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Chemical imaging, thickness mapping, layer speciation and polarization dependence have been performed on single and multilayered (up 

to three layers and trilayer nanosheets overlapping to form 6 and 9 layers) hexagonal boron nitride (hBN) nanosheets by scanning 

transmission X-ray microscopy. Spatially-resolved XANES directly from freestanding regions of different layers have been extracted and 

compared with sample normal and 30o tilted configurations. Notably a double feature σ* excitonic state and a stable high energy σ* state 10 

were observed at the boron site in addition to the intense π* excitonic state. The boron projected σ* DOS, especially the first σ* exciton, 

is sensitive to surface modification, particularly in the single layer hBN nanosheet which shows more significant detectable contaminants 

and defects such as tri-coordinated boron/nitrogen oxide. Nitrogen site has shown very weak or no excitonic character. The distinct 

excitonic effect on boron and nitrogen was interpreted to the partly ionic state of hBN. Bulk XANES of hBN nanosheets was also 

measured to confirm the spectro-microscopic STXM result. Finally, the unoccupied electronic structure of hBN and graphene were 15 

compared. 

 

Keywords: hBN, nanosheets, STXM, XANES, exciton, polarization. 

 

Introduction 20 

 
Nanosheets of hexagonal boron nitride (hBN) exhibit a honey 

cone structure similar to that of graphene, with sp2 hybridized 

boron and nitrogen atoms alternately bonded in the basal plane, 

as illustrated in Fig. 1.This unique structure leads to some 25 

excellent properties,1-4 such as high chemical and thermal 

stabilities, enhanced thermal and electrical conductivity in the 

basal plane, and versatile doping capabilities. Thus hBN 

nanosheets have attracted increasing attentions in many fields 
and been used in various applications, such as dielectric 30 

layers/substrates5 and thermal management6 for electronic 

devices (particularly ideal for graphene devices), deep UV light 

emitters,7,8 and functional coatings.9 However, unlike graphene, 

the partly ionic B-N bond in hBN reduces electron-delocalization 

and creates a large band gap (~6 eV) in the ultraviolet (UV), 35 

making hBN a remarkably wide band gap semiconductor. 

Furthermore, fascinating effects and phenomena for the single 

layer hBN are being discovered or predicted, such as an unusual 

nonlinear electromechanical effect.10 Therefore, high quality and 

large area of hBN nanosheets are extremely valuable, and an in 40 

depth understanding of the morphology and the electronic 

structure of individual hBN nanosheets will be of great 

importance in the development of sophisticated technologies. 

 

For hBN nanosheets, local structure/geometry varies among 45 

individual hBN nanosheets or even within a single sheet, and 

defects and impurities may also exist in the sample, so an 

accurate characterization demands microscopic measurements 

and direct probing the properties on a single hBN nanosheet. 
Scanning transmission X-ray microscopy (STXM) using a 50 

nanoscale focused soft X-ray beam provides an excellent 

combination of microscopic characterization and 

chemical/electronic structure speciation via X-ray absorption near 

edge structure (XANES) spectroscopy for individual 

nanomaterials. STXM has been successfully applied to studies of 55 

graphene etc. nanomaterials for electronic structure investigation 

and chemical/morphology imaging.11-16 Furthermore, as hBN 

nanosheets are highly polarized, identifying a local flat sample 

region with uniform polarization effect is critical and the 

polarized STXM with the help from the Elliptically Polarizing 60 

Undulator (EPU) as the X-ray source of the beamline is well 

suited for this purpose. In this letter, we report an application of 

STXM in the characterization of a deliberately selected sample 

region of single and multilayered hBN nanosheets with respect to 

layer speciation/thickness determination and the polarization and 65 

thickness effects. Spatially-resolved and polarized XANES 

directly from local regions of interest on the nanosheets were 

obtained. In addition, XANES spectroscopy of hBN nanosheets 

in the bulk was also measured to compare with STXM results to 

confirm the polarization effect observed by STXM and evaluate 70 

the possible substrate effect. Since the bulk spectroscopy was 

conducted over a large sampling area with typical beam spot size 

of 100×100 µm2, it provided information on the average of all 

possible morphologies, orientations and sample thickness. 

Finally, we briefly compare the XANES (i.e. unoccupied 75 

electronic structure) of hBN with that of graphene to elucidate the 

similarities and origins of the corresponding spectroscopic 

features. We believe such a comparison and conclusions thus 

obtained will be generally applicable for other similar systems. 

