
 
Information hidden behind a single peak in the 

C 1s spectrum of graphene on Ir(111). 
 

 
Cecilia Botta1, Federico Loi1, Dario Alfè2,3 and Alessandro 

Baraldi1,4,* 

 
 

1Department of Physics, University of Trieste, via Valerio 2, 34127 Trieste, Italy. 

2Department of Earth Sciences and London Centre for Nanotechnology, University 
College London, Gower Street, London, WC1E 6BT, UK. 

3Dipartimento di Fisica Ettore Pancini, Università di Napoli Federico II, Monte S. 
Angelo, Napoli, 80126, Italy 

4Elettra Sincrotrone Trieste, AREA Science Park, 34149 Trieste, Italy. 

 

*Corresponding author: Department of Physics, University of Trieste, via Valerio 2, 
34127 Trieste, Italy. 

e-mail address:  alessandro.baraldi@elettra.eu 

 
Abstract 

The energy resolution that can be achieved in x-ray photoelectron 
spectroscopy experiments allows to disentangle the contribution arising from 
the presence of a large variety of surface atoms in non-equivalent 
configurations which manifests itself not only with the appearance of different 
spectral components, but also as unusual lineshape. 
In the present work, we show that the fit of the C 1s core level spectrum of 
graphene grown on Ir(111) realized using 200 peaks based on ab initio 
calculations, accounting for the non-equivalent C atoms in the 10×10  moiré 
cell, does not improve the fit quality with respect to the use of a single 
component. On the contrary, the quantitative fit quality can be drastically 
increased by introducing a dependency of the Lorentzian width on the 
distance between C and Ir first-layer atoms. This result is associated to the 
different electronic properties, and in particular to the different density of 
states of the σ and π bands, of C atoms sitting on TOP (hills) or FCC (valleys) 
regions of graphene which affect the lifetimes of the core-holes generated 
during the photoemission process. 
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1. Introduction 
 
High-Resolution X-ray Photoelectron Spectroscopy (HR-XPS) has always 
been, since the pioneering works by Kai Siegbahn [1], one of the most 
exploited techniques in surface science. With the advent of the massive family 
of 2D materials [2, 3] this experimental approach gained even more 
attention[4] thanks to its huge surface sensitivity which makes it particularly 
suitable to investigate the physical and chemical properties of this new 
fascinating class of materials. Among them, graphene is one of the most 
studied by using XPS, as testified by the more than 10.000 publications [5] 
where this technique has been adopted to measure the C 1s core levels in 
graphene-based systems. 
Graphene-metal interfaces, where graphene is grown via chemical vapor 
deposition, are no exception. They have been widely studied by means of 
XPS to investigate the nature of the interaction between the carbon layer and 
the different underlaying metals which greatly affects the electronic properties 
of the supported graphene itself. Similarly, from the C 1s core level of 
graphene it is possible to obtain information on a large variety of its chemical 
properties when it bonds to atoms and molecules which can be used, for 
instance, to tune its doping [6, 7] or to evaluate its adsorption and reaction 
properties [8, 9]. 
Single-layer graphene epitaxially grown on the Ir(111) surface by the 
exposure to hydrocarbons such as ethylene at temperatures higher than 1300 
K is a model example of quasi-free standing graphene [10]. This interface was 
used to highlight the dominant role played by van der Waals dispersion forces 
in the graphene-metal interaction [11, 12], to induce a band gap opening by 
doping graphene with hydrogen atoms [13], and to showcase the energy 
dispersion effects that can be observed also in deep core levels [14]. The first 
major work involving HR-XPS measurement on the core-levels of epitaxial 
graphene by Preobajenski et al. [15] showed that in the case of surfaces with 
which graphene has the weakest interaction, such as Pt(111) and the 
aforementioned Ir(111), the C 1s core level spectrum is composed of a single 
component centered at about 284.1 eV.  On the contrary, when the graphene-
metal interaction is strong enough to induce a partial rehybridization of the C 
atoms and in the presence of a large lattice mismatch (as in the case of 
Ru(0001) [15-18]), the highly corrugated morphology of the single-atom layer 
results in a C 1s spectrum which is apparently split into two components. The 
one with the highest binding energy (BE) originates from those atoms which 
strongly interact with and are closer to the substrate (down to about 2 Å), 
while the component at lower BE corresponds to the C atoms sitting further 
away from the metallic surface. Later studies highlighted that when epitaxial 
graphene is highly corrugated, as it happens when it is grown on the (0001) 
surfaces of rhenium [19] and ruthenium [20], the double-peak structure arises 
from an extremely large distribution of the C 1s core level BEs due to the 
large number of non-equivalent atoms in the unit cell. For instance, graphene 
on Re(0001) forms a moiré lattice with a (11x11) periodic carbon unit cell 
which overlaps with a (10x10) unit cell of the metallic substrate. This structure 
implies the presence of 242 nonequivalent C atoms which, based on their 
distance from the Re(0001) surface, build up the double-peak distribution of 
the BEs [19]. Theoretical calculations on the C 1s core levels based on DFT 



