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ABSTRACT 

Measurements with photoemission spectroscopy in the photon' 
energy range 40-100 eV have been used to make the first~ 
determinations of the valence bands of stable, decagonal alloys 
AJ,.Co Cu2Q and AJ",Co Ni . The features due to the transition~ 
metal "3d electronic states" " have been identified. It has been 
convincingly demonstrated that, contrary to the prediction of recent 
band-structure calculations, there is no pseudogap in the density 
of states at the Fermi level. 

1. h1IroduCtIOn 

The electrical resistivity in decagonal alloys A1..co-cu and AJ-Co-Ni is 
metallic along the periodic direction and exhibits a nonmetallic behaviour, similar 
to that found in icosahedral alloys, in the quasiperiodic plane. ' -3 Anisotropies in 
the Hall effect, thermopower, thermal conductivity, and optical conductivity have 
also been observed.

,
,4 Electronic transport properties have been interpreted 

either in terms of the Hums-Rothery mechanism 1,2 or by invoking a phonon­
assisted mechanism.3 However, recent optical conductivity studies4 found no 
evidence for a well developed pseudogap near the Fermi level (EF)' On the other 
hand, the recent band-structure calculations' suggest the existence of a well 
pronounced pseudogap at ~ in the decagonal A1~u alloy. In this paper we 
report the results of the first photoemission spectroscopy (PES) studies of the 
decagon8I alloys AJ,.Co,5CU2Q and AJ.,oCo,5Ni which clearly demonstrate the 

'5
absence of a pseudogap at EF• 

2. ExperImental 

Ingots of nominal composition AlesCo15CU2Q and AJ",Co,sNi" were 
prepared by melting high~purity source metals in an argon atmosphere using an 
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arc furnace. The ingots were anneafed in vacuum at 1073 K for 48 h. The x-ray 
diffraction study showed that the samples are single phase and exhibit resolution­
limited Bragg-peak widths. 

Photoemission spectra were collected on beamline U14A at the National 
Synchrotron Ught Source at the Brookhavan National Laboratory. The overall 
resolution was about 0.6 eV. Other experimental details were the same as 
described elsewhere.6 The PES spectra presented here were corrected for the 
energy dependence of the electron transmission of the electron energy an~r, 
the time dependent photon flux, and the secondary electron background. The 
spectra corrected in such a way can be compared not only with respect to their 
shape but also in terms of their intensities. This is especially important when the 
intensity scale of the PES spectra is used, as is the case in this paper, to obtain 
information on various feab.l"es in the valence bands and on the partial density 
of states (DOS) due to a specific element in an alloy. 

3. Results and DIscussion 

The two broad peaks in the valence band of ~CO'5CUa, (Fig. 1) must be 
predominantly due to the Co and Cu 3d-derived states because the AI sp spectral 
contribution is much smaller due to the small photoionization cross section, 0, for 
AI sp orbitals for the photon energies, hv. used here? To determine the feature 
due to the Co 3d-like states, a resonant photoemission6 which involves the Co 
3p+3d transition which occurs at about 59 eV, has been used. It can be seen in 
Fag. 1 that. as hv increases, the relative intensity of the peak at the binding 
energy (BE) of about -0.7 eV with respect ,to the peak at about BE = -3.7 eV 
decreases first. reaches its minimum at hv =60 eV, and then starts to increase for 
higher values of hv. Since in the vicinity of the Co 3p+3d transition the changes 
of 0 with hv ere very small, the suppression of the BE=-O.7 eV feab.l"e at hv =60 
eV indicates that it is mainly of the Co 3d character. This has been additionally
confirrnecf' by performing the resonant photoemission in the so-called constant­
initial-state mode.6 It is thus concluded that the features in the valence band of 
decagonal AlesCo,5CUa,1ocated at BE=-O.7(1) eVand BE=-3.7(1) eV are due 
respectively to the Co 3d and Cu 3d states. 

Before the advent of synchrotron radiation as a tunable excitation source, 
the partial spectral weights due to d or f states of a given element in an alloy, 
which ere generally proportional to the partial DOS associated with a given state 
of that element, were determined almost exclusively using the soft x-ray emission 
technique. The use of synchrotron-radiation-based PES allows one also to 
determine the partial DOS for some orbitals. a By taking the difference between the 
on- (hv=63 eV) and off-resoii8nce (hv=6O eV) valence bands in FIQ. 1, which 
have been scaled either to the height of the Cu 3d peak or to the height of the 
Co 3d peak, one obtains respectively the partial DOS of the Co 3d and Cu 3d 
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character (open circles in FIQ. 2), which have been normalized to the 
corresponding number of 3d electrons per atom. Because of a large scattering 
in the difference spectra, they were smoothed (closed circles in Fig. 2) to allow 
for a better comparison with the Co and Cu 3d DOS obtained from theory.15 

hv (eV) 

