
Article

Not peer-reviewed version

Chemical Vapor Deposited 2D MoN

Nanosheets as Stable and Uniform

Surface Enhanced Raman Scattering

Substrate with Thickness Dependent

Sensitivity

Hongrong Wu 

*

 , Maolin Tang , Pinsen Tong , Yang Hang , Junhua Zhao

Posted Date: 7 December 2023

doi: 10.20944/preprints202312.0498.v1

Keywords: two-dimensional materials; surface enhanced Raman scattering; MoN nanosheets; thickness

dependent sensitivity; stability

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3075602
https://sciprofiles.com/profile/149852


 

Article 

Chemical Vapor Deposited 2D MoN Nanosheets as 
Stable and Uniform Surface Enhanced Raman 
Scattering Substrate with Thickness Dependent 
Sensitivity 

Hongrong Wu *, Maolin Tang, Pinsen Tong, Yang Hang and Junhua Zhao * 

Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Institute of Strength 

and Multi-scale Mechanics of Mechanical Structures, School of Mechanical Engineering, Jiangnan University, 

214122 Wuxi, PR China 

Abstract: Two-dimensional (2D) materials show advantages as surface enhanced Raman scattering 

(SERS) substrate over traditional noble metals, such as chemically inert flat surface and uniform 

SERS signals. However, due to the low density of free electrons of 2D materials, the enhancement 

mechanism is mainly restricted to chemical enhancement instead of electromagnetic enhancement, 

resulting a relatively low enhancement factor. In this work, we reported a sensitive 2D SERS 

substrate based on chemical vapor deposited MoN nanosheets with electromagnetic enhanced 

mechanism. The maximum enhancement factor can be 3×105 with a limit of detected concentration 

of 4×10-8 M, which is comparable to those noble metal SERS substrates without hot spots. The MoN 

nanosheets show strong surface plasmon resonance in the visible range as evidenced by the UV-vis 

absorption spectroscopy and first principle calculation. The MoN nanosheets SERS substrates 

exhibit excellent Raman signal uniformity within the nanosheets. Meanwhile, distinct thickness 

dependent sensitivity was observed in the MoN nanosheets, higher sensitivity can be achieved by 

decreasing the thickness of the nanosheets. Furthermore, the MoN nanosheets SERS substrate also 

show high thermal stability, which can be annealed in air for more than 300℃ and maintain its SERS 

activity. The high stability of MoN nanosheets allows it to be reused for 20 cycles without obvious 

signal decay. The high sensitivity, stability, reusability and Raman signal uniformity, makes MoN 

nanosheets an ideal 2D SERS substrate for practical applications. 

Keywords: two-dimensional materials; surface enhanced Raman scattering; MoN nanosheets; 

thickness dependent sensitivity; stability 

 

1. Introduction 

Surface-enhanced Raman scattering (SERS) has emerged as a powerful analytical technique in 

various research fields such as electrochemistry, catalysis, biology and materials science, capable of 

enhancing the Raman signals by several orders of magnitude1, 2. The SERS effect can be mainly 

attributed to two mechanisms. One is the electromagnetic mechanism, which involves the 

amplification of local electromagnetic fields due to surface plasmon resonance3-7. The other one is the 

chemical mechanism, which origin from the charge interaction between the substrate and adsorbate8-

10. The substrate plays a vital role in the SERS applications. Noble metals such as gold and silver can 

be used as sensitive SERS substrate based on the electromagnetic mechanism 11-15, which can enhance 

the Raman signal for 105-1012 time16. However, noble metals have disadvantages such as high cost, 

high surface activity and poor biological compatibility17-19. Recently, many non-metal SERS substrates 

with nanostructures have drawn much attention due to their low cost, high stability and inert surface, 

such as CuO nanospheres20, TiO2 nanocrystals21, Fe2O3 nanoparticles22 and MoO2 nanocrystals23. The 

SERS substrates with nanoparticles or nanostructures configuration often surfer from the 

reproducibility of the Raman signals, because the geometry of the absorbed molecules, as well as the 

distribution of the molecules, can be quite different in different spots of the substrate. The emerging 
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SERS substrates based on 2D materials provides a new opportunity for uniform SERS signals, due to 

their atomic flat surface which enables the uniform absorption of molecules. Graphene, boron nitride 

and transition metal dichalcogenides can be used as SERS substrate via chemical mechanism24-26. 

