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Adsorption of a water molecule on Fe(100): Density-functional calculations
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Molecular and dissociative adsorption of a single water molecule on the Fe(100) surface has been studied by
using density-functional theory calculations. We found that there exists a locally stable molecular adsorption
state with an adsorption energy of 0.39 eV, where the H,O molecule adsorbs on top of a surface Fe atom in a
flat-lying molecular configuration. This molecular configuration is found to well reproduce the water-induced
vibrational frequencies measured in a low-temperature electron-energy-loss spectroscopy (EELS) study. The
H,0 molecular state is subject to a dissociation into H+OH species with an activation barrier of 0.35 eV. A
further dissociation of the OH group into H+O species requires a higher activation energy of 0.79 eV. The
prediction of the H,O molecular precursor and the energy diagram for its dissociation is in good accordance
with the adsorption picture which was suggested in a previous EELS study but has been incompatible with a

previous density-functional study predicting a barrierless H+OH dissociation of water molecule.
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I. INTRODUCTION

Water-induced oxidation of iron surfaces is of great im-
portance in corrosion, catalysis, and electrochemistry. Its ini-
tial stages involve the surface adsorption of water molecules,
their dissociation into H+OH, and the further dissociation of
OH into H+O. Atomistic details of these reactions are thus
essential in understanding the initial stages of the water-
induced oxidation of iron surfaces. Especially, in connection
with the reaction kinetics, it is a question of fundamental
importance whether there exist locally stable molecular ad-
sorption states, being precursors to more stable dissociation
states.!3

As a simple low-index face, the Fe(100) surface has long
been used as a prototypical substrate for studying the inter-
action of water molecules with iron surfaces. Despite experi-
mental and theoretical studies, however, it still remains un-
resolved whether the Fe(100) surface supports molecular
precursor states or not. In an early Auger electron spectros-
copy and low-energy -electron-diffraction study of the
H,O/Fe(100) surface, Dwyer et al* proposed a reaction
model involving a molecular precursor as a way of account-
ing for the observed temperature dependence of the oxygen
coverage versus water exposure. Later, in their electron-
energy-loss spectroscopy (EELS) and temperature pro-
grammed desorption (TPD) study, Hung et al® provided
more evidence of water molecules on Fe(100) by assigning
the EELS peaks measured at 100 K for a range of water
exposures of 0.05-1.2 L to molecularly adsorbed water
states. A structural model for the H,O precursors on Fe(100)
was first proposed by Anderson® in a theoretical study based
on an atom superposition and electron delocalization
(ASED) method within a Fes cluster representation. In this
model, the water molecule is adsorbed on the bridge site in
an upright configuration with the oxygen atom down [see
Fig. 1(b)]. An activation barrier of ~0.4 eV was predicted
for the dissociation of the adsorbed H,O state into H and OH
species but the stability of the precursor state with respect to
its translational and rotational degrees of freedom was not
examined in the study of Anderson.® In later density-
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functional theory (DFT) calculations, Eder et al” demon-
strated that the upright molecular configuration adsorbed on
the bridge site is the lowest-energy state of all molecular
configurations they examined, but is unstable with respect to
an intramolecular relaxation into dissociation, leading to a
conclusion that, at low coverages, water molecules dissociate
spontaneously into H and OH species. This barrierless disso-
ciation picture is contrary not only to the prediction for a
finite dissociation barrier in the ASED study® but also to the
EELS evidence of stable molecular species on Fe(100) at
100 K. In addition, the proposed upright H,O configuration
on the bridge site of Fe(100) is not in line with the adsorp-
tion picture that water molecule prefers a flat-lying configu-
ration on the top site of metal surfaces [see Fig. 1(c)], estab-
lished by recent theoretical studies on Ru, Rh, Pd, Pt, Al, Cu,
Ag, and Au surfaces.®!! Such a flat-lying H,O configuration
on Fe(100) was not considered in the previous theoretical
studies,®” which calls for more extensive theoretical studies
for a proper understanding of the initial stages of water ad-
sorption on the Fe(100) surface.