 80 

Experimental 
 

Synthesis of hBN nanosheets 
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High quality stoichiometric hBN nanosheets were prepared 

adopting low pressure chemical vapor deposition (LPCVD).17 
Nickel foil (0.020mm thick, 99%, The Nilaco Corporation) was 

employed as the metal catalyst. In order to planarize the surface 

and to remove contaminations on the nickel foil, electrochemical 5 

polishing method was used, and the Ni foil was sequentially 

cleaned by acetone, isopropyl alcohol (IPA) and deionized water. 

Then, the nickel foil was placed in a 2-inch quartz tube in CVD 

apparatus and annealed under atmospheric pressure of hydrogen 

gas for 30 min at 1100 oC for surface reduction and clean, and 10 

thus increase the grain size of the nickel foil.  For the growth, 0.3 

sccm of Borazine (B3N3H6, precursor for hBN) in conjunction 

with 100 sccm of hydrogen gas was introduced into the quartz 

tube furnace for 10 min at 1100 oC under high vacuum condition 

achieved with a turbo pump. Thus, the operating pressure for the 15 

growth process was as low as 6 mTorr. The flow of Borazine in 

the CVD apparatus was turned off after the growth process, and 

the synthesized hBN sample in the quartz tube was cooled down 

rapidly to room temperature at the flow rate of 300 sccm of 

hydrogen. Ni foil was removed by dissolving in FeCl3 aqueous 20 

solution, and the hBN nanosheets were rinsed in deionized water. 

The floating hBN nanosheets were transferred onto a lacey 

carbon TEM grid for further characterization. 

 

 25 

 
Fig. 1 Structure of an hBN single sheet and illustration of the in-plane 
circularly polarized X-rays shining on the sample in STXM. 

 

Characterization  30 

hBN nanosheets supported by TEM grid were directly used for 

STXM measurement. STXM measurements were conducted at 

the SM beamline of the Canadian Light Source (CLS).18 In-plane 

circularly polarized light from EPU was used to probe the 

polarization effect, as illustrated in Fig. 1. In STXM, the 35 

monochromatic X-ray beam is focused by a Fresnel zone plate to 

a ~30 nm spot on the sample, and the sample is raster-scanned 

with synchronized detection of transmitted X-rays to generate 

image sequences (stacks) over a range of photon energies.11 

Image stacks at the B K-edge and N K-edge were acquired at the 40 

same selected region where the well-defined hBN nanosheets and 

some empty areas for normalization were found. STXM data 

were analyzed by freeware aXis2000 

(http://unicorn.mcmaster.ca/aXis2000.html). Briefly, B K-edge 

and N K-edge image stacks were appended, and then aligned and 45 

converted to optical density (OD, i.e. absorbance). XANES 

spectra for different regions of interest were extracted from the 

combined image stack using image masks. The hBN reference 

spectrum, as shown in Fig. 2a, was obtained by averaging all 

measured hBN nanosheet regions and was quantitatively scaled to 50 

represent 1 nm thick XANES by fitting the spectrum to the 

theoretical elemental X-ray absorption profile of BN for 1 nm 

thick material with known density of 2.1 g/cm3, calculated based 

on the photo-absorption cross-sections and atomic scattering 

factors of elements reported in the literature.20 Quantitative 55 

chemical imaging/thickness mapping was then conducted by 

fitting the stack with the reference spectrum of hBN and the 

featureless X-ray absorption of lacey carbon at B K-edge and N 

K-edge. A color composite image was created by combining 

individual component maps with the image intensity rescaled for 60 

better contrast. More details of the STXM experimental and data 

analysis procedures can be found elsewhere.11,21-23 

 

Bulk XANES spectroscopy of hBN nanosheets was conducted at 

the SGM (N K-edge) and PGM (B K-edge) beamlines of CLS 65 

with typical beam spot size of 100×100 µm2. The as-prepared 

hBN nanosheets on Ni foil was attached to the sample holder by 

conductive carbon tape. XANES was recorded in the surface 

sensitive total electron yield (TEY) by measuring the sample 

current, and in the bulk sensitive fluorescence yield (FLY) and 70 

partial fluorescence yield (PFY) using silicon drift detector 

(SDD) with the detection window set at the N Kα fluorescence. 

