Supplementary Figure 1. Additional images of the terminated black phosphorus surface. AFM scan
of CA.M/BP acquired in contact mode 1 week after the sample discussed in the main text was
prepared. a — image of CA.M network; b — image of both CA.M network and underlying BP lattice
acquired within a single scan by gradually increasing the imaging setpoint to remove the adsorbed
molecular layer. ¢ and d — additional contact mode scans of the BP surface showing rows of
phosphorus atoms with scan c¢ additionally showing intrarow resolution of pairs of phosphorus

atoms.



Supplementary Figure 2. Additional Images of the terminated black phosphorus surface. AFM scan
of CA.M/BP acquired in tapping mode 3.5 weeks after the sample discussed in the main text was

prepared; a — scan of CA.M network layer; b and c — scans of the underlying BP surface showing rows

of phosphorus atoms.



Supplementary Figure 3. Additional, larger area images of the terminated black phosphorus sample.
AFM tapping mode scans of the CA.M/BP sample discussed in the main text acquired 1 month after
the sample was prepare; a — scan of CA.M monolayer (the contrast has been reversed for clarity). b —
a high resolution scan of CA.M showing single CA and M molecules; ¢ — scan of BP after CA.M layer

was removed with the tip. Zoomed areas of these regions are included in Figure 5 (main paper).
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Supplementary Figure 4. Raman characterization of the terminated and unterminated black
phosphorus surface. Raman spectra of exfoliated BP, a BP surface immediately after the deposition of
CA.M, and the same sample one month later: a — freshly cleaved BP surface; b — 1 month old CA.M
coated sample; c — freshly prepared CA.M sample. We observe peaks at 363 cm™, 438 cm™ and 467
cm™ which are assigned to the Al,, B%; and A%, modes respectively?>”. The intensity ratio of the Al,
and A% peaks was 0.95 for a freshly cleaved surface of BP crystal whereas the coated sample with
CA.M network had a ratio of 0.41 immediately after formation; this ratio was unchanged after 1

month. These values are consistent with an oxide-free surface as suggested by Favron et al.2
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Supplementary Figure 5. Black phosphorus surface exposed to ethanol. The surface of BP after being
washed with ~20ml of ethanol and dried in Nj-stream. A profile shows significantly increased
roughness (~0.8nm) as compared to the profile shown on Figure 1 for a freshly cleaved surface of BP

where surface is atomically flat.
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Supplementary Figure 6. The adsorption of 5,10,15,20-tetrakis(4-carboxylphenyl)porphyrin (TCPP)
on the black phosphorus surface. AFM tapping mode scans and corresponding height profiles of BP
surface with adsorbed 5,10,15,20-tetrakis(4-carboxylphenyl)porphyrin (TCPP) molecules: a — 2 um x
2 um scan showing surface coverage and an extra inset elaborating further on the shape of TCPP
islands; b —the same area of the surface as shown in a, but imaged 16 hours later (the sample was
left on the AFM scanner under ambient conditions). c — a profile showing step height of ~0.36nm for
TCPP islands consistent with monolayer height islands. d — a profile showing large (~45nm) features
on BP surface associated with atmospheric degradation. As observed for TMA on BP (main text), we
observed that BP surface was stable, as judged by surface topography and integrity of molecular
islands, for approximately 2-3 hours. After 12 hours the surface roughness had significantly increased
with large protrusions (up to 45nm in height) associated with atmospheric degradation (scan b and

profile d).
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Supplementary Figure 7. A terminated black phosphorus sample three months after preparation. An
AFM tapping mode scan of the CA.M network formed on BP acquired for a different sample to the

one discussed in the main text. The images were acquired three months after the sample was

prepared.
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