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How can we understand the nature of the chemical 

bonding between surfaces and adsorbates?

Surface Chemical Bond

E

ȹE
With catalyst

Without 
catalyst

Energy

ÅMolecular adsorption

ÅDissociation

ÅSurface reaction

ÅDesorption

Elementary steps of  catalytic 

conversion
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What determines catalytic activity?

Surface Chemistry 101
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Chemical shift

Chemical Shifts

(Siegbahn et al.) Lab x-ray source: Resolution = ~ 0.5 eV (mono)

Provides information about

ÁKind of  atom

ÁNumber of  atoms

ÁChemical shift
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Hydrogen storage

Applications of  sp2 carbon

Carbon allotropes

Diamond
sp3 hybridizationsp2 hybridization

Graphene sheet,  carbon nanotube (CNT)
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Graphene on metal surfaces

Single layer graphene grown on Pt(111)

Nitrogen doping Hydrogen doping

N H
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Chemical Shift: Nitrogen Doped Graphene

N 1s XPS Different Nitrogen groups in N-doped 

Graphene:  Ideal metal-free electrode material

Pyridinic N rich 

(patchy film)

No graphitic N

Appl. Surf. Sci., 495, 143518 (2019) 

Graphitic N Pyridinic N Edge-pyridinic N

Pyrrolic N
Nitrilic N

hǫ = 700 eV

Graphitic N (n-type)

Pyridinic N (p-type) ɸ Lewis basicity (electron donor)

Materials Today Chemistry, 38, 102081 (2024)

Graphitic N Pyridinic N Edge-

pyridinic NPyyolic N

Homogenious film



SESAME SUNSTONE 2025.04.21sarpkayaLAB.ku.edu.tr

Chemical shift: Hydrogenation of Single Layer Graphene on Subsurface Alloys

Carbon, 170, 636 (2020)

Hydrogenation of  graphene grown on 

Fe and Co subsurface alloys on Pt(111)

C 1s XPS C 1s XPS
hǫ = 405 eV

Graphene H -Graphene

24.8 % H

26.6 % H

22.2 % H

H coverage can be 

quantified

Peak shift: a measure 

of  graphene surface 

interaction
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Chemical shift: Hydrogenation of Single Layer Graphene on Subsurface Alloys

Carbon 170, 636 (2020)

Hydrogenation of  graphene grown on 

Fe and Co subsurface alloys on Pt(111)

Pt 4f  XPS Pt 4f  XPS
hǫ = 189 eV

Graphene H -Graphene

24.8 % H

26.6 % H

22.2 % H

H coverage can be 

quantified

S peak shift: a 

measure of  graphene 

surface interaction



SESAME SUNSTONE 2025.04.21sarpkayaLAB.ku.edu.tr

Chemical shift: Hydrogenation of Single Layer Graphene on Subsurface Alloys

Charge transfer from Fe and Co to 

the subsurface atoms to the surface 

Pt(111) atoms: Reduces the extent 

of  p-doping on graphene 

C 1s XPS Pt 4f7/2 XPS



SESAME SUNSTONE 2025.04.21sarpkayaLAB.ku.edu.tr

Polarization: Single Layer Graphene on Pt(111)

Symmetry resolved measurements: C K-edge XAS

Symmetry forbidden Ǯ* resonance 

in Ǳ symmetry XAS.

Attributed to rippling of  graphene ð 

Moiré lattice.

Polarization vector is 

perpendicular to the 

surface

Polarization vector is 

paralel to the surface
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Polarization: Hydrogenation of Single Layer Graphene on Pt(111)

STM indicates 

preferential ôquantum 

dot typeõ 

hydrogenation

Broadening of  excitonic peak.

Appearance of  C-H feature.

Enhanced corrugation of  SLG after hydrogenation.

C K-edge XAS C K-edge XAS
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Polarization and chemical shift: Hydrogenation of Single Layer Graphene on Pt(111)

Excitation energy (hnin) ~ 287.5 eV, we excite the C-H resonance, we 

observe more emission close to EF for HSLG than SLG

Phys. Rev. B, 86, 075417 (2012)

Phys. Rev. Lett., 111, 085503 (2013) 
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The Blyholder Model of Chemisorption of CO

CO as a model adsorbate ÅMO of gas-phaseCO

ÅThewavefunction changessignin

going from theregion shown by

different color

The 5Ǳ orbital is localized 

on the C end of  the 

molecule. The 2Ǯ* is 

symmetrically distributed 

along the molecular axis.

