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1. Supplementary methods
Potential step in a co-axial cylindrical capacitor

As shown in Figure 3a, in spite of the NT-wall p&ation, and owing to the NT cylindrical
symmetry and overall charge-neutrality, the NTspn a flat electrostatic potenti Qr)]
inside and outside the NT-cavity. Since the eletatic field € ) is given by the negative
gradient of the electrostatic potenti&l £ —DV(r)], no electrostatic field is present inside and

outside the NT. As a result, it is possible to mdlde NT electrostatics on the basis of an
overall neutral co-axial (hollow) cylindrical capee (Figure S1).

S
Figure S1. Front view of a cylindrical co-axial capacitor tvitharge-Q = —ot) 2/R L and
Q= ot 27/R L on the inner and outer hollow cylinder, respedivk is the length of the

inner and outer hollow cylinders. The three cylindr Gaussian surfaces of radrusr'', and
r''' are also indicated.

Gauss’ theorem relates the flux of the electrosfild (E ) across a closed surfac® (o the
chargeQ contained inside the closed surface:
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where &, is the electric permittivity of vacuum, am$a vector of unitary module locally

normal to the infinitesimal surface element. EqaBdws definition of three electrostatic
regions with different in the co-axial capacitorHigure S1:

Region 1. For r <R, the electric field is zeroK = 0) since the Gaussian surface of radius
does not contain any net charg@€0).

Region 2. For R, <r <R, the electric field is not zerd{# )Gince the Gaussian surface
of radiusr'' does contain a net charge@ < , €ke Figure S1). As the hollow cylinders are

taken to be in electrostatic equilibrium, with ret iransfer of chargek = Er i.e. the
electrostatic field must lie parallel to the tuladius, with zero components along the tube
(lateral) surface.

Region 3. Forr >R, , the electric field is zeroE = )0since the Gaussian surface of radius
r''' does not contain any net charge£ ), Being the cylindrical capacitor overall neutral.

We thus focus in Region 2 to calculate the eledieid and potential difference betwe®),
and R, by Gauss’ flux theorem. We start by expanding lsadles of Eq. S1 as:
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Where in the right-side term we have taken advantddr being locally parallel tal$ and

that theE between the cylinders has to be directed parallgi¢ surface normal with zero
components along the cylinder axis.

Eq. S2 can be rearranged to read:
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which allows the integration of the electrostattgntial betweerR, and R, as:
Rp ) R )
AV =V(R,)-V(R,)= [dr"E =R (gl Ry Ry (S4)
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It is worth noting that, in Eq. S4, the overall niagasign of AV =V(R,)-V(R,,)

[In(R%20 j< 0] is consistent wittE being directed from the outer (positively charged)
ut
the inner (negatively charged) cylinder (Figure.S1)

In analogy with the treatment for the surface depaénsity (/) due to two charged surfaces
(of surface charge-density) locally parallel and separated by a distatte!



limod = 4, (S5)

For infinitesimally small separatioAR, leading toR, =R , ando =g =g, the

separation in surface charge densty) (between the inner and outer cylinders (Figure S2)
can be described via a surface dipole-density as:

lim oAR =y, (S6)

AR-0

which in turn can be used to write:

o=t (S7)
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Figure S2. Separation of charge density J between the co-axial cylinders, leading to a
surface dipole-densityz, .

Although Eq. S5 is strictly verified for infinitasially small separations between the charge-
layers (), it is routinely used in the modelling of potertsteps across atomically
heterogeneous bi-dimensional junctions (of finfiekness) between different materials (see,
for instance, Ref. [S2] and references thereingréfore, by using Eq. S6, we resort to the
same approximation in computing the potential si&pss the interface dipole at the NT-wall
of atomically finite thicknes&R # 0. Accordingly, and based on Eq. S7, Eq. S4 can be
rearranged into:

— _ _Rg R | Ra ol Ra | Ho Ra
AV =V(R,)-V(R,) . ln(&mj N AR”{RMJ 47R”ARIn(Rn+ARj (S8)

where we have used the fact that in atomic upits = 4sr.
0

For consistency with the convention in some DFTesodf calculating the electrostatic
potential (Figure 3a) using the (negatively chajgddctron as test charge, leading to lower
(higher) electrostatic potential for electron-rigoor) regions, the sign of Eq. S8 needs to be
changed leading to:

