










10/27/12	



21	



More reactive Pt: Pt/Au(111)	



1.  D. Friebel et al.,  Angew. Chem.  Int Ed. 50 (2011) 10190.	



Oxidation of Pt/Au(111) ends with higher oxidation state	


Only on Au: loss of Pt during potential cycling => oxidation mechanism 
involves Pt dissolution, maybe oxide precipitation	


	


	


	



H2 oxidation	



Pt 4f XPS and in-plane O K-edge XAS	


ex situ after dosing 2 × 10-8 Torr H2 at 300 K	
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Ambient Pressure Photo Electron Spectroscopy 
(APPES)	



Instrument at the Stanford Synchrotron Radiation Lightsource	



APPES compatible Fuel cell	


O2	



Carbon 
support	



Nafion	



Pt 
nanoparticles	



Connections to Potentiostat	



H2O	



H2O	



H2	



APXPS compatible Fuel cell	
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OCP response	



OCP spectral changes	



O1s 670 eV	


Pback= Fixed	


PFront= Fixed	



Potential	



Binding Energy (eV)	



Gas Phase	


Surface 	


Species	



OCP changes 
can be related 

to surface 
changes	
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Spectra in context of the OCP	



Binding Energy (eV)	
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Running Fuel Cell results	


Features seem to 

mirror OCP  trends	



I	



Binding Energy (eV)	



P(O2)	



0 μA	



10 μA	



15 μA	



20 μA 	



24 μA	



Current	



0 torr	



0.15 torr	



0.5 torr	



0.8 torr	



2 torr	





10/27/12	



25	



Comparing to Standards	



Binding Energy (eV)	



OH +H2O	



Atomic O	



OH + 
Atomic O	



Comparing to Standards	



Multilayer 
Water	



Single layer 
Water	



Binding Energy (eV)	

Binding Energy (eV)	



OH +H2O	



Atomic O	



OH + 
Atomic O	
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Data Deconvolution	



OH/H2O	


O	



OH/dry	


OH/H2O	



H2O adsorbed	



• 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/cm2 which translates to a TOF = 1-10 s-1	



4OH-         O2 + 2H2O + 4e-	

 4H2O + 4e-        H2 + 4OH-	



EOER = 1.23 V	

 ηc = 0.05 – 0.10 V 	

ηa = 0.30 V 	



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



Charge Driven Splitting of H2O 
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Measured OER overpotential  versus heat of bulk oxide 
formation [S. Trasatti. Electrochimica Acta. 29 (1984) 1503]	
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Acid electrolyte	


Base electrolyte	



2 H2O + 4 e-       4OH- + 2 H2	


4 OH-         O2 + 2 H2O + 4 e- 	



η = E – E0  E0 = 1.23 V	



• NiO and Co3O4 are 
earth-abundant but 
not as active as RuO2 

or IrO2	



Catalyst Composition and OP for OER 
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Probing the electronic structure in 3d metal oxides	



In situ HERFD XAS	


	


K edge	


	


Dipole selection rule	


	


1s       4p	


	


Quadrupole	


	


1s       3d (same site)	


	


Hybridization	


	


1s       3d through 4p	


Neighboring site 	


	



Anders Nilsson	



Probing the electronic structure in 3d metal oxides	



Resonant inelastic x-ray scattering (RIXS)	



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

constant excitation energy → L2,3 XAS, “record soft x-ray absorption using hard x-rays” 

Anders Nilsson	





10/27/12	



29	



Co coordination in electrodeposited Co oxide/Au(111)	


collaboration with Bell group	



RIXS planes of standard compounds	


CoO	

 Co(OH)2	



CoO(OH)	

Co3O4	



In situ RIXS:	


Co/Au(111), -1.06 V	



Resembles CoO(OH) but with 
weaker non-local resonance	


	


Any Co(II) containing oxides can be 
ruled out by comparison with 
standards	



Anders Nilsson	



Co coordination in electrodeposited Co oxide/Au(111)	



Comparison with literature:1 CoO(OH) vs. LiCoO2, AgCoO2	



CoO(OH)	

 Lit.: AgCoO2	

 Lit.: LiCoO2	



Layer structures in XCoO2	



X = H, Ag	

 X = Li	



Li–O more ionic, octahedral 
coordination 
 
H–O, Ag–O more covalent, 
linear coordination 

[1] Vankó, G. et al. arXiv:0802.2744 2008. 

Anders Nilsson	
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Potential-dependent changes – in situ RIXS 
-1.06 
V	



-0.25 V	



+0.62 V – visible OER 
+0.20 V	



RIXS standard:	


CoO(OH)	



Working hypothesis: potential-
induced transition from 
CoO(OH) 	


towards HxNa1-xCoO2	


	



Anders Nilsson	



Potential-dependent changes – in situ HERFD XAS 

Working hypothesis: potential-induced 
transition from CoO(OH) towards 
HxNa1-xCoO2 
 
Subtle shift of main edge indicates very 
small increase of Co(III+� ) 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(III+δ)	


	


•  Observing changes in MoS2 catalyst during HER 

conditions	
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