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Methanol adsorption on PtCo(111) surface at low coverage is studied using Density Functional Theory
(DFT) calculations without and with van der Waals corrections. We investigated the PtCo FCT alloy surface
with a uniform distribution. The most favorable site for CH;OH adsorption is on top of a Co atom, with an
adsorption energy of —0.92 eV. Methanol attachs to the surface by the O atom, with a distance of 2.24 A.
The molecule presents a small distortion after adsorption. The C—O—Co bond angle is 142°. The C—H
bonds are strengthened whereas the C—0 and O—H bonds are weakened. A charge transfer from C atom
to O atom occurs upon adsorption, and then further transfer occurs to the Co atom on the surface. The
calculated vibrational frequencies for adsorbed methanol present a red-shift displacement compared to
gas-phase, confirming the adsorption process.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Gas adsorption on surfaces has attracted much attention among
physicists and chemists for most of this century [1]. The research
efforts in this matter have provided unprecedented advances in the
fundamental principles that control electrocatalytic reactions; and
applications in fuel cell science where the chemical energy, stored
in materials such as primary alcohols (methanol and ethanol), can
be electrochemically converted in electricity [2].

The use of methanol (CH30H) as fuel presents several advan-
tages in comparison to hydrogen: it is a cheap liquid fuel, easily
handled, transported, and stored; with a high theoretical energy
density [3-5]. In addition, the methanol is the simplest alcohol
than can be understood as a construction of C—H, C—0 and O—H
bonds; with a relatively high complexity so that it can be used as
a good model for understanding the chemical bond properties of
more complex gases [1,4]. The interest of researchers in fuel cells
increases from year to year because fuel cells offer a cleaner and
more efficient source of energy when compared with other energy-
conversion devices. In the early days, research in the field of fuel
cells addressed fundamental aspects, but now the emphasis has
shifted from fundamental to technological applications [6].
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Fuel cells are electrochemical devices in which both fuel and
oxidant are fed in a continuous supply to the electrodes. In general,
they require electrocatalysts at the anode to oxidize the fuel to pro-
duce electrons and protons and at the cathode to reduce oxygen
and consume the protons and electrons produced. They are attrac-
tive sources of electrical power since the production of electrical
energy can be maintained as long as the reactants are supplied to
the electrodes [1,2,7,8].

Compared to traditional power sources, fuel cell technology
is a favorable energy source for a myriad of reasons. It presents
low environmental impact, high electric conversion efficiency for
different systems (35-70%), independence of size, reliability and
long lasting operation, production of heat that is usable for co-
generation cycles, and the flexibility of the utilized fuel. Besides,
unlike most rechargeable power sources for portable electronic
devices, such as state-of-the-art lithium-ion batteries, the amount
of time required to recharge a depleted methanol fuel cell is vir-
tually zero. Among all kinds of fuel cells, direct methanol fuel
cells (DMFC) have really exhibited potentialities to replace current
portable power sources and micro power sources in the market,
like lithium-ion batteries [9 and ref. therein].

The performance of DMFCs is limited due to the presence of
various drawbacks, including kinetics constraints and catalyst poi-
soning. In a DMFC, methanol is oxidized to carbon dioxide and
water. Methanol oxidation is a slow reaction that requires active
sites for the adsorption of methanol [10].
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Low temperature fuel cells, such as the polymer electrolyte
membrane fuel cells (PEMFC) and the DMFC, utilized platinum
or platinum alloys as electrode materials. Platinum possesses the
highest catalytic activity and therefore it has been widely used in
most fuel cell systems [6].

The methanol utilized as fuel in the DMFCs offer direct conver-
sion to electricity, without any auxiliary process for intermediating
fuel processing or fuel reforming steps, which are required in others
FCs, e. g. hydrogen PEM fuel cells (H,-PEMFC) [1,9,11].

