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Conductivity and superlattice ordering in an icosahedral Al-Pd-Mn phase
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“In situ” conductivity measurements on Al-Pd-Mn quasicrystals have been combined with synchrotron
x-ray-diffraction experiments for studying its behavior during phase transformations. In order to confidently
reduce the possible contribution to the conductivity of defects and grain boundaries, single-crystal samples
have been annealed situ under UHV conditions. This combined experiment allows us to affirm unambigu-
ously that the structural state of thé\l-Pd-Mn single crystal influences the electrical conductivity.
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. INTRODUCTION the thermodynamically stable icosahedral ptasSel® This
coincidence raises the question if there is a direct relation-
In any condensed-matter system the atomic structure deship between the sample superordering and its conductivity
termines the potential felt by an electron, and thus, it has &dehavior. The aim of the present work is to combinesitu
fundamental influence on the electronic properties of the syssonductivity measurements with  synchrotron  x-ray-
tem. The discovery of the existence of alloys with a structurediffraction studies in Al-Pd-Mn single-grain samples. Sirth
containing fivefold axé'sand, in consequence, having a qua-situ studies could allow to reduce the grain boundaries con-
siperiodic structure, opened a lot of questions about theitribution to the conductivity and to clarify the influence of
electronic properties. However, only the relatively recent acthe atomic ordering in the electronic properties. Al-Pd-Mn

cessibility to thermodynamically stable quasicrystal phasefas been chosen due to the high degree of perfection of the
of very high structural qualityAl-Cu-Fe, Al-Cu-Ru, and Al-  syperordering structuré

Pd-Mn systemg™* allowed to relate unequivocally the
guasi-periodicity with the exhibition of anomalous electronic
and magnetic properti€sl® Considering that the quasicrys-
tals are entirely made of metals, they have a puzzling low
conductivity. Their resistivity is 19-10* times higher than In our studies two thermodynamically stable single grains
the constituting metals and close to the exhibited by highlyof Al-Pd-Mn of atomic composition close to APdMng
doped semiconductors. Moreover, the sharp increase of th&®ef. 20 were used, as measured by inductively coupled
conductivity versus temperature with no sign of saturation igplasma emission spectrometry. The single-crystal samples
a non-well-explained feature up to the moment. No openingvere cut from the core of single-crystal ingots pulled out
of structural gap, contrary to the case of semiconductors, caftom the melt by the Czochralski method after previous ho-
account for this behavior, and the extremely high structuramogenization during 3 days at 1073 K. Further annealing/
perfection of the single graina priori excludes a low- cooling procedures were applied to eliminate any stress pro-
temperature localization mechanism induced by defectduced during the polishing process and to yield high-quality
Thus, there are still a lot of open questions about the elecguasicrystal structure with no secondary phases detected
tronic properties of the quasicrystals. with synchrotron x-ray diffraction. This absence of second-
One of the features that has limited the comprehension adiry phases was also confirmed by high-precision magnetiza-
their electronic properties is the observed dependence of th®on measurements, which indicates no magnetic phases
conductivity with the sample. Thus, the conductivity dependgresent(detection limit<1 ppm Mn momentum
on the sample preparation methdahelt-spun ribbons or The synchrotron x-ray-diffraction experiments were car-
single crystal, on the sample composition, and even in someried out at the anomalous scattering beam (1) at the
cases on the annealing treatment of the sample. The nonsy8SRF?* The x-ray beam from the undulator source was
tematic dependence of the conductivity with the annealingnonochromatized with a sagittal focusing double crystal
has been, at our knowledge, unexplored up to the momen§i(111) monochromator with cryogenics cooling. High-
However, it has been reported that the electric properties aénergy harmonics were removed with two rhodium coated
the single crystal sample can change after annealing withitotal reflection mirrors. The photon energy used was 10.76
the temperature range from 600 °C to 800(Refs. 11, 12  keV. The sample holder was inside an UHV chamber spe-
in a nonsystematic direction. But in this range of temperatureially designed for this experiment coupled to a six-circle
the existence of superlattice ordering with respect to the Riffractometer allowingn situ sample annealing and x-ray-
lattice has been described in Al-Cu-Fe, Al-Cu-Ru, and Al-diffraction and conductivity measurements. The sample was
Pd-Mn single crystals for a chemical composition close tokept in a reflection configuration and the chamber pressure
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FIG. 1. Sketch of the heater sample holder
and the tantalum leads used for the conductivity
Boroelectric heater measurement. This dispositive is mounted inside
a beryllium dome and continuously evacuated by
aphire a turbo pump. The vacuum was recorded during
f T annealing, the pressure being lower than
o iy | 108 bar during the whole experiment.
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was kept under 10° mbar in the whole experimental tem- . RESULTS