AV =V(R,)-V(R.) = —47&%!{%} = —47&%!{%] (S9)



This correctly describes regions of high (low) &lestatic potential for the electron-rich
(poor) side of the NT-cavity (Figure 3a). Eq. S®wabk computation of dipole-density from
the step in the electrostatic potential acrosdNthavall. Given the solution to the DFT
problem via discretized grid%® the non-homogeneous electrostatic potential ingidd
immediately outside) any material, and in analogiyr \wtandard procedure for planar dipole
densitied>? it is convenient to angularly and longitudinallyesage the electrostatic potential
(expressed in cylindrical coordinates):

. _LZU L

V(r)= or J;dch:dlv(r,w,l) (S10)
obtaining:

V =V (R )-V(R )= -aR Hoin| B |z camr Hon| —Ra

AV =V (R,)-V(R,)=-4R, ARln(RMj 4R, ARln(Rﬁ AR] (S11)

This last equation is used to compute on the basis of the potential steM) between the
electrostatically derived? , and R, (Figure 3).

It is worth noting that, for increasingly large, (R,, =R, +AR), the cylindrical capacitor
asymptotically tends to a planar one, and Eq. S¥fnptotically recovers the established

A _un relationship (Figure S3) for the potential steg tina planar dipole densif!
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Figure S3. Asymptotic behavior ofAl = —477&In _Ro (obtained from Eq. S11) for
1, AR (R, +AR
increasing values oR, andAR.

Eq. S10 allows exploring the role of the geomdtators and the interplay betwe®) and
AR in damping the relationship between surface didelesity 1z, and potential step across
the NT-wall AV . As shown in Figure S4, Large, and smallAR values allow
maximization of the potential differencAY ) for a given surface dipole-density).

Conversely, smalleAV values can be obtained for the sameprovidedR, (AR) is

decreased (increased).
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Figure $4. Two-dimensional plot oi{f‘—— 4n Ry In(R iARj (obtained from Eq. S11) as

a function of R, andAR.

Band structure calculations

Band structure calculations were performed viaRtgected Augmented Wave (PAW)
method as implemented in the VASP program [S4hwie PBE XC-functional [S5], a 400
eV plane wave energy cutoff, 0.1 eV Gaussian smgaand 10 k-points along the reciprocal
periodic direction of the NTs.

As common practice [S6], effective electron (hateggss were computed via parabolic fitting
at the bottom (top) of the computed conductiondgreg) band, with wavevectde)(fitting
ranges small enough to ensure fitting errors of than 0.5%.



2. Supplementary results

Table S1. Average atom-resolved diameters and standard dmvigh) for the optimized NT-
models and considered XC-functionals. The adogbkeling corresponds to the atom element
and the subscript-suffix numbers the radial layg®e(also Figure 1alN is the number of
radially non-equivalent Al-atoms contained withir@tNT circumference.

Hy Ce Sis [o)! Als Os Hy
(Al (Al (Al (Al (Al (Al (Al
N=24
PBE 12.48:0.01 13.24:0.01 16.90:+0.01 18.17+0.04 20.08:0.01 22.25:0.05 23.45:0.04
PBE-E 12.48+0.01 13.24:0.01 16.90+0.01 18.17+0.04 20.08:0.01 22.25:0.05 23.45:0.04
PBE-D2 12.48:0.01 13.24:0.01 16.90:+0.01 18.17+0.04 20.08:+0.01 22.25:0.05 23.45:0.04
VDWDF 12.4810.01 13.24:0.01 16.90:+0.01 18.17+0.04 20.08:+0.01 22.24:0.05 23.46+0.04

OPTPBE 12.48+0.01 13.24+0.01 16.90+0.01 18.17+0.04 20.08+0.01 22.24+0.05 23.45+0.04
OPTB88 12.48+0.01 13.24#0.01 16.90+0.01 18.17+0.04  20.08+0.01 22.24+0.05 23.45+0.04

