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Supporting information

The structure, electronic, optical and photocatalytic properties of metal doped monolayer GeSe 

have been systematically studied by first principles calculations. It is noted that Se-rich growth condition 

is beneficial to the formation of metal  doped GeSe. The band structure of IIA group (Be, Mg, Ca, Sr 

and Ba) and IVA group (Sn and Pb) doped GeSe is similar to undoped GeSe. The semiconducting 

behaviors of GeSe are modified by p-type [IA group (Li, Na, K, Rb and Cs)] or n-type [VA group (Sb 

and Bi)] doping. And, IIIA group (Al, Ga and In) and VA group (Sb and Bi) doping can induce ILs 

within the band gap of GeSe. 
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S1. The electronic properties of metal doped monolayer GeSe

Figure S1.  The band structure and average PDOS of IA and IIA group doped GeSe.



Figure S2.  The band structure and average PDOS of IIIA, IVA and VA group metal doped GeSe.



S4. HOMO and LOMO states

Figure S3. HOMO and LUMO of IA and IIA group metal doped monolayer GeSe. The separation of HOMO and 

LUMO contributes to the separation of photogenerated e-/h+.



Figure S4. HOMO and LUMO of IIIA, IVA and VA group metal doped monolayer GeSe. 



S3. Optical absorption spectrum

Figure S5. The optical absorption spectra of IA and IIA group metal doped GeSe.



Figure S6. The optical absorption spectra of IIIA, IVA and VA group metal doped GeSe.



S4.Gibbs free energy diagram for H* adsorption (ΔGH) on the different metal doped GeSe.

Figure S7. The ΔGH of  undoped and metal doped GeSe



S5. The energy position of band edge of the undoped and metal doped GeSe

Figure S8. The energy of band edge and work function (Φ) of IA and IIA group metal doped system.

Figure S9. The energy of band edge and work function (Φ) of IIIA, IVA and VA group metal doped GeSe.



Table S1. The a and b are the lattice parameters, with unit Å.  ∆q is the charge transfer from doped metal 

atom to GeSe, N is the number of catalytic active sites. 

Dopant Na K Rb Cs Mg Ca Sr Ba Ga In Sn Pb

a 4.267 4.299 4.301 4.287 4.245 4.267 4.293 4.331 4.267 4.350 4.307 4.360

b 3.944 3.950 3.950 3.947 3.976 3.995 3.999 3.997 3.961 3.937 3.986 3.886

∆q 0.87 0.91 0.90 0.92 1.43 1.37 1.52 1.70 0.63 0.89 0.74 0.88

N 23 24 24 25 23 23 25 25 22 17 25 23