perature range. The outgoing beam was detected using a
scintillator detector combined with an In$hl1) crystal ana-
lyzer to reduce the background signal. The annealing of three Al-Pd-Mn single grains with an
The resistanc&R of the samples was measured with theatomic composition close to APd;Mng reveals the exis-
four-probe configuration. Thin situ high-temperature rela- tence of three different structures. Due to their structural
tive resistivity[ p(T)] measurements were made in the Vancomplexity the x-ray-diffraction characterization of these
der Paw configuration by pressing mechanically four electristructures is presented before showing the combined study
cal tantalum leads onto the samjiéee Fig. 1 The absolute with the exhibited conductivity. In this way, it should be
value of the resistivity was accurately measured elsewhereasier for the reader to know the phase at which authors refer
with small silver paste contacts. It is limited to a precision oflater during the presentation of tfe situ combined study.
Aplp=3% by the estimate on the sections and the distance Figure 2 presents the x-ray-diffraction pattern in logarith-
between the voltage contacts. In order to account for possibleic scale obtained along a two-fold axis for the three differ-
pores in the material, the sectidg) is estimated from the ent structures obtained. The diffraction pattern shown in the
sample weight(m) according tos=m/Ld [L being the lower panel of Fig. 2 corresponds to the very well known
sample length and d the sample density equal to 5.1%/cnquasicrystal icosahedral structdrE:?® Let us recall to the
(Ref. 22]. The parallelism of the low-temperature conduc-reader that the atomic structure of the icosahedral phases is
tivity for all the sample®’® was used as a test of accuracy of described in a six-dimension&D) cubic lattice which de-
the obtained resistivity values. In the present experiment, dueomposed into two three-dimensioriaD) spaces: the physi-
to the large sample size, the sample resistance was measurel spaceE| and a complementary perpendicular spice
with a high-precision/low-noise ac bridg40 Hz) from Bar-  Thus, the 6D reciprocal space decomposes into two 3D re-
ras instrument. At each measurement point the resistanagprocal vectorQ andQ, , Q being the experimental re-
bridge was balanced and the remaining deviation from equieiprocal momentum. It can be observed that all peaks can be
librium was measured with a Keithley nanovoltmeter. A pre-assigned with the six indices following the scheme proposed
cision of 102 was thus reached for resistance samples oby Cahnet al?® In this case the derivel/h’ k/k’,I/1" indi-
less than 1 M2, measured 15 m apart in the x-ray casemateces have been used. The theoretical Bragg-peak position
A thermocouple was pressed between a sapphire plate aridertical dashed lines in the figyrevas obtained considering
the sample. Since we used a noncompensated feedthrougin icosahedral F-type structure with a lattice parameter two
the actual temperature was later reevaluated on the basis tifnes the six-dimensional lattice paramefén this case
previous high-temperature experiments on similar samples iagp = 6.462 A (Refs. 27, 15 has been usddThe peak rela-
a standard resistive furnace, with Pt-glued electricative intensities(given by the height of the relative vertical
contacts*%3 lines) can also be well reproduced with a very simple ap-

