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(a) Transmission Electron Microscopy

In AC-HRTEM one can discriminate between flat objects and tubular objects inside the

tubes. In addition electron diffraction allows determining stacking and tube chirality. Ex-

amples are depicted in Fig. 1. Significant intensity difference can be observed between the

edge of 7AGNR (Figure S1a) and the edge of the inner SWNT in DWNT (Figure S1e).

Whereas for the nanoribbons@SWCNT the intensity profile for the inner objects is flat

(Fig. S1f, top) it exhibits strong dips for the inner objects in SWCNT@SWCNT (Fig. S1f,

center and bottom).

Figure 1: a, AC-HRTEM image for determining the chirality of the host SWNT in Fig. 1f
and 1g of the main text. b, Fast Fourier transform pattern of the framed area in a showing
the double chiral angle is less than 3.0 ◦. c, Simulated model showing the structure of the
host SWNT with chirality of (n=18, m=0). d, TEM image simulations of AA stacking
7ARGNR@(18,0) SWNT and (9,0) SWNT@ (18,0) SWNT for confirming the real structure
of the AC-HRTEM images in Fig. 1f and 1g of the main text. e, Typical AC-HRTEM image
of a DWNT; Scale bar 1 nm. f, Intensity profiles of the red line of simulated image in d, for
the yellow line of simulated image in d, and for the gold line of TEM image in e.

The instability of the TEM picture with irradiation time is demonstrated in Fig. 2. The

electron beam causes transformation of the ribbon structure with time, even after very short

irradiation time. This means the exact structure of the ribbons can not be obtained from

the TEM pattern.
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Figure 2: AC-HRTEM images recorded after increasing irradiation time with the electron
beam. Zero second is after beam alignment.

(b) Theory

Technical details: The structural and vibrational properties of the nanoribbons were cal-

culated within the generalized gradient approximation parametrized by Perdew Burke and

Ernzerhof (PBE)1 using the Vienna Ab initio Simulation Package2,3 with plane wave cutoff

of 500 eV and a 1 × 1 × 100 Γ-centered Monkhorst-Pack grid. Geometry optimization was

performed until all atomic forces fell below 0.03 eV/nm. Vibrational frequencies were calcu-

lated within the frozen phonon approximation with finite displacement of 0.0015 nm.

The DFT calculation steps within the quasiparticle self-consistent GW calculation were done

within the generalized gradient approximation parametrized by Perdew Burke and Ernzerhof

(PBE)1 on linearized muffin tin orbitals with the suggested cutoff energy of 10 Ry. Brillouin

zone integrals were evaluated on a 1 × 1 × 100 Γ-centered Monkhorst-Pack grid during the

DFT calculations, with the self energy evaluated on a 1×1×30 Γ-centered Monkhorst-Pack

grid. The self consistent GW calculations were performed until the self energy RMS change

fell below 10−5.
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(c) Control of Filling Process

Evidence for the location of the ribbons inside the tubes comes from a comparison between

the response from ribbons for tubes which were opened before the filling process to tubes

which were closed before the filling process. This is demonstrated in Figure 3. The small

line representing response from 6AGNR (1245 cm−1) in the spectrum of the closed tubes

originates from tubes which were not completely closed. This line is at least 16 times smaller

than the corresponding response after the tubes were opened.

Figure 3: Raman spectra from SWCNTs after transformation procedure for tubes which were
opened before filling (red) and for tubes which were explicitly closed before filling (black).
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(d) Raman Spectra for 7AGNR and 6AGNR

Figure 4 shows a blown up presentations of the calculated and observed spectra 6AGNR

and 7AGNR. Response from the tubes and background was subtracted. The very strong

response of the mode at 1245 cm−1 in the case of the 6AGNR is surprising considering the

results of the calculations. However, recent experiments for 5AGNR and 9AGNR exhibit

indeed a very strong Raman response for this mode.4 The less strong response in the case of

the 7AGNR seems to be the exception rather than the rule. Also it must be kept in mind

that the calculation was performed for the free molecule. Normal coordinates may change

as a consequence of inclusion of the ribbon into the tube. Such change can strongly raise

the Raman cross section. In Tab. 1 of the main text the strongest Raman lines of the two

type of ribbons are listed. In addition to these several other weak lines were observed. For

7AGNR they are located at 1222(1212) cm−1, 1312(1305) cm−1, and 1466 (1466) cm−1. The

values in parentheses are obtained from the quantum-chemical calculations. Similarly for

the 6AGNR an additional weak line is observed at 1366(1366) cm−1. Agreement between

calculation and experiment is obviously as good as for the strong lines.

