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1960  Ph.D., Chemistry, University of California, Berkeley (UC
Berkeley), CA

1956  B.S., Chemical Engineering, Technical University,
Budapest, Hungary
HAPPOINTMENTS

1964 — Present  Professor, Department of Chemistry, UC
Berkeley

1964 — Present  Faculty Senior Scientist, Lawrence Berkeley
National Laboratory

1960 —1964 Research Staff, IBM, Yorktown Heights,
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BSELECTED HONORS

Somorjai was born in Budapest, Hungary, on May 4, 1935.
He was a fourth year student of Chemical Engineering at the
Technical University in Budapest in 1956 at the outbreak of
the Hungarian Revolution. He left Hungary and emigrated to
the United States, where he received his Ph.D. degree in
Chemistry from the University of California, Berkeley in 1960.
He became a U.S. citizen in 1962.

After graduation, he joined the IBM research staff in
Yorktown Heights, NY, where he remained until 1964. At that
time, he was appointed Assistant Professor of Chemistry at the
UC Berkeley. In 1967, he was named Associate Professor, and
in 1972 promoted to Professor. Concurrent with his faculty
appointment, he is also a Faculty Senior Scientist in the
Materials Sciences Division, and Director of the Surface
Science and Catalysis Program at the Center for Advanced
Materials, at the Lawrence Berkeley National Laboratory.

He was appointed University Professor by the UC Board of
Regents in March of 2002.

Somorjai has educated 140 Ph.D. students and more than
250 postdoctoral fellows, about 100 of which hold faculty
positions and many more are leaders in industry. He is the
author of more than 1000 scientific papers in the fields of
surface chemistry, heterogeneous catalysis, and solid state
chemistry. He has written three textbooks, Principles of
Surface Chemistry, Prentice Hall, 1972; Chemistry in Two
Dimensions: Surfaces, Cornell University Press, 1981
Introduction to Surface Chemistry and Catalysis,
Wiley-Interscience, 1994 and Introduction to Surface
Chemistry and Catalysis, Second Edition, Wiley 2010; and a
monograph, Adsorbed Monolayers on Solid Surfaces,
Springer-Verlag, 1979
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1972  Unilever Visiting Professor, University of Bristol, United Kingdom

1969  Guggenheim Fellowship
Visiting Fellow, Emmanuel College, Cambridge, United Kingdom
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National Academy of Science
American Academy of Arts and Sciences
American Chemical Society
American Physical Society (Fellow)
American Association for the Advancement of Science (Fellow)
Cosmos Club, Washington DC
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This report is the gist of the commemorative lecture at the 32nd Honda Prize Award Ceremony at the Imperial Hotel, Tokyo on
17th November 2011.
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Molecular Understanding of the Science
and Ecotechnologies of Surfaces

Gabor A. Somorijai

f Chemistry and
National Laboratory
University of California, Berkeley
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Science === Technology

_ 7

The success rate of eco-engineeringin the 21
Century is greatly increased by connectingit to
science pursued on the atomic and molecular
level.

In turn the pursuit of ecotechnological goals has
led to some of the most innovative science.




Biointerfaces

Catalysts Nanomaterials
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Sensors
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Single Crystal Surfaces
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Atomic Force Microscopy image of Platinum Nanoparticles/SiO,
Fabricated Using Electron Beam Lithography

Post Reaction Sample

Size: 50 nm

Transmission Electronic Microscopy image of Platinum
Nanoparticle Synthesized by Wet Chemistry

o‘f‘l_
Size: 7.2 nm

Zeolite (Silicalite) Nanoparticles in Mesoporous
Silica (SBA-15)

* Pore size <2 nm * Pores of 2 — 50 nm with

; narrow size distribution
* Pores are ordered with

interconnections = Pores are ordered
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onodispersed nanopartic and 3D
Applications in Catalysis, Tribology, Polymers,
Biointerfaces, Microelectronics, Energy|Conversions,
Envir6nmental Chemistry \n

terfaces

Surface Instruments at High Pressures, Liquid |
M, SFG, AFM, QCM, RAIRS)

Sutface Dynamics
Rapid energy transfer between incident and product molecules
Mobility of the adsorbed molecules along surfaces ing.¢atalyticturnover

urface Thermodynamics
Adsorbate coverage dependent heats of adsorption
Coadsorption induced ordering
Surface segregation

