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1.	CVD	method	versus	carbon	segregation	method	

 
When	graphene	is	prepared	by	the	segregation	of	carbon	atoms	from	single-crystal	Pt(111)	
1,2,	 graphene	exhibits	nearly	 freestanding	nature.	On	 the	other	hand,	when	using	 the	CVD	
method	 with	 an	 external	 carbon	 source3,4	 on	 the	 same	 substrate,	 single-crystal	 Pt(111),	
strong	 hybridization	 is	 observed	 between	 graphene	 and	 platinum	 bands,	 similar	 to	 our	
results	 obtained	 from	 graphene	 prepared	 using	 the	 CVD	 method	 on	 a	 polycrystalline	
platinum	foil.	These	are	summarized	in	Table	SI.	As	a	result,	crystallinity	of	Pt	does	not	play	a	
crucial	role	in	the	observed	hybridization	between	graphene	and	Pt.	
	
For	 the	samples	prepared	using	 the	segregation	method	 (first	 two	panels	 in	Table	SI),	one	
can	find	that	two	results	show	somewhat	different	ARPES	intensity	maps,	i.e.,	observation	of	
platinum	bands	which	 is	measured	as	non-uniform	background	 intensity	near	 the	stronger	
intensity	 denoted	 by	 dotted	 lines	 corresponding	 to	 the	 graphene	 band1	 vs.	 absence	 of	
platinum	bands2.	 The	difference	between	 the	 two	 results	 is	 the	 annealing	 temperature	of	
the	substrate,	which	allows	thermal	activation	of	carbon	atoms	so	that	 they	diffuse	out	of	
the	bulk.	When	above	1000	°C	data	(first	panel)	is	compared	to	the	CVD	results	(third	and	fourth	
panels	in	Table	SI),	the	platinum	bands	become	weaker	and	fuzzy.	When	providing	higher	energy,	
i.e.,	 1600	 °C	 (second	 panel),	 platinum	 bands	 completely	 disappear.	 As	 a	 result,	 when	 the	
better	 quality	 sample	 is	 prepared	 with	 the	 higher	 temperature	 segregation	 method,	 the	
quality	 of	 the	 electron	 band	 structure	 of	 the	 platinum	 surface	 becomes	 worse,	 which	
naturally	leads	to	the	absence	of	the	hybridization.		
 
Table	 SI.	 Comparison	 of	 crystallinity	 and	 hybridization	 for	 graphene	 on	 platinum	 substrates	 prepared	 with	
different	methods.	

	 Carbon	segregation	from	the	bulk	Pt	 Chemical	vapor	deposition	on	Pt	

Crystallinity	 Single	crystal1	
	

Single	crystal2	 Single	crystal3,4	 Poly	crystal		
(Our	work)	

	
	
	
	
ARPES	data	

	

	

	
	

	

Hybridization	 No	 Yes	
Preparation	
temperature	

Above	1000	°C		 1600	°C		 877	°C		 950	°C	

Observation	
of	Pt	bands	

Yes	 No	 Yes	 Yes	

 
 
 
2.	Crystallinity	of	a	polycrystal	Pt	foil	

 
Typically,	 the	 (111)	orientation	has	 lower	energy	so	 that	 fcc	metals	such	as	nickel,	copper,	
and	 platinum	 tend	 to	 have	 the	 (111)	 orientation	 facing	 up	 after	 thermal	 treatment.	 For	
example,	after	being	hot-rolled,	nickel5	and	platinum6	foils	are	crystallized	mostly	into	(111)	
orientation.	In	addition,	as	the	thickness	of	a	platinum	foil	decreases	from	0.5	mm	to	0.2	mm,	
more	 than	 30	 %	 of	 the	 surface	 was	 found	 to	 have	 (111)	 orientation7.	 In	 our	 case,	 the	

A weak coupling of graphene to the Pt!111" substrate, as
indicated by the growth characteristics, the existence of dif-
ferent rotational alignments and interface structures, and an
interlayer spacing close to that of graphite, should also be
reflected in the electronic structure of the graphene mono-
layer. For strongly interacting systems, such as ML graphene
on Ru!0001", the coupling to metal d states lifts the charac-
teristic linear dispersion near the Fermi energy !EF" in the
interfacial graphene sheet.30,31 Only the outer layer in bilayer
graphene on Ru recovers a linear dispersion of ! bands
crossing EF. For graphene on weakly interacting transition
metals, such as Ir!111", Dirac cones have been observed al-
ready in the first monolayer.44 This system also showed a
significant modulation of the electrostatic potential across the
graphene/Ir moiré, giving rise to a lateral superlattice in the
ML graphene sheet. To probe the electronic structure of ML
graphene on Pt!111", we have measured micro-ARPES band
maps on individual monocrystalline graphene domains.

