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Section 1. XRD patterns of K3HTe and K3FTe

Figure S1 XRD patterns of (a) K3HTe synthesized under high pressure using a mixture of 
KH and K2Te in a molecular ratio of 2:1 and reported cubic Na3HTe,1 and (b) K3FTe 
synthesized under high pressure using a mixture of KF and K2Te in a molecular ratio of 
1:1 and reported cubic Na3FTe.2 The diffraction peaks are indexed in a cubic symmetry 
and labelled with the Miller indices of the lattice planes.
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Figure S2 XRD patterns of (a) K3FTe synthesized under ambient pressure (top) and under 
high pressure (bottom), and (b) K3FTe synthesized under ambient pressure (top) and 
under high pressure (bottom). The diffraction peaks are indexed in a cubic symmetry 
and labelled with the Miller indices of the lattice planes. Almost the same diffraction 
patterns (i.e., almost the same lattice constants) are obtained for both conditions in 
both compounds.
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Figure. S3 Le Bail refinement for K3HTe (a) synthesized under ambient pressure and (b) 
synthesized under high pressure and for K3FTe (c) synthesized under ambient pressure 
and (d) synthesized under high pressure, respectively. The red circles, green solid lines, 
and blue solid lines represent the observed, calculated, and difference intensities, 
respectively. The green and yellow ticks indicate the calculated Bragg reflections from 
Kα1 and Kα2 Cu x-ray, respectively. The peak of Kapton tape in the low angle is removed 
from the refinement.
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Section 2. Size-flexibility of soft anions

Figure S4 Size flexibility of (a) H in rock-salt type MH (M = Li, Na, K, Rb, Cs)3,4 and (b) Te 
in anti-fluorite type M2Te (M = Li, Na, K, Rb)5,6 depending on the Shannon ionic radius7 
of alkali metal cation species (alkali metal: green, H: blue, Te: yellow). Unexpected 
contracts in the soft anions, H and Te, is seen in Li systems in each series. This is 
attributed to the surface charge density of the alkali metal as seen in antiperovskites 
M3HTe and M3FTe (M = Li, Na, K).
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Section 3. The migration barriers in K3HTe and K3FTe

Figure S5 (a,b) Migration energy barriers of M3BCh (M = Li, Na, K; B = H,F; Ch = S, Se, Te) 
for (a) vacancy and (b) interstitial dumbbell mechanisms as a function of force constant 
krot. The migration energy barriers of Li- and Na-rich antiperovskites are taken from our 
previous papers.1,2 krot is related to the rotational phonon mode of BM6 and was 

estimated by the equation of simple harmonic motion ωrot = , where ωrot is 𝑘𝑟𝑜𝑡/𝑚𝑀

the phonon frequency of the rotational mode at the M point and mM is the atomic mass 
of M. Small krot indicates that the octahedron is more easily rotated (see our previous 
papers1,2 for more details). The black line is a least-squares approximation of the points. 
The activation energy decreases with decreasing krot for both mechanisms, suggesting 
that krot is an important factor in determining the activation energy in M3BCh. (c,d) Same 
as (a,b) but compounds are categorized into six groups: Li3HCh, Li3FCh, Na3HCh, Na3FCh, 
K3HCh and K3FCh. (e,f) Same as (a,b) but compounds are categorized into five groups: 
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M3HS, M3HSe, M3FSe, M3HTe, and M3FTe. In (c) and (d), the activation energy decreases 
with increasing krot for each group, but the gradient and magnitude of energy are 
different. In (e) and (f), the activation energy decreases as krot decreases in most groups, 
though increases in M3FTe with the vacancy mechanism. These results indicate that 
there are other factors influencing the activation energy than krot, such as the structural 
distortion in the vicinity of migrating M+ ion.
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Section 4. The ionic conduction of pristine and iodine substituted K3HTe

Figure S6 Cole-Cole plots for (a) pristine K3HTe and (b) iodine doped K3HTe. 
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