The methanol adsorption, and its decomposition products, on
transition metal surfaces has been extensively investigated, one
example involves platinum surfaces and Pt-modified metals. Pt is
the most active metal, in acid medium, for methanol electrooxida-
tion. However, the poor abundance and high cost limit commercial
applications. Additionally, the Pt performance is far from accept-
able for their use as electrode in DMFCs. One solution is the alloying
of Pt with cheaper 3-d metals, such as Fe, Co, and Ni; these alloys
are found to have comparable, and even better, catalytic activity
under PEM-FC operating conditions [11 and ref. therein]. In this
sense, bimetallic electrocatalysts such as PtRu, PtSn, PtCo or PtNi
are more tolerant to CO poisoning, and the methanol electrooxida-
tion reaction starts at less positive potentials than bare-Pt [10 and
ref. therein].

In particular, the Pt-Co alloy has been used for multiple pur-
poses, because of its interesting magnetic and catalytic behavior
[12-16]. The Co improve the methanol oxidation reaction (MOR)
of the electrocatalyst due to the lowering of the electronic bind-
ing energy, which promotes the C—H cleavage reaction at low
potentials. In one hand, the presence of cobalt oxides provides
the required oxygen for the CO oxidation at lower potentials. On
the other hand, a higher methanol-tolerance is expected for the
Pt-Co alloy catalysts, in comparison to bare Pt, ascribed to the
dilution effect of Pt and thus hindering the methanol adsorption.
Furthermore, this alloy presents an improved activity for the oxy-
gen reduction than pure Pt [5].

The adsorption of the CH30H on PtCo alloys has been experi-
mentally studied [5,10,17], but to the best of our knowledge there
are no theoretical works on PtCo(111) surface. However, there are
several theoretical studies of methanol adsorption on pure metal
surfaces or clusters and on others bi-metallic alloys surfaces,among
them studies on Pt [1,18,19], Co [20,21], Pd [22,23], Cu [23-25],Ru
[26], Ni[27], Au[28], Co/Pt(111)[29], PtRu [1], PdZn [30], PdIn[31],
AuPd [32] and PtAu [33].

In this work, we performed First Principles calculations using
Density Functional Theory (DFT) to evaluate the stability of
methanol adsorption on a PtCo alloy. The changes in the electronic
structure, chemical bonding, including the bond orders imple-
mented in DDEC6 method [34-36], and vibrational frequencies
after adsorption were also studied.

2. The surface model and the computational method

The crystal structure of the PtCo alloy presents two-phases.
A chemically disordered face centered cubic (FCC) phase (space
group Fm-3m) [37,38], which correspond to the low temperature
structure, and a structurally ordered L1y or face-centered tetrag-
onal (FCT) structure for the high temperature regime [37,38]. In
this work, we have modeled this last one structure that presents a
crystal space group P4/mmm [37,38]. The reason for that choice
is that under operation condition, in fuels electrodes, the high
temperature phase is the most stable as reported by Stassi et al.
[39]. These authors proved that the catalyst, characterized as a
disordered FCC structure, performed slightly better at low tempera-
tures (80°C) and full humidification. Moreover, the primitive cubic
ordered structure catalyst showed superior characteristics in terms

of performance due to its stability at high temperature (110°C) and
at low relative humidity. These last operating conditions are very
relevant for automotive applications.

The calculated a and c lattice parameters for PtCo FCT bulk are
3.81 and 3.71A, respectively. These values are in good agreement
with the experimental data (3.78 and 3.71A, respectively) [40]
and from literature values [11,41]. We selected the (111) crystallo-
graphic plane to study the methanol adsorption because we found
it was the most stable surface, in coincidence with previous calcu-
lation of Hirunsit and Balbuena [11] and Dannenberg et al. [42]. In
the next sections, we will consider the computational methodology
and the adsorption models.