Figure 5 shows a comparison of micro-ARPES maps of
the occupied bands at energies within 16 eV of EF, for a
large ML graphene domain on Pt!111" #Fig. 5!a"$ and for
exposed Pt!111" between graphene sheets #Fig. 5!b"$. The
band structure of the graphene terminated area shows sharp
bands with significant dispersion throughout the BZ. Com-
parison with scaled bands of free-standing graphene, calcu-
lated by DFT,45 demonstrates an excellent overall match be-
tween these bands and the ! and " bands of isolated
graphene. The additional ARPES intensity in Fig. 5!a" is en-
tirely due to !111"-projected bands of the metal substrate, as
demonstrated by the reference spectrum shown in Fig. 5!b".
The observed bands in areas of exposed metal agree well
with DFT calculations of the Pt!111" projected band
structure.46 In particular, our data show a high density of
states at EF and at about −4 eV at #, a continuum of bands
at M, and a lower state density along with several projected

gaps at K. The difference between the Pt!111" derived bands
with and without ML graphene is negligible, confirming the
absence of any significant hybridization of graphene ! states
with metal d states. Hence, the ARPES band map of Fig. 5!a"
essentially represents a superposition of graphene and metal-
derived states, with minimal interaction between the two.

Figure 6 shows close-up ARPES maps of the graphene !
band near the K point of the BZ close to the Fermi energy,
along !-K #Fig. 6!a"$, and in a direction perpendicular to
!-K #Fig. 6!b"$ in which both branches of the band are
symmetric.47 The measurement shows a linear !-band dis-
persion with Fermi velocity close to 106 m /s, as expected
for free-standing graphene. However, the charge-neutrality
!“Dirac”" point lies above EF, i.e., the ML graphene is hole
doped by charge transfer from the substrate. Extrapolation of
the linear !-band dispersion, measured within 2 eV below
the Fermi level, gives an estimated band crossing at
!0.30$0.15" eV above EF. This level of hole doping agrees
well with a recent DFT calculation of the band structure of
graphene on Pt!111", which has predicted the Dirac point
about 0.3 eV above EF.48 Several additional micro-ARPES
measurements on different ML graphene domains have
shown no significant changes in the band structure and Dirac
point energy as a function of interface registry. In particular,
the graphene domains with large and small moiré unit cells
#e.g., Figs. 3!a" and 3!b"$ have identical band structure and
hole doping.

IV. FEW-LAYER GRAPHENE ON Pt(111)

If sufficient interstitial carbon is available in the Pt sub-
strate, the graphene growth by carbon segregation ultimately
leads to the coalescence of the different graphene domains to
form a complete layer covering the entire substrate surface,
as verified by a LEEM survey of macroscopic sample areas.
At this point !i.e., about 1 ML graphene coverage" the
growth by segregation terminates. No nucleation and growth
of additional graphene sheets are observed in areas covered
by monocrystalline graphene domains. The only places
where additional growth occurs are domain boundaries be-
tween graphene sheets with large rotational misalignment. A
particularly striking example is shown in Fig. 7, a sequence
of LEEM images illustrating the coalescence of three differ-
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FIG. 5. !Color" Micro-ARPES band-structure maps. !a" Over-
view spectrum of ML graphene on Pt!111" along high-symmetry
directions in the first Brillouin zone. Dashed lines: scaled density-
functional theory computed bands of free-standing graphene !Ref.
45". !b" Reference spectrum of the Pt!111" substrate between ML
graphene domains, along the same reciprocal space trajectory as !a".
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FIG. 6. !Color online" Close-up micro-ARPES spectra near the
K point of the graphene Brillouin zone. !a" Spectrum along #-K. !b"
Spectrum in a direction perpendicular to #-K, along which the both
branches of the ! band are symmetric. Dashed lines are guides to
the eye, with slope corresponding to a Fermi velocity of 106 m /s.

