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1. Schematics of vibration modes in 3LG

Figure S1. Schematics of vibration modes in 3LG.



2. Visualizing areas with different stacking orders by using Raman imaging technique

Since Bernal (ABA) and rhombohedral (ABC) stacked few-layer graphene (FLG)
have distinct Raman 2D line shapes, we can exploit this feature to visualize areas of FLG
samples which have different stacking orders®. Compared to ABA-stacked FLG, the
Raman 2D band in ABC-stacked FLG has a more asymmetric shape and an enhanced
peak and a shoulder. As a consequence, by fitting the 2D band into a single Lorentzian
peak, one can expect the widths and peak positions of the fitted peaks to be different
between these 2 stacking orders. A study by Lui et al. and our results agreed that the
single-Lorentzian fitted 2D bands in ABA-stacked FLG samples have narrower peak
‘widths’ and blueshifted peak positions compared to samples which are ABC-stacked
[Fig. S2(a)]*. By imaging such ‘width’ and ‘position’, one can visualize domains with
different stacking orders. Figures S2(b) and (c) show an optical image of a graphene
sample and its image of 2D-peak ‘width’ as determined by the single-Lorentzian fitting.
The optical image shows regions in uniform colors, indicating the same thicknesses.

However, the Raman image shows domains with different stacking orders in one sample.
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Figure S2. (a) Raman 2D bands of 3LG and 4LG with 2 different stacking orders (cyan and dark

blue spectra) and their single-Lorentzian-fitted peaks (orange lines). (b) Optical image of a
graphene sample. (c) Image of the 2D-peak ‘width’ of the same sample in (b). The yellow
domain on the left-hand side is 4LG with the ABC-stacking order, and the red domain is 4LG
with the ABA-stacking order. Near the top of this sample, there are narrow areas of ABA-
(orange) and ABC-stacked 3LG (dark red).



3. Distinguishing stacked multilayer graphene and twisted/folded graphene.

During our investigation on ABA- and ABC-stacked graphene, we also encountered
several incommensurate FLG samples. The misorientation or twist between two or more
layers can modify the electronic structure®®. The Raman spectra of such twisted FLG
show some distinctive features, such as enhanced G and 2D band intensities or
appearance of a small extra peak on the lower side of the G peak”™2.

We compared the Raman 2D bands between folded FLG and stacked FLG. Figure
S3(a) shows an optical image of a graphene sample in which an area of AB-stacked 2LG
folds on domains of 2LG and 1LG. Figure S3(b) shows another folded graphene sample,
in which a region of 3LG with the ABA stacking order folds onto itself. The Raman
spectra of these folded graphene and stacked graphene [Figure S3(c), (d)] were measured
under the same condition. We observed that under the same measurement conditions, the
intensities of the 2D peaks in folded graphene are always several times larger than in
FLG which has a stacking order. Additionally, the 2D line shapes of folded FLG do not
resemble the line shapes of stacked FLG despite their same thicknesses. For example, Fig.
S3(d) shows that the Raman 2D band of folded 3LG (3LG on 3LG) does not share
similarity with the 2D band of ABA-stacked 6LG, in terms of intensity and line shapes.
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Figure S3. (a, b) Optical images of folded graphene samples on SiO,/Si substrates. (c, d) Raman
2D bands of ABA-stacked FLG (orange lines) and folded FLG (red lines) were measured in the

same condition with the excitation energy of 1.96 eV. The intensities of the folded-graphene
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samples are much larger than those of ABA-stacked FLG.
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Beside the 2D band, we measured the Raman combination modes in the range from
1700 to 2250 cm ™' of folded FLG. We observed no blueshift of the LOLA-mode peak
(Figure S4). As explained in the main report, the blueshift of the LOLA-mode peak
occurs in ABC-stacked FLG but not in ABA-stacked FLG. If the excitation energy is
2.41 eV, the Raman spectra of ABC-stacked FLG will show a LOLA-mode peak at 2057
cm . There is no sharp peak at 2057 cm™' in the spectra of folded FLG as we have seen
in the cases of ABC-stacked FLG. This means that the twisting or mismatching between

graphene layers does not cause the blueshift of the LOLA-mode peak.
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Figure S4. Combination Raman modes in the range between 1700 and 2250 cm* of folded
graphene (green spectra) and ABC-stacked 5LG (red spectrum) for the excitation energy of 2.41
eV. The blueshifted LOLA-mode peak appears in ABC-stacked FLG only.



4. Excitation Energy Dependence of the Raman 2D band of FLG

The line shapes of the Raman 2D bands in ABA- and ABC-stacked FLG for different
excitation energies are summarized in Fig. S5. These are the same data as those presented
in Fig. 1 of the main paper but arranged differently to allow easy comparison between

different excitation energies.
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Figure S5. Raman 2D bands in ABA- and ABC-stacked FLG. The 2D peak intensity is

normalized to the G peak intensity for each spectrum.



5. Raman spectra of combination modes from 1450 to 2250 cm™
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Figure S6. (a) Raman N-mode in FLG for an excitation energies of 2.33 eV. Green spectra are
from monolayer and ABA-stacked FLG. Red spectra are for ABC-stacked FLG. Spectra from
other excitation energies are shown in Fig. 7 of the main paper. (b) Dependence of the N-mode
peak positions on the number of layers and the stacking order. (c) Excitation energy dependence
of N peak position in ABA- and ABC-stacked FLG.
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Figure S7. Combination Raman modes from 1780 to 2270 cm™ in FLG, measured with 5
different excitation energies. Most of the peaks are similar between ABA- and ABC-stacking
orders, except the LOLA peak. The LOLA peak in ABC-stacked FLG is sharper and stays at
higher frequency side compare to that in ABA-stacked FLG.
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