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Fig. S1 The optical absorption coefficient of the monolayer 5-AuTe under strain-free, uniaxial strain
along the a-direction of 6%, 9%, and 12% in the x- and y-directions using the G\,W+BSE method.



Gibbs Free Energy

Photocatalytic water-splitting contains two half-reactions, the oxygen evolution reaction (OER)
and hydrogen evolution reaction (HER), where the two half-reactions can be obtained based on the
theory developed by Ngrskovet al.! The Gibbs free energy change (AG) can be calculated by the

following equation: >

AG = AE + AEzps — TAS, (1)

where AFE, AFzpg, and AS represent the differences in total energy, zero-point energy, and entropy
of the slab with and without adsorbed intermediates. The system temperature 7 is set to be 298.15

K. A Ezpg could be calculated by:

1
AEzpe = 5 Z hv, (2)

where v represents the vibrational frequency. Then, T'AS represents the change in entropic

contributions (with 7 set to 298.15 K). The term 7'S can be calculated by:

1
TS =kT | In (—_e hu/ka) Z AT (e,w/ka — 1) +1] 3)
K

where e represents the electron charge, h represents Planck’s constant, and k; is Boltzmann’s

constant.
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Fig. S2 The free energy for HER under different conditions of the monolayer 5-AuTe under strain-
free (a), uniaxial strain along the a-direction of 6% (b), 9% (c), and 12% (d).
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Fig. S3 The free energy for OER under different conditions of the monolayer 5-AuTe under strain-
free (a), uniaxial strain along the a-direction of 6% (b), 9% (c), and 12% (d).

@ ,, strain-free ®) ,, £~6% (©) o, £=9% @) ,., £=12%
22 e e P Y Y
1.84 e ° 1 1.84 1 2.0 o ° 3 2.01 i
—~ 1.6 ° ° 1 —~ 1.6 1 —~ %g: ° L4 ° ] ~~ %2: ]
> }3 o 1 = }§ 1 > 143 1 > 144 ]
o I L I 0 121 1 o 121 ]
~ 1.04 1 ~ 1.04 1 ~ 1.01 ] ~ 1.01 1
> 0.8 U 1 > 0.8 U, 1 5081 v U, 1 5081 U, 1
25 0.6 e 1 B8 0.6] 1 B0 061 1 55061 U 1
= 041 o U ] = 0.4 U, ] = 044 o U, 1 = 0.4 h 1
Q 021 h 1 L 021 1 Q (0.2 q O 0.2 k|
= 0od v ] (=} 004 ] < 009 v 1 < 0.0 1
M 021 Vv, 1 M 021 1 =34 vy 1 M3 ]
044 v ] 044 ] 063 v ] 063 ]
206 A 2061 ] ik T3 i
-0.8 +————————1— -0.8 +———————r——1—— Qo 4
0 2 4 6 8 1012 14 02 4 6 8 1012 14 0 2 4 6 8 1012 14 02 4 6 8 1012 14
pH pH pH pH

Fig. S4 The energy of U, and the U}, changed with the pH of the monolayer 3-AuTe under strain-free
(a), uniaxial strain along the a-direction of 6% (b), 9% (c), and 12% (d).



intermediates.

For HER, it follows a two-electron transferred reaction pathway:

x+HY +e” — H*,

H* +H" +e” — Hy,

For OER, it follows a four-electron transferred reaction pathway:

*+H,0 — OH* + e~ +HT,

OH* - O*+e +HT,
O* + H,O — OOH* + e~ 4+ HT,

OOH* — Oy +e~ + HT,

For HER, AG under the effect of electrolyte pH is given by the following equation:

1

For OER, AG under the effect of electrolyte pH is given by the following equations:

1
AG, = Gop+ + §GH2 — GHQO — G* —0.059 x pH — €U,
1
AGQ = GOA + EGHQ — GOH* — 0.059 x pH — GU,
1
AG3 = Goon* + §GH2 — GHQO — Go+ — 0.059 x pH — eU,

1
AG4 = G02 + G+ §GH2 — GOOH* — 0.059 x pH — €U7

4)

&)

(6)

(7)

®)

9)

where * is the active site on photocatalysts, O*, OH*, OOH*, and H* represent the adsorbed

(10)

(11)
(12)
(13)

(14)

where 0.059 x pH is the free energy contribution under the effect of pH, eU denotes the influence



of extra potential bias provided by the electrons or holes in the electrode, and U is the electrode

potential relative to the standard hydrogen electrode (SHE).
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