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SUPPLEMENTARY NOTE 1: DATA ANALYSIS DISCUSSION

Supplementary Fig. 1. χ2 fitting analysis. χ2 trend as a function of BE and ∆E for different

α parameters in th Fe 2p3/2 core level of metallic Fe15 cluster. Darker colours are associated to

lower values of χ2 while brighter colours are associated to higher.

To fit the Fe 2p3/2 spectra of metallic iron nanoclusters, components due to exchange splitting

[1–3] were not considered. The splitting between the components of a photoemission peak

due to exchange interactions is often of the same order of natural broadening, thus making

difficult to separate different components in the data analysis. A custom-made data analysis

method was used to analyze XPS spectra in a rigorous way. For each cluster, data analysis

was divided in four steps and at the end of each step the value of one of the fitting parameters

was determined. At the end of the first step, we determined the Gaussian (G) Full Width

at Half Maximum (FWHM) parameter; after the second step, we determined the BE of the

metallic or oxide components; at the end of the third step, we determined the asymmetry

parameter α; at the end of the last step, we determined Lorentzian (L) FWHM parameter
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and the shift (∆E) between first and second component. In every step, the routine runs a

double cycle (i.e. two cycles as defined in C language) in which the spectrum is fitted as a

function of different values of two of the fitting parameters, while the other parameters are

left free to vary. After every code run, χ2 and fitting parameter values are saved. The best

fit, for each run, is determined looking at the minimum value of χ2. Eventually, for each

step 2D color maps were created to evaluate the χ2 trend varying fitting parameters. For

example, in the first step, clusters spectra were fitted as a function of BE and ∆E values

and the color maps obtained, varying α, are showed in Fig. 1 for Fe15 cluster. The error

associated to a parameter value is evaluated computing the standard deviation of the values

obtained for that parameter in each step and adding to this a systematic error that derives

from the calibration of the photon beam and from the stability of the electronics of the

energy analyzer.

SUPPLEMENTARY NOTE 2: OXIDATION OF POLYCRYSTALLINE IRON

SLAB

To compare the results obtained for the oxidation of nanoclusters, we acquired the Fe

2p core level from a iron polycrystal (Mateck). After the cleaning process, consisting of

Ar+ sputtering for 45 minutes, the Fe 2p core level spectrum was acquired using a photon

energy of 805 eV. Subsequently, the surface was oxidized using molecular oxygen at a low

oxygen pressure, for a total exposure of about 50 Langmuir (L). After the oxidation, iron

polycrystal Fe 2p spectrum was acquired again. Metallic iron polycrystal spectrum was

fitted using three components, two for the 2p3/2 core level region (Fig. 2a, blue and green

curves) and one for the 2p1/2 core level region (Fig. 2a, violet curve) while the oxidized iron

polycrystal spectrum was fitted using four components, two for the 2p3/2 core level region

(Fig. 2b, gray and green curves) and two for the 2p1/2 core level region (Fig 2b, violet and

orange curves).

The BE of the polycrystal (BE = 706.28 eV) differs from the one of bulk iron (BE =

706.7 eV) but is very similar to the one of Fe(110) surface (BE = 706.3 eV). This is in

agreement with the fact that bcc (110) surface of iron is the surface orientation that minimize

the surface free energy [4, 5]. Moreover, the choice of a suitable photon energy, which is

possible for experiments conducted at synchrotron radiation facilities, allows to have a high
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Supplementary Fig. 2. Metallic and oxidized iron polycrystal. a) Metallic and b) oxidized

iron polycrystal Fe 2p spectrum together with the fit and the components obtained from the

fit. Green and blue curves are associated to metallic Fe2p3/2, violet curves are metallic Fe2p1/2.

In the oxidizes spectra, gray and orange curves are associated to oxidized Fe2p3/2 and Fe2p1/2,

respectively

surface sensitivity. Therefore we observe that the contribution coming from Fe(110) surfaces

dominate with respect to the one of bulk polycrystal and shifts the BE of 2p3/2 core level.

After the oxidation, the BE of the polycrystal is slightly higher (BE=709.83 eV) than the

BE of bulk, surfaces and iron oxide clusters. This can be explained with the fact that on the

surface a layer of Fe3O4 is forming. T. C. Lin et al. [6] indeed have found that, for oxygen

exposures greater than or equal to 50 L, Fe(III) ions can be detected.
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SUPPLEMENTARY FIGURES

a) b)

Supplementary Fig. 3. Graphene characterization. a) Spot profile analysis low energy

electron diffraction pattern of the Gr/Ru surface aquired with electron energy E = 158 eV showing

the moiré-induced diffraction spots. b) C 1s and Ru 3d3/2 core level spectrum. The red component

at BE = 285.11 eV is associated with valley regions in the moiré pattern, while the pink component

at BE = 284.43 eV is associated with hill regions. The gray component at BE = 284 eV is associated

to Ru 3d3/2.
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Supplementary Fig. 4. Mass spectrum of size-selcted Fen
+ clusters Mass spectrum of

Fen
+ clusters in the gas phase with n= 1− 20 obtained with the cluster sourc ENAC.
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