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XX--Ray Photoelectron Spectrometer (XPS)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 Example 1: Oxidation State of CeCe under under 
reaction conditions (COreaction conditions (CO22 + CH+ CH44 reaction)reaction)

CeO2 (all Ce4+)

If Ce oxide is stoichiometric, (that is, no O 
vacancies) then 100 % as Ce4+

If vacancies are formed, then Ce3+

Ce3+
O



930 920 910 900 890 880

u’”

v’”

u

u peaks = Ce 3d3/2
v peaks = Ce 3d5/2

u’
u”

v’
v”

v

Binding Energy (eV)

0

3

6

9

12

15

0 25 50 75 100
% CeO2 in mixture

%
 u

'" 
in

 C
e 

3d
 re

gi
on

Ref.:  J.Z. Shyu, et al. ,
J. Phys. Chem. 92, 4964 (1988)
J. Catal., 114, 23 (1988) 

Under reaction conditions two 
reactions occur:

• Ce4+ to Ce3+

by reduction with CH4

• Ce3+ to Ce4+

by oxidation with CO2 83 %Reaction 
CH4:CO2 = 1:1

65 %Reduction in CO
at 760C

82 %Reaction 
CH4:CO2 = 1:1

100 %Oxidation in O2

at 760C

% Ce4+Pretreatment



Example 2Example 2::
SingleSingle--walledwalled

carbon nanotubescarbon nanotubes

Large-scale production 
of High-quality SWNT



The The CoMoCATCoMoCAT productproduct

STM

TEM

50 300 550 800 1050 1300 1550 1800

Raman

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

350 600 850 1100 1350 1600
Wavelength (nm)

A
bs

or
pt

io
n

Optical Absorption

(6,5)

(6,5)



DURING
REACTION

BEFORE
REACTION

Mo oxide

surface Co molybdate
excess excess 

CoCo

metallicmetallic
CoCoMo oxideMo carbide

metallic metallic 
CoCo

Example 2: CoExample 2: Co--Mo catalysts for nanotube Mo catalysts for nanotube 
synthesis (SWNT)synthesis (SWNT)



Characterization of the Catalysts After CalcinationCharacterization of the Catalysts After Calcination

Mo oxide

surface Co molybdatesurface Co molybdate
excess excess 

CoCo

Selective Unselective
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XPSXPS

A much larger 
fraction of Co gets 
reduced as the 
Co/Mo ratio 
increases 0
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Characterization of the Catalysts After ReductionCharacterization of the Catalysts After Reduction

Mo oxide

surface Co molybdatesurface Co molybdate
excess excess 

CoCo

Selective Unselective
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Sputter Depth Profiling Sputter Depth Profiling 

- Ion energy: 5 keV.
- 2 µA current intensity 
- about 1.7.10-7 mbar 
pressure 
- Ion gun emission 
current: 13.5 mA (90% of 
15 mA) 
- Ion incidence angle: 62°
- Sputtering time per 
cycle: 90 seconds 

Typical Conditions
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Example 3Example 3:  Purification of Single:  Purification of Single--walledwalled
carbon nanotubescarbon nanotubes
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XPS Valence bandXPS Valence band

-5 0 5 10 15 20 25 30 35

0

100

200

300

400

500

600

700

Binding energy (eV)

 Raw5H
 Oxid5H
 Puri5H

PUREPURE

RAWRAW OXIDOXID

PUREPURE

RAWRAW OXIDOXID



XX--Ray Photoelectron Spectroscopy (XPS) Ray Photoelectron Spectroscopy (XPS) 
at the University of Oklahomaat the University of Oklahoma

• Widely used surface analysis technique
• Capabilities:

– Two X-ray sources (monochromatic)
– Argon sputtering profiles
– Ex-situ treatments

• Projects supported:
– Catalysis
– Nanotubes
– Fibers and textiles
– Polymers

–Environmental science
–Electrochemistry
–Fuel Cells
–Metal alloys
–Composites


