
 

 

 

 

 

 

Electron Localization and Conduction Mechanism of 

Icosahedral Quasicrystal Al-Pd-Ru 

Y.Sekiyama and I.Kanazawa 

Department of Physics, Tokyo Gakugei University, Tokyo 184-8501, Japan 

 

Kanazawa@u-gakugei.ac.jp 

Abstract. We have argued the temperature dependence of conductivities of the icosahedral Al-

Pd-Ru quasicrystals from the standpoint of the quasicrystal-like system with sp-d hybridization, 

using the thermal Green’s function technique. 

1.  Introduction 

A variety of Al-based quasicrystals shows unusual electronic properties which seem to be different 

from those of metals and semiconductors. 

One of the most anomalous properties of Al-based quasicrystals is a very low electrical 

conductivity close to the metal-insulator transition [1,2]. However, there is no evidence for a gap as in 

semiconductors, and the structure is highly ordered, although it is nonperiodic. These are unlike 

Anderson insulators, where disorder is the reason for a localization of electronic wave function. 

It has been suggested that the anomalous conductivity of Al-based quasicrystals is due to the 

combination of a Hume-Rothery pseudogap and the presence of localized states at the Fermi level [3]. 

It has been proposed that the unusual transport properties of Al-based quasicrystals might be much 

related to hopping processes between wave functions localized inside atomic clusters [4,5]. 

Especially Trambly de Laissardiere et al. [5] argued the creation of virtual bond states due to an 

icosahedral cluster of transition metal (TM) atoms and an icosahedral cluster of the TM clusters. In 

addition, in views of the ab initio calculations [6,7], Tamura et al. [8] have suggested strongly the 

creation of the virtual bond states or confinement of electrons, in the icosahedral clusters of TM atoms. 

Kanazawa and coworkers [9-16] have considered the transport property in the randomly distributed 

system of the cluster composed of correlated N number of configurations such as the prolate and 

oblate rhombohedra, in which the nearest distance between each configuration is ~2π/2kF (the 

quasicrystal-like state). The quasicrystal-like state is regarded as the system composed of the Gaussian 

correlated distribution of the icosahedral cluster such as the Bergman type and the Mackay type, which 

include 2kF-phase shift scattering. 

Taking into account the mean free path 15~20Å of electrons in quasicrystals, it looks like that the 

anomalous transport properties of quasicrystals are not directly related to quasicrystal structure in the 

longer range than the mean free path 15~20Å. Thus the transport property in the quasicrystal-like 

system might be closely analogous to one in the quasicrystal. 

Tamura et al. [17] have measured the temperature dependence of the resistivity of the icosahedral 

Al-Pd-Ru quasicrystals, and 1/0 and 2/1 cubic approximant phases. 

13th International Conference on Quasicrystals                                                                                   IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 809 (2017) 012030          doi:10.1088/1742-6596/809/1/012030

International Conference on Recent Trends in Physics 2016 (ICRTP2016) IOP Publishing
Journal of Physics: Conference Series 755 (2016) 011001 doi:10.1088/1742-6596/755/1/011001

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



 

 

 

 

 

 

In this study, we have analyzed the temperature dependence of the conductivities of the icosahedral 

Al-Pd-Ru quasicrystals from the standpoint of the quasicrystal-like system, using the thermal Green’s 

function technique, and taking into account the sp-d hybridization. 

2.  A model system and electrical conductivities in Al-Pd-Ru quasicrystals 

In the quasicrystal-like system, we shall consider the effect of the 2kF-phase shift scattering by the 

randomly distributed icosahedral cluster composed of correlated N number of configuration such as 

the prolate and oblate rhombohedra, in which the nearest distance between each configuration is 

~2π/2kF, in the Feynman graph with thermal Green’s function technique. 

It has been proposed that the sp-d hybridization plays an important role in the transport property of 

quasicrystals [18,19]. 

The 2kF-phase shift scattering induces a strong density wave of sp electrons with wavelength 

~2π/2kF. 