In this paper, we investigate the possibility of stable mo-
lecular states and their dissociation processes for the adsorp-
tion of a single H,O molecule on Fe(100) by using DFT
calculations. We find that there exists one locally stable mo-
lecular state on Fe(100) with an adsorption energy of 0.39
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FIG. 1. (Color online) Schematic of water molecular structures
on Fe(100): (a) the clean Fe(100), (b) the bridge-site upright con-
figuration, and (c) the top-site flat-lying configuration. Balls repre-
sent Fe, O, and H atoms with decreasing size.
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eV, where the H,O molecule adsorbs on top of a surface Fe
atom in a flat-lying molecular configuration. This molecular
state is a precursor to more stable dissociation states, which
are driven by a dissociation of H,O into H+OH with an
activation barrier of 0.35 eV and a dissociation of OH into
H+O with a barrier of 0.79 eV. The present theory explains
well the adsorption picture suggested by the previous EELS
study but differs from the previous DFT study predicting a
barrierless H+OH dissociation of water molecule. The origin
of the difference between the present and previous DFT stud-
ies will be discussed based on our test calculations.

II. METHOD

We perform DFT calculations using the Vienna ab initio
simulation package.'? Exchange and correlation is treated by
the generalized gradient approximation allowing spin
polarization,'® and electron-ion interaction is described by
the projector augmented wave method.'*!> We expand the
electronic wave functions in a plane-wave basis set of 29.4
Ry. The Fe(100) surface is simulated by a periodic slab ge-
ometry where each slab consists of five atomic layers and the
vacuum spacing is ~13 A. We employ a (3 X 3) surface unit
cell to represent an isolated molecule, which gives a large
enough intermolecular distance of ~8.5 A. A single water
molecule is adsorbed on the top of the slab and the contact
potential difference arising from the use of an asymmetric
slab is corrected by using the correction scheme of Neuge-
bauer and Scheffler.!® Brillouin-zone integrations are done
with a 4 X4 X 1 k-point mesh. All atoms but the bottom two
Fe layers held at bulk positions are relaxed until the residual
force components are within 0.05 eV/A. The calculated lat-
tice constant 2.83 10%, bulk modulus 1.77 Mbar, cohesive en-
ergy 5.17 eV, and magnetic moment 2.21up for bulk Fe are
in good agreement with the experimental values 2.87 A,
1.68 Mbar, 4.28 eV, and 2.22ug, respectively.!” The molecu-
lar adsorption energies calculated with the used slab thick-
ness, k mesh, and plane-wave energy were found to converge
within 0.02 eV. We determine the energy barriers for the
water dissociation processes by using the climbing image
nudged elastic band (CI-NEB) method,'® which is an im-
proved version of the NEB method!® for finding minimum
energy reaction paths. By construction, the CI-NEB method
is designed to make one of the intermediate states near the
transition point climb up along the reaction path to reach the
highest saddle point, and thus results in a more accurate es-
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FIG. 2. (Color online) Equilibrium geometries of water disso-
ciation products on Fe(100): (a) H, (b) O, and (c) OH species.

timation of the activation energy than the regular NEB
method does, as was well demonstrated in the study of the
CH, dissociation on Ir(111).'8

III. RESULTS

We begin with the adsorption properties of the dissociated
H, O, and OH species, which will serve as a basis for study-
ing the water dissociation process. Figure 1(a) shows the top,
bridge, and hollow sites of the Fe(100) surface, which com-
pete for the adsorption of H, O, and OH. The energy mini-
mum adsorption configurations and their structural details
are summarized in Fig. 2 and Table I, respectively. For the H
species, the hollow site is the most stable, the bridge site is
slightly less stable by 0.03 eV than the hollow site, and the
top site is locally unstable. This result is in agreement with
previous DFT results that the hollow site is the most stable or
almost equally stable as the bridge site’?%?! and also with an
EELS prediction for the hollow site.?? The H species ad-
sorbed on the hollow site has a surface height of 0.38 A, an
adsorption energy of 0.42 eV, and a diffusion barrier of 0.11
eV. Next, for the O species, only the hollow site is locally
stable, and the bridge and top sites are locally unstable. Pre-
vious DFT studies also reported that the hollow site is the
most energetically stable’?* and an EELS experiment sug-
gested that oxygen atoms occupy the hollow site.’* The O
species adsorbed on the hollow site has a surface height of
0.61 A, a large adsorption energy of 3.47 eV, and a high
diffusion barrier of 0.66 eV. Finally, for the OH species, we
find that the bridge site is the most stable, the hollow site is
less stable by 0.10 eV than the bridge site, and the top site is
locally unstable. The preference for the bridge site is in ac-
cordance with the DFT study of Eder et al.” The OH species
adsorbed on the bridge site has an oxygen-down configura-
tion in which the O height is 1.59 A, the O-H bond length is
0.98 A, almost identical t0 0.99 A of free OH molecule, and