However, the sensitivity of the SERS substrates based on 2D materials is relatively low. It is highly 

demanded to develop new SERS substrates with high sensitivity, low cost, good stability and high 

Raman signal uniformity27. 

Molybdenum nitride (MoN) has garnered significant attention due to its high concentration of 

free electron density, excellent catalytic property, and outstanding mechanical performance28-33. 

Recently, various structures of MoN were synthesized as SERS substrates. For example, Guan et al. 

have successfully prepared a thermally stable MoN nanosheet using a low-temperature solution 

method. 34 Song et al. prepared a type of porous hexagonal prism-shaped MoN nanocrystals, which 

possess extremely high porosity and excellent antioxidation properties.35 Du et al. achieved MoN 

hollow spheres with a high specific surface area using microwave heating36. While these methods, 

mostly based on solution processes, can yield MoN with high enhancement factors. The nanoparticle 

or nanostructure configuration of the MoN making it challenging to control the uniformity of the 

substrates. Defects in MoN nanostructures and aggregation of the MoN nanoparticles are also 

problems. Meanwhile, the reusability of those substrates based on nanostructures can hardly be 

achieved. 

In this work, 2D MoN nanosheets was synthesized by chemical vapor deposition (CVD). The 

MoN nanosheets present sensitive SERS activity, with a maximum enhancement factor of 3×105 and 

a limit of detection of 4×10-8M. The mechanism for the SERS effect of MoN nanosheets was attributed 

to surface plasmon resonance, as evidenced by the first principle calculation and UV-visible 

absorption spectroscopy. Thanks to its planar structure, the Raman signals on MoN nanosheets show 

excellent uniformity within the nanosheets. Distinct thickness dependent SERS sensitivity was also 

observed in the MoN nanosheets, higher sensitivity can achieve in thinner nanosheets. Meanwhile, 

the MoN nanosheets exhibit high thermal stability, which can be annealed in air for more than 300℃ 

and maintain its SERS activity. The high stability of MoN nanosheets makes it possible to be used as 

reusable SERS substrate, no obvious decay of the Raman intensity was observed after 20 reuse cycles. 

2. Materials and Methods 

Preparation of the MoO2 nanosheets: Place a small amount of MoO3 powder (5 mg) in a quartz boat, 

with a SiO2/Si substrate positioned directly above the MoO3 powder. Then put the quartz boat and 

the substrate into a high-temperature tube furnace. Prior to growth, evacuate the furnace to a pressure 

of 1 Pa, then close the vacuum pump and inject high-purity nitrogen gas into the tube until the 

pressure reaches atmospheric pressure. Once this pressure is attained, proceed to close the vacuum 

pump and introduce high-purity nitrogen gas into the tube until the pressure reaches atmospheric 

levels. To maintain a continuous flow of nitrogen gas, open the air valve and set the flow rate to 20 

sccm. Gradually heat the tube furnace at a rate of 20 ℃/min until it reaches a temperature of 600 ℃. 

Subsequently, within a span of 7 minutes, increase the temperature to 825 ℃ and uphold this level 

for 5 minutes, enabling the growth of MoO2 nanosheets. Finally, quickly cool down the tube furnace 

to room temperature to finish the growth of MoO2 nanosheets. 

Nitridation of MoO2 nanosheets to prepare MoN nanosheets: Using urea as the nitrogen source, place 

urea and the prepared MoO2 nanosheets separately in the temperature zones 1 and 2 of the tube 

furnace (Figure 1a). Evacuate the furnace before the nitridation, then continuously introduce high-

purity nitrogen gas at a flow rate of 20 sccm to maintain low pressure inside the tube. Heat 

temperature zone 1 of the tube furnace at a rate of 20 ℃/min up to 600 ℃, then increase the 

temperature to 750 ℃ within 5 minutes, while simultaneously raising temperature zone 2 to 90 ℃ 

within 5 minutes. Maintain these temperatures for 60 minutes to ensure the complete nitridation of 

MoO2 nanosheets. Finally, open the tube furnace and quickly cooled down to room temperature to 

finish the growth. In the meantime, adjusting the nitrogen gas flow rate to 400 sccm to remove the 

excess reactants. 
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Figure 1. Growth and characterization of MoN nanosheets. (a) Schematic illustration of the two-step 

CVD growth of the MoN nanosheets. (b) Optical microscopy image of the MoO2 nanosheets. (c) 

Optical microscopy image of the MoN nanosheets. (d) AFM characterization of a MoO2 nanosheet 

corresponding to the hexagonal dashed box in b. the white curve is the height profile along the white 

dotted line, indicating the thickness of the nanosheet is 6.6 nm. (e) AFM characterization of the MoN 

nanosheet after nitridation. The white curve is the height profile along the white dotted line, 

indicating the thickness of the nanosheet is 6.6 nm. (f) The Raman spectra of MoO2 nanosheets. (g) 

Raman spectra evolution of the nanosheets with the increase of the nitridation time, the insert image 

demonstrates the characteristic Raman peak of MoN at near 160 cm-1. 

