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Phonon spectra calculations
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Figure S1. Phonon spectra of the H-III heterostructure.
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Ab initio molecular dynamics simulations
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Figure S2. Variation of the total energy of  (a) BAs, (b) WSeTe, and (c) BAs-WSeTe and (d) BAs-
WTeSe during ab initio molecular dynamics simulations at 300 K and 500 K.
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Figure S2A. At 300 K and 500K, the temperature of  (a) BAs, (b) WSeTe, and (c) BAs-WSeTe and 
(d) BAs-WTeSe during the 6 ps ab initio molecular dynamics simulations.
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(a) AIMD at 300K

(b) AIMD at 500K

BAs

Figure S3. Representative structures of BAs during ab initio  molecular dynamics simulations at (a) 
T = 300K and (b) T = 500K.
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(a) AIMD at 300K

(b) AIMD at 500K

WSeTe or WTeSe

Figure S4. Representative structures of WSeTe during ab initio  molecular dynamics simulations at 
(a) T = 300K and (b) T = 500K.
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(a) AIMD at 300KBAs-WSeTe

(b) AIMD at 500K

Figure S5. Representative structures of the BAs-WSeTe heterostructure during ab initio  molecular 
dynamics simulations at (a) T = 300K and (b) T = 500K.
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(a) AIMD at 300K

(b) AIMD at 500K

BAs-WTeSe

Figure S6. Representative structures of the BAs-WTeSe heterostructure during ab initio  molecular 
dynamics simulations at (a) T = 300K and (b) T = 500K.
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Band structure calculations

Figure S7. Band structure of the H-III heterostructure.
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Photocatalytic water splitting: values of the effective mass
Table S1. Calculated effective mass (m*) for electrons and holes in the Armchair x and zigzag y 
directions (T = 300 K).

Direction m* (mo) D = m*
h/m*

e

BAs x Electron 0.173 0.994

hole -0.172

y Electron 0.256 0.922

hole -0.236

WSeTe x Electron 0.390 1.371

hole -0.535

y Electron 0.433 1.559

hole -0.675

H-I x Electron 0.184 2.021

hole -0.372

y Electron 0.255 1.756

hole -0.448

H-II x Electron 0.192 1.875

hole -0.360

y Electron 0.277 1.798

hole -0.498

H-III x Electron 0.271 0.78

hole 0.213

y Electron 0.265 2.19

hole 0.582

H-IV x Electron 0.271 9.11

hole 2.480

y Electron 0.213 7.55

hole 1.610
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Calculations of carrier mobilities
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Figure S8. The energy shift of BAs monolayer, WXYsheet, and BAs-Janus WXY(X=Se, Te)  
obtained from DFT-PBE calculations. Graphs generated using VASPKIT [1].

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
-0.002

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

0.020

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
-0.002

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

0.020

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
-0.002

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
-0.002

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
-0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
-0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
-0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
-0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015

0.00

0.05

0.10

0.15

0.20

0.25

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015

0.00

0.05

0.10

0.15

0.20

0.25

0.30

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015

0.00

0.05

0.10

0.15

0.20

0.25

0.30

-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015

0.00

0.05

0.10

0.15

0.20

0.25

0.30

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs (Zigzag)

Weight No Weighting

Intercept -9.38095E-6 ± 8.90412E-5

B1 -0.02176 ± 0.00583

B2 78.04381 ± 0.67309

Residual Sum of Squares 9.514E-8

R-Square (COD) 0.9997

Adj. R-Square 0.99955

BAs-WSeTe (Zigzag) BAs-WSeTe (Armchair)

BAs (Zigzag) BAs (Armchair)

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs (Armchair)

Weight No Weighting

Intercept 5.57143E-6 ± 5.76778E-5

B1 -0.00962 ± 0.00378

B2 77.84429 ± 0.436

Residual Sum of Squares 3.99207E-8

R-Square (COD) 0.99987

Adj. R-Square 0.99981

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot WSeTe (Zigzag)

Weight No Weighting

Intercept -5.4E-5 ± 1.7885E-4

B1 -0.14039 ± 0.01171

B2 67.45286 ± 1.35198

Residual Sum of Squares 3.83849E-7

R-Square (COD) 0.99848

Adj. R-Square 0.99772

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot WSeTe (Armchair)

