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Figure S1. Optimized geometries of F4TCNQ/BP system without and with van der 

Waals corrections. 

We used van der Waals corrections to further optimize the geometries of 

molecule/BP systems once again by DFT+D method in DMol3 program from 

Accelrys, Inc. However, the results shown above indicate that inclusion of van der 

Waals corrections has negligible effect on the geometries of F4TCNQ/BP system. 

Both of the MoO3 or NO2 molecules adsorbed monolayer phosphorene systems give 

similar results. The van der Waals corrections mainly change the adsorption energies. 

It is found that the adsorption energies with van der Waals corrections are much 

stronger than those without van der Waals corrections. For instance, in NO2/BP 

system, the value of adsorption energy between NO2 and phosphorene is -0.094 eV 

without van der Waals correction, in contrast to the value of -0.260 eV with van der 

Waals correction. However, the adsorption energy for NO2/phosphorene remains the 

weakest in the molecule-phosphorene systems. Therefore, the trend of adsorption 

energies in molecule-phosphorene systems in the present study can be trusted, 

although van der Waals corrections are not considered.  
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Figure S2. Transmission spectra of monolayer phosphorene with the adsorption of (a) 

MoO3 and (b) NO2 molecules under various biases. The shadows denote the bias 

windows. 
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Figure S3. Schematic structures of (a) the simulated bottom-gate NO2/BP and (b) 

MoO3/BP FETs.  
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Figure S4. Transmission spectra of monolayer phosphorene devices with different 

adsorbed molecules at VDS = 2.0 V under VG = 0 V (a) and 1.0 V (b), respectively. The 

shadows denote the bias windows. The Fermi level of BP electrodes is set to 0 eV.  
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Figure S5. Transmission spectra of monolayer phosphorene FETs with different 

adsorbed molecules at VDS = 2.0 V under various VG ranging from -1.0 V to 1.0 V. (a) 

pure monolayer phosphorene, (b) F4TCNQ/BP, (c) NO2/BP, and (d) MoO3/BP. The 

shadows denote the bias windows. The Fermi level of BP electrodes is set to 0 eV.  
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Figure S6. Spatial distributions of LDOS for monolayer phosphorene FETs with 

different adsorbed molecules at Fermi level under VDS = 2.0 V and VG = -1.0 V. The 

isosurface shown corresponds to 0.01 states/(Å
3
 eV).  
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Figure S7. Transmission pathways through monolayer phosphorene FETs with 

different adsorbed molecules at an energy level of -0.24 eV under VDS = 2.0 V and VG 

= -1.0 V. The Fermi level of phosphorene electrodes is set to 0 eV. T is the 

corresponding transmission coefficient.   
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Figure S8. Potential drops of monolayer phosphorene FETs with different adsorbed 

molecules at VDS = 2.0 V and VG = -1.0 V.  
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Table S1. Charge Changes (e) of Monolayer Phosphorene FETs with Different 

Adsorbed Molecules at Different Drain Voltages under the Gate Voltage VG = -1.0V.  
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