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Fig. S1 Optical image of 2D SiP nanosheets prepared using different transport agents 

on mica substrates. (a) KCl, (b) NaCl, (c) NH4Cl, (d) Sn+I2, (e) I2, (f) SnI4.

We used KCl、NaCl、NH4Cl、Sn+I2、I2, and SnI4 as transport agents to study 

the preparation of 2D SiP nanosheets. Fig. S1(a) shows that when KCl was used as a 

transport agent, black conical substances were found on the mica substrate, which 

may be caused by the reaction between KCl and P to generate water-soluble KPCl2.
1 

When NaCl and NH4Cl were selected as transport agents, as shown in Fig. S1(b) and 

(c), no SiP generation was found on mica substrate, which may be due to the 

unsatisfactory transport effect of halogen Cl on SiP. In the Si, P, and I2 reaction 
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system, we tried adding flux Sn to improve the experiment. As shown in Fig. S1(d), 

we found many SiP particles deposited on the mica substrate because the environment 

inside the quartz tube was changed after adding Sn, and the reactants were more 

easily transported to the growth zone by the transport agent. Because the transport rate 

did not match the growth rate of the SiP crystal material, SiP grew in an "island 

style." Finally, it is deposited on the mica substrate in granular form. I2 is one of the 

most common transport agents in CVT synthetic crystal materials due to its ability to 

sublimate at room temperature. Fig. S1(e) shows that when I2 is used as a transport 

agent, high-quality 2D SiP nanosheets can be obtained on mica substrates. Given the 

results of the Si, P, I2, and Sn reaction systems, we used SnI4 as the transport agent. 

As shown in Fig. S1(f), we found traces of etching on the surface of the mica 

substrate, which showed that SnI4 had a strong etching effect on mica. In conclusion, 

I2 is the most suitable transport agent for preparing 2D SiP crystals using the CVT 

method.

Fig. S2. Optical images of 2D SiP nanosheets were prepared with different I2 contents 

on mica substrates. (a) 0.2 mg, (b) 1 mg, (c) 6mg.

Appropriate transport dose is also an essential factor affecting the preparation of 

2D SiP nanosheets by the CVT method. Because the amount of transport agent is 

closely related to the total pressure of the system when the transport dose is too large, 

the total pressure of the reaction system increases, resulting in poor transport effect of 

the transport agent, and the target sample cannot be obtained; If the transport dose is 

too small, a reversible air pressure balance cannot be formed in the system, which 



leads to the transport agent cannot play the transport effect, and the target sample 

cannot be obtained. The reversible air pressure cycle can be achieved in the quartz 

tube only by selecting the appropriate transport dose. That is, there will be a reversible 

balance inside, which makes the transport of the transport agent match the growth of 

the growth zone, and then the target sample can be obtained. To confirm this, we used 

different amounts of transport agents to prepare 2D SiP nanosheets. It can be observed 

in Fig. S2(a) that when 0.2 mg of I2 is added to the reaction system, due to the small 

transport dose, a practical transport effect cannot be formed inside the quartz tube, 

failing to prepare 2D SiP nanosheets on the mica substrate successfully; It can be 

observed in Fig. S2(b) that when 1 mg I2 is added, 2D SiP nanosheets can be 

successfully prepared on mica substrate due to the formation of an effective reversible 

equilibrium inside the container. It can be observed in Fig. S2(c) that when the 

amount of I2 increases to 6 mg, due to the high internal pressure of the quartz tube, 

effective transport cannot be formed, so 2D SiP nanosheets cannot be observed on the 

mica substrate. In conclusion, 2D SiP nanosheets are most easily prepared when 

transport agent I2 is 1mg.

Fig. S3. Optical images of 2D SiP nanosheets were prepared at different growth 

temperatures on mica substrates. (a) 600℃, (b) 720℃, (c) 835℃, (d) 850℃, (e) 



900℃, (f) 980℃.

In the preparation of 2D SiP nanosheets by the CVT method, the temperature of 

the reaction zone determines whether the transport agent can react with the reactants, 

while the growth temperature affects the nucleation and growth of 2D SiP nanosheets 

on mica substrates. Therefore, we investigated the preparation of 2D SiP nanosheets 

at 600℃~980℃ in the growing region, as shown in Fig S3. When the temperature in 

the growing region is low, the temperature gradient in the quartz tube is large, 

resulting in the reactants Si powder and P powder not reacting with the transport agent 

I2 to generate 2D SiP nanosheets. As the temperature in the growing region increases, 

the temperature gradient in the quartz tube decreases, and the size of 2D SiP 

nanosheets increases. However, when the temperature in the growing region is too 

high, the diffusion rate is too fast, which makes the diffusion rate of SiP larger than 

the growth rate and eventually leads to thicker SiP nanosheets. Therefore, when the 

temperature of the growing region is 850℃, 2D SiP nanosheets with large sizes can 

be obtained.

Fig. S4 Time-resolved light response curves before and after changing the power 
density when the optical power density is 3.51 mW/cm2.



Table S1 Rise and decay time of photodetectors of different two-dimensional materials.

Materials Preparation 

method

Excitation 

Wavelength

Response time Ref

WS2 PLD 635 nm τrise=4.1 s

τdecay=4.4 s

[2]

ReS2 CVD 500 nm τrise=0.82 s

τdecay=0.62 s

[3]

SnS2 Ethanol thermal 405 nm τrise=0.82 s

τdecay=0.62 s

[4]

HfS2 CVD 420 nm τrise=55 ms

τdecay=78 ms

[5]

 SiP Flux method 365 nm τrise=60 s

τdecay=30 s

[6]

 SiP

 SiP

Mechanical 

exfoliation

CVT

671 nm

450 nm

τrise=500 ms

τdecay=540 ms

τrise=11.5 ms

τdecay=18.5 ms

[7]

This work



Fig. S5. The HER properties of SiP and other 2D materials were compared at 0.5 
mol/L H2SO4.

Fig. S6. The i-t measurements.
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