N =26

PBE 13.73+0.00 14.48+0.00 18.15+0.00 19.43+0.04 21.36+0.00 23.54+0.04 24.71+0.05
PBE-E 13.73+0.00 14.48+0.00 18.15+0.00 19.43+0.04 21.36+0.00 23.54+0.04 24.71+0.05
PBE-D2 13.73+0.00  14.49+0.00 18.15+0.00 19.43+0.04  21.36+0.00 23.53+0.04 24.71+0.05

VDWDF 13.73+0.00 14.49+0.00 18.15+0.00 19.43+0.04 21.37+0.00 23.53+0.04 24.72+0.05
OPTPBE 13.73+0.00  14.50+0.00 18.16+0.00 19.44+0.04  21.36+0.00 23.53+0.04 24.72+0.05
OPTB88 13.73+0.00 14.50+0.00 18.16+0.00 19.43+0.04  21.36+0.00 23.52+0.04 24.71+0.04

N =28
PBE 15.33+0.03  16.10#0.02  19.77+0.01 21.04+0.04 22.97+0.01 25.15+0.05 26.33+0.03
PBE-E 15.33+0.03  16.10#0.02  19.77+0.01 21.04+0.04 22.97+0.01 25.15+0.05 26.33+0.03
PBE-D2 15.35+0.01 16.11+0.01 19.78+0.00 21.04+0.04 22.97+0.01 25.14+0.04 26.32+0.02
VDWDF 15.34+0.01 16.11+0.01 19.78+0.01 21.05+0.03 22.98+0.01 25.14+0.04 26.35+0.03

OPTPBE 15.34+0.02 16.11+0.01 19.77+0.01 21.04+0.03  22.97+0.01 25.14+0.04 26.33+0.03
OPTB88 15.34+0.02 16.11+0.01 19.78+0.01 21.04+0.03 22.97+0.01 25.13+0.04 26.33%0.03

N =30
PBE 16.93+0.02 17.68+0.01 21.35+0.00 22.61+0.05 24.55+0.00 26.72+0.04 27.90+0.05
PBE-E 16.93+0.01 17.70+0.01 21.39+0.01 22.64+0.03 24.58+0.01 26.76+0.04 27.95+0.02
PBE-D2 16.94+0.01 17.69#0.01 21.36+0.00 22.61+0.04 24.54+0.00 26.71+0.04 27.88+0.04
VDWDF 16.97+0.02 17.7440.02 21.42+0.02 22.67+0.04 24.61+0.02 26.77+0.04 27.98+0.03

OPTPBE 16.96+0.02 17.73%0.02 21.41+0.02 22.65+0.04 24.58+#0.02 26.75+0.04 27.94+0.03
OPTB88 16.93+0.01 17.69+0.01 21.35+0.00 22.61+0.05 24.53+0.00 26.70+0.04 27.89+0.05

N =32

PBE 18.5540.02 19.3240.02 23.01+0.01 24.26%0.03  26.19+#0.01 28.37+0.04  29.56+0.03
PBE-E 18.5340.02 19.30+0.02 22.99+0.01 24.24+0.03 26.18+#0.01 28.36%0.04  29.55+0.01
PBE-D2 18.5340.03  19.29+0.02 22.96+0.00 24.20+0.05 26.14+0.01 28.32+0.04  29.49+0.06

VDWDF 18.5540.02 19.3240.02 23.01+0.02 24.26%0.04 26.20+0.02 28.36+0.04  29.56+0.02
OPTPBE 18.56+0.02 19.3240.02 23.00+0.01  24.24+0.04  26.16+0.02 28.33+0.04  29.52+0.02
OPTB88 18.54+0.05 19.30+0.02 22.96+0.00 24.21+0.05 26.13+#0.01 28.30+0.03  29.50+0.05

N =34
PBE 20.11+0.01 20.88+0.01 24.56+0.01 25.79+0.04 27.73x0.01 29.91+0.03 31.07+0.04
PBE-E 20.12+0.01 20.88+0.01 24.56+0.01 25.79+0.04 27.73+0.01 29.90+0.03 31.07+0.04