Calculation of the enhancement factors: The enhancement factors were calculated using the 

following equations: 

 (1)
/
/

surf surf

bulk bulk
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 (3)

Where ISurf is the average intensity of the enhanced Raman peaks on MoN SERS substrate. IBulk is 

the average intensity of the regular Raman peaks on SiO2/Si. NSurf is the quantity of R6G molecules in 

the surface-enhanced Raman spectroscopy test. NBulk is the quantity of R6G molecules in the regular 

Raman spectroscopy test. The value of NSurf can be estimated by Equation 2, where NA is Avogadro’s 

constant (6.0×1023), n is the number of moles of R6G molecules, SIrr is the area of the laser spot 

(approximately a circle with a diameter of 5 μm), Sdif is the diffusion area of the R6G solution on the 

substrate. To calculate the enhancement factor of the MoN substrate, A 5 μL drop of R6G solution 

was placed on the SiO2/Si substrate with MoN nanosheets. After the substrate is dried, a circular spot 

with a diameter of approximately 3.7 mm is formed. The average Raman peak intensity from seven 

randomly selected MoN nanosheets are calculated to reduce testing errors. The value of NBulk can be 

estimated using Equation 3, where ρ is the density of the bulk R6G (1.2 g/cm3), h is the laser 

penetration depth (approximately 5 μm), M is the molecular mass of R6G. 

The reusability test of MoN nanosheets: R6G solution with concentration of 10-6 M was used to verify 

the reusability of the MoN nanosheets. The MoN nanosheets was immerging in the solution for 20 

min to absorb R6G molecules. The Raman spectra was collected using 532 nm laser. After which the 

R6G molecules was removed by washing in the methyl alcohol. The Raman spectra of the MoN 

substrate was taken after removing the molecules, no characteristic Raman peaks of R6G was found 

as shown in Figure S7. 

3. Results and Discussion 

3.1. Preparation and Characterization of MoN Nanosheets 

A two-step CVD process was used to prepare the MoN nanosheets on SiO2/Si substrates. Firstly, 

MoO2 nanosheets were synthesized by atmospheric pressure CVD using MoO3 powder as precursor 

in a high-temperature tube furnace (Figure 1a). Then the as-grown MoO2 nanosheets was replaced in 

the high-temperature tube furnace with two temperature zones for nitridation to prepare the MoN 

nanosheets, where urea was used as a nitrogen source. Details of the synthesis process can be found 

in the Experimental Section and Figure S1. Figure 1b illustrates the optical image of the MoO2 

nanosheets, most of which are in the shape of parallelograms and hexagons. The standard geometric 

configuration of the nanosheets indicates that the nanosheets are single crystals. As shown in Figure 

1c, the nanosheets maintain their original shape after nitridation, while the color of the MoN 

nanosheets slightly deepens compare to the MoO2 nanosheets. As the thickness of the nanosheets 

almost remains unchanged (~6.6 nm) after nitridation (Figure 1d-e), the color variation of the 

nanosheets indicates that the refractive index of the nanosheets have changed after nitridation37, 

which can regard as an earlier evidence of the successful synthesis of the MoN nanosheets. To further 

confirm that, Raman spectroscopy characterization of the nanosheets was carried out before and after 

the nitridation process. As illustrated in Figure 1f, typical Raman peaks of MoO2 nanosheets were 

observed at 124, 208, 230, 347, 363, 498, 570 and 746 cm-1.7 With the increasing of the nitridation time, 

those typical peaks of MoO2 nanosheets gradually vanished (Figure 1g), with a new Raman peak 

emerging at near 160 cm-1. The new Raman peak belongs to MoN, which is consistent with previous 

report.3 8 The results confirmed the successful preparation of the MoN nanosheets. 

