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Lateral Heterostructures of Graphene and h-BN with
Atomic Lattice Coherence and Tunable Rotational Order

Haojie Guo,* Ane Garro-Hernandorena, Antonio J. Martinez-Galera,*

and José M. Gémez-Rodriguez

In-plane heterostructures of graphene and hexagonal boron nitride

(h-BN) exhibit exceptional properties, which are highly sensitive to the struc-
ture of the alternating domains. Nevertheless, achieving accurate control over
their structural properties, while keeping a high perfection at the graphene-
h-BN boundaries, still remains a challenge. Here, the growth of lateral
heterostructures of graphene and h-BN on Rh(110) surfaces is reported. The
choice of the 2D material, grown firstly, determines the structural properties
of the whole heterostructure layer, allowing to have control over the rotational
order of the domains. The atomic-scale observation of the boundaries demon-
strates a perfect lateral matching. In-plane heterostructures floating over an
oxygen layer have been successfully obtained, enabling to observe intervalley
scattering processes in graphene regions. The high tuning capabilities of
these heterostructures, along with their good structural quality, even around
the boundaries, suggest their usage as test beds for fundamental studies

1. Introduction

The first isolation of
graphene marked the beginning of
a new research era, implying the
advent of a groundbreaking para-
digm for fundamental studies on con-
densed matter physics.!!  Thus, this
cartbon sheet of one atom thickness
becomes a platform for the experi-
mental demonstration of a large variety
of intriguing physical phenomena, not
observed previously in any other mate-
rial.'=® It triggered a boom of research,
which was rapidly extended to other mem-
bers of the ever-growing family of 2D
materials.”-11

experimental

aiming at the development of novel nanomaterials with tailored properties.
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Given the extraordinary properties of
the different relatives of this family, which
is characterized by a high complementa-
rity between its members, the focus of the
research was shifted toward their combi-
nation into novel nanocomposites with specific properties.!?
For the case of heterostructures, obtained by integration of gra-
phene and hexagonal boron nitride (h-BN) into a single layer
composite, interesting tunable electronic,3 thermal conduc-
tivity,"*! magnetic,'*'8l and optical™ properties were reported.
However, the precise tuning of these properties relies on the
control of parameters as size, shape, atomic-scale structure of
the domains of both materials, and perfection of the lattice-
matching at the boundaries.

In order to be able to achieve a controlled tune of the prop-
erties of the lateral heterostructures, as well as to induce in
them novel functionalities, it is mandatory the development
of model systems that allows to selectively vary the above-
mentioned structural parameters. Notwithstanding, in some
cases, graphene and h-BN regions adopt, respectively, the
same in-plane lattice orientations with respect to the metal sur-
face as they are present in the absence of the other 2D mate-
rial.20-23l Hence, these systems do not offer the possibility of
tunning the rotational order within the heterostructure layer.
In contrast, in systems characterized by a weaker interac-
tion of both 2D materials with the support, it was found that
one of the 2D materials adopts the lattice orientations of the
other.?*2°1 However, the possibility of systematically setting
the rotational order in a given heterostructure/metal system,
by inverting the growth sequence of both 2D materials, has not
been demonstrated yet. It should be noted that being able to set

© 2023 The Authors. Small published by Wiley-VCH GmbH
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the lattice orientations of graphene and h-BN, implies setting
the moiré superstructures, which rule the interfacial physical
and chemical properties. Besides rotational order, the lateral
epitaxy to accommodate the atomic lattices of both 2D mate-
rials is also of paramount importance, given the influence of
the boundaries in most of the properties of graphene and h-BN
lateral heterostructures, although, to date, it remains almost
unexplored by direct visualization at the atomic scale. Only a
few theoretical and experimental works have tackled these
issues from a microscopic and atomistic point of view.?28l In
these works, it has been shown how sharp and straight inter-
faces between graphene and h-BN can be obtained through the
control of carbon concentration and h-BN coverage, as well as
through their interaction with the metal support. Accordingly,
the influence of the rotational order on the lateral epitaxy also
needs to be investigated, since it could provide a pathway for
further tuning of the properties of heterostructures.