Surface Structure and Bonding
ean surface reconstruction

Adsorbate induced restructuring

Surface defects (steps, kinks) are chemicallyactive

Model Surfaces - Single ctystals, (Metals, Semiconductors)

Surface Instrumer&n Vacuum’(é», AES, LEED, SIMS)
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Three Way Catalyst (TWC) Design
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In 2007, people drive above 300 million miles every day,
which has tripled since 1970.
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Isotactic Polypropylene
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Atactic Polypropylene
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/ Alkanes
Alkenes

CO+H, —

Alcohols
Syn-gas

Aromatics

Exothermic reactions

—Tc BRAREFIRALI-BHERE

* Biomaterials improve our everyday quality of life
— NIH estimates 8-10% of Americans have medical
implants?

* Biological Compatibility of Materials
— Non-Specific Protein Adsorption?

Heart Stent Soft Contact Lens Prosthesis

Soft contact lens:
crosslinked pHEMA

= CH, : ">‘\
Polyurethane Under Reversible — o ézo u o
% |

Loading (Fatigue Test)

cycles in ~80 years of normal

11
C.H,0H |
e 3 Inwater, pHEMA ’
3.2 billion heart valve loading swells & forms hydrogel ’

heart function pHEMA = D’

poly(2-hydroxyethyl methacrylate)
http://www.biotronik.de/
sixcms/detail.php/346

1. http://consensus.nih.gov/2000/2000Medicalimplantsta019html.htm
2. Ratner, B.D., Bryant S.1., Annu. Rev. Biomed. Eng. (6) 41-75, 2004.
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(a) Enzyme (b) Homogeneous (c) Heterogeneous
catalysis catalysis

) CytochromeC Single-site olefin Pt/Rh bimetallic
Size: ~4 nm, 100 amino acids polymerization catalyst nanoparticles
Molecular weight: ~12 000 daltons Size : ~16 nm Size : 8 nm

—8 ML)/ HF

726 O F — A TlE, kOB EREmICRD D, F /R FEARE—REIcRIHT 2 Z
E (M—9a) 2FZ, XMV OLL Y MOV ZERTHEDODNTWEF UV T T 7« —Hifliz
FIFHLU T2 B L LD ELFELEDN, DOFWEFEFHATLE, 1~10 nm ODRKEITHD
RARDMIEIZ IR, A BbDIE>72F/ Ry hoF /0y K (T4Y) & &/NTH 25 nmiFE
DREIZS7MHETY (K—-9b) .

Pt single crystal surface

f’!:

G

Z

colloid synthesis

o.o.o.o.o. Catalytic

SieSTee nanodiode

Metal-oxide Iithogrfip:ly

2D nanoparticle array Nanoparticle array

(1-10nm, disordered) '/ o (>25nm, ordered)

Semiconductor

Qlé::?'z‘ 4 (TiO,, GaN)
A
3D nanoparticle
array

Nanowire array

K —9a ETI/LEES T LDEL



Intel Processors

First Fairchild IC

1 nm 10nm 100 nm

Fuel oftoday|  Enzyme Virus  Bacterium  Animal Cell Plant Cell Tissue & Organ

Catalysis is an integral part of nanotechnology.

Biological catalysts — enzymes — are the foundation

of biological systems, while synthetic heterogeneous
H, - Fuel PU/Si0), catalyst catalysts —metal or metal oxide nanoparticles supported on
of tomorrow " - N _ 2 . M

oxides — are the foundation of the chemical industry.

H—9% EXEMETHLEXESHEOBRTY
EEGMBENFOYAX

T IT, anA RREOESN (M—10a~10e) ZFIHT 2L, FERETHIRWEXL
@B R TOREZ EEREMRT 20, ARAREERCR) Y —THEZEDXT, Z0
BT, ZAEOZD D TREELPT <, REEREOMBESIENEE LT ARD XY, K2
BTOODZRETEDDT, G F /R T21E5 ZENTEEXT.

