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As is common knowledge, armchair graphene nanorib-
bons (aGNRs) share many electronic features with car-
bon nanotubes (CNTs). Nevertheless, crucial differences
emerge when disorder comes into play. It is thus instruc-
tive, both from a theoretical and a technological perspec-
tive, to analyze the impact of possible types of disorder
on the transport properties of these graphene-based ma-
terials.
Here we report such a comparative study between CNTs
and GNRs, which points out the similarities and differ-
ences emerging as a consequence of doping by substi-
tutional boron and nitrogen impurities. The role of edge
defects (absent in CNTs) is also contrasted with chemi-
cal doping disorder. All disorder models have been de-
rived from accurate ab initio calculations of the elec-
tronic structures.

Conductance as a function of the energy for the (left) single
boron dopant, (center) nitrogen dopant, (left) edge defect case,
for a 35-aGNR (left and right) and for a (10,10) CNT (cen-
ter). Red dashed curves: Results for the fully ab initio Hamil-
tonian. Black solid lines: Results for the tight-binding Hamil-
tonian with the tuned parametrization (see text).

1 Introduction The understanding of transport prop-
erties in disordered and chemically modified graphene-

based materials has become a main issue of concern in
view of their use in the future carbon-based nanoelectron-
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ics. Quantum transport in CNTs and GNRs was recently
reviewed [1,2]. Disorder strongly impacts transport prop-
erties in low dimensional systems, but it turns out that
in carbon-based materials it could be also used to obtain
new device functionalities (sensing, memories, NEMS, ...)
or to upscale device performances. Especially, chemically
doped GNRs have been recently shown [3] to develop
transport gaps as large as 1 eV as a consequence of strong
impurity-induced electron-hole asymmetrical backscatter-
ing phenomena [4]. Although ribbons share a similar un-
derlying electronic structure with CNTs, their response to
certain types of disorder might lead to considerable differ-
ences in their transport properties [2].

In this letter we report a mesoscopic transport study of
two similar systems: an armchair (metallic) (10,10) CNT,
and an armchair GNR [5] (which presents a small gap [6]).
We analyze transport regimes through the extraction of the
main transport length scales (mean free paths and local-
ization lengths) and show the highest robustness of CNTs
against disorder. The effect of chemical impurities in CNTs
and GNRs is also compared with the impact of edge disor-
der (missing atoms at the edges) unique to ribbons.

2 Disorder models Both the chemical doping and
the edge disorder models have been obtained from ab ini-
tio calculations of the electronic structure for each con-
sidered graphene-based system. The SIESTA package [7]
was used for this purpose (simulation details can be found
in refs. [4,8,9].) A fine tight-binding (TB) parametrization
has been extracted in each case in order to reproduce the
first-principles results for the conductance profile of the
single-defect system (see abstract figure). The TB Hamil-
tonian is then used to perform mesoscopic transport calcu-
lations, which provide some estimation on the magnitude
of the mobility gaps and the typical transport lengths.

Substitutional doping In the case of boron (nitro-
gen) impurities, an ab initio Density Functional Theory
(DFT)-based study is first performed for the infinite arm-
chair GNR (CNT) when one of the carbon atoms is sub-
stituted by a boron [4] (nitrogen [8]) dopant. The self-
consistent calculation provides the behaviour of the scat-
tering potential around the impurity. In a second step, the
onsite and hopping self-consistent Hamiltonian matrix ele-
ments (on a localized basis set) are used to build the TB
Hamiltonian. This technique [10] has been successfully
employed in the study of the electronic properties in carbon
systems at the mesoscopic scale [8,11,3], since it combines
the accuracy of ab initio calculations with the low compu-
tational cost allowed by a TB Hamiltonian (see abstract
figure).

Edge disorder The edge disorder model is elaborated
in a similar way. The nearest-neighbor TB Hamiltonian is
appropriately tuned in order to reproduce the conductance
profile for a single defect in an infinite GNR [10,9] (see
abstract figure). Mesoscopic transport calculations are then
performed using this Hamiltonian.

