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S1. Schematic of CVD synthesis  

 

Fig. S1 Schematic diagram of (a) CVD setup to synthesize MoSe2 and (b, c, d) the growth 

mechanism for hexagonal and snowlike MoSe2. 

S2. Raman mapping 

The room temperature Raman mapping of MoSe2 film clearly shows the presence of defect 

(D) peak throughout the region in snowlike MoSe2, whereas it is missing in hexagonal 

MoSe2.  

 

Fig. S2 (a) Raman spectra of hexagonal (up) and snowlike (down) MoSe2 with Raman 

mapping images (b, c) corresponding to A1g peak and (d) corresponding to defect (D) peak of 

MoSe2.  
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S3. Density functional studies 

 

Fig. S3 Breaking of degeneracy in (a) conduction band and (b) valance band at K- point for 

3L-MoSe2 due to absence of inversion symmetry. 

S4. Configurational coordinate diagram  

 

Fig. S4 Configurational diagram depicting Mott-Seitz mechanism in MoSe2. 

S5. FWHM of temperature-dependent PL 

The variations of full width at half maximum (FWHM) for high energy exciton (EH) of 

snowlike and hexagonal MoSe2 film in the temperature range 93-300 K are shown in Fig. S5. 

Due to defect-related inhomogeneous broadening and enhanced phonon–exciton interaction, 

the FWHM for the A exciton increases linearly with increasing temperature. The lattice 

vibrations increase at higher temperatures, which enhances electron-phonon scattering. 



Additionally, the nonradiation process causes an increase in FWHM and decrease in PL 

intensity. 

 

Fig. S5 Temperature dependence of FWHM for PL spectra of (a) snowlike (b) hexagonal 

MoSe2 film over SiO2/Si using LWD 50X objective lens. 

S6. Temperature-dependent Raman 

Temperature-dependent Raman spectra at remaining temperatures for prepared snowlike and 

hexagonal MoSe2 film are shown in Fig. S6. The corresponding variation of FWHM for 

Raman modes are shown, indicating increase in FWHM with temperature. 

 

Fig. S6 Temperature-dependent Raman spectra for (a) snowlike and (c) hexagonal MoSe2 

film and (b, d) their corresponding FWHM, using LWD 50X objective lens. 



S7. Power-dependent Raman 

Power-dependent Raman spectra using 100X objective lens for prepared snowlike and 

hexagonal MoSe2 film over SiO2/Si substrate are shown in Fig. S7. In Fig. S7, we observe 

that the incident laser power causes an increase in the FWHM of the A1g mode. The lattice 

expansion and bond softening are the primary reason for the observed redshift in Raman 

modes and rise in FWHM with laser intensity. 

 

Fig. S7 Lorentzian fitted power-dependent Raman spectra for (a) snowlike and (c) hexagonal 

MoSe2 and (b,d) their corresponding Raman shifts with incident laser power, using 100X 

objective lens. 



 

Fig. S8 Power dependence of FWHM using LWD 50X objective lens for (a) snowlike 

MoSe2, and (c) hexagonal MoSe2 film; power dependence of FWHM using 100X objective 

lens for (b) snowlike MoSe2, and (d) hexagonal MoSe2 film. 

S8. Calculations of laser spot size at different objective lenses 

The minimum laser spot size by the following formula can be given byS1–S4 

𝑟0 =
𝜆

𝜋×𝑁.𝐴
 𝑛𝑚                                                             (1) 

Where, N.A is the numerical aperture of the objective lens and wavelength of the laser is 

denoted by λ. 

For 100X objective lens (N.A.= 0.9), 𝑟0 =
532

3.14×0.9
  = 0.188 ~ 0.19 μm 

Similarly, for LWD 50X (N.A.=0.6), 𝑟0 = 0.282 ~ 0.28 μm 

Thus, the radius of the laser spot size for 100X and LWD 50X lenses are ~ 0.19×10-6 m and ~ 

0.28×10-6 m, respectively.  

 



S9. Calculation of 𝜶𝒂 value for trilayer MoSe2 

For supported monolayer MoSe2 we have chosen the value of absorption coefficient (α) 0.057 

according to reported literatureS5 then we calculated the value of trilayer MoSe2 absorption 

coefficient by using the following equationS6  

𝛼𝑎𝑛+1
=  𝛼𝑎𝑛

+ (1 − 𝛼𝑎𝑛
)𝛼𝑎𝑆𝐿

                   (2) 

𝛼𝑎2
 = 0.057 +(1 − 0.057)0.057 =0.111 

𝛼𝑎3
 = 0.111 +(1 − 0.111)0.057 =0.161 

S10. Calculations of Rm values at different objective lenses: 

(a) Snowlike shaped MoSe2 film 

𝜒𝑃= - 0.4797 cm-1mW-1 for LWD 50X objective lens 

𝜒𝑃= - 0.5619 cm-1mW-1 for 100X objective lens 

𝜒𝑇= - 0.0096 cm-1K-1  

Therefore,  

 𝑅𝑚1 =
𝜒𝑃

𝛼𝜒𝑇
⁄ =3.2886×105 KW-1  

𝑅𝑚2 =
𝜒𝑃

𝛼𝜒𝑇
⁄ =3.8521×105 KW-1 

(b) Hexagonal shaped MoSe2 film 

𝜒𝑃= - 0.8307 cm-1mW-1 for LWD 50X objective lens 

𝜒𝑃= - 1.2236 cm-1mW-1 for 100X objective lens 

𝜒𝑇= -0.0115 cm-1K-1  

Therefore,  

 𝑅𝑚1 =
𝜒𝑃

𝛼𝜒𝑇
⁄ =4.4871×105 KW-1  

𝑅𝑚2 =
𝜒𝑃

𝛼𝜒𝑇
⁄ =6.6086×105 KW-1 
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