- PVP: Poly(vinylpyrrolidone), surface regulating polymer
- Particle size control in the range of 1.7 ~ 7.1 nm

X T,
248 + nm 9 + 0.26 nm

CuuTABr
BPC

NaBH4+H, NaBH,
low pH high pH

(CI4TA*)2P1'BV'42_

K PtCl,

Cuboctahedra Cubes {100}
Lee, H.et al., Angewandte Chemie, 2006, 45, 7824,

E—10a FT5F++/HFDHA X - RAEHIE




Pt nanocrystal shape control — silver ion

E—10c RhPd, , F/#ESRD TEM E{§

10
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The bulk melting point of gold, T =337 Ki

Buffat and Broel, Phys. Rev. A 13,2287 (1976)

—10d EHFDH A XIZLHRRDIEL

Heated in static air at designated temperature for2 h

—10e AL EMZRLESE-I7VIILEED
TSFF ) HfibiE
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1. Benzene hydrogenation 2, Cyclohexene hydrogenation/

=1L

Cyclohexane
Benzens Cyclahexens -ycloh

3. Crotonaldehyde hydrogenation

Crotyt aicohal

" Hy! o ‘-.' \UH 3

~ H0
Hie” "oy 3 d MC
3

2
-
r 1-Butanal +Hy Butane
H.

He” Neit; + o 5. Furan hydrogenation

ki @)—*Q}—»

4. Pyrrole hydrogenation Furan  2.3-Dihydrofuran [DHF)

i H
g Hy \  +Hz

f\_...‘r-J-\; *Hz ‘_/I‘"“] 1 Hyf N\ s A\ +NH 3

U N & 3

Butane and
ammenia

B—11 SEEMIERGICH 2R ERPORRY

7z BIF LM SR 2 W< DBIIFE L. RIS TRICDRE EEIREERODDIE. €
BF/HFDOHAXERETHS] . LWS5EEmEEEL k.

Z DR E BT 2 EHI 2, M—12a~12e IZ¥TFE L7z, WINOHED, LDl 2
EHZATWD O3S /RO A XEBETHZ Z ENDND £T,

Pyrrole Pyrroliding

10 Torr CgH,q, 200 Torr H,, 480 K

* M,

)

O

Cyclohexene Cyclehexane

Apparent E (kcal/mol)

Cyclohexane (C H,, )selectivity

T o
[ ] e e ¥
- = € e Kane
S
— :
O i 2 L 6 8

Cyclohexens Benzene Particles size (nm)

2 4 [
Apparent E, for cyclohexene

dehydrogenation increases with
increasing particle size

Particle size (nm)
Benzene selectivity decreases with
increasing particle size

E—12a F5FFOHTFY A XD RAKRE BRI
(SHOAEHL DKELL - BUKFEAL) DRERIEICS 2 558
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H H
! |

VM, A WH, H; )
N 2H #N ? 2 > N/ +NH
;. ; \ Butane and

Pyrrole Pyrrolidine ammania

-
2
2"
e
3
Q
3,

pyrrolidine

butans and ammonia
PV b Rt VT
—

2 3

Pt size (nm)

4 Torr pyrrole, 400 Torr Hy, 413 K

K—12b FSFFDRFH A XAMNEO—ILIKFL

RISDEREICEZDE

Decarbonylation
co +H f E 804
c 3 - = i
2 O‘CH:) Q =
© 2 60
g Furfural Furan Tetrahydro- § =
o furan ‘2__
s o
2w, % 40 4
° +H a3
= - -
B CH,OH . CH.OH 5
’ Furfuryl Tetrahydrofurfuryl Furfuryl
alcohol alcohol alcohal *
[] LY

o 1 2 3 4 5 & 7
Pt Size, nm

69 Torr furfural, 691 TorrH,, 473 K

K—12c TS5FFDRFHAANTILIS—IL
ERRICDZEREIZEZRSH5E
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Pt(111)

benzene

Pt(100)

Cuboctahedra
126 nm

TOF ( molecules / site sec)

Cube
134 nm Temperature, K

—12d BEEKTSFHEOF/HiFH
NUEBUKFRERIGIZEZDHE

BEAN

wa

More hexane isomer on
(110) NPs
Ring Opening
and
Isomerization

cn, 48
in Pl ™ il g

(111) & (100) NPs

1somer on
(111) NPs

More on
(100) NPs

Benzene is the dominant product
above 240 °C
BM—12e F/HFHREDENNSZLHEE
($11E 6 nm DTS F T L TOAFILI ARV AL OBRIRWEBEE)
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EHT2F /RTOYA XEREEZVKL, RISERYZHET S 7oz, F/ M/EA
EFATHWET (¥—-13) .

