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S1. Valence electron configurations and U and J values of substitution atoms

Table S1 The valence—electron configurations of substitution atoms and the values of U and J used for the Y, Gd,

W, and Pt atoms.

Atoms Valence—electron U(ev) J(ev)
\Y, 457303 - -
Cr 4s'3d° - -
Mn 4s23d° - -
Fe 4s%3d° - -
Co 4s23d’ - -
Cu 4s13d1° - -
Zn 452300 - -
Y 5s?4d! 6.50 0
Gd 4f'5d* 6.70 0
w 4f14504 3.93 0
Pt 4f145(° 2.18 0

S-2



S2. Lattice constants of MFesN and MsFe'N in the a and ¢ axis
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Figure S1 The lattice constants of (a) MfFesN and (b) MsFefN, where the lattice constants of a and ¢ are
marked as blue and red point.

The a-axis of M'FesN exhibits minor expansion when M are Y and Gd elements because the
substitution of Fejs sites not only change the c-axis lattice but also affect the bond lengths of the
surrounding atoms. The change of bond lengths causes the a-axis expanding to accommodate the
volume changes associated with the substitution elements. Compared to M FesN, the local
environment is significantly changed in MsFe'N. Possible reason is the substitution of multiple Fe
atoms lead to a rearrangement of the overall lattice structure, which causes the c-axis to contract

and achieves structural stabilization.
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S3. Charge density difference of system FesN

Table S2 Charge transfer situation of atoms at different sites of MxFesxN

N (electrons Myaa (electrons

Muan (electrons

Mus (electrons

M (electrons

/atom) /atom) /atom) /atom) /atom)
FesN 1.33 -0.38 -0.38 -0.38 -0.18
Y°FesN 142 0.10 0.10 0.10 -1.71
Y3Fe'N 1.56 -1.19 -1.19 1.17 -0.36
GdsFe*N 181 -1.11 -1.11 -1.11 1.52
GdsFe'N 1.42 -0.81 -0.81 0.33 -0.14
WsFe'N  1.69 -0.68 -0.68 -0.13 -0.19




V, Cr, Mn, Co, Cu, and Zn)

S4. Total DOS of MxFesxN (M
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Figure S2 Total DOS of (al-d1) VxFesxN, (a2-d2) CriFesxN, (23-d3) Mn,FesxN, (a4-d4) CoxFesxN, and (ab-db)
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V, Zn, Y, Gd, W, and Pt)

S5. Total DOS of MxFesxN (M
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Figure S3 Total DOS of (al-d1) Zn.FesxN, (a2-d2) YiFesxN, (23-d3) GdxFesxN, (a4-d4) WyFesxN, and (a5-d5)
Pthe4-xN (X



S6. Total DOS, the atom-, orbital-resolved DOS of FesN and PtxFesxN (x =1, or

3)
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Figure S4 The total DOS of (al) FesN, (b1) Pt°FesN, (c1) Pt'FesN, (d1) PtsFe®N, and (el) PtsFe'N. The atom-,

d-orbit- and p- orbital-resolved DOS of (a2-e2) Feiaa, (a3-€3) Feuan, (ad-e4) Feug, (a5-e5) Fe), and

(a6-e6) N sites.
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S7. Total DOS, the atom-, orbital-resolved DOS of FesN and CuxFesxN (x =1, or

Cu‘Fe,N
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Figure S5 The total DOS of (al) FesN, (b1) CucFesN, (c1) Cu'FesN, (d1) CusFecN, and (e1) CusFe'N. The atom-,

d-orbit- and p- orbital-resolved DOS of (a2-e2) Feiaa, (a3-e3) Feuan, (ad-e4) Feus, (a5-e5) Fei, and

(a6-e6) N sites.
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S8. Total DOS, the atom-, orbital-resolved DOS of FesN and ZnxFesxN (X =1, or

3)
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Figure S6 The total DOS of (al) FesN, (b1) ZnFesN, (c1) Zn'FesN, (d1) ZnsFe°N, and (e1) ZnsFe'N. The atom-,

d-orbit- and p- orbital-resolved DOS of (a2-e2) Feiaa, (a3-€3) Feuan, (ad-e4) Feus, (a5-e5) Fe), and

(a6-e6) N sites.
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S9. Total DOS, the atom-, orbital-resolved DOS of FesN and CoxFesxN (x =1, or

3)
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Figure S7 The total DOS of (al) FesN, (b1) Co°FesN, (c1) Co'FesN, (d1) CosFecN, and (e1) CosFe'N. The atom-,
d-orbit- and p- orbital-resolved DOS of (a2-e2) Feiaa, (a3-€3) Feuan, (ad-e4) Feus, (a5-e5) Fe), and

(a6-e6) N sites.



