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Abstract
We analyze theoretically the formation of stretched Pd-nanowires and their interaction with
hydrogen. In our approach, we simulate the nanowire stretching process using a first-principles
molecular-dynamics method to obtain realistic atomic geometries of the contact in its final
stages before the nanowire breaks. The electrical conductance of the nanowire is also calculated
at each point of the deformation path. For the clean Pd-nanowire in the last stages of the
deformation process we find that the nanowire develops, first, a one-atom-neck and, at the end,
a dimer whose bond is finally broken. For these atomic configurations, the calculated electrical
conductances are in good agreement with the experimental evidence. The interaction with
hydrogen is analyzed adsorbing one or two H atoms on the Pd-nanowire for different
configurations along the stretching process. In the case of one H atom we obtain geometries
with conductances in the range 0.8–1.4G 0 , while for two H atoms we find conductance plateaus
with values ∼0.5G 0 and ∼1.0G 0 . These results are in excellent agreement with the
experimental evidence for nanocontact breaking in an H2 atmosphere and indicate that the
conductance peak around 0.5G 0 observed experimentally is associated with nanowires where
two H atoms have been adsorbed.
(Some figures in this article are in colour only in the electronic version)

The interaction of hydrogen with those nanowires has
been carefully studied for Au [6–9], Pt [10–12], and
Pd [13–17]. For Au, the conductance changes due to hydrogen
deposition suggest that stretched monoatomic chains are better
catalysts than clean surfaces and that the interaction with the
Au-nanowire probably breaks the H2 molecule bond [8, 9].
For Pt, conductance measurements [10] suggest, however, that
a single H2 molecule forms a stable bridge between the Pt
electrodes, contributing with a single channel to the measured
2
conductance close to 1G 0 (G 0 = 2he is the conductance
quantum unit). For Pd, Csonka et al [13] have found an

1. Introduction
Metallic nanowires [1] have been formed and analyzed using
the scanning tunneling microscope [2] and mechanically
controllable break junctions [3]. Their conductances, forces
[4], and chemical properties are characteristic of the
metal forming the contact. In particular, superconducting
measurements have shown a close relationship between the
chemical valence of the atom(s) forming the contact and
the number of channels contributing to the transmission
probabilities [5].
0957-4484/08/335711+08$30.00
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Figure 2. Total energy (squares) and conductance (circles) of the
clean Pd-nanowire as a function of the stretching displacement. A–F
indicate the position in this graph of the atomic geometries shown in
figure 1. The dotted line at the end of the energy curve shows the
abrupt drop of the energy when the nanowire is finally broken.

2. Model and method of calculation. Mechanical
deformations and conductance of clean nanowires
Our simulations for stretched Pd-nanowires were performed
using a very efficient first-principles (density functional
theory-local density approximation, DFT-LDA) tight-binding
molecular-dynamics technique (fireball) [25].
In these
calculations we have used a basis set of sp3 d5 d∗5 (Pd) and ss∗
(H) numerical atomic orbitals [26] using the following cutoff
radii (in au): 4.8 (s), 5.6 (p), 4.5 (d) and 4.5 (d∗ ) for Pd, and
3.8 (s), 3.8 (s∗ ) for H. The electrical conductance of the Pdnanocontacts was calculated, at each point of the deformation
path, using a Keldysh–Green’s function approach [23, 27]
based on the first-principles tight-binding Hamiltonian [28]
obtained from the local-orbital code.
We have analyzed the formation of a Pd-nanowire by
stretching a thick Pd-wire having four layers, with three
atoms each, sandwiched between two (111)-oriented metal
electrodes (see figure 1(A)). We have used periodic boundary
conditions along different directions: a 3 × 3-periodicity in the
direction parallel to the (111)-surface, and, in the perpendicular
direction, we have joined artificially the last layers of the two
electrodes [22]: this amounts to using 48 atoms in our unit
cell. The Brillouin zone was sampled using 16 special k -points.
Starting from the atomic geometry shown in figure 1(A), we
simulate the stretching of the system increasing the distance
between the upper and lower layers in the unit cell in steps of
0.25 Å. After each 0.25 Å increase, the atomic positions are
relaxed to the corresponding minimum energy configuration
(excepting the atoms in the upper and lower layers, that are
kept fixed). Figure 1 shows several atomic configurations
obtained in this way for different stretching displacements, d
(A: d = 0 Å, B: d = 1.25 Å, C: d = 2.0 Å, D: d = 2.25 Å, E:
d = 3.25 Å, F: d = 4.0 Å). The total energy for the nanowire
as a function of the stretching distance d is shown in figure 2.
In figure 1, configuration A shows the initial relaxed
geometry with four layers in between the two electrodes (we
take this case as the origin of the stretching distance d ); in

