From the listed data we can appreciate that all QC's  _ é: E[(T’)2+(T+)2] (28)
exhibiting thermopower sign reversals also exhibit negative & 201 S

slopes in the low-temperature regime. According to €4)
this implies that¢, takes on positive values in all the con-
sidered samples. Now, according to E22) we can express
&1=0'(u)l20(u), so that the spectral conductivity will be a

and plugging the above experimental values Tgr in Eq.

(28) we obtainé; /£3=—13.3x10"° (eV)2. This figure is al-
most two orders of magnitude lower than that listed in Table
growing function around the Fermi level. Since théu) I. This suggests that substantial differences among the elec-

value can be experimentally measured by means of severgPnic structure of—AlCu(Fe, Ry samples and the rare-earth
techniques, we see that the study of the phenomenologicB€a1Ng QC's should exist, in agreement with recent band-
coefficient&, provides us with a useful tool to obtain quan- Structure calculation¥' Let us now consider the case of
titative information about the spectral conductivity growth Samples exhibiting a crossing temperatlige In this case,
rate around the Fermi level from suitable experimental trans?€ can make use of E@3) to rewrite Eq.(27) in the form

port data.

bT2=bT3+ &, 2\1+ &b To+ £,b7Ty. (29
C. Seebeck coefficient extrema Then, taking into account E¢16) we obtain
One of the most intriguing anomalies observed in the §1+§3bT2
experimental thermopower data refers to the presence of ex- bTe=bT3+¢, 2 T)O' (30)
0

trema in bothS(T) and S(T)/T curves. According to Eg.
(19), relevant information on the auxiliary functiogR(T) can 54 by mutually substracting these solutions we get
be directly obtained from the study of the experimental curve
S(T)/T.303%40Tq this end, we shall express E@.5) in the

way £4=

-8 T,  &tébTE M

ble] S(To) [(T1)2—(T; )22

SuVK1] - , , . -
f(T):—ZO.%f), (ev) L. (26)  This expression allows us to determine the coefficiént
value from the knowledge of the experimental d&ga T; ,
On the other hand, by imposing the extrema conditionandS(T,), provided that the values @f and ¢; are known
dA(T)/dT=0 to Eq.(16) we obtainT2=O, and from Egs.(24) and(25), respectively.

(31
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TABLE Il. Systematic variation of the average electronic valencthe electronic structure model parametérsand the phenomenological coefficiedts,
determined from Eq917)—(20), as a function of the sample stoichiometry, &1.35 eV, y,=0.04 eV).

Sample n Ap (eV) 5 (eV) 5, (eV) & [(ev & [(eV) 2] &[(eV)] &V
Algy Cloy Fers 1.8015 ~0.06 -0.381 +0.049 —11.45 +197 +1158 +15039
Al ,Cls F61z 5 1.8088 -0.03 —0.406 +0.024 ~10.63 +426 +710 +16 815
Al ClpsFer, s 1.8188 0.00 —0.440 ~0.010 +5.73 +569 —1634 50573
Alg.ClpeFer, 1.8460 +0.09 -0.533 -0.103 +7.10 +32 —449 —2453
Al Clos Fe, 1.8705 +0.18 —0.617 -0.187 +3.38 —4 —47 -98

Finally, we will consider the presence of extrema in thein Table Il into Eqs.(23) and (32) we can calculate the cor-
S(T) curve. To this end, we impose to Ed.5) the extreme responding sign reversal and extrema temperatures. In Table
conditiondS(T)/dT=0 to get I, we list the obtained results and compare them with suit-