In this work, the growth and atomic-scale visualization of
in-plane heterostructures of one atomic level, with high struc-
tural quality, comprising single-layer graphene and h-BN flakes
on Rh(110) surfaces is reported. It is demonstrated that, for
these nanomaterials, configurational parameters as the rota-
tional order can be easily tuned. Remarkably, the graphene-h-
BN boundaries are found to be atomically sharp, displaying a
perfect lateral epitaxy. As a last step to enlarge their potential,
efficient decoupling of these in-plane heterostructures from
the metal substrate has been achieved by oxygen intercalation.
Because of all of it, they have all the ingredients to be used as
testbeds for fundamental studies, oriented toward achieving
a controlled tune of the properties of graphene and h-BN lat-
eral heterostructures through accurate control of key structural
parameters.

2. Results and Discussion

Two different kinds of lateral heterostructures have been grown,
which will hereinafter be denoted as G_h-BN and h-BN_G.
Both were obtained through a two steps process, being the
main difference the growth sequence of graphene and h-BN.
The first step consisted of the room temperature (RT) exposure
of the Rh(110) surface to the precursor (ethylene for G_h-BN
heterostructures, or borazine for h-BN_G ones), and subse-
quent annealing. The second step consisted of a chemical vapor
deposition (CVD) process, using borazine as a precursor for
G_h-BN heterostructures and ethylene for h-BN_G ones. See
the experimental section for further details.

As mentioned in the previous paragraph, the procedure
developed in this work to obtain the G_h-BN heterostruc-
tures consists of two steps. In order to achieve a better under-
standing of the whole approach, Figure 1 collects the most rel-
evant features of the samples after the first growth step. Specif-
ically, a representative low energy electron diffraction (LEED)
pattern of this growth stage is shown in Figure la. It displays,
along with the atomic periodicity of the Rh(110) surface, the
characteristic arcs of graphene, associated with the coexistence
of multiple rotational domains, which is consistent with a pre-
vious work on full layer graphene grown on Rh(110).1°l Sample
morphology, as revealed by large scale scanning tunneling
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microscope (STM) images (see Figure 1b), is characterized
by graphene islands grown on the Rh(110) support, covering
~30% of its surface. High resolution STM images acquired
inside the islands (see Figure 1c,d) show, along with the atomic
periodicity of graphene, stripe-like moiré patterns akin to the
ones previously reported for graphene monolayers grown on
Rh(110).2)

Once the effects of the first growth step have been addressed,
the analysis of the morphological and structural features of the
G_h-BN in-plane heterostructures, obtained after a subsequent
CVD process using borazine as a precursor, will be presented.
Figure 2a shows a typical LEED pattern obtained in these sam-
ples, which displays the characteristic arcs of graphene grown
on this metal surface (compare with Figure 1a). From the point
of view of sample morphology, STM images as that shown in
Figure 2b prove that the surface is dominated by the coexist-
ence of regions with differently oriented moiré stripes. Interest-
ingly, domains with apparent heights differing from the rest of
the surface (see also Figure S1, Supporting Information), are
found scattered over the sample. It suggests the coexistence of
two different materials, which tentatively could be ascribed to
the success of growing the G_h-BN lateral heterostructures.
On the basis of this argument, a direct comparison with the
typical graphene coverages reached after the first growth step
(Figure 1b) would suggest that the closed domains could be
graphene flakes. However, surprisingly, STM images as those
shown in Figure 2¢,d prove that both the moiré stripes and the
atomic arrangement are equally oriented at both sides of the
boundary. Moreover, the atomic periodicities characteristic of
the two equivalent rotational domains of h-BN over Rh(110),
previously characterized in a recent work,3% is not present in
LEED patterns as that exhibited in Figure 2a, although B and
N are detected in Auger electron spectroscopy (AES) measure-
ments (see Figure S2, Supporting Information). Then, all this
together suggests that h-BN grows based on the graphene
arrangement, giving rise to a lateral heterostructure. Here it is
convenient to remind that the difference between lattice para-
meters of pristine graphene and h-BN is below 2%.