Nanocatalysis

Nanoparticle Nucleation, Growth

Characterization

Two-Dimensional Film Assembly-Langmuir-Blodgett
Reaction Studies for Selectivity

Three-Dimensional Assembly on Mezoporous supports
Characterization

Reaction Studies for Selectivity

X—13

MEIX, BEZOLSI BRI ENLEDDN, T LU TRERRKZ OMHEE N0 T OIRN A BRI F
MENBROTZONTHDET., TOMNEZZADIET, BEOMBEMEDORENONOTE
EJ 0%

feske. MBI MARORESE, KIBZORETHRINTWELZ, iUk, KISETHICE)
WTWS AR ZERT SR80, ERTFIEDHFEELLBN LD TT,

ZOHOEMMERIC LD, BIETIME 7Ot 2 O ENEIEE, (LFBIREZE R T 284
RPENHELL TVWET, RR—V XD, MEORIRMNZ2ELHT D, 70 FEIEICET 28 L Wi
Wik 2z W< OMTHMALEL &9,
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W fEBIEE (SFG) HkBh ik

SFG MO ERRKEICLD, BHOMEIETERI NS G REOBHE TR EL
7= (M —14a~14f) ,

1800to
detector

# SFG intensity from a centrosymmetric 4
medium is parity-forbidden.

X =y

y=-y Sl P TNTRNI ey BVl

232

7 1 #-z at an interface (usually):

Koyz™ Linliylie) ™ Loy

2 is nonzero > surface-specific signal

—14a HERED in situ FEHTEAIREIZT HFERHE L (SFQ) IR 4 Sk

SFG of Catalytic Reaction Intermediates

During Reaction on Platinum

Cyclohexene hydrogenation /
dehydrogenation

Ethylene hydrogenation
H H

H
]
K\\(‘. /etlwlidvne

. C

3 T di-o-bonded

"

~ 1Y ethylene

.E H‘F=I'H n-bonded
= ethylene
€ H H
= N i
g H=C IC—H

; T T T
E e ww ;e Ww I
H +H)_ Wavenumbar (om |

c=c{ = HoC
H’ H

ethylene

K—14b HXUXE—14c
TSFFRETOIFLUKFRILR, yOnFEUKkERE
B K FRAE BRI SN B RS e A
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& 2857 cm, Ethylidyne

{2030’ ny orm, <,
3080 em? oy A ropandl

f -r 415K, 100 Torr ¢ ’
T hydrogen
== +CO
athylons

Surface Intermediates

370K, 100 Torr
£ hydrogen

=
-
=
£
=
=
2
o
1
=
™
E
]
=

. 295K, 100 Tarr
= hydrogen

e 295K, no
T T T 1 hydrogen

—14d FSFFRETOTI/AOLAIKEILREIZ
ERESNDREPEAEINEENSZITILHE

2915 emr? ,-cis CHy(s)

Ry
2830 cm! cis 2965 cm* ny-cis CHy(a) nrdmldd“d? ~ SR
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10 Torr Furan and 100
Torr Hydrogen

L’

iy 380K

“Parallel” THF ‘
350K

“Upright” THF

Pt(111) Single Crystal 10 nm Pt Nanoparticles

K —14f Pt(I11)EHFERELVHZE 10 nm DTSFFHF/HFLTD
IS5 IKFIEBIZE RSN 5 &G B

W KE2 X BOEE T (AP-XPS) IZXK % MUSSEAE T TORMHLR O

Capture electrons before they collide with gas molecules
by means of differential pumping stages and focusing lenses

to pump to pump to pump

1azAjeuy ASJaug

‘X-ray window

po<Storr g+ pumping stages

—15a {EHZE X AEBFHEEXPS) DLLA

“REREOF/HFOXRAIL. LFEFEH (BIERESLVETRIE) OBWIX> THENE
{tLEd (B—15a~15¢c) .
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Mean Free Path (A) Mean Free Path (A)
10 7 16 10 7

