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Figure S1. The schematic diagram of the CVD reaction chamber for growth of monolayer MoSe2 
flakes. The notations have their usual meaning.

S2. X-ray Diffraction of MoO3 powder and Se pellets 

XRD has been performed to check the quality of precursors prior to the synthesis of monolayer 
MoSe2. Figure S2a shows the XRD pattern of MoO3 powder, and the peak positions are well 
indexed with the orthorhombic MoO3 [JCPDS card (Reference code: 00-005-0508)]. The XRD 
pattern of Se pellets is illustrated in Fig. S2b, and the peak positions are indexed with the 
hexagonal Se [JCPDS card (Reference code: 98-002-2251)].

Figure S2. X-ray diffraction pattern of (a) MoO3 powder and (b) Se pellets. 
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S3. AFM of monolayer MoSe2 flakes over Si/SiO2 substrate

AFM has been carried out to know the thickness of as-synthesized MoSe2 flakes. Figure S3a 
shows the topographic image of MoSe2 flakes at Si/SiO2 substrate. The roughness parameters, 
i.e., root mean square (image Rq) and average (image Ra) have been obtained to be ~5.8 and 
1.8 nm, respectively. Figure S3b shows height profile along the green dotted line, where 
thickness has been found to be ~ 1.6 nm. On the other hand, the topographic image of ST shape 
of MoSe2 flakes has been shown in Fig.S3c, having image Rq and image Ra values of ~7.4 and 
3.2 nm. The height profile of ST shape along the green dotted line has been displayed in 
Fig.S3d, where the thickness has been observed to be ~ 2.8 nm. The variation in thickness of 
MoSe2 flakes at two different locations suggests that the local changes occur in the precursor’s 
ratio during growth.  In earlier reports, the thickness of monolayer MoSe2 is obtained in the 
range of 0.7 to 1 nm.1–3 However, in the present work, obtained thickness has deviated from 
the monolayer thickness at both locations on same substrate. This deviation might be 
attributed to two reasons :(i) non-uniformity of the SiO2 layer over Si substrate and (ii) trapped 
adsorbates between MoSe2 flakes and substrate. 

Figure S3. AFM topographic image of the as-synthesized MoSe2 flakes on two different 
locations over Si substrate having SiO2 thickness of 300 nm: (a) topographic image at the first 
location and (b) corresponding height profile across the green dotted line; (c) topographic 
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image at the second location of the same substrate and (d) height profile of ST shape along the 
green dotted line.

S4. Absorption spectrum on MoSe2 flakes on the quartz substrate

Figure S4.   The absorption spectrum of monolayer MoSe2 over quartz substrate and the inset 
shows the optical image of monolayer MoSe2 flakes deposited on the quartz substrate.

Figure S4 displays the absorption spectrum of the monolayer MoSe2 flakes over a quartz 
substrate. Inset shows the optical image of MoSe2 flakes on the quartz substrate. One can 
observe the three excitonic states from Fig. S4, A exciton (~781 nm), B exciton (~696 nm), and C 
exciton (~457 nm), respectively. The A exciton state arises due to the direct excitonic transition 
at the K point in the k-space. The B exciton emerged from a spin-orbit split-off band, and C 
exciton originated because of nearly degenerate exciton states.4
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S5. Excitonic peak energies in as-synthesized monolayer MoSe2and as-obtained shapes

Figure S5. Peak energy of A exciton (left vertical axis) and normalized PL (right vertical axis) in 
(a) as-synthesized samples (MS-1 to MS-8) and (b) as-obtained shapes. Peak energy of A0 
exciton (left vertical axis) and A- trion (right vertical axis): (c) as-synthesized samples and (d) as-
obtained shapes.
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S6. PL imaging of MoSe2 flake having distorted hexagonal shape

Figure S6. PL imaging of distorted hexagonal shape: (a) peak position and (b) peak intensity.
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