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Figure S1.  Diffraction pattern of (a) MM-Ga0.15Te0.85 and (b) MM-Ga0.30Te0.70, prepared by mechanical 
milling (MM).  The main crystalline phase in case of MM-Ga0.15Te0.85 is trigonal tellurium, space group 
𝑃312.S1 Tetragonal Ga2Te5, 𝐼4/𝑚,S2,S3 appears to be the major crystalline species in MM-Ga0.30Te0.70. 

 

 

Figure S2. Diffraction patterns of Ga0.25Te0.75 sample after in situ diffraction measurements as a function of 
temperature and related crystalline references: cubic Ga2Te3,S4 high-pressure rhombohedral Ga2Te3,S5 and 
trigonal tellurium.S1 
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Figure S3. (a) Raw Raman data for bulk glassy Ga0.25Te0.75 before baseline subtraction, (b) a two-peak 
Gaussian fitting of the baseline subtracted and normalized Raman spectrum for Ga0.25Te0.75, and (c) 
difference between experimental and deconvoluted spectra. 

 

 

Figure S4. Structural evolution of ETH-Ga2Te6H6 cluster during DFT optimization at 0 K.  The first 
scenario consists in a complete separation of the ETH-Ga2Te6H6 cluster into two GaTe3H3 units of 
approximate 𝐷3ℎ  geometry distant of 7.12 Å.  In the second scenario, a tellurium species moves from one 
gallium toward the other one forming a Te-Te pair. The terminal hydrogen atoms are not shown. 
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Figure S5. Gaussian fitting of the nearest neighbor peak of the X-ray total correlation function 𝑇X(𝑟) for 
glassy Ga0.2Te0.8: Ge-Te and Te-Te correlations are shown by the green and gray solid lines, respectively, 
the difference between experimental and deconvoluted data is drawn as the solid magenta line. 

 

 

 

Figure S6. Nearest neighbor distributions around two-fold and trigonal Te species at 300, 600 and 1100 K 
(enlarged insets to Figure 12). 
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Figure S7. Structural references: tetragonal Ga2Te5, space group 𝐼4/𝑚,S2,S3 monoclinic HP-Te II, 𝑃21,S6 and 
rhombohedral HP-Ga2Te3, 𝑅3�𝑚,S5 and HP-motifs in supercooled viscous Ga0.2Te0.8 at 600 K (FPMD, this 
work). 
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Figure S8. Orientational order parameter 𝑞 for (a) GaTe3 and (b) GaTe5 entities in liquid Ga0.2Te0.8, (b,d) 
corresponding 𝐵(𝜃) distributions for Te-Ga-Te bond angles. 

Under- and over-coordinated GaTe3 and GaTe5 units in liquid Ga0.2Te0.8 also have variable 
geometry evidenced by broad 𝐵TeGaTe(𝜃) distributions of the Te-Ga-Te bond angles, Figure 
S5b,d.  Following Ref. [S7-S9], we have used the orientational order parameter 𝑞  
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to determine basic geometry types of these entities.  The GaTe3 units often have a pyramidal 
geometry shown in the inset of Figure S5a.  Regular pyramids of 𝐶3𝑣 symmetry have different 𝑞-
values dependent on the Te-Ga-Te angle 𝜃: 𝑞 = 1 for tetrahedral 𝜃𝑇𝑑  = 109.47°, 𝑞 = ⅞ for 
octahedral 𝜃𝑂ℎ(2) = 𝜋/2, and finally going to 𝑞 = 0 at 𝜃 ≅ 52.45°.  In addition, flat GaTe3 of 𝐷3ℎ 
symmetry has 𝑞 ≅ 0.97, and a T-shaped planar unit of 𝐶2𝑣 geometry with 𝜃𝑂ℎ(1) = 𝜋 and 𝜃𝑂ℎ(2) = 
𝜋/2 reveals 𝑞 = ¾.  The 𝑃(𝑞) probability distribution for GaTe3 appears to be asymmetric and 
approximately peaked at 𝑞 = 0.95, corresponding to the 𝐶3𝑣-entities with 𝜃 ≅ 97°.  The 
population of flat and defect tetrahedral GaTe3 species seems to be superior to that of defect 
octahedral moieties of both pyramidal and planar geometry.   

The five-fold coordinated gallium species mostly have a defect octahedral shape, the inset on the 
left in Figure S5b.  A regular square pyramid of 𝐶4𝑣 symmetry with 𝜃𝑂ℎ(1) and 𝜃𝑂ℎ(2) angles is 
characterized by 𝑞 = ⅓, which is close to the maximum of a broad 𝑃(𝑞) distribution for GaTe5.  
Possible alternative shapes appear to be a trigonal bipyramidal unit of 𝐷3ℎ symmetry having 𝑞 ≈ 
0.55, and a trigonal prism GaTe5 without one Te NN.  The defect regular prism with identical Ga-
Te distances has 𝑞 ≅ 0.28.  The fraction of distorted bipyramids, the inset in Figure S5b, or 
prisms seems to be small. 
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Table S1.  Optimized Geometry Parameters (Ga-Te, Ga-Ga and Te-Te Interatomic Distances, Te-Ga-
Te and Ga-Te-Ga Bond Angles) of Size-Limited Ga-Tea Clusters Used in DFT Modeling of Vibrational 
Properties 

Compound 
Cluster Ga-Te (Å) Te-Te (Å) Ga-Ga (Å) Te-Ga-Te 

(deg) 
Ga-Te-Ga 

(deg) X-X-Y (deg)b 

GaTe4 a 2.66(8) − − 108(14) − − 

CS-Ga2Te7 a 2.71(20) 2.78 4.08 c 108(11) 103.2 94(6) 

ES-Ga2Te6 a 2.67(9) 4.14 c 3.39 c 107(20) 79(4) − 

ES-Ga3Te8 a 2.67(5) 4.17 c 3.34(1) c 108(14) 77.4(4) − 

ETH-Ga2Te5 a 2.65(9) − 2.50 107(19) − 116(5) 

Ga2Te5S2,S3 2.641 3.027 3.424 110(8) 80.1 98.8 

Ga2Te3S4 2.553 4.17 c 4.17 c 109.47 109.47 − 

GaTeS10 2.67(2) 4.22(15) c 2.43(1) 105(4) 96(4) 113(8) 

a the terminal hydrogen species in the formula are omitted; b X = Ga or Te; Y = Ga or Te; c the second-
neighbor distance 

 

Table S2.  Optimized Geometry Parameters (Te-Te Interatomic Distances and Te-Te-Te Bond 
Angles) of Tellurium Rings Used in DFT Modeling of Vibrational Properties 

Compound / Te𝑛 ring Te-Te (Å) Te-Te-Te (deg) 

Te6 2.77(8) 102(3) 

(AgI)2(Te6)S11 2.74(2) 99(2) 

Te8 2.76(1) 108(9) 

Cs3Te22 (Te8 rings)S12 2.80(3) 100(2) 
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