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Fig. S1. (a) Comparison of maximum elastic strain vs. yield strength between Mg-21.3Sc and other Mg-alloys14-26. (b) Comparison of Young’s modulus vs. specific weight (the ratio of the density of material to the density of water) among Mg-21.3Sc alloy, GFRP，natural bone, Fe-based, Ti-based and Al-based alloys6-8,29-33.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fig. S2. Scanning electron micrographs and EDS mapping images of the Mg-21.3Sc alloy, which show the homogeneous distribution of elements. (b) shows the composition analysis results by EDS and chemical analysis (CA).
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[bookmark: OLE_LINK3]Fig. S3. A well-known experimental method for detecting the nonergodicity is the so-called zero-field-cooling (ZFC)/field-cooling (FC) measurement29. The strain glass sample was first cooled to a low temperature well below the glass transition temperature Tg under zero stress (ZFC, process 1). then loaded (stress σ = 40 MPa) and heated up to far above Tg under this stress (field heating or FH, process 2). Thereafter, the sample was cooled to low temperature again with the stress (FC, process 3) and then heated to high temperature again at the same stress (FH, process 4). The static strain curves that measured in process 2 and process 4 are called the ZFC curve and the FC curve, respectively, and their deviation is a signature for nonergodicity.



[image: ]
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Fig. S4. a, TEM bright field image of Mg-19.5Sc alloy at 103 K shows large martensitic domains, which contrasts with the nano-domains in Mg-21.3Sc strain glass alloy. b and c, TEM bright field and dark field images of Mg-19.5Sc alloy at 103K along [111]β zone axis, the large martensitic domains in the dark field image are corresponding to the 1/2(112) superlattice spots which marked by yellow triangles. The 1/2(112) spots locale the same position with our Mg-21.3Sc strain glass nano-domains in Fig. 4b.
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[bookmark: _Hlk43638536]Fig. S5. The modulus increases in a sequence of Mg-19.5Sc (WQ), Mg-21.3Sc (WQ), and Mg-21.3Sc (CR).
[bookmark: _GoBack]



Table. S1 Young’s modulus and yield strength of Mg-21.3Sc and current main families of Mg-based alloys (experimental data in Fig. 1b).
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Alloy system Alloy composition(at.%)

Yield

Strength

(MPa)

Young's

modulus

(GPa)

Reference

Mg-21.3Sc(water quenched)

200 19.7

Mg-21.3Sc(cold rolled)

AZ91 110 32.4

Commercial Product

AZ61 153 30.6

AM60 134 33.5

AXM100 146 37.4 Scr. Mater. 138, 151–155 (2017).

AM40 153 28.3

AM50 158 39.5

AM70 150 34.9

AM80 150 26.8

Z6 163 29.6

ZK60 200 36.7

ZKX600 210 37.5

Mg-1.5%Zn(wt.) 84 42

Mg-1.52%Zn-0.066%Ca(wt.) 120 42.8

Mg-1.37%Zn-0.17%Sr(wt.) 122 43.6

Mg-1.41%Zn-0.29%Ba(wt.) 87 414

ZEK100 200 40

ZEK410 264 34.3

ZW41 210 35

Mg-9%Li(wt.) 105 30  J. Alloy Compd. 669, 72-78 (2016).

Mg-3Li 100 22.3

 J. Alloy Compd. 685, 331-336 (2016).

60 20

45 15

Mg-1Y 48 24  Acta Mater. 49, 4277-4289

HZ11 120 24  Acta. Metall. Sin. 5, 313-328 (2008).

Mg-Ca Mg-1Ca 165 27.5  Biomaterials, 29(10), 1329–1344

 

(2008).

Mg-Sc based This work

J. Alloy Compd. 632, 94–102 (2015).

 Mat. Sci. Eng. :A. 609, 154–160 (2014).

Mg-Zn based

 Acta Mater. 83, 294–303 (2015).

Mg-Al based

 Mat. Sci. Eng.: A.633, 144–153 (2015).

Mg-RE

Mg-4Li-1Al

 J. Alloy Compd. 688, 1058-1065 (2016).

Mg-Li based

Mg-Zn-RE

based

 Acta Mater. 55, 2101-2112 (2007).
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