
                                         S-2 

Supporting Information for “Surface-Enhanced Raman 

Scattering of Hydrogen Plasma-Treated Few-Layer MoTe2” 

Xiao-Xue Jing(景小雪)
1
, Da-Qing Li(李大庆)

2
, Yong Zhang(张勇)

1
, Xiang-Yu 

Hou(侯翔宇)
1
, Jie Jiang(蒋杰)

1
, Xing-Ce Fan(范兴策)

1
, Meng-Chen Wang(王梦晨)

1
, 

Shao-Peng Feng(冯少朋)
1
, Yuan-Fang Yu(于远方)

1
, Jun-Peng Lu(吕俊鹏)

1
, 

Zhen-Liang Hu(胡振良)
1*

, and Zhen-Hua Ni(倪振华)
1*

 

1
 Department of Physics, Southeast University, Nanjing 211189, China. 

2
 Department of Electronic Engineering, Jiangnan University, Wuxi 214122, China. 

 

 

1. Experimental Methods 

Sample Preparation. Few layer MoTe2 films were prepared by mechanical 

exfoliation method from the bulk MoTe2 crystal, and transferred onto 300 nm SiO2/Si 

substrates. Then the samples were treated with hydrogen plasma at 100 w under the 

pressure of 5 Pa. 

Characterization. The Dimension ICON AFM equipment was used to identify the 

thickness of the original and hydrogen plasma treated MoTe2 (H2-MoTe2) samples, 

and the Thermo Fisher XPS equipment was used to detect the atomic concentrations 

and valence state of the original and H2-MoTe2 samples. All Raman spectra were 

collected by the LABRAM HR-800 Raman equipment with the laser line of 532nm.  
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SERS measurement. The 10
-7

 ~ 10
-13

 M R6G aqueous solution were diluted from 

10
-3

 M aqueous solution in the certain proportion. The prepared samples were soaked 

in a specific solution for 40 minutes (The samples were soaked in the solution for 

enough time to ensure that the concentration of the R6G/RhB molecules on MoTe2 

sample is the same as in the solution), then taken out and rinse with ethanol, and 

finally blown with nitrogen. Raman spectrum were collected with a 50 × L objective 

lens; the laser spot diameter was about 1 μm; the laser power was 0.5 mW and the 

acquisition time was 40 s. Raman spectra were measured at 15 different locations on 

each sample, and the mean value of signal intensity was taken as the standard 

deviation for the final analysis standard. 

2. Optical microscopy images of pristine and H2-MoTe2 film 

 

 

 

 

Fig. S1. Optical microscopy images of pristine and hydrogen plasma treated MoTe2 

films on 300-nm SiO2/Si substrates.
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3. Raman spectra of R6G molecules coated on pristine MoTe2 and H2-MoTe2 

substrates 

 

Fig. S2. (a) SERS spectra of R6G coated on pristine MoTe2 flakes (3L) with various 

concentrations from 10
−5

 to 10
−8

 M. (b) Raman spectra of the R6G molecules 

deposited on bare SiO2 (black line) and on 2D H2-MoTe2 (red line). The signal 

integration times were both 40 s. 

4. The calculated enhancement factors 

The Raman enhancement factors (EF) of the substrates were estimated according to 

the following equation (1)
[1, 2]

  

             (1) 

where ISERS and I bulk represent the Raman intensity of probe molecules on hydrogen 

plasma treated MoTe2 substrate and the Raman intensity measured from the bulk 

probe molecules without substrate, respectively. NSERS and NBulk denote the 

corresponding numbers of probe molecules on H2 plasma treated MoTe2 substrate and 

that without substrate, respectively. NSERS is written as 𝑁𝑆𝐸𝑅𝑆 =
𝐶𝑉𝑁𝐴𝐴𝑅𝑎𝑚𝑎𝑛

𝐴𝑠𝑢𝑏
 and Nbulk 

is written as 𝑁𝑏𝑢𝑙𝑘 =
𝜌ℎ𝐴𝑅𝑎𝑚𝑎𝑛 𝑁𝐴

𝑀
. C is the corresponding concentration of probe 

molecules (10
-7 

M) and V is the volume of the droplet (20 µL), h is the effective layer 
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depth of 21 μm
[3]

. NA is the Avogadro constant and ARaman is the laser spot area. Asub 

is the effective area of the substrate, which is approximately 9π mm
2
. M is the molar 

mass of dye (479.02 g/mol for R6G) and density ρ of bulk R6G is 1.15 g cm
-3

. 

For the SERS measurement, the intensity is obtained by taking average from 

measurements of 15 spots, and the number of analyte molecules is estimated by 

equation (1) on the assumption that the analyte molecules were distributed uniformly 

on the substrates. The peak of 1647 cm
-1

 was selected to calculate the enhancement 

factor. The Raman 1647 cm
–1

 intensity of R6G/H2-MoTe2 (10
-7

 M) is 3940 counts 

with 40 s acquisition time, and that of bulk R6G is 3700 counts with 1 s acquisition 

time. From the observed spectra we obtain for the ratio of intensities ISERS / IBulk = 

(3940/40)/ (3700/1) =2.7×10
-2

. The EF at 10
-7 

M dye concentration is estimated to be 

around 1.83 × 10
6
. 

5. Raman spectra of RhB molecules on H2-MoTe2, MoTe2 and SiO2 substrates 

 

Fig. S3. (a) Raman spectra of RhB coated on H2-MoTe2, MoTe2 and SiO2 substrates 

with a fixed concentration of 10
−7

 M. (b) SERS spectra of RhB coated on H2-MoTe2 

flakes (3L) with various concentrations from 10
−6

 to 10
−11

 M. 

 

6. Raman spectra of R6G molecules on Ar(O2)-MoTe2 substrates 
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Fig. S4. (a) Raman spectra of R6g coated on Ar-MoTe2 substrates with various 

concentrations from 10
−7

 to 10
−12

 M. (b) Raman spectra of R6g coated on O2-MoTe2 

substrates with various concentrations from 10
−7

 to 10
−13

 M. 
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