SUTTER, SADOWSKI, AND SUTTER PHYSICAL REVIEW B 80, 245411 !2009"

245411-6

A weak coupling of graphene to the Pt!111" substrate, as
indicated by the growth characteristics, the existence of dif-
ferent rotational alignments and interface structures, and an
interlayer spacing close to that of graphite, should also be
reflected in the electronic structure of the graphene mono-
layer. For strongly interacting systems, such as ML graphene
on Ru!0001", the coupling to metal d states lifts the charac-
teristic linear dispersion near the Fermi energy !EF" in the
interfacial graphene sheet.30,31 Only the outer layer in bilayer
graphene on Ru recovers a linear dispersion of ! bands
crossing EF. For graphene on weakly interacting transition
metals, such as Ir!111", Dirac cones have been observed al-
ready in the first monolayer.44 This system also showed a
significant modulation of the electrostatic potential across the
graphene/Ir moiré, giving rise to a lateral superlattice in the
ML graphene sheet. To probe the electronic structure of ML
graphene on Pt!111", we have measured micro-ARPES band
maps on individual monocrystalline graphene domains.

Figure 5 shows a comparison of micro-ARPES maps of
the occupied bands at energies within 16 eV of EF, for a
large ML graphene domain on Pt!111" #Fig. 5!a"$ and for
exposed Pt!111" between graphene sheets #Fig. 5!b"$. The
band structure of the graphene terminated area shows sharp
bands with significant dispersion throughout the BZ. Com-
parison with scaled bands of free-standing graphene, calcu-
lated by DFT,45 demonstrates an excellent overall match be-
tween these bands and the ! and " bands of isolated
graphene. The additional ARPES intensity in Fig. 5!a" is en-
tirely due to !111"-projected bands of the metal substrate, as
demonstrated by the reference spectrum shown in Fig. 5!b".
The observed bands in areas of exposed metal agree well
with DFT calculations of the Pt!111" projected band
structure.46 In particular, our data show a high density of
states at EF and at about −4 eV at #, a continuum of bands
at M, and a lower state density along with several projected

gaps at K. The difference between the Pt!111" derived bands
with and without ML graphene is negligible, confirming the
absence of any significant hybridization of graphene ! states
with metal d states. Hence, the ARPES band map of Fig. 5!a"
essentially represents a superposition of graphene and metal-
derived states, with minimal interaction between the two.

Figure 6 shows close-up ARPES maps of the graphene !
band near the K point of the BZ close to the Fermi energy,
along !-K #Fig. 6!a"$, and in a direction perpendicular to
!-K #Fig. 6!b"$ in which both branches of the band are
symmetric.47 The measurement shows a linear !-band dis-
persion with Fermi velocity close to 106 m /s, as expected
for free-standing graphene. However, the charge-neutrality
!“Dirac”" point lies above EF, i.e., the ML graphene is hole
doped by charge transfer from the substrate. Extrapolation of
the linear !-band dispersion, measured within 2 eV below
the Fermi level, gives an estimated band crossing at
!0.30$0.15" eV above EF. This level of hole doping agrees
well with a recent DFT calculation of the band structure of
graphene on Pt!111", which has predicted the Dirac point
about 0.3 eV above EF.48 Several additional micro-ARPES
measurements on different ML graphene domains have
shown no significant changes in the band structure and Dirac
point energy as a function of interface registry. In particular,
the graphene domains with large and small moiré unit cells
#e.g., Figs. 3!a" and 3!b"$ have identical band structure and
hole doping.

IV. FEW-LAYER GRAPHENE ON Pt(111)

If sufficient interstitial carbon is available in the Pt sub-
strate, the graphene growth by carbon segregation ultimately
leads to the coalescence of the different graphene domains to
form a complete layer covering the entire substrate surface,
as verified by a LEEM survey of macroscopic sample areas.
At this point !i.e., about 1 ML graphene coverage" the
growth by segregation terminates. No nucleation and growth
of additional graphene sheets are observed in areas covered
by monocrystalline graphene domains. The only places
where additional growth occurs are domain boundaries be-
tween graphene sheets with large rotational misalignment. A
particularly striking example is shown in Fig. 7, a sequence
of LEEM images illustrating the coalescence of three differ-
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FIG. 5. !Color" Micro-ARPES band-structure maps. !a" Over-
view spectrum of ML graphene on Pt!111" along high-symmetry
directions in the first Brillouin zone. Dashed lines: scaled density-
functional theory computed bands of free-standing graphene !Ref.
45". !b" Reference spectrum of the Pt!111" substrate between ML
graphene domains, along the same reciprocal space trajectory as !a".
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FIG. 6. !Color online" Close-up micro-ARPES spectra near the
K point of the graphene Brillouin zone. !a" Spectrum along #-K. !b"
Spectrum in a direction perpendicular to #-K, along which the both
branches of the ! band are symmetric. Dashed lines are guides to
the eye, with slope corresponding to a Fermi velocity of 106 m /s.
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FIG. 3. (Color online) (a) Band structure of the graphene on Pt(111) along the !-K direction. The clear π bands and σ bands are indicated
by the arrows. The other π band at high binding energy comes from the R0° domain along its !-M direction. (b) Measured pointlike Fermi
surface map of the graphene. The dashed line indicates the Brillouin zone boundary of the R30° domain. (c) Conical dispersion at the K