PBE-D2 20.11+0.01 20.87+0.01 24.56+0.01 25.80+0.03  27.73%0.01  29.90+0.03  31.07%0.04
VDWDF 20.10+0.01 20.87+#0.01 24.56+0.01 25.80+0.03 27.74+0.01  29.91+0.03  31.10%0.04
OPTPBE 20.12+#0.01 20.88+0.01 24.56+0.01 25.80+0.04 27.73x0.01 29.90+0.03  31.08+0.04
OPTB88 20.12+#0.01 20.89+0.01 24.56+0.01 25.80+0.04  27.72+0.01  29.89+0.03  31.07%0.04

N =36
PBE 21.69+0.02 22.46+0.01 26.15#0.01 27.38+0.04 29.32+0.01 31.50+0.04 32.70+0.05
PBE-E 21.69+0.02 22.46+0.01 26.15+0.01 27.3840.04 29.32+0.01 31.50+0.04 32.70+0.05

PBE-D2 21.72#0.00 22.48+0.01 26.16+0.01 27.38+0.04  29.32+0.01 31.49+0.03 32.67%0.03
VDWDF 21.70+0.01 22.47+0.01 26.15£0.01 27.39+0.03 29.33x0.01 31.50+0.03  32.71+0.04
OPTPBE 21.71+#0.01 22.48+0.01 26.16+0.01 27.39+0.04  29.32+0.01 31.49+0.03  32.70%0.04
OPTB88 21.70+0.01  22.47+0.01  26.15+0.01  27.3940.04  29.32+0.01  31.48+0.03  32.7040.05




Table S2. Average Layer-resolved bond lengths and their stahdleviations (A) for
optimized NT-models and considered XC-functiondlse adopted labeling corresponds to
the atom element and the subscript-suffix numbeesradial layer (see also Figure 1id)is
the number of radially non-equivalent Al-atomshie NT circumference. The PBE results for
the pristine AlSis NT are reported for comparison.

Hl-C(O)z C(O)z-SI(GE):; Si(Ge)3—O4 O4-A| 5 Al 5-Opg Og-H7
(A (A (Al (Al (A (A
AlSi,s (PBE) 0.97+0.00 1.65+0.00 1.65+0.01 1.94+0.02 1.89+0.01 0.96+0.00
N =24
PBE 1.09+0.00 1.84+0.00 1.66+0.01 1.95+0.01 1.90+0.01 0.96+0.00

PBE-E 1.09+0.00 1.84+0.00 1.66+0.01 1.95+0.01 1.90+£0.01 0.96+0.00
PBE-D2 1.09+0.00 1.84+0.00 1.66+0.01 1.95+0.01 1.90+0.01 0.96+0.00
VDWDF 1.08+0.00 1.84+0.00 1.66+0.01 1.95+0.01 1.90+0.01 0.96+0.00
OPTPBE 1.09+0.00 1.84+0.00 1.66+0.01 1.95+0.01 1.90+0.01 0.96+0.00
OPTB88 1.09+0.00 1.84+0.00 1.66+0.01 1.95+0.01 1.90+0.01 0.96+0.00

N =26

PBE 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00

PBE-E 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00
PBE-D2 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89#0.01 0.96+0.00
VDWDF 1.08+0.00 1.83+0.00 1.66+0.01 1.95+0.01 1.89+0.01 0.96+0.00
OPTPBE 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00
OPTB88 1.09+0.00 1.84+0.00 1.66+0.01 1.94+0.01 1.89#0.01 0.96%0.00

N =28

PBE 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00

PBE-E 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00
PBE-D2 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00
VDWDF 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.89+0.01 0.96+0.00
OPTPBE 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89#0.01 0.96%0.00
OPTB88 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00

N =30

PBE 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.89+0.01 0.96+0.00

PBE-E 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.89+0.01 0.96+0.00
PBE-D2 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00
VDWDF 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.89+0.01 0.96+0.00
OPTPBE 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.89#0.01 0.96+0.00
OPTB88 1.09+0.00 1.85+0.00 1.66+0.01 1.94+0.01 1.89+0.01 0.96+0.00