S10. Total DOS, the atom-, orbital-resolved DOS of FesN and VxFesxN (x =1, or
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Figure S8 The total DOS of (al) FesN, (b1) V°FesN, (c1) VFesN, (d1) VsFeoN, and (el) VisFe™N. The atom-,
d-orbit- and p- orbital-resolved DOS of (a2-e2) Feiaa, (a3-€3) Feuan, (ad4-e4) Fens, (a5-e5) Fei, and

(a6-e6) N sites.
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S11. Total DOS, the atom-, orbital-resolved DOS of FesN and CrxFesxN (x =1, or

3)
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Figure S9 The total DOS of (al) FesN, (b1) CroFesN, (c1) CrFesN, (d1) CrsFecN, and (el) CrsFefN. The atom-,
d-orbit- and p- orbital-resolved DOS of (a2-e2) Feuaa, (a3-€3) Feuan, (a4-e4) Fens, (a5-e5) Fei, and

(a6-e6) N sites.
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S12. Total DOS, the atom-, orbital-resolved DOS of FesN and GdxFesxN (x =1, or

3)
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Figure S10 The total DOS of (al) FesN, (b1) Gd°FesN, (c1) GdFesN, (d1) GdsFe°N, and (el) GdsFe'N. The
atom-, d-orbit- and p- orbital-resolved DOS of (a2-e2) Fejiaa, (a3-€3) Fenan, (a4-e4) Feus, (a5-e5) Fe,

and (a6-e6) N sites.
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S13. Total DOS, the atom-, orbital-resolved DOS of FesN and WxFesxN (x =1, or

3)
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Figure S11 The total DOS of (al) FesN, (b1) WeFesN, (c1) WFesN, (d1) WsFe®N, and (el) WsFe'N. The atom-,

d-orbit- and p- orbital-resolved DOS of (a2-e2) Feiaa, (a3-e3) Feuan, (a4-e4) Feus, (a5-e5) Fei, and

(a6-e6) N sites.

S-14



S14. Total DOS, the atom-, orbital-resolved DOS of FesN and YxFesxN (X =1, or

(b1)
I
-5F —— spinup I
— spin down !
.1g L :
3l (a2) Fewal  (b2) (c2) Fewal  (d2) Yua | (e2) b Ve
2 '
:; —— Total
——d orbit ' '
3
4} ——porbit
4
3 @) Fout  (o3) (c) Fol (a3) el ) e
3 ! A\ /‘/\/\’\ ‘
S —oP : —e—co]
g Hf —Total M\/ ‘
< ——d orbit
g j —— p orbit
é af (a4) Few| (b4) (c4) Yie | (d4) Yie | (ed4) Few
3 2 )
s o B
——d orbit
3
4 — p orbit
4 |
3} (a5) Fal  (05) (c5) Fort (a5) For | (e5) Y
p
L i B
0
<4 s
—— Total
:g ——d orbit
; _6 —— p orbit
| (e8) N (b6) (c8) N (d6) N (e6) N
05 t L
0.0 %
0.5 —— Total [
—— p orbit
10g 4 0 ) -4 0 4 0 4 4 0 ) 4 0
Energy (eV) Energy (eV) Energy (eV) Energy (eV) Energy (eV)

Figure S12 The total DOS of (al) FesN, (bl) Y°FesN, (c1) Y'FesN, (d1) YsFecN, and (el) YsFe'N. The atom-,

d-orbit- and p- orbital-resolved DOS of (a2-e2) Feiaa, (a3-e3) Feuan, (a4-e4) Feus, (a5-e5) Fei, and

(a6-e6) N sites.
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S15. Total DOS, the atom-, orbital-resolved DOS of FesN and MnyFesxN (x =1,

or 3)
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Figure S13 The total DOS of (al) FesN, (b1) Mn°FesN, (c1) MnfFesN, (d1) MnsFecN, and (el) MnsFe'N. The

atom-, d-orbit- and p- orbital-resolved DOS of (a2-e2) Feiaas, (a3-€3) Fenan, (a4-e4) Feus, (a5-€5) Fe,

and (a6-e6) N sites.
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S16. The orbital-resolved MAE of FesN and MsFe'N (M =V, Cu, and Zn)
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Figure S14 The orbital-resolved MAE of (al-a4) FesN, (b1-b4) VsFeN, (c1-c4) CusFe'N, and (d1-d4) ZnfFesN.

The orbital-resolved MAE of (al-el) Fe, (a2-e2) Feyg, (a3-€3) Feiaa, and (ad-e4) Feyan Sites.
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S17. The orbital-resolved MAE of FesN and M'FesN (M =Cr and Mn)
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Figure S15 The orbital-resolved MAE of (al-a4) FesN, (b1l-b4) CrfFesN, and (cl-c4) MnfFesN. The

orbital-resolved MAE of (al-cl) Fe), (a2-c2) Feig, (@3-c3) Feiaa, and (a4-c4) Feyab Sites.

S-18



S18. The orbital-resolved MAE of FesN and MsFe'N (M =Cr and Mn)
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Figure S16 The orbital-resolved MAE of (al-a4) FesN, (b1l-b4) CrsFe'N, and (cl-c4) MnsFefN. The

orbital-resolved MAE of (al-cl) Fe), (a2-c2) Feig, (@3-c3) Feiaa, and (a4-c4) Feyab Sites.
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Co and Gd)

S19. The orbital-resolved MAE of FesN and MsFe'N (M
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Figure S17 The orbital-resolved MAE of (al-a4) FesN,

and (a4-d4) Fejan sites.