Figure 1. Atomic geometry of the clean Pd-nanowire along the
stretching process. A–F illustrate different atomic configurations
obtained in our calculations as a function of the stretching
displacement (see also figure 2). The initial geometry is shown in
snapshot A.

intermediate case. Similarly to the Pt case, clean Pd-nanowires
do not form monoatomic chains in the last stages of the
deformation process, but seem to react strongly with hydrogen,
as in the Au case. At the same time, those authors have
found important changes in the nanowire conductance upon
hydrogen deposition: while for a clean contact, Pd (like Pt)
shows a characteristic peak in the conductance histogram at
G = 1.7G 0 , in the presence of hydrogen this peak is replaced
by two new peaks at around 0.5 and 1.0G 0 . Also, it is found
that the 1.0G 0 peak disappears when the amount of hydrogen
is increased.
Theoretically, while the interaction of hydrogen with
Au [7, 18–21, 8, 9] and Pt [11, 12, 15] nanowires has been
analyzed by different authors, the case of Pd has received
little attention [15, 16]. In this paper, we analyze theoretically
the formation of Pd-nanowires upon stretching conditions
and their interaction with hydrogen. At variance with other
theoretical studies, in our approach we do not assume to
know the final contact geometry but calculate it simulating the
stretching process [22]. This procedure gives access to realistic
atomic configurations for the nanowire in the final stages of
the stretching process. The calculation of realistic atomic
geometries for the nanowire is a key element of our analysis,
allowing for an appropriate comparison with the experimental
evidence. This approach has already been successfully used to
analyze different Al- and Au-nanowires [22–24, 8, 9].
2
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with the two plateaus of 1.75G 0 and 1.35G 0 found in our
calculations: in particular, we stress that along the deformation
path from figure 1(D) to (E), the nanowire always keeps a very
similar geometry with one atom located between two layers
having three and two atoms. Only at the end of the stretching
process does the system develop a dimer (similar to the one
found in Al [22]), whose bond is broken in the final stage of
the nanowire deformation (figure 1(F)).