TABLE 1. Structural parameters, adsorption energy, and diffusion barrier for water dissociation products on Fe(100). z (A) represents the
vertical height of the given atoms from the first Fe layer, the height of which is averaged over all atoms in the layer. Ax (A) represents the
lateral displacement of the given atoms from the adsorption site. doy (A) represents the bond length between the O and H atoms. ¢oy
(degree) represents the angle between the O-H bond and the surface normal. E, (eV) represents the adsorption energy, given as the energy
gain per H, O, and OH species relative to free H,, O,, and OH molecule, respectively. E4 (eV) represents the surface diffusion barrier.

Species Adsorption site H Axy Axg doy don E, Eq4

H Hollow 0.38 0 0.42 0.11
(0] Hollow 0.61 0 3.47 0.66
OH Bridge 1.59 0.04 0.98 60.6 3.95 0.15
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FIG. 3. (Color online) Energy diagram for the molecular adsorp-
tion of water on Fe(100). The energies are given as a function of the
position of oxygen atom as indicated by dashed lines in the inset.
Atomic geometries at three high-symmetry sites are displayed: (a)
top, (b) bridge, and (c) hollow.

the O-H bond is tilted by 60.6° from the surface normal. The
inclination of the O-H bond leads to a slight lateral displace-
ment of the O atom, 0.04 10\, toward the hollow site below
the H atom. The adsorption energy is 3.95 eV and the diffu-
sion barrier is 0.15 eV.

We next consider the adsorption of a H,O molecule on the
Fe(100) surface. Our first concern is to identify locally stable
molecular states, which requires more careful energetics ex-
aminations for adsorption sites and molecular configurations
because the H,O molecule is expected to rather weakly in-
teract with the surface and has more structural degrees of
freedom as a triatomic molecule, compared to the dissocia-
tion species, H, O, and OH. We extend the site search into
the positions on the lines connecting the high-symmetric top,
bridge, and hollow sites (see the inset of Fig. 3) and, at each
adsorption site, determine the lowest-energy configuration
among the equilibrium structures derived from four different
initial H,O configurations: the flat-lying, the upright, and
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their variants azimuthally rotated about the normal axis pen-
etrating the O atom. Figure 3 shows the resulting energy
diagram, displaying only one locally stable molecular struc-
ture. This molecular state forms a flat-lying configuration
and is basically on the top site, but a little shifted toward the
bridge site, reflecting the asymmetry of the molecular con-
figuration [see the equilibrium geometry of Fig. 6(a)]. The
structural and energetical details of the molecular state are
summarized in Table II. The lateral displacement and surface
height of the O atom are 0.35 A and 2.29 A, respectively,
and the angle between the molecular plane and the surface is
10.5°. The O-H bond length 0.98 A and the H-O-H bond
angle 105.1° are almost identical to 0.97 A and 104.7° of
free H,O molecule. The adsorption energy 0.39 eV indicates
a weak molecule-surface interaction, and the molecular state
may diffuse easily with a low barrier of 0.13 eV, passing
through the bridge sites as a transition state.

Let us examine vibrational properties of the molecular
adsorption structure and compare them with the water-
induced EELS peaks reported by Hung et al.> We calculated
the vibration frequencies within the harmonic approximation
using a displacement of +0.02 A for the H and O atoms and
the Fe atom bonded to the O atom (see Table III). In our test
calculations for free H,O molecule, the frequencies for the
scissoring, O-H symmetric stretching, and O-H asymmetric
stretching modes compare well with experimental data.?> For
the adsorbed H,O molecule on Fe(100), we focus on the
vibrational modes in the ranges of 200-4000 cm™' in order
to compare with the EELS features at 420 em™!, 1600 cm™!,
and 3590 cm™!, which were assigned as the Fe-O stretching,
scissoring, and O-H stretching modes, respectively, of the
adsorbed H,O molecules.> Our calculations support the
EELS assignments of the peaks at 1600 cm™' and
3590 cm™! to the scissoring and O-H stretching modes, re-
spectively. The EELS peak at 420 cm™' was previously as-
signed to the Fe-O stretching mode, but, in our calculations,
it is better assigned to the wagging modes (430 and
438 cm™!). Our calculations predict the Fe-O stretching
mode to appear at a much lower frequency of 217 cm™': it is
likely that this low-frequency mode was buried in the strong
elastic peak in the EELS spectrum (see Fig. 3 of Ref. 5).
Thus, in our vibrational analysis, the EELS peaks observed
at low temperatures and their vibrational modes are success-
fully described by the determined H,O molecular state on
Fe(100).