16

90

80 |
70 Rh Shell Pd
; = | Pd Shell
£ 60 w 60|
E 50
= ~——

30
20
10 [ Pt/Pd Alloy Core
0
1400 1200 1000 800 600 400 200 1400 1200 1000 800 600 400 200

Kinetic Energy (eV) Kinetic Energy (eV)

Rh/Pd Alloy Core

« 16 nm Rhg sPdg 5 nanoparticles form with a Rh rich shell

» 16 nm Pty sPdy s nanoparticles form with a Pd rich shell

* XRD reveals only a single 50/50 alloy phase for both
systems

K—15b L >oo0ORAY XPS TRESN-O7-V LS
BZdi(® Rh-Pd % (RhysPdys) REICHTHO0 D LOaATHEE
Pt-Pd &% (PdysPty;) REIZH TR/ LDITEE

NO NO+CO NO NO+CO NO

-

K To Analyzer - B Rh

UoIjoe.l Ny

Pd

WYIR YR YA YR Y
A dh dh 4N 4\ 4

K —15¢c BAERIGEHET (NO)BLVETRIGEHET (CO)D
RhysPdys T/ RIF DR ZE L
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B SEEE R ROVEBE (STM) IZX 2B EEOBEITEORIRS N
WA B oK O B i D RLRZAL OBk i

K—16a SEREXIGD STMEE

70A x 70A image of CO
active Pt(111) at poisoned Pt(111) at 25C.
mTorr H, and 20 200 mTorr H,, 20 mTorr ¢
: L‘)-"L'UhL\LI : ‘md 5 mlml cO

Cyclohexene

Pressure (mTorr }

=
[
o
L
w
=
=
@
v
w
=
o

20

Time (hrs) .Time{hrs)
B—16b SE STMEZFALI-REARRGEHTIZETS
KEBHEDOKRE
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Blocking of adsorbate (C,H,, H) mobility by CO poisons
catalytic reaction on Rh and Pt(111)

+ 20 mTorr +5.6 mTorr
of C;H,
>

CO induces the '

formation of immobile
crystaline coadsorbed
structures

High pressure scanning tunneling microscopy study af CO poisoning of ethylene hydrogenation an
Pt{111) and Rh{111) single crystals. D.C. Tang, K.S. Hwang, M. Salmeron and G.A. Somorjai. J. Phys.
Chem. B 108,13300 [2004)

B —16c Rh-Pt flli% R IGEFZREE (C,H;, H) DB EIMEZERHEDH CO BE

Pt(332)

Pt(557) Pt(332)
6(111)-(100) 6(111)-(111)
(a) (b)

K—16d RATy7{IED PtB5NIERREE PtEDFERRENEE
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Pressure-dependent Coverage and
Restructuring

.

§ 0.6 »

.0 .
0.9F Pt(557)in CO i
0.8 |
@07 1
1

i

1

i

1

1

i

1

+

T
1E-11 1E$ 1E5 0.1 10
CO Pressure [Torr)

ld] ‘. o
K—16e EAIZE>TEILT S CO HBEERLE CO WEEXD
REIZBITZTSFFRFOISRAE—1E

" Pumpoutto
108 Torr CO

1 Torr CO . ~10% Torr CO

Pt{(557):
6(111)x(100)
SR Eaeen

¢ Low pressure structure has regular terraces

* High pressure CO causes the step terraces to
break up into ~2nm clusters

» Cluster formation is reversible: Pump out reforms
terraces with increased kink sites

» CO-CO repulsion causes clustering
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LV THEOEREZ R E T 2 ERE, #EAEELET (M—-17) . ZHNETIFRL
TEHAEIE. Bk 2 TR OGS N CMBERm 2 T U, 25 U BRIk BN 2 Hl#H 9 2 B TF)
AINTWET, BIRMPREERICIZ. 512 2 DOEERBERNSODETOT, KRIZENHIZ
DNWTHALZNWERBNET,

e Surface Structure (Size, Shape)

* Reaction Intermediates

¢ Surface Composition

e Adsorbate Mobility

e Adsorbate-induced Restructuring
* Oxidation State

¢ Charge Transport

B—17 MEREOEREZRES 557 FHER

B &g T KT OB A ZHMNTHE S LR O 2L & ¥ — R O A1) — Rl

A XD/MEWn (0.8~1.5 nm) EF /RTer g —ReEMEE L THEMLESE, 7 /K
TZamBLREBIZT &, RS ZEZSEL 2 ENTEET (K—18a~180) .