(a2-c2) Fens, (a3-d3) Fenaa,

orbital-resolved MAE of (al-d1) Fe,
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S20. The orbital-resolved MAE of FesN and M'FesN (M =Co and Gd)
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Figure S18 The orbital-resolved MAE of (al-a4) FesN, (bl-b4) CofFesN, and (cl-c4) Gd'FesN. The

orbital-resolved MAE of (al-cl) Fe, (a2-d2) Fens, (23-c3) Feiaas, and (ad-c4) Fejap sites sites.
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S21. The orbital-resolved MAE of FesN and M'FesN (M =W and Pt)
(a1) Fe,N-Fe, (c1) Pt'Fe;N-Fe,

Figure S19 The orbital-resolved MAE of (al-a4) FesN, (bl-b4) W'FesN, and (cl-c4) PtTFesN. The

orbital-resolved MAE of (al-cl) Fe), (a2-c2) Feig, (@3-c3) Feiaa, and (a4-c4) Feyab Sites.
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S22. The orbital-resolved MAE of FesN and MsFe'N (M =W and Pt)
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Figure S20 The orbital-resolved MAE of (al-a4) FesN, (bl-b4) WsFe'N, and (cl-c4) PtsFeN. The

orbital-resolved MAE of (al-cl) Fe), (a2-c2) Feig, (@3-c3) Feiaa, and (a4-c4) Feyab Sites.
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S23. The orbital-resolved MAE of FesN and M'FesN (M =V, Cu, Zn, and Y)
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Figure S21 The orbital-resolved MAE of (al-a4) FesN, (b1-b4) VFesN, (c1-c4) Cu'FesN, (d1-d4) ZnfFesN, and

(e1-e4) Y'FesN. The orbital-resolved MAE of (al-el) Fey, (a2-e2) Feug, (a3-€3) Feiiaa, and (ad-e4) Fenan

sites.
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S24. The priority occupancy of MFe3N

Table S3 The energy difference AE=Ewere:N)-EMmFeN), Where Eqveresn) represents the energy of M¢FesN with cubic

structure, and Evresny represents the energy of MFesN with tetragonal structure.

Substitution element Eqveresn) Eren) AE=Emren)-Eureny  Preferential occupancy site

Gd -46.845632  -41.178468 -5.667164 Gd°FesN
Pt -38.479763  -37.078104 -1.401659 Pt°FesN
Zn -34.527096  -33.164175 -1.362921 Zn°FesN
Cu -36.888784  -36.192724 -0.696060 Cu°FesN
Mn -42.122090  -42.045820 -0.076269 Mn°FesN
Co -40.209929  -40.264990 0.055063 Co'FesN
Y -36.274933  -36.485999 0.211066 Y'FesN

w -41.081847  -41.536768 0.454921 WFesN

Cr -42.386732  -42.943333 0.556601 Cr'FesN
\% -42.431843  -43.040928 0.609085 VFesN

The energy difference AE = E(M°FesN)-E(M'FesN), where E(MCFesN) represents the energy of

MCFesN with cubic structure, and E(MFesN) represents the energy of MTFesN with tetragonal

structure. When AE < 0, the element M tends to replace Fei, showing space group of Pm-3m. When

AE > 0, the element M tends to replace Fejg, showing space group of P4/mmm.
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S25. The priority occupancy of MzFeN

Table S4 The energy difference AE=EwmreeN)-E(mareN), Where Evsren) represents the energy of MsFe®N with cubic
structure, and Ewren) represents the energy of MsFe'N with tetragonal structure. When AE < 0, the
element M tends to replace Feus and Feya, showing space group of Pm-3m. When AE > 0, the element

M tends to replace Fenaand Fej, showing space group of P4/mmm.

Substitution element Evaren) Emren) AE=Em.ren-Emireny  Preferential occupancy site
Y -30.514946 -28.535864 -1.979082 Y3FeN
Gd -60.553204 -59.635418 -0.917786 GdsFeN
\% -45.925756 -45.449720 -0.476036 V3FeN
Co -37.674500 -37.592495 -0.082005 CosFe°N
Cr -45.801819 -45.725603 -0.076216 CrsFe’N
Mn -43.859310 -44.229587 0.370276 MnsFeN
w -41.509129 -42.308742 0.799613 W;Fe'N
Pt -27.385084 -28.933959 1.548875 PtsFe'N
Cu -25.067883 -26.830467 1.762584 CusFe'N
Zn -16.692228 -18.478715 1.786487 ZnsFeN

The energy difference AE=E(M3sFe°N)-E(MsFe'N), where E(MsFe°N) represents the energy of
MsFe®N with cubic structure, and E(MsFe'N) represents the energy of MsFe'N with tetragonal
structure. When AE < 0, the element M tends to replace Feis and Feua, showing space group of
Pm-3m. When AE > 0, the element M tends to replace Fenaand Fe;, showing space group of

P4/mmm.
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V, Cr, Mn, Co, and Cu)

S26. The phonopy of MxFesxN (M
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V, Cr, Mn, Co, and Cu)

S27. The phonopy of MxFesxN (M
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