
Electronic Supplementary Information: 

Effects of External Electric Field on the Sensing Property of Volatile 

Organic Compounds over Janus MoSSe Monolayer: A First-

principles Investigation

Chen-Hao Yeh*, Yu-Tang Chen, and Dah-Wei Hsieh

Department of Materials Science and Engineering, Feng Chia University, No. 100, 

Wenhwa Rd., Seatwen, Taichung, 40724, Taiwan

*Corresponding author. E-mail: chenhyeh@fcu.edu.tw (C.-H. Yeh)

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2021

mailto:chenhyeh@fcu.edu.tw


Table S1. Summary of the orientations for the positive external electric fields ( , acetone molecule, and TMDs monolayers with their 𝐹⃗)

corresponding adsorption energy, Eads, in different adsorption structures of acetone on pristine MoS2 and Janus MoSSe monolayers.

MoS2 MoSSe-S MoSSe-Se

E-field
Adsorpt

ion type
𝐹⃗ Acetone Surface Eads (eV) 𝐹⃗ Acetone Surface Eads (eV) 𝐹⃗ Acetone Surface Eads (eV)

0.6 Acev1 ↑ ↓ No 0.28 ↑ ↓ ↑ -0.05 ↑ ↓ ↓ 0.57

0.6 Acev2 ↑ ↑ No -0.49 ↑ ↑ ↑ -0.85 ↑ ↑ ↓ 0.21

0.6 Aceh ↑ ← No -0.17 ↑ ← ↑ -0.50 ↑ ← ↓ -0.11

0.4 Acev1 ↑ ↓ No 0.02 ↑ ↓ ↑ -0.20 ↑ ↓ ↓ 0.26

0.4 Acev2 ↑ ↑ No -0.52 ↑ ↑ ↑ -0.77 ↑ ↑ ↓ -0.10

0.4 Aceh ↑ ← No -0.31 ↑ ← ↑ -0.55 ↑ ← ↓ -0.26

0.2 Acev1 ↑ ↓ No -0.11 ↑ ↓ ↑ -0.21 ↑ ↓ ↓ 0.02

0.2 Acev2 ↑ ↑ No -0.40 ↑ ↑ ↑ -0.53 ↑ ↑ ↓ -0.20

0.2 Aceh ↑ ← No -0.34 ↑ ← ↑ -0.42 ↑ ← ↓ -0.26

0 Acev1 No ↓ No -0.24 No ↓ ↑ -0.22 No ↓ ↓ -0.22

0 Acev2 No ↑ No -0.29 No ↑ ↑ -0.29 No ↑ ↓ -0.29

0 Aceh No ← No -0.36 No ← ↑ -0.32 No ← ↓ -0.32



Table S2. Summary of the orientations for the negative external electric fields ( , acetone molecule, and TMDs monolayers with their 𝐹⃗)

corresponding adsorption energy, Eads, in different adsorption structures of acetone on pristine MoS2 and Janus MoSSe monolayers.

MoS2 MoSSe-S MoSSe-Se

E-field
Adsorpt

ion type
𝐹⃗ Acetone Surface Eads (eV) 𝐹⃗ Acetone Surface Eads (eV) 𝐹⃗ Acetone Surface Eads (eV)

-0.6 Acev1 ↓ ↓ No -0.50 ↓ ↓ ↑ -0.11 ↓ ↓ ↓ -0.84

-0.6 Acev2 ↓ ↑ No 0.18 ↓ ↑ ↑ 0.51 ↓ ↑ ↓ -0.13

-0.6 Aceh ↓ ← No -0.36 ↓ ← ↑ 0.03 ↓ ← ↓ -0.65

-0.4 Acev1 ↓ ↓ No -0.52 ↓ ↓ ↑ -0.25 ↓ ↓ ↓ -0.74

-0.4 Acev2 ↓ ↑ No -0.06 ↓ ↑ ↑ 0.17 ↓ ↑ ↓ -0.27

-0.4 Aceh ↓ ← No -0.44 ↓ ← ↑ -0.19 ↓ ← ↓ -0.66

-0.2 Acev1 ↓ ↓ No -0.39 ↓ ↓ ↑ -0.23 ↓ ↓ ↓ -0.48

-0.2 Acev2 ↓ ↑ No -0.17 ↓ ↑ ↑ -0.05 ↓ ↑ ↓ -0.26

-0.2 Aceh ↓ ← No -0.38 ↓ ← ↑ -0.24 ↓ ← ↓ -0.50

0 Acev1 No ↓ No -0.24 No ↓ ↑ -0.22 No ↓ ↓ -0.22

0 Acev2 No ↑ No -0.29 No ↑ ↑ -0.29 No ↑ ↓ -0.29

0 Aceh No ← No -0.36 No ← ↑ -0.32 No ← ↓ -0.32



Table S3. Summary of the orientations for the external electric fields ( , cyclohexane molecule, and TMDs monolayers with their corresponding 𝐹⃗)

adsorption energy, Eads, in the adsorption of cyclohexane on pristine MoS2 and Janus MoSSe monolayers.