configuration B, these four layers have been deformed to a
straight geometry. In snapshot C, atom 4 has been displaced
upwards, breaking its bond with the lower layer, approaching
the layer of atoms 1–2–3 and moving above the two atoms 5–
6. In configuration D, a new geometry with a narrow neck has
developed, with atom 4 located in between the layer of atoms
1–2–3 and the dimer of atoms 5–6. In structure E, atom 1 has
moved upwards and atom 5 downwards, in such a way that
in configuration F a dimer is formed between atoms 4 and 6.
This is the final structure defining the breaking geometry, since
the nanowire breaks along this dimer (atoms 4–6). Notice the
energy changes associated with the plastic deformations of the
nanowire (figure 2): for instance, in the energy jump between
configurations C and D, atom 4 has been reallocated to form
the new structure D; in the same way, the energy kink between
configurations A and B is associated with the new straightened
structure found in snapshot B. In our calculations, the average
length of the Pd–Pd bond in the center of figure 1(B) is around
2.5 Å, this length increasing with stretching in such a way
that its value is around 2.85 Å when the bond is close to its
breaking point (see figures 1(C) and (F), where bonds 3–6 and
4–6, respectively, are going to break). For comparison, we
mention that in similar calculations for Au [8, 9], the mean
Au–Au distance in the center of the neck is ∼2.6 Å, while the
bonds break when their distance is close to 2.9 Å. These slight
differences between Pd and Au are comparable to the different
crystal bond lengths: 2.75 Å for Pd, and 2.89 Å for Au. It is
also interesting to analyze the tensile forces appearing in both
cases; for Pd, the wire initially suffers plastic deformations
until reaching the straight geometry of figure 1(B); in the
second stage of deformation the wire is deformed between
d = 0.75 and 2.0 Å (see figure 2), with a force ∼3.2 nN;
finally, between configurations D and F (figure 1), the force is
around 2.6 nN. Comparison with Au can only be done directly
for the first stages of deformation because for Au, after the
nanowire reaches a geometry similar to figure 1(D), the system
starts to develop an atomic chain of several atoms [8, 9]. In
Au, in the initial stage of deformation, the maximum force is
around 4 nN (a little larger than the value of 3.2 nN found for
Pd), while along the stage of the atomic chain formation the
force fluctuates around 2.5 nN, very similar to the force we find
for Pd in the final stage for deformation (in Pd this process,
however, mostly keeps a geometry having a neck of a single
atom).
Figure 2 also shows the nanowire conductance as a
function of the stretching displacement. Our calculations show
three plateaus with conductances of ∼3G 0 , ∼1.75G 0 and
∼1.35G 0 . The first plateau (3G 0 ) corresponds basically to
the initial geometry with three atoms in the neck, while the
second one (1.75G 0 ) corresponds to a geometry with a neck
having one atom between two layers (figure 1(D)); the third
one (1.35G 0 ) corresponds to the evolution from this geometry
(with atoms 1 and 6 slightly displaced upwards, i.e. figure 1(E))
to the final dimer geometry (figure 1(F)). Comparing with the
experimental conductance histograms of Csonka et al [13] we
notice that, for clean Pd-nanowires, these authors also see a
small peak around 3G 0 and a broad peak around 1.7G 0 (with a
shoulder around 1.4G 0 ). This broad peak can be associated

3. Hydrogen adsorption on the stretched geometries
In this section, we consider the case of H adsorbed on different
stretched Pd-nanowires. As a preliminary calculation, we have
first examined H adsorption on a Pd(111)-surface. In these
calculations, the surface was modeled by a slab with six Pd
layers, using our theoretical equilibrium lattice parameter for
bulk-Pd, 3.92 Å (experiment: 3.89 Å), and a 3 × 3 periodicity
along the surface with 16 special k -points for surface Brillouin
zone sampling. Figure 3 shows the density of states (DOS)
for the Pd(111) clean surface and the H/Pd(111) system. For
H/Pd(111) we have considered one H atom in the 3 × 3 unit
cell (i.e. a coverage of 1/9 ML) adsorbed on a fcc position,
which is the accepted most stable adsorption site [29–36]. The
main effect of H adsorption on the DOS is the appearance
of a localized surface state below the Pd conduction band, at
∼7.2 eV below the Fermi level E F , associated with the H–Pd
chemisorption bond. As shown in figure 3(a), this new DOS for
the Pd atom is compensated by a small decrease in the DOS for
energies near E F . Figure 3(b) shows that both Pd sp-states and
d-states present an equally important contribution in the H–Pd
bonding state. These results for Pd(111) and H/Pd(111) are
in good agreement with the DOS profiles obtained in previous
DFT calculations [29, 33].
It is convenient to calculate the hydrogen adsorption
energy E a taking as reference the energy of the H2 molecule:

E a = E[H/Pd] − E R [Pd] − 12 E[H2 ]

(1)

where E[H/Pd] is the energy, per H atom, of the H/Pd
system under consideration (i.e. an H atom adsorbed on the
Pd-surface or Pd-nanowire), E R [Pd] is the energy of the Pd
reference system (i.e. without H atoms), and E[H2 ] is the
energy of the H2 molecule. A negative value for E a indicates
that H adsorption is favored over the H2 gas phase. In our
calculations for the H/Pd(111) system mentioned above we
obtain E a = −0.94 eV and an equilibrium H–Pd distance of
1.85 Å. For comparison, other DFT calculations yield values
in the range E a = −1.1 ± 0.15 eV (LDA) [29, 30, 36] or
E a = −0.6 ± 0.2 eV (generalized gradient approximation,
GGA) [33, 32, 31, 34, 35] depending on the exchange–
correlation functional used (notice that we use the LDA
functional). The experimental value is E a = −0.45 eV [37]
or, in other words, a binding energy of ∼2.8 eV for atomic
hydrogen on Pd(111)4 . Thus, our calculation for H on Pd(111)
presents an overbinding of the order of ∼0.5 eV that has been
shown to be mainly related to the LDA calculation for the
H2 molecule [29]. These calculations are expected to show
4

