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Signatures of Local Magnetic Environment in Transport Properties of i-GdCd Quasicrystal and GdCd6 Approximant
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Introduction 

Quasicrystals (QCs) are ordered but aperiodic lattices. Quasicrystallinity influences the electronic structure remarkably. Presence of magnetic moments in QCs poses intriguing questions concerning screening of moments, intersite spin correlations and whether or not a long-range magnetic order can be established on aperiodic lattice [1]. Quasicrystal approximants are periodic systems that share local structural motifs with the quasicrystal, thus providing an excellent contrast to study the effects of aperiodicity [2]. 
Experimental


We focus on the transport properties of icosahedral quasicrystal i-Gd-Cd and its cubic approximant GdCd6.  DC magnetization measurements have revealed a spin-glass behavior for i-Gd-Cd quasicrystals, with spin freezing temperature Tf = 4.6 K and an antiferromagnetic ordering at TN = 20 K for GdCd6 [3]. We have performed resistance and Hall measurements up to a magnetic field (H) of 12 T for temperatures (T) ranging from 1.6 K to 300 K and explored the thermo-magnetic history dependence of transport properties.    
Results and Discussion
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Figure 1 shows a comparison of the resistances for i-Gd-Cd as a function of T for states prepared by zero-field cooling (ZFC) and field cooling (FC) the samples in 12 T. For the first time we observe an irreversibility in ZFC and FC resistances for the spin glass i-GdCd (measured in H=0) extending up to temperatures Tirr~20 K much higher than Tf. In GdCd6, an upturn in resistance is observed at T=50 K on cooling down; on further cooling below the Néel temperature resistance decreases sharply. Change in sign of the Hall coefficient is observed at a T close to the resistance upturn in GdCd6.
Conclusions

 Irreversibility in the ZFC and FC resistance (Fig. 1) suggests the presence of short-range magnetic correlations in i-GdCd much above the spin freezing temperature. The upturn in the resistance in the RCd6 family of approximants has been attributed to the formation of magnetic superzone gaps due to magnetic unit cell being larger than the chemical unit cell [4]. This possibility is further substantiated by our Hall measurements. Our results establish that the charge transport is very sensitive to local magnetic environment in these systems.
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Fig.1 ZFC and FC resistance of i-GdCd as a function of temperature measured in zero field. FC state was prepared by cooling from 50 K to 1.6 K in magnetic field of 12 T.









