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Figure S1. AFM height (a, c) and phase (b, d) images of the same PO, flakes, immediately after
deposition (a, b) and after 24 hours of exposure (b, d) to standard laboratory conditions
(approximately 50% humidity and 400 lux of illumination). Both height and phase of

investigated monolayer flakes remain unchanged by air exposure, not showing the typical
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oxidation features appearing as bubble-like protrusions over bare phosphorene flakes after air

exposure'. These results confirm the high chemical stability of the PO;.

Figure S2. Optical images on the left and on the right show respectively the POy flakes before

and after the annealing process (400°C, 15 minutes).

Figure S3. The optical images on the left and on the right show respectively the POy flakes

before and after the annealing process (200°C, 15 minutes).
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Figure S4. XPS spectra of 2D bP on SiO, substrate before and after annealing (600° C, 1 hour).

Table S1. Binding Energy (BE) and atomic concentration (atomic %), acquired in two different

point of the 2D bP flakes on Si/Si0, substrate.

Signal Peak BE (eV) | Atomic % Bond
Cls-1 285.0 6.0 c-C

O1s 533.1 58.0 SiO,

P2p 129.9 0.5 Phosphorene
Si2p3 103.6 33.0 SiO,
Signal | Peak BE (eV) | Atomic % Bond

Cls 285.0 2.5 c-C

O1s 533.1 61.9 SiO,

P2p 129.4 0.6 Phosphorene
Si2p3 103.4 351 SiO,




Table S2. XPS signals of P, C, O, N and Si revealed on the electro-sprayed P,05 flakes.

Bulk bP

exfoliated
bP

PO,

BE
(eV)

At. %

BE
(eV)

At. %

BE
(eV)

At. %

Cl1s(C-C)

284.7

40.1

Cls(C-C)

285.0

6

Cls(C-C)

285.0

14.8

Cl1s (C - O)

287.2

11.1

Cls (C-0)

286.9

1.6

Cls (C-0)

286.6

1.6

Cls (-
COOH)
289.0

1.0

N1s (NO)

402.4

3.3

Ols
(510,)

533.1

58.0

Ols
(510,)

533.1

52.1

Ols

532.5

5.6

Ols (P -
0,C-0)

531.2

3.6

P2p;;
(P-P)

130.0

433

P2ps
(P-P)

130.0

0.5

P2ps)
(P-0)

134.3

2.0

Si2ps,
(Si0,)

103.6
33.0
Si2ps,
(510,)

103.6

22.6
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Figure SS. Piezoforce microscopy (PFM) micrographs of P,Os flakes. a) Height image, vertical
scale: -8 nm-20 nm. b) Piezoresponse out-of-plane amplitude, vertical scale -20-40pm. c¢)
Piezoresponse in-plane amplitude, vertical scale 7-11 pm. d-e) Piezoresponse out-of-plane phase

shift. In d (e) a voltage bias is applied to the tip (sample). f) Piezoresponse in-plane phase image.

Scale bars: 1 pm.
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