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Section 1: Growth control of Bi»S; nanosheets

As shown in Figure Sla-c, increasing the carrier gas flow rate from 80 to 100 sccm
changed the Bi2S; morphology from nanowires to nanosheets, and the size increased
from 4 to 20 pum. However, at 120 sccm, the size decreased. This evolution can be
qualitatively understood in terms of gas-phase mass transport!!. The hydrodynamic

boundary-layer thickness can be approximately expressed as
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where p is the gas density, v is the flow velocity, u is the viscosity, and x is the flow
distance. As the flow rate increases, the boundary-layer thickness decreases, which
facilitates precursor diffusion from the gas stream to the substrate surface and improves
the deposition efficiency, thereby favoring the growth of larger crystals. Meanwhile,
the enhanced precursor supply can also modify the relative growth rates along different
crystallographic directions, contributing to the morphology transition from nanowires
to nanosheets. However, when the flow rate is further increased to 120 sccm, the
precursor residence time in the growth zone becomes too short, which reduces the
effective surface reaction probability and local supersaturation. As a result, the crystal

size decreases.

Figure S1d-f show that the crystal size first increases and then decreases with increasing
temperature from 450 to 550 °C, reaching a maximum at 500 °C. This behavior can be
understood from the competition between nucleation and surface diffusion during
crystal growth. According to classical nucleation theory, the critical nucleation barrier

satisfies
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and the diffusion coefficient follows an Arrhenius-type relation,
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where y is the surface energy, 4G, is the volumetric Gibbs free-energy difference, E, is
the activation energy, and R is the gas constant. At low temperatures, the nucleation
barrier 4G is low, but the weak atomic diffusion (D) limits crystal growth. At relatively
low temperatures, the diffusion of adsorbed species is weak, which limits surface
migration and suppresses lateral crystal growth, resulting in small domains. As the
temperature increases, both surface diffusion and reaction kinetics are enhanced,
promoting the growth of larger Bi2S; crystals. However, when the temperature exceeds
500 °C, precursor depletion and enhanced desorption or re-evaporation may reduce the

effective growth rate, leading to smaller Bi>S3 domains.>]
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Figure S1. Growth-parameter optimization for LPCVD-grown two-dimensional Bi>Ss. (a-c) Optical
microscopy (OM) images acquired at a fixed temperature of 520 °C with carrier-gas flow rates of 80,
100, and 120 sccm, respectively. (d-f) OM images acquired at a fixed carrier-gas flow rate of 100 sccm

with growth-zone temperatures of 450, 500, and 550 °C, respectively.



Section 2: Further structural analysis of the as-grown Bi,S; nanosheets

As shown in Figure S2a, scanning electron microscopy (SEM) was used to check the
morphology of 2D Bi2S; nanosheets grown on f-mica by the LPCVD method. Due to
the anisotropic crystal growth, the nanosheets show regular rectangular shapes with
very flat surfaces and no obvious structural damage. To further examine the elemental
distribution, energy-dispersive X-ray spectroscopy (EDS) mapping was performed on
an individual single-crystalline flake (Figures S2b and S2c¢). The Bi (green) and S (red)
signals are uniformly distributed over the entire flake, with no noticeable local
aggregation, indicating good compositional homogeneity. The corresponding EDS
spectrum and quantitative analysis in Figure S2d reveal atomic percentages of 40.90%
for Bi and 59.10% for S. The resulting S/B1 atomic ratio is approximately 1.44, which
is close to the stoichiometric value of 1.50 for ideal Bi2Ss. These results indicate that
the LPCVD method enables the growth of high-quality 2D BiS; crystals with near-

stoichiometric composition and a low density of sulfur-vacancy-related defects.

To further evaluate the crystallographic quality of the as-grown Bi»S; nanosheets,
inverse fast Fourier transform (iFFT) analysis was performed on the high-resolution
TEM images. As shown in Figure S3, clear and periodic lattice fringes are observed
throughout the selected regions, corresponding to the (102) and (020) planes with
interplanar spacings of approximately 0.324 and 0.548 nm, respectively. The continuity
and uniformity of these lattice fringes over several nanometers confirm the high
crystallinity of the nanosheets. No obvious lattice distortion, dislocation, or grain
boundary is detected in either direction, indicating that the Bi>S3 flakes possess a well-
ordered orthorhombic single-crystalline structure. These results further confirm the
high crystalline quality of the Bi>S; nanosheets grown by LPCVD. Such high crystal
quality is expected to account for the ultrafast carrier transport and high mobility

observed in the corresponding devices.
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Figure S2. Morphological and compositional characterization of LPCVD-grown Bi>S; nanosheets. (a)
Field-emission scanning electron microscopy (SEM) image of a representative rectangular BixS3
nanosheet grown on fluorophlogopite mica (f-mica). (b,c) Energy-dispersive X-ray spectroscopy (EDS)
elemental maps of (b) Bi (green) and (c) S (red) collected from the channel region, showing a spatially
uniform elemental distribution across the entire flake. (d) EDS spectrum acquired from the selected

region, with the inset table summarizing the quantitative atomic percentages of S and Bi.



Figure S3. Inverse fast Fourier transform (iFFT) lattice images of two-dimensional Bi,S; single
crystals. (a) IFFT lattice fringes corresponding to the (102) family of planes, with an interplanar
spacing of approximately 0.324 nm. (b) iFFT lattice fringes corresponding to the (020) family of
planes, yielding an interplanar spacing of 0.548 nm. Both images reveal highly ordered single-

crystalline domains without visible dislocations in the orthorhombic lattice.



Section 3: Further photodetection performance of the BixS;

phototransistor

To evaluate the broadband photodetection performance of the Bi2S3 phototransistor, the
time-resolved photoresponse of the device was measured under periodic light on/off
modulation at different excitation wavelengths (630, 525, 405, 365, and 275 nm). All
measurements were carried out under identical conditions, with a fixed incident optical
power of 14.34 nW, a drain-source bias of V4s = 0.5 V, and a back-gate voltage of V=
-25 V (Figure S4 and S5). As shown in Figure S4 and S5, the device exhibits highly
reproducible and stable switching behavior over multiple cycles at all tested
wavelengths. Moreover, the transient drain current density (Jus) increases progressively
as the excitation wavelength decreases from 630 to 275 nm. This wavelength-dependent
photoresponse is consistent with the two mechanisms discussed in the main text. On
the one hand, photons with shorter wavelengths possess higher energies, which
generally lead to stronger optical excitation in Bi2Ss3. On the other hand, the hot carriers
generated under short-wavelength illumination retain higher excess energy and can
more readily overcome surface potential barriers before thermal relaxation, thereby

contributing additional photocurrent gain, particularly in the deep-UV region. 7]
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Figure S4. Transient photoresponse curves of the two-dimensional Bi>S; phototransistor measured at
different optical powers. Time-resolved drain current density (Jus) was recorded under alternating light
and dark cycles at a fixed incident wavelength, a drain-source bias of V= 0.1 V, and a back-gate voltage
of Vo =-25V. (a) 275 nm. (b) 365 nm. (c) 405 nm. (d) 525 nm.
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Figure SS. Transient photoresponse curves of the two-dimensional Bi>S; phototransistor measured at
different excitation wavelengths. Time-resolved drain current density (Juas) was recorded under alternating
light and dark cycles at a fixed incident optical power of 14.34 nW, a drain-source bias of Va= 0.5V, and
a back-gate voltage of V; = -25 V. The excitation wavelength spans the range from 630 nm (red) to 275

nm (deep violet).
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