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Part 1. Chemical potential conditions of HgX,S, phase

Since the formation energy of defects is the function of chemical potential, we need to obtain
the phase diagram which limits the region of chemical potential before calculating defects’
formation energies. HgX,S, phase diagram is thermodynamically limited by the following

conditions. To avoid the pure phase of elements, the following conditions must be satisfied

thyy <0, p <0, (X=In,Scand Y), 4 <0. (S1)

Similarly, to exclude the formation of secondary phase of compounds, their formation enthalpies

must satisfy eq. S2 for HgIn,S,, eq. S3 for HgSc,S, and eq. S4 for HgY,S,.

Uy THs < AH (= 0.42 eV) 2p, F3ug <AH,  (—4.03 eV)

My Aty < AH o (—1.37 €V) 3y, s <AH,, ((—1.27 eV)

My Ty, SAH, L (—0.42 eV) 3p, tAug <AH, ¢ (—5.08 eV)

g 3y, S AH L, (—0.46 €V) St tApug <AH, ¢ (—6.13 eV) (S2)
3ty S AH,, 4, (—1.29 €V) Sth, T8 SAH | (—8.48 €V)

M T SAH, (—1.61 eV) 61, t7us <AH,, ¢ (—10.23 V)

20 <AH o (—0.64 €V) Uy, Hl6us <AH,, ¢ (—21.31¢€V)

My T < AH (=042 €V) 3.ty SAH 4 (—1.14 €V)

My tAps < AH o (—1.37 eV) Uty SAH (—4.02eV)

s, gy < AH iy (~1.06 €V) fo, F2p1 < AH g (~3.68 eV) (s3)
Hs 3, SAH,, (—1.18 €V) 2p5, 3 g < AHg, ¢ (—10.60 €V)



Uy, it < AH(—0.42 €V)
My TApg SAH L6 (=137 eV)
gy < AH 1, (~1.26 6V)
My T2, SAHyy, (—1.57 €V)
Hy 3y, SAHy,, (—1.83 eV)

1y 1t < AH . (—4.39 eV)
Hy 245 < AH g (—0.30 eV)
2, +3p1g AH g (~11.64 eV)
Sug+Tp < AH, o (~27.94€V)

Part 2. Degeneracy factor of intrinsic defects in HgX,S, spinel system

(S4)

The degeneracy factor g, of a charged defect level and the arrangement of electron on defect

energy levels of different defects are listed in the following Table S1.

Table S1. Degeneracy factor of intrinsic defects in HgX,S, spinel system combing with the

consideration of energy level splitting in crystal field.
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Part 3. Optical absorption coefficient and partial charge density of CBM
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Fig. S1. Optical absorption coefficient of HgX,S, spinel semiconductors (X=In, Sc and Y).
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Fig. S2. Partial charge density of CBM for (a) Hgln,S4, (b) HgSc,S, and (¢) HgY,S,.