N =32

PBE 1.09+0.00 1.85+0.00 1.67+0.00 1.95+0.01 1.89+0.01 0.96+0.00

PBE-E 1.09+0.00 1.85+0.00 1.67+0.01 1.95+0.01 1.89+0.01 0.96+0.00
PBE-D2 1.09+0.00 1.85+0.00 1.67+0.01 1.95+0.01 1.89#0.01 0.96+0.00
VDWDF 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.89+0.01 0.96+0.00
OPTPBE 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.89+0.01 0.96+0.00
OPTB88 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.88%#0.01 0.96+0.00

N =234

PBE 1.09+0.00 1.85+0.00 1.67+0.00 1.95+0.01 1.88+0.01 0.96+0.00

PBE-E 1.09+0.00 1.85+0.00 1.67+0.00 1.95+0.01 1.88+0.01 0.96+0.00
PBE-D2 1.09+0.00 1.85+0.00 1.67+0.01 1.95+0.01 1.89#0.01 0.96+0.00
VDWDF 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.89+0.01 0.96+0.00
OPTPBE 1.09+0.00 1.85+0.00 1.66+0.01 1.95+0.01 1.88%#0.01 0.96+0.00
OPTB88 1.09+0.00 1.84+0.00 1.66+0.00 1.95+0.01 1.88%#0.01 0.96+0.00

N =36

PBE 1.09+0.00 1.85+0.00 1.67+0.00 1.95+0.01 1.88+0.01 0.96+0.00

PBE-E 1.09+0.00 1.85+0.00 1.67+0.00 1.95+0.01 1.88+0.01 0.96+0.00
PBE-D2 1.09+0.00 1.85+0.00 1.67+0.01 1.95+0.01 1.89+0.01 0.96+0.00
VDWDF 1.09+0.00 1.85+0.00 1.67+0.01 1.95+0.01 1.88+0.01 0.96+0.00
OPTPBE 1.09+0.00 1.85+0.00 1.67+0.01 1.95+0.01 1.88#0.01 0.96+0.00
OPTB88 1.09+0.00 1.85+0.00 1.67+0.01 1.95+0.01 1.88+0.01 0.96+0.00
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Figure Sb. Relative dispersion energy normalized to the nunobéd-atoms in the NTN),
and referenced to the computed minimum, for the-BREnd PBE-E XC-functionals.

Table S3. Vacuum-aligned valence (VBESs) and conduction baigks (CBES), and resulting
band gaps (BGs)of the simulated NTs for increasungber of Al-atoms in the circumference
(N) and the adopted XC-functionals.

N PBE PBE-E PBE-D2 VDWDF OPTPBE OPTB88
[eV] [eV] [eV] [eV] [eV] [eV]
VBEs
24 -5.91 -5.91 -5.91 -6.17 -6.14 -6.15
26 -5.97 -5.97 -5.98 -6.14 -6.21 -6.17
28 -5.97 -5.97 -5.96 -6.16 -6.19 -6.21
30 -5.96 -5.91 -5.97 -6.14 -6.15 -6.21
32 -5.92 -5.90 -5.96 -6.13 -6.15 -6.21
34 -5.97 -5.96 -5.97 -6.18 -6.20 -6.24
36 -5.88 -5.89 -5.92 -6.11 -6.09 -6.14
CBEs
24 -1.20 -1.20 -1.20 -1.69 -1.69 -1.52
26 -1.23 -1.23 -1.23 -1.70 -1.72 -1.49
28 -1.22 -1.22 -1.24 -1.70 -1.71 -1.55
30 -1.23 -1.19 -1.25 -1.70 -1.71 -1.55
32 -1.10 -1.19 -1.23 -1.70 -1.72 -1.55
34 -1.24 -1.24 -1.26 -1.71 -1.73 -1.56
36 -1.19 -1.19 -1.24 -1.69 -1.69 -1.52
BGs
24 4.71 4.71 4.72 4.48 4.45 4.64
26 4,74 4,74 4.75 4.44 4.49 4.68
28 4.75 4.75 4.72 4.46 4.48 4.67
30 4.73 4.73 4.71 4.44 4.44 4.66
32 4.72 4.71 4.73 4.43 4.43 4.66
34 4.73 4.72 4.71 4.47 4.47 4.68
36 4.70 4.70 4.68 4.42 4.40 4.62

Table $4. PBE Vacuum-aligned valence (VBEs) and conductiondbadges (CBEs), and
resulting band gaps (BGs) for the minimum-energ8iitMe (N=28, 30) NTs optimized at
VDWDF, OPTPBE and OPTB88 level. For ease of consparithe VDWDF, OPTPBE and
OPTB88 values on the same geometries (from Tablé&& been reported within brackets.