Weight No Weighting

Intercept -2.47619E-5 ± 1.09745E-4

B1 -0.02194 ± 0.00718

B2 66.18048 ± 0.82959

Residual Sum of Squares 1.44527E-7

R-Square (COD) 0.99937

Adj. R-Square 0.99906

WTeSe (Zigzag) WTeSe (Armchair)

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs-WTeSe (Zigzag)

Weight No Weighting

Intercept 1.90476E-5 ± 3.00206E-4

B1 -0.03475 ± 0.01965

B2 146.26524 ± 2.26934

Residual Sum of Squares 1.08148E-6

R-Square (COD) 0.99904

Adj. R-Square 0.99856

BAs-WTeSe (Zigzag) BAs-WTeSe  (Armchair)

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs-WTeSe (Armchair)

Weight No Weighting

Intercept 5.94762E-5 ± 1.3537E-4

B1 0.00102 ± 0.00886

B2 145.78524 ± 1.0233

Residual Sum of Squares 2.199E-7

R-Square (COD) 0.9998

Adj. R-Square 0.9997

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs-WSeTe (Zigzag)

Weight No Weighting

Intercept 1.02143E-4 ± 1.92241E-4

B1 -0.10386 ± 0.01259

B2 146.33714 ± 1.45321

Residual Sum of Squares 4.43481E-7

R-Square (COD) 0.99961

Adj. R-Square 0.99941

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs-WSeTe (Armchair)

Weight No Weighting

Intercept -2.15238E-5 ± 1.67069E-4

B1 -0.11434 ± 0.01094

B2 146.5281 ± 1.26292

Residual Sum of Squares 3.34945E-7

R-Square (COD) 0.99971

Adj. R-Square 0.99956

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs-WSeTe-Vac (Zigzag)

Weight No Weighting

Intercept 5.71429E-5 ± 8.45391E-4

B1 -0.20776 ± 0.05534

B2 580.25857 ± 6.39056

Residual Sum of Squares 8.57624E-6

R-Square (COD) 0.99952

Adj. R-Square 0.99927

BAs-WTeSe-Vac (Zigzag) BAs-WTeSe-Vac (Armchair)

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs-WSeTe-Vac (Armchair)

Weight No Weighting

Intercept 2.85381E-4 ± 7.30379E-4

B1 -0.24161 ± 0.04781

B2 572.99476 ± 5.52115

Residual Sum of Squares 6.40145E-6

R-Square (COD) 0.99963

Adj. R-Square 0.99944

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs-WSeTe-Vac (Zigzag)

Weight No Weighting

Intercept 5.71429E-5 ± 8.45391E-4

B1 -0.20776 ± 0.05534

B2 580.25857 ± 6.39056

Residual Sum of Squares 8.57624E-6

R-Square (COD) 0.99952

Adj. R-Square 0.99927

BAs-WTeSe-Vac (Zigzag) BAs-WTeSe-Vac (Armchair)

En
er

gy
 (e

V)

Strain

Equation
y = Intercept + B1*x 1̂ + B2*x 2̂

Plot BAs-WSeTe-Vac (Armchair)

Weight No Weighting

Intercept 2.85381E-4 ± 7.30379E-4

B1 -0.24161 ± 0.04781

B2 572.99476 ± 5.52115

Residual Sum of Squares 6.40145E-6

R-Square (COD) 0.99963

Adj. R-Square 0.99944

Figure S9. The band edge positions of BAs monolayer, WXY sheet, and BAs-Janus WXY (X=Se, 
Te) heterostructure as a function of the uniaxial strain obtained from DFT-PBE functional.
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Figure S10. Atomisti model of the heterostructure in contact with water: (a) BAs-WTeSe; (b) BAs-
WTeSe with Te vacancy.
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Figure S11.  ab initio  molecular dynamics simulations for (a) BAs-WTeSe (b) BAs-WTeSe (Vac) 
at T = 300K

Figure S12 : The band structures with large bubbles for the most stable and small solid circles for 
the second most stable configuration of WTeSe.
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