TABLE II. Structural parameters, adsorption energy, and diffusion barrier for a water molecule on
Fe(100). ¢H20 and ¢y (degree) represent the angle between the H,O molecular plane and the surface and
the H-O-H bond angle, respectively. The adsorption energy is given relative to free H,O molecule. The
bridge-site structure is not locally stable but is included for comparison with previous DFT and ASED

calculations.

Methods Adsorption site 20 Axg do.y bu,0 bH.0-n E, Eq4

Present DFT Top 2.29 0.35 0.98 10.5 105.1 0.39 0.13
Bridge 2.01 0.98 90 108.5 0.26

Previous DFT* Bridge 1.87 1.01 90 111 0.35

Previous ASEDP Bridge 1.1 90 2.10

4Reference 7.
bReference 6.
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TABLE III. Calculated vibrational properties of H,O. The frequencies are given in cm™'. The experiment
(Ref. 5) was performed at the temperature of 100 K and the water exposure of 0.05 L.

Wagging (H-O-H)

Stretching (O-H)

Systems Methods  Stretching (Fe-OH,) Symm Asymm Scissoring(H-O-H) Symm Asymm

Free H,O Present theory 1577 3718 3833
Experiment® 1595 3657 3756

H,O/Fe(100) Present theory 217 430 438 1547 3550 3655
Experiment? 420 420 1600 3590 3590

4Reference 25.
bReference 5.

Figure 4 shows the projected density of states (PDOS) of
the molecular adsorption structure in comparison with those
of free H,O molecule and the clean Fe(100) surface. The
molecular orbitals, denoted as 1b,, 3a,, and 1b,, are known
to have an oxygen lone-pair character perpendicular to the
molecular plane, a mixture of partial lone-pair character par-
allel to the molecular plane and partial O-H bonding charac-
ter, and an O-H bonding character, respectively.”® Upon ad-
sorption on Fe(100), the molecular orbitals undergo
noticeable changes in binding energy: the 15, and 3a; orbit-
als shift to lower energies by 0.78 (0.61) eV and 0.45 (0.33)
eV, respectively, for majority- (minority-) spin part, and the
1b, orbital shifts to a higher energy by 0.10 (0.13) eV. The

(a) free H,O and clean Fe(100)
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FIG. 4. (Color online) PDOS for the H,O molecule and the
top-layer Fe atom bonded to H,O in different environments: (a) free
H,0 and the clean Fe(100) surface, (b) the H,O/Fe(100) surface
(the molecular state), and (c) the H,O/Fe(100) surface (the transi-
tion state). Shaded (solid) lines represent the PDOS for water (Fe)
orbitals. Vertical solid lines represent the peak positions of the free
H,0 molecule. In (b) and (c), the charge characters of representa-
tive 1b; and 1b, orbitals are displayed, respectively.

largest energy gain for 1b, indicates that the H,O/Fe(100)
surface is stabilized by the interaction of the oxygen lone-
pair electrons with the surface, as clearly seen in the charge
character of a representative 1b, state [see Fig. 4(b)]. This is
consistent with the result of previous DFT studies on the
H,O/Pt(111) (Ref. 8) and H,O/Cu(100) (Ref. 10) surfaces
that water molecules interact with the surface through its 15,
orbital. The water adsorption little affects the Fe-derived
PDOS peaks but introducing weak features overlapping with
the 10, and 3a, levels, the character of which is found to be
Fe d states. Thus, the H,O molecular adsorption on Fe(100)
is naturally understood as a weak interaction between the
oxygen lone pair and the Fe d electrons.