2.1. Computational method

The first principles calculations based on spin polarized Den-
sity Functional Theory (DFT) were performed using the Vienna
Ab-initio Simulation Package (VASP), which employs a plane-wave
basis set and a periodic supercell method [43-45]. The Kohn-
Sham equations with periodic boundary conditions were solved
variationally using the projector-augmented wave (PAW) method
[46,47]. The exchange and correlation energies were calculated
with the Perdew-Burke-Ernzerhof form of the spin-polarized gen-
eralized gradient approximation (GGA-PBE) [48].

For the plane wave basis set expansion a kinetic energy cutoff
of 300eV was used for all calculations, overall with the gamma-
centered Monkhorst-Pack scheme of 7 x 7 x 1 k-points grid for
integration over the Brillouin zone [49]. The tolerance for the geom-
etry optimization was set to a force of 0.02 ev/A and a total energy
difference down to ~1 meV/atom. Equilibrium lattice constants of
3.81 and 3.71 A were selected, as obtained in a previous work [50].

The Grimmeis DFT-D2 method was adopted to account for the
van der Waals interaction (vdW), which is optimized for several
DFT functional [51].

We defined the stabilization energy PtCo-CH30H with respect
to isolated atoms as following:

AEacls = Eads(CHBOH/PtCO) - ETotal(PtCO) - ETotal((CH3 OH)molec)
(1)

where Eryeq ((CH30H)p00ec) is the energy of the isolated methanol
molecule and Er, (PtCo) is the total energy of the clean surface
alloy supercell.

DFT-D2 method considers the total energy (E7yq) as the sum of
two terms shown in Eq. (2),

Etotat = Exs + Evaw (2)

where, Exs and E, 4y, are Kohn-Sham and van der Waals energies
respectively. Taking into account Eq. (2), it is easy to separate the
adsorption energies into two contributions [51], expressing the
adsorption energy as the sum of the chemical adsorption energy
and the dispersive adsorption energy,

Eads(totaly = Eads-ks + Eads-vaw (3a)
Eqasiks) = Exs(CH30H/PtCo) — Exs(PtCo) — Exs(CH30H) (3b)

Eqdsqvaw) = Evaw(CH30H/PtCo) — E, qw(PtCo) — Eyqyw(CH3OH)
(3¢)

here Eqqs(ks) and Eqgs(vaw) are the adsorption energies calculated
with Kohn-Sham energies, and with dispersion energies corre-
sponding to vdW interactions. In this way, the nature of the bonding
can be appreciated through these total energies.
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Fig. 1. Schematic top view of the PtCo(111) surface alloy. The high symmetry adsorption sites are indicated. The grading in colors indicates the different and more inner

layers. The distances indicate corresponding to the surface alloy without relaxations.

In order to understand the CH3OH/PtCo interactions and bond-
ing we used the concept of Density of States (DOS) and the overlap
population (OP) [52,53]. Additionally, we computed the electronic
charges on atoms using Bader analysis [54], Bond Order (BO) as
implemented in the DDEC6 method [34-36] and finally we deter-
mined the corresponding vibrational frequencies.

2.2. The (111) surface and adsorption models

In a previous work, we calculated the stability of the ordered
atomic planes (001), (100), and (111) in FCT PtCo structure [50,55].
The most stable plane of PtCo FCT result to be the (111), in agree-
ments with previous calculations of Hirunsit and Balbuena [11] and
Dannenberg et al. [42]. We must point out that the results of the
later study do not addressed the alloy surface stability, which can
be determined using surface free energy and surface segregation
energy as recently reported [32].

We represented the (111) plane with a supercell. The schematic
top view of the PtCo(111) is shown in Fig. 1, where all the pos-
sible adsorption sites and the metal-metal bond distances prior
relaxation are indicated. In order to achieve the best compro-
mise between computational time and accuracy of our model, we
selected a seven layers slab separated in the [111]-direction by a

vacuum region. The vacuum distance of 6 top layers (>13 A) was
enough to avoid spurious interaction between periodic configu-
rations. The thickness of PtCo(111) slab should be such that it
approaches the electronic structure of 3D bulk PtCo in its innermost
layer.