A. The phase characterization
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FIG. 2. X-ray-diffraction pattern along a twofold axis for the three obtained structures for the Al-Pd-Mn alloy closgRd,Ming. In
order to simplify the figure, only the l/lindices are shown. Thus, the complete six-indices notation for these peaks should be 0/0 0/0 I/l
The structures are shown in appearance order by increasing the températarower to upper panelstarting from a perfect icosahedral
structure at room temperature.
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which is in good agreement with values present in the
literaturel” In the middle panel of Fig. 2 the peak position
calculated for this lattice parameter has been pointedhyut
means of vertical lings A good agreement with the experi-
mental data can be observed.
The thermal evolution of the Al-Pd-Mn single graisee
Fig. 3 reveals that the secondary Bragg peaks characteristic
of this F2-type phase show an intensity broadening at the
feet of the Bragg peak. Although the peak broadening de-
980K creases continuously with temperatu¢eigher structural
quality), these peaks keep broader than the Bragg peaks cor-
responding to the F-type icosahedral phase. Thus, two fea-
905 tures describe the F2-phase quality: first, the Bragg-peak feet
width and second, the disappearance of some Bragg peaks
870K characteristic of the F-type phase associated to very Qigh
values.
5 Above the F2-type temperature range, in a very narrow
107 N range, this structure evolves toward a highly dense Bragg-
RT peak structuréat 996 K, in Fig. 3. This structural evolution
depends on kinetic parameters. Starting from the F2-phase
' T - T ' T - and increasing the temperature is very slow for the formation
1 2 3 4 5 of this phase, on the contrary, it appears very rapidly follow-
Q (A™ ing a very small temperature reduction coming from high
temperaturéF-type icosahedral structure formed above 1000
FIG. 3. Evolution of the x-ray-diffraction pattern along a two- K). This kinetic control makes it very difficult to define the
fold axis versus sample annealing temperature. The initial sampleemperature range of formation of this intermediate tempera-
has an icosahedral structure at room temperature. ture phase. For the present sample it has been estimated
within the temperature range of 980—1000 K. One very im-
proximation by a model of spherical surfaces given by deportant point is that all the described heating-quenching pro-
Boissieuet al® in which the structure factor is modulated cesses have been shown as reproducible, in agreement with
by the perpendicular space moment@n through a Debye-  other literature dat&
Waller factor F=F,se B9, Fs being the structure factor This middle temperature phase has a x-ray pattern char-
for a rigid atomic surface acterized by a higher density of Bragg peaks than the F2-
Figure 3 shows the thermal evolution of anygdd,;Mng  type structure, as can be observed in the upper panel of Fig.
single-grain sample starting from the icosahedral phase &. The inset of this panel also shows clearly that these new
room temperaturgRT). Depending very strongly on the peaks correspond to a splitting of the Bragg peaks character-
sample composition, it has been observed that the annealinigtic of the low-temperature phase2 type. This structure
of some samples at low temperatuie the range 850—-980 shows a peak splitting with a reciprocal space distance of
K) transforms this F-type icosahedral phase to another on®.0275+-0.0005 A along the threefold axis and 0.0130
This new phase is characterized for a higher density of-0.0005 A * along the twofold axigupper and middle pan-
peaks, as can be appreciated by comparing its correspondimds of Fig. 4, respectivey It seems that the peak splitting is
x-ray diagram along a twofold axis shown in the middle worse defined along the twofold axis than along the threefold
panel of Fig. 2 with the one corresponding to the icosahedradxis for the more intense Bragg peaks. In the middle and
F-type (lower panel of this figure Although the highest lower panels of Fig. 4, the peak splitting obtained along both
Bragg peaks characteristic of the icosahedral phase do ndirections for the same Bragg peak can be compared. How-
change their intensities noticeably, one can observe the agver, this splitting along the twofold axis is more clear in the
pearance of new peaks in between them and a deep decredsss intense F2-type Bragg peéle., 0/0 0/0 6/12 and 0/0
of intensity of some peaks of higQ, momentum character- 0/0 10/12 in the middle panel of Fig).4The peak splitting
istic of the icosahedral phasee., 0/0 0/0 0/4, 0/0 0/0 4/2, obtained for the 0/0 0/0 8/12 F2 Bragg peathich corre-
0/0 0/0 0/6, and 0/0 O/0 2/8 Bragg peaks in Fig. Zhe  sponds to £0,32Bragg peak of the F-type structureas the
resulting x-ray pattern is totally compatible with a F2-type same schema as that reported in the literature by Audier
phase described in the literatdfe® The structure transfor- et al1%8in x-ray experiments. We obtained the same x-ray
mation implied is given by a small breaking of F symmetry diagram along all the measured threefold cuts for this peak.
caused by superlattice ordering. The resulting structure hasEhat means that the cubic symmetry is preserved. Audier
P-type Bravais lattice which is related to the high- et al®!®show that this splitting corresponds to the forma-
temperature F-type icosahedral ph&seeviously described tion of a sandwich structure of the F2-type phase with a
by ap=rar, wherer andag denotes the golden mean and well-defined period (4+4b, where a=2a and b
the lattice parameter of the F-type icosahedral phase, respee-2rag), which has been observed in TEM investigations.
tively. In the present case the lattice parameter is 20.911 AThus, those authors have assigned the origin of this phase
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(which they call F2,) in terms of superlattice ordering of From the electronic properties point of view, the correla-

