














Oxidation of Pt/Au(l I I) ends with higher oxidation state
Only on Au: loss of Pt during potential cycling => oxidation mechanism
involves Pt dissolution, maybe oxide precipitation
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H, oxidation

Pt 4f XPS and in-plane O K-edge XAS
ex situ after dosing 2 x | Torr H, at 300 K
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Instrument at the Stanford Synchrotron Radiation Lightsource
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OCP response

l P(0,)= 04 Torr P(O,)=5 Torr
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Spectra in context of the OCP

Features seem to
mirror OCP trends
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Comparing to Standards
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Data Deconvolution

Charge Driven Splitting of H,O

The overall efficiency for electrochemcial splitting of water is
limited by the high overpotential for OER

OXygen  anode  Cathode hydrogen
I,

{ ‘I/>
m—

40H- = O, +2H,0 +4e- 8 4H,0 +4e © H, + 40H"

Eoer = 123V 1, =0.05-0.10V

*The activity of the OER catalyst must be increased in order to
decrease the overpotential for the electrochemical splitting of water
* Target activity is 10 ma/cm? which translates to a TOF = |-10 s
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Catalyst Composition and OP for OER\

| M=E—E =123V

*NiO and Co;0, are
earth-abundant but
not as active as RuO,
or IrO,

o Acid electrolyte™.,
o Base electrolyte

“. Fe0,
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40H-, O,+2H,0+4e
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Measured OER overpotential versus heat of bulk oxide
formation [S.Trasatti. Electrochimica Acta. 29 (1984) 1503]

In Situ Raman Spectra of Bulk Co
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Probing the electronic structure in 3d metal oxides

In situ HERFD XAS ! :
Is'3d"4p'

K edge
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Energy (eV)

Anders Nilsson

Probing the electronic structure in 3d metal oxides

Resonant inelastic x-ray scattering (RIXS)

A intermediate
states
Is'3d"4p'

Is'3d (3d""'
Kot emission

Is'3d™!
final states
2p53d"*| " 1s—3d (local)
energy
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excitation energy

Cross-sections through RIXS plane
constant emission energy — HERFD XAS

constant excitation energy — L, 3 XAS, “record soft x-ray absorption using hard x-rays”

Anders Nilsson
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Co coordination in electrodeposited Co oxide/Au( 11 1)
collaboration with Bell group

RIXS planes of standard compounds
CoO , __Co(OH),

In situ RIXS:
Co/Au(lll), -1.06 V
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Any Co(ll) containing oxides can be
ruled out by comparison with
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[11Vanks, G. et al. arXiv:0802.2744 2008.
Layer structures in XCoO,

Li—~O more ionic, octahedral
coordination

H-O,Ag-O more covalent,
linear coordination

Anders Nilsson
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Potential-dependent changes — in situ RIXS

RIXS standard:
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Anders Nilsson

Is—4p
main edge ~

Energy Transfer (eV)

4 * y 4
. '+§,' 1543
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Normalized Absorption
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Subtle shift of main edge indicates very
small increase of Co(lll+Z) oxidation
state

Anders Nilsson
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Summary

Success in probing both chemisorbed species and
oxides of Pt catalyst during ORR

Development of XPS into in-situ electrochemical §
environments

Probing surface species during ORR

RIXS of CoO(OH) and intercalation of Cations
during OER conditions and Co(lll+J)

Observing changes in MoS, catalyst during HER
conditions
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