When considering methanol adsorption on the PtCo(111) sur-
face at low coverage (1/16 ML), the molecule-surface distance was
optimized allowing to relax the first three layers of the metal
slab until reaching a 1 meV convergence in the total energy; the
four remaining layers (bulk like) were kept fixed. We studied the
molecular adsorption at all the high symmetry sites on the (111)
surface and we determined the most stable site for adsorption (see
Figs. 1 and 2). For the sake of clarity, Figs. 1 and 2 only shows the
first three layers of the slab.

3. Results and discussion

Table 1 lists the adsorption energy, distances between atoms
from methanol molecule after adsorption and the oxygen height
over surface (h) for all the high symmetry sites. In this Table can
be seen that methanol adsorption at low coverage on PtCo(111)
surface alloy is a favorable process in almost all high symmetry,
except in the case of bridgel site. The most stable situation is at

[170]

(2)

itz ®)

Fig. 2. Schematic view of the CH30H/PtCo(111) surface after molecule adsorption: (a) top view where OP geometry is indicated; and (b) lateral where the C—H, C—0—H and

C—0—Co angles are indicates. The grading color indicates the inner layers.
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Table 1
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Adsorption Energy of methanol molecule on PtCo(111) surface alloy?, distances between atoms after adsorption and O height over surface (h) for the high symmetry adsorption

sites. The geometry is shown in Fig. 1.

Site Bridge1 Bridge2 Bridge3 FCC1 FCC2 HCP1 HCP2 Top Co Top Pt
Eags (eV) -0.35 -0.48 -0.69 -0.59 -0.42 —-0.40 -0.50 -0.92 -0.45
) (=) (—0.06) (-0.12) (-0.08) (-0.02) (-0.03) (—0.06) (-0.23) (-0.05)
h(A) 2.704 2.549 2.289 2.441 2.686 2.578 2.657 2.238 2.563
do-c (A) 1.432 1.440 1.446 1.440 1.438 1.438 1.433 1.444 1.440
do-na (A) 0.980 0.977 0.983 0.985 0.981 0.979 0.984 0.979 0.979
dent (AP 1.097 1.097 1.097 1.097 1.100 1.096 1.097 1.096 1.097
denp (A)P 1.103 1.102 1.101 1.102 1.100 1.102 1.103 1.101 1.100
dens (A)P 1.102 1.102 1.100 1.101 1.100 1.102 1.103 1.100 1.101

2 Numbers in parentheses are without vdw corrections.
b Molecular distances in vacuum: do.c =1.44 A, doya =0.97 A, dc.y =1.10A.

the Top site on a Co atom with an adsorption energy of —0.23 eV
(see Table 1 and Fig. 2). This value is similar to those reported on
Co(0001) and Co(111) [20] and smaller than that on Pt(111) [18],
whose values are —0.23, —0.22 and —0.33 eV, respectively. For all
mentioned cases, the adsorbed molecule prefers to bind to the on-
top site through its oxygen atom at the surface. To evaluate the
effect of dispersion forces in the total energy value for all site we
included van der Waals corrections. In those cases all high symme-
try adsorption sites are stables. The trend of energies values is the
same with or without vdW corrections. The energy value for the
most stable site, Top site on a Co atom, is —0.92 eV that is in good
agreement with that reported by Skoplyak et al. [42]. These authors
obtained by DFT calculation an adsorption energy of ~—1.2 eV for
CH30H on Co-Pt-Pt(111).