3 GNRs vs. CNTs We have chosen to compare an
armchair (10,10) CNT [1] to an armchair 35-aGNR, with
35 dimer lines across the ribbon width. The circumference
of the CNT (≈ 4.2 nm) is very similar to the width of
the ribbon (≈ 4.4 nm) and the electronic structure of both
systems show a resemblance with the linear dispersion of
bands at the Fermi level of 2D-graphene. In the case of
(10,10) CNTs, the system is metallic and the bands cross
at the K point of the Brillouin zone. The armchair nanorib-
bon is semiconducting [6], but its energy gap is very small
(≈ 0.03 eV), as in the case of other N-aGNR with N=3p+2,
where p is an integer number. The comparison, then, be-
tween the (10,10) CNT and the 35-aGNR seems very rea-
sonable, at least from a qualitatively perspective, to extract
some general features about the response to chemical dop-
ing in both systems.
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Figure 1 Conductance as a function of the length for the 35-
aGNR (left) and the (10,10) CNT at a doping rate of 0.1% for sev-
eral values of the energy E. The onset of the localization regime
can be seen as E approaches the valence band.

3.1 Results for chemical doping Apart from their
different acceptor and donor characters, boron and nitrogen
doping share several similarities. The conductance profiles
of boron doped CNTs (GNRs) turn out to be almost spec-
ular (with respect to the charge neutrality point) to those
of nitrogen doped CNTs (GNRs) [12,4]. This makes pos-
sible a comparison between boron doped GNRs and nitro-
gen doped CNTs. Some of the results presented below for
the CNTs have been partly discussed elsewhere [8,11]. In
this work, we provide the first quantitative comparison of
the effect of similar doping density on transport features of
nanotubes and ribbons materials.

One important point to first notice is the absence of ro-
tational symmetry in GNRs in contrast to CNTs. As a con-
sequence, the conductance profile of CNTs with a single
impurity does not depend on the position of the defect it-
self [13]. On the other hand, the position of the dopant with
respect to the edges yields large conductance variations for
GNRs [4]. As a result, large differences are expected to oc-
cur between the transport properties of the two doped ma-
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terials, as discussed below. Although the unrolled nanotube
and the armchair ribbons present a similar width, the onset
of their conductance plateaus is a bit different. This makes
impossible to use directly the same energy values used in
Ref.[8] for the extraction of the mean free path le and the
localization length ξ in the case of the GNR. For this rea-
son, we have chosen for the 35-aGNR certain ”equivalent”
energies that are comparable (taking into account their po-
sition with respect to the van Hove singularities and their
behaviour when disorder is introduced) to the ones studied
for the (10,10) CNT.

As shown in Figs. 1 and 2, ribbons appear to be much
more sensitive to the presence of chemical impurities than
CNTs are. This is first seen by noting that, for the same
doping rate of ndop ≈0.1%, the quasiballistic regime in a
35-aGNR is more difficult to recover for any value of the
energy than in the case of the CNT, where le of several
microns are obtained. The estimated length for the le is ac-
tually one order of magnitude smaller for the GNR. This is
partly due to the existence of a single transport channel for
GNR, which enhances the tendency towards strong local-
ization.
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Figure 2 Conductance as a function of the energy for the 35-
aGNR (left) and the (10,10) CNT (right) at a doping rate of 0.1%
for several fixed lengths. The onset of the mobility gaps is clearly
seen even for those short lengths.

4 Doping vs. edge disorder The issue of edge dis-
order has attracted much attention from the graphene com-
munity (see, for instance,[14–18,9]). Edge defects are un-
avoidable in GNRs and they occur at both growth and pat-
terning processes. Since their presence might affect the
electronic and transport properties considerably, it is use-
ful to explore the impact of possible edge defects, not only
on the electronic structure of GNRs, but also on the trans-
port scaling lengths. Up to date, most of the efforts on this
topic have been done using a rather simplified topological
TB model or a even more generic Anderson-like disorder
model ([16]). Ab initio calculations have mainly concen-
trated on the possible geometrical reconstructions that take
place at the edges when carbon atoms are removed [19].
The charge transfer between atoms observed for certain

configurations determines the limits of the topological TB
model, which is not able to include such an effect.

