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Figure S1. (a) Ex situ atomic force microscopy image showing the quasi-2D growth of
monolayer VTe, on HOPG. Unlike monolayer VSe, grown with similar growth conditions,' the
telluride film features dendrimer-like domains without sharp edges until the emergence of the
second layer (highlighted with blue circles). On the other hand, the lateral size of the monolayer
film is generally quite large, with a few hundreds of nanometers. Some surface adsorbates are
also observed due to ambient contaminations without a Se or Se/Te cap. (b) The line profile
shown in (a) shows a step height of ~0.8 nm, in reasonable agreement with that measured by

STM (Figure 1c in the main text).
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Figure S2. Bias-dependent STM images of monolayer VTe, highlighting the electronic effects to
the topography of the captured images. With a few different tip biases (—0.5 eV, —0.08 eV, +0.2
eV), various appearances of the monolayer have been obtained. However, regardless of these
variations, the (4 x 4) reconstruction due to CDW always persists. Also interesting to note is the
contrast inversion in the bias-dependent STM images, which is observed as well in ref. 40.
Notice that the image shown in the middle panel was not obtained from the same monolayer as
the top and bottom panels, thus indicating good reproducibility of our measured results and

consistency among different samples.
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Figure S3. (a) ARPES constant energy map of monolayer VTe, in the 2D reciprocal space,
obtained at 0.2 eV binding energy (BE). The broad circular-like intensity pattern around the I’
point represents a direct signature of the in-plane azimuthal disorder,>® in contrast with the
hexagonal-like intensity modulation reported for single-oriented VTe, domains (see ref. 22 in the

main text). (b,c) Raw intensity maps measured at 297 K and 11 K.

a b [

high

low

Binding energy (eV)




Figure S4. Overlay of the second-derivative-filtered ARPES intensity map of monolayer VTe,
(11 K) with DFT-calculated 2H bands, which clearly indicates inconsistency between these
results. Note that the dispersions along the ['-M direction in the hexagonal Brillouin zone are in
solid lines and those along the I'-K direction in dotted lines. Zero BE represents the Fermi level

position.
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Figure S5. Se 3d XPS core-level peak of monolayer VTe, with pure Se as a protective cap. The
measurements reveal that under various desorption conditions, non-negligible Se signals remain,
indicating possible Se contamination in the monolayer film. However, it remains not known
whether such Se signals are originated from Se doping in the VTe, lattice, besides expected

absorption on the monolayer edges.
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Figure S6. Energy distribution curves (EDCs) around the I" point for different sample positions
(located at ~1.5 mm away along z direction) over a 2 x 2 mm? region, probed by a beam spot of
~0.8 mm?. No significant changes can be detected in the EDCs, thus indicating good
homogeneity in the monolayer stoichiometry. We also quantified the stoichiometry from the V
2p and Te 3d XPS core-level measurements in Figure 2a,b (in the main text). The quantification
involves integration of the core-level peak areas, followed by normalization to their respective
core-level photoionization cross-sections (at 650 eV, i.e. the photon excitation energy used for
the XPS measurements).* Such analysis yields a Te/V ratio of 1.92, which is reasonably close to
an ideal ratio of 2. Yet, its slight deviation from the perfect stoichiometry may be related to the
presence of atomic-scale structures, such as Te vacancies, grain boundaries, edges, efc. Some of
these are indeed evident in Figure 1b and similarly reported for other MBE-grown 2D-transition
metal dichalcogenides, such as VSe,, where Se vacancies have been observed.> The slightly
deviated stoichiometry of our monolayer might also be fundamentally originated from the small
electronegativity difference between V and Te, relative to those of more electronegative S and
Se, leading to the weak V-Te bonds in VTe,. Next, to check the film homogeneity, we obtain a
distribution of the Te/V ratio (1.94, 1.89, 1.95, 1.92, 1.91, 1.98) for 6 different positions over a

sample size of 5 x 5 mm? with a probe spot of ~3 x 0.5 mm?. Using the standard formula o =

1N . . . ..
JNZL. _ o — ()2, we obtain a mean Te/V ratio u = 1.93, with a narrow standard deviation o =

0.029, thus indicating a good stoichiometric homogeneity of our MBE-grown monolayer film. In
particular, we note that this mean ratio is quite comparable with that reported for bulk VTe,

crystal (Ve/T = 1.92; ref. 12 in the main text).
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Supplementary note 1. XMCD characterization and analysis. In contrast to conventional
magnetic measurement tools, XMCD is an advantageous tool, not only because of its element-
specificity guaranteeing the observed magnetic contrast to be intrinsic to VTe, (this issue has
previously spurred a great deal of controversy in the experimentally observed magnetism in
monolayer VSe,, as already discussed in the manuscript), but also due to its high sensitivity for
detecting weak dichroism down to one in 3 x 10* in spectroscopy, ie., 0.03% (with both
optimized sample and measurement setting at the ALS beamline). This sensitivity, for V, roughly
corresponds to a moment of 47 x 10 up, given the ~7.5% dichroism and ~1 pg per V atom in
FegoVo1 alloy® and the ~1.8% dichroism and ~0.4 pg per V atom in cobalt-capped monolayer
VSe, (ref. 29 in the main text). We consider the latter as a fair reference for the present
discussion, particularly because both VSe, and VTe, are in the VX, group, thus sharing similar
structural and electronic properties, and their XMCD characterizations have also been performed
across the same V-L, 3 absorption edge. Considering the theoretical moment of ~0.6 ug (ref. 20
in the main text), we expect a dichroism larger than 1.8% for monolayer VTe,, but Figure 4c
only indicates a value less than 0.1% (if exists). We point out that such tiny signals are probably
not of a magnetic origin, because the signals did not change signs as the applied magnetic field
direction was flipped. In fact, the absence of intrinsic ferromagnetism in monolayer VTe, as
concluded from our XMCD measurements is consistent with the ARPES intensity maps in
Figure 3, evidencing a lack of exchange-spilt V 3d bands. Our observation at this point is also
supported by a recent work appeared after the submission of our work (Supplementary note 2),
showing a negligible XMCD in monolayer VTe, similarly grown by MBE, even up to an applied
magnetic field of 5 T 8



Supplementary note 2. During peer-review of this manuscript, we became aware of the
appearance of manuscripts’- that report consistent results with our work, especially with both
refs. 7 and 8 showing the (4 x 4) CDW in monolayer VTe, and ref. 9 an unresolved CDW gap
manifested as a minor dip feature in STS measurements at 78 K as well as bias-dependent STM

contrast inversion.
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