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Fig. S1. (a, b) Typical optical images of as-grown large-area NbSe2. (c) Atomic force microscope 

(AFM) image and (d) the corresponding height profile of as-grown NbSe2. The small irregular 

areas on top are the second NbSe2 layers.
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Fig. S2. Optical images of NbSe2 flakes synthesized at different conditions: (a-c) at different LSe 

values. Here LSe denotes the distance of Se source from the left end of the furnace (as shown in 

Figure 1). (d-f) NbSe2 flakes synthesized with different H2 contents in the carrier gas (Ar/H2 

mixture). Here Ar/H2=80/4 denotes that the Ar flow and H2 flow are 80 sccm and 4 sccm, 

respectively. The others are named in the same rule.
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Fig. S3. Size distributions of as-grown NbSe2 with different (a) LSe values and (b) hydrogen flows.
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Fig. S4. AFM height profiles and the images (inset of each profile of each panel) of as-grown 

NbSe2 with tunable thicknesses. 

Fig. S5. Optical images showing the residual Nb2O5 particles on as-grown NbSe2 flakes marked 

by red circles.
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Fig. S6. Energy-dispersive X-ray spectrometer (EDS) elemental mapping of as-grown NbSe2. (a) 

Bright field image of NbSe2 on Au quantifoil grid collected in the scanning-transmission electron 

microscope (STEM) mode and the corresponding EDS mappings of (b) Nb and (c) Se, 

respectively. (d) EDS spectra of NbSe2. 
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Fig. S7. Atomic structures of (a, b) 2Ha-NbSe2 with A’B stacking mode and (c, d) 3R-NbSe2 with 

AA stacking mode at top and side views. 

Fig. S8. Comparison of Raman spectra of R6G on bare SiO2/Si and NbSe2.
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Fig. S9. (a) Raman intensities at 1361 and 1646 cm-1 of R6G on NbSe2 with different layers, (b, 

c) Raman intensities at 1361 and 1646 cm-1 of R6G on (b) 1L-NbSe2 and (c) 6L-NbSe2 with 

different concentrations.

Fig. S10. Raman intensity mapping of R6G (5×10-6 M) at 1646 cm-1 on NbSe2.
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Fig. S11. AFM images of R6G on NbSe2 with different concentrations: (a) 510-5 M, (b) 510-6 

M and (c) 510-11 M.

Fig. S12. Characterizations of different 2D materials grown by atmospheric pressure chemical 

vapor deposition (AP-CVD). Raman spectra of (a) WSe2, (b) MoSe2 and (c) graphene.
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Table S1. Comparison of molecular sensing properties of different materials as substrates

Types Substrates Probe 

molecules

Limits of 

detection/M

Laser excitation 

wavelength/nm

Data 

source

NbSe2 R6G 510-16 532 This 

work

NbS2 MeB 110-14 633 1

1T’-WTe2 410-14

1T’-MoTe2

R6G

R6G 410-13

532

532

2

2

MoS2/graphene R6G 510-12 532 3

1T-MoS2 R6G 110-9 532 4

Few-layer MoS2 R6G 110-9 532 5

W18O49/MoS2 R6G 110-9 532 6

1T’-ReS2 R6G 110-9 532 7

NGa R6G 110-9 514 8

MnPS2.4Se0.6 R6G 110-8 532 9

1T-MoSe2 R6G 110-8 532 10

Oxygen-

incorporated 

MoS2

R6G 110-7 532 11

Non-noble 

metal-

based 

materials

2H-MoS2 R6G 510-6 532 3

Au/h-BN/Ag R6G 110-12 514 12

Ag NP-VE/OCTb R6G 1×10-9 633 13

Noble-

metal-

based 

materials
Au@Ag/3D-Si R6G 110-8 532 14

Note: a) NG: nitrogen-doped graphene; b) Ag NP-VE/OCT: Ag nanoparticles-vitamin E-1-
octanol.
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Fig. S13. Structural polytypes of few-layer NbSe2 with different stacking modes. (a) 2H-A’B. (b) 
2H-AB. (c) 3R-AA’ phase. (d) 3R-AA. (e) 3R-AAA.
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Fig. S14. Density of states (DOS) of the outmost layer NbSe2 with 2Ha-A’B stacking mode.
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Fig. S15. DOS of the outmost layer of NbSe2 with 3R-AA stacking mode.

13



Fig. S16. DOS of the outmost layer of NbSe2 with 2Ha-A’B stacking modes.

Fig. S17. DOS of the outmost layer of NbSe2 with 3R-AA stacking modes.

14



References

1 X. Song, Y. Wang, F. Zhao, Q. Li, H. Q. Ta, M. H. Rummeli, C. G. Tully, Z. Li, W. J. Yin, L. 
Yang, K. B. Lee, J. Yang, I. Bozkurt, S. Liu, W. Zhang, M. Chhowalla, ACS Nano, 2019, 13, 
8312.

2 L. Tao, K. Chen, Z. Chen, C. Cong, C. Qiu, J. Chen, X. Wang, H. Chen, T. Yu, W. Xie, S. Deng, 
J. B. Xu, J. Am. Chem. Soc., 2018, 140, 8696.

3 S. A. Ghopry, M. A. Alamri, R. Goul, R. Sakidja, J. Z. Wu, Adv Opt Mater, 2019, 7, 1801249.
4 E. Er, H.-L. Hou, A. Criado, J. Langer, M. Möller, N. Erk, L. M. Liz-Marzán, M. Prato, Chem 

Mater, 2019, 31, 5725.
5 B. P. Majee, S. Mishra, R. K. Pandey, R. Prakash, A. K. Mishra, J. Phys. Chem. C, 2019, 123, 

18071.
6 M. Li, X. Fan, Y. Gao, T. Qiu, J Phys Chem Lett, 2019, 10, 4038.
7 P. Miao, J. K. Qin, Y. Shen, H. Su, J. Dai, B. Song, Y. Du, M. Sun, W. Zhang, H. L. Wang, C. 

Y. Xu, P. Xu, Small, 2018, 14, 1704079.
8 S. M. Feng, M. C. Santos, B. R. Carvalho, R. T. Lv, Q. Li, K. Fujisawa, A. L. Elias, Y. Lei, N. 

Perea-Lopez, M. Endo, M. Pan, M. A. Pimenta, M. Terrones, Sci. Adv., 2016, 2, 1600322.
9 X. Hou, X. Zhang, Q. Ma, X. Tang, Q. Hao, Y. Cheng, T. Qiu, Adv. Funct. Mater., 2020, 30, 

1910171.
10 Y. Yin, P. Miao, Y. Zhang, J. Han, X. Zhang, Y. Gong, L. Gu, C. Xu, T. Yao, P. Xu, Y. Wang, 

B. Song, S. Jin, Adv Funct Mater, 2017, 27, 1606694.
11 Z. H. Zheng, S. Cong, W. B. Gong, J. N. Xuan, G. H. Li, W. B. Lu, F. X. Geng, Z. G. Zhao, 

Nat. Commun., 2017, 8, 1993.
12 N. Y. Kim, Y. C. Leem, S. H. Hong, J. H. Park, S. Y. Yim, ACS Appl. Mater. Interfaces, 2019, 

11, 6363.
13 M. Li, B. Dyett, H. Yu, V. Bansal, X. Zhang, Small, 2019, 15, 1804683.
14 C. Zhang, S. Z. Jiang, C. Yang, C. H. Li, Y. Y. Huo, X. Y. Liu, A. H. Liu, Q. Wei, S. S. Gao, 

X. G. Gao, B. Y. Man, Sci. Rep., 2016, 6, 25243.

15


