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X-Ray Photoelectron Spectrometer (XPS)

XPS measures electrons emitted at an energy according to their binding
energy.

Each chemical element is characterized by a single spectrum

XPS makes it possible to analyze chemical composition of surface and
identify its chemical state.
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Example 1. Oxidation State of Ce under
reaction conditions (CO, + CH, reaction)

" |f Ce oxide is stoichiometric, (that is,no O

vacancies) then 100 % as Ce#*

® fvacancies are formed, then Ce3*

CeO, (all Ce*) C93+/'

O

Pt (111)




Ref.: J.Z. Shyu, et al. , 78
c J. Phys. Chem. 92, 4964 (1988)
o 12 - J. Catal., 114, 23 (1988)
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% CeO2 in mixture

Under reaction conditions two
reactions occur:

« Ce* toCe?®
by reduction with CH,

« Ce3" to Ce*
by oxidation with CO,

u peaks = Ce 3d,,
v peaks = Ce 3d;,
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880

Binding Energy (eV)
Pretreatment % Ce?*
Oxidation in O, 100 %

at 760C
Reaction 82 %
CH,CO,=1:1
Reduction in CO 65 %
at 760C
Reaction 83 %

CH,:CO,=1:1




Example 2: .
Single-walled
carbon nanotubes
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Large-scale production
of High-quality SWNT




The CoMoCAT product
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Example 2. Co-Mo catalysts for nanotube
synthesis (SWNT)

BEFORE
REACTION

surface Co molybdate

DURING
REACTION

Mo carbide




Characterization of the Catalysts After Calcination

surface Co molybdate
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Characterization of the Catalysts After Reduction

surface Co molybdate

1L1\|

Mo oxide
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Surface Co/Mo ratio as measured by XPS
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Angle-resolved XPS
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as the temperature of 050 -
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Sputter Depth Profiling

Typical Conditions

- lon energy: 5 keV.

- 2 JA current intensity

- about 1.7.10-7 mbar
pressure

- lon gun emission
current: 13.5 mA (90% of
15 mA)

- lon incidence angle: 62°
- Sputtering time per
cycle: 90 seconds
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Example 3: Purification of Single-walled
carbon nanotubes

O1s
_ C1ls

—— raw5H
oxid5H
puri5H

-7t - r - r T 1t 1T 1 1 1T T °
0 100 200 300 400 500 600 700 800 900 1000 1100
Binding Energy (eV)

FileName Cls Ols Nals Si2p Cl2p Co2p Mo3d Fls
RAW 28.56 49 0.74 21.44 0.15 0 0.12 -
OXID 25.51 51.01 0.65 22.66 0 0 0.17 -
PURE 95.25 4.36 0 0 0 0 0.34 0.05




XPS Valence band
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X-Ray Photoelectron Spectroscopy (XPS)
at the University of Oklahoma

 Widely used surface analysis technique
o Capabillities:
— Two X-ray sources (monochromatic)

— Argon sputtering profiles
— EX-situ treatments

* Projects supported:

— Catalysis —Environmental science
— Nanotubes —Electrochemistry

— Fibers and textiles ~ —Fuel Cells

— Polymers —Metal alloys

—Composites