The as-grown MoN nanosheets are metallic material with good conductivity. As illustrate in 

Figure 2a, the band structure of MoN nanosheet was calculated by density functional theory, no 

bandgap was observed at the Fermi level. The high density of states (DOS) found at the Fermi level 

(Figure 2b) indicates the intrinsic metallic property of the MoN nanosheets. To further confirm the 

metallic characteristic, the current-voltage (I-V) curves of the MoN nanosheets under different 

temperature were measured (Figure S2). The resistivity of the MoN nanosheets are between 6-10×10-

8 Ω/m, which is comparable to that of metals. Meanwhile, the resistivity increases with the increasing 

AN /surf Irr difN nS S=

AN /bulk IrrN S h Mρ=
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of the temperature. The linear temperature dependence of the resistivity is highly consistent with 

metals. The high carrier density of MoN nanosheets enable it to support surface plasmon resonance 

at visible range39. As indicated in the UV-vis spectroscopy of the nanosheet in Figure 4d, a distinct 

absorption band around 500 nm was observed, which can be attributed to the surface plasmon 

resonance of the MoN nanosheets35. The absorption band slightly red shifts with an increase in 

intensity upon the increasing of the nitridation time. As the absorption band is near 532 nm, one of 

the mostly used commercial laser wavelength in Raman spectroscopy, the MoN nanosheets are 

hopefully to be used as surface enhanced Raman scattering substrate. 

 

Figure 2. Physical properties of the MoN nanosheets. (a) Band structure of MoN nanosheets obtained 

by first principle calculation. (b) Density of states at the Fermi level. (c) I-V curves of MoN nanosheets 

under different temperature, the insert is the optical image of the device, the scale bar is 10 m. (d) 

UV-vis absorption spectroscopy of MoN nanosheets with different nitridation time. 

3.2. SERS Property of the MoN Nanosheets 

To investigate the SERS performance of MoN nanosheets, a commonly used Rhodamine 6G 

(R6G) molecules were chosen as the Raman probe. Before the Raman spectroscopy collection, the 

SiO2/Si substrates with MoN nanosheets were immersed in R6G solutions with concentrations 

ranging from 10-3 to 10-8 M for 20 minutes to adsorb R6G molecules, after which the samples were 

dried by high-speed nitrogen flow. The Raman spectroscopy was collected using 532 nm laser, with 

the laser spot located in the middle of the nanosheets. As shown in Figure 3a, no characteristics 

Raman peaks were detected on the SiO2/Si substrate. However, distinct Raman peaks of R6G 

molecules locate at 612 (R1), 772 (R2), 1363 (R3), and 1651 (R4) cm-1 were observed on MoN 

nanosheets, indicating the excellent SERS activity of MoN nanosheets. The Raman peaks R1 and R2 

are assigned to the in-plane and out-of-plane bending modes of the carbon and hydrogen atoms in 

the xanthenes skeleton, Raman peaks R3 and R4 are assigned to the aromatic C-C stretching vibration 

modes.40 
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Figure 3. SERS property of MoN nanosheets. (a) Raman spectra of R6G molecules adsorbed on SiO2/Si 

and MoN after soaking in the R6G solution with a concentration of 10-6 M. (b) Raman spectrum of 

R6G molecules adsorbed on MoN nanosheets by soaking in the R6G solution with various 

concentration. (c) The intensity of four typical Raman peaks of R6G molecules extracted from (b). (d) 

The enhancement factor of four typical Raman peaks of R6G at different concentration levels. 

In order to further reveal the SERS effect of the MoN substrate, the Raman spectra of R6G 

molecules at different concentrations on the MoN substrate were studied. As shown in Figure 3b, the 

Raman signal intensity of the R6G decreases with the decreasing of concentration. When the 

concentration is as low as 4×10-8 M, all the characteristic peaks of R6G molecules can be identified. 

Therefore, the MoN nanosheets SERS substrate can achieve a minimum concentration of detection of 

4×10-8 M. In addition, the characteristic peak R1 can be identified even when the concentration further 

decreases to 1×10-8 M. The correlation between the intensity of the four characteristic peaks of R6G 

molecules and the concentration of the R6G solution was extracted, as shown in Figure 3c. It can be 

observed that the intensity of the Raman peaks increases as the concentration increases and 

eventually saturated at higher concentration, which can be explained by the Brunauer–Emmett–