Now, the approach employed to obtain the in-plane h-BN_G
heterostructures will be analyzed. Figure 3 summarizes the
main morphological and structural features of the samples
resulting from the first growth step: exposure of the Rh(110)
surface at RT to borazine, and annealing in the experimental
conditions described in the methods section. In particular, a
representative LEED pattern of the so obtained samples is pre-
sented in Figure 3a. It shows the rectangular lattice of Rh(110),
along with two intense sets of spots (highlighted by blue and
red circumferences), revealing the existence of two rotational
variants with specular symmetry, which, hence, are isostruc-
tural. It is in agreement with the previously reported LEED
analysis of h-BN monolayers grown on Rh(110) surfaces.*"!
Sample morphology, as revealed by STM images as that shown
in Figure 3b,c, is dominated by the existence of h-BN covering
around 60% of the Rh(110) surface. According to the existence
of the two isostructural domains, high resolution STM images
show a periodic pattern, consisting of quasi-1D fringes sepa-
rated by 1.4 nm, exhibiting a twist angle of ~ 20 with respect to
the atomic arrangement (see Figure 3d), which are found along
the sample with two possible orientations: It is in agreement

© 2023 The Authors. Small published by Wiley-VCH GmbH
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Figure 1. Structural characterization of G/Rh(110) obtained after the first growth step of G_h-BN heterostructures. a) LEED pattern acquired with an
electron energy of E =72 eV. b) STM image of the as grown surface, where a graphene flake, highlighted in white, can be observed along with bare
Rh(110). ¢) STM image with atomic resolution on a graphene flake. The red and blue arrows indicate the direction of each of the two sets of fringes
that compose the moiré superstructure observed in this sample region. d) Atomically resolved STM image on a flake of graphene on Rh(110). The
moiré direction is indicated by the arrow. Tunneling parameters: b) V=2 V; I,= 0.8 nA; size: 100 x 100 nm?. c) V, =15 mV; I, =19.2 nA; size: 8 X 8 nm?.

d) Vs =20 mV; |, =18.7 nA; size: 4 X 4 nm?,

with previous studies performed on full h-BN monolayers
grown on Rh(110) surfaces.

Figure 4 summarizes the study performed after the second
growth step of the h-BN_G heterostructures, consisting of a
CVD process, using ethylene as a precursor. Figure 4a presents
a typical LEED pattern, acquired at this stage, which is identical
to those acquired in the previous step (compare with Figure 3a).
Consistent with the existence of two sets of spots in LEED pat-
terns, STM images as that shown in Figure 4b exhibit a surface
comprising domains with only two orientations of the moiré
fringes. For some of these regions, the apparent height differs
from the rest of the sample. A typical atomic resolution STM
image around the boundary between domains of both kinds
with contrasting apparent heights is provided in Figure 4c. As
observed, the atomic arrangements of both regions are aligned
with respect to each other.

The similarities between the LEED patterns shown in
Figure 3a and 4a, demonstrating the absence of the charac-
teristic arcs of graphene on Rh(110), along with STM images
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as that shown in Figure 4b, which displays the existence of
uniquely two specular domains instead of multiple orienta-
tions, seem to indicate the absence of graphene after the second
growth step. Nevertheless, AES measurements show the exist-
ence of carbon in the sample (see Figure S3). This fact, along
with the presence of regions with contrasting apparent heights,
leads to the conclusion that graphene regions are coexisting
with h-BN ones over the Rh(110) surface. Thus, according to
STM images as that shown in Figure 4b, it can be inferred that
the kind of regions covering a smaller fraction of the metal sur-
face is graphene islands. However, the in-plane orientations
of the atomic arrangements of these graphene domains over
the Rh(110) surface differ from these, observed in Figure 1, for
graphene islands grown on that metal support in the absence
of the h-BN flakes. Actually, the in-plane orientations of the
atomic arrangements along the whole layer resemble these of
the initially grown h-BN flakes (see Figure 3). Therefore, it is
concluded that the arrangement of C atoms during graphene
growth is templated by the structure of the h-BN domains,

© 2023 The Authors. Small published by Wiley-VCH GmbH
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Figure 2. Structural characterization of G_h-BN lateral heterostructures grown on Rh(110). a) LEED pattern acquired with an electron energy of 72 eV
on a G_h-BN/Rh(110) surface. b) STM image of G_h-BN showing domains with two different directions of the moiré superstructure. Besides, regions,
like the one highlighted in white, with dissimilar apparent heights demonstrate the coexistence of two different materials on the surfaces. ¢) Zoom-in
STM image within the dotted blue square indicated in (b). The white line manifests that the stripe-like moiré structures have the same orientation
at both sides of the boundary between the two materials. d) Atomically resolved STM image showing the alignment of both, the moiré fringes and
the atomic arrangements, across the boundary. Tunneling parameters: b) V, = 0.25 V; I, = 4.2 nA; size: 90 x 90 nmZ. ¢) V, = 0.25V; |, = 4.2 nA; size:
20 x 20 nm?2. d) V=5 mV; |, = 21.1 nA; size: 8 x 8 nm?.

