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ABSTRACT 
The NlWW of MlIIIbauer .,.cl-py, e1ectrieal conductivity, and eynchrotrcm
radiatioD-Maed __ p~n IQHICiroICopI etud!ea of tbe icoubeclraI .uoy. 
AlaCIlla.I~.MD. (»=2.5, 5, and 1.5) ant pNll8Dted. The dlatrlbuUon of tbe _tric 
qUlldrupole apHUinp indicate. \be p_ of tbe topoiocbl/cbemlca1 dlaorder, which III 
aIIo obeerwd in tbe Hmperalure dependence of \be e1ectrlca1 conductivity. The main f_ 
t_ of the va1enee band ant idenlilled with tbe Fe(Mn) 3d and Cu 3d Hate.. The r
of the tbeore$ica11y predided minimum of tbe deneit;y of atatee around \be Fermi level and of 
their .,W- II not obHrved within tbe ..-Iution of \be photoemillion experiment. 

1. Introduction 

The icosahedral (i) alloys of high structural quality exhibit some unusual electronic 
properties. l Their most striking features are the low electrical conductivity (a) that decreues 
with improved structural quality of the sample, and its generally positive temperature c0

efficient. Additionally, a is extremely sensitive to sample composition. These and other 
anomalies have been interpreted almost exclusively in terms of a Hume-Rothery mechanism, 
which implies the existence of a pseudogap in the electronic density of states (DOS) at the 
Fermi level EF. 

'lJ:ansition-metal constituents of ..alloys seem to play an important role in determining 
their electronic properties.2 In this paper we report the first investigation of the electronic 
properties of the ..alloy AI8'.lCu2U~2.6 in which the Fe atoms are partially rep1aced by the 
Mn atoms. 

2. EXperimental 

Ingots of nominal composition Ala2CU26.6F'elu-.,Mn., (x=2.5, 5, and 7.5) were produced 
by melting high-purity source elements in an argon atmosphere. They were used to produce 
ribbons by melt spinning. The x-ray diffraction studies showed3 that the x=2.5 and 5 samples 
contained a few %of the second phaee, whereas the x=7.5 sample was a mixture of the second 
phase and ;'phase in approximately equal proportions. 

MCiesbauer measurements were performed at room temperature using a standard spec
trometer. Thin MCiesbauer absorbers were used.3 Electrical ~nductivity measurements were 
conducted with a standard dc four-probe method between 10 K and room temperature. Pha
toemission spectra were collected at room temperature on beam line U14A at the National 
Synchrotron Light Source at the Brookhaven National Laboratory. They were corrected for 
various instrumental factors, as described elsewhere.l,a 

630 

http:AlaCIlla.I~.MD
http:Physi.cs


531 

3. Results and Diacuasion 

A typical MOssbauer spectrum (Fig. I) consists of two broad and structureless lines and 
is very similar to the spectra of non-magnetic metallic gl.a.sses. Its broad lines are caused by 
the presence of the distribution of the electric quadrupole splittings p(a}." The spectrum 
in Fig. 1 could be fitted successfully with two components: a doublet due to the presence 
of pea), which is shown in Fig. 2, and a doublet due to the presence of a small amount of 
impurity . 
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Fie. 1 (left): 1i7Fe Miiubauer spectrum of ;.AIcCu2G.IiFe1oMn:u fitted with a dWribution of the electric 

quadrupole spllttinp (doublet) and an impurity contn'bution (doublet). The dift'enmoe between the spectrum 

and. the fit is aIeo shown. 

FIs. 2 (ri&ht): Dittrlbution of the electric quadrupole splitilnp COtTellpOnd.illl to the main doublet compo. 

neni in Fi&- 1. 


The distribution pea) observed here (Fig. 2) and in other ..alloys of high structural 
quality. which exhibit only resolution-limited Bragg-peak widths.M proves that there is a 
chemical and/or topological disorder even in the "perfect" quasicrystals. Such a disorder 
can be expected to influence other physical properties. 

The temperature dependence aCT) for the studied alloys (Fig. 3) is similar to that 
observed for the ..AI-Cu-Fe alloys.5 A significant amount of a second phase can explain the 
larger aCT} values for the x=7.5 sample as compared to the values for the x=2.5 and 5 
samples. As is similar to the situation in the "AI-Cu-Fe alloys,5 the aCT) curves for the 
x=2.5 and 5 samples are parallel. 

Below about 200 K. the temperature dependence aCT) can be well fitted to the formula 
based on quantum interference effects.3 These effects result in changing the slope of the curve 
in Fig. 4, from about 0.5 (electron-electron interaction effect) to about 1.0 (weak localization 
effect). The applicability of these effects to the studied alloys is consistent with the presence 
of some disorder inferred from the MOssbauer data. 

