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Figure S1. Optical images of (a) SnS, (b) SnS0.5Se0.5, (c) SnSe nanosheets 

Figure S2. Atomic model of a bulk SnS0.5Se0.5 crystal structure viewed along the (100) 
or (010) directions.

Figure S3. (a) HRTEM image and (b) The corresponding EDS spectrum and the 

extracted EDS data of SnS0.5Se0.5 nanosheets in the blue square. 
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Figure S4. Schematic plot of the energy band and deep defect level for SnS, SnS0.5Se0.5 

and SnSe.

The deep-level defects of binary SnS and SnSe become harmful recombination 

centers, which greatly reduce the possibility that the captured holes will be emitted into 

the conduction band and become free holes again1. After alloying, the energy state of 

CBM and VBM of SnS0.5Se0.5 lies between the binary SnS and SnSe, so the deep-level 

defects getting low, results in the captured holes in the defect states tend to flow to the 

VBM to become free holes.

Figure S5. (a) The corresponding spatial distribution of surface potential of HOPG by 
KPFM. (B) Histogram of contact potential difference of the HOPG surface.
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Figure S6. Energy band alignments of SnS0.5Se0.5/GaAs device by KPFM.

Figure S7. (a) and (b) AFM image with the thickness profile obtained from the AFM 

image along the straight line of the SnS/GaAs, and SnSe/GaAs heterostructures, 

respectively. (c) and (d) The corresponding spatial distribution of surface potential of 

the SnS/GaAs, and SnSe/GaAs heterostructures along the dashed line.
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Figure S8. (a)-(c) Optical image of the measured SnS, SnS0.5Se0.5 and SnSe nanosheets, 

showing the crystallographic axes, the polarized direction of the incident laser and 

scattered light.

 Figure S9. (a)-(c) Ids-Vds curves and (d)-(f) transfer characteristic curves of pure SnS, 

SnS0.5Se0.5, SnSe under dark. Mobility of the SnS0.5Se0.5 has increased obviously.
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Figure S10. Ids-Vds curves of Au/GaAs at linear and logarithmic forms.

Figure S11. Incident light intensity dependence of Ilight/Idark ratio at the bias of 0 V.
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Figure S12. Power dependent fill factor (FF) of the heterostructure device. The FF can 

be calculated as2: 

FF = Pmax/(IscVoc)
 where Pmax is the maximum output electrical power.

Figure S13. Responsivity and photocurrent as a function of light power density at the 
bias of 1 V.
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Figure S14. Calculated absorbance along b-axis and c-axis for SnS0.5Se0.5. 

Figure S15. The dichroic ration 𝛼b/𝛼c extracted from SnS0.5Se0.5 absorbance.
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Figure S16. (a) Calculated absorbance along b-axis and c-axis for SnS. (b) The dichroic 
ration 𝛼b/𝛼c extracted from SnS absorbance. (c) Calculated absorbance along b-axis and 
c-axis for SnSe. (d) The dichroic ration 𝛼b/𝛼c extracted from SnSe absorbance.
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