5Ǳ orbital is completely occupied as it lies 

below the Fermi energy. It interacts strongly 

with the metallic electronic states. Effectively, 

the electron density of  the 5Ǳ orbital is 

donated to the metal and new hybrid 

electronic states are formed (donation)

The 2Ǯ* is partially occupied. The 2Ǯ* orbital 

accepts electron density from the metal 

through a process known as backdonation.
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XPS is structure sensitive: CO on Pt(111)

SurfaceScience, 315, L983 (1994)

SurfaceBulk
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O2 dissociation on Pt(111)

TP-XPS of a partial O2 adlayer

Temperature ramp ~ 0.1 K/s = 0.7 K/sweep

0.40 ML
molecular oxygen

0.20 ML
atomic oxygen

Onset ~ 110 K

Completion ~ 130 K

J. Chem. Phys., 133, 224701 (2010)

O 1s
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O2(ads) + O(ads)

O2(ads)

O(ads)

O2(g)

Dissociation  

O2(ads) + Pt Ą 2O(ads) vdiss = 1011ð1013 s-1
  Ediss ~ 0.32 ±  0.03 eV 

Desorption

O2(ads) Ą O2(g) + Pt vdes = 1013 s-1  Edes ~ 0.37 ±  0.01 eV

Constrained Floating

O2 dissociation on Pt(111)

Mean-field simulations of a 

saturated O2 adlayer 

Desorption and 

dissociation are 

competing
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Adlayers and Oxides

Near-ambient O2 pressures are needed to generate Ǧ > 0.25 ML

Either more aggressive oxidants or higher pressures are 

required to dorm high surface coverage



SESAME SUNSTONE 2025.04.21sarpkayaLAB.ku.edu.tr

Pt 4f/O 1s XPS

K.E. ~ 200 eV

hn = 275 or 735 eV

normal incidence

e-

e-

e-

e-

e-

e-

e-

e-

e-

e-

e-

Oxide Formation on the Pt(111) Surface

Surface oxide formation 

and transformation to the 

Pt bulk oxide on Pt(111) in 

ambient conditions.

Phys. Rev. Lett. 107, 195502 (2011).

Pt 4f
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O 1s XPS: O(ad), OH(ad), OOH(ad), H2O(ad)

Oxygen Species on the Pt(111) Surface

Various adsorbate species can be stabilized on Pt(111)

under high temperature and pressure conditions.
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O 1s XPS: O(ad), OH(ad), OOH(ad), H2O(ad)

Oxygen Species on the Pt(111) Surface

Various adsorbate species can be stabilized on Pt(111)

under high temperature and pressure conditions.
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O 1s XPS: O(ad), OH(ad), OOH(ad), H2O(ad)

Oxygen Species on the Pt(111) Surface

Various adsorbate species can be stabilized on Pt(111)

under high temperature and pressure conditions.

O(ad)
OH(ad)

H2O(ad)
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O 1s XPS: O(ad), OH(ad), OOH(ad), H2O(ad)

Oxygen Species on the Pt(111) Surface

Various adsorbate species can be stabilized on Pt(111)

under high temperature and pressure conditions.

O(ad)
OH(ad)

H2O(ad)
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Oxygen Species on the Pt(111) Surface

hn = 525 to 555 eV

O K edge

grazing incidence

E
E

O(KVV) Auger electrons

K.E. ~ 500 eV

e-

e-

e-

e-

e-

e-

e-

e-

e-

e-

e-

O K-edge XAS: Signatures of  high-coverage oxygen layers

Chemisorbed O

PtO

PtO2
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Oxygen Species on the Pt(111) Surface

Experimental spectra

ÅBinding-energy scale 

determined from O 1s XPS

Theoretical spectra 

ÅHalf-core-hole transition-

potential approach in GPAW

ÅMultiple scattering simulations 

using FEFF qualitatively 

similar
bulk PtOx

phases
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Reactivity of Chemisorbed O, PtO (4O-Pt), and PtO2 towards H2

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

ex situ after dosing 

2 × 10-8 Torr H2 at 300 K

Phys. Rev. Lett. 2011, 107, 195502.


