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Supporting Information 

 

Table S1: Estimated diffusion distances x (µm) of all species i in a matrix j for at 2273 K – 24 h. No reliable information exists for 
the impurity diffusion of W in Ta. Equations of diffusion distances are as follow: 𝑥 = √𝐷𝑡, with 𝐷 = 𝐷଴ 𝑒𝑥𝑝(−

ொ

ோ்
), Q the activity 

coefficient, R the universal gas constant and T the temperature. 

x 
(μm) 

i 
Mo Nb Ta W 

j 

Mo 10-20 
[1] 

17 
[2] 

15 
[3] 

7-10 
[3, 4] 

Nb 38 
[5] 

39-50 
[6] 

49 
[7] 

24 
[5] 

Ta 14-20 
[3, 8, 9] 

14-17 
[10] 

7-16 
[6] 

- 

W 1 
[11] 

1 
[12] 

1 
[12, 13] 

<1 
[6] 

 

 

 



 

Figure S1. a) optical microscopy showing tiny precipitations at grain boundaries (inset, whole specimen), b) enlargement at high 
2Ѳ (95° ≤ 2Ѳ ≤ 115°) of the XRD pattern presented in Figure 2, c) BSE image and corresponding EDS maps of the specimen, 
highlighting small Ta-O enriched zones mainly at the grain boundaries, however not discernable in the X-ray diffraction pattern. 
Ta-O enriched zones may stem from the heat-treatment: the outer part of the ingot reacted with the ceramic support and some 
intrusion of oxygen affected the specimen on its outsides.   

 

Table S2. Results from reference foils measured at BM-08 LISA. Amplitude factor reduction S02, fitted energy shift dE0, shell 
distances (1st to 5th) are reported together with the uncertainties and the Debye temperature ΘD accounting for disorder. Notice 
the extracted metallic radii from the 1st shell distances (half the 1st shell value). 

 S0
2 dE0(eV) 1st (Å) Met. radius (Å) 2nd(Å)  3rd(Å)  4th(Å)  5th(Å)  ΘD (K) 

Mo 0.94(5) 3.7(4) 2.719(2) 1.360(1) 3.133(4) 4.445(7) 5.222(7) 5.466(9) 393(16) 
Nb 0.95(5) 4.2(3) 2.851(4) 1.425(2) 3.282(5) 4.664(8) 5.492(6) 5.76(1) 293(11) 
Ta 0.96(3) 5.1(4) 2.857(2) 1.429(1) 3.290(5) 4.673(7) 5.475(7) 5.81(1) 210(4) 
W 0.69(5) 6.2(6) 2.737(2) 1.368(1) 3.159(4) 4.474(6) 5.251(5) 5.487(7) 320(11) 

 

a) 

c) 

b) 



 

Figure S2. XAS Data fit examples in R-space at all edges in MoNbTaW: a) Mo K-edge; b) Nb K-edges c) Ta L3-edge; d) W-L3 edge, 
with bcc model as an input. Fitting windows are reported in green. Metallic references fit results are reported in Table S2. 

Table S3: EXAFS fit details for the heat-treated MoNbTaW alloy (top), and corresponding XRD 1st shell and cell parameter obtained 
experimentally (bottom) for better comparison. 

Edge 
k range 
(Å-1) 

×S0
2 ×dE0 (eV) path NN 1st NN 2nd  r 1st (Å) r 2nd (Å) 𝜽 D *102 

(K) 

Nb K 3.0-14.5 0.95 4.2 
Nb-4d 
Nb-5d 

4.1(3) 
3.9(3) 

2.6(5) 
3.4(5) 

2.786(5) 
2.794(7) 

3.17(3) 
3.16(2) 

3.5(3) 

Mo K 3.0-14.9 0.94 3.7 
Mo-4d 
Mo-5d 

4.3(4) 
3.7(4) 

3.5(7) 
2.5(7) 

2.755(8) 
2.76(1) 

3.19(2) 
3.18(3) 3.3(2) 

Ta L3  3.8-8.8* 0.96 5.1 
Ta-4d 
Ta-5d 

* * 
2.77(3) 
2.76(4) 

3.23(5) 
3.21(6) 

2.7(9) 

W L3  3.0-14.5 0.69 6.2 W-4d 
W-5d 

4.6(3) 
3.4(3) 

3.7(4) 
2.3(4) 

2.770(7) 
2.76(2) 

3.23(1) 
3.23(3) 4.2(7) 

XRD 
(exp) 

- - - - - - 2.791(1) 3.223(1) - 

Notes: *data quality (cf. main text) did not allow a correct estimate of nearest neighbors. S02: amplitude reduction factor. dE0: 
energy shift from threshold.  NN and r: nearest neighbors and bond lengths of 1st and 2nd shell, respectively. NN numbers of 4d 
and 5d around Ta were set to be equal in the refinements. θD: Debye temperature. × S02 and dE0 were fixed together on the base 
of results from pure metal references data. 



Table S4. Compositional results (in at. %) from EDX measurements for the as-cast and the heat-treated specimens. Uncertainty (in 
brackets) represents 1 standard deviation.  

 Region Mo Nb Ta W 
As-cast dendritic 0.232(10) 0.218(11) 0.271(14) 0.279(9) 

interdendritic 0.264(13) 0.273(25) 0.265(16) 0.198(31) 
Heat-treated 
(2273 K, 24h) 

dendritic 0.226(8) 0.230(9) 0.260(5) 0.284(12) 
interdendritic 0.246(2) 0.264(4) 0.258(2) 0.232(5) 

 

Table S5: Reference lattice parameters 𝒂 and metallic radii obtained in pure metals from Refs. [14, 15] are shown together with 
extracted metallic radii from XAS fitting of pure metal references (cf. S.I. for fitting details). Therefore, the depicted metallic radii 
refer to 8-coordination symmetry. In addition, calculated 1st and 2nd nearest neighbor (NN) distances according to Vegard’s law 
using tabulated and XAS extracted metallic radii, together with experimentally determined 1st and 2nd NN distances from 
conventional X-ray diffraction. 

Composition Method 
Lattice 𝒂 

(XRD) 
 (Å, 298 K) 

Met. radii 

(XRD), √𝟑

𝟒
𝒂 

Met. radii (XAS) 

Nb XRD, XAS 3.3007 [15]  1.4292 1.425(2) 
Mo XRD, XAS 3.1410 [14] 1.3601 1.360(1) 
Ta XRD, XAS 3.3019 [15] 1.4298 1.429(1) 
W XRD, XAS 3.1583 [14] 1.3676 1.368(1) 

MoNbTaW 
Vegard (1st NN) 
Vegard (2nd NN) 

2.793 
3.225 

2.791(2) 
3.223(3) 

MoNbTaW 
XRD (1st NN) 
XRD (2nd NN) 

2.791(1) 
3.223(1)  
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