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Supplementary Methods
We carried out density-functional theory (DFT) calculations within the Perdew-Burke-Enzhrof parameterization of the generalized-gradient approximation.2
 We employed the SeqQuest program based on norm-conserving scalar-relativistic pseudopotentials and Gaussian basis sets optimized for the corresponding pseudopotentials.3
 The exchange-correlation energy and Hartree potential were calculated using a uniform real-space grid with 0.3 Bohr spacing. For the geometry optimizations, we used the double-ζ polarization-level basis sets for aluminium and carbon. A single Γ 
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-point was sampled. The total energies were minimized until the maximum ionic forces became smaller than 25 meV/Å. 
We computed the charge transport properties using our in-house code
 ADDIN EN.CITE 

1,4,5
 that implements the matrix Green’s function approach.6
 We started from the device DFT calculations were first performed, for which we adopted the double-ζ-plus-polarization and single-ζ-level basis sets for aluminium and carbon, respectively. As shown in Fig. S5, we found that the employment of the single-ζ-level basis set for carbon has negligible effects for the charge transport properties of capped CNTs. More careful choice of basis set levels is required for open-ended CNT models with dangling bonds 1
. Next, transmission function was calculated according to the following:
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where S and H are the overlap and Hamiltonian matrices of the channel region, respectively, and 
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 are the channel-electrode 1 or 2 contact parts of the total 
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matrices. The self-energies 
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 provide the broadening and shift of the channel energy levels attributed to the coupling between the CNTs and metal electrodes. The surface green functions 
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were extracted from two independent bulk DFT calculations for the unit cells corresponding to the top and bottom electrodes with a single Γ 
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-point sampling along the electrode-surface direction and a four-
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-point sampling along the electrode-normal direction. The energy was scanned around the Fermi level EF with 0.01eV steps, and the nature of the transmission channels were analyzed through the local density of states and the atomic projection of density of states. 
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Supplementary Figures
[image: image12.jpg]Length (A)

Top view Side view

Shortest Fig. 1(c) Longest

— 25.267 45.118 59.467
P (328) (568) (648)
a2 23.451 44.223 57.651
P (316) (556) (636)
- 23.439 44.192 57.639
P (320) (560) (640)
—_— 21.924 42.705 56.124
P (308) (548) (628)
cans 21.809 42,572 56.009
P (308) (548) (628)
- 21.451 42.360 55.651
P (304) (544) (624)
can 22.196 42.731 56.396
P (304) (544) (604)
s 28.221 45321 53.871
P (288) (528) (608)





Figure S1. Summary of the capped (10,0) CNT models employed in this work. Top and side views of capped CNT models are shown together with the channel lengths and the number of atoms (including Al electrode atoms). Pentagon and heptagon topological defects are highlighted by green and pink colors, respectively. 
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Figure S2. (a) The optimal contact distances between CNTs and the Al(111) electrode were obtained by employing short CNT models in which the non-contacted CNT end was hydrogenated. The lengths of these CNT models ranged between 5.81 Å and 7.48 Å. (b) The optimal contact distances d0 range between 2.53 Å and 3.26 Å.  However, binding energies are only a few tens of meV and their variations near d0 are quite flat, which indicates that the contact distances can be easily modified.  Note however that the changes in d0 do not qualitatively modify the transmission characteristics (see Supplementary Fig. S3).
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Figure S3. (a) Resistance length scaling and (b) transmission coefficients and PDOS (CNT bodies in green and CNT caps in blue) of cap3 at d = 2.5 Å [reproduced from Fig. 1(b)] and d = 3.0 Å. In spite of the change in d (see Supplementary Fig. S2), qualitative transmission characteristics are unmodified. 
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Figure S4. The dependence of our data on the models and computational parameters were carefully tested for short CNT models. As an example, (a) for a modified short cap1 model in which the right cap configuration is rotated by 90( with respect to the left cap, (b) we obtained similar transmission characteristics from different levels of carbon Gaussian basis sets, single(2s)-double(2p)-ζ (SDZ), single-ζ-polarization (SZP), and single-ζ (SZ). The presented data are obtained from the models based on the Au electrodes instead of the Al electrodes. Similar results were obtained for the Al-electrode cases. We note that the presence of dangling bonds in the open-ended CNT model resulted in a more sensitive dependence on the basis set level 1
. 
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Figure S5. (a) Plane-averaged charge density differences and (b) integrated plane-averaged charge density differences at the Al|CNT contacts for all capped CNT models.
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