XC-funtional for

N geometry \{eB\I/E]s CES\IIE]S l[?::\;/?
opimization
28 PBE -5.97 -1.22 4.75
28 OPTB88 -5.92 (-6.21) -1.20 (-1.55) 4.72 (4.67)
30 PBE -5.96 -1.23 4.73
30 VDWDF -5.84 (-6.14) -1.19 (-1.70) 4.66 (4.44)
30 OPTPBE -5.89 (-6.15) -1.22 (-1.71) 4.67 (4.44)
30 OPTB88 -5.91 (-6.21) -1.21 (-1.55) 4.70 (4.66)
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Table S5. Muliken charges (e) for the methyl groups,(€) at the NT inner surface for each
of the XC-functionals considered.

N PBE PBE-E PBE-D2 VDWDF OPTPBE OPTB88
[e] (e] (e] [e] [e] (]
24 -0.3076 -0.3080 -0.3086 -0.3184 -0.3129 -0.3197
26 -0.3013 -0.3012 -0.3024 -0.3115 -0.3067 -0.3128
28 -0.2934 -0.2933 -0.2938 -0.3088 -0.2990 -0.3109
30 -0.2876 -0.2896 -0.2856 -0.3022 -0.2961 -0.2985
32 -0.2818 -0.2838 -0.2833 -0.2986 -0.2889 -0.2938
34 -0.2720 -0.2730 -0.2765 -0.2942 -0.2816 -0.2919
36 -0.2753 -0.2758 -0.2729 -0.2932 -0.2836 -0.2884

Figure S6. Front view of the (PBE) optimized AlgiMe (Fe-AlSi»,-Me, left) and AlSis-Me
(Fer-AlSize-Me, right) NTs with two (octahedral) Fe atoms gditbted to two Al atoms. Same
coloring scheme as in Figure 1, with the additidgralatoms being colored orange.
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Figure S7. PBE total DOS (filled grey) and Fe-resolved LDO#led orange) plots for
energy-favored ferromagnetic high-spin orderinghef Fe-doped NTs in Fig. S6. The dashed
vertical line marks the position of the high-energyd of the occupied (L)DOS peak
corresponding to Fe-dopant band gap states. At owmitls results in Ref. [14f] for
hydroxylated (not methylated) NTs with different Xa@nhctionals (PW91, BLYP, B3LYP),
high-spin (magnetic moment per Fe-atom: (&Y ferromagnetic ordering is computed to be
favored by more than 1.3 eV and 1.6 eV eV overfaagnetic low-spin (magnetic moment
per Fe-atom: 1ig) and anti-ferromagnetic (magnetic moment per Beqattl ug) solutions,
respectively. The absence of details on whethderéiit magnetic solutions were explored
and converged in Ref. [14f] prevents further elalion on these deviations.
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Table S6. Computed surface dipole density/(), potential difference between inner and

outer vacuum plateaus\¥ ), and electrostatically derived inneR() and outer R, ) NT

radii for the considered models and XC-functiondlse PBE results for the pristine Ai
NT are reported for comparison.

ﬂg A\7 Rin Rout
PCm™ [ev] [A] (A
AlSi,, (PBE) 2248 140 452 1345

N =24

PBE 14.24 0.84 4.17 1357
PBE-E 14.24 0.84 4.17 1357
PBE-D2 14.05 0.83 4.17 1357
VdWDF 14.87 0.88 4.17 1357

OPTPBE 15.10 0.89 4.17 1357
OPTB88 15.34 0.92 4.17 1356

N =26
PBE 12.38 0.77 476 14.28
PBE-E 12.40 0.77 476 14.28
PBE-D2 12.14 0.75 4.76 14.28
VdWDF 14.75 0.92 4.88 14.40
OPTPBE 13.00 0.80 4.76 14.28
OPTB88 13.23 0.82 4.76 14.28