XANES data were first normalized to the incident photon flux I0 

measured with a refreshed gold mesh prior to the measurement, 

and then were normalized to the edge-jump. 75 

 

 
 

Fig. 2 STXM characterization of the hBN nanosheets on a holey lacey 

carbon film coated TEM grid, (a) linearly scaled reference spectrum of 80 

hBN (spectrum scaled to the calculated BN elemental X-ray absorption 
profile for 1 nm thick material, BN density is 2.1 g/cm3); (b) hBN 
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thickness map in grey colour scheme, and (c) in rainbow color scheme, 

the vertical scales on the right represent the materials thickness in nm, the 

enclosed white dotted lines indicate the regions of different hBN layers, 
labelled with the number of layers; (d) map of the lacey carbon support, 

the grey vertical scale on the right represents the intensity ratio to the 5 

reference spectrum in arbitrary unit; (e) color composite map, red: hBN, 
green: lacey carbon support. 

 

Results and Discussion 

 10 

A well-defined sample region of hBN nanosheets supported on a 

holey lacey carbon TEM grid was selected and characterized by 

STXM image stacks at the B K-edge and N K-edge. The 

quantitative thickness map of the hBN nanosheets derived by 

stack fitting is displayed in Fig. 2b. The nanosheets show a 15 

multilayered structure with the STXM determined thickness 

variation from about 0.3 nm to 9.8 nm. The highest thickness 

region is shown in the middle left (lightest contrast region). For a 

clearer view of the layered structure, the same image was 

displayed in a linearly scaled rainbow color scheme, as shown in 20 

Fig. 2c. Based on the thickness variation and distribution, the 

nanosheets can be categorized into several regions with different 

thickness, as shown by the enclosed white dotted lines labelled 

with the number of layers in Fig. 2c. For the thinnest regions 

(labelled 1), the thickness is primarily under 1 nm with a median 25 

thickness about 0.7 nm, which is considered as a single layer of 

hBN nanosheet. The STXM determined thickness of a single 

layer hBN nanosheet seems much higher than the actual thickness 

of 0.33 nm for a single layer hBN.24 There are a few possible 

reasons for the discrepancy, such as optical density measurement 30 

error and the methodology error between the thickness calculated 

from photo-absorption and direct thickness measurements by 

AFM and TEM, for the ultrathin sub-nanometer sample 

thickness. A TEM characterization of the similarly prepared 

sample was reported in our previous work, which demonstrated 35 

the thickness of the hBN nanosheets was typically from single to 

three layers and layer by layer growth had been achieved, with 

controlled gas flow rate and ratio in the LPCVD synthesis.17 

Therefore we have great confidence that the thinnest region in 

this work should be singly layer hBN. Our latest work for the 40 

single layer graphene has obtained a smallest optical density of 

0.007 for the carbon edge jump, which is quite comparable to this 

work for the single layer hBN,25 but still showing similar degree 

of error. This systematic discrepancy implies a possible 

methodology error in STXM thickness determination for ultrathin 45 

sub-nanometer sample, and our studies could provide useful 

calibration information. It is also worth noting that hBN can form 

nanoscale surface domains/islands/patches, as clearly seen by 

TEM in our previous work,17 however most of which are smaller 

than the STXM spatial resolution of ~30 nm, while only some 50 

large domains can actually be seen by STXM, as to be addressed 

below. These domains of varied thickness will inadvertently 

increase the nominal thickness of the single layer hBN if their 

number is significant. Apart from the single layer regions, other 

regions on Fig. 2c display thickness of about integer folds of the 55 

single layer, namely bilayer, trilayer, 6 layers and 9 layers. These 

are due to a multilayered structure up to three layers (consistent 

with the TEM characterization of a similar sample17) and trilayer 

nanosheets overlapping to form 6 and 9 layers because of 

inefficient dispersion during sample preparation. Fig. 2d shows 60 

the morphology of the lacey carbon support in the measured 

sample region also obtained by stack fitting. Because lacey 

carbon does not contain boron and nitrogen, it can be mapped out 

accurately. Fig. 2e presents a colour composite image of the hBN 

nanosheets and the lacey carbon support with image intensity 65 

rescaled in each color channel for a better view of all the 

components.  