formalisms, which include final-state effects, allowed to replicate with great 
accuracy the experimental lineshape when, besides the BEs, also the phonon 
and experimental broadening (Gaussian contribution) and the intrinsic 
broadening related to the finite lifetime of the core-hole (Lorentzian 
contribution) are considered. 
In this work, we aim to understand whether also in the limit case where the C 
1s spectrum appears as a single component, such as for the graphene/Ir(111) 
interface, it is possible to obtain high-quality fit of the experimental spectrum 
by considering the presence of several non-equivalent C atoms. As a matter 
of fact, the C 1s core level spectrum of graphene/Ir(111) has already been 
qualitatively analyzed by using 200 components due to the presence of the 
(10 x 10) unit cell that graphene forms on a (9 x 9) Ir(111) [21]. 
In our quantitative reduced-χ2 analysis based on calculated core electron 
binding energies including final-state effects we show that the fit of the C 1s 
spectrum of Gr/Ir(111) performed by using 200 Doniach-Šunjić [22] peaks of 
equal lineshapes fails to accurately reproduce the experimental spectrum if 
compared to the fit performed using a single component, which returns a 
lower reduced-χ2. It is only the introduction of a functional dependence of the 
Lorentzian width on the C-Ir distance that allows us to considerably decrease 
the reduced-χ2 by a factor of 2. These findings are discussed in terms of 
different electronic structure of the C atoms sitting close (valleys region) or far 
(hills region) from the metallic substrate resulting in different relaxation time of 
the core-holes generated in the photoemission process. 
 
2. Methods 

2.1. Experimental details 
HR-XPS measurements were performed at the SuperESCA beamline of the 
Elettra synchrotron facility in Trieste, Italy. The Ir(111) single crystal used for 
the graphene growth was first cleaned through several cycles of Ar+ sputtering 
and annealing up to 1470 K, followed by exposure to oxygen (three ramps up 
to 1070 K with an O2 pressure of 5 x 10-7 mbar) to remove residual C atoms. 
The residual O was finally removed by making it react with H2 in a 
temperature range between 370 and 770 K and with a pressure of 1 x 10-7 
mbar. A final flash up to 570 K was then sufficient to remove the small amount 
of residual H. 
The cleanliness of the Ir surface was checked by measuring the Ir4f7/2 core 
level, which showed the typical surface core level shift to lower binding 
energies, equal to -550 meV [23], and by verifying the presence of 
contaminants such as C, O, S and B. The low electron energy diffraction 
image of the surface acquired after the cleaning procedure showed the 
presence of a (1x1) structure with bright and sharp diffraction spots with a low 
background. Graphene was subsequently grown by following a well-
established procedure [24]. In particular, the Ir(111) surface was exposed to 
an initial pressure of 5 x 10−8 mbar of C2H4 at a temperature of 470 K for 2 
minutes. This first step is followed by five temperature ramps between 200 
and 1420 K. Finally, two final temperature ramps were performed with an 
increased 5 x 10-8 mbar background pressure to fill the last holes in the 
graphene layer, since the growth follows a self-limiting process. The graphene 
layer obtained by following this procedure showed a low electron energy 
diffraction pattern with new diffraction spots arising from a (10x10) unit cells of 



graphene (which correspond to the dimension of the moiré unit cell) on (9x9) 
cells of the Ir(111) substrate, in a ratio of surface unit cell vectors equal to 
1.111, in agreement with first reports [10]. The mismatch between the lattice 
vectors of graphene and Ir results in the formation of a moiré lattice 
superstructure. 
The C 1s spectrum of graphene was fitted by using the most adopted 
lineshapes in literature: simple Gaussian and Lorentzian functions, their 
convolution (Voigt function) and a Doniach-Šunjić function convoluted with a 
Gaussian width which accounts for phonon, instrumental and inhomogeneous 
broadening (being G the Gaussian width). The DS profile contains a 
Lorentzian distribution (being L the Lorentzian width) arising from the finite 
core-hole lifetime and an asymmetry parameter α (for electron-hole pair 
excitations near the Fermi level and π*—> π* interband transitions which are 
known to vary with the degree of graphene doping [25]. Lineshape 
parameters obtained are based on least-squares fit.  

