Supplementary Materials

In Figure S1, images of the prepared DND-H/Au and graphitized DND-H/Au sam-
ples are shown. The as-prepared ND film was transparent before annealing, and it became
dark and non-transparent after graphitization.
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Figure S1. Picture of as-prepared and graphitized DND-H sample.

XPS survey spectra of as-prepared, annealed, and ArCIB-sputtered ND samples are
shown in Figure 2. Residual oxygen contaminants were observed on the sample surfaces.
The signal from the Au substrate was distinguishable only for DND-H samples. Nitrogen
was detected in DND-H samples and was absent in snr-DND-H samples.
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Figure S2. Survey XPS spectra from as-prepared samples measured at room temperature (red), from
annealed samples in UHV at 800 °C (green), and from ArCIB sputtered samples at RT (blue).

Figure 53 shows (a) the oxygen and (b) nitrogen atomic concentrations observed dur-
ing the annealing of ND samples, after cooling to room temperature, and after ArCIB sput-
tering. Concentrations were derived from the areas of the high-resolution core level XPS
spectra. Initially, the concentration of oxygen was higher (approximately 3 at.%) for the
snr-DND-H sample and lower (about 1 at.%) for the HPHT ND-H sample. After annealing
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at 800 °C, oxygen concentrations dropped below 1 at.% for all samples, indicating partial
oxygen desorption from the DND surfaces. The concentration of nitrogen in the DND-H
sample remained nearly constant during annealing and sputtering, indicating rather in-
corporation of N into the ND cores. The oxygen desorption from the ND surfaces during
annealing has no obvious correlation with graphitization temperature change.
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Figure S3. The measured atomic concentrations of (a) oxygen and (b) nitrogen during the annealing
and sputtering. The samples were heated from room temperature (RT) to 800 °C, followed by cooled
to RT, and subsequently sputtered by with argon clusters ion beam (ArCIB) at RT.

The high-resolution N 1s spectra are presented in Figure S4 (a), (b). No nitrogen sig-
nal was resolved for snr-DND-H sample. The binding energies of N 1s spectra in (a) were
calibrated according to the position of the C 1s peaks at 285.0 eV (see description in the
manuscript). Two components of N 1s were resolved [1,2] at 399.1 eV (C-N, C-NH bonds)
and at 402.5 eV, which is probably related to the (ammonium) nitrites [3], i.e., it could
involve the C-(N,O) group of bonds. Recently, the formation of nitrate ions was observed
during DND sonication [4]. It should be mentioned that annealing and sputtering of NDs
reduced the oxygen concentration, but no significant change in N2/N1 peak ratios was
resolved during annealing and cooling [Figure 54 (c)].
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Figure S4. N 1s core level spectra obtained from (a) DND-H and (b) snr-DND-H samples at RT, 800
°C and after ArCIB sputtering. No nitrogen was detected in the snr-DND-H sample. (c) The depend-
ence of N 1s component areas on annealing temperature and ArCIB sputtering.



Core level shifts (CLS) in the C 1s spectra are summarized in Table SM1 for reference
bulk samples and ND samples. The reference samples were measured at room tempera-
ture (RT), while the ND samples underwent annealing and sputtering at RT.

Table S1. Core level shifts in eV obtained by deconvolution of C 1s peaks.

CLS in resp. 285 eV
Components
Sample treatment | sp3 sp? Cx/C-N C-O/C-OH Cc=0
C(111)-H RT 0.0 | -0.8 0.5 1.0-15
HOPG RT - -0.6 | -
RT 0.0 -0.9 0.8 1.7
HPHT ND-H 800 °C 0.0 -1.0 0.8 1.7
ArCIB, RT 0.0 -0.8 0.8 1.7 | -
RT 0.0 | -09 0.8 1.2 23
DND-H 800 °C 0.0 -0.9 0.8 1.2 23
ArCIB, RT 00| -1.5 0.8 15 2.2
RT 0.0 -0.9 0.8 1.2 2.2
snr-DND-H 800 °C 0.0 -0.9 0.8 1.2 2.2
ArCIB, RT 0.0 -0.9 0.8 1.2 2.2

The surface morphology of the ND samples was analysed using field-emission scan-
ning electron microscopy (FE-SEM, Tescan MAIA3) with an electron beam energy of 10
keV. SEM images of the as-prepared RT samples and the ArCIB-sputtered samples (inside
craters) are presented in Figure S5. Upon drop-casting and drying on Au substrates, large
agglomerates of diamond NPs were formed. Figure S5 (a) reveals diamond grains in the
tens of nanometers in size, while Figure S5 (b) displays a porous film. For the snr-DND-H
sample, NPs aggregated into large clusters on the surface, making it impossible to distin-
guish individual grains.

After ArCIB sputtering, the HPHT ND-H surface became coated with a graphitic
film, as indicated by the black patterns in Figure S5 (d), and no grains were discernible.
This observation is consistent with patterns seen in SEM images of sputtered nanocrystal-
line diamond films (NCD) [5]. In contrast, the DND-H sample showed no significant
change in morphology of sputtered samples [as depicted in Fig. 6 (e)].

As for the snr-DND-H sample, ArCIB sputtering led to a flattening of the ND cluster
surface, possibly due to the surface being polished by the Ar cluster ion beam.
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Figure S5. SEM images of as-prepared (a-c) ND samples measured at RT, and (d-f) their ArCIB
sputtered counterparts measured at the bottom of the craters. Sputtered surfaces became smoother
and were covered by graphitic carbon layers [black patterns, well-resolved in (d)].

Figure 56 shows Raman spectra of as-prepared ND samples measured by UV laser
(325 nm excitation).
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Figure S6. UV-Raman spectra of as-prepared ND samples sp3 peak intensity decreases with NP size
decrease, whereas the sp2 peak intensity increases.
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