When the high density region of the standing wave of sp electrons is located on the transition metal 

atoms, the sp electrons hybrize more strongly the d orbitals of transition metal atoms. Thus 2kF-phase 

shift scattering and the sp-d hybridization are much correlated to each other. In this case, the value  , 

which is defined as         , becomes large. Note that              
 
. Here   is the density of 

state per spin at the Fermi energy and   is the life time of the sp electron wave due to the sp-d 

hybridization et al. The matrix element       represents the sp-d hybridization, and    is the density of 

the icosahedral cluster, which is composed of N number of configurations such as the prolate and 

oblate rhombohedra, connection by distance ~2π/2kF. This icosahedral cluster might be identified with 

one such as Bergman type and the Mackay type [20-22]. N depends on the kind of materials. When 

many defects are introduced in the system, the icosahedral cluster, which is composed of correlated N 

number of configurations connected with the distance ~2π/2kF, is broken. As a result, the value of   

will decrease remarkable and the resistivity of the system decreases. 

Performing an average over the position of the icosahedral cluster, we assume the potential of the 

icosahedral cluster as a random quantity having a Gaussian δ-correlated distribution, 

 

            
          

 

   
        

Where      is the effective potential of the clusters, and   is the state density per spin at the Fermi 

energy. The propagator         of the 2kF-phase shift scattering with the sp-d hybridization can be 

introduced as 

        
 

          
    (1) 

where,    is 2πlT. l is an integer.   
          

 

  
.    is volume of the system.  

The thermal Green’s function                         is the temperature) is given by 
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where        and      , and    is the vector of the Fermi momentum. 

The integration over    is over angle of  . If            ,         is evaluated for small   

and    as  

                             (4) 

where     
     is the diffusion constant.    and   are Fermi velocity and dimensions of system, 

respectively. Thus,         is represented as 

        
 

               
    (5) 

By using        , the replacement      , and the Green’s functions       we can estimate the 

conductivity approximately in    , 
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This shows T-liner effect for the conductivity. 

 

We shall analyze the conductivity of Al-Pd-Ru quasicrystals of Tamura et al. [17] in order to 

discuss the effect of the electron localization in the quasicrystal-like system. 

 

 
 

Figure 1. Solid triangles represent data of conductivities of Al70.5Pd18Ru11.5 quasicrystal [17]. Solid circles 

represent data of conductivities of Al63Cu25Fe12 quasicrystal [23]. Solid lines show fitted ones. 

 

Figure 1 shows the conductivity for the Al70.5Pd18Ru11.5 quasicrystal. 
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Each data point is represented by the solid triangle [17]. The solid line shows the fit. For 

comparison, experimental data and fitting of the Al63Cu25Fe12 quasicrystal [15,23] are also shown in 

Fig.1. 

As the inelastic scattering length Lint (T) decreases when temperature increases, samples can leave 

from the metallic regime at low T into the critical regime at enough high T. Taking into account the 

analysis by scaling of the conductivity in quasicrystals [24], we think that the Al-Pd-Ru quasicrystal in 

Fig.1 is on the metallic side, where the condition, Lint (T) > the electron mean free path is satisfied 

below ~70K. That is, it is inadequate that the temperature curves for the conductivity   of the Al-Pd-

Ru quasicrystal in the temperature region above ~70K are analyzed by the weak localization theory or 

the present theoretical formula. A solid line for Al-Pd-Ru quasicrystal in Fig.1 shows the temperature 

curve for   described by a power law          . This relation is consistent with T-liner effect in 

eq.(7) for the conductivity, which is derived theoretically from the quasicrystal-like system. A solid 

line for Al-Cu-Fe quasicrystal was fitted by a power law              from 20 to 70K [15].      

dependence is introduced from higher-order perturbation effect of conducting mechanism in the 

quasicrystal-like system. 

In addition, we stress strongly that the present conducting mechanism can explain evidently the 

reduction of the resistivity due to introducing many defects in quasicrystals. 

3.  Conclusion 

The T-liner power law fits well conductivity of Al-Pd-Ru quasicrystal below 70K. 

It is suggested strongly that the anomalous transport properties are much related to localization 

effect in the quasicrystal-like system. 

. 
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