 
2.2. Theoretical calculations 

The DFT calculations were performed as implemented in the Vienna Ab-initio 
Simulation Package (VASP) code [26]. The system was described with a slab 
composed of 4 layers of Ir in a (9 x 9) hexagonal supercell and a layer of (10 x 
10) unit cell of graphene placed on top of them. The bottom two layers of Ir 
were kept frozen at their bulk geometry, with a lattice parameter of 2.74 Å, 
and the rest of the system was fully relaxed using the rev-vdwDF2 functional 
[27] until the largest residual force was less than 0.015 eV/Å. We employed 
the projector augmented method (PAW) [28, 29] using PBE potentials [30]. 
The plane wave cutoff was set to 400 eV, and the relaxations were performed 
by sampling the Brillouin zone using the Γ point only. To obtain the partial 
density of states, we have performed single point DFT calculations in 512 K 
points of the K-space, using the geometries obtained with the rev-vdw-DF2 
functional.  
Core level binding energies (CLBE) are obtained as the difference in energy 
from two calculations. The first is a standard calculation, and the second is a 
calculation in which a core electron is removed from an atom and placed in 
valence. This can be achieved by creating a new pseudo potential for the 
atom with the core hole and adding one electron to the total number of 
valence electrons. In the PAW formalism employed in VASP this is done 
during the calculation, without the need to explicitly generate a separate PAW 
for the atom with the hole in the core. In both calculations the total charge 
density is driven to self-consistency, thereby taking into account the relaxation 
of the valence electrons around the hole. The other core electrons are kept 
frozen, and so their screening is neglected. This is commonly known as the 
‘final state’ approximation. The absolute values of the CLBEs obtained in 
these calculations cannot be related to measurable quantities, but differences 
in CLBEs can usually be obtained with accuracies of a few tens of meV. 
Absolute core level BEs are shifted by using an offset parameter which is 
included in the fitting procedure and allowed to vary until the best fit with the 
experiment is found. 
 
 
 



3. Results 
3.1. Experimental results 

The C 1s spectrum in Figure 1 corresponds to the C single-layer grown with 
the procedure previously described and measured with a photon energy of 
400 eV. The overall resolution, which considers both the resolution of the 
electron energy analyzer and the spectral broadening of the photon beam, is 
50 meV. The experimental standard error associated to the electron counts 
for each data point is given by the square root of the sum of counts. The 
spectrum was acquired in normal emission, with the photon beam impinging 
at the grazing incidence of 20° with respect to the sample plane and an 
overall acceptance angle of 5°. In these conditions, at the center of the first 
Brillouin region, it is always possible to measure only the C 1s bonding 
component, since the anti-bonding state can be observed only at the center of 
the second Brillouin zone, as it has demonstrated in earlier works [14, 31]. 
The spectrum was measured at T = 100 K to minimize the Gaussian 
broadening related to phonon excitations. The Full Width al Half Maximum 
(FWHM) is found to be 241 ± 2 meV, in agreement with previous 
determination on the same system [21]. To evaluate the quality of a fit, the χ2 
value was used. The χ2 value is defined as  

χ! =
o! − e!
w!

!!

!!!

 

where o! is the electron counts for each data point, e! is the electron counts 
that were expected according to the fitting function, and w! is the experimental 
standard error associated with o!, which corresponds to the square root of the 
counts [32]. To compare the results also for fitting lineshapes with a different 
number of parameters, we utilized the reduced-χ2, which is obtained by 
dividing the χ2 value associated to each fit by the number of degrees of 
freedom: 

χ!! =
χ!

n− n!
	

where n is the number of data points, n! is the number of free parameters of 
the fitting function, and n− n! is the number of degrees of freedom of the fit. 
A preliminary fitting procedure was performed by using a Gaussian (G) and a 
Lorenztian (L) lineshape. In both cases, the residual lines (orange for G and 
green for L) show an evident modulation, which indicates the inadequacy of 
this analysis. This is also supported by the extremely high reduced-χ2 values 
obtained with the two fitting analysis, which are 458.8 and 238.9, respectively. 
Also the fit done using a Voigt function show a large reduced-χ2 value 
(215.39). On the contrary, the fit performed by using the DS function, which is 
the lineshape typically adopted to fit this type of spectra, returns a much better 
agreement with the experimental line. The best fitting parameters correspond 
to an L width of 140 meV, a G width of 135 meV and an asymmetry 
parameters α equal to 0.073. The peak is centered at a binding energy of 
284.06 eV. All these values are in excellent agreement with those reported in 
literature for previous works on the same system [12, 14, 15, 21]. 