Typical valence bands consist of two broad features (Fig. 5) located at the binding 
energy (BE) of about -0.6 and -3.8 eV. Resonant photoemiasion spectra (Fig. 5) indicate 
that, as the photon energy h/l increases, the relative intensity of the peak at BE=-0.6 eV 
with respect to the peak at BE=-3.8 eV decreases first, reaches its minimum at h,.,=53 eV, 
and then starts to incree.se for higher values of h,.,. The suppression of the BE=-O.6 eV 
feature at h,.,=53 eV indicates that it is mainly of the Fe 3d character (the Mn 3d-like states 
also contribute to this feature). This is confirmed by the resonance photoemission spectra 
measured in the so-called constant-initial-state1 (CIS) mode: the largest resonance occurs 
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(curve A in Fig. 6) for the initial energy corresponding to the position A in Fig. 5. The 
feature located at BE=-3.8 eV is mainly of the Cu 3d character. 
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Fla. 3 (left): 'Thmperature dependence of the electrical conductivity of ..Ale2Cu2tl.aFIIl2.ll-.MIlc with (a) 

x=5, (b) x=2.6, and (e) x=U. 

Fis... (rliht): 'Thmperature dependence of the nonnalized conductivity relative to thai at 0 K on a log-log 

&eaIe of the x=2.5 sample. The aolid lines of different slope are the fits to the Tn dependence. 


Since there are no theoretical DOS calculations for the approximant of the ;"AI-Cu·Fe-Mn 
alloys, we compare the valence band of the ?t=2.5 sample with the lowest Mn concentration 
with the theoretical valence band (Fig. 7) which is based on the theoretical DOS calculated 
for an approximant of the ;"AI-Cu-Fe alloy.2 The calculations predict (Fig. 7) the presence 

-I/) ;t: 
c: 
:::3 

..Q... 

hv CeV) 
60 

~: 56 

53 

".... 
I/) 
;t: 
c: 
:::3 

..Q... 

-..,.~ E ... .,.~,;......~~ 
D 

0 
'-' : 50 ~ 0......, 

~ : 47 ~ 
(f) 
z 
w =.. 44 ~ 

in z 
w 

~ ""':40 
: 35 :::/\1-0C8.\'-. ~ 

-10 -5 0 40 45 50 55 60 

BINDING ENJ::RGY (eV) PHOTON ENERGY (aV) 

Ffar. I (left): Vaience bands of "AIa2Cu2tlJlFeloMnu measured for different photon energies around the Fe 
3p .... 3d tnmsitlon. A, B, C, D, and E ident.ify positions for which CIS spectra wera measured (Fig. 6). 
Fla.• (right): CIS spectra measured for the valence band positiona A, B, C, D, and E in Fig. 5. which are 
Ident.ifled here by the same latten. The aolld nne 18 a fit to a Fano profile and a linear background. 
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of a peeudogap with a width of about 0.5 eV whose center is located at about 0.3 eV above 
EF and of many fine spiked peaks. In order to make a meaningful comparison between an 
experimental and a theoretical valence band, the latter has to be appropriately broadened 
to account for the lifetime broadening effects inherent to the photoemission spectroscopy 
technique and for the finite resolution (0.4 eV) of a photoemission experiment. I Such a 
comparison (Fig. 8) shows that the positions of the two main features due to the Fe and Cu 
3d states are reproduced relatively well by theory. No peeudogap at EF is observed in the 
valence band (Fig. 8). This may be due either to the insufficiently high energy resolution 
of the experimentl or to the possibility that such a pseudogap does not exist. It should 
be streBBed that the low q values do not necessarily imply the minimum of DOS(EF)' The 
theoretically predicted spikiness in the DOS is not observed. If it exists. it can be detected 
only on the vicinity of EF and would require a photoemission experiment of the highest 
possible energy resolution. l 
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Fig. 1 (left): Theoretical 1111=100 eV PES ~_ band of an .. Al-Cu-Fe alloy obtained by summing the 

theoretical partial AI, Cu, and Fe DOS 8II8Ociated with dift'erant angular momenta from Ref. 2 weighted by 

the conesponding photoionlzation Cl'OIIII aectiollll and by the composition and the number of eiectrollll, 88 


described In Refa. 1 and S. 

Fl,g. 8 (ri,cht): Comparillon between the valence band of "AIe2C1l25.3FetoMnu meaaured at " __100 eV (0) 

and the broadened theoretical veJenee band (solid line) from Fig. 7, 88 desclbed in the text. 
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