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The Quantum Chemical Study of Hydrogen

Adsorption at Platinum Electrodes

ABSTRACT

Hydrogen adsorption on platinum surface is one of the most important
systems, both in catalysis and electrochemistry. Although it has long been a
hot subject for chemists, complete understanding of this system, especialy
the electrochemical surface aspects of hydrogen adsorption on metallic
electrodes and absorption into host metals as well as the hydrogen evolution
reaction process dtill remains vague and requires further elucidation.
Therefore, theoretical study of this system, by the aid of contemporary
spectroscopic experiments, is significant for deepening our understanding
the microscopic nature of H dectroadsorption at platinum electrodes.

Quantum chemistry can afford an effective way to reveal the nature of
chemisorption on transition metal surface at molecular level because of the
local feature of metal-adsorbate bonds. However, the theoretical studies on
electrochemical adsorption and reactions on electrode surfaces are very
limited due to the complication of electrochemical interfaces. It is, therefore,
a challenging work to apply quantum chemical cluster model to theoretical
study of the eectrochemical adsorption and its pectroscopic properties.

On the above background, this work use the first principle method of

guantum chemistry— ab initio and density function theory to study the H/Pt
electroadsorption system and its vibrational spectroscopic properties for the
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firg time. The main reaultsin this thes's are summarized as follows:

1. On the base of density function hybrid method B3LY P, cluster model
has been employed to model the hydrogen electroadsorption, study the
effects of many factors including electric field and coverage, and also
explain the spectroscopic data

(1) Two ad-clusters, [HP&(5,0)] and [HsPts(5,0)]°, have been chosen to
model the low coverage and high coverage of the ontop adsorption of H on
Pt(100) respectively. The calculation results show that the spectroscopic
properties of Pt-H bond are sensitive to the surface coverage and electrode
potentials. The high coverage and negative potential can enhance the Raman
spectroscopic intensity of Pt-H bond. The experimentally observed red shift
of Pt-H frequency with a decrease of electrode potential would originate
from the laterd interaction of P-H bond.

(2) In our study, We have compared the two ways of modeling the
charged surface, i.e. charged cluster model and external uniform electric
field model. It is indicated in our study that the results of charged cluster
model agree well with the surface enhanced Raman scattering spectroscopic
experiments. It is found that the main effect of charging a cluster is to alter
its HOMO and LUMO levels, which correctly reflects the fact that the
applied electrode potentials change the Fermi level of the electrode.
Consequently, the charged cluster model produces a more reasonable
computationd resuilt.

(3) [HPu(3,1)]® ad-cluster has been employed to model the H
electroadsorption at hcp-hollow site of Pt(111). Our calculation results
indicate that there is little possibility for existing a subsurface H at this site if
the surface is uncharged. Negative surface charges, on the other hand, can

favor the appearance of subsurface H. The finitefield calculation results
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show that the IR and Raman spectroscopic intensities are considerable; If
there is this kind of H adsorbates in the UPD region, it is possible to detect
its signals in spectroscopic experiments. We also made attempts to choose
the HPt5(4,1) ad-cluster to model H adsorption at different sites of Pt(111).
The results show that if the factors of eectric field and coverage are not
considered, the most favorable adsorption site is fcc- hollow, and top, bridge,
hcp-hollow site follow as sequence. Our frequency results presented in this
thesis also suggest that the band 1230cmit in EELS experiment arise from a
multiple coordinated hydrogen atom vibrating normd to the surface.

2. Ab initio CIS method has been applied to calculate the electron
trandition dipole, its excitation energy and oscillator strength so as to
analysis the polarizability and discuss the relation between the excitation line
and surface Raman spectroscopic feature. It is showed in our results that the
Raman spectroscopic intensities of H adsorption at different surface sites are
dependent on the excitation lines. The excitation line of 514.5nm, which is
used in our present Raman spectroscopic experiments, is only helpful to

detect the Sgnd s arisen from on-top adsorption.

We can tell from the above study, the quantum chemical cluster model
Is a powerful tool for describing the phenomena occurring at electrochemical
interfaces, and it is aso very helpful to deepen our understanding of

interfacid structures and reaction processes at the molecular leve.
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