Figure 3. Structural characterization of h-BN/Rh(110) obtained after the first growth step of h-BN_G heterostructures. a) LEED pattern acquired at
an electron energy of 72 eV. b) STM image of h-BN/Rh(110) showing bare Rh(110) areas, which are enclosed by white dotted lines. c) STM image
acquired in the square region highlighted in (b), where two moiré directions are visible. d) STM image with atomic resolution on an h-BN flake. Tun-
neling parameters: b) Vg =2 V; I, =1 nA; size: 100 x 100 nm?2. c) Vs =0.48 V; I, = 2.4 nA; size: 50 x 50 nm2. d) V=20 mV; |, =14.8 nA; size: 8 x 8 nm2.

Small 2023, 2207217 2207217 (4 of 8) © 2023 The Authors. Small published by Wiley-VCH GmbH
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Figure 4. Structural characterization of h-BN_G/Rh(110) heterostructures. a) LEED pattern of a h-BN_G sample obtained at an electron energy of 72 eV.
b) STM image acquired on a h-BN_G lateral heterostructure sample. Graphene islands are enclosed by white dotted lines to guide the eye. All flakes
exhibit uniquely two possible rotational domains. ¢) STM image with atomic resolution around a boundary between a graphene region and a h-BN
one. Tunneling parameters: b) V, =1.8 V; I, =1 nA; size: 90 x 90 nm2. c) Vg==12mV; |, =19.2 nA; size: 8 x 8 nm2.

initially grown during the first growth step. Further support for
that statement is found in Figure 4c, where the same atomic
orientation at both sides of the boundary between regions
exhibiting different apparent heights is observed.

In definitive, for both kinds of lateral heterostructures, the
atomic arrangement of the firstly grown 2D material is the one
that defines the structure of the entire sample, after the growth
step of the other component. It is at variance with previous
studies reporting the growth of graphene and h-BN in-plane
heterostructures on Rh(111),2Y Ru(0001),2% Ni(111),23 and
Ir(111),??l where graphene and h-BN regions exhibit the same
atomic arrangements over the metal surface as they present in
the absence of the other 2D material. In other words, on these
metal surfaces, the interaction of both graphene and h-BN
with the metal support seems to be more decisive than that at
the boundaries between both 2D materials. In contrast, on Cu
foils, it was reported that, due to the weaker interaction of both
2D materials with the support, h-BN adopts the orientation of
the initially grown graphene flakes instead of that energeti-
cally favored one in the absence of the latter.?#25] Conversely,
graphene was found to be aligned to the initially grown h-BN
islands, instead of adopting the multiple lattice orientations
characteristic of the G/Pt(111) interface.l?®l Therefore, the exper-
imental findings presented here for the graphene and h-BN
in-plane heterostructures, grown on Rh(110), are more similar
to those reported on Pt(111) and Cu foils. It suggests that the
interaction strength of graphene and h-BN with the Rh(110)
support could be comparable to that between these 2D mate-
rials and the surfaces of Pt(111) and Cu. However, the work pre-
sented here demonstrates the alignment between both mate-
rials, for the two possible growth sequences, in such a way that,
depending on whether either graphene or h-BN is grown firstly,
the possible orientations of the resulting heterostructures with
respect to the underlying Rh(110) surface are different in each
case. Therefore, the choice of the growth sequence allows set-
ting the rotational order along the lateral heterostructure. In
particular, this rotational order is characterized by the exist-
ence of only two specular domains if h-BN is grown first, while
by inverting the growth sequence, the whole heterostructure
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sample is dominated by the coexistence of domains with infi-
nite orientations. Accordingly, given that the 2D material-sub-
strate interfacial interaction is in general different for each
rotational domain, it allows setting the electronic and chemical
properties of the graphene and h-BN flakes comprising the
heterostructure. Regarding the atomic-scale configuration of the
graphene-h-BN interfaces, a deeper inspection of STM images
as those displayed in Figure 2d and Figure 4c, suggests that
the boundaries are mostly parallel to the atomic lattices of
both materials. It is a signature of a preference for a linking
interface dominated by zigzag edges, regardless of the growth
sequence. Likewise, the perfect linking of the lattices of both
materials is translated into a perfect matching also of the moiré
pattern across the boundaries. Furthermore, it is interesting to
note that the differences between the in-plane graphene and
h-BN heterostructures grown, in this work, on Rh(110), and
their counterparts, previously reported on Rh(111), provide a
demonstration that the structural properties of the lateral heter-
ostructures of these 2D materials strongly depend on the crys-
tallography of the supporting surface.

