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Here we provide additional analysis on a Zr crystal, where the dimension from the 

center atom to the minimum after the first peak is d~2.9, and in the long-range d=3 (Fig. 
S1). We show that our measurements in the main manuscript are robust and are not 
affected by changes in binning number or hydrostatic pressures (Fig. S2). Radii 
measurements in the main manuscript (e.g. ravg, r1s, r2s) are provided in Tables S1-3. We 
list the radii measurements for the liquid, glass, and crystalline systems along with 
relevant correlation lengths. We perform analysis on the temperature effects on local 
dimensions in the structure in Cu46Zr54 (FF1) and pure Cu systems. We also comment on 
the scope of our observations. 

 
 

	
Figure S1: Cumulative coordination number versus radius on log-log plots for Zr crystals from 
FF2. Short-range dimensionality (first peak to first minimum) d~2.88 and the long-range 
dimensionality d=3. 

 
 



	
Figure S2: Cumulative coordination number versus radius on log-log plots for Cu46Zr54 liquid 
made from FF1 at 2500 K and calculated from 2K and 50K bins. Results are robust to different 
binning conditions. 

 

Table S1: Radii measurements and correlation lengths in metallic glasses 
Potential ravg (Å) r1s (Å) r2s (Å) ξ ((r1s+r2s)/2ravg) 

Cu46Zr54 FF1 1.45 3.76 6.44 3.53 
Cu46Zr54 FF2 1.45 3.81 6.42 3.54 

Ni80Al20 1.23 3.30 5.50 3.57 
Ni33.3Zr66.7 1.48 3.88 6.70 3.58 
Pd82Si18 1.32 3.49 5.93 3.56 

	
Table S2: Radii measurements and correlation lengths in metallic liquids 

Potential ravg (Å) r1s (Å) r2s (Å) ξ ((r1s+r2s)/2ravg) 
Cu46Zr54 FF1 1.45 4.07 6.70 3.72 
Cu46Zr54 FF2 1.45 3.96 6.57 3.64 

Ni80Al20 1.23 3.45 5.56 3.65 
Ni33.3Zr66.7 1.48 4.01 7.01 3.73 
Pd82Si18 1.32 3.60 6.09 3.66 

 
Table S3: Radii measurements in crystalline systems using FF2 (r1m is the radius at first minimum 
in the RDF) 

FF2 ravg (Å) r1m (Å) 
Cu 1.28 3.09 
Zr 1.59 3.87 



 
Figure S3: Dimensionality measurements for Cu46Zr54 (FF1) at 600 K (glass) versus 900 K 
(liquid), Tg ~ 760 K. Short-range dimension is sensitive to temperature – 2.71 for the glass versus 
2.68 for the liquid. 

 
 

	
Figure S4: Volume versus temperature for the Cu system (FF2). Linear fits above and below Tg 
are used to estimate Tg. Tg ~ 1150 K. 



 

 
Figure S5: Cu46Zr54 FF1 quenched at 1013 K/s. The short-range dimension decreases by ~0.02 
compared to the same system quenched at 1012 K/s (2.72 vs. 2.74). This is expected, as the fictive 
temperature is higher in the faster-quenched system. 

 
A. Scope of our observations 

	
Our observations in metallic glasses are directly related to the isotropic nature of their 

metallic bonds as well as a lack of molecular structures, and they should be placed within 
this context. In network glasses like silicates or chalcogenides, the directionality and 
nature of their bonds dictate their structures, so a different context must be considered. 
For example, oxide glasses with good glass forming ability possess similar structural 
characteristics pertaining to the nature of their oxygen bonds, according to Zachariasen’s 
rules based on empirical observations, which provide a heuristic explanation for why 
certain oxides like SiO2 and GeO2 are great glass formers and MgO and Na2O are not. 
Because glasses have vastly different chemical bonding (e.g. silicates—covalent, KNO3-
Ca(NO3)2—ionic, ortho-terphenyl—van der Waals, glycerol—hydrogen, and CuZr—
metallic), it is unlikely that the structural changes (or lack thereof) across the glass 
transition would be the same for all of these classes of systems. The unifying theme for 
these disparate systems is the arrest in molecular motion near Tg, which may occur via 
geometric constraints, but such constraints are subject to chemical bonding 
considerations. 

	


