
Vol. 7, No. 2, 2004 The Role of Carbon Contamination in Metallic Nanowires 339Materials Research, Vol. 7, No. 2, 339-342, 2004. © 2004

*e-mail: galvao@ifi.unicamp.br
Articles presented at the XV CBECIMAT, Natal - RN, November de 2002.

The Role of Carbon Contamination in Metallic Nanowires

Douglas Soares Galvãoa*, Varlei Rodriguesb, Daniel Ugarteb, Sergio Benites Legoasc

aInstituto de Física, UNICAMP, 13083-970 Campinas - SP, Brazil
bLaboratorio Nacional de Luz Sincrotron, 13084-971 Campinas - SP, Brazil

cDepartamento de Física, Universidade Federal do Amazonas,
69077-000 Manaus - AM, Brazil

Received: February 10, 2003; Revised: September 29, 2003

Metallic nanowires have attracted much attention in the last years due to new phenomena such
as quantum conductance and the existence of unexpected long interatomic distances attaining 0.3-
0.5 nm. These large distances represented a challenge for physical interpretation. In this work we
present experimental data from high-resolution transmission electron microscopy and results from
ab initio calculations for suspended gold chains and show that these large distances can be easily
explained by the presence of carbon atoms as contaminants. In principle the present conclusions
can be also applied to other metallic nanowires (such as Ag and Pt) whose structures also present
large interatomic distances.

Keywords: gold nanowires, quantum conductance, carbon contamination

1. Introduction

A considerable effort has been devoted in the last years
to understand the formation mechanisms and conductance
properties of metallic contacts and suspended chains at
nanoscale1-7. Experimental techniques such as scanning
tunneling microscopy1,8-10, high-resolution transmission elec-
tron microscopy (HRTEM)4,5,11-15, and mechanically control-
lable break junction14,16,17 have made possible to make such
nanosized objects.

Recently, Ohnishi et al.4, using HRTEM set up to the
study of gold nanowires (NWs), have revealed the exist-
ence of suspended linear atom chains (ATCs), whose con-
ductance was measured to be quanta of conductance,
G

0 
= 2e2/h (where e is the electron charge and h is the

Planck’s constant). Long interatomic distances (ranging
0.35-0.40 nm) were observed which contrast with the usual
nearest-neighbor distance in gold bulk (0.28 nm), or in Au

2

dimer (0.25 nm). Other experimental studies also reported
anomalously long distances, frequently varying in the
0.29-0.36 nm range3-5,14,18, however extremely long distances
close to 0.5 nm19 were rarely observed.

Most of the reported long distances in metal ATCs are
based on gold. However, they have been also observed in
silver and platinum nanowires20-22, indicating that some com-
mon feature might be responsible for these unexpected re-
sults. Many theoretical studies have been carried out using

different techniques6,23-25, such as molecular dynamics and
density functional formalism trying to explain these unu-
sual distances but large interatomic distances in the range
of 0.5 nm have not been obtained from the simulations.
However, preliminary calculations26 considering the possi-
bility of the presence of structural contamination produced
an excellent agreement with the experimental data. More
recently, first-principles geometrical optimization studies of
gold atomic chains27,28 added new data in support to the pres-
ence of contaminants.

In this work we report both experimental and theoreti-
cal studies on the formation of suspended gold linear
nanowires, addressing the calculations to analyze the origin
of the anomalously long distances experimentally observed.
Based on experimental information, the idea of nanoatomic
chains being contaminated by some impurities15 during sam-
ple fabrication was explored. Due to experimental condi-
tions on the HRTEM6,14 set up the most probable impurity
candidates are carbon atoms. Besides that the presence of
carbon atoms would be undetectable in HRTEM images
owing to its low contrast15, producing the illusion of large
unusual gold-gold distances.

2. Methodology
In the experimental step, gold nanowires were gener-
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ated in situ in a HRTEM (JEM 3010 URP, 300 kV, 0.17 nm
resolution, at LME/LNLS Campinas, Brazil) using the
method developed by Takayanagi’s group4,13. The micro-
scope electron beam (current density 100 A/cm2) is focused
on a self-supported polycrystalline gold thin film (5 nm thick,
deposited on a holey carbon grid) to drill holes at different
sites until nanometric bridges are formed between
neighboring holes. To perform the atomic resolution image
acquisition the electron beam intensity is reduced up to
~ 30 A/cm2. A digital camera (Gatan MSC794, acquisition
time 1 s) was used to acquire micrographs and a high sensi-
tivity TV camera (Gatan 622SC, 30 frames/s) was used to
register NW real-time evolution. This procedure allows us
to generate stables NW (life time 1-10 min).