cubic symmetry in a superordered icosahedral phase F2. Ition distance implied in the rearrangement of the F2 phase
microstructure corresponds to multidomains with crystallo-into the F3, phase is too large with respect to the average
graphic orientation relationships between domains impartinglistance for influencing the density of states fdfsp

an overall icosahedral symmetry. coupled orbitald? The comparative studies of quasicrystals
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500 - T . T - by the quantum interference effects and its origin is a weakly
— sample 1 - localized electron in space. Within a higher temperature
- sample 2 -7 range (100—300 K, the conductivities are parallel for both
samples, a feature that can be used as test of accuracy of the
measuremerft This behavior has been observed in other
quasicrystal alloys, and it implies that the conductivity can
be decomposed on a constant independent term and a
temperature-dependent one(T) = o+ Ao(T)]. The abso-

lute value of the conductivity in quasicrystals is mainly gov-
erned by the temperature-independent term, which is a be-
havior opposite to that observed in a periodic metal.

The temperature dependence of the resistivity and the
atomic structure were simultaneously recorded during the
200 . | . | : sample annealing. The sample phase was studied by means
0 100 200 300 of synchrotron x-ray diffraction. The simultaneous resistivity

Temperature (K) data are shown in Fig. 6 by thick lines. The data are com-
. pared in this figure to their correspondirg situresistivity
FIG. 5. Temperature dependence of the conductivity of two Al'(thin line measured elsewhere previouskolid line) and
Pd-Mn single-grain samples measuesdsituand previously to the  5¢ar (dashed ling the simultaneous experiment. The upper
diffraction experiment. panel corresponds to the sample noted as 1 and the lower
panel to sample 2. The different annealing treatment initially
and approximant phases indicate that the main electronic fedollowed for both samples produced a different initial struc-
tures are determined by local order in the range of 15-30 Aural state in them as confirmed by x-ray diffraction and de-
approximately:>** Thus it seems reasonable to consider thaiscribed in more detail hereafter. One of the advantages of
the lower and intermediate temperature structures F2 typsuchin situ studies is that they could allow to reduce the
and F2, type are going to influence equally the electronicgrain-boundary contribution to the conductivity clarifying
properties of the alloys. the influence of the atomic ordering in the electronic proper-

In summary, the F-type icosahedral phase is stable abouges.

