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Computational methods 
The calculations are based on first-principles density functional theory. The SIESTA code1-3 was used to solve the 
standard Kohn-Sham (KS) equations using numerical atomic orbitals (NAO) basis sets. The local density 
approximation (LDA) was used for the exchange-correlation term parameterized by Ceperley and Alder.4 Core 
electrons are replaced by non-local, standard norm conserving Troullier-Martins pseudopotentials for C, Cu and I.5-8 
The reference electronic configuration, cut-off radius and partial core cut-off radius for all pseudopotentials employed 
here are tabulated (Table S1). For Cu and I, a partial core correction is necessary to account for nonlinearity of the 
exchange and correlation potential between core and valence charge densities. Both the Cu and I pseudopotentials were 
generated with scalar relativistic effects. 
 
 

Atom  C Cu I 
Reference  2s22p23d04f0 3d104s14p04f0 5s25p55d04f 0 

Core radius (a.u.) s 1.25 2.00 1.80 
 p 1.25 2.30 1.90 
 d 1.25 2.00 3.00 
 f 1.25 2.33 2.10 

Core cutoff (a.u.)  0.00 3.43 3.50 
 
Table S1. Reference configuration and cut-off radii (a.u.) of the pseudopotentials used in this study.  
 
The quality of the pseudopotential was tested comparing the eigenvalues and excitation energies of all-electron 
calculations on the same series of atomic configurations. The cross-excitation energies for Cu, I and C pseudopotentials 
were not more than 0.09 eV, 0.04 eV and 0.09 eV respectively indicating the excellent transferability of these 
pseudopotentials. 
The one-electron Kohn-Sham eigenstates were expanded in a basis of strictly localized NAOs.9 For carbon, a double ζ 
basis set for 2s and 2p valence states and a single ζ basis set for 3d were used. For Cu, a double ζ basis set for the 3d 
and 4s and a single ζ basis set for 3p orbitals were used. For I, a double ζ basis set for the 5s, 5p and 6p orbitals and a 
single ζ basis set for the 5d and 6s orbitals were used. 
Structure optimizations were performed using a conjugate gradient algorithm and the forces on the atoms were obtained 
from the Hellman-Feymann theorem including Pulay corrections. In all optimised structures forces on the atoms were 
smaller than 0.06 eV/Å and the stress tensor was less than 0.02 GPa. To represent the charge density a cut-off of 200-
250 Ry for the real space grid integration was used in all calculations.  
The quality of the optimised pseudo potentials and basis sets for Cu and I was tested by performing calculations on 
bulk CuI (zinc blende structure). A series of single point calculations were performed on CuI as a function of lattice 
constant to obtain the equilibrium lattice constant and bulk modulus. Reciprocal space was sampled using 32 k-points; 
increasing the k space sampling regime produced negligible changes in the total energy of the system. The k points 
were generated by using Monkhorst-Pack method.10 The unit cell volume was varied within ±5 % of the equilibrium 
volume and a cohesive curve was plotted by fitting values of the calculated energy to the Murnaghan equation of 
state11,12

 Band structure and density of states (DOS) calculations were performed on bulk CuI (ZB) at the equilibrium 
unit cell volume. 
Geometries of 1-d CuI were initially optimised with periodic boundary conditions in the absence of a SWNT from two 
initial starting points. The lower energy structure was then optimised within three SWNT of differing diameters. A 
single k-point (Γ) was used for all calculations on 1-d CuI crystals and for the CuI@SWNT composites. For 
calculations on 1-d CuI crystals and CuI@SWNT composites, periodic boundary conditions were applied to enforce a 
minimum lateral separation of 25 Å between structures in adjacent unit cells. At this separation the interaction between 
these structures and their periodic images are negligible. Basis set superposition errors (BSSE) corrections were 
employed in calculation of all binding energies. Mulliken population charge analysis was carried out to estimate the 
charge transfer between the CuI crystals and the tubes.  
The calculated equilibrium lattice constant for CuI (6.028 Å) and bulk modulus (45.32 GPa), derived from the 
Murnaghan fit, were in good agreement with the experimental values13, and with the results of theoretical calculations 
(Table S2) thereby validating the choice of pseudopotentials and basis sets. 
 

Parameter SIESTA Expt Other theoretical works 
Lattice constant, a (Å)  6.028 6.05413 6.042,15 6.051,16 6.062,17 6.082,18   
Bulk modulus, B0 (GPa) 45.32 31.0,19 36.613 35.2,17 39.7,18 58.4814 

 
Table S2. Calculated and experimental lattice constants and bulk modulus of CuI zinc blende structure. 
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The initial structures are shown in Figure S1. 
 

 
 

Figure S1. Two starting structures proposed for 1-d crystals of CuI with 3:3 and 4:4 coordination (Cu- blue and I-red) 
 

Type Eb(unc) Eb(CP) ΔECuI_dis ΔESWNT_dis Eb(corr) 
Cu24I24@ (8,8) -0.47 +0.15 +0.10 +0.10 +0.35  
Cu24I24@ (9,9) -0.77 -0.18 +0.002 +0.003 -0.17 
Cu24I24@ (10,10) -0.44 -0.19 +0.037 +0.009 -0.14 
 
Table S3. Uncorrected binding energies, Eb(unc) (eV/CuI), counterpoise corrected binding energies, Eb(CP) (eV/CuI), 
distortion energy of CuI crystals, ΔECuI_dis (eV/CuI) and distortion energy of nanotube, ΔESWNT_dis (eV/CuI) and the 
corrected binding energy, Eb(corr) (eV/CuI).  
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Figure S2. Density of states (DOS) and partial density of states (PDOS) for 1-d CuI  (a)  total (b) Cu 3d (c) Cu 4s (d) I 

5s and 5p: DOS and PDOS for bulk CuI. (e) total (f) Cu 3d (g) Cu 4s (h) I 5s and 5p. 
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