3

Using a binding energy of 4.75 eV for the H2 molecule.
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Figure 3. Density of states (DOS) for a Pd(111) clean surface and
H/Pd(111) for an H-coverage of 1/9 ML on fcc sites. (a) Squares are
the projected DOS on a surface Pd atom of clean Pd(111) while
triangles represent the DOS on the H atom for the H/Pd(111) case
and circles the DOS on a Pd atom bonded to the adsorbed H atom.
(b) Projection on the sp (squares) and d (circles) orbitals of the
Pd atoms.

Figure 4. Atomic geometries for the adsorption of one H atom on the
Pd-nanowire for three different cases. The initial configurations are
shown in the first column. From these initial configurations the
nanowire is stretched until it breaks. The second and third columns
show snapshots of the evolution of the nanowire, as discussed in
the text.

a much higher accuracy for energy differences between similar
structures, such as the comparison between H adsorption on
a Pd-surface and on a Pd-nanowire. In our calculations (see
below) we obtain a similar E a value for these two cases; since
the H2 molecule is highly reactive on Pd(111), we conclude
that it should also dissociate on the Pd-nanowires discussed
below.
The first column of figure 4 shows the initial geometries
for the three different cases we have considered for one H atom
adsorbed on the Pd-nanowire (labeled E1 , E1 and F1 : initial
letters refer to closely related configurations of the stretched
nanowire in figure 1, and the subindex is related to the number
of H atoms). In each case, the H atom is first placed at a given
adsorption site on a particular geometry of the stretched Pdnanowire (figure 1); from this initial configuration the system
is further stretched, as explained above for the clean nanowire.
In the first set of snapshots (figures 4E1 , F1 and G1 ), the H atom
is placed in between Pd atoms 1 and 4 on a stretched nanowire
geometry between configurations D and E in figure 1 (initial
stretching displacement d = 3.0 Å, see figure 2); then, the
system is stretched until it breaks. In our calculations, the H

adsorption energy (relative to the H2 molecule) for this case is
E a = −0.62 eV. Figures 4F1 and G1 show how the adsorbed H
atom affects the geometry evolution of the stretched nanowire
(mainly keeping the distance between atoms 1 and 4 practically
constant). In particular, compare the geometries of figures 1(F)
and 4F1 .
The sets of snapshots shown in figures 4E1 , F1 and G1
correspond to the same initial stretched nanowire geometry,
d = 3.0 Å, but different adsorption sites for the H atom. In
this case, E a = −0.79 eV, and the system evolves initially in a
way similar to the clean nanowire case (compare figures 1(E)
and 4F1 ). However, the evolution of this geometry in the final
stage of deformation is completely different: due to the new H
adsorption site, Pd atom 3 moves downwards and the nanowire
develops a neck where this atom is located in between two
pyramids, forming a trimer.
Snapshots shown in figures 4F1 , G1 and I1 correspond to
another geometry with H adsorbed initially on a configuration
4
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Figure 5. Evolution of the nanowire conductance as a function of the
stretching displacement for (a) one H atom and (b) two H atoms
adsorbed on the Pd-nanowire, see figures 4 and 6. The origin of the
stretching displacement, d , is the same as in figure 2. Each figure
contains three curves, corresponding to the three different initial
geometries analyzed for each case. The labels in the graphs indicate
the positions of the different geometries displayed in figures 4 and 6.