1000 K. The low temperature stable phase is thg lphase The experimental procedure can be summarized as fol-
while the F2 is a metastable intermediate state that appealsws: Sample 1 is in equilibrium, R2 state, then trans-
when heating a previously quenched F-type piase. formed to the F-type icosahedral phase, and quenched to
room temperature to give the F-type phase. Sample 2 is in
equilibrium, F-type state, then transformed to thg,Rthase

and slowly cooled down to room temperature.

The absolute values of the conductivity measuresk “ Sample 1(upper panel of Fig. 6 which was previously
situ” for the studied samples in the low-temperature range ofslowly cooled down from 1073 K, showed a diffraction pat-
4-300 K with a four probe configuration are shown in Fig. 5.tern corresponding to a superordered quasicrystal structure
These measurements were made previously to the simultgin this case, the Rg-type structure described in the preced-
neous Xx-ray-diffraction and conductivity experiments. Thising section. The structural state was monitored in the whole
figure shows the initial conductivity values for the two pre- temperature range by x-ray diffraction along the twofold axis
sented samples which were from two different ingots butof the sample. The temperature increase produces a transition
with the same composition (APdhMng). Both samples from the super-ordered structure to the icosahedral structure
suffered different initial annealing treatment. The sample reabove 1000 K. The resistivity smoothly decreases by increas-
ferred to as 1 corresponds to a rectangular plate-shape spetig the annealing temperature without any dramatic changes
men which was annealed at 1073 K followed by a very slowaround the phase-transition temperatufthéck solid ling.
cooling (10 K/h) down to 773 K. Sample 2, with the same Once the sample transformed into the icosahedral phase, it
shape, was previously annealed at 1073 K but followed by aas quenched, showing at RT the characteristic icosahedral
rapid cooling(150 K/min). Thus, in view of the phase tem- (F-type diffraction pattern. The resistivity measurédsitu
perature dependence shown in the preceding section, it wdsr the quenched sample at Rloled cycles in Fig. Bis
attempted to have different structural initial states for bothlower than the initial value obtained for the superordered
samples. The corresponding initial conductivities shown insample. In order to have the temperature dependence of the
Fig. 5 show some characteristic features. The absolute comesistivity for the obtained icosahedral phase, this magnitude
ductivity (or its inverse resistivity valyeat low temperature was monitored during a second annealing cycle. The resis-
is of the same order of magnitude than the values reported itivity of the icosahedral phasghick dashed ling shows a
the literature for other high-qualititAl-Pd-Mn phase$®?  shift down with respect to the superordered phase primarily
In the low-temperature range<(60 K) the conductivity pre- measured, which starts at the end point of the first annealing
sents a negative temperature dependence for both samplegcle. This shift corresponds to a 12% increase in the
with an increasing slope at higher conductivity values. Thistemperature-independent term of the conductivity)( Dur-
dependence is predicted and observed for disordered alloysg this second annealing cycle the sample changes from the
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B. Conductivity-phase dependence
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icosahedral F-type phase to the superordered F2 apd F2 patible with the correspondingx situ measurementthin
and again to F type by increasing the temperattokowing solid line). The phase structure of this sample was changed
the phase sequence shown in Fig.The corresponding tem- from icosahedral to Fg, passing through F2 in a tempera-
perature transitions are indicated by arrows in Fig. 6. Thdure scheme equal to the one described in Fig. 3. Once the
resistivity also decreases by increasing the annealing tensample had a Rg structure, it was slowly cooled down. The
perature without any jumps around the phase-transition tentooling rate was slow enough to follow the resistivity during
peratures. The measured conductivity at the highest annedhe cooling procesgthick dashed ling In this case the re-
ing temperature range are identical in both annealing cyclesistivity shifts up with respect to the one measured for the
It can be concluded that superordering increases the conduigitial icosahedral phase. This shift corresponds to a 9% de-
tivity, the modification of the temperature independent termcrease in the temperature-independent term of the conductiv-
being its more evident sign. This phase dependence of thgy (o).
conductivity was confirmed with the conductivity measure- Thus, the behavior of the conductivity versus annealing in
ment madeex situto the initial and final sampléhin solid  both samples allows us to confirm several features. First, the
and dashed lines in Fig. 6, respectively presence of superordering in the sample increases the con-
In order to confirm this tendency and to discard any de-ductivity, manifested mainly as a modification of the
pendence of this behavior with the sample composition durtemperature-independent termy). Second, this shift is not
ing annealing, other sample of the same composisample very extended, being around 10% of its value. Third, the
2) has been studied, but with the phases in the inverse ordeesistivity modification is not discontinuous and related with
Sample 2(lower panel of Fig. § which was quenched from the temperature phase transition; in the icosahedral phase
1073 K, showed a diffraction pattern corresponding to theegion they have the same value independent of their anneal-
icosahedral phase, although a small mosaic block of F2-typmg history. The different shift sign obtained for the different
structure was found in the opposite face to the measured onannealing sequence allows to discard that the origin of the
The F-type sample resistivity decreased continuously by inebserved behavior is due to a sample composition change
creasing temperatuighick solid line with a tendency com- during annealing.
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In order to confirm this last point, a third experiment wastronic structure of quasicrystals, producing a small modifica-
made with another sample of the same ingot as the secortibn of the total energy, so that the more perfect are such
one. The sample starts from the F-type icosahedral phaselusters (on a length scale of 10-30 A, the lower the
The sample recovered the initial resistivity value within aconductivity>*

