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Figure S1. 100 individual Raman spectra (top) and the corresponding median spectra (bottom) for (a) 

the initial buffer layer sample, (b) the sample annealed with metallic Fe, and (c) the sample annealed 

with pre-oxidized Fe, shown without SiC subtraction. The pink shaded regions in the median spectra 

indicate ±1 standard deviation. The inset of the median spectrum of (a) shows a largely flat 2D-band 

region, indicating that the initial sample is mainly covered by the buffer layer with minor contributions 

from overgrown monolayer graphene. 

 

 

 

Figure S2. (a) Typical AFM topography image and (b) corresponding phase image of the initial buffer 

layer. (c) Height profile extracted along the yellow line in (a). In (b), dark and bright regions 

correspond to the buffer layer and partially grown monolayer graphene, respectively. 
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Figure S3. (a) Raman mapping image of the FWHM of the 2D band obtained from the sample 

annealed with pre-oxidized Fe. (b) Raman spectra extracted from the regions A and B in (a). The 

FWHM values in regions A and B are ~33 and ~55 cm−1, which correspond to that of monolayer and 

bilayer graphene, respectively.[1–3] 

 

 

Figure S4. Statistical analysis[4] of the Raman mapping data shown in Figure S3. A linear correlation 

between the G-band and 2D-band positions is observed. The pronounced variation indicates that the 

graphene layer in this sample is subject to a wide range of compressive strain (0–1%). The 2D and G 

bands are shifted to higher and lower wavenumbers respectively, which cannot be explained solely by 

doping or strain effects. Similar anomalous shifts have been reported for the Ga intercalation system.[5] 

This behavior may indicate modifications of the phonon dispersion and/or Fermi velocity due to 

dielectric screening.[6] 
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Table S1. Fitting parameters for the XPS C 1s spectra. Since it is known that the S1 and S2 components 

of the buffer layer are separated by about 880 meV and exhibit a peak area ratio of 1 : 2, the peak 

fitting was performed under these constraints.[7–8] Component O represents the contribution from the 

overgrown monolayer graphene. Component X in the fitting of Figure 3i was obtained by scaling 

down the line shape of Figure 3a. 

 

 

 

Table S2. Fitting parameters for the XPS Si 2p spectra. A spin-orbit splitting of 0.6 eV and an area 

ratio of 2p1/2 to 2p3/2 of 1 : 2 were applied in the fitting. Component X in the fitting of Figure 3j was 

obtained by scaling down the line shape of Figure 3b. 
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Figure S5. Tentative deconvolution of the Fe 2p3/2 spectrum shown in Figure 3k of the main text. The 

surface residue was assumed to be α-Fe2O3, whereas the interfacial component was tentatively 

assigned to Fe3O4 based on the Fe:O atomic ratio estimated from the calculated structures in Figure 

7b,c of the main text. The fitting was carried out using an envelope-fitting approach with Biesinger’s 

Fe 2p multiplet components.[9–10] In the fitting proceduce, the shake-up satellite peak indicated by the 

arrow was excluded because it overlaps with the Fe2+ component in the Fe 2p1/2 region.[10] After 

Shirley’s background subtraction, five components for Fe2O3 (brown) and seven components for Fe3O4 

(green) were included. The fitting was performed by fixing the relative peak positions, FWHM values, 

and area ratios within each phase. The fitting result suggests that a non-negligible amount of Fe2O3 

residue remains on the surface. 

 

 

Table S3. Fitting parameters for the Fe 2p3/2 spectrum of Figure S5, which are based on the multiplet 

components reported by Biesinger et al. [10] 
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Figure S6. Cross-sectional HAADF-STEM images of the sample annealed with pre-oxidized Fe. The 

number of the interface layers varies from two to four in the observed area. 

 

 

 

Figure S7. HAADF-STEM image and corresponding EDS elemental maps of Fe, O, and Si for the 

sample annealed with pre-oxidized Fe. 
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Figure S8. Low-magnification TEM image of the graphene/2D iron oxide/SiC sample, showing 

residual iron oxide islands distributed on the surface (brown arrows). High-magnification HAADF-

STEM images reveal that the graphene/2D iron oxide/SiC structure is preserved regardless of the 

presence or absence of these residues, as indicated by the green arrows. 

 

 

 

Figure S9. HAADF-STEM image of the intercalated sample, showing that bright spots of Fe atoms 

are observed only at the step edges, as indicated by the arrows. 
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Figure S10. (a) ARPES E–k dispersion relation of epitaxial graphene on SiC acquired at a photon 

energy of 70 eV. (b) The corresponding second-derivative image. The Dirac point is located at about 

−0.4 eV relative to the Fermi energy, indicating electron doping induced by the underlying buffer 

layer.[11–12]  
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