point. (d)–(h) ARPES data measured along the !-K direction at photon energies of 50, 54, 58, 62, and 65 eV, respectively. The corresponding
reduced kz values are 0.9c∗, 0.05c∗, 0.20c∗, 0.34c∗, and 0.44c∗ (c∗ = 2π/6.708 Å = 0.937 Å−1). (i) Extracted dispersions from data shown
in (d)–(h).

FIG. 4. (Color online) (a) ARPES data along the !-K direction.
(b) MDCs (black) and the fitting curves (red) for (a). The green
markers show the peak positions. (c) Extracted dispersion from (b).
The upper inset shows the cut direction of (a) and (d). The lower
inset shows the MDC peak width of (b). (d) Linear dispersion near
K point (vertical to !-K direction). (e) MDCs (black) and the fitting
curves (red) for (d). (f) Extracted dispersion from (e). The Dirac point
locates at 60(±5) meV above Fermi level.

almost charge-neutral, electronically decoupled graphene
with extremely weak electron-phonon interaction is ideal
for investigating the intrinsic properties of graphene. Since
electron-phonon interaction has a great impact on its transport
properties, the reduction of carrier concentration and reduced
electron-phonon interaction are also significant for device
applications.

Compared to previous graphene samples on Pt(111) which
were grown by using a large amount of external carbon
source [9–14], the graphene sample grown from the small
concentration of internal carbon source shows distinguished
properties: negligible interaction with the substrate, one
dominant orientation, almost charge neutral, and extremely
weak electron-phonon interaction (λ ∼ 0.056). The controlled
growth of electronically decoupled graphene is achieved by
using two critical growth conditions. First, a much smaller
carbon concentration (<10−5) from the bulk (instead of
externally induced large carbon concentration) and thus sparse
nucleation sites during the growth process. Second, high
annealing temperature (1600◦C) compared to that used in
previous studies (<1000◦C), which makes the graphene highly
oriented. We note that similar segregation of carbon impurities
from the bulk to the surface has been applied for growing
graphene on Ru(0001) and Ir(111) [29,30]. However, the large
corrugation, multiple orientations of graphene and stronger
electron-phonon interaction on those substrates undermine
the significance of this growth method. We believe that these
conditions above can improve the growth of graphene on other
transition metal substrates.

115421-4

that in this case a gap between valence and conduction band
opens and a quantum Hall phase appears without net magnetic
flux. A quantization of the resulting density of states guarantees
a topological protection and the stability of the system against
weak disorder. Then, Kane and Mele10 presented a model for
generation of the quantum Hall phase in graphene using SOI as
a key ingredient that does not require time-reversal symmetry
breaking. The predicted phenomenon was called the quantum
spin Hall effect (QSHE), corresponding to a 2D topological
insulator phase, which was observed experimentally in the
systems with strong SOI−HgTe/CdTe quantum wells.11 Due
to its weak SOI, the formation of a topological insulator phase
in graphene still represents an open problem whose solution
would enable the special ways of graphene’s use in electronics,
in particular, in spin−orbitronics.12−14
According to the Kane−Mele model,10 spin−orbit inter-

action in graphene can be described by two additional terms in
the Hamiltonian. The first one, a so-called intrinsic SOI, takes
the form

λ ψ σ τ ψ= +H sz z zi i (1)

where σ are the Pauli matrices acting on the pseudospin space
with σz = ±1 describing states on the A(B) sublattice and τz =
±1 − those at the K(K′) points. According to the effective mass
model, the electronic wave functions are obtained by the
product of basic states and the envelope function ψ. The real
spin is presented by the Pauli matrices s, and λi is the strength
of the intrinsic SOI. The second SOI term is called an extrinsic
or Rashba term, which reads as