1% of error after a rapid quenching from the icosahedral By combining both the structural and the electronic stud-
annealing temperature. The conductivity does not changgs it could be concluded that the superordered structéis
when no phase transition is produced. and F3,), which are more perfect, exhibit a lower conduc-

The ex situmeasurement made before and after the comtivity than the F-type structure. This point can only be con-
bined diffraction-conductivity experiment shows the samefirmed by a combinedn situ experiment. In that way, the
tendency to that described for the situ experiment. The possible contribution to the conductivity of surface oxide
small differences between both experiments can be due tgoating, defects, and grain boundaries in single-crystal
differences in the contacts or in the oxide layer of thesamples can be safely discarded. It has been observed that
samples. the temperature-independent term of the conductivity de-
creases by 10% when the quasicrystals transform from F
type to a superordered structure. The possible contribution to
the conductivity shift due to a compositional change in the

The origin of the formation of the superordered structuresamples during the annealing in UHV conditions can be ex-
from the icosahedral phageeferred to as F types not well ~ cluded by our realization of experiments in both directions
defined up to the moment. Audiet al!® suggest that it can from icosahedral to superordered and vice versa in different
be formed either from chemical or from topological ordering.samples, the conductivity being always 10% lower for the
This topological ordering can be produced either by a parsuperordered phase. Moreover, the observed conductivity de-
ticular cut of the 6D hyperspace, whose serrated shape woukfease is small, in agreement with the Hume-Rothery picture
be oscillating around the physical space, or due to a modifiof quasicrystals, which implies that the tendency to the lo-
cation of the atomic surfaces in the 6D hyperspace. Thisalization has a small effect on the total enetbyf Within
latter possibility should imply that the atomic surface deco-the structure-conductivity dependence proposed in the
ration changes in such way that they becomes much Iargéiﬁeraturé’l’soit can be confirmed that the superordered struc-
and less dense than in the icosahedral structure. Independdttes have a higher local order than the icosahedraldtfe.
of the chemical or topological origin of the superorderingNo evidence of differences between the two superordered
structure, Ishimasa and Md&fisuggest that the existence of phases F2 and FRcan be deduced. It can be concluded that
these phases implies that the so-called “ideal” and “perfect’the structural differences between them are within a larger
quasicrystalF-type icosahedral structyrstill contain quasi- range than the length scale of 10-30 A, which affects the
lattice imperfections or chemical disordering. Thus, both theconductivity3!
superordered structures F2 andyfF8hould correspond to a Trambly de Laissaidiere and MayBuhave shown the
more perfect order than the icosahedral F-type structure. Imajor role played by the Mn-Mn interaction in the magnetic
the present experiment the formation of both superordereénd conduction properti&sas well as in the emergence of
structure by sample annealing has been well characterizeduasiperiodicity. These authors have shown that the occur-
These well-defined phases have been studied in largeence of localized magnetic moments is intrinsically linked
samples, the superorder being very extense. to the quasicrystal stability. The present experiment shows