Teller theory. Furthermore, the enhancement factors of the MoN substrate were calculated by taking 

the ratio of the Raman intensity of the four characteristic peaks of R6G on MoN substrate and that of 

bulk R6G (Details in Experimental Section)23. The calculation results are shown in Figure 3d. The 

enhancement factors of the four characteristic peaks decrease with the increase of the concentration 

of R6G solution. The enhancement factor can reach 3×105 when the concentration is 10-7 M, which is 

comparable to noble metal SERS substrate without hot spots40. Under the same concentration, the 

enhancement factors of Raman peaks R1, R2, R3, and R4 decrease in sequence. The difference in the 

enhancement factors of various characteristic Raman peaks can be ascribed to the binding and 

geometry of R6G molecules absorbed on the MoN nanosheet surface.41  
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3.3. Raman Signal Uniformity of the MoN Nanosheets 

In addition to the sensitivity, the Raman signal uniformity is another important factor for SERS 

substrate. Unlike those SERS substrates with nanoparticles or rough surface, the 2D configuration of 

the MoN nanosheets enable the uniform absorption of the probe molecules.42 Not only the number 

of the absorbed probe molecules on the surface of MoN nanosheets can be more uniform. Moreover, 

the geometry of the molecular absorbed on a flat surface can also be more coincident, resulting a 

cleaner SERS signals. To illustrate the signal uniformity of the MoN nanosheets, methyl violet was 

used as the probe molecules to avoid the resonant Raman scattering. A large MoN nanosheet was 

selected as the SERS substrate to perform Raman mapping test. As shown in Figure 4a, the Raman 

mappings based on three typical Raman peaks of the methyl violet located at 914, 1182 and 1622 cm-

1 show excellent uniformity within the MoN nanosheets. To illustrate it more clearly, the Raman 

spectra along the green dotted line in Figure 4a are plotted in Figure 4b. The characteristic Raman 

peaks of methyl violet are invisible on SiO2 substrate as shown by the front clarets line. Moreover, 

the relative standard deviations (RSD) of the three typical Raman peaks are calculated by randomly 

selected 50 points within the MoN nanosheets, as shown in Figure 4(c-e), where the RSD for three 

typical Raman peaks are 4.4 %, 5.4% and 5.7%, respectively. The results indicate that the MoN 

nanosheets can be used as SERS substrate with high uniform SERS signals. 

 

Figure 4. SERS signal uniformity on MoN nanosheets. (a) Optical image of a MoN nanosheet and the 

Raman mapping based on three typical Raman peaks of methyl violet molecules, the mapping area is 

marked by yellow dotted square. The scale bar is 10 m. (b) Raman spectra of methyl violet molecules 

along the green dashed line in panel (a). (c-e) The Raman intensity of three typical peaks 914, 1182 

and 1622 cm-1 collected from 50 randomly selected points on MoN nanosheets, the calculated RSD are 

4.4%, 5.4% and 5.7%, respectively. 

3.4. Thickness Dependent SERS Effect of the MoN Nanosheets Substrate 

Distinct thickness dependent SERS effect was observed in the MoN nanosheets substrate. MoN 

nanosheets with different thickness were chosen to collect the Raman spectra after soaking in R6G 

solution with a concentration of 10-7 M. The optical images of the MoN nanosheets are shown in 

Figure 5a. The thickness of those samples was determined by AFM as shown in Figure S4, which are 

3.9, 4.5, 5, 6.8, 10.2 and 13.6 nm, respectively. The Raman signal intensity decrease with the increasing 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 December 2023                   doi:10.20944/preprints202312.0498.v1

https://doi.org/10.20944/preprints202312.0498.v1


 8 

 

of the thickness of the nanosheets, as illustrated in Figure 5b. To illustrate it more clearly, the four 

characteristic Raman peaks of the R6G on different substrate was collected in Figure 5c. The intensity 

of the four Raman peaks decreases with the increasing of the thickness of the MoN nanosheets 

substrate. To reveal the mechanism of the thickness dependent SERS effect of the MoN substrate, the 

UV-vis absorption spectroscopy of the MoN substrate was taken as shown in Figure 5d. A red-shift 

of the absorption band with the increasing of the thickness was observed, meanwhile, the absorption 

band intensity decreases with the increasing of the thickness. As the absorption band of the MoN 

substrate was ascribed to the surface plasmon resonance, the red-shift and the decrease of intensity 

can be well explained by the energy loss of the surface plasmon resonance with the increased 

thickness4 3. The thickness dependent SERS effect of the MoN nanosheets implies that better SERS 

effect can be achieved with thinner MoN, further effort is worth to take to synthesis thinner MoN 

nanosheets with larger scale. 