~ 
iii 
z 
UJ 

f ­

Z 

-10 "':'5 0 

BINDING ENERGY (eV) 

FIg. 1. Valence banda fA decagonat 
~eo,,~ measured for dlffenlnt photon 
enargIe8 hv around the Co 3p--3d transition. 
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FIg. 2. PartIal DOS fA the Co and Cu 3d 81a1:es 
In decagonal Ale,eo,,~ (0) obtained from 
the h., =60 eV and 63 eV valence banda In FIg. 
1, and later smoothed (e). The broadened 
theor8tIcaI DOS (solid line) Is from Ref. 5. 

In a recent study the electronic structure of the hypothetical approximant 
AJtJlJCo'4CU:.> of a decagonal alloy AJ-Co-Cu has been calaJlated.1i The theoretical 
DOS, which was kindly provided to us by T. Fujiwara, exhibits a well pronounced 
pseudogap at EF• In order to make a meaningful comparison between a 
theoretical partial DOS and the partial DOS determined experimentally, the former 
has to be appropriately broadened to account for the lifetime broadening effects 
inherent to the PES technique and for the finite resolution of a PES experiment.II 
The theoretical Co 3d and Cu 3d DOS have been convoluted first with a 
LDrentzian, to account for the lifetime broadening, and then with a GauSSian, to 
account for the instrumental broadening. The Lorentzian full width at half 
maximum (FWHM) was taken in the form if( BE ~EF)2. The If pararne.ter, which 
fixes the scale of the broadening, was chosen to be equal to 0.05 eV' since for 

http:calaJlated.1i
http:theory.15
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this value one obtains good agreement between the theoretical and experimental 
widths of the Cu 3d DOS. The Gaussian FWHM was 0.6 eV. As can be seen from 
Fig. 2, there is a striking disagreement between the theoretical and experimental 
Co 3d DOS. Contrary to the theoretical prediction of a pronounced Hume-Rothery 
pseudogap at EF in the Co 3d DOS, no such pseudogap can be seen in the 
experimental Co 3d DOS (Fig. 2). In fact, there is a significant Co 3d DOS at ~, 
which can be also cIearty seen In the valence bands (fig. 2). 

In order to compare the theoretical total DOS with the PES valence band 
measured at hv = 100 eV, the theoretical partial AI, Co, and Cu DOS associated 
with different angular momentaSwere multiplied by the corresponding (J values1 

and their sum, which represents the theoretical total PES DOS, was broadened 
in the same way as described above. As can be seen in Fig. 3, there is a 
significant discrepancy between theory and experiment In particular, the theory' 
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fig. 3. ComparIson belw8en the valence band 
of decagonal AlesCo,sCum measured at 
hv -100 eV (0) and the broadened theoratIcaI 
total DOS (solid line). as deeCrIbed In the text. 

predicts a wide pseudogap around ~ which is clearly not present in the 
experimental valence band (Fig. 3). 

The main feature in the valence band of decagonal AI.,oCo'5Ni,s (Fig. 4) 
results frQm a strong overlap of the Co 3d and Ni 3d states.8 A comparison of the 
valence bands of decagonal Al85Co,SCu'.ilfJ and AI.,oCo,sNi'5 (Fig. 4) shows that 
there is also no pseudogap at ~ in decagonal AI.,oCo,sNi'5; this is similar to the 
situation in .decagonal ~CO'5CU'.ilfJ' It is thus concluded that the PES data clearly 
show the lack of a pseudogap at ~ in two decagonal alloys of high structural 
quality, ~ch can be interpreted as evidence that the Hume-Rothery mechanism 
does not play an important role in the stability and transport properties of 
decagonal alloys. This agrees with the results of the optical condu~ studies" 
and is at variance with the interpretation of the electronic transport data ,2 and the 
prediction based on the energy..iJand calculations.5 
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Energy-band caJcuJations also predict that a property specific only to 
quasicrystals is the spikiness of their 008. This spikiness is expected to be very 
prominent in icosahedral alloys, and lass marked, but still present, in decagonal 
a11oys.5 The width of a spiky peak is expected to be of the order O.01'().02 eV. No 
such spikiness could be detected in the present investigation. As is discussed in 
detail8Isewhere,8 such spikiness, if it indeed exists, can be detected only by the 
PES and inverse PES techniques using superior energy resolutions. 
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