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Fig. S1. AIMD snapshots of (a) LuSBr, (b) LuSCl, and (c¢) LuSI monolayer at 300 K.
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Fig. S2. AIMD snapshots of (a) LuSBr, (b) LuSCl, and (c) LuSI monolayer at 500 K
and 800 K.
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Fig. S3. (a-c) Side views and corresponding electron localization function (ELF)
contour maps cut along the (001) direction, with equivalent values of 0.9au, 0.89au.,
and 0.9au, respectively. The red line represents the selected layer shown in the ELF
contour map in the bottom panel.
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Fig. S4. (a-c) Total energy variation of LuSBr, LuSCI, and LuSI monolayers under
biaxial strain ranging from -5% to 5%. (d-f) Stress-strain curves for the three layers
under strain along the x direction. (g-1) Stress-strain curves for the three layers under
strain along the y direction.
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Fig. S5. Band structures of LuSBr, LuSCl, and LuSI monolayers under external

strains.
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Fig. S6. Variation in band gap values of the LuSX monolayer under in-plane biaxial
strain ranging from -5% to 5%.
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Fig. S7. The variation of band gaps for (a) LuSBr, (b) LuSCl, and (c) LuSI sheets
under uniaxial strains.
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Fig. S8. (a-c) Band structures of the F’ state of LuSBr, LuSCI, LuSI sheets.
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Fig. S9. Band structures of (a) LuSBr, (b) LuSCI, and (c) LuSI monolayers with the
strain of -12%, -11%, and -10%, respectively.
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Fig. S10. Band-edge positions of different states of LuSBr monolayer during FE
switching, shown in relation to the redox potentials of water, calculated using the
HSEO06 functional. The vacuum energy level is set to 0 eV. Intermediate states labeled
F1 to F6 correspond to those identified in Fig. 4d.
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Fig. S11. Band-edge positions of different states of LuSCI monolayer during FE
switching, shown in relation to the redox potentials of water, calculated using the
HSEO06 functional. The vacuum energy level is set to 0 eV. Intermediate states labeled
F1 to F6 correspond to those identified in Fig. 4d.

—
% ‘3 B F F, F, F; P F, Fs F, F T
o T s P [ b R, P . R L e b A (R 4meeee JHYHL(PH=14)
Qo 4 i
S -4r
9 ................................................... EESUSHI [CUSTS CIN ARun PSRN SRR b e
>, _5 SULCRIIILE [ECCTEETRE EEETERRREEY CEERCTUREE] CEETETERRs SEERITELLES TRURITELEY AEETPTIITEY RELERLIter TEREEees -+{0,/H,0(PH=14)
(@)}
L +
[(b] 6 ...................................................................................................... 0,/H,0(PH=0)
C b+ i
L

-7 B se— A 3 —— ‘/3?5‘61_.\; —— A ¥ —— 7

3.690 eV ST ev 3066 ev 3877 ¢ 3871 eV 3o ey 3.895 ev--690 eV |

Fig. S12. Band-edge positions of different states of LuSI monolayer during FE
switching, shown in relation to the redox potentials of water, calculated using the
HSEO06 functional. The vacuum energy level is set to 0 eV. Intermediate states labeled
F1 to F6 correspond to those identified in Fig. 4d.



Table S1 Electron loss (-) and gain (+) occur for different atoms in LuSX (X=Br, Cl,

D).

System LuSBr LuSCl1 LuSI

Lu -1.85¢ -1.87e -1.80e

S +1.21e +1.19¢ +1.21e

X +0.64¢ +0.68e +0.59%
Table S2. Elastic constants (in GPa) of LuSX monolayers.
Phase C11 sz C]z C44
LuSBr 21.527 29.804 0.845 7.976
LuSI 27.665 40.504 11.08 7.918
LuSCl 26.57 50.568 13.005 7.9

Table S3. CBM and VBM energies (in eV), photo-generated electrons/holes
potentials (U, and Uy), and redox potentials of water splitting (U+/my and U om0, in
eV)atpH =0, 7, and 14 for LuSX monolayers.

Energy levels LuSBr LuSCl LuSI
CBM -3.44 -3.31 -3.40
Um/my at pH=0 -4.44 -4.44 -4.44
U, at pH=0 1.0 1.13 1.04
Umn/my at pH=7 -4.027 -4.027 -4.027
U, at pH=7 0.587 0.717 0.627
Umn+my at pH=14 -3.614 -3.614 -3.614
U, at pH=14 0.174 0.304 0.214
VBM -7.49 -7.40 -7.09
U(O0,/H,0) at pH=0  -5.67 -5.67 -5.67
Uy at pH=0 1.82 1.73 1.42
Uo2m20) at pH=7 -5.257 -5.257 -5.257



Uy at pH=7 2.233 2.143 1.833
U(OZ/HZO) at pH=14 -4.844 -4.844 -4.844
U, at pH=14 2.646 2.556 2.246



