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In this work, X-ray electron spectroscopy (XPS) was performed using an ESCALAB 250Xi spectrometer 

(Thermo Fisher Scientific, USA) with Al Kα radiation. The obtained spectra were fitted using the Voigt 

fitting method via the Fityk software. The resulting data are shown in Table S1 and Fig. S1.

Table S1. Values of binding energy, spin-orbit splitting energy, and corresponding oxidation state 

of UHE REO’s constituent elements

№ Elements Orbitals
Binding energy 

peaks, eV
Spin-orbit splitting 

energy, eV
Oxidation 

state
2p3/2 401

1 Sc
2p1/2 406

5  +3

3d5/2 157
2 Y

3d3/2 159
2 +3

3d5/2 834
3 La

3d3/2 851
17 +3

3d5/2 885
4 Ce

3d3/2 901
16 +4

3d5/2 932
5 Pr

3d3/2 950
18 +3

3d5/2 974
6 Nd

3d3/2 995
21 +3

3d5/2 1082
7 Sm

3d3/2 1105
23 +3

3d5/2 1132
8 Eu

3d3/2 1164
32 +3

3d5/2 1186
9 Gd

3d3/2 1221
35 +3

3d5/2 1246
10 Tb

3d3/2 1274
28 +3

3d5/2 1300
11 Dy

3d3/2 1330
30 +3

12 Ho 4d 161 – +3
13 Er 4d 168 – +3
14 Tm 4d 176 – +3
15 Yb 4d 185 – +3

4d5/2 196
16 Lu 4d3/2 206 10 +3
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Fig. S1. XPS profiles of UHE REO’s constituent elements: Sc 2p (a), Y 3d (b), La 3d (c), Ce 3d 

(d), Pr 3d (e), Nd 3d (f), Sm 3d (g), Eu 3d (h), Gd 3d (i), Tb 3d (j), Dy 3d (k), Ho 4d (l), Er 4d (m), 

Tm 4d (n), Yb 4d (o), Lu 4d (p), Fe 2p (q), and O 1s (r).

The characteristic values of binding energy (BE) peaks and spin-orbit (S-O) splitting energy of 

the compound’s individual rare earth element are listed in Table S1. As can be seen, almost all rare 

earth metals in the UHE REO have a trivalent oxidation state [1–4]. However, there are some 

exceptions, such as the fact that the Ce element exists primarily in the +4-oxidation number [5]. 

Furthermore, for the Fe 2p XPS profile (see Fig. S1-q), the BE peaks centered at 710, 724 eV and 

712, 725 eV belong to the oxidation states of Fe(II) and Fe(III), respectively [6]. For the O 1s XPS 

profile (Fig. S1-r), the BE peaks observed at 529, 530, and 531 eV can be attributed to lattice oxygen, 

defective oxygen, and surface-adsorbed oxygen, respectively [7,8].
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