3 2 _ able experimental data reported in the literature. Comparing

§aday™+ (38184~ £283)Y"+ (8262 383)y ~ £1=0, (32 the results presented in Fig. 2 and Tables Il and IIl several

conclusions can be drawn. First, we appreciate a good agree-
wherey=bT?. By means of Eq(32), the possible existence ment between the measured and calculdtgdndT, values
of maxima or minima in th&(T) curve can be related to the g, the Als, ClosFey, s and Als, g 65 sSamples. On the
electronic structure in a precise, although somewhat involvegomrary' there exists a significant discrepancy between these
way. In fact, Eq.(32) depends on all the phenomenological y5)yes for the Al:=Cu,sFe;, sample. Such a difference is not
coefficientsé,,. This fact helps us to understand the phySica|surprising since the assumption of identigaland y, values
reasons motivating the strong dependence of these extremg all the considered samples seems very rough. Second, we
on minor stoichiometric changes since by changing the elecopserve that all the samples should exhibit a thermopower
tronic structure of the sample we are substantially modifyingsign reversalthe phenomenological parametess and &,
the values of the&, coefficients which determine the solu- shown in Table 1l have opposite signalthough the corre-

tions of Eq.(32). sponding crossing temperatures take values within a wide
temperature range extending from 400 to 1700 K, approxi-
D. Sample stoichiometry-dependence effects mately. Analogously, all the samples exhibit an extremum at

a temperature whose value ranges from about 240 to 1200 K.
In this regard, we should note the absence of an experimental
"Bonfirmation for the predicted maximum @p=237 K for

the Alg,Cu,s 5-€1, 5 sample. This absence should also be in-
terpreted as indicating that more adequate values for the
model parametery, and y, may be taken into account.
Third, there exists a clear correlation between the average

The sensitivity of the thermopower curves to minor
changes in the sample composition can be related to syste
atic changes of the electronic structure by means of @ds.
and (16). To illustrate this point we shall consider the sys-
tematic variation ofS(T) for a series ofi—AlCuFe QC's
whose average electronic valengaeimber of electrons per
atom is modified by means of a systematic StOiChiometriCelectronic valencen, and the maximumminimum) S(T,)
change. ~For a sample of g(_eneral . Composmonvalue, as it can be readily seen by comparing Table Il and
AlXCUYF.el‘X‘V’ the average valence is obtained from theFig. 2. In fact, for those samples whose Fermi level is lo-
expressionn=xny +ync,+(1=X=y)nee, Where ny=3, 1o petween both Lorentzian feature® < 0,5,>0) the

Nc,=1, and we .have adopted'the effective valencmﬂg" gwermoelectric power exhibits a maximyrg(T,) >0]. Con-
= —2.45 for the iron atoms. This value has been determine

from sp-dhybridization effects in the tetragonal quasicrystal-

line approximant AJCu,Fe 5”8 From the knowledge of the 0010
average valence we can estimate the shift in the Fermi leve

by means of the relationsHip

no_ n
Ap=6.235x——, (eV), (33
0

whereng is a suitable reference value. In our case, we will
take the sample A} Cu,Fe;, < as a reference orfé,yield-

ing no=1.8188 electrons per atom. Making use of E@S)
and(17)—(20) we obtain thes; and &, values listed in Table

Il for different i—AlCuFe samples. The influence of the sto-
ichiometry in the electronic structure is shown in Fig. 2,
where we clearly appreciate a progressive shift of the dip .00

0.005

o(E) (Qcm)’

T T T T T 41-‘- T T T T
position in the spectral conductivity curve(E). This shift 0 08 06 04 02 00 02 04 06 08 10
correlates with the stoichiometry of the sample, leading to a E(eV)
systematic shift of the Fermi level given iy in Table Il.  gig, 2. systematic variation of the spectral conductivity around the Fermi

By plugging the phenomenological coefficients’ values listedevel as a function of the sample stoichiometry.
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TABLE IIl. Comparison between the sign reversg}.and extremd , andS(T,) values obtained from the analytical expressions E2f$.and(32) and some
suitable experimental values reported in the literature. The values laffeledve been extrapolated from the experimental curve in the range 4-300 K.

