Understanding 2D MoSe2 grown by CVD
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Figure S1: a) Uneven deposition of MoO3 by a process carried out without H2. b) 2D MoSe2 deposition by a process carried out with 10 sccm of H2. c) Raman spectra of the samples, showing the presence of Mo oxide with no H2 1.  With the introduction of H2 no oxide peaks were detected (red plot).
In order to ascertain the role of H2 during MoSe2 growth, two 2PS samples were grown with different H2 carrier gas flows: i) 0 sccm of H2 (only 150 sccm of Ar, Figure S1a), ii) 10 sccm of H2 (mixed with 150 sccm of Ar, Figure S1b). The other CVD parameters were kept as described in the Experimental section. The absence of H2 appears to hinder the reduction of the MoO3 vapor and in turn the selenization of Mo by the Se vapor.
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Figure S2: a) Optical image of a samples grown with the Se precursor at 320ºC. The presence of H2 during the process allows the reduction of MoO3 to MoO2, but the Se powder is at a too low temperature for the selenization to occur, leading to the deposition of MoO2. b) Raman spectra confirming showing the characteristics peaks of MoO2 2.
[bookmark: _heading=h.30j0zll]In order to ascertain the role of the Se precursor temperature, a specific 2PS experiment was performed. The Se powder was kept at 320º (by placing it 45 cm upstream from the growth region). The other CVD parameters were kept as described in the Experimental section.

[image: ]
Figure S3: a) HAADF STEM image of grain boundary in monolayer and bilayer regions (2PS sample). (b) Magnified HAADF STEM image from the white dashed box area in a) showing the mirror twin boundary (MTB) with characteristic 4- and 8-member rings. c) Simulated image and d) atomic model of the mirror twin boundary (Mo atoms in purple and Se atoms in green).
[bookmark: _GoBack]Figure S3a shows a HAADF STEM image of mirror twin boundary (MTB) buried within a multilayer MoS2 region (2PS sample). MTBs are created when the lattice is rotated in-plane by 60 degree, MTBs are joined by edge sharing 4- and 8-member rings. For the 4-member ring structure the Mo atoms retain 6-fold coordination whereas the Se atoms change from 3-fold to 4-fold coordination 3. In Figure S3b , a higher magnification view of MTB taken from the white dashed box area in Figure S3a reveals the 4-member rings (indicated with white arrow) and one 8-member ring in the bottom part (indicated with a red arrow). The experimental results correspond well with the multi-slice simulation HAADF STEM image of MTB (Figure S3c) and its atomic model (Figure S3d). The MTBs enhances the in-plane electric conductivity and quench the local photoluminescence. In bilayer films MTBs lead to the formation of 2D stacking faults namely 3R stacking.
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