 

Figure 5. Thickness dependent SERS effect of the MoN nanosheets. (a) Optical microscopy of MoN 

nanosheets with different thickness. (b) Raman spectra of R6G (10-7 M) on MoN substrates with 

different thickness. (c) Raman intensity of four typical Raman peaks with different thickness. (d) 

Thickness dependent of UV-vis absorption of MoN nanosheets. 

3.5. Thermal Stability of the MoN Nanosheets and Its Reusability for SERS 

In addition to high sensitivity, the stability is another important factor for SERS substrate. As 

shown in Figure 6a, the MoN nanosheets show high thermal stability, which can stand for more than 

300℃ annealing in air. The maximum tolerable temperature of MoN nanosheets is far larger than the 

precursor MoO2 nanosheets.44 When the annealing temperature increased to 350℃, the color of the 

nanosheets changes from orange to purple, indicating the oxidation of the nanosheets. The obtained 

oxide is mainly MoO3, as indicated by the Raman spectra of the purple nanosheets45. When the 

annealing temperature was below 300℃, the SERS effect preserved well as indicated in Figure 6b. 

Distinct Raman signals of 10-6 M R6G can be observed after annealing at 300℃. The high thermal 

stability of the MoN nanosheets making it possible to be reused as SERS substrate, because heating 
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was found to be an efficient way to remove molecules from the substrate. Meanwhile, the planar 

configuration of MoN nanosheets also makes it easier for the absorbed molecule detaching from the 

surface than those substrate with complex nanostructures. To verify the reusability of the MoN 

nanosheets SERS substrate, cycle tests of the MoN SERS substrate was performed. As shown in Figure 

6c, the Raman signal of R6G can be identified after 20 reusing cycles. To illustrate it more clearly, the 

typical Raman peaks of R6G are shown in Figure 6d, no obvious decay of the intensity was observed 

in both 4 typical Raman peaks. 

 

Figure 6. Thermal stability of MoN nanosheets and its reusability as SERS substrate. (a) Optical 

microscopy images of MoN nanosheets after heating at 300℃ and 350℃ in air for 20 min. The Raman 

spectra of the purple nanosheets shown characteristic Raman peaks at 156, 300 and 816 cm-1, which 

are the characteristic Raman peaks of -MoO346. (b) Raman spectra of R6G (10-6 M) on MoN substrates 

after annealing at different temperature. (c) The Raman spectrum of R6G (10-6 M) on the MoN 

substrates reusing for 20 cycles. (d) Intensity of 4 typical Raman peaks extract from c. 

4. Conclusions 

In summary, 2D MoN nanosheets was prepared by chemical vapor deposition with their SERS 

properties studied. The maximum enhancement factor can be 3×105 with a limit of detected 

concentration of 4×10-8 M, which is comparable to those noble metal SERS substrates without hot 

spots. The SERS activity of MoN nanosheets was ascribed to the surface plasmon resonance of the 

metallic MoN nanosheets, as evidenced by the strong absorption band near 532 nm and the first 

principle calculation. The planar configuration of MoN nanosheets enable them with excellent Raman 

signal uniformity within the nanosheets. Meanwhile, distinct thickness dependent sensitivity was 

observed in the MoN nanosheets SERS substrate, higher sensitivity can be achieved by decreasing 

the thickness of the nanosheets. Furthermore, MoN nanosheets show high thermal stability, which 

can be heated in air for more than 300℃ and maintain their SERS activity. Their high stability brings 

new opportunity as reusable SERS substrates, the SERS sensitivity shown no obvious decay after 20 
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reusing cycles. The high sensitivity, high stability and Raman signal uniformity, as well as the 

reusability, making MoN nanosheets an ideal 2D SERS substrate for practical applications. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Figure S1. Temperature control curves of the growth of MoO2 nanosheets (a) and 

during the nitridation process (b). Figure S2. Temperature dependent of resistivity of the MoN nanosheets. 

Figure S3. Laser wavelength dependent SERS effect of MoN nanosheets. Figure S4. AFM characterization of 

MoN nanosheets with different thickness. Figure S5. Raman spectra of quadrilateral MoN nanosheets and 

hexagonal MoN nanosheets. Figure S6. Optical images of the MoN nanosheets after annealing in air for different 

temperatures. Figure S7. Raman spectra of MoN nanosheets after removing the R6G molecule with methyl 

alcohol. 
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