N =28
PBE 11.88 0.78 5.59 1511
PBE-E 11.92 0.78 5.59 1511
PBE-D2 12.22 0.81 5.59 14.99
VdWDF 13.66 0.90 5.59 1511
OPTPBE 12.76 0.84 559 1511
OPTB88 12.87 0.85 5.59 1511

N =30
PBE 11.53 0.85 6.42 15.23
PBE-E 12.11 0.85 6.42 1571
PBE-D2 11.49 0.80 6.42 15.82
VdWDF 13.32 0.92 6.43 1594

OPTPBE 12.85 0.89 6.42 15.94
OPTB88 12.38 0.86 6.42 15.82

N =32

PBE 11.65 0.85 7.38 16.66
PBE-E 11.88 0.87 7.37 16.66
PBE-D2 11.24 0.81 7.14 16.66
VdWDF 13.12 094 7.14 16.66

OPTPBE 12.55 0.90 7.14 16.66
OPTB88 12.16 0.87 7.14 16.66

N =34
PBE 10.91 0.82 8.09 17.37
PBE-E 11.03 0.83 8.09 17.37
PBE-D2 10.74 0.81 8.09 17.37
VdWDF 11.93 0.89 8.09 17.49
OPTPBE 11.44 0.86 7.97 17.49
OPTB88 11.30 0.85 8.09 17.49

N =36
PBE 11.66 0.89 8.67 18.18
PBE-E 11.62 0.89 8.67 18.18
PBE-D2 11.46 0.87 8.67 18.18
VdWDF 12.82 0.98 8.67 18.18

OPTPBE 12.73 0.97 8.67 18.18
OPTB88 12.28 0.94 8.67 18.18

11



Figure S8. Real space separation of the VBE (green) and C&& €dges for the considered
AlSin-Me NTs in the N=24 (left)-N=36 (right) range afuaction of the XC-functional used.
a) PBE, b) PBE-E, c) PBE-D2, d) VDWDF, e) OPTPBE)DPTB88. Regardless of the
adopted XC-functional, the modelled VB-CB separat®oqualitatively unaffected.
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Figure S9. Vacuum-aligned®BE total DOS plot (filled grey) and layer resolved QB plots
for the AlSps-Me (left) and AlSis;-Me (right) NTs. See Figure la for the adopted faye
labeling.
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Figure S10. Vacuum-alignedPBE-E total DOS plot (filled grey) and layer resolved ©B
plots for the AlSis-Me (left) and AlSis,-Me (right) NTs. See Figure la for the adopted aye
labeling.
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Figure S11. Vacuum-aligned®BE-D2 total DOS plot (filled grey) and layer resolved QS
plots for the AlSig-Me (left) and AlSis,-Me (right) NTs. See Figure la for the adopted aye
labeling.
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Figure S13. Vacuum-alignedPT PBE total DOS plot (filled grey) and layer resolved @B
plots for the AlSis-Me (left) and AlSis,-Me (right) NTs. See Figure la for the adopted aye
labeling.
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Figure S14. Vacuum-aligneddPTB88 total DOS plot (filled grey) and layer resolved @B

plots for the AlSig-Me (left) and AlSis,-Me (right) NTs. See Figure la for the adopted faye
labeling.
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Figure S15. The calculated difference in the radially averagkttrostatic plateau inside and

outside the NT cavity&V ) as a function of NGWF radius (bohg) &r NTs containing 24,
28 and 36 Al-atoms within their circumference.
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Figure S16. The calculated difference in the radially averagkattrostatic plateau inside and

outside the NT cavity AV ) as a function of the number of Al-atoms withire thube
circumference for 8@ dpurple) and 12 green) NGWFs.
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Table S7. The calculated potential difference between iravet outer vacuum plateay ),
surface dipole density/{ ), and polarizationR) for AlSi,»-Me, AlSihe-Me and AlSie-Me

NTs as a function of the psinc basis set kinetergy cutoff £, in eV) and NGWFs radius
(R, in Bohr, @).