λ ψ σ τ σ ψ= −+H s s( )x z y y xR R (2)

where λR quantifies the strength of the Rashba SOI. If |λi| is
larger than |λR|, a nontrivial energy gap with a magnitude of

2(|λi| − |λR|) appears in the graphene Dirac point, giving rise to
the topologically protected spin-polarized edge states in the
case of the graphene strip.
Although the intrinsic SO coupling is extremely weak for

carbon, it can be enhanced by contact with heavy metal atoms.
Theoretically, two mechanisms for increasing the intrinsic SOI
and creating the spin-obit gap in graphene with adatoms were
proposed by Weeks et al.15 and Hu et al.16 The first one is
based on the tunneling of an electron from graphene to a heavy
p-adatom and “feeling” a strong SOI. In this way, formation of
the QSH phase in graphene with Tl or In adatoms has been
predicted.15 The second method relies on a strong hybrid-
ization of the 5d-metal atom states with a graphene Dirac cone,
when such a hybrid band experiences a strong spin−orbit
splitting.16 Using this strategy, graphene with adsorbed Os and
Ir atoms,16 as well as intercalated by Re,17,18 has also been
predicted to feature a nontrivial spin−orbit gap.
Nevertheless, the first experimental data obtained for

graphene contact with Au and Ir show only the increase of
the Rashba spin splitting of the electronic states.19−22 In these
systems, spin-dependent hybridization of the graphene π and a
metal 5d state takes place in the regions far from the Dirac
point. However, in the case of graphene contact with Pt, it was
shown that the spin structure is characterized by a non-Rashba
behavior near the Fermi level.23,24 Unfortunately, p-doping of
graphene does not allow measurement of the spin-resolved
spectra near the Dirac point in these systems. As far as the
heavy p-elements are concerned, it has recently been shown
that the π state spin splitting of the graphene on Ni(111) with
an intercalated Bi monolayer does not exceed 10 meV, while
the formation of the Dirac point gap observed has been
attributed to the breaking of the A−B sublattice symmetry.25

On the other hand, a remarkable result has been reported by

Figure 1. First derivative of the ARPES data measured in the Γ̅K̅ direction of the (√3 × √3)R30° domain for (a) graphene/Pt(111) and (b)
graphene/Pb/Pt(111) using of a photon energy of 62 eV. Blue dashed lines highlight the spectral features originating from graphene
rotational domains with periodicities different from (√3 × √3)R30°. (c, left) LEED pattern of graphene/Pb/Pt(111) taken at Ep = 150 eV.
Blue circles mark the reflexes coming from different rotational domains of graphene with respect to Pt(111). (c, right) 2D reciprocal lattices
of graphene (√3 × √3)R30°, Pb c(4 × 2) (with three equivalent rotational domains of Pb relative to Pt(111), see the text and
Supplementary Note 2) and Pt(111) (1 × 1) shown in black, yellow, and violet, respectively. (d) Sketch of the graphene/Pb/Pt(111) atomic
structure deduced from the LEED measurements with black, yellow, and gray balls showing carbon, lead, and platinum atoms, respectively.
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Fig. 1 a, Fermi surface of graphene/Pt. Green dashed hexagon denotes the graphene unit cell. b, An ARPES intensity map taken along the GK

direction of the graphene unit cell denoted in panel a. c, Calculated electron band structure of graphene/Pt. G0, K0, and M0 denote the high symmetry
points of the graphene/Pt supercell, when G, K, and M denote those of the graphene unit cell. d, Top-view of a structural model of graphene/Pt. Lighter
blue spheres denote Pt atoms in the upper layer. The lower panel shows the graphene 1⇥1 unit cell (green dashed hexagon) and 2⇥2 supercell (blue
dashed hexagon).

hybridization gaps and hole doping in the graphene p band.
These findings are very different from the previous ARPES re-
sults on graphene/Pt(111)? ? that report freestanding nature
of graphene, but consistent with first-principles calculation for
the same system? ? . Concomitantly, the graphene p band devi-
ates from the linearity which is well described by a logarithmic
self-energy. The observed spectral feature of the p band differs
graphene/Pt from graphene on other metallic substrates as dis-
cussed below? ? ? ? .