Once the growth of the lateral heterostructures was achieved,
and a systematic control of their structural properties was
reached, the research described here intended to go one step fur-
ther away, aiming to obtain graphene and h-BN heterostructures
as much uncoupled as possible from the metal support. The
methodology employed consisted of the intercalation of oxygen
between the heterostructure layer and the Rh(110) surface.
Figure 5a shows a typical LEED pattern acquired after exposure
to O,, in the way described in the methods section, a previously
grown G_h-BN sample. The set of six angularly equispaced arcs
characteristic of G/Rh(110) (see Figure 1a) and of G_h-BN sam-
ples (see Figure 2a) is observed. Accordingly, Figure 5c¢ shows a
typical LEED pattern obtained for a h-BN_G sample, after oxygen
exposure at identical experimental conditions. It shows the two
sets of spots, characteristic of h-BN/Rh(110) (Figure 3a), which
are also observed in as-grown h-BN_G samples (Figure 4a).
Nevertheless, the corresponding LEED patterns obtained before
O, exposure (Figure 2a and 4a), display different sets of spots
associated with the periodicity of the moiré stripes, which are

© 2023 The Authors. Small published by Wiley-VCH GmbH
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Figure 5. Structural characterization of G_h-BN and h-BN_G samples after O intercalation by O, exposure. a) Typical LEED pattern of a G_h-BN/O/
Rh(110) sample (E =72 eV). b) STM image of G_h-BN/O/Rh(110). Graphene areas are enclosed by white dotted lines to guide the eye. c) Typical
LEED pattern of a h-BN_G/O/Rh(110) sample (E =72 eV). d) STM image of h-BN_G/O/Rh(110). e) STM image with atomic resolution on a graphene
flake, displaying intervalley scattering processes around point defects. f) STM image with atomic resolution on a graphene flake, showing a close
view of a point defect giving rise to intervalley scattering. g) STM image with atomic resolution on a h-BN domain with a point defect, showing
no intervalley scattering features. Tunneling parameters: b) V; = 0.5 V; I, = 1 nA; size: 100 X 100 nm2. d) V, =2 V; |, = 1.5 nA; size: 100 x 100 nm?.
e) Vo =0.2V; ;= 2.9 nA; size: 9 X 9 nm?. ) V, =40 mV; |, = 14.4 nA; size: 5 X 5 nmZ g) V; =30 mV; I, = 8.1 nA; size: 4.5 X 4.5 nm?.

no longer present in the respective LEED patterns (Figure 5a,c)
acquired after oxygen exposure. Consistently, the moiré stripes
become only faintly observed in STM images acquired on both
G_h-BN and h-BN_G samples after O, exposure as described in
the experimental section (see Figure 5f,g).

Similar effects—the absence, in LEED patterns, of spots
associated with moiré superstructures, and the significant
decrease in the apparent corrugation of the moiré stripes in
STM images—have been previously reported after oxygen
intercalation between a graphene layer and metal support."32
Then, it can be concluded that a layer of oxygen is intercalated
at the interface of the graphene and h-BN heterostructures with
the Rh(110) support.

Further evidence of O intercalation is found in rows as that
observed along the vertical direction of the STM image shown
in Figure 5e and in Figure S4 (Supporting Information). They
resemble the missing rows reconstructions observed after
the dissociative chemisorption of O, on Rh(110).33 Interest-
ingly, the atomic periodicity with hexagonal symmetry charac-
teristic of both 2D materials comprising the heterostructure,
which differs from the rectangular one of the Rh(110) surface,
is observed even over the rows (see Figure Se). It means that
these rows must be associated with atomic arrangements below
the 2D material. Then, the presence of these rows also points
toward a scenario, in which the lateral graphene and h-BN
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heterostructures are resting on an intercalated O layer chem-
isorbed to the underlying Rh(110) surface.

As a result of O intercalation, STM images as those shown
in Figure 5b,d exhibit a rather complex sample morphology.
Regions displaying a marked contrast of apparent heights
can be identified as, either graphene or h-BN (see labeling
of Figure 5b,d), according to their relative abundance in the
respective as-grown G_h-BN and h-BN_G samples, prior to
OXygen exposure.