While it is in accordance with the H,O configurations
predicted for a variety of metal surfaces (Ru, Rh, Pd, Pt, Al,
Cu, Ag, and Au),>"!! the present flat-lying H,O configuration
on the top site of Fe(100) differs from the bridge-site upright
configuration proposed by the previous ASED (Ref. 6) and
DFT (Ref. 7) studies. In the present calculations, the bridge-
site upright structure was shown to be locally unstable with
respect to a relaxation toward the top site: it is just a saddle-
point configuration [see Fig. 3(b)]. Nonetheless, we include
its adsorption properties in Table II for comparison with the
previous theoretical results. The present results somewhat
differ from those of the similar DFT calculations by Eder et
al.,’ especially for the height of the O atom: our value
2.01 A is much higher than their 1.87 A. A part of this
height difference is attributed to the use of different unit
cells. A smaller (2X2) unit cell was used in Ref. 7. We
found that our calculation using the (2 X 2) unit cell results
in a height of 1.95 A, much reduced from 2.01 A in the
(3 3) unit cell. The earlier ASED study of Anderson® re-
ported too low an O height of 1.1 A and too large an ad-
sorption energy of 2.10 eV, possibly indicating that the
molecule-surface interaction was overestimated by simulat-
ing the Fe(100) surface with the use of too reactive Fes clus-
ter.

Let us consider the dissociation of the H,O molecular
state into H and OH species. Many different dissociation
pathways are possible depending on final dissociation con-
figurations. Based on our search for the energetically favored
H+OH configurations, we examined four probable dissocia-
tion pathways shown in Fig. 5. In our CI-NEB calculations
for the potential-energy surfaces, we found that the path
shown in Fig. 5(d) has a noticeably low dissociation barrier
of 0.35 eV while the paths shown in Figs. 5(a)-5(c) have as
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FIG. 5. (Color online) Four water dissociation paths considered
in this study. Open circles represent initial molecular configurations
and balls represent their final configurations. The numbers represent
the dissociation barriers given in electron volt.

high a barrier as 0.75 eV via a common transition state.
Figure 6 shows the detailed potential-energy curve along the
lowest-barrier dissociation path shown in Fig. 5(d). The H,O
molecule that was initially on the top site migrates to an
adjacent bridge site where its H atoms can closely interact
with nearby Fe atoms. At the transition state found in be-
tween the bridge and hollow sites, the O-H bond breaking
occurs with an energy barrier of 0.35 eV, leading to the final
dissociation state in which the H and OH species occupy two
neighboring bridge sites as shown in Fig. 6(c). This final
state was found to be the most energetically stable in all H
+OH configurations we tried by several combinations of
nearby hollow- and bridge-site occupations by H and OH: its
adsorption energy of 1.21 eV is larger than the values 0.99—
1.18 eV for the other configurations.

It is interesting to see the electronic structure of the H,O
molecule upon dissociation. Figure 4(c) shows the PDOS of
the transition state for the dissociation process. Here, the 15,
orbital undergoes a noticeable change in peak position with
respect to the equilibrium molecular state: a high-energy
shift of 0.65 (0.69) eV for majority (minority) spin. Since the
1D, level corresponds to the O-H bonding orbital, its desta-
bilization indicates a weakening of the O-H bond during the
dissociation process, as well displayed in the charge charac-
ter of a representative 1b, state in Fig. 4(c). Only a small
change in the 1b; level implies that the oxygen lone-pair-
mediated molecular bonding is preserved until the O-H bond
breaking.

The energy barrier 0.35 eV corresponds to dissociation
temperatures of 118136 K, when estimating by assuming an
Arrhenius-type activation process with use of the attempt
frequency ranging from 10" to 10'> Hz. This estimation
agrees qualitatively with the EELS report for a low exposure
(0.1 L) that the characteristic spectra indicating the hydroxyl
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Potential energy (eV)

FIG. 6. (Color online) Energy diagram for the lowest-barrier
dissociation of water molecule on Fe(100). Three representative
configurations marked in the diagram are displayed: (a) initial H,O
precursor state, (b) transition state, and (c) final H+OH dissociated
state.

species appear when heating to 178 K.> On the other hand,
the present finite-barrier dissociation picture is contrary to
the DFT result of Eder et al.” that predicted a barrierless
dissociation. This difference is somewhat interesting because
the reaction paths examined in both DFT studies are almost
the same: they examined a dissociation path from the initial
structure of Fig. 1(b) to the final structure of Fig. 6(c). Our
independent calculations imply that the result of a barrierless
dissociation by Eder et al. was possibly due to an underesti-
mation of the barrier in their NEB calculations. We tried the
path examined by Eder er al. using the reduced (2 X 2) unit
cell and found that, while the CI-NEB method gives a barrier
of 0.25 eV, the NEB method results in a barrier as low as
0.05 eV. This result stresses that an accurate determination of
energy barrier requires more rigorous transition-state search-
ing schemes going beyond the usual NEB method, as was
demonstrated before in the study of the CH,/Ir(111)
surface.'8

