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Figure 1.(a) Side view of the trilayer structure of NbOCl.. The black, blue, and red
spheres represent Nb, Cl, and O atoms, respectively. NbOCl. crystallizes in the space
group C2, and its Nb atomic chains exhibit one-dimensional Peierls distortion
characteristics. (b) Schematic diagram of second-harmonic generation (SHG) in a
diamond anvil cell (DAC) setup. (c) Raw SHG intensity measured under different
hydrostatic pressures. (d) Normalized variation curve of SHG intensity at each
pressure point (e€) Normalized SHG intensity profile at 400 nm under various
pressures (f) Polar plots of SHG intensity measured parallel to the polarization axis

(b-axis) at 0 GPa and 1.61 GPa

HHE— BRI NDOCLYER K F I BB ALAT A, BATIEE T Hot 2 i
B YA R I 2 ()BT, WU B 3 T e B IR St . 7E



0.14 GPa £ 4.45 GPa JulH| N, WG B4R M T M 2088, RSB RHER] WOt 2
T LA B R SR T B 5, B R S S A BRUR AN . MR TR
4.5GPa & 14 GPa X [H]If, Witiifr Bi#aTHE, WERAN 2ELZ. KT)
H 15 GPa Ja, WG TFRRR A RS, BRI E RIE S SR e
(1 EL - 5 ) R B AR A T R o B TS A, JRATTEE— PR T R R ) R
JEEATRR, AR 2 (b)), ATBEE R R, AR R RN &S . IO
E 2 GPa VLT, 5 B 35 /N5 ks 7 A2 (SHG) B 740t 1 v i — 55
R SHG 5 B AR T A AR A, 5 B g 45 44 (1 0 2 D) A
Ko REAEERIIIT 9.67 GPa Itf SHG 15 558 &K, BEIREMM BN
BREAH, SRS AR B ORI C2/c M, EEBIERNE, L
4.5GPa 2 Ja, WHMEARFEZE N, MAE 5-15 GPa Ju BN RFFHEXFRE . X—
IE ATt 5 NbOCL)Z [ AH FLAE MR 354 603, SO0 B s 8 A B
MRS 15GPa 5, BRI — BN, TURMORHE S @ T R R A SR
& JB AR TR,

10T S 16},
< 80 f >
g L7 — o
= 60 ; Il
o y ﬁ gnl 4 A
=5 40 LA T 014GPa - 10.03GPa| ey A\ A AA
Z qolulry oo el B AN
< . 4:45GP: S =a) L2}
0 . 1 2 L L . 1 2 L 2 1 a 1
1.5 2.0 2.5 0 5 10 15 20
Energy (eV) P (GPa)

K2 JE7R T NbOCLAEA R I 71N HSOBCRs P J s B A U . () AN
JE 3564 RIS RRISE (b) AR () RIS 2 — 22 i SR U AN R R ) T
e

Figure 2. Absorption characteristics and bandgap evolution of NbOC]l. under various

hydrostatic pressures. (a) Absorption spectra measured at different pressures. (b)



Corresponding optical bandgap values extracted from further analysis of the spectra in

(a)
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Figure 3: Pressure-dependent photocarrier dynamics studied via high-pressure

femtosecond optical-pump - optical-probe (fs-OPOP) reflection spectroscopy and



Time-resolved Second-harmonic Generation (TR-SHG) (a) Schematic of the high-
pressure fs-OPOP reflection spectroscopy setup (b) Differential reflectivity (AR/Ro) as
a function of pump-probe delay time measured at different pressures; the red curves
represent biexponential fitting results (c¢) Pressure dependence of the fast (tr) and slow
(ts) time constants extracted from biexponential fitting of the decay curves in (b) (d)
Schematic of the high-pressure TR-SHG spectroscopy setup (e) Normalized transient
curves of Alsuc/Isnc measured at different pressures; the red curves are fitting results
(biexponential fit at 0 GPa, monoexponential fits at other pressures) (f) Pressure
evolution of the fast time constant t; obtained from monoexponential fitting of the

data in (e).
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Abstract:

Recently, the semiconducting material NbOClz, a room-temperature ferroelectric with
weak interlayer coupling and a strong nonlinear optical response, has attracted
significant attention owing to its potential applications in ultra-compact on-chip
photonic devices. In this study, we systematically investigate the photogenerated carrier
dynamics, ferroelectric polarization behavior, and evolution of the electronic structure
in NbOCl. under high pressure using a diamond anvil cell (DAC) combined with in-
situ measurement techniques, including femtosecond optical pump—optical probe (fs-
OPOP) spectroscopy, steady-state second harmonic generation (SHG), and time-
resolved second harmonic generation (TR-SHG) spectroscopy. Our experimental
results reveal that as pressure increases, the SHG intensity significantly decreases, with
a turning point in its pressure dependence observed around 2 GPa, suggesting a
ferroelectric-to-antiferroelectric phase transition. Upon further compression to
approximately 10 GPa, the system exhibits a coexistence of ferroelectric and
antiferroelectric phases. The pressure-induced evolution of the optical bandgap, derived
from high-pressure absorption spectroscopy, further indicates a close correlation
between changes in the electronic structure and the SHG signal. Using high-pressure

fs-OPOP spectroscopy, we observe exciton formation on a sub-picosecond timescale



and rapid interband recombination involving surface defects on a picosecond timescale,
with the relaxation times of both processes increasing with pressure. The bandgap
narrowing under high pressure increases the energy difference between the pump
photon energy and the bandgap, resulting in photogenerated carriers with higher initial
kinetic energy and electron temperature, thereby prolonging hot carrier cooling and
exciton formation, which is reflected in an increase in the fast time constant. The
evolution of the slow relaxation time with pressure results from the competition among
several factors, including bandgap narrowing, enhanced many-body effects, and
changes in defect states. Furthermore, high-pressure TR-SHG experiments reveal that
above-bandgap excitation induces modulation of the ferroelectric polarization. The
relaxation behavior observed in these experiments is consistent with the photocarrier
dynamics revealed by fs-OPOP spectroscopy under low-pressure conditions,
supporting a physical picture in which photogenerated carriers regulate ferroelectric
polarization via a charge screening mechanism. This work provides important
experimental evidence for investigating the non-equilibrium dynamic behavior of
ferroelectric materials and achieving ultrafast modulation of ferroelectric polarization

under high-pressure conditions.

Key words: NbOClz, high pressure, photocarrier dynamics, second harmonic wave
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