 
Figure 1: C 1s spectrum measured at normal emission and at T = 100 K with a photon 
energy of 400 eV (empty circles) together with the result of the fit performed using a single 
DS function convoluted with a Gaussian (blue solid line). In the top panel the residual of the 
fits performed using a single Gaussian (orange curve), a Lorentzian (green curve) and the 
DSG (blue curve) are reported. 
 
However, it can be appreciated in the top panel of Figure 1, although the 
amplitude of the fluctuations of the residual line is lower than in the fit 
performed with a G or L lineshape, it still shows a modulation, thus suggesting 
that the reduced-χ2 value, which now is equal to 10.14, can still be improved. 
 
 

3.2. Theoretical results 
We performed DFT calculations by following a similar procedure than for the 
analysis of the C 1s spectrum of Re(0001) [19], Ru(0001) [20], and 
intercalated systems on Ir(111) and Ru(0001) [12]. As a matter of fact, 
although graphene grown on Ir(111) is generally considered a weakly 
corrugated system [33], the atoms in the unit cell are not equivalent with each 
other and the core level electrons could be affected by the different interaction 
with the metallic surface in the different regions of the moiré cell. 
 
 



 
Figure 2: (a) Top and side view of the simulated graphene/Ir(111) interface structure where	
the location of the TOP, FCC and HCP regions, described in the text, are indicated by circles. 
The color scale reflects the separation between the C atoms and the first-layer Ir atoms in the 
surface beneath. (b) Distribution of the C-Ir distance in the moiré cell. 
 
The graphene layer shows, as expected, a low corrugation. This can be 
quantified by considering the height h of each C atom with respect to the 
Ir(111) plane [11]. According to our calculations, this value ranges from 3.30 
up to 3.72 Å, with a mean value of 3.47 Å and a standard deviation σh = 0.11 
Å, in good agreement with the experimental results by Busse et al. (mean 
value of 3.38 ± 0.02 Å and σh  < 0.27 ± 0.04) Å) [11]. These results show, as it 
was already discussed by Coraux et al. [34], that the minimum graphene-
substrate distance corresponds to the FCC and HCP regions (indicated in 
Figure 2a), which are labeled after the position of the center of the graphene 
hexagons with respect to the Ir(111) surface adsorption sites. On the contrary, 
the highest distance corresponds to the TOP region, where the hexagons 
forming the graphene honeycomb lattice are centered on the TOP sites of the 
Ir(111) surface. 
However, by considering the height h with respect of the plane passing 
through the Ir(111) surface, some information is lost. For example, this 
approach does not consider the Ir surface buckling (~ 0.01 Å according to our 
calculations) and the different position of inequivalent C atoms in the HCP and 
FCC regions with respect to the surface. As a matter of fact, in these regions 
one C atom is located ontop with respect to the surface Ir atom, while his C 
nearest neighbors are located above a threefold adsorption site and their 
distance from the closest Ir atom is different (3.30 Å vs 3.60 Å for C atoms in 
ontop and threefold sites in the HCP region). To include these aspect in our 
analysis, we considered the C-Ir distance between C atoms and the closest Ir 
atom from the Ir(111) surface. Figure 2a shows the C atoms with different 
colors based on this distance. The C-Ir distance distribution is reported in 
Figure 2b, which highlights the broadening around the average value of 3.56 
Å, which is larger than the average height h due to simple geometric 
considerations. 
 



We calculated the C 1s BE for each of the 200 C atoms in the moiré unit cell 
in the final-state approximation [35]. The results are shown in Figure 3, 
highlighting the different BEs with a color scale: dark blue indicates higher 
BEs, while light blue indicates lower values, i.e., closer to the Fermi level. The 
color scale pattern recalls the one where the C atoms are colored based on 
the distance from the substrate (Figure 2a). This suggests that, as happens in 
the case of graphene/Re(0001) and Ru(0001), also on graphene/Ir(111) the C 
1s binding energies depend on the distance from the substrate, in good 
agreement with previous calculations [21]. The energy dispersion of 200 meV 
among the different atoms in the unit cell is considerably smaller than in the 
case of graphene/Re(0001), where energy difference between atoms in the 
FCC and TOP regions is higher than 1.4 eV [19]. The narrow dispersion of the 
binding energies makes it impossible to experimentally distinguish spectral 
components due to different degree of interaction, in good agreement with the 
fact that usually the C 1s spectrum for this system can be fitted with a single 
DS component with a FWHM between 0.25 and 0.30 eV. 
 