Methanol attachs to the surface through the oxygen atom, with
adistance of 2.24 A. This distance is very similar to that reported on
Pt(111)[18,19],Co(0001) [20], PtRu [1,26], PdIn(111)[31] and PtAu
[33]. The C—0—Co bond angle decrease from 180° to 142°, facilitat-
ing the binding of methanol to the surface via the oxygen lone-pair
orbital (see Fig. 2b). The adsorbate presents a small distortion after
adsorption. The bond lengths for C—0, C—H and O—H are calculated

Table 2

to be 1.444,1.096 and 0.979 A, which are close to the molecular dis-
tance in vacuum (see Table 2). The Co; atom (Co atom just below
the molecule) presents a slightly displacement outward the sur-
face after adsorption. Two H atoms from the methyl group pointed
forward the surface meanwhile the third H pointed towards. The
H—C—0 bond angles change from 106° to 107° (H towards) and to
110° (H forward) (see Fig. 2b). Greely and Mavrikakis [19] report
this same possible adsorption geometry for CHz group on Pt(111).
The C—0O—H bond angle is about 111° whereas initially is of 108°
(see Fig. 2b).

The electronic structure study was performed to understand
the process of methanol adsorption on PtCo(111). Bond order (BO),
overlap population (OP) and their percentage change with respect
to clean surface are listed in Table 2. The final adsorption geometry
and atoms involved in the OPs are indicates in Fig. 2.

We can see from Table 2 that Co-Co bonds lengths have a small
increment after methanol adsorption. Similar behavior present the
Pt-Co distances except for Pt;—Coq, which is shortened after adsor-
bate interaction because of the increment presented on Co;—Co,
and the Co; atom movement. On the other hand, the Pt-Pt bond
lengths do not present significative changes.

Bond Order (BO), overlap population (OP) and OP percentage change with respect to clean surface (AOP%) for CH3OH/PtCo(111) before and after molecular adsorption. The

geometry is shown in Fig. 2.

Bond or BO Distances (A)

before after AOP% before after ABO% before after
Pt; < Pty 0.578 0.580 0.3 0.830 0.834 0.5 2.540 2.539
Pt; < Pt 0.578 0.575 -0.5 0.830 0.827 -04 2.540 2.541
Co; < Coy 0.291 0.264 -93 0.325 0.279 -14.1 2.538 2.571
Coy <> Cos 0.297 0.261 -12.1 0.325 0.276 -15.1 2.541 2.550
Pt; < Coq 0.293 0.258 -11.9 0.320 0.273 -14.7 2.799 2.764
Pt; < Cos 0.408 0.396 -2.94 0.509 0.489 -39 2.583 2.591
Pt; < Cos 0.293 0.293 0 0.320 0319 -0.3 2.801 2.807
Pt; <> Coq 0.408 0.364 -10.8 0.509 0.436 -14.3 2.584 2.600
Pt; < Coy 0.293 0.294 0.3 0.320 0.320 0 2.802 2.873
0«C 0.803 0.737 -8.2 1.452 1.275 -12.2 1.429 1.444
O« H, 0.033 0.035 6.1 0.044 0.037 -15.9 2.035 2.057
0« H; 0.028 0.028 0 0.038 0.029 -23.7 2.110 2.102
O« H; 0.025 0.028 12.0 0.038 0.029 -23.7 2.110 2.091
O« Hy 0.552 0.466 -15.6 0.826 0.652 -21.1 0.972 0.979
C<H,y 0.560 0.549 -2.0 0.843 0.834 -1.1 1.098 1.096
C<H, 0.578 0.555 -4.0 0.872 0.849 -2.6 1.105 1.100
C<Hs 0.578 0.555 -4.0 0.873 0.848 -2.9 1.105 1.101
C<Hy 0.038 0.040 53 0.043 0.041 -4.6 1.963 2.010
Pt; <0 - 0.041 - - 0.041 - - 3.698
Pt; <0 - 0.046 - - 0.045 - - 3.198
Pt; < Ha - 0.080 - - 0.080 - - 2.682
Co; <0 - 0.535 - - 0.810 - - 2.238
Co; < C - 0.012 - - 0.012 - - 3.492
Coy <> Ha - 0.124 - - 0.137 - - 2.631
Coz <0 - 0.033 - - 0.032 - - 3.119
Coz <> Ha - 0.057 - - 0.058 - - 2.949
Co3 <0 - 0.039 - - 0.039 - - 3.855
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Fig. 3. Charge distribution view around methanol adsorbed on PtCo(111). Red color indicates positive charge and blue negative charge. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

