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1. XPS/XRD/XRR measurements
X-ray diffraction (XRD) and XPS, Figures S1(a-f), were utilised to confirm the successful
synthesis of the PtSe, films and assess changes in the films after UHV annealing. XPS was
performed to investigate the compositional quality and the VB region of the CVD grown PtSe;
films before and after UHV annealing. Figures SI1(a, b) display the spectra of the Se 3d and
Pt 4f core-level areas of the initial PtSe,. Energies were corrected with respect to Cls 284.8
eV. The Pt 4f core-level spectrum is composed of four significant contributions: a main
doublet peak at ~ 73.7 eV (4f 75,), indicating 71% bound as Pt-Se,, another smaller doublet at
~73.1eV (4f;5), indicating 21% bound as Pt-Se, and the smaller peaks positioned at
~75.2eV (7%) and 71.8 eV (2%), can be attributed to Pt-oxides and unreacted Pt metal,
respectively.[1] Thus the majority of the Pt is bound to Se, but some oxides and elemental Pt
are present. Thisis in line with previous XPS reports on PtSe,.[2] The Se 3d core-level spectrum
is deconvoluted into two contributions: Se-Pt dominates at 54.9 eV (the expected energy
separation between Pt-Se, and Pt-Se is too small for the contributions to be separately
distinguished) and the other comparatively minor contribution at 58.1eV is probably
indicative of Se-O/amorphous Se.[3]

XRD was used to evaluate the crystallinity of the PtSe, film prior to (blue) and after (red)
thermal treatment in UHV at 500 °C for 4 hours to produce PtSe (see Figure Sl1(c-e)).[4] From
the XRD pattern, it is clear that the main characteristic peak of PtSe, (001), at 17.29°,
disappears after thermal treatment, while the secondary peaks at 40.621° and 45.18° broaden
and display reduced intensity, indicating increased disorder.[5] The strong peak at 69°
originates from the Si substrate.

Figure 1(f) shows the measured valance band XPS of the samples with PtSe, and PtSe (solid
spectra) alongside the DFT calculated density of states (DOS) for PtSe, and PtSe slabs (dashed
spectra). XPS measurements of the VB demonstrate that the DOS near the Fermi level (FL)
increases after annealing at 500 °C for 4 hours (red curve). After the UHV heating the film
appears to exhibit more pronounced metallic properties. Our DFT calculations of the fully
relaxed PtSe, and PtSe are in good agreement with the experiment. The increased DOS at the
FLfor PtSe vs PtSe; is captured, and the overall shape of the DOS curves is largely in agreement
with the increases observed the measured spectra. In the PtSe structure, the pronounced DOS
near the FL mainly arises from the 5d electrons of the Pt, which demonstrate metallic

properties (see Figure SI3).



From the XPS studies, it can be concluded that annealing causes a loss of Se, and DFT
suggests the formation of PtSe with a tetragonal lattice and metallic properties. This process
leads to a change in the spectrum of electronic states: the proportion of Se compared to Pt

decreases, which leads to the evolution in the VB XPS spectra near the FL in Figure SI1(f).
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Figure SI1. CVD grown polycrystalline PtSe, films before and after annealing. XPS of PtSe, film showing the Pt
4f (a) and Se 3d (b) core levels prior to annealing. (c) and (d) XPS spectra of Pt 4f and Se 3d core levels after an
annealing series to 500 °C for 1 hour. (e) XRD of PtSe, film before and after UHV heating at 500 °C for 4 hours,
displaying characteristic PtSe, peaks and a peak at 69° from the Si substrate. (f) Experimental VB XPS of the PtSe,
film before and after UHV annealing at 500 °C for 4 hours and calculated VB states of the PtSe, and PtSe

X-ray reflection (XRR) patterns generated from PtSe, film before any treatment and after
UHV annealing at 500 °C are shown in Figure SI2. The thickness (d), density (p) and roughness
(rms) are determined from the fitting of Kiessig fringes and critical point in the LEPTOS
software. Annealing of the film resulted in a reduction in the thickness, from 23 to nm 20 nm,
and a change in density of the films, supporting the conclusion that the transformation that
occurred. The complete reduction of the film to Pt can be effectively ruled out as greater loss
would be expected. However, roughness (RMS) of the film is increased from ~1.2 nm to ~4.5
nm after the annealing procedure. The density is also apparently reduced after annealing,
which in combination with the reduced thickness is consistent with reduced mass with due to

Se loss when transitioning to PtSe.
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Figure SI2. XRR of the PtSe, prior and after annealing in UHV at 500 °C.

2. Orbital projected DOS

Figure SI3 presents the orbital projected density of states (DOS) for fully relaxed structures
of both PtSe, (a) and PtSe (b). The scales in (a) and (b) are the same for better comparison. It
is apparent that states next to Fermi level in the PtSe are mostly contributed by the Pt 5d

electrons (green).
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Figure SI3. Orbital projected DOS for the PtSe, and PtSe (a) Orbital projected DOS calculation of the PtSe,
structure. (b) Orbital projected DOS calculation of the PtSe.

3. STM line profiles

Figure Sl4(a) and Figure Sl4(c) are larger area STM images of the PtSe, and PtSe films,
respectively, showing the crystallites where the high resolution STM and STS measurements
were performed. Figure Sl4(b) and Figure Sl4(d) are the line profiles indicated in the STM



images of PtSe, (Figure Sl4(a)) and PtSe (Figure Sl4(c)) demonstrating the nominal thicknesses
of each crystallite.
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Figure SI4. STM images of the PtSe, and PtSe with line profiles. (a) Large area STM topography of CVD-grown
PtSe, film (250x250 nm?, I=1.5 nA, V=2.8 V, RMS=7.120 nm). (b) The line profile of the PtSe, flake (around 19
nm at least) where STM and STS measurements were performed. (c) STM topography of PtSe film
(150 x 150 nm?,V = 2.0 V and | = 500 pA). (d) The line profile of the PtSe film demonstrating that PtSe crystallite
is at least 8 nm thick.
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