2 Experimentals
Graphene samples were prepared on a Pt foil using the CVD
method as detailed elsewhere? . The substrate was annealed at
1040 �

C during the growth and transferred to a ultra-high vac-
uum chamber followed by cleaning process via e-beam heating
upto 850 �

C to remove air contaminants. During the cleaning
the chamber pressure was under 4⇥ 10

�9 Torr. ARPES experi-
ments have been performed at the beamline 10.0.1 of the Ad-
vanced Light Source at Lawrence Berkeley National Laboratory.
All the data have been measured with a photon energy of 50 eV
and the sample temperature during the measurements was 20 K.
Energy and momentum resolutions throughout the experiments
were 24 meV and 0.04 Å�1, respectively.

The electron band structure calculations have been carried out
using density-functional theory with the plane-wave based Vi-
enna ab initio package (VASP)? . The projector-augmented wave
method was used to mimic the ionic cores, while the generalized
gradient approximation (GGA) was employed for the exchange-
correlation functional? . We used a kinetic energy cut-off of
500 eV and G-centered 8⇥ 8⇥ 2 k-point meshes for the Brillouin
zone integration. The calculations are converted in energy to
10

�6 eV/cell, and the structures are relaxed until the forces are
less than 5⇥ 10

�3 eV/Å. For graphene, we find a lattice constant
of 2.46 Å. Five layers of Pt atoms are considered as the Pt(111)
surface. The hexagonal graphen/Pt supercell is constructed with
a 2⇥ 2 graphene unit cell adsorbed on one side of the

p
3⇥

p
3

unit cell of the Pt(111) surface, and its in-plane lattice constant
is fixed by a 2⇥ 2 graphene lattice parameter. The distance be-
tween graphene and Pt(111) surface is choses as 3.3 Å because
the theoretical band structure calculated using 3.3 Å reproduces
experimentally measured band structure very well. It is also re-
ported that the separation of 3.3 Å reproduce the x-ray reflectivity
data? . In order to avoid spurious interaction between images of
the supercell in the [001] direction, a vacuum of 28 Å is consid-
ered.

3 Results and discussion
Figure 1a shows a constant energy intensity map of graphene/Pt
taken at E

F

, when the green dashed hexagon denotes the first Bril-
louin zone of the graphene unit cell. Instead of the typical spot-
like intensity distribution at the Brillouin zone corner, K point, of
graphene? , the measured Fermi surface consists of complicated
intensity pattern. To find the signature of graphene, an ARPES in-
tensity map was taken along the GK direction of the graphene unit
cell as shown in Fig. 1b. One can find a dispersive band near the
G point with a band minimum at ⇠8 eV below Fermi energy, E

F

,
that approaches toward E

F

near the K point. This resembles the
common feature of graphene p band. However, deviations from
the typical p band dispersion are clear in that the measured band
does not show the top of the conical dispersion around the K point
but exhibits unusual intensity variation around 1⇠2 eV below E

F

.
To characterize the measured ARPES intensity, the electron band
structure of graphene/Pt was calculated as shown in Fig. 1c. Due
to the presence of the Pt substrate, the supercell including both
graphene and the Pt substrate was taken into account as shown
in the upper panel of Fig. 1d, resulting in the graphene p band
in the 1⇥1 unit cell to be folded into the 2⇥2 supercell as shown
in the lower panel of Fig. 1d. As a result, the G and M points
of the graphene 1⇥1 unit cell lie on the Brillouin zone center of
the 2⇥2 supercell, G0, while the K point lies on the Brillouin zone
corner K0. In the calculated band structure, the red curves denote
the electronic states with a graphene 2p

z

orbital character and the

2 | 1–??



platinum	foil	is	0.1	mm	thick	and	the	grain	is	as	wide	as	a	few	hundreds	microns	as	shown	in	
Fig.	 S1.	 The	 observation	 of	 both	 Pt(111)	 bands	 and	 graphene	 bands	 suggests	 a	 possibility	
that	 the	 ARPES	 measurements	 have	 been	 done	 for	 a	 relatively	 big	 piece	 of	 CVD-grown	
graphene	(two	major	graphene	pieces	within	the	probing	area	of	40×80	µm2	as	discussed	in	
Fig.	2a	of	our	manuscript)	on	a	relatively	wide	platinum	grain	with	the	(111)	orientation.		
 

	
Figure R1. An SEM image of the Pt foil used in our experiments. The white arrows indicate Pt grain boundary. 
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