 
Figure 3: (a) Top and side view of the DFT calculated C 1s binding energy of non-equivalent 
carbon atoms in the moiré graphene/Ir(111) unit cell. The color scale reflects the binding 
energy values. (b) C 1s binding energy dependence on the C-Ir distance. 
 

3.3 DFT-based data analysis of the C 1s experimental spectrum. 
The first attempt for the analysis of the C 1s graphene/Ir(111) spectrum 
consisted in a fit with 200 DS components, all having the same intensity and 
with binding energies determined by the DFT calculations which included 
final-state effects. The G and L widths were fixed to be the same for all the 
components, and the same goes for the asymmetry parameter α. The fitting 
curve that minimizes the χ2 has G and L values of 79 and 141 meV, 
respectively. The 41% lower value of the G width compared to the fit with a 
single component arises from the fact that we are disentangling the 
contribution arising from the non-equivalent atoms in the unit cell from the 
overall fitting line. Nevertheless, the G value of 79 meV is still larger than the 
broadening due to the experimental resolution because of the contribution 



from the phonon broadening. The asymmetry parameter (α =0.074) does not 
change appreciably for the fit with 200 components.   
The result of this analysis, although it is in quite good agreement with the 
experimental results, shows a slightly higher reduced-χ2 (12.02, i.e. +18% 
with respect to the value with a single DS) with respect to the one obtained 
using a single component (blue curve in Fig. 4). This indicates that the 
introduction of all the different 200 components arising from non-equivalent 
carbon atoms is not sufficient to improve the fit. To overcome this problem, we 
decided to analyze the C 1s spectrum allowing a dispersion of the Lorentzian 
widths of each atom in the cell. In particular, the L! width of the j-th atom 
(j = 1,… , 200) follows an exponential law L! = 𝐴 exp(−𝐵 𝑑!), where 𝑑!  is its 
distance from the closest Ir atom, while 𝐴 and 𝐵 are constants that were used 
as fitting parameters. In this case The intensity of each Doniach-Šunjić 
convoluted with a Gaussian has been normalized using the term L^(1-α) to 
obtain a value proportional to the area under each peak. 
This approach led to a considerable increase in the quality of the fit (red curve 
in Figure 4), with the reduced-χ2 (5.45) that is now 55% smaller than in the 
case where 200 DS with equal Lorentzian are considered. The L widths range 
from 93 to 217 meV, i.e., with a difference included between -34% and +53% 
with respect to the value obtained using a single value of Lorentzian (L = 141 
meV) [31]. The value of the asymmetry parameter of 0.052 is close the one 
found in the case of monolayer suspended graphene, equal to 0.095 [36]. 

 
Figure 4: Same C 1s spectrum reported in Figure 1 together with the result of the fit 
performed using a 200 DS function with a functional dependence of the Lorentzian width on 



the C-Ir distance (red solid line). The values assumed by the Lorentzian width are reported in 
the panel. In the top panel the residual of the fit performed using a single DS (orange curve), 
200 DS with same Lorentzian (blue curve) and 200 DS components with a functional 
dependence of L (red curve) are reported. The binding energy values of the 200 components 
are reported as bar codes in the bottom part. The values of the reduced-χ2 are also reported. 
 