Figure 4: Blown up version of calculated Raman spectra (full drawn line) and experimental
Raman spectra (dotted line) for 7AGNR (left) and 6AGNR (right).
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(e) Wavelength-Dependent Raman Experiments and Their Analysis

Wavelength-dependent resonant Raman experiments were performed in the excitation wave-

length range 400-800 nm with 5 nm step size. In order to cover the entire excitation wave-

length range, three lasers were used:

• 400-526 nm: A single-frequency Ti:sapphire laser with external cavity frequency dou-

bler (SolsTiS and ECD-X platform from M-Squared) which is pumped by an 18W

Sprout-G diode-pumped solid state laser (532 nm) from Lighthouse Photonics.

• 534-605 nm and 610-690 nm: A Dye laser (Spectra Physics model 375) pumped by an

Ar+ ion laser (Spectra Physics model 2020) and equipped with either Rhodamine 110

or DCM laser dyes.

• 690-800 nm: A tunable Ti:sapphire laser (Spectra Physics model 3900S)

A high resolution triple-grating Dilor XY800 Raman spectrometer was used, equipped with

a liquid nitrogen cooled CCD detector and 1800gr/mm gratings. Raman intensities were cal-

ibrated by measuring the Raman intensity of the 520.7 cm−1 Raman mode of silicon before

and after each experiment.

For the high-frequency regions (regions R4 and R5 in Figure 3 in the main text) a simul-

taneous least squares fitting was performed using a sum of Lorentzians for the vibrational

modes, with shared peak positions and line widths for all excitation wavelengths, but dif-

ferent amplitudes for each excitation wavelength. The amplitudes of the Raman modes for

each spectrum (i.e. for each excitation wavelength) are calculated analytically by linear re-

gression. This approach results first of all in a much better determination of the Raman

frequencies of the different GNR modes, and in addition also allows for fitting those modes

in spectra with very low intensities. In addition to the Lorentzians for the Raman lines,

a linear background was included, as well as two broad Lorentzians that accounted for the

background and in addition also the D-band from the CNTs was incorporated in the fit.

The latter shows a strong dispersion with laser wavelength, and at different excitation wave-
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Figure 5: Wavelength-dependent resonant Raman experiment of the unfilled SWCNTs ref-
erence sample. The white rectangle highlights the dispersion of the D-band of the CNTs.
These spectra were fitted to obtain the peak position and line width of the D-band for each
excitation wavelength.

lengths is hidden behind the much stronger GNR signals, therefore its peak position and

line width were obtained from measuring and fitting a reference sample of the same CNTs,

without the GNRs being present (see Figure 5).

Figure 6 presents the so-obtained Raman excitation profiles for each of the fitted Lorentzian

contributions that correspond to a 6AGNR or 7AGNR Raman mode. The error bars on the

fit parameters (positions and line widths) were calculated taking into account the correlation

between the parameters. The error bars on the amplitudes in addition include the variation

of the laser intensity during the experiments (typically very small). For the 7AGNR, in ad-

dition to the D-line (red data points in Fig. 6) and the CH-ipb (cyan data points), which are

also presented in Figure 4 in the main text, two very weak Raman modes are observed, i.e.

with a vibrational frequency of 1312.4 cm−1 (orange data points) and 1221.1 cm−1 (magenta

data points), which follow a similar energy profile as compared to the other 7AGNR Raman

modes, but also seem to exhibit smaller peaks at lower excitation energies. These peaks at

excitation energies lower than 2.2 eV however originate from cross-contamination from the
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Figure 6: Left panel: electronic resonance profile of the high-frequency Raman modes of
6- and 7AGNRs. The weaker Raman modes are multiplied for clarity as indicated in the
same color. Raman frequencies and line widths are reported in the table in the top-right
panel. Bottom-right panel: Experimental (EXP) and fitted (FIT) Raman colormap of the
high-frequency Raman mode of 6- and 7AGRNs, corresponding to the regions R4 and R5 in
the main text.

peaks of the 6AGNR in that same region, a consequence of the simultaneous fit procedure

with a simple sum of Lorenzians, and are therefore not intrinsic to the 7AGNRs (note that

e.g. the intensity of the 1221.1cm−1 line (magenta in Fig. 6) is about 15-20 times weaker

than that of the 1243.3 cm−1 line of the 6AGNR). Figure 6 also includes a comparison of the

experimental and fitted wavelength-dependent Raman colormaps. To exemplify the good-

ness of the fit even further, 1D spectra at a few selected excitation wavelengths are shown

together with their fit in Figure 7.

