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Metal on oxide support

Metal-oxide interfaces are involved in technologically important area

— Composites, protective coatings, and thin film technology,

— Electronic and magnetic devices(MOS, Q-dot, Magnetic recording).
— Soil pollution, nuclear combustible and waste packaging,

— Heterogeneous catalysis, gas sensors and the glass industry.

— The electrical, mechanical,chemical or thermal properties of many
technologically important devices depend on the structure and morphology
of metal-oxide interfaces.
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Metal oxides are used as supports.

e Catalysts, sensors, fuel cells, batteries etc.

— highly dispersed metal clusters (less than a few nm) are
stabilized by a metal-oxide chemical interaction

* A well-defined single crystal oxide

— an ideal model substrate to investigate the metal-oxide
interaction

Cu, Ni, Au, Pt, Pd, Rh,
Ru, particles,

a real system ~_Mmetal oxide surfaces a model system
TiO,, SiO,, Al,O5;, MgO etc.
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X-ray Absorption Fine Structure
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PTRF-EXAFS

Polarization Dependent Total-Reflection Fluorescence
Extended X-ray Absorption Fine Structure
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Total-Reflection mode

0=l

High S/B ratio
Ref. Chun, W. J.; Asakura, K.; lwasawa, Y. J. Phys. Chem. B 1998, 102, 9006-9014.




I8P olarization dependent total reflection fluorescence XAFS

Polarization dependent XAFS(X-ray absorption fine structure) provides us
3D bond information between the cluster and support as well as inside the

cluster o

. olarized :
Amplitude of XAFS o< 3cos? 0 ey PN onizaton
> Chamber('()) deteCtOI‘

Scattering atom ‘ '
. . ionization
ectric vector E: electric @. I chamber(l)

vector single crystal
X-ray absorbing

T

=

perpendicular bond parallel bond

Tanizawa, JPC 2001
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k/10 nm




Polarization-dependent Total Reflection Fluorescence X-ray
Absorption Fine Structure

3D structure information at sub-A resolution in the presence of air
and liquid.

Atomic species, bond distance, coordination, oxidation states, location,
growth direction etc.

1.220 nm

Chem. Phys. J. Phys Chem.,
Lett.,421 B 102(1998)
(2006)p. 27 p. 9006
Et o 0.273 nm
J. Phys Che J. Phys Chem.
B 101(1997) . B 107 (2003)
p.12917

p. 5549



TiIO,(110) :A rutile 110 surface

TiO,(110)-(1 x1)
structure STM image

10nm X 10 nm

Sample Bias Voltage
. +15V
A surface well characterized by Tunneling current

STM, XRD, ISS g NA
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1 x 1073 atoms/cm?; no Ni-Ni bonds were observed

Ni atoms dispersed monoatomically.
In all directions, Ni-O bonds were observed.

Ni atoms preferably interact with O

2005-11-11 JUPUILL L1IWIU sl binnidly, 1VN\NyVv, JUupulili




Adsorption sites on TiO,(110)

We could not reproduce the
spectra with any model on
terrace.

The amount of the adsorption site be 1 x 1013 atoms / cm?




TThe step-site-model-structure

We succeeded to reproduce experimental spectra

0.195 nm 0.200 nm

0.05

Experiment
0:10 = = = Calculated
-0.26

E//[110]

Experiment
= = = Calculated

g B0l 0.205 nm

Experiment

-0.2+ % é; 1 - -1 Calcul'flted [‘I 1 O]

O ot T [001]
2005.11.11 Japan-India Seminar, Tokyo, Japan




Oxygen dangling bonds

Dangling bond of oxygen atoms affords the adsorption
site for Ni.

More than two bonds are necessary to fix the Ni.

