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The DWNT samples under study

In Figure S1 we report the TEM analysis of our samples in term of population and diameter

of tubes.
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Figure S1: (a) Population of different kinds of tubes. HRTEM images of (b) DWNT, (c)
SWNT and (d) raw samples we have analyzed where tubes are most often entangled.
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Determination of tube diameters from TEM measurements
With the help of projected potential and simulation images, the two diameters of the con-
stituent tubes in a DWNT are measured. A simple measurement of the distance between
dark lines pairs, corresponding to the tube walls, exhibits a systematic and substantial devi-
ation from the correct D, even for a SWNT, due to the unavoidable Fresnel fringes arising at
the edges of the nanotubes. 515! In case of a DWNT, it is more complicated to measure the
two diameters of the constituent tubes in a DWNT because of the more intense interference
of Fresnel fringes between two adjacent tube walls. To get rid of such artefact, diameters
have to be measured at the inversion point in the fringe profile. This can be done with the
help of projected potential and simulation images and leads to precise D with an error ~0.05
nm (see Figure S2 of the supporting information). Using the approach presented in Figure

S2, we can obtain an error ~0.05 nm whatever the atomic resolution of the TEM we use.

Intensity (arb. units)

Figure S2: From bottom to top : simulated TEM image, projected potential image and
profile of the equator line corresponding to the simulated TEM image. (a) New generation
aberration-corrected microscope, the JEM-ARM-200F with a spatial resolution of 80 pm (b)
Conventional microscope, the Philips CM-20 with a spatial resolution of 270 pm.

Various examples of DWNT structure determination
In Figure S3 and S4, various examples are presented showing the procedure to determine

unambiguously DWNT structures.
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Figure S3: Determination of a (32,3)@(42,0) DWNT (A6 = 4.43°).(a) HR-TEM images of a
DWNT and (b) its corresponding FFT. (c) Distribution of possible chiral indices after the
analysis of the layer-lines. This lead to 2 configurations colored in green : (33,0)@(40,4)
and (32,3)@(42,0). (d) Comparison of FFT from HR-TEM image and simulated results for
previous solutions : no solution can be ruled out because differences are not significant.
(d) Comparison of HR-TEM image and simulated images for deciding between the last
configurations. Analysis of Moiré patterns, more precisely their sizes, enables to conclude
that the investigated tube corresponds to (32,3)@(42,0) DWNT.
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Figure S4: Determination of a (28,5)@(35,8) DWNT (Af# ~ 2.0°). (a) HR-TEM images of
a DWNT and (b) its corresponding Fourier transform. (c) Distribution of possible chiral
indices after the analysis of the layer-lines. This lead to 2 configurations colored in green :
(28,5)@(35,8) and (27,6)@(37,6). (d) Comparison of Fourier transform from HR-TEM image
and simulated results for previous solutions : no solution can be ruled out because differences
are not significant. (d) Comparison of HR-TEM image and simulated images for deciding
between the last configurations. Analysis of Moiré patterns enables to conclude that the
investigated tube corresponds to (28,5)@(35,8) DWCNT.
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Distribution of structural parameters
In Figure S5, we present the distribution of different structural parameters where it is clear

that no correlation can be proposed.
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Figure S5: Distribution of structural parameters (Ar, 0;,, 0, and Af) of ~ 70 DWNTs. (a)
Helicities as a function of Ar. (b) Diameter as a function of Ar. (c¢) diameter as a function
of helicities.
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Analysis of data from the literature
In Figure S6, we analyse the relationship between the helicities of outer tubes 6, and Af from
data found in the literature. Once again, forbidden configurations in grey areas (Af = 0°
and A > 25°) have been found and a majority of DWNTSs is depicted in a red square (both
helicities are near armchair and Af < 15°).
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Figure S6: Statistical analysis of DWNT helicities extracted from different experiments using

different synthesis techniques : arc discharge (green squares from Ref.52) and CVD (blue
triangles from Ref.513).
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Analysis of observed and non observed configurations
In Figure S7, analysis in term of local energies and C-C first neighbors intertube distances are

presented for the observed (11,10)@(20,11) DWNT and non observed (8,8)@(13,13) DWNT.

w 12 AB stacking
E 10 g
50
ER
S5 6
8 E 4 AA stacking (A)
g< - 3.96
3 200
ol 3.87
52 50 -48 -46 -44
Energy(meV/at) 3.78
3.69
» 2000
s 3.60
S T 1500
oz 3.51
S g 1000
= C
2
€ = 500
>
z
04
32 34 36 38 40
Distance intertube C-C
1st neighbor (A)
( ) 8,8)@(13,13
@O@(1313)
D) ] S —~
E H T g 1000
O 2 g0
5 =
5 & 600 A
8 £ 351
2= 400 ’
>
= 200 54
0
56 54 -52 -50 -48 -46 -
Energy(meV/at) 8
3.45
@ 2000
£
g9
© 1500 3.43
03
"6 —
- g 1000 341
g€
b g 500 —l_‘
= z

32 34 36 38 40
Distance intertube C-C
1st neighbor (A)

Figure S7: Analysis of local energies in form of histograms plot (middle). Different stackings
(AA or AB) are highlighted by circles (left) and analysis of the C-C first neighbors intertube
distances in form of histogram plots (middle) and spatial distribution along the tube (right).
(a) (11,10)@(20,11) DWNT (A@ = 20.48°) and (b) (8,8)@(13,13) DWNT (A§ = 0°).
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