Sample To (K) TP (K) T, (K) T5® (K) S(T,) (VK™ S(TYD (wVK™Y Reference
Alg, Clpy Fer3 636 260 235 +84 +45 27
Alg,Clys €15 5 783 237 +68 31
Alg, ClpsFer, 5 379 350 169 155 —28 -23 30
Alg, CloeFer, s 379 335 169 150 —28 —24 27
Alg:CeFer, 805 400 454 115 —-95 —26 31
AlgsCusFer, 805 454 200 —-95 -22 69
Alg, Clps Ferp 1710 1224 —126 27

versely, for those samples whose Fermi level is locatedhe main topological features present in the experimental
above both Lorentzian feature$,(,6,<0) the thermoelec- curves over a broad temperature range. Notwithstanding this,
tric power exhibits a minimuniS(T,)<0]. In addition, as quantitative differences between our analytical results and
the Fermi level progressively shifts from the position it oc-the experimental curves are expected due to the approximate
cupies in the A, Cu,, 6,3 Sample to that corresponding to knowledge of the electronic structure model parameters for
the Als, Clyg 5761 Sample the absolute value of the thermo-most of the samples considered. These differences can also
electric power progressively decreases from®(T,) be related to experimental uncertainties due to the strong
=+85u VK™ up to §(T,)=—-130u VK 1. Therefore, dependence of the transport properties on different heat
merely changing the average electronic valence by less thareatments?3® the sample microstructuré, and possible
4%, a substantial variation of the thermoelectric power ofoxidation and/or diffusion effect®.
more than two orders of magnitude can be obtained. In this
regard, it is interesting to note_that the optained extremsy; coNCLUSIONS
values are quite large for metallic alloys, being comparable
to those measured in some semiconductor materials. This In this work, we present a detailed analytical study of the
fact spurs the interest of considering QC’s as tentative thetthermoelectric power of icosahedral QC's, introducing a phe-
moelectric material&? nomenological framework aimed to relate the main topologi-
Finally, in Fig. 3 we graphically summarize the main cal features of the experiment&{T) curves to certain char-
results obtained in this section by comparing the temperaturacteristic features of the electronic structure of the samples.
dependence of the Seebeck coefficient corresponding to th#ithin this context the analytically deriveg, coefficients
consideredi—AICuFe samples in the temperature rangecan be regarded as phenomenological parameters containing
1-500 K. The qualitative overall behavior of the different information about the electronic structure of the sample. In
S(T) curves compares fairly well with the experimental mea-fact, since the values of thg, coefficients caralso be de-
surements reported in the literatuse=e the references given termined from the analysis of the experimerT’) curves,
in Tables | and Il). In this sense, our phenomenological We can obtain information about the spectral conductivity
treatment provides anified description of the thermoelectric function from the topological features of the experimental
power for the five considered samples, properly describingiransport curves. The first step will be to determine the val-
ues of the¢,, from the main topological features of the ex-
perimentally obtained transport curves making use of the ex-

0 pressions obtained in Sec. V. The next step will be to
a) w0 b) determine the electronic model parameters &;, and A,
e” & from the &, theoretical values derived in Sec. IV. Nonethe-
-20 4 ] 40 . . .
40 less, due to the involved nature of the analytical expressions
) A— o S relating the phenomenological coefficients to the model pa-
-40 4 T T rameters, this is a rather difficult task. Fortunately, even the

partial knowledge of some phenomenological coefficients
suffices to gain some physical insight onto certain relevant
features of the electronic spectrum of the sample, as it has
been illustrated is Secs. IV and V. On the other hand, the
involved nature of the analytical expressions for §yeoef-
ficients suggests that the study of one transport coefficient
v alone will not suffice, in general, to get a detailed picture of
o 10 200 300 a0  soo  the sample electronic structure. Therefore, one reasonably
T expects that a sharper view about the main electronic fea-
o tures of the considered QC samples would ultimately emerge
FIG. 3. Temperature dep_endence of the Seebeclf_coefflmentln the temper]ar-om the simultaneous measurement of different transport
ture range 1-500 K for different sample compositions,ACu,, 56,5 (a); . o .
AlgClos Fens () Al ClhFens (0 AlgChede, (d); and  COefficients. In fact, preliminary results from a combined
Alg:CuysFe, (main frame. study of the analytical expressions for th€T) and S(T)

s

-60

. sm
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curves indicates the convenience of such a proce@uire.

this sense, measurements of the Seebeck coefficient in t
regime of high temperatures would be very interesting a
well. Finally, the phenomenological approach presented i
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