4. Discussion 
The fact that the reduced-χ2 improves when a functional dependency is added 
to the 200 DS(L) components on the C – Ir distance brings up the question on 
why the L width should have a similar behavior. In particular, it is crucial to 
understand why the L width increases when the C – Ir distance decreases.  
The L component in the DS lineshape is related through the uncertainty 
principle to the lifetime τ of the core-hole that is generated by the 
photoemission process ( 𝐿 τ >  ℏ/2 ). In particular, the core-hole lifetime 
decreases (and L increases) for an increasing probability of electron 
transitions to fill the hole from higher electronic levels. In the case of light 
elements such as C, these transitions are dominated by the non-radiative 
Auger process, where a valence electrons V1 is de-excited to fill the K state 
and the transition energy is imparted to a second valence electron V2 which is 
emitted from the sample [37]. For graphene, the lifetime τ of the excited state 
is proportional to the inverse of the sum of all partial transition rates to various 
final states. More specifically, the KVV transition depends on the occupancy 
of the σ e π states in the valence band in the vicinity of the core hole. 
Although this occupancy is the same for all the C atoms in a freestanding 
graphene layer, the interaction with the substrate is expected to induce some 
modifications on the electronic structure of the valence band. For instance, in 
the case of graphene/Ru(0001), a system where the graphene layer is highly 
corrugated, the density of state close to the Fermi level for 2s and 2p 
electrons (σ e π bands) is affected based on the region of the moiré cell where 
the calculations are performed. Despite the lower corrugation of 
graphene/Ir(111), a similar effect could arise also for this system, with 
potential repercussions also on the core-hole lifetime of different C atoms 
which is linked to the density of those states that are energetically closer to 
the C 1s core. 
 

 
Figure 4: (a) Calculated projected density of s- (blue) and p-states (red) for the C atoms with 
the lowest (dark colors) and highest (light colors) C – Ir distance in the moiré unit cell. (b) 



Values of the s- and p-states center for all the C atoms in the moiré unit cell as a function of 
the C – Ir distance. 
 
In this regard, we calculated the density of p and s states for each C atom in 
the moiré cell of the graphene layer. To improve the quality of the results, the 
calculations were performed including 512 K points in the Brillouin zone. 
Figure 4a shows the s (blue) and p (red) states distribution for the atoms with 
the lowest (dark colors) and highest (light colors) C – Ir distance in the unit 
cell. The two curves are clearly different in the lowest energy region, away 
from the Fermi level. Both the s and p density of state in this region is higher 
when C atoms are closer to the substrate. To prove that this result is not 
limited exclusively to the two atoms at the edges of the distribution, but it can 
be extended for all the C atoms in the graphene layer, in Figure 4b we report 
the coordinate of the p and s band barycenter as a function of the C – Ir 
distance. The inverse relationship between the coordinate of the barycenter 
with respect to the C – Ir distance agrees with the trend observed for the L 
widths in the fitting analysis. The shorter the C – Ir distance, the closer 
(energetically speaking) the barycenter of the d and s bands are to the core-
hole. This facilitates the de-excitation process and decreases the core-hole 
lifetime and, therefore, increases the L width. On the contrary, for the atoms 
further away from the substrate, the barycenter of the d and s bands shifts 
towards the Fermi level, resulting in a lower deexcitation probability, larger 
core-hole lifetime and smaller L width. A more rigorous analysis on the 
probability of the transition between different electron levels would be required 
to obtain a more quantitative analysis of the two trends, but such analysis falls 
outside the scope of this work, and it is greatly complicated by the size of the 
unit cell used for the calculations, which, considering both C and Ir, counts a 
total of 524 atoms.  
It is interesting to compare the C 1s lifetime width we obtained in our 
experiment with the values measured for a variety of carbon-based molecules 
in gas-phase. The minimum value of 75 meV from our experiment is close to 
what has been found in the case of CF4 (73 ± 5 meV), while larger values 
ranging from 96 to 107 meV have been reported for CO, C2H2 and C2H4 
[38].  A larger number of accessible states for the de-excitation corresponds 
to a shorter lifetime of the core hole, and this is the main reason why C atoms 
in a molucule show a decreased core hole lifetime with respect to the atoms 
of the same species in a graphene monolayer.  
 
 
5. Conclusions 
 
In the present work we have shown how, also in the case of a graphene-metal 
interface with a low interaction, the C 1s core levels can be influenced by the 
presence of the substrate. This is proven by the increased quality of the 
experimental analysis when it is performed introducing 200 spectral 
components, with DFT calculated C 1s binding energies, originating from the 
200 nonequivalent C atoms composing the moiré unit of graphene on Ir(111). 
The best fit is obtained when a functional dependency of Lorentzian width on 
the C – Ir distance is introduced. Our theoretical calculations suggest that this 
result has to do with the different s and p density of states in the minimum of 



the valence band, away from the Fermi level and closer to the C 1s core level, 
which affects the probability of an Auger transition to fill the core-hole 
generated by the photoemission process. This result highlights how an 
apparently single-component and of simple-interpretation spectrum may 
involve several physical phenomena which, in first instance, could results 
hidden, but that, if adequately handled, allow to obtain new information from 
the system and a more accurate comparison with the experimental results 
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