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Part 1. Chemical potential conditions of HgX2S4 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. HgX2S4 phase diagram is thermodynamically limited by the following 

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

, ,                (S1)Hg 0  X 0, (X In, Sc and Y)   S 0. 

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

must satisfy eq. S2 for HgIn2S4, eq. S3 for HgSc2S4 and eq. S4 for HgY2S4.
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Part 2. Degeneracy factor of intrinsic defects in HgX2S4 spinel system

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

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

Table S1. Degeneracy factor of intrinsic defects in HgX2S4 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

Fig. S1. Optical absorption coefficient of HgX2S4 spinel semiconductors (X=In, Sc and Y).

Fig. S2. Partial charge density of CBM for (a) HgIn2S4, (b) HgSc2S4 and (c) HgY2S4.