Additional information about the properties of the lat-
eral heterostructures after O intercalation has been obtained
through the study of naturally occurring point defects. The
observed features in atomically resolved STM images, as those
in Figure Se,f, around point defects in graphene regions, show
the (V3 x V3)-R30° modulation of the local density of states,
associated with intervalley scattering processes of Dirac quasi-
particles, characteristic of graphene layers isolated from their
local environment.?*3¢ Thus, it demonstrates that the oxygen
intercalated layer provides an effective decoupling of the het-
erostructure layer from the Rh(110) support. It is noteworthy
to mention that these Dirac quasiparticles scattering processes
have not been previously reported on lateral graphene and h-BN
heterostructures. On the other hand, point defects in h-BN
regions are observed as featureless protrusions (see Figure 5g),
regardless of the bias voltage applied to the sample. It could be

© 2023 The Authors. Small published by Wiley-VCH GmbH
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explained in terms of the insulating character of h-BN, which
implies the absence of free quasiparticles in a wide energy
window around the Fermi level.

3. Conclusions

In conclusion, the growth of in-plane lateral structures of gra-
phene and h-BN is reported. The 2D material grown in the first
step fixes the atomic arrangement of the whole heterostructure.
It allows setting the rotational order of the heterostructure,
as well as its interaction with the underlying metal surface by
choosing the growth sequence. The linking interface between
graphene and h-BN domains is characterized by a perfect
lateral epitaxy. These heterostructures have been effectively
uncoupled from the Rh(110) support by oxygen intercalation. It
has allowed providing the first images displaying Dirac quasi-
particle scattering processes in the graphene regions of a lateral
heterostructure. The high degree of tuning of these lateral het-
erostructures and their great structural quality, even around the
domain boundaries, confer this system a tremendous potential
to be used as a test bed for fundamental research, oriented to
obtain novel nanomaterials with tailored properties, based on
graphene and h-BN.

4. Experimental section

Experiments were performed in a homemade ultra-high vacuum system,
composed of a chamber for sample preparation, and another one for
its atomic-scale characterization by means of a home built variable
temperature scanning tunneling microscope.’”*®¥ The former was
equipped with state-of-the-art facilities for sample preparation, as well as
with an optics for LEED and AES analysis of the sample.

The Rh(110) single crystal was cleaned up, firstly, by Ar* sputtering,
with an energy of the incident ions of 2 kV, at a sample temperature
of 850 °C. Subsequently, the Rh(110) crystal was annealed at 850 °C,
firstly in an oxygen atmosphere with a partial pressure of 2 x 107 Torr
to remove C impurities from the surface and the subsurface, and
then without supplying oxygen for 5 min. The cleaning of the metal
substrate was concluded with a flash annealing at 1060 °C to ensure
O removal.

For G_h-BN heterostructures, in the first step, graphene was grown
by exposing the Rh(110) substrate at RT to 36 L of ethylene (C,H,), at a
partial pressure of this precursor of 3x10~ Torr and subsequent annealing
at 800 °C for 1 min. This procedure was cyclically repeated three times.
The result was the growth of scattered graphene islands over the Rh(110)
surface. In the second step, h-BN was grown by CVD. Specifically,
the sample was kept at 800 °C and exposed to 45 L of borazine at
2.5x1078 Torr. This preparation methodology provides a one atom thick
layer consisting of graphene flakes randomly distributed into a percolated
h-BN layer. For the growth of h-BN_G heterostructures, the first step
consisted of exposing the freshly prepared Rh(110) surface at RT to 36 L
of borazine at 3x107 Torr, followed with an annealing step at 820 °C for
5 min, giving rise to h-BN islands randomly scattered over the metal
surface. In the second step, graphene was grown by CVD with ethylene
(45 L at a partial pressure of 2.5x1078 Torr) with the sample at 800 °C.

Oxygen intercalation, in between the graphene-h-BN monolayer and
the Rh(110) surface, was performed, for both kinds of heterostructures
by O, exposure at a partial pressure of 2 x 107 Torr for 75 min, with the
sample kept at around 280 °C. It provided lateral G_h-BN and h-BN_G
heterostructures floating over an oxygen layer.

STM measurements were performed in the constant current mode,
with an electrochemically etched tungsten tip, at RT. The bias voltage
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was applied to the sample, while the STM tip was grounded. Both
data acquisition and analysis were carried out by using the WSxM
software.l

Supporting Information

Supporting Information is available from the Wiley Online Library or
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