In region R1 we observe two different components which follow the exact same resonance

profile, corresponding to the 6AGNR RBLMs (Figure 8). In region R2, multiple components

are found. In order to disentangle the different features that overlap in vibrational frequency,

we performed a simultaneous fit using a sum of Lorentzian peaks, with common positions and

line widths for all wavelengths. To obtain a satisfactory fit, 5 different Lorentzian peaks were

needed, as is also clear from the individual Raman spectra obtained at different excitation

wavelengths shown in Fig. S8.
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Figure 7: Selected Raman spectra of the high-frequency Raman modes of 6- and 7AGNRs.
Experimental data are represented by black circles, the fit is superimposed with a red line
and the laser excitation wavelengths are given on the right side. Each of the spectra is shifted
vertically for clarity.

The amplitudes of this simultaneous fit yield the Raman excitation profiles for these 5

Raman features, as presented in Figure S9 together with their vibrational frequencies and

line widths. This shows that the 414 cm−1 (cyan) and 401 cm−1 (green) features follow the

same excitation profile with two prominent peaks, while the 417 cm−1 (red) feature has a

different excitation behavior peaking at 2.65 eV. At first sight, the 414cm−1 profile (also

shown in Fig. 4c in the main text) also presents a very minor resonance at 2.65 eV, however,

careful error analysis demonstrates that this feature is not statistically significant but rather

due to cross-contamination with the overlapping 417 cm−1 peak (leading to highly correlated

errors for the amplitudes of both peaks). Similarly, the amplitude of the 397 cm−1 feature

is highly correlated with that of the 401 cm−1 feature, explaining the large error bars on

the fitted amplitudes. The 375 cm−1 feature is tentatively ascribed to 8AGNR, based on the

excellent match with its calculated Raman frequency (see Fig. 4d) and previously determined

band gap.5

9



Figure 8: Experimental (EXP) and fitted (FIT) Raman map from Region R1 zooming in
on the 6AGNR RBLM. The fit is performed with a sum of two Lorentzians, of which the
intensities are presented in the right panel.

Figure 9: Raman spectra for the RBLM of the 7AGNR as in Figure 4b, but with an additional
spectrum with an excitation energy of 2.66 eV, showing that this feature has a different
Raman frequency than the main peak at an excitation energy of 2.18 eV (and 2.45 eV),
leading to a total of 5 different Raman features.
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Figure 10: Left panel: electronic resonance profile of the RBLM Raman modes of 7AGNRs.
Raman frequencies and line widths are reported in the table in the top-right panel. Bottom-
right panel: Raman color-map of the RBLM mode of 7AGNRs, corresponding to region R2
in the main text.
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(f) Parameters for Fitted Resonances

The fitting was performed by try and error. Parameters listed in Tab. 1 are optimized

values.

• Eii: transition energies in eV

• ω∗
i : excited state frequencies in cm−1

• Γik: electronic damping of resonance for electronic excitation i and vibron k in eV

• Si: Huang-Rhys factors

• Sc-n: Scaling of n-th resonances relative to first resonance

Table 1: Fitting parameters for the resonance profiles. ∗The large value for the scaling in
the case of the RBLM is due to the large value of Γ2k. The weak resonance at 2.7 eV for the
RBLM of the 7AGNR was not considered in the fitting.

Mode E11 E22 ω∗
1 ω∗

2 Γ11 Γ12 Γ21 Γ22 S1 S2 Sc-1
[eV] [eV] [cm−1] [cm−1] [eV] [eV] [eV] [eV]

7A-RBM 2.178 2.425 434 434 0.034 0.034 0.075 0.075 0.08 0.022 2.15∗

7A-1258 2.18 2.45 1195 1069 0.055 0.039 0.05 0.05 0.25 0.1 0.45
7A-1342 2.176 2.46 1275 1261.5 0.05 0.05 0.065 0.13 0.25 0.17 0.73
7A-calc 2.37 2.75
6A-1243 1.83 1280 0.038 0.17
6A-1272 1.835 1272 0.035 0.25
6A-1358 1.835 1258 0.037 0.25
6A-calc 1.82 3.02
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