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K1 (a) JE A o R MU B s (b) DAC 22 B AMBSEIE: () SRR S i 1 A 30 45 44 41 1L P&
Fig. 1 (a) Schematic illustration of the in-situ high-pressure photocurrent measufement; (b) Rhotograph of the external DAC
setup; (c) Top-view optical microscope image showing the internalsstructure of the sample chamber.
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Fig. 3 (a) SEM image of MoSe;; (b) EDS spectrum and elemental composition of MoSe;; (¢c) TEM lattice image of MoSe,
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Fig. 4 Tauc plot of bulk MoSe at ambientpressure.
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Fig. 5 (a) In-situ XRD patterns of MoSe; at various pressures; (b) Pressure dependence of normalized lattice parameters of
MoSe,; (c) Evolution of unit ¢€ll volume of MoSe, with pressure
1 EEFKMET MoSe, fiikZE 24

Table 1 Crystal structure parameters of MoSe, under high pressure.

J£71 (GPa) a(A) c(A) V (A3)
0'(1 atm). ' 3.288 12.911 120.777
0.3 3.286 12.888 120.530
019 3.279 12.808 119.329
1.4 3273 12.667 118.154
2.5 3.266 12.640 116.825
3.2 3.258 12.555 115.473
4.5 3.250 12.441 113.806
7.1 3.241 12.327 111.074
9.0 3.229 12.216 109.323

10.6 3.216 12.101 108.397
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S, 5k XRD 45 FAH B EVE.
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(IR SR EE MR, R IR FH T J2 (R EE RN 58 T J2 18] Se-Se AH ELAE AW AT 35 587 Tz N9k 30
W T Ea VEATINBIUIREE, E 52 Mo-Se LA Ha Oy 2PN SRS BET 7050 e 7 () 1S AH
X o IXFPHRBR LN e g me S (4 22 Sk, HE— DA TIE T\ MoSe, 78 4 1 7 v 2 ) 5 2 N X 380
TR R E AR, YRR ERADRH & A% S 2 A T oA A
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JE 77 AL
Fig. 6 (a) Raman spectra of\MoSe, at ambient pressure (1 atm); (b) In-situ Raman spectra of MoSe; at various pressures; (c)
Pressure-dependent Raman shifts of the E,, and A, modes
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Fig. 7 (a) Near-infrared reflectivity spectra of MoSe; at various pressures; (b) Evolution of integral intensity with pressure
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Fig. 8 (a) I-V characteristic curves of MoSe, at various pressures; (b) Time-dependent photocurrent response under periodic
illumination (30 s light on/30 s light off cycles) at various pressures; (c) Evolution of photocurrent as a function of pressure
2.6 MoSe; WIS ERMIBIRITHEMR

SRR I B MoSe, 8 5 5 HLIE S A HL T S5 WIRE IR, AT U3 T8 02 bR BB TH BT T LBt g
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Fig. 9 (a) Calculated band structures of MoSe; at different pressures; (b) Linear evolution of bandgap as a function of pressure;
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(¢) Calculated optical absorption spectra at various pressures
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Abstract: MoSe; is a promising candidate for tunable near-infrared photodetectors owing to its band gap
alignment with optical fiber communication windows. We combine diamond anvil cell techniques with
density functional theory calculations to investigate pressure-induced structural evolution and
optoelectronic modulation in MoSe,. X-ray diffraction and Raman spectroscopy /Confirm that the
hexagonal 2H phase remains stable up to 10 GPa, exhibiting pronounced anisotropict¢ompression. The
c-axis compressibility is approximately three times that of the a-axis. Infrared reflectivityspectra show a
monotonic increase in reflectance with pressure, indicating a bandgap narrewing trend. First-principles
calculations reveal a pressure-driven downward shift of the conduction band mimimum, with the band
gap narrowing linearly from 1.24 eV at ambient pressure to 0.77 eV, at 4 GPa and optical absorption
being enhanced. Photocurrent increases progressively from 0.4 to 3.9/GRa, peaking at approximately
twice the ambient value before vanishing at 4.3 GPa due to overwhelming.dark current. The consistency
between theoretical predictions and experimental observation§ elucidates the electronic origin of the
pressure-tuned optoelectronic response, providing a foundation/ for MoSe,-based pressure-modulated
spectral devices.

Keywords: MoSe,. high pressure; bandgap engineering;/ Optoelectronic properties, first-principles

calculation



