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1. Magnetization measurements on Au65Ga20R15 (R = Gd, Tb) i QCs 

Figure S1 shows the inverse magnetic susceptibility 1/χ = H/M as a function 

of the temperature from 2 to 300 K for Au65Ga20R15 (R = Gd, Tb) i QCs. As can be seen 

from the linearity in both the 1/χ −T curves, the magnetic susceptibility well obeys the 

Curie–Weiss law χ = 𝑁A𝜇eff
2 3𝑘B(𝑇 − 𝛩)⁄   for both i QCs, where 𝑁A  denotes the 

Avogadro number, 𝑘B  the Boltzmann constant, and 𝛩  the Weiss temperature. The 

effective magnetic moments 𝜇eff obtained from the fitting are 7.90B for i Au65Ga20Gd15 

and 9.64B for i Au65Ga20Tb15, which are in good agreement with the theoretical values 

of R3+ (R = Gd, Tb) free ions, 7.94B and 9.72B, respectively. The 𝛩 values are 27.9 K 

for i Au65Ga20Gd15 and 12.9 K for i Au65Ga20Tb15, which means that the inter-spin 

interactions are predominantly ferromagnetic for these i QCs, unlike all the other i QCs 

reported to date. 

Figure S2 shows magnetic field dependences of the magnetization M measured 

at T = 2 K, for (a) the Au65Ga20Gd15 and (b) Au65Ga20Tb15 i QCs. For i Au65Ga20Gd15, M 

quickly saturates to ~7B/Gd3+, nearly the full moment of a free Gd3+ ion (7B/Gd3+), at 

a low field of 100 Oe. On the other hand, for i Au65Ga20Tb15, the M magnitude is 

suppressed to ~6B/Tb3+ at 7 T, about two-thirds of the full moment of the Tb3+ ion 

(9B/Tb3+). Here, the quick magnetic saturation in i Au65Ga20Gd15 is a characteristic 



feature of ferromagnets with weak magnetic anisotropy. On the other hand, the M 

suppression in i Au65Ga20Tb15 is due to a strong uniaxial anisotropy of Tb3+ spins (as 

described in the text). 

 

2. Powder-neutron-diffraction experiments on i Au65Ga20Tb15 and 1/1 

Au65Ga20Tb15. 

Figure S3(a) shows the powder-neutron-diffraction patterns of i Au65Ga20Tb15 

measured at various temperatures in a range 3.5 < T < 40 K, across the anomaly 

temperature of TC = 16 K observed in the bulk magnetic measurements. Below TC = 16 

K, new Bragg peaks, as well as enhancement of the reflection intensity at nuclear Bragg 

positions, are clearly observed in a low-2 region. A closer inspection of their 

temperature dependences reveals that there exist two sets of peaks with different 

transition temperatures. This is exemplified in Fig. S3(b), which shows a magnified 

diffraction pattern for 20∘ < 2 < 33∘. The lower-angle peak at 2 = 21.4∘ disappears at 

14 K, whereas the higher-angle peak at 2 = 31.8∘ still retains some intensity at 14 K, 

indicating that the phase contributing to the lower-angle magnetic reflection has a 

slightly lower transition temperature below 14 K. Since the present i QC sample 

contains a small amount of 1/1 AC phase as indicated by the powder x-ray diffraction 



(Fig. 2), we speculate that the secondary set of magnetic reflections with the lower 

transition temperature stems from the magnetic order of this contaminating 1/1 AC 

phase. 

 In order to test this hypothesis, we prepared pure phase of 1/1 Au-Ga-Tb AC 

with the same nominal composition as that of the i QC phase and performed neutron 

powder diffraction experiments on it. The single AC phase was obtained by annealing 

the sample, prepared by arc melting, at 923 K for 50 h. The neutron powder diffraction 

patterns of the 1/1 Au-Ga-Tb AC at the base temperature (3.5 K) and the paramagnetic 

temperature (20 K) are shown in Fig. S4. The diffraction pattern at 3.5 K clearly shows 

appearance of magnetic Bragg reflections, which can be indexed using the 

antiferromagnetic modulation vector q = (1, 1, 1), similar to the case of the previously 

investigated 1/1 Au-Al-Tb AC1. Note that this magnetic modulation vector breaks bcc 

translational symmetry of the chemical lattice of the 1/1 AC, and therefore, the magnetic 

peaks appear in addition to the nuclear reflection positions.  

By comparing the diffraction pattern of the 1/1 AC to that of the present i QC 

sample, one finds that the peaks appearing at 2 = 21.4∘, 34.8∘, 40.0∘, 42.4∘ and 44.7∘ are 

commonly observed in both the samples showing that these peaks do originate from the 

1/1 AC as conjectured. On the other hand, the peaks at 2 = 31.8∘ and 36.9∘ were found 



to be observed only in the i QC sample. Since these reflections can be indexed with the 

6D indices of primitive icosahedral lattice, such as 111000 and 111100 reflections, and 

their transition temperature (16.1(3) K) is exactly the same as that (TC = 16 K) obtained 

from the bulk measurements, we have come to conclusion that the latter magnetic peaks 

are due to the i Au65Ga20Tb15 and a long-range ferromagnetic order is established in i 

Au65Ga20Tb15. The details of bulk magnetic properties and magnetic structure of the 

antiferromagnetic 1/1 AC phase will be reported elsewhere2. 

  



 

 

Figure S1 | Temperature dependences of the inverse magnetic susceptibility 𝟏/𝛘 = 

H/M, for the Au65Ga20R15 (R = Gd, Tb) i QCs. Magnetic susceptibilities measured 

under 1000 Oe are shown in the temperature range of 2–300 K. The solid black lines are 

fits to the Curie-Weiss law between 50–300 K. 
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Figure S2 | Magnetic field dependences of the magnetization M, for (a) the 

Au65Ga20Gd15 and (b) Au65Ga20Tb15 i QCs. Magnetizations of the Au65Ga20Gd15 and 

Au65Ga20Tb15 i QCs measured at 2 K are shown in the magnetic field range of 0 – 7 T. 

The insets show field dependences of the magnetization in the low field region. 
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Figure S3 | (a) Neutron-powder-diffraction patterns measured at various 

temperatures in 3.5 K < T < 40 K for the i Au-Ga-Tb QC sample. (b) Magnified 

pattern in the low-2 region. Data at the selected temperatures across the anomaly 

temperature of TC = 16 K observed in the bulk magnetic measurements are shown. It 

can be clearly seen that the peak at 21.4∘ disappears at T = 14 K, whereas that at 31.8∘ 

retains some intensity, implying that the peak at 21.4∘ is of a different origin. 
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Figure S4 | Neutron-powder-diffraction patters for the i QC and 1/1 AC samples at 

the base (3.5 K) and paramagnetic (20 K) temperatures. The light-blue and violet 

vertical lines represent the reflection positions of the antiferromagnetic AC phase and 

ferromagnetic i QC phase, respectively. Note that the peaks at 21.4∘, 34.8∘, 40.0∘, 42.4∘ 

and 44.7∘ coincide with the 210, 320, 322, 313 and 421 magnetic peaks of the 1/1 AC, 

indicating that they are due to the antiferromagnetic 1/1 AC. 
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