A more refined TB model has thus been developed in
order to accurately describe the transport signature of iso-
lated edge defects according to the ab initio calculations
[9]. While the validity of the TB model has been pre-
sented elsewhere [9], here we pinpoint the main similar-
ities and differences with respect to the chemical doping.
Among the possible reconstructions, we have selected the
pentagon-like edge defect, since its conductance profile re-
minds closely that of the boron impurity.

-0.5 0 0.5
E - EF (eV)

0

1

2

3

4

5

G
 (

2e
2 /h

 )

L ~ 250 nm
L ~ 500 nm

-0.5 0 0.5
E - EF (eV)

L ~ 200 nm
L ~ 500 nm

B doping (0.05%) edge disorder (0.04%)

Figure 3 Conductance as a function of the energy for the 35-
aGNR at a (left) doping rate of 0.05% and (right) edge defect
density of 0.04% for several fixed lengths.

Figure 3 shows the conductance profile as a function
of energy for a 35-aGNR in the case of boron doping (left
panel) and pentagon-like defects (right panel). The conduc-
tance curves are averaged over 400 disorder configurations
(i.e. different distributions of dopants or defects compati-
ble with a (fixed) given doping rate or defect density). As
can be seen in the plot, both types of disorder lead to the
onset of mobility gaps in the valence band of the aGNR,
although the boron doping seems more efficient and opens
a larger gap for a similar length. This is a consequence of
the wider distribution of quasibound states over the entire
valence band in the first conductance plateau, due to the
random distribution of dopants across the ribbon width and
the strong dependence of the scattering potential with the
dopant position with respect to the ribbon edge [4].

The conductance in the conduction band, although
keeping high values for both disorder models, is better
preserved in the case of this specific edge defect. The par-
ticular nature of the scattering potential, which induces
quasi-bound states in the valence band while affecting
very weakly the electronic states with energies above the
charge neutrality point in the first conductance plateau
[20], leads to a quasi-ballistic transport regime within this
energy range (see Figs. 4 and 5). Indeed, as shown in the
right panel of Fig. 4, the averaged conductance at those
energy values remains very close to its maximum value of
1 G0 (with G0 the conductance quantum, G0 = 2e2/h).
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This is also clear in the top panel of Fig. 5, where the mean
free path le and the localization length ξ present values of
a few microns. As it can be seen, le ≈ ξ for energies where
there is just one propagating channel (N⊥=1), whereas ξ
increases with N⊥ for higher energies (qualitatively con-
sistent with the Thouless relationship ξ ≈ N⊥le).

We note that, however, the transport profiles and the
values for le and ξ are very much dependent on the ac-
tual edge reconstruction [9]. This leads to very different
behaviours of these typical transport lengths for each de-
fect type. The values for le and ξ as a function of energy
and length are plotted in Fig. 5 for a selection of edge de-
fects. All the calculations have been performed using the
tuned TB Hamiltonians parametrized according to the ab
initio results as explained in section 2.
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Figure 4 Conductance as a function of the length for the 35-
aGNR at a (left) doping rate of 0.05% and (right) edge defect
density of 0.04% for several fixed lengths.
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Figure 5 Elastic mean free path le and localization length ξ as
a function of the energy for the 35-aGNR at a defect density
of 0.04% and different types of defects. From top to bottom:
pentagon-like, heptagon-like, hexagon-like, and mixed of the for-
mer three defects.

5 Conclusions We have analyzed the electronic
transport properties of disordered aGNRs and CNTs at the
mesoscopic scale. Both chemical doping and edge defects
have been considered by means of suitable TB Hamiltoni-
ans derived from first-principles calculations. CNTs appear
to be more robust than aGNRs against doping-induced dis-
order, while aGNRs with a length up to a few μm remain
within the quasiballistic regime for certain types of edge
defects.
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