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Fig. 1. The XRD pattern and ultraviolet-visible absorption spectrum of HfS, at ambient pressure: (a) The XRD pattern (the black

line represents the measured data, and the red line represents the normalized diffraction peak positions), inset shows optical micro-

scopy image and corresponding lattice parameters of powder sample HfS,; (b) ultraviolet-visible absorption spectrum, the inset

shows the band gap determined by the Tauc plot method.
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Fig. 2. Photocurrent measurement results of HfS, sample under 500 mW /cm? simulated sunlight irradiation with an applied bias
voltage of 0.1 V: (a) The photocurrent of HfS, at different pressures (the “on” and “off” above the horizontal axis represent the
light source on and off, respectively); (b) pressure dependent photocurrents and responsivity(R) of HfS, during compression and de-
compression processes (red solid ball and red open triangles represent the photocurrent during compression and decompression, re-

spectively; blue solid ball and blue open triangles represent the responsivity (R) during compression and decompression, respec-

tively).
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Fig. 3. High-pressure in situ Raman scattering spectra of HfS,: (a)-(c) Raman scattering spectra of HfS, at different pressures;

(d) pressure dependence of the Raman shifts.
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Fig. 4. Fitting results for the total resistance(R,).
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Fig. 5. (a) The ultraviolet-visible absorption spectra of HfS, under different pressures; (b) experimental and theoretical calculations

of HfS,’s pressure-dependent bandgap (red solid ball represent experimental bandgap values, and green pentagrams represent calcu-

lated bandgap values, respectively).
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

Photoelectric properties of HfS, under high pressure’

YAN XiaoliV?  FENG Zhenbao? YU Lan?! LIU Cailong Vf

1) (Shandong Provincial Key Laboratory of Quantum Materials under Extreme Conditions, School of Physics Science &
InformationTechnology, Liaocheng University, Liaocheng 252059, China)
2) (Center for High Pressure Science & Technology Advanced Research, Shanghai 201203, China)

( Received 8 July 2025; revised manuscript received 18 August 2025 )

Abstract

HIfS,, as a typical IVB group transition metal dichalcogenide (TMD) material, has shown great potential
applications in various fields such as photo-sensing, communication, and imaging due to its high carrier mobility
and interlayer current density characteristics. Recent studies have revealed the significant role of pressure in
modulating the spectral response range and electrical transport properties of TMDs, which has aroused our
interest in studying the pressure regulation of the optoelectronic properties of HfS,. In this study, diamond anvil
cell based high-pressure in-situ photocurrent, Raman scattering spectroscopy, alternating current impedance
spectroscopy, ultraviolet-visible absorption spectroscopy measurements, and combined first-principles
calculations are used to systematically investigate the effects of pressure on the electrical transport and
optoelectronic properties of HfS,. The experimental results show that the photocurrent of HfS, continuously
increases with pressure rising. Within a pressure range of 0-10.2 GPa, the photocurrent and response of HfS,
show a rapid upward trend with pressure rising; at 10.2 GPa, the photocurrent and response of HfS, (I, =
0.32 pA, R = 8.19 pA/W) are about three orders of magnitude higher than their initial values at 0.5 GPa
(I, = 140 x 10* pA, R = 3.56 x 10* pA/W). At the pressure above 10.2 GPa, the growth rate of
photocurrent and response slow down significantly, which are related to the structural phase transition of HfS,
near 10.0 GPa. Further compression to 30.1 GPa results in a maximum photocurrent of 3.35 pA, which is five
orders of magnitude higher than its initial value at 0.5 GPa. This significant enhancement is attributed to the
strengthening of S-S interlayer interaction forces under pressure, which leads band gap and resistivity to
decrease. In addition, based on the modified Becke-Johnson (mBJ) exchange-correlation potential, the electronic
band structure and optical properties of HfS, in its initial phase are calculated and analyzed using WIEN2K
software package. The calculation results show that with the increase of pressure, the optical absorption
coefficient and the real part of the photoconductivity of HfS, along the c-axis significantly increase, which
further reveals the intrinsic physical mechanism of the enhanced photoresponse of HfS, under pressure. This

study offers a new insight into pressure regulated optoelectronic properties of layered materials.
Keywords: HfS,, high pressure, photoelectric properties
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