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Figure S1 shows the supercell of ordered-y(U,Zr) and the three special quasi-random
structure (SQS) simulation cells employed in our work.

Figure S1. Schematic illustration of (a) supercell of ordered-y(U,Zr), and (b)-(d) are the three
different SQS models employed in this work.

The formation energy of Vy and Vz, and the solution energy of H atom in ordered-y(U,Zr) are
collected in Table S1. By comparing with the formation energy of vacancies in disordered-y(U,Zr),
one can find that, the formation energies for both /'y and V. in disordered-y(U,Zr) are always higher



than those in ordered-y(U,Zr). Thus, it is more difficult to produce vacancy defects in disordered-
Y(U,Zr). Besides, our H solution results also depict that the H impurity atoms are less likely to stay
in disordered-y(U,Zr). Furthermore, the relative stability of these defects shows the same tendency
as in disordered-y(U,Zr), that is, V' is easier to be generated than V7. T-site H; is more stable than
O-site Hi; Hz- is more stable than Hy. Therefore, in the following, we also only consider the effect
of these relatively more stable defects on the properties of ordered-y(U,Zr).

Table S1. Formation energy of Vy and V- and solution energy of H atom in ordered-y(U,Zr)
Formation energy Er(eV) Solution energy E; (eV)

Vu 0.66 -
Vzr 1.80 -

Hu - -0.39
Hz: - -0.99
Perfect+T-site Hi - -1.23
Perfect+O-site Hi - -0.89
Vu +T-site H; - -1.25
Vu+0O-site Hi - -0.91

In Figure S2, we give the energy-versus-volume curves of the relatively more stable defects in
ordered-y(U,Zr). Meanwhile, we also plot the data of the perfect ordered-y(U,Zr) in our previous work
[1] for comparison. Our present data agree well with our previous work. By comparing the results of
disordered-y(U,Zr), it can be seen that the energies of the five structures of the disordered system are all
lower than those of the ordered system. The equilibrium volumes of the disordered system are also

smaller those corresponding ordered system.

_885 T T T T

0 —u— Perfect
v A\ Previous work
-8.93 | \\. /‘ 1 v,
& A\ X/ — ¥ Perfect+T-site H,
A A
2 o\ ® / N —o— V +T-site H,
p= \ /o /
= -9.00 | \y ‘\'\ O/V 1T Hj
o \ O—o—9 rd
& Y et v '
E \\ \\ e /,// =
2 -9.08 | " v—YV E
-9.15 | o _
\_\-/_/"
1 | | |
20 22 24 26

Volume (A3/atom)

Figure S2. Energy-versus-volume relationship for different defect systems in ordered-y(U,Zr).



Comparing the PDOS of ordered- and disordered-y(U,Zr), one can clearly see the following
features: (i) in ordered-y(U,Zr), the Zr-4d orbitals present a peak near the Fermi energy level (this
peak is also found to be near the Fermi energy level in previous work of perfect ordered-y(U,Zr)
[1]). However, such peak is close to —1 eV in disordered-y(U,Zr) (also found in previous perfect
disordered-y(U,Zr) [2]); (ii) the electronic density of states at the Fermi level N(Er) in disordered-
Y(U,Zr) is lower than that in ordered-y(U,Zr). This reveals that the disordered-y(U,Zr) is more stable
than the ordered one, according well with our cohesive energy results. Besides, the N(EF) in previous
perfect SQS model by Xie ef al. [2] is also lower than that in perfect ordered-y(U,Zr) in our previous
work [1]. Moreover, in our present study, the full width at half maxima (FWHM) at Fermi level in
disordered-y(U,Zr) is about 2.04 eV, while it is only about 0.56 eV for ordered one. In the study of
Xie et al. [2], the FWHM of the perfect disordered-y(U,Zr) is about 1.76 eV while in the work of
perfect ordered-y(U,Zr) [1], the FWHM is about 0.48 eV. Therefore, the FWHM of the disordered-
Y(U,Zr) is always larger than that of the ordered-y(U,Zr). This means that the electrons near the
Fermi level in the disordered-y(U,Zr) is not that localized as the ordered one. Here, we believe that
the disordered-y(U,Zr) can describe the itinerant feature of the U-5f electrons more reasonably than
the ordered one. After all, unlike the localized characters of the U-5f electrons in UO; [3], the
itinerant features are always exhibited in U metal [4-6] and U-based alloys [7-9].
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Figure S3. Comparison of the TDOS and PDOS of (a) perfect cell, (b) Vy;, (¢) perfect + T-site H;,
(d) Vy + T-site H;, and (e) Hz, model in ordered-y(U,Zr). The Fermi level is set at zero.

Table. S2 shows the effect of defects on N(Er), and the number of uranium and zirconium
valence electrons at the Fermi level N.(Uy and Ne(Zrg) in ordered system. It can be found that the
effect of defects in ordered-y(U,Zr) is similar to the disordered system.

Table S2. Comparison of the N(Er), and the number of uranium and zirconium valence electrons at the
Fermi level N.(Uy and N(Zry) in ordered system. All the units are in states/eV/atom. For comparison,

data from our previous DFT work [1] are also listed.

N(EF) N(Up Ne(Zra)
Perfect (Ours) 4.76 3.00 0.58
Perfect (Ref.) 4.32[1] 291 [1] 0.56 [1]
Vu 4.57 2.90 0.55
Perfect + T-site Hi 4.68 2.89 0.55
Vu+ T-site Hi 4.73 2.96 0.55
Hz: 4.82 3.01 0.54

Table. S3 presents the equilibrium volume ¥y, elastic constants, and bulk modulus of different
defected ordered-y(U,Zr) systems. It can be found that the bulk moduli of the disordered-y(U,Zr)

are all stronger than those of the ordered-y(U,Zr), according well with the smaller volumes found in
disordered-y(U,Zr).

Table S3. Calculated equilibrium volume ¥y, elastic constants, and bulk modulus B; obtained by VRH
approximation, B, obtained by fitting the third-ordered Birch-Murnaghan EOS of different defected

ordered-y (U,Zr). For comparison, data from our previous DFT work [1] are also listed.

Vo Cii(GPa) Ci12(GPa) C44(GPa) B B> (GPa)
(A*/atom) (GPa)
Perfect (Ours) 22.86 60.1 106.0 15.9 90.7 86.8
Perfect (Ref.) 281[1]  552[1] 106.8[1]  7.8[1]  89.6[1]  88.9[1]
Vu 23.07 447 105.8 22.7 85.5 85.5
Perfect + T-site Hi 22.50 62.7 104.8 17.9 90.8 86.9
Vu+ T-site Hi 22.76 45.1 105.4 23.2 85.3 85.2
Hz 22.57 46.0 104.0 17.4 84.7 86.2
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