MoS2 MoSSe-S MoSSe-Se

E-field 𝐹⃗ Cyclohexane Surface Eads (eV) 𝐹⃗ Cyclohexane Surface Eads (eV) 𝐹⃗ Cyclohexane Surface Eads (eV)

0.6 ↑ No No -0.38 ↑ No ↑ -0.72 ↑ No ↓ 0.00

0.4 ↑ No No -0.39 ↑ No ↑ -0.60 ↑ No ↓ -0.10

0.2 ↑ No No -0.39 ↑ No ↑ -0.48 ↑ No ↓ -0.22

0 No No No -0.39 No No ↑ -0.36 No No ↓ -0.37

-0.2 ↓ No No -0.39 ↓ No ↑ -0.24 ↓ No ↓ -0.46

-0.4 ↓ No No -0.40 ↓ No ↑ -0.12 ↓ No ↓ -0.58

-0.6 ↓ No No -0.40 ↓ No ↑ -0.01 ↓ No ↓ -0.72



Table S4. Summary of electric field effects on the calculated adsorption energy, Eads, 

for the nitric oxide molecule on pristine MoS2 and Janus MoSSe monolayers.

MoS2 MoSSe-S MoSSe-SeE-field 

strength

(V/Å)
NO NO NO

0.6 -0.16 -0.56 0.07

0.4 -0.15 -0.40 0.03

0.2 -0.15 -0.29 -0.08

0 -0.18 -0.19 -0.20

-0.2 -0.17 -0.07 -0.30

-0.4 -0.17 0.04 -0.41

-0.6 -0.18 0.11 -0.57



Figure S1. Optimized adsorption structures of nitric oxide molecule on the (a) MoS2 
with the positive external electric field, (b) MoS2 with a negative external electric field, 
(c) S-layer of Janus MoSSe with the positive external electric field, (d) S-layer of Janus 
MoSSe with the negative external electric field, (e) Se-layer of Janus MoSSe with the 
positive external electric field, and (f) Se-layer of Janus MoSSe with the negative 
external electric field. The arrows are the directions of the dipole moment and the 
external electric field. Purple, yellow, and green spheres represent Mo, S, and Se atoms, 
respectively, while light blue and red balls are N and O atoms, respectively.



Figure S2. Calculated temperature evolution diagrams of different adsorbates coverage under different external electric fields: (a) acetone on 
Janus MoSSe, (b) acetone on MoS2, (c) cyclohexane on Janus MoSSe, and (d) cyclohexane on MoS2. θ = 1 represents the fully occupied of the 
adsorbates while θ = 0 means the empty surface, namely, all the adsorbates having been desorbed from the surface.



Microkinetic Simulations
All microkinetic simulations were performed using MKMCXX software. The 

rates of the adsorption ( ) and desorption ( ) of species A can be defined as:𝑟𝑎𝑑𝑠 𝑟𝑑𝑒𝑠

𝑟𝑎𝑑𝑠(𝑡) = 𝑘𝑎𝑑𝑠 × 𝑌𝐴 × 𝜃      (1)

𝑟𝑑𝑒𝑠(𝑡) = 𝑘𝑑𝑒𝑠 × 𝜃𝐴         (2)

where  is the rate constant,  is the coverage on the surface, and  is mole fraction in 𝑘 𝜃 𝑌

the gas-phase. Adsorption and desorption can therefore be described by the same set of 
rate equations. The desorption rate is usually expressed by a rate law of nth order: 

𝑣 =‒
𝑑𝜃
𝑑𝑡

= 𝑘 × 𝜃𝑛     (3)

, and the rate law is usually referred to as the Polanyi-Wigner equation: 

𝑣 =‒
𝑑𝜃
𝑑𝑡

= 𝑘 × 𝜃𝑛 = 𝐴(𝜃,𝑇)ⅇ𝑥𝑝( ‒ 𝐸𝑑𝑒𝑠(𝜃,𝑇)

𝑘𝑇 ) × 𝜃𝑛    (4)

where  is the electronic energy for the desorption process and  is the pre-𝐸𝑑𝑒𝑠(𝜃,𝑇) 𝐴(𝜃,𝑇)

exponential factor. 
For the desorption process of the adsorbates, we assume that the fully absorbed 

species only contain vibrational degrees of freedom. When the adsorbates desorb from 
the surface, the desorption rate constant can be written in the following expression:  

where the σ is the symmetry number and the  is the rotational temperature θrot. 

ℎ2

8𝜋2𝐼𝑘𝑏

Thus, the desorption rate constant is equal to:

𝑘 =
𝑘𝑏𝑇3

ℎ3
×

𝐴(2𝜋𝑚𝑘𝑏)
𝜎𝜃𝑟𝑜𝑡

ⅇ𝑥𝑝( ‒ 𝐸𝑑𝑒𝑠

𝑘𝑏𝑇 )    (6)