The BO of Pt-Pt bonds do not present noticeable changes after
adsorption, which are consistent with almost no change in their dis-
tances and their electronic charges. The most important change in
BO occurs for Pt3 with a 2.6% (from 4.318 to 4.429); however, total
BO for Pt; change from 4.316 to 4.304 (—0.3%). On the other hand,
BO of metal-Co bonds present changes around —14%. The Co—Co
BO decrease —14.1% and —15.1% for Co;—Co, and Co;—Cos, respec-
tively. The BO Pt-Co bonds decrease about —14.7% for Pt;—Co; and
—14.3% for Pt3—Co; meanwhile Pt;—Cos only decrease in about
—4.0%. The mayor change corresponds to Co; whit about 19% (from
3.053 to 3.636) meanwhile Cos experiment a reduction of its total
BO of only about —1.4% (from 3.053 to 3.009).

Considering the atoms from methanol molecule, the total BO for
O change from 2.399 to 3.093 (28.9%), Cfrom 4.083 t0 3.890 (—4.7%),
H; from 0.936 to 0.926 (—1.1%), H, from 0.965 to 0.934 (—3.0%),
Hs from 0.965 to 0.936 (—3.2%) and H4 (H from O—H) from 0.879
to 1.002 (+14.0%). All atom-atom BO from the molecule adsorbed
decrease after adsorption, which is consistent with an elongated
bond distances. In the case of the adsorbate-substrate bonds, the
most significative BO changes correspond to the Co;—0 and Co;—H4
with 0.810 and 0.137, respectively (see Table 2).

The Bader charge difference was computed for CH30H/PtCo sys-
tem. The most affected atoms are Coq, O and C atoms with a change
of 32.0% (from —0.415 to —0.548), 45.0% (from 1.175 to 1.706) and
—14.0% (from —0.670 to —0.571) respectively. The Hy (OH bond)
present a small change (0.3%) and the H atoms bonded to C do not
show relevant charge differences.

10

The BO reduction (increase) of a particular atom-atom bond is
linked to the bond elongated (shortened) distance. The decrease in
the atom total BO value corresponds to a negative Baderis charge
difference percentage; that is, the atom electronic charge density
decreases in reference to its initial value.

Similar consideration about bonding can be seen from changes
in the OP. The main result is that the methanol adsorption modifies
the overlap population for the surface atoms nearby the adsorbate
final location (see Table 2).

Fig. 3 shows the electron density distribution of the methanol
adsorbed on the most favorable site. The charge density difference
(Ap) isosurface is calculated using the following expression:

Ap = p(CH30H/PtCo) — p(CH30H) — p(PtCo)

where p(PtCo) is the charge density of the relaxed surface and
p(CH30H) is that one of the adsorbed molecule. In this figure it can
be seen that the transferred charge between adsorbate and sub-
strate is consistent with Bader difference charge and previous BO
analysis. So, the charge transfer seems to occur from C atom to O
atom and then to the Co; atom (surface).

Fig. 4 shows the DOS plots before and after methanol adsorption.
The Total DOS curves (see Fig. 4a) present small peaks at —22.3,
—13.0 and —-8.7eV coming from the interaction with methanol.
The region near the Fermi level shows a not uniform spin density
distribution, which is an indication of the magnetic nature of the
surface. The d-band of the metallic surface appears to be wider after
adsorption (see Fig. 4a). The PDOS curves for Pt and Co atoms do

Total

Pt,

Co, CH,OH

_—_:-—ﬂ o

Energy (eV)

o

DOS (states/eV)

