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Synthesis of Bi2Se2.33S0.67 crystals

The used Bi2Se2.33S0.67 crystals were prepared via chemical vapor transport (CVT) method, a classic 

technique which utilizes volatile transport reagents to facilitate the growth of bulk single crystals in a 

sealed container.1 The raw materials contained high-purity Bi, Se and S powders (99.999%) at an atomic 

ratio of Bi/Se/S = 4:5:2 along with iodine power (5 mg/cm3), and all of these were encapsulated in a 

sealed quartz tube with a vacuum condition of about 10−3 Pa. The tube was placed in a horizontal two-

zone tube furnace, which has hot and cold zone used for the reaction and growth respectively. The hot 

and cold zone need be slowly heated to 700 °C and 640 °C respectively, which is required to maintain 

these temperatures for 4320min. Subsequently, the furnace was allowed to cool to 240 °C at a rate of 0.8 

°C/h followed by cooling naturally to room temperature. Finally, shiny monocrystalline Bi2Se2.33S0.67 

nanowires with micron-scale length were obtained at the sink zone of the tube.

Fabrication of the device and preparation of the TEM sample

At first, Bi2Se2.33S0.67 nanowires clusters were transferred onto the Si/SiO2 substrates (the Si substrate 

covered with 285 nm SiO2 insulating top layer) by tweezers, and pressed gently. A large number of 

dispersed nanowires were left on the surface of the substrates after removing the nanowire clusters. Then 

the Au film was tightly deposited on the surface of the whole nanowire by thermal evaporation to form 
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a pair of gold electrodes of the device. After that, the Au film serving as mask was gently removed, 

constructing the channel of the device. For TEM, HRTEM and SAED measurements, the sample was 

required to a pretreatment. Specifically, as-sythesized Bi2Se2.33S0.67 nanowires were spin-coated with 

polymethyl methacrylate (PMMA) liquid with a rotating speed of 3000 r/s. After the PMMA film had 

been dried under vacuum conditions for 24 hours, it was immersed in the 1 M KOH solution to erode 

SiO2 layer. As soon as the PMMA film containing Bi2Se2.33S0.67 crystals was floated, it would be 

transferred onto the copper grid. In the end, the PMMA was dissolved in acetone, leaving the 

Bi2Se2.33S0.67 on the copper grid. 

Characterization methods

The crystallographic structure and chemical composition of the nanowires were examined via a 

transmission electron microscope (TEM, Spectra 300S, Thermo Fisher Scientific) and an Energy 

Disperse Spectroscopy detector. The morphology and thickness of the sample were observed using 

optical microscopy and Raman spectroscopy (InVia Qontor, Ranishaw). Raman spectra were collected 

from 50 to 300 cm−1 using 532 nm laser. The angle-resolved polarized Raman spectra were obtained by 

rotating a specially designed platform (loaded with our sample) clockwise at intervals of 10°. Meanwhile, 

a linear polarizer was inserted into the path of scattered light to realize parallel-configuration. The 

electrical experiments were carried out on a probe station, and data were collected with a semiconductor 

device analyzer (B2912A, Keysight Technologies). For polarization sensitive measurement, we built a 

home-made system, including Glan prism and Half-wave plate. The partially polarized laser was set to 

pass through a Glan-Thomson prism, which changed partially polarized light to linearly polarized light; 

and through half-wave plate, which changed the direction of linearly polarized light and then illuminated 

the device. The response speed of the photodetector was measured by a home-build system, which 



consists of Laser, Galvo scanning system, Optical microscope, Device test socket, Current amplifier, 

Lock-in amplifier, and Oscilloscope.

Density Functional Theory Calculations. 

The calculations are performed by using the projector augmented plane-wave (PAW) method2, 3 within 

the framework of DFT in the Vienna ab initio Simulation Package (VASP).4 The generalized gradient 

approximation (GGA) of Perdew, Burke, and Ernzerhof (PBE) functional5 is adopted for electron 

exchange and correlation. The spin–orbit coupling effect is also considered in the calculation. A vacuum 

larger than 15 Å is used to eliminate the interaction between adjacent images. The cut off energy for the 

plane-wave basis set is set to 500 eV.6 In the total energy calculations, a set of (12 × 12 × 1) k-point 

samplings was used for Brillouin zone integration.7 All of the structures are fully relaxed with a force 

tolerance of 0.01 eV/Å. 

Figures and tables



Figure S1 EDS analysis of the Bi2Se2.33S0.67 nanowire.

Figure S2. XRD pattern of Bi2Se2.33S0.67.



Figure S3. Cross-sectional HRTEM image of Bi₂Se₂.₃₃S₀.₆₇.

Figure S4. The scanning electron microscope image of a typical device.



Figure S5. Current–power curves under light illumination of 532 nm of the Bi2Se2.33S0.67 device.

Figure S6. Dark current of the device.



Figure S7. Time-resolved photoresponse at the irradiation of 532 nm light. 

Figure S8. The Bi6Se7S2 supercell structure.



Figure S9. DFT calculations. (a) The band structure of Bi2Se2.33S0.67. (b) Corresponding projected 

densities of states of Bi2Se2.33S0.67.

Figure S10. The calculated absorption spectra of Bi2Se2.33S0.67 in the direction of x-axis and z-axis.

Table S1. Comparison of the photoresponse times with different materials.

Materials Wavelength (nm) Bias (V) Response time Reference
Bi2Se3 1456 1 0.54 s 8



Bi2Te3 1550 0.3 0.42 s 9

Bi2S3 532 2 20 ms 10

ZnO 370 5 0.1 ms 11

SnO2 275 5 60 ms 12, 13

In2S3 450 1 6 ms 14

Bi2Se2.33S0.67 532 1 364 ns This Work

Table S2. Comparison of the photocurrent dichroic ratio with different materials.

Materials Wavelength (nm) Dichroic Ratio Reference
2D SiP2 365 1.6 15

MoS2 660 1.45 16

CH3NH3PbI3 NW 530 1.3 17

Cu3PS4 NW 520 1.3 18

Sb2Se3 NW 830 1.71 19

Layered NbS3 830 1.84 20

Few-layer GeAs2 532 1.9 21

ZnSb nanoplates 1550 1.58 22

Bi2Se2.33S0.67 355 1.8 This Work
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