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Fig S1 The electron localization function (ELF) of (a) SPtSiN,, (b) SPtSiP,, (c) SPtSiAs,, (d)

SPtGeN,, (¢) SPtGeP, and (f) SPtGeAs,. The isosurface for ELF is 0.75 eA-3.
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Fig S2 Variation of the energy as a function of time for the Janus (a)SPtSiP,, (b)SPtSiP,,

(c)SPdGeN,, and (d)SPdGeAs, monolayers at tOOK. The insets are the top view of the structure

at the end of the AIMD simulation.
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Fig S3 The calculation of carrier mobility is carried out in rectangular cell in the black dotted box,

the x and y directions also been indicate.



Fig S4 The most probable intermediates absorbed on the S-side and Nout-side of (a-d) Janus

SPtSiN; (e-h) SPtSiP,, and (i-1) SPtGeAs, monolayers, H+, OH*, O*and OOH*.

Fig S5 The top view of Janus SPtAZ, (A=Si, Ge; Z=N, P, As) under biaxial strain.
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Fig S6 Phonon spectrum of (a) SPtSiN,, (b) SPtSiP,, (¢) SPtGeN,, and (d) SPtGeAs, monolayers

under strain of +5 % and -5%.

The Solar-to-hydrogen (STH) Efficiency

The STH efficiency is evaluated using the methods proposed by Yang et al.! According to the



reaction process, STH efficiency is defined as the product of the efficiency of light absorption (

Nabs) and carrier utilization (eu).

Nsrr = Nabs X My (Sl)

The efficiency of light absorption is defined as:

P(hw)d(hw)

Naps =
P(hw)d(hw)

o8 | 78

(82)

where P(h®) are the AM1.5G solar energy flux at the photon energy 2@ and Eg is the band gap of
the materials. The denominator represents the total power density of the reference sunlight spectrum
(AM1.5G) and the numerator gives the light power density absorbed by the photocatalyst.

The efficiency of carrier utilization ("ev) is defined as:

Q,

AG f Ph) 4

100 " hw ©)
E
New = o
fP(hw)d(hw)
Eg (S3)
AGy , . o
where 27 is the free energy of water splitting (1.23eV) and the rest of numerator represents the

effective photocurrent density. Here, E represents the photon energy that can be actually utilized in

the process of water splitting.

E, (x(Hy) 20.2,x(0,) 2 0.6)
E,+0.2-x(H,), (x(H,) < 0.2, x(0,) = 0.6)
E,+0.6-x(0,), (x(H,) 2 0.2, x(0,) < 0.6)
E,+ 0.8~ x(H,) - x(02), (x(Hy) < 0.2, x(0,) < 0.6) ($4)

The intrinsic electric field does positive work for the electron-hole separation during the process of
photocatalytic water splitting. Therefore, this part of work should be added into the total energy,
and then the corrected STH efficiency of photocatalytic water splitting for 2D material with vertical

intrinsic EF is calculated as:

f P(hw)d(hw)
0

nST'H =MNstn X o
f fP(hw)

P(hw)d(he) + 8V | —=Zd(hw)
0 Eg (S5)



where AV is the vacuum level difference on the two respective surfaces.

Free Energy Difference (AG)

Free energy difference (AG) in the water redox reactions is calculated according the approach

proposed by Nerskovet al.? The formula at pH=0 without solar irradiation can be defined as below:
AG = AE + AE,, - TAS (S6)

where AE is the adsorption energy, AE pe and AS are the difference in zero point energy and entropy

difference between the adsorbed state and the gas phase, respectively.

There are four steps to transform H,O into O, molecule in oxidation half reaction, which can be

written as:

*+ H,0->0H" +H" +e”

(87)
OH* -0" +H" +e” (S8)

* * + -
0" +H,0-00H +H" +e (S9)

Meanwhile, hydrogen production half reaction can be decomposed into two steps, the reaction
equation can be written as:
s*+H" +e >H" (S10)

* + -
H*+H" +e > »+H, (S11)

where * means the adsorbed materials, O : , OH : , OOH " and H” represent the adsorbed
intermediates.
For each reaction of both oxidation and hydrogen production, the free energy difference under the

effect of pH and extra potential bias can be written as:

1
BGo=Goy, +56n, = G = Gy o+ AGy = MGy,

(S12)
AG, =Gy, + %GHZ =Gy + 4Gy ~AG,y (S13)
AG.=Gpop . + %GHZ ~Go. =Gy T AGy - AGyy (S14)
AG,=G, +%GH2+GOZ_G00H* +AGy - AG,y (S15)

1
AG, =Gy, =Gy, =G, +AGy + 4G, 516



1
AG, =G, +-G, -G, +AG, +AG
f « P50, T bH . U pH (S17)

AG,y, (AGPH =kgT X In10 X pH

where ) represents the free energy contributed in different pH

concentration. 2Cu (AGU = eU) denotes extra potential bias provided by an electron in the

electrode, where U is the electrode potential relative to the standard hydrogen electrode (SHE).

Table S1 Zero-point energy correction (Ezpg), and entropy contribution (TS, T=298.15K) of

molecules and adsorbates.

Species ZPE -TS
H, 0.27 -0.41
H,0 0.56 -0.67
OH* 0.34 -0.11
O* 0.05 -0.10
OOH* 0.42 -0.22
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