The adsorption properties of the H+OH state shown in
Fig. 6(c) are summarized in Table IV. Our calculations ap-
pear to be somewhat different from the DFT results of Eder
et al., especially for the heights of O and H but it was also
confirmed in our calculations that the use of different unit
cells is the origin of such differences. It is noticeable in the
calculated energetics for the H+OH configurations that the
OH species always favor the bridge site over the hollow site

TABLE IV. Structural parameters and adsorption energy for the H+OH state shown in Fig. 6(c).

Methods 20 Axg don don 7H Axy E,
Present DFT 1.56 0.17 0.98 51.0 1.09 0.01 1.21
Previous DFT? 1.47 1.01 64 0.99 1.13

4Reference 7.
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FIG. 7. (Color online) Energy diagram for the dissociation of
OH on Fe(100). Three representative configurations marked in the
diagram are displayed: (a) initial OH state, (b) transition state, and
(c) final H+O dissociated state.

regardless of which site is occupied by the H species. This
result confirms the EELS report that the dissociated OH spe-
cies occupy the bridge site.’ It was also suggested, based on
the EELS spectra measured at an off-specular angle, that the
OH species is tilted from the surface normal. In our calcula-
tions, the OH species adsorbed on the bridge sites are tilted
by 37°-51° from the surface normal.

The adsorbed OH species is also subject to a further dis-
sociation. Here, for simplicity, we only consider the dissocia-
tion of an isolated OH group: we neglect the influence of the
H species, the other dissociation product of water molecule.
Such a nearby H species is not likely because the H and OH
species are expected to readily diffuse with increasing tem-
perature due to their low diffusion barriers of 0.11-0.15 eV
(see Table I). The dissociation path we considered is shown
in Fig. 7. The OH group that was initially adsorbed on a
bridge site dissociates into H+O species, occupying the
nearby hollow sites which were verified before to be the
most stable for both H and O species. The CI-NEB calcula-
tions result in an energy barrier of 0.79 eV. This barrier
height corresponds to temperatures of 265-306 K in our
Arrhenius-type analysis, which compares well with ~310 K
reported for the OH dissociation by the TPD experiment.’
After the full decomposition, the H and O atoms are ex-
pected to occupy the hollow sites, which are known as the
most stable for individual H and O species. It was found that
the interaction between the adsorbed H and O species are
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FIG. 8. (Color online) Reaction energy diagram for a single
H,0 molecule on Fe(100).

negligible, i.e., the adsorption energy appears insensitive to
the distribution of individual H and O atoms: in our (3 X 3)
unit-cell calculations, a dense configuration of the H and O
atoms appears to be equally stable as a sparse configuration
with an energy difference less than 0.01 eV. For the atomic
diffusions, the H species with a lower diffusion barrier (0.11
eV) will diffuse more readily than the O species (0.66 eV).

Figure 8 illustrates the whole dissociation process of a
single H,O molecule on the Fe(100) surface. The incoming
H,0 molecule prefers to adsorb with no barrier on top of a
surface Fe atom with an energy gain of 0.39 eV. The ad-
sorbed H,O can easily dissociate into H+OH by overcoming
a low-energy barrier of 0.35 eV. The dissociated H and OH
species energetically favor the adsorption on a pair of adja-
cent bridge sites with an adsorption energy of 1.21 eV but
easy diffusions are likely to drive them apart from each
other. The OH species dissociates further into H+O by over-
coming an energy barrier of 0.79 eV. After a full dissociation,
the individual H and O species prefer to adsorb individually
on the hollow sites, and the total-energy gain by dissociation
is about 1.72 eV relative to free H,O molecule.

IV. SUMMARY

The present DFT calculations for a single H,O molecule
on the Fe(100) surface have identified a molecular precursor
state, which is in a flat-lying molecular configuration on the
top site and is subject to a low-barrier dissociation into H
+OH. This precursor-mediated dissociation channel, which
was overlooked in earlier theoretical studies, and the result-
ing energy diagram for the H,O/Fe(100) surface offers a
unified theoretical picture well explaining the EELS and
TPD measurements at low water exposures.
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