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S1. Experimental data for structural characterization of individual DWCNTSs. The index-assignments
of individual DWCNTs, studied in this work, have been performed using the data presented in figures S1-

S15. In the main text, see also Figure 1 and references to methods used for the structural characterization.
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Figure S1. a) Experimental (left) and simulated (right) electron diffraction patterns, b) Rayleigh spectrum
and c¢) RBLM (left) and G-band (right) ranges of Resonant Raman spectra of the individual DWCNT
(14,1)@(15,12). Inset on panel a) shows the HRTEM image of this nanotube.
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Figure S2. a) Experimental (left) and simulated (right) electron diffraction patterns, b) Rayleigh spectrum
and ¢) RBLM (left) and G-band (right) ranges of Resonant Raman spectra of the individual DWCNT
(7,6)@(16,6). Inset on panel a) shows the HRTEM image of this nanotube.
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Figure S3. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and c) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (14,2)@(22,4). Inset on panel
a) shows the HRTEM image of this nanotube.
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Figure S4. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and ¢) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (16,2)@(16,14).
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Figure SS. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and c¢) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (14,5)@(26,1).
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Figure S6. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and ¢) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (18,2)@(19,13).
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Figure S7. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and c¢) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (18,6)@(21,14).
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Figure S8. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and ¢) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (17,14)@(26,14). Inset on
panel a) shows the HRTEM image of this nanotube.
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Figure S9. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and ¢) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (17,14)@(28,12). Inset on
panel a) shows the HRTEM image of this nanotube.
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Figure S10. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and ¢) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (30,1)@(27,19). Inset on panel
a) shows the HRTEM image of this nanotube.
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Figure S11. a) Experimental electron diffraction pattern, b) Rayleigh spectrum and ¢) RBLM (left) and G-
band (right) ranges of Resonant Raman spectra of the individual DWCNT (22,13)@(39,2). Inset on panel
a) shows the HRTEM image of this nanotube.
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Figure S12. a) Experimental (left) and simulated (right) electron diffraction patterns and b) RBLM (left)
and G-band (right) ranges of Resonant Raman spectra of the individual DWCNT (8,4)@(18,2). Inset on
panel a) shows the HRTEM image of this nanotube.
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Figure S13. a) Experimental electron diffraction pattern and b) RBLM (left) and G-band (right) ranges of
Resonant Raman spectra of the individual DWCNT (11,6)@(18,9). Inset on panel a) shows the HRTEM

image of this nanotube.
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Figure S14. a) Rayleigh spectrum and b) RBLM (left) and G-band (right) ranges of Resonant Raman
spectra of the individual DWCNT (14,1)@(21,4).
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Figure S15. a) Rayleigh spectrum and b) RBLM (left) and G-band (right) ranges of Resonant Raman
spectra of the individual DWCNT (15,2)@(23,4).
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S2. Some statistical information on DWCNTSs. Let us consider the abundance of DWCNTs as a
function of %l = |%ul. In the range between minimal inner and maximal outer diameters, namely
0.6...6.6 nm, N = 125558 DWCNTs are theoretically possible provided that the interlayer distance is from
0.3001 to 0.4012 nm. In the histogram S16 the height of the blue bars is defined as AN/N, where AN
represents the number of theoretically possible DWCNTSs, which belong to the angular interval of 0.85°
equal to the angular width of the bars. Such form of theoretical probability density distribution as a

function of 19l = 180 is explained by the fact that theoretically possible DWCNTs are distributed almost

uniformly in variables 19| and 190uel. Tn order to obtain analogous brown histogram, 335 DWCNTs were

taken from the papersS!=S!1.813-818 and analyzed.
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Figure S16. Theoretical and experimental probability density distribution of DWCNTSs. Our recent results

are added to the known data on DWCNTs taken from the Refs. SI-S11,S13-S18. The data presented in
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e, |-10

out

Ref. S12 are not included, because the values 18] = 100wl cannot be explicitly determined from that paper.
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S3. Structural information for individual DWCNTs and their measured and calculated

frequencies of radial breathing-like modes
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Figure S18. Experimental results and their modeling. The filled blue circles correspond to the
experimental data of the in-phase (‘”L) and out-of-phase (“’H) RBLMs of the 24 DWCNTs studied in this
work (Table 1), while the red ones represent the analogous data from Ref. S2. The calculations within the
framework of our model (Eq. 4) by using parameters (7) for the DWCNTs studied in the present work and
parameters (8) for those of Ref. S2 are shown with unfilled circles. In the first column, the dotted black
and blue lines represent the diameter dependence of the RBM frequency in SWCNTSs calculated by using
Eq. (5) with € =0 nm and € = 3380 nm2, respectively. One can see that the dispersions for the in-phase
(“’L) and out-of-phase (“’H) RBLMs are substantially different from the ones for RBMs of constituent
SWCNTs. At first sight, no correlation can be found between the data plotted in the third column
(corresponding to the dependence of the RBLM frequencies on the twist angle). Nevertheless, this
correlation is determined with a good degree of accuracy within the framework of the proposed model.
The divergence between theoretical and experimental RBLM frequencies for the majority of plotted points

is less than the circle size.
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S4. An example of structural identification of three DWCNTs. We have got three individual
DWCNTs, whose structures haven’t been unambiguously identified within the existing approaches. Table
S1 includes 7 rows that correspond to the alternative variants of structural identification of these

DWCNTs. The first and the second DWCNTs could be identified in two ways, the latter one — in three.

