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SEM and XPS analyses, complementary results. Surface coverage of multiple as-deposited

samples from each run were analyzed using the Imagel software. ML, BL and TL coverages are
given in Figure S1.
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Figure S1. Extended SEM analyses of as-deposited layers: calculated ML, BL and TL coverage of multiple samples
using Image)

High-resolution fitted Mo3d-S2s and S2p core levels show the formation of pure MoS;, and
the small variations in the S/Mo stoichiometry values discussed in section 3.1 of the main
article are not detectable in the core level line shapes. (Figure S1-a)

Regarding the XPS peaks calibration, since the carbon peaks detected in as-deposited 2D-MoS;
samples are not dominated by adventitious carbon, they cannot be used as a reference for
the calibration of the peaks. For this reason, an XPS measurement on a bare sapphire wafer
(as also used for MOVCD) was performed to obtain the calibrated Al2p peak position. This
value could be used as a calibration reference for the peaks in MOCVD samples. The high-
resolution C1s and Al2p core levels of the bare sapphire are given in Figure S2-b (i)-(ii). The
binding energy of the C1s and Al2p peaks are found to be 284.24 and 73.41 eV, respectively.



The detected carbon peak is unambiguously attributed to adventitious carbon. Then, the
calibration for binding energies was carried out for the main Cls peak at 284.80 eV. [1]
Accordingly, the Al2p peak was found to be at 73.97 eV. The obtained calibrated binding
energy for the Al2p peak was then used as the reference to calibrate the XPS peaks of as-
deposited MOCVD 2D-MoS..
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Figure S2. Fitted high-resolution (a) Mo3d-S2s (i) and S2p (ii) core levels of as-deposited samples, (b) Al2p (i)
and C1s (ii) core levels of bare sapphire and C1s core level of single-crystal MoS; (iii), (c) C1s core levels of 40-

weeks-aged 2DBS and BN2 samples.

The carbon C1s XPS peak of single crystal MoS; is also shown in Figure S2-b (iii); the FWHM of
the peak can be taken as the typical FWHM value of adventitious carbon on MoS..

Figure S2-c shows the XPS C1s high-resolution fitted spectra of 40-weeks-aged 2DTBS and BN2
samples, which contain 12 and 7 atom. % of carbide species, respectively.

The XPS O1s core levels of as-deposited, 20-weeks- and 40-weeks-aged layers are illustrated
in Figure S3 a. For all three samples, the lineshape demonstrates the evolution of a shoulder
peak (in red rectangle) towards higher binding energies than the main peak (in the grey
rectangle). The main peak is associated with aluminum oxide signals from sapphire substrate,
while the newly emerged shoulder peak can be attributed to additional organic C-O or C=0
bonds from the atmosphere or the formation of metal carbonate [2], [3]. Notably, the XPS O1s
peak does not indicate the formation of any molybdenum oxide, because it would have
appeared as a shoulder peak at lower binding energies relative to the Ols main peak in the
grey rectangle.



Additionally, SEM images of the 40-weeks-aged layers are shown in Figure S3 b. These layers
do not exhibit severe degradation or cracking, unlike some other works reported literature

[4], [5].
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Figure S3. (a) High-resolution XPS O1s core levels of as-deposited, 20-weeks- and 40-weeks-aged layers, (b) SEM
pictures of 40-weeks-aged layers. The scalebar is equal to 500 nm.

pn-Raman of as-deposited samples. The extended Raman spectra of the three as-deposited
samples are shown in Figure S4. The two characteristic Raman peaks of MoS,, namely, Exg'and
A1, were detected for all three samples at ~¥382 cm™ and 407 cm?, respectively. In MOCVD
TMDC layers, the detection of the carbon peak has been reported in many other works; the D
and G bands were found to be at ~1360 and ~1590 cm™.[6]-[8] However, as shown in Figure
S3, no carbon peak could be recorded in the as-deposited samples in this work, which is an
indication of well optimized MOCVD processes. Moreover, combining these results with those
of the XPS investigation suggests that the level of carbon concentration is low enough not to
be detected by Raman characterization, and a more sensitive technique (i.e. XPS in this work)
is required to probe the incorporation of carbon in the 2D structure.
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Figure S3. Extended p-Raman spectra of as-deposited samples

Photoluminescence statistical analysis. The distributions of the A exciton PL intensity maps
shown in Figure 1-b are depicted in the histograms in Figure S5.



To obtain the average values of the PL intensities reported in Table 1, a Gaussian distribution
function was fitted to the histograms. Then, the center of the fitted curves was calculated,
reported as X¢ in Figure S4.
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Figure S4. Distribution of A° PL intensity, obtained from the PL maps given in Figure 3
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