close to that drawn in figure 1(F) (d = 3.75 Å). The H
adsorption energy for this case is E a = −0.86 eV, and the
system evolves in a way quite similar to the case of figures 4E1 ,
F1 and G1 , although there are some differences because in this
case, before the nanowire breaks, the distance between atoms
3 and 4 remains practically constant due to the adsorbed H.
We have also explored another initial geometry, starting with
an H atom adsorbed between atoms 4 and 6 in figure 1(F).
We find that the relaxed geometry for this case is practically
the same as the geometry obtained in figure 4F1 starting from
figure 4E1 . The values of E a obtained for the three cases of
figure 4 are similar to the value obtained for the H/Pd(111)surface, suggesting that the H2 molecule should dissociate on
the nanowire.
Figure 5(a) shows the evolution of the nanowire
conductance as a function of the stretching displacement for
the three cases discussed above (figure 4) for one hydrogen
atom adsorbed on the nanowire. The conductance plateaus
for these geometries are in the range 0.8–1.4G 0 , which is
in excellent agreement with a broad peak found by Csonka
et al [13] around 1.0G 0 for Pd-nanowires in the presence
of hydrogen, and not observed for the clean Pd-nanowire;
this peak disappears when the amount of hydrogen in the
experiments is increased. Another hydrogen-related peak

Figure 6. Atomic geometries for the adsorption of two H atoms on
the Pd-nanowire for three different cases. The initial configurations
are shown in the first column. From these initial configurations the
nanowire is stretched until it breaks. The second and third columns
show snapshots of the evolution of the nanowire, as discussed in
the text.

at ∼0.5G 0 is observed in the same experiments, which
does not disappear at high hydrogen concentrations. Thus,
before analyzing the reason for the changes on the nanowire
conductance due to the adsorption of H we first analyze the
case of two H atoms adsorbed on the nanowire.
Figure 6 (first column) shows the three different initial
atomic geometries we have analyzed with two H atoms
adsorbed on the stretched nanowire (we use the same labeling
scheme as for figure 4: initial letters refer to closely related
configurations of the stretched nanowire in figure 1, and the
subscript is related to the number of H atoms). The hydrogen
adsorption energies E a , relative to the H2 molecule (see
equation (1)) for these cases are: figure 6E2 (initial geometry,
d = 3.0 Å) E a = −0.72 eV; figure 6F2 (initial geometry,
d = 3.75 Å) E a = −0.53 eV; figure 6F2 (initial geometry,
d = 4.0 Å) E a = −0.83 eV. These values show that the two
5
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Figure 7. Density of states for one H atom adsorbed on the
Pd-nanowire (figure 4E1 ) and corresponding clean nanowire
(figure 1(E)). Squares represent the projected DOS on a surface Pd
atom in the center of the clean nanowire (atom 4 in figure 1(E)),
while circles are the DOS on the corresponding Pd atom in
figure 4E1 and triangles the DOS on the H atom.

Figure 8. Density of states for two H atoms adsorbed on the
Pd-nanowire (figure 6F2 ) and the corresponding clean nanowire
(figure 1(F)). Squares are the projected DOS on a surface Pd atom in
the center of the clean nanowire (atom 4 in figure 1(F)), while circles
represent the DOS on the corresponding Pd atom in figure 6F2 and
triangles the DOS on the H atoms.

hydrogen atoms adsorbed at the neck of the nanowire form
strong bonds with the nanowire, with E a energies similar to
those found above for one hydrogen atom adsorbed on the Pdnanowire.
The different stretched geometries shown in figure 6
present two cases with a similar evolution: in geometries 6E2 ,
6F2 , and 6G2 , as well as in geometries 6F2 , 6G2 , and 6I2 , the
system evolves inserting one H atom between the Pd atoms
forming the dimer (4–6), just before the nanowire breaks. In
geometries 6F2 , 6G2 , and 6I2 , atoms 2, 3, 4, 5, 6, H1 and H2
are initially rather rigid due to the Pd–H bonds and atom 1 is
displaced upwards to form a narrow neck between atoms 2–3
and a pyramid above; however, the nanowire breaks along the
dimer 4–5 after atom H2 is inserted in this dimer.
Figure 5(b) displays the evolution of the conductance
as a function of the stretching displacement for these three
cases with two H atoms on the nanowire. The calculated
conductances present two characteristic plateaus close to
1.0G 0 and to 0.5G 0 ; this last conductance value appears
for the configurations found at the intermediate stage of the
stretching process starting at 6F2 , and for the initial geometries
of the process, starting at the configuration 6F2 . These
results are in very good agreement with the first peaks in
the experimental histogram of Csonka et al [13], and suggest
that two atomic hydrogens are probably adsorbed on the Pdnanowire in geometries similar to those shown in figures 6F2
and G2 .
In order to understand the reason behind the change found
in the nanowire conductance upon H adsorption, we analyze
the influence of the adsorbed hydrogen atoms on the electronic
structure of the Pd-nanowires. Figure 7 shows the DOS for
the central Pd atom at the neck of the nanowire (atom 4), for
the cases shown in figure 4E1 (one hydrogen atom adsorbed
on the nanowire) and figure 1(E) (corresponding to a clean