 
 

Fig. 3 STXM spatially-resolved XANES spectra of hBN nanosheets, (a) 70 

STXM optical density image of the measured sample region (the image 
was averaged from all stack images at the B and N K-edges), the enclosed 

color dotted lines indicate the regions of interest on hBN nanosheets for 
extracting XANES spectra, red: single layer, green: bilayer, blue: trilayer, 

pink: 6 layers, and orange: 9 layers, the vertical scale on the right 75 

represents the averaged optical density; (b) the natural logarithm image of 
(a) for better view of the thin regions and surface 

domains/islands/patches; (c) and (d) absolute optical density XANES 

spectra with normal incidence of the X-ray beam, (e) and (f) absolute 
optical density XANES spectra with the sample tilted by 30o with respect 80 

to the incident beam, at the B and N K-edge respectively from the 

selected regions of interest in (a), all vertical dashed lines and letters in 
the spectra indicate the spectral regions of interest. 

 

In order to investigate the electronic structure and any chemical 85 

interactions within the hBN nanosheets, spatially-resolved 

XANES spectra from individual multiplayer regions have been 

extracted. Fig. 3a shows an OD image of the sample region of 

interest, obtained by averaging all stack images at the B K-edge 

and N K-edge. Based on previous chemical imaging/thickness 90 

mapping, regions of single layer, bilayer, trilayer, 6 layers and 9 

layers have been selected at the freestanding nanosheet regions, 

avoiding any contribution from the lacey carbon support, as 

outlined by the enclosed color dotted lines in Fig. 3a. For a better 

view of the thin regions, the OD image was taken in natural 95 

logarithm, displayed in Fig. 3b where all individual thin layers 

can be clearly resolved and spatially identified. Furthermore, on 

the nanosheets there are a number of blurred bright spots/patches, 

albeit weak in intensity, which can still be resolved by STXM. 

These nanoscale spots/patches turned out to be hBN surface 100 

domains/islands after carefully analyzing their spectroscopy in 

the image stacks. Fig. 3c and 3d present the local XANES 
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spectroscopy at the B K-edge and N K-edge respectively, 

obtained from the selected regions of interest in Fig. 3a with 

normal incidence of the X-ray beam. Fig. 3e and 3f show the 

same spectra with the sample tilted by 30o with respect to the 

incident beam. Since these spectra are in absolute OD scale, their 5 

overall intensity is linearly proportional to the thickness of the 

nanosheets, highly consistent with the layer speciation in Fig. 2, 

demonstrating the quantitative capability of X-ray absorption in 

STXM. Fig. S1a and S1b in the supplementary information are 

the normalized spectra of Fig. 3c and 3d, respectively, in order to 10 

reveal the electronic structure insights without the interference 

from the thickness effect. The normalization at the B K-edge is to 

scale the edge-jump at 185 and 230 eV to unity and at 395 and 

430 eV for the N K-edge. 

 15 

Looking at the B K-edge XANES in Fig. 3c, 3e and Fig. S1a, 

there are six features clearly resolved, numbered from A to F, 

which detail the structure information of the hBN framework. 

Specifically, feature A (192.1 eV) is the well-known π*(2pz) 

