. HOKKAIDO UNIVERSITY

Mechanistic study of formic acid oxidation reaction on noble metal electrodes [an abstract of

Title dissertation and a summary of dissertation review]
Author (s) &0,
Degree Grantor biEEKE
Degree Name Bt (RERZF)

Dissertation Number FHE126815

Issue Date 2017-03-23
Doc URL https://hdl. handle.net/2115/65315
Rights(URL) https://creativecommons.org/licenses/by-nc-sa/2.1/jp/
Type doctoral thesis
File Information Momo Yaguchi abstract.pdf, BRXHBDEE

kaid
e U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




AW XN A 0 HEF
it ERETR) K 4 K A #k

L =S

Mechanistic study of formic acid oxidation reaction on noble metal electrodes

(B T 238U 2 AR LA SR8 2 B9~ D F5E)

In this thesis, the mechanism of the electrochemical formic acid/formate oxidation reaction was
systematically investigated on various noble metal electrodes. Throughout the thesis, in-situ surface-enhanced
infrared absorption spectroscopy with the ATR configuration (ATR-SEIRAS) coupled with electrochemical
techniques is used that enables direct observation of the electrified interface at a molecular scale.

Chapter 3 highlights the difference in the pK, between the species at the interface and in the bulk solution.
Systematic investigations of phosphate anion adsorption on polycrystalline Au over a wide range of pH reveal
that there are two different adsorbed phosphate species. The pH-dependences of the integrated band intensity of
these two adsorbed phosphate suggest that the acid-base equilibrium of these two adsorbed phosphate species
appears at pH around 7. Although the acid-base equilibrium at similar pH is the one between HPO,> and
H,PO4 in the bulk solution, the H/D exchange studies and DFT calculations indicate the acid-base equilibrium
between the adsorbed HPO,4 and PO, at the interface. Together, the adsorbed phosphate species are revealed as
the HPO,4 and PO, adsorbed via three O atoms on Au at pH <7 and pH > 8, respectively.

Chapter 4 formulates a reaction mechanism of the electrocatalytic oxidation of formic acid/formate on
polycrystalline Au, Pt and Pd. The oxidation current on all materials increases with increasing the molar fraction
of formiate ion in the bulk solution, suggesting that the dominant reactant is the formate ion and it is universal. A
volcano-shaped pH-current correlation, peaking at pH 4-5, is found on Au and Pt, while not on Pd. At pH <5,
the least and most active material is Au and Pt, respectively. Pd is highly active under neutral and alkaline

conditions. Surface-adsorbate profiles against applied potentials and pH reveal that the coverage of the adsorbed



bridge-bonded formate (HCOOg) displays linear correlation with the oxidation current on Au, but not on Pt and
Pd. With the Tafel analyses, it is revealed that HCOOg is the reactive intermediate and its chemical
decomposition is the rate-determining step on Au. In contrast, HCOOg does not play a critical role in catalysis on
Pt and Pd. The dominant route on Pt and Pd is the direct pathway via a reactive intermediate, which is not
HCOOg, with the rate-determining adsorption of formate ion involving single electron-transfer. In addition, it is
also revealed that the observed activity decay at pH > 5 on Au and Pt is caused due to the specific adsorption of
phosphate anions from the electrolyte that act as inhibitor. Together, it is suggested that the difference in the
dominant reaction route on each material leads to the difference in the catalytic activity.

In summary, the mechanistic basis of electrochemical formic acid/formate oxidation reaction was rationally
established by using a combination of ATR-SEIRAS and electrochemical techniques. Since the electrochemical
formic acid/formate oxidation reaction is one of the important electrochemical reactions employed in fuel cells
applications, a better understanding of the reaction mechanism can contribute to the rational design of more
effective electrocatalysts. In this context, this thesis is focused on the fundamental aspects of chemical process
and reaction occurring at the electrode-electrolyte interface yet related to the implementation of future renewable

energy technology.