nanowire). As compared to the Pd(111) surface, the nanowire
DOS shows a narrower conduction band, and a shift of the dband towards E F ; when H is adsorbed on the nanowire, the PdDOS is shifted towards higher binding energies, and the DOS
at E F is slightly reduced. The Pd–H bonding state is now at
∼−6.3 eV below E F .
Figure 8 shows a similar comparison for the case of
two H atoms adsorbed on the nanowire, plotting the DOS
for the case shown in figure 6F2 (two hydrogen atoms and
0.5G 0 conductance) and for the case of figure 1(F) (the
corresponding clean nanowire). Now we observe two Pd–H
bonding states, as correspond to the two H atoms adsorbed
on the nanowire; the DOS for each of these states presents
a significant contribution from both H atoms, showing some
interaction between them. The DOS at E F for the central Pd
atom at the neck of the nanowire is now significantly reduced,
to less than half the value for the clean nanowire, due to
the strong bonding interaction with the two hydrogen atoms
adsorbed at the neck of the nanowire. This decrease in the
DOS at the Fermi level is associated with the decrease in the
electrical conductance: for the two hydrogen case of figure 6F2
the conductance is ∼0.5G 0 , with two conduction channels with
transmissions 0.37 and 0.13, while for the other three cases
(the clean nanowires of figures 1(E), (F) and the one hydrogen
atom case of figure 4E1 ) we obtain G ∼ 1.4G 0 with three
main conduction channels with transmissions ∼0.9, ∼0.35,
and ∼0.15. For comparison, the structures with conductance
G ∼ 1G 0 (e.g. figures 4F1 , F1 , or 6E2 ) present two main
channels with transmissions ∼0.8 and ∼0.2.
Thus, we find that the changes due to H-contamination on
the nanowire conductance are mainly related to the decrease,
induced by the adsorbed H atoms, on the DOS at the Fermi
level for the Pd atom at the neck of the nanowire. This
point is further analyzed in figures 9 and 10, which compare
6
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Figure 10. Density of states at three different Pd atoms in the neck of
the nanowire (atoms 3, 4, 6 in figures 1(F) and 6F2 ) around the Fermi
level (0 eV): (a) clean nanowire (figure 1(F)); (b) two hydrogen
atoms adsorbed on the nanowire (figure 6F2 ).

Figure 9. Density of states at three different Pd atoms in the neck of
the nanowire (atoms 1, 4, 6 in figures 1(E) and 4E1 ) around the Fermi
level (0 eV): (a) clean nanowire (figure 1(E)); (b) one hydrogen
adsorbed on the nanowire (figure 4E1 ).

in DOS at E F for the central Pd atom at the neck, which is
responsible for the decrease in the conductance.
Finally, it is interesting to make a comparison with the case
of H adsorbed on Au-nanowires. In [8, 9] we have applied a
similar methodology to analyze the formation of Au-nanowires
under stretching, and their interaction with hydrogen. This
system presents two important differences: (a) contrary to
the H/Pd case, H adsorption on the Au-surface is not favored
with respect to H2 molecules (i.e. E a > 0; we obtain [9]
E a = +0.76 eV); (b) Au-nanowires form monoatomic chains
in the last stages of the deformation process, but this is not
the case for Pd-nanowires. In our calculations we obtain for
H/Pd a similar hydrogen adsorption energy on the surface or
on the nanowire, E a ∼ −0.9 eV, showing that H adsorption is
in both cases clearly favored with respect to H2 molecules. For
the H/Au system, while H2 does not dissociate on the surface,
for the nanowire we find an increasingly negative value for E a
as the number of Au atoms on the monoatomic Au chain is
increased: E a ∼ −0.3, −0.6 and −1.0 eV for two, three and
four Au atoms on the chain. This difference between Au and Pd
has been analyzed in terms of the position of the d-band relative
to E F [33]. For the Au-surface, the d-band is well below E F
and is completely filled; for the Au-nanowires the reduced
dimensionality as well as the strain move the d-band close to