Table S1. The alternative variants of structural identification of three DWCNTs.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Ne | (om) | (ngmg) | din | doe | ]26] | 0 | 0% | C G Gre | @7 | @ | Aw

1 (10, 6) (14, 13) 1.096 | 1.831 | 6.99 | 140 | 212 | 3193.6 880.5 640.6 139.1 210.9 0.98

1 (10, 6) (16, 11) 1.096 | 1.841 | 2.11 | 140 | 212 | 3366.3 880.6 224.8 137.6 209 2.68

2 | (13,95) (18, 11) 1.260 | 1.985 | 6.46 | 133 | 188 | 3185.6 1507 1396.8 132.7 187.5 0.44

2 (13, 5) (22, 6) 1.260 | 1.999 | 3.87 | 133 | 188 | 33784 | 1507.8 791.1 130.8 184.5 2.88

3| (21,17) (30, 19) 2.581 3350 | 3.9 86 102 | 25133 | 2078.1 1891.6 86 100.8 0.88

3 | (22,17) (30, 20) 2.651 | 3413 | 236 | 86 102 | 2932.6 | 22439 | 2351.2 86 102.7 0.49

3 | (24,16) (29, 22) 2.730 | 3.469 | 2.06 | 86 102 | 3519.0 | 2281.0 | 3537.2 86.1 109.6 5.4

The first eight columns of this Table contain structural data and RBLM frequencies. The values of € '
and G are calculated for each of the 7 variants and presented in columns 9 and 10. In order to determine

them, two Egs. (4) are simultaneously solved for each nanotube: in the first copy of Eq. (4) both terms w’

. . exp . . exp exp exp
are substituted with squared “ # , in the latter one — with squared © L, where “ L and  # are the lower
(in-phase) and higher (out-of-phase) experimentally observed RBLM frequencies, respectively (see

columns 7 and 8). Then the system obtained is solved in G and C' variables (see the description of these

values and the discussion of this solution in the main text). The next column entitled Grit presents G
obtained by means of Eq. (6) with coefficients (7). The comparison of columns 10 and 11 establishes that

the first, the third and the sixth rows of the Table S1 are the best ones to match, respectively, the first,

second and third DWCNTs considered, i.e. where the coefficients G and Cit have the closest values.

theor theor

We have also calculated, by using Eq. 4, the theoretical RBLM frequencies © # and ¢ L for each of

the 7 variants (see columns 12 and 13). The last column contains deviations

_ theor _  exp~2 theor _  exp~N2 . . .
Aw_\/((w L@ )T H @ - 0%))/2 6f theoretical frequencies from the experimental ones. The

smallest A@ values are found for the same DWCNT indexations as using the former G and Crit
S11



comparison. For the third DWCNT, the overall better agreement using both criteria (closest G and Grit

values and smallest Aw values) favors the (21,18)@(30,20). However, the agreement is rather good also

for the (21,17)@(30,19), which cannot be fully excluded.

Below we present a very simple program prepared in Maple computing environment. It has been used in

order to obtain the values presented in columns 9-14 of Table S1. Thus, the identification of the structures

of three considered DWCNTs has been performed.

restart:
#input data

A9:=array(1.7,6.99,2.11, 6.46, 3.87, 3.9, 2.36, 2.06]):
dg=array(1.7,[1.096,1.096, 1.260, 1.260, 2.581, 2.651, 2.730]): i i

d, =array(1.7,[1.831, 1.841, 1.985, 1.999, 3.350, 3.413, 3.469]): #outer diameters
wp=array(1.7,[140, 140, 133, 133, 86, 86, 86]): #experimental frequencies
a)H:zarray(l..7,[212, 212,188, 188,102,102, 102]): #experimental frequencies
Gy=31644: G == - 45839: G,:=882: G3:=49:

#C_prime=C’, G_prime=G’
for j from 1 to 7 do

d 1i
eq1==simplify((0[]]- (( 228 )2 + C_prime - (a)L[j])z) + G_prime) : (

2 \\d,lj]

d;[j] ((228
(e

)2 - (wL[j])z) + G_prime) - (G_prime)z):

s simpli d,lj] 228\, , . ) 4 ¢ pri (i1 (1228, 12) 4 ¢ o ¢ orimey?:
eq2:=simp Lfy(( 5 ((da[j]) + C_prime - (wy[j1) )+ _przme) ( 5 ((di[]']) = (wylil) )+ _prlme)—( _prime) )
sol[j]:=fsolve({eql,eq2},{C_prime = 1,G_prime = 3000}):
G_prime[j]:=solve(sol[j][2]):
C_primelj]:=solve(sol[j][1]):
end do;
#G_prime_fit = Gf'it
for jfrom 1to 7 do
6 - AG[j] -

G_prime_fit[j]::evafl(GO + Gy (d ] - d;[1) + G, - (d,[j] + d;[j]) + G5 - (d,[j] + d;[j]) - cos (%))

3msimpli .Ul ((228), C orimeli o ,t,.di[j]. 228, ¢ orime fittl— (G orime fitl 2
eq3:=simp zfy(( > ((dg[f]) + _prlme[]]—w)+ _prime_fi []]) ( > ((di[f]) —W)+ _prime_fi [/])—( _prime_fit[j])*|:

sol:=fsolve(eq3,w):

theor_w, [j]:==sqrt(sol[1]):

theor_wy[jl:==sqrt(sol[2]):

(theor_w,[j] - w,[j])* + (theor_wy[j] - wy[i1)?)
2

Awl[j] ::\/ (

end do;
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