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1: melt; 
2: rotating and pulling alumina rod;
3: grown quasicrystal; 
4: alumina crucible; 
5: graphite support; 
6: resistance heater; 
7: rotating silica rod; 
8 :type N thermocouple
9: type S thermocouple
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Samples orientations

No sign anisotropy of thermopower as seen from Hall effect
but rather different curvature -> quasi-Fermi surface anisotropy

Larger influence of scattering on phonons in periodic 
direction.

d-Al73Co13.5Ni13.5

Y-P. Wang et al., Phys Rev. B 48 (1993) 10542.

Hall effect shows different nature of charge carriers along 
different crystallographic directions. While it is almost constant 
for magnetic field in quasiperiodic direction and has weak 
temperature dependence for the field along periodic direction. 

Comparison of d-Al73Co13.5Ni13.5 and d-Al73Co20Ni10 

A = 36.3(Ωcm)-1

B = 129.7 (Ωcm)-1

𝛼 = 0.0006
𝛽 = 1.08

𝐴 = 4800 (Ωcm)-1

𝐵 = 180 (Ωcm)-1

𝛼 = 0.0015
𝛽 = 1.08

Minimum in electrical resistivity at 
low temperatures suggest presence 
of weak localization effect

Larger electrical resistivity temperature coefficient of d-
Al73Co13.5Ni13.5 would suggest higher crystal perfection. 

Weak localization effect is present in both systems and even 
more pronounced in d-Al70Co20Ni10 due to larger influence of 
disorder (most probably of the split/partial occupancy type)

Lower Hall coefficient of Co richer sample for magnetic field B in 
quasiperiodic direction would imply that electronic structure is 
changed, most probably hole pockets are smaller. Interestingly 
for B in periodic direction Hall coefficient stays the same.

Thermopower contrary to the Hall is more robust on concentration variation in quasiperiodic direction while in periodic 
direction it even changes sign. 

Quasi-Brillouin zone and quasi Fermi surface 
of decagonal quasicrystal

References: 
[1] D. Shechtman et al. Phys. Rev. Lett. , 53 (1984) 1951. 
[2] S. Martin et al. Phys. Rev. Lett., 67 (1991) 719.
[3] J. T. Markert et al. J. Appl. Phys., 76 (1994) 6110.
[4] D. G. Naugle et al. J. Non-Cryst. Solids 205-207 (1996) 17.
[5] L. Shuyuan et al. Phys. Rev. Lett., 77 (1996) 1998.
[6] M. Bobnar et al. Phys. Rev. B, 85 (2012) 024205.
[7] P. Gille et al., J. Cryst. Growth 207 (1999) 95.
[8] Y-P. Wang et al., Phys Rev. B 48 (1993) 10542.
[9] Yurechko et al., J. Alloy. Compd. 367 (2004) 20.
[10] Jazbec et al., Phys Rev. B 86 (2012) 064205.

For long time, genuine transport properties of quasicrystals were screened with various defects and irregularities present in their crystal structure. [2-5] Only recently we were able to address transport properties of high quality single crystals of decagonal d-Al70Co20Ni10 quasiperiodic crystal. [6]

Here we have measured electrical resistivity thermopower and Hall effect of d-Al73Co13.5Ni13.5 trying to determine how chemical composition influences transport properties of high quality monocrystals of Al-Co-Ni decagonal phase. Electrical resistivity along quasiperiodic direction in both compositions has

PTC/NTC crossover above room temperature that we ascribe to slow charge carriers. At low temperatures, there is shallow minimum in electrical resistivity indicating effect of weak localization. Hall effect suggests that charge density is higher in Ni richer sample.
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Slow charge carrier G. Trambly de Laissardière et al., Phys Rev. Lett.97 (2006) 026601.
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Summary: here we presented transport properties of monocrystals 

of decagonal phase with compositions on opposite sides of phase 
stability range regarding aluminum composition. However,  nickel 
composition range is much wider and is not fully covered with this 
investigation. Transport properties are not very sensitive to chemical 
composition in investigated range. Major difference is in Hall effect for 
magnetic field along quasiperiodic direction and in thermopower 
along periodic direction
Electrical resistivity at low temperatures shows minimum near 15 K. To 
resolve whether it is weak localization or not magnetic field 
measurements would be very helpful as well as Hall effect down to 
low temperatures. 

Coefficient 𝛽 should be 1 for 
periodic crystals. Small 
deviation of order of 10% is 
found in other complex 
metallic alloys.[10]

Electrical resistivity and thermopower measurement setup