Virtual Ti site




Ni on o-Al,0,(0001)

ljima, K.; Koike, Y.; Chun ~J.; Asakura, K. et al. ; Chem,Phys.Lett. 2004, 384, 1

surface Al Aar E//Surface

0 experiment
O 1st layer

shallow Al
in 2nd layer

deeper Al
o in 2nd layer

| | An Al position of
E L surface / the imaginary next layer

o experiment
site-3

b : : : 1 0.109
0.084 0w F s oemm : 0.050

0.000 ; s i 0.000
0 -0.084 ULy g t i v j -0.036
-0.133 o | o

_ o
-.. 4 [ @—0169

¥y |
° ° 1 N
.. scale: nm XAFS OSClllathIlS. R

Adsorption structure

AI203 (0001) surface /

Ni is adsorbed on a virtual Al position over the surface.




Oxygen dangling bonds and adsorption sites.

Ni\TOIZC;iew

o

Side view.

Side view.



‘Conclusions for late transition metal

PS Atomically dispersed state
occurs at low coverage.

#® The interacting site is Oxygen

ato m S . / An AI po\f;ition of
#® The distance indicates the OB oo
bond is rather strong chemical S
bond. P
# The site is the virtual cation ® o
site.
0.195 nm

# The oxygen dangling bond
may play important role.

0.198 nm/
# The late transition metal can 0.205 nm
also interact with anions. [110]

2005.11.11 Japan-India Seminar, Tokyo, Japan




Cu on the TCA-covered surface

\JV

# Premodified surface with thiophene carboxviic -

acid (TCA)

It is on exposed Ti site

# Cu deposition

= evaporation of Cu wire
= 1 ML (monolayer) = 5.2 x 101* /cm? determined by XPS

# Surface structure determined by PTRF-XAFS
= Cu K-edge, Si(111), RT @ KEK-PF BL9A, Tuskuba, Japan

2005.11.11 Japan-India Seminar, Tokyo, Japan




O ANES s

# Cu species on premodified surface is not metallic

= Characteristic the mid-edge features appeared in all orientations
(1s - 4pm* transition)

= The oxidation state of Cu species is monovalent

Cu(mnt),

E // [001]

E // [001]

E//[1-10]
E//[1-10]

E//[110]
E//[110]

Cu foil

Normalized absorbance / arb. unit
Normalized absorbance / arb. unit
Normalized absorbance / arb. unit

0.18 ML
Cu/TiO,(110) Cu/TCA/TIO,(110)

8960 8980 9000 9020 9040 9060 8960 8980 9000 9020 9040 9060 8960 8980 9000 9020 9040 9060
2005.11.11 ppoton endrf@Vndia Seminar, TokyoppaRsienergy / eV Photon energy / eV
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0.18 ML Cu/TiO,(110)
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'EXAFS spectra

& GU/TCA/TIO,(110): No Cu-Cu, Cu-Ti bond but Cu-S was found
all orientation (0.214~216 nm)

0.02 nm shorter than the Cu-S bond lengths found in CuS and Cu(mnt);
+ plays an important role in preventing the diffusion of Cu species
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‘Proposed model of Cu/TCA/TiO,(110)

/
\J

. Two covalent bonds, Cu-S and Cu-O+..., were found

- Two chemical interactions play a role in stabilizing Cu
species and preventing their diffusion

0.10 :
odd E //[001] [110] bridging 0= 50°
% 0.00 /\vmwm -
0,05 _CM/ — observed
' —— calculated
-0.10
E // [1-10]
0.05 —
%o.oo—m/ﬁ\v"\w\
—0.05 —
-0.10
E //[110]
B i1 *scale: nm f=43
:‘s‘éo.oo— \//%WM
005~ C/ The bond angle S-Cu-O was estimated as 165°
~0.10 - Many Cu(l) compounds (monovalent) :
4 5 6 _17 8 9 ; . .
2005.11.11 K/ hgﬂéﬂ-lndia Seminar, TQR%,%E[%HUCture accompanled by two Ilgands.




TPRF-XAFS

L/

# It can provide a small amount of metal
species on top of the oxide surfaces.

m 1 X 1013 CITT2
# 3 dimensional Information can be obtained.

But

# It requires a large flat surface for glazing
angle incidence.

#® For example, 10 mm long flat surface Is
required when beam height is 0.1 mm with
less than 10 mrad

= 0.1/ 0.01=10 mm substrate is necessary.

2005.11.11 Japan-India Seminar, Tokyo, Japan
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