resonance of hBN.26 A highly flat hBN nanosheet should have a 20 

very week π* like the normal beam incidence spectra because the 

electric vector of the in-plane circularly polarized X-ray beam is 

orthogonal to it and therefore not able to excite the π*,11 as 

illustrated in Fig. 1. The weakly visible π* must arise from 

regions that are not perfectly flat likely due to wrinkle/folding of 25 

the nanosheets, the less crystalline surface domains/islands, and a 

slight misalignment of the sample with respect to the incident 

beam. When the sample is tilted by 30o with respect to the 

incident beam, the π* peak intensity increases strikingly, as 

shown in Fig. 3e. Higher energy features B to F are all assigned 30 

to σ* resonance of hBN, which are readily excited by the in-plane 

polarized beam to show pronounced intensities. More explicitly, 

from the molecular orbital (MO) perspective, the intense double 

feature B (198.2 eV) and C (199.6 eV) are due to localized 

σ*(2px, 2py) antibonding between boron and nitrogen; or in the 35 

band theory, they could be assigned to the transitions to the 

maximum density of states (DOS) at the L/M and Γ point of the 

first Brillouin zone (BZ) of hBN, respectively.27,28  The sharp 

intensity suggests their excitonic nature, namely a stable state of a 

core hole coupled with a bound excited electron (i.e. electron-40 

hole pair).29 Another pair of features, D (204.4 eV) and E (206.6 

eV), displaying similar profile as feature B and C, can be 

assigned to moderate range σ*(2px, 2py) involving more boron 

and nitrogen atoms, or a maximum DOS along ΓM or ΓK 

direction of the BZ in the band theory.27,28 Finally feature F 45 

(215.9 eV) is considered as a large range σ* antibonding state 

involving the six-membered ring framework, and interestingly 

this is a surprisingly stable state on boron at such a high energy 

well above the ionization potential that is typically around the 

first σ* double feature.  50 

 

After normalization to the same edge-jump and zooming in the 

energy region between 191 and 197 eV for the normal incidence 

in Fig. S1c in the supplementary information, we can see some 

systematic changes for the spectra of different layers: (1) a weak 55 

contaminant feature at ~194 eV due to tri-coordinated boron 

oxide environment30-33 and another feature at ~196 eV hardly 

distinguishable from the noisy background are more clearly seen 

in the single layer, and their intensity gradually decreases with 

increasing layer number to 9 layers. This observation indicates 60 

that the thinner the layer, the more dominant the surface 

contaminants and defects; (2) the intensity ratio of σ*(B, C) to 

π*(A) substantially increases from the single layer to 9 layers, as 

shown in Fig. S1d, which indicates a better crystallinity (or 

flatness) and less significant from the surface contaminants in 65 

thicker layers; (3) the intensity ratio of the excitonic feature B to 

C slightly increases with the layer number, indicating that feature 

B is sensitive to the surface and framework modification, as was 

observed in graphene. The 30o tilted spectra in Fig. 3e appear to 

show more pronounced contaminant features at 194 and 196 eV, 70 

similar behavior as the hBN π* feature, which suggests the 

contaminant elements are inserted into the hBN framework, 

consistent with a tri-coordinated boron oxide environment. 

Although the surface contaminants are marginally visible in the B 

K-edge, their amount is too small to be clearly identified in the C 75 

and O K-edges, as shown in Fig. S2 in the supplementary 

information. 

 

The N K-edge XANES of hBN, shown in Fig. 3d, 3f and Fig. 

S1b, display similar features as the B K-edge. Considering the 80 

equivalent geometry of nitrogen and boron in hBN, the feature 

assignment follows the same as the B K-edge. The π* feature A is 

located at ~401.2 eV in 30o tilted spectra,34 but it is too weak to 

be observed in the normal incidence due to the polarization 

effect. Unlike boron, nitrogen π* and σ* feature B (406.0 eV) 85 

only show weak excitonic nature, and σ* feature C (408.0 eV) 

does not show typical excitonic behavior at all because in ionic or 

polar compounds, due to different Coulomb interaction and 

screening efficiency, excitonic states are more strongly bound at 

the cation than at the anion site.29,35 Therefore the excited π* and 90 

σ* states on the nitrogen site are either very unstable resulting in 

weak spectral intensity or the lifetime is reduced inducing 

broadened spectrum. The other pair of σ* features, D (412.1 eV) 

and E (416.3 eV), show similar intensity trend as feature B and C. 

Lastly feature F (424.9 eV) is considerably weaker than its boron 95 

counterpart. After normalization in Fig. S1b, together with the 

steady increase of the intensity ratio of σ*(B, C) to π*(A) from 

single layer to 9 layers in Fig. S1d, likewise the B K-edge, the 

same surface and bulk behavior can be concluded for the N K-

edge. The 30o tilted spectra in Fig. 3f also show more evident 100 

contaminant features at 402.2 and 404.6 eV, same behavior as the 

hBN π* feature A, implying that the contaminant elements are 

inserted into the hBN framework, consistent with a tri-

coordinated nitrogen oxide environment. 

 105 

To complement the spectro-microscopic STXM characterization, 

bulk XANES spectroscopy of hBN nanosheets was also acquired. 