Fig.4. DOS curves for the CH30H/PtCo(111) before and after molecule adsorption. (a) Total, (b) projected on Pt atom from surface, (c) projected on Co atom and (d) projected
DOS curves for the methanol molecule. The dashed red line indicates the curve before molecule adsorption. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)
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Table 3
Vibrational frequencies of methanol (in cm~'). (The nomenclature used is the same that in Ref. [57]).
CH3O0H (g)? Pt(111) top® Ru(0001)top® Vacuum TOP Co
Exp. HREELS GAUSSIAN VASP VASP
v(0—H) —stretch— 3510 3714 3669.1 3832.1 3582.0
v(CH3) —stretch— 2994 3101 3035.8 3063.6 3087.2
2969 3067 2983.1 2998.5 3036.6
2926 2989 2920.6 2942.0 2971.1
2822
8,5(CH3) —bend— 1454 1426 1452.6 1456.7 1452.1
1440.8 1445.1 1440.5
85(CH3) —bend— 1403.4 1420.5 1418.3
v(CH30H) in phase 1304 1274 1289.9 1315.6 1287.5
v(CH30H) out of plane 1123.8 1130.1 1130.7
v(CH30H) out of phase 1061 1057 1030.1 1045.8 1049.9
v(CO) —stretch— 975 961 981.6 988.8 982.6
v(Co—0) - - - - 190.1

2 Taken from Ref. [56].
b 0—bond, one methyl H toward surface taken from Ref. [19].
¢ Taken from Ref. [57].

no present significative changes after adsorption except for small
peaks located at —22.3, —13.0 and —8.7 eV on PDOS for Co (see
Fig. 4b and c). Fig. 4d shows the CH3OH PDOS curve before and after
adsorption. The shift of the black curve to lower energies indicates
that methanol molecule is stabilized after adsorption. From Fig. 4c
and d it can be seen that the adsorbate-surface interaction is mainly
through the Co atom located just below the molecule. In addition,
the concentration of charge around the hydroxyl group and Co; in
Fig. 3 is consistent with the hybridization shown in Fig. 4.

Finally, vibrational frequencies for methanol and O—Co bond are
giveninTable 3.The agreement between the experimental data[56]
and the calculated for methanol in this top configuration is quite
good. The calculated vibrational frequencies for adsorbed methanol
are similar to those reported for Pt(111) [19] and Ru(0001) [57] in
top configuration. The calculated bands at 1287-1452cm~! cor-
respond to the C—H bending modes, while those in the range
2971-3582cm™! correspond to C—H and O—H stretching bands.
The vibrational mode located at 983 cm~! corresponds to the C—0O
stretching mode in methanol. The 1050-1287 cm~! bands corre-
spond to the mixed bending modes that consider the vibrational
motion on no parallel to the methanol symmetry plane (out of
plane) and in phase and out of phase. The Co—O calculated fre-
quency is 250 cm~!, which is similar with the reported by Bigotto
et al. [58]. All the determined vibrational frequencies for methanol
present a red shift compared to the gas-phase.

4. Conclusions

We investigated the methanol adsorption on PtCo(111) sur-
face with an uniform distribution of metallic atoms. Co Top site
is the most stable adsorption position with an adsorption energy
of —0.92 eV. The molecule is adsorbed at a distance of 2.24 A over
the surface and it presents a small distortion after adsorption. The
C—0—Co bond angle is 142° and the C—0—H bond angle is about
111°. The C—0 and O—H bonds show a small elongation whereas
the C—H bonds are shortened.

BO metal-Co bonds present changes around —14%. The mayor
total BO change for Co atoms corresponds to Co; but Co3 experi-
ment a reduction of its total BO. The total BO for O atom and for the
H bonded to it increase 28.9% and 14.0%, respectively.

The methanol adsorption modifies the overlap population from
the surface atoms nearby the adsorbate inits final location. A charge
transfer from C atom to O atom and then to the Co; atom on the
surface is predicted from computational calculations and can be
seen in Fig. 3.

The main result of this work is that the interaction of methanol
with a PtCo surface is favorable. The changes of the C—0 and O—H
bond distances and the C—0—Co bond angle upon adsorption, thus
constituting that the CH3OH adsorption on PtCo(111) is not very
strong and required the inclusion of van der Waals corrections.
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