On the other hand the relationship between the very lowunequivocally the direct relationship between the structural
conductivity and the local atomic order is still not clear modification that produces the appearance of superorder and
enough. However, Trambly de Laissaidiere and Maifom,  the conductivity. However, a possible explanation for the dif-
a theoretical work where they analyze the relationship beference in conductivity could be related with the Mn atomic
tween the tendency to electron localization and the locaenviroment and position, which is known to play an impor-
atomic order, show that these local environments can lead t@nt role in the transport properties of thal-Pd-Mn. In that
resonance effects of the wave function in “clusters.” Clus-way the Mn atoms could have a different local order in the
ters in quasicrystals must be understood as a local atomie2y, phase resulting in a different conductivity. Although the
order, which is reproduced and is characteristic of the quasiMn hypothesis matches with the present results, it cannot be
crystal structure. The idea is the extension of the effect ofissorted from them which atodl, Pd, or Mn) is at the
one transition metal in ap-metal matrix: in this case, there origin of the observed phenomena.
is a modification of the tota$p density of states due to the =~ The presented results have shown that the superorder
coupling with thed orbitals. In this case the width of the mainly produces a modification in the, term of the con-
peak produced in the density of states is proportional to theluctivity. Taking into account that at high temperature the
time that the electronic wave function spends in the vicinityconductivity is mainly dominated by thao(T) term, the
of the transition-metal atom. The same effects of scatteringroduced change ity can be neglected. A fit of the high-
electron is produced by clusters or group of clusters in quatemperature part of the conductivity for the icosahedral struc-
sicrystals. These clusters can lead to the formation of virtualure and the Fg phase, it is witho(T)=a+ BT® gives an
bond states which are associated with narrow peaks in thestimation of theory term. For the Fg, phase, it is 350.392
density of states. Thus, Trambly de Laissaidiere and M#you (Q cm)~%, while for the icosahedral phase it is 370.13
suggest that the virtual bond states are central to the ele¢) cm) *. In both cases thd ¢(T) term at 900 K gives a

IV. DISCUSSIONS
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contribution of 1159  cm)~L. In that way, the difference hedral structurestill contains quasilattice imperfection or
in o(T) between both structures at 900 K is around 1.3%chemical disorder. So, this experiment confirms the
That explains the lack of a jump in the resistivity around thestructure-conductivity ~ dependence proposed in the

phase-transition temperature. literature®>*°These experiments show a 10% decrease in the
conductivity when the superordered phase is formed with
V. CONCLUSIONS respect to the icosahedral phase. The low percentage of

variation in the conductivity with order is in agreement with

In this paper we present the conductivity behavior ofthe Hume-Rothery picture of quasicrystals, which implies
samples with very well-defined structures. A large effort haghat the tendency to localization has a small effect on the
been devoted to the phase characterization and to determifgtal energy’®? It has also been pointed out that the origin
the conditions for obtaining large samples with a singleof the superorder phase can be related to the local symmetry
phase and a lower concentration of defects. of the Mn atoms.

The combined x-ray-diffraction and conductivity studies
show unequivocally a lower conductivity value when the su- ACKNOWLEDGMENTS
perordered phase is formed. Independent of the chemical or
topological origin of the superordering structure, several The authors thank Y. Calvayrac and A. Kvick for provid-
authors®1® agree that the existence of these phases implielg the sample, the ESRF for the beamtime allocation, and J.
that the so-called ideal and perfect quasicry@alype icosa- J. de Miguel for careful reading.
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