Fig. 4a and 4b compare normalized XANES spectra obtained by 

surface sensitive TEY and the bulk sensitive FLY/PFY compared 

with the STXM result at the B K-edge and N K-edge with normal 110 

incidence and 30o tilted, respectively. The B K-edge shows more 

dramatic difference. In general, bulk XANES shows much more 

intense π* than STXM normal incidence, while STXM shows 

overall higher σ* intensities; these are mainly because (1) bulk 

measurements have all possible morphologies/orientations and 115 

thickness of the sample (random sample with perhaps some 

texture effects) and they were conducted with linearly polarized 

light, and (2) microscopically flat nanosheets in STXM have 

different polarization response. More interestingly, the TEY 

XANES shows drastically reduced excitonic feature B compared 120 

to FLY and STXM; this is a good example to confirm the 

conclusion obtained from STXM that feature B is very sensitive 

to the surface modification such as contamination, adsorption and 

functionalization, so that the excitonic state cannot be effectively 

formed or is quenched. The N K-edge shows insignificant 125 

difference, only with the bulk XANES π* feature slightly more 

pronounced than the normal incidence STXM. Unlike STXM, the 

bulk spectroscopy at the B and N K-edges essentially does not 

show any contaminants or is insensitive to the trace amount of 
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them, which suggests trace amount of surface contaminants is 

still existent and detectable by microscopic STXM 

characterization although the sample is pure as viewed 

macroscopically.  

 5 

Fig. 4 (a) B K-edge, and (b) N K-edge normalized XANES spectra of 

hBN nanosheets obtained by normal incidence and 30o tilted STXM 

compared with bulk spectroscopic measurements recorded in TEY and 
FLY/PFY; (c) comparison of the unoccupied electronic structure between 

hBN and graphene as probed at B 1s, N 1s and C 1s with the π* feature 10 

set at a common point. All vertical dashed lines and letters in the spectra 
indicate the spectral regions of interest. 

 

Finally, it is interesting to compare the electronic structure of the 

two similar systems, hBN and graphene. Fig. 4c compares the 15 

linearly scaled XANES spectra (OD/nm) between hBN (Fig. 2a) 

and graphene probed at B 1s, N 1s and C 1s11 with the π* feature 

set at a common point. Not surprisingly, their spectroscopic 

features match well, suggesting similarities in origins of these 

features. Other than that, graphene has much higher edge-jump 20 

and overall intensities than hBN because there is twice number of 

carbon atoms compared to boron or nitrogen for the same 

nanosheet thickness. In addition, graphene shows a much stronger 

and sharper excitonic state for the first σ* peak than hBN, 

consistent with its higher conductivity and smaller dielectric 25 

constant, and longer lifetime of the excitonic state. In spite of 

that, boron does show good excitonic character with a double σ* 

excitonic state in hBN nanosheets. Although hBN excitonic states 

are weaker than that of graphene, they show more degenerated 

states than graphene. As many properties of insulating and 30 

semiconductor materials are strongly related to excitons, 

especially for low-dimensional systems,36 a good understanding 

of the exciton and the factors affecting them, such as ionic state, 

surface modification, as elucidated in this work, will be very 

valuable to guide the design and engineering of novel materials. 35 

 

Conclusions 

In summary, STXM has been used to track the morphology and 

electronic properties of multilayered freestanding hBN 

nanosheets. Chemical imaging, thickness determination, layer 40 

speciation, and polarization dependence have been performed on 

a selected sample region with hBN nanosheet thickness varying 

from a single layer to 9 layers. In addition, spatially resolved 

XANES of different layers on the nanosheets have been extracted 

and compared with beam normal incidence and sample 30o tilted. 45 

A double feature σ* excitonic state (198 - 200 eV) and a stable 

high energy σ* state (216 eV) were observed at the boron site in 

addition to the intense π* excitonic state. Furthermore, the boron 

projected σ* DOS, especially the first excitonic feature, is 

sensitive to surface perturbation such as contamination, 50 

adsorption and functionalization, particularly in the single layer 

hBN nanosheet which shows more significant detectable 

contaminants and defects, such as tri-coordinated boron/nitrogen 

oxide. Nitrogen site on the other hand shows very weak or no 

excitonic character. The distinct excitonic effect on boron and 55 

nitrogen was interpreted in terms of the partly ionic character of 

the B-N bond in hBN. Bulk XANES of hBN nanosheets powder 

was measured at B K-edge and N K-edge to confirm the spectro-

microscopic STXM results and the strong polarization effect 

observed in STXM. Finally, the electronic structure of hBN and 60 

graphene was compared, and differences and similarities were 

addressed. 
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