System E. R AV o P
[eV] (A ev] [PCm’ [cm?
N=24
800 12 0.8186 14.006  0.01463
1000 8 0.8438 14.267  0.01520
1000 12 0.8204 13.870  0.01477
1000 13 0.8152 13.782  0.01468
N=28
1000 8 0.7884 11.942  0.01256
1000 12 0.7649 11.585 0.01219
1000 13 0.7581 11.482  0.01208
1500 8 0.7888 11.710 0.01274
N=36
1000 8 0.8866 11.614 0.0122
1000 12 0.8635 11.311 0.0119
1000 13 0.8564 11.220 0.0118

Figure S17. The PBE optimized geometry (left) and real-spagassion (right) between the
VBE (green) and CBE (red) of the (a) N=24 and (538l AISi\-CF; NTs. Same coloring
scheme as in Figure 1, with the additional F-atbeiag colored purple.

20



Table S8. The calculated surface dipole density, (), polarization (P), band gap (BG),

vacuum aligned Valence Band (VBE) and ConductiondBgCBE) edges for the AlgiCR;
and AlSgs-CF; NTs at PBE, PBE-D2 and VDWDF level.

System Ho P BG VBE CBE
[pPCm™ [cm? [eV] [eV] [eV?]
N=24
PBE 56.53 0.05862 4.104 -5.351 -1.247
PBE-D2 56.50 0.05859 4,104 -5.349 -1.245
VDWDF 57.60 0.05900 3.964 -5.768 -1.803
N=36
PBE 44.52 0.04683 4,252 -5.501 -1.249
PBE-D2 44,53 0.04684 4.249 -5.492 -1.243
VDWDF 47.13 0.04837 4.062 -5.811 -1.749

I
77777

.....

|
vvvvv

77777
H

LDOS
LDOS

6 -4 -2
(ev)

-4 2 0 42 10 8 -
(eV) E- E

Vac

-8 -6
E-E

Vac

Figure S18. Vacuum-alignedPBE total DOS plot (filled grey) and layer resolved @B plots
for the AlSi,4-CF; (left) andAlSiz-CF3 (right). See Figure 1a and S17 for the adoptedriay
labeling.
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Figure S19. The calculated band structure along the NT-aik¥ direction, Ref. S7) for the
methylated AlSi;-Me (a) and AlSie-Me (b) NTs. VB: Valence Band, CB: Conduction Band.
The energy scale has been referenced to the VBrmawi(0 eV). VB-maxima not at the
centre of the Brilluoin zonel'tpoint) have previously been reported for otherrganic
(ionic) nanotubes [S6].
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Figure S20. The calculated band structure along the NT-aik} direction, Ref. S7) for the
pristine hydroxilated AlSk (a) and AlSis (b) NTs. VB: Valence Band, CB: Conduction Band.
The energy scale has been referenced to the VBamuai(0 eV). The computed results are
in accordance with previously published PBE residtspristine (aluminosilicate) imogolite
NTs [S7].

Table S9 The calculated effective electrondnand hole () masses, in units of rest electron
mass (rg), for AlSi,,-Me and AlSis-Me NTs and corresponding hydroxylated analogs
(AlSi24/3¢). Results for-Al,03, y-Al,03 (from Ref. [S8]) are reported for comparison.

System m ¢/mo mp/mo
AlSiz-Me 0.81 7.41
AlSize-Me 0.79 5.77
AlSiz-Me 0.80 1.86
AlSize-Me 0.77 1.74
a-Al;Os 0.40 (Fr—A) 7.5 (L[—A)
0.38 (.'—A) 0.35 (MT—>A)
y-Al,O3 0.40 1.3 (MT—=K)
>>1 (L[—K)
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Figure S21. Relative DFT-energy, normalized to the number oafdms in the NTN) and
referenced to the computed minimum, as a functioine NT-repeat unit lengtic(see Fig.
1b) for the considered range Mfand XC-functionalsc has been changed in multiple of the
coarse FFT-grid separation [21] (0.231 A) using plene-wave optimized value from Ref.
[11b] (c=8.666 A) as starting point. a) the PBErgganinimum is computed far=8.666 A,
regardless oN (i.e. of the NT radius). Regardless of the XC-timal usedc=8.666 A is
computed to yield an energy minimum also for thalst AlSps,-Me (b) and largest Algé-
Me (c) NTs, that bracket the whole range of considal.
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