the DOS close to E F for three Pd atoms at the neck of the
nanowire. As shown in these figures, while for one H atom on
the nanowire no big changes are observed for the DOS at E F ,
a significant reduction at the central Pd (atom 4) is clearly seen
in figure 10(b) when two hydrogen atoms are adsorbed on the
nanowire; for this case the conductance changes from ∼1.4G 0
for the clean nanowire (figure 1(F)) to ∼0.5G 0 (figure 6F2 ).
For Pt-nanowires, Garcı́a et al [14] have analyzed a similar Pt–
H configuration, obtaining also a reduction in the conductance
of the order of 1G 0 (from G∼2G 0 to G∼1G 0 ). The different
value obtained in this case for the conductance (G∼1G 0 ) as
compared with our 6F2 case (G∼0.5G 0 ) is probably due to
the different atomic geometries: while in [14] a simplified
symmetric geometry was assumed, figure 6F2 represents a
more realistic geometry obtained after a complex relaxation
process.
The observation of the G∼0.5G 0 peak in the experimental
conductance histograms for Pd-nanowires in a hydrogen
environment was originally explained as due to dissolved
hydrogen on the Pd electrodes [13]; our calculations offer
an alternative explanation, in which this peak is related to
nanowire configurations with two hydrogen atoms adsorbed
close to the neck. These hydrogen atoms induce a decrease
7
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E F , increasing the chemical reactivity (i.e. making E a more
negative) [8, 9]. On the other hand, for the Pd-surface the dband is already close to E F and is partially filled (see figure 3).
Therefore the surface is already very reactive ( E a < 0), and
the narrowing and shift of the d-band in the Pd-nanowires do
not decrease further the value of E a .
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4. Conclusions
We have analyzed the formation of stretched Pd-nanowires
and their interaction with hydrogen using first-principles
techniques. Instead of assuming ideal geometries for the
nanowire, we search for realistic atomic geometries simulating
the stretching process by means of an efficient localorbital DFT-LDA molecular-dynamics technique. For each
point of the deformation path the electrical conductance of
the nanowire is calculated via a Keldysh–Green’s function
formalism using the first-principles tight-binding Hamiltonian
obtained from the local-orbital calculation. This approach
is applied to the cases of clean Pd-nanowire as well as
to Pd-nanowires with one or two adsorbed H atoms. For
the clean nanowire case we obtain atomic geometries that
are characterized by the formation of a one-atom-neck (see
figures 1(D) and (E)) just before the formation of a dimer
(figure 1(F)) where the contact is finally broken. For these
geometries we obtain conductance plateaus around ∼1.75 and
∼1.35G 0 that can be associated with the broad peak at ∼1.7G 0
(with a shoulder at ∼1.4G 0 ) observed experimentally by
Csonka et al [13]. When H atoms are adsorbed on the nanowire
we obtain atomic geometries (see figures 4 and 6) that yield
conductances around 1G 0 for one H atom (figure 5(a)), while
for two H atoms geometries with conductances ∼0.5G 0 and
∼1.0G 0 are obtained. This is in excellent agreement with
the experimental results [13] that show peaks at ∼0.5G 0 and
∼1.0G 0 in the conductance histograms for Pd-nanowires in
the presence of hydrogen. In our calculations the 0.5G 0 peak is
related to nanowire configurations with two adsorbed hydrogen
atoms; these atoms induce a decrease in the DOS at E F for the
Pd atom at the neck of the nanowire, reducing the nanowire
conductance to ∼0.5G 0 .
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