The calculations were performed using ab initio density
functional total energy methods. We used DMOL29 and TI-
TAN30 packages. A double numerical basis set with polari-
zation functions was considered for DMOL and the
LACVP**31 basis set for TITAN. The exchange-correlation
part of the total energy is treated in the local density ap-
proximation with a Wang-Perdew32 (Vosko-Wilk-Nusair)33

parametrization for the DMOL (TITAN) case. We used
molecular clusters in order to investigate the origin of the
long interatomic distances observed in gold NWs. The struc-
tures were generated in a way that the gold atoms are at
arbitrary positions forming linear chains with interatomic
distances of ~ 0.40 nm. The carbon atoms were positioned
at ~ 0.15 nm above the middle chain positions. Fully geo-
metrical optimizations were then carried out. No hydrogen
or dummy termination atoms were used30,31. Recent first
principles density functional studies on suspended gold
chains5 showed that the geometries for naked finite and in-
finite structures are essentially the same. We have also in-
vestigated other atoms (N, O, S, and Si) as possible con-
taminants. However, results for C contamination produced
the best agreement with experimental data.

3. Results and Discussions

In Fig. 1 we show a sequence of snapshots of the gold
nanowire formation. The electron beam creates holes in the
gold film. These holes increase in size in time and nanometric
bridges are formed between neighboring ones [Fig. 1a]. The
NWs are generated between apexes of different
crystallographic orientations that are in continuous slow
relative movement. Even so, the generated NWs display an
enhanced stability (lifetime ~ minutes) because NW, apexes
and surrounding region form a monolithic system. In some
cases the apexes slide, as indicated by an arrow in Fig. 1b.
Although the NWs are stables, they elongate spontaneously
and become thinner [show by an arrow in Fig. 1c]. Before
the NW rupture linear chains (ATC) can be formed whose
length is in the 2-4 atoms range [Figs. 1d and 1e]; these

linear chains may last several seconds. Perhaps, the most
surprising fact on ATCs is the interatomic bond length val-
ues which are 0.29 - 0.36 nm, or even as long as 0.50 nm19.

In order to understand the origin of the unexpected large
gold-gold interatomic distances, we simulate different ATC
geometries. In Fig. 2 we present our results for some se-
lected structures obtained with DMOL. TITAN
optimizations produced similar results. When one carbon
atom is included between two neighboring gold atoms, the
resulting Au-Au distance is in the order of 0.36 nm. When
no impurity atom is considered, the interatomic distances
are in the 0.24–0.25 nm range. Experimentally, the most
frequent distances observed range from 0.29 to 0.36 nm,
which suggest that these values are the result of a combina-
tion of clean and contaminated linear chains.

In the case of C
2
 incorporation, our results show a sepa-

ration of ~ 0.5 nm between neighboring gold atoms. Many
theoretical works were unable to reproduce these long
interatomic distances, because they did not consider the
possibility of carbon contamination. The presence of car-
bon atoms in HRTEM experiments are highly probable due
to the many possible sources of contamination, such as
vacuum oil from rotatory and diffusion pumps, grease and
rubber O-rings, etc.. Besides that, recent experimental and

Figure 1. Gold nanowire time evolution. An ATC with two atoms
is formed in (d), and in (e) the number of atoms have increased to
three in the linear chain (indicated by arrows). See text for discus-
sions.
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theoretical investigations21 on the relationship between the
formation of Au nanowires and their transport behavior,
seem to support the hypothesis that carbon contamination
is the main responsible for the anomalously long interatomic
distances observed in linear atom chains. In the work of
Rego et al.21 they measured the conductance of gold ATCs,
and observed a considerable decreasing of conductance pla-
teaus after a few hours. Following an Extended-Hückel ap-
proach, Rego et al. calculated the conductance in linear
chains with carbon atoms included in it, and their results
were in good agreement with the experimental observation.

4. Conclusions

We have experimentally analyzed the formation of sta-
ble linear gold atom chains, having obtained direct real-

space information on atomic positions and bond lengths.
We observed anomalously long interatomic distances. To
explain the origin of these large gold-gold distances, we
have performed ab initio geometrical optimization calcula-
tions in a local density framework for some gold clusters
assuming the presence of carbon atoms as impurity con-
tamination. Our results show that the unexpected long
interatomic Au-Au distances (0.4 – 0.5 nm) observed can
be easily explained considering the presence of C

2
 impuri-

ties between the gold atoms forming the linear chain. Bond
length values below 0.36 nm might be explained consider-
ing a mixture of clean stressed bonds and those contami-
nated by single carbon atoms. Our results are supported by
recent experimental and theoretical investigations on the
conductance of gold nanowires. These conclusions can be
applied in principle to other metallic nanowires.
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