Rh Nanoparticles with
® Uncalcined NP size of 2-11 nm were

(Rh/SBA -15) used in this study
A |B2D film

3D Rh nanoparticle
catalysts (uncalcined Rh/

SBA 15) exhibit particle
size dependence, similar
to Rh 2D LB (Langmuir—

TOF (/Rh site/s)

Blodgett)
— - [Rilly]

Rh Nanoparticle Size (nm

B —18a CO MILRIEDH A XIKFFHE: OC VLS /HF DY A XDENN
CO BLEMIZ5 2 558 (EF 0, 100 Torr, CO 40 Torr, ;RFE 443K)
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Rh 3ds/2
hv=510eV

Rh(X+)

306 312 310 308 306
BE/eV

K—18b ACHLF/RFDHAXDEWNZLS CO BILIREEDZE L

Size (nm):
0.8

Pt*+/Pt{0) = 0.16 Per

Fl
3

0.8 nm Pt Nanoparticles 1.5 nm Pt Nanoparticles

For clarity, the deconvoluted peaks for Pt 4f;;; are not shown in the XPS spectra.

—18c FS5FFFH/HFDHARXDENICKDEILKREDEL
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W52 U — 2o 72— Rl O A — Rk

Metal ion

Complexation \ Reduction

Lc.-acy

62 Tertiary
Amines

&4 Terminal
Groups

th ; i -
4" Generation PAMAM Dendrimer G4-OH Pt,/SBA-15

eThe metal clusters size (<1.5nm) is dependent in the number of tertiary amines

eDifferent metal clusters (Pd, Pt, Au, Rh) can be encapsulated in the dendrimer

X —19a A1 EHE EhF1EETl

Homogeneous precedent:
PtCl, (5 mol%) / CO (1 atm)
-
toluene, 80°C, 1.5 h 97% yield

Furstner, A.; Davies, P. W. J. Am. Chem. Soc. 2005, 127, 15024

Heterogeneous results:

Catalyst (4 mol%)

-0
> Uph
PhICl, (12 mol%), toluene P

Ph Ar  oxidation Agent,

Pt,,G40OH/SBA-15 90% conversion; 85% vyield

Catalyst has been recycled more than 3 times.
Yields are equivalent to those previously observed.

K —19b #H—ZRDTURI—REE R EHE T HBAR T — R A0E/E R
(SBA-15 [Z#E#FL71= 1 nm D Pt,, +/HF)
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Pd40-G4OH/SBA15 O raociowsaals S

—_—
Toluene, 100°C, Ar

Pt40-GAOH/SBA1S

et

Nature Chemistry 2 (2010) 36;
JACS 132 (2010) 16771

__ Aud0-GAOHISBAIS o

S o ]/ ‘ﬁ . A
Aud0-GAOH/SBALS =t -=*  Toluene, RT, Ar ! L L

Ma” "Me = Me” "Me

Cis isomer Trans isomer

B —19c #—RMERE DT —FRMERGIE CREFRIE)

e, ~ Rh40-G40H/SRA-15
RhA0-GA0H/SBATS [

Toluens, CO/H, 70atm, T0°C

Rhd0-GAOH/SBALS
Rh40-G40H/SBA1S

Toluene, Hy/CO Toatm 70°C

e

P0.GAIOH SBALS

Pd40-GA40OH/SBALS TS ———

X —19d ¥— RfhE K IEDARH— R 0E KIS
(eEFORIILZILIEERRDILARZIVIE RIE)
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Energy dependence of absorption coefficient
WEY=In(I(E} I{E))

i
} !
T T T T T T —— —
201 XANES i
L5F Fermi Level
‘[_-,_j 1LoF Ll,! S N . zp
= L - 2s
0S5 Oxidation Stare Coordination Number
X-ray
0.0 = || -1
1 1 1 ! | 1 25 !

000 7100 7200 7300 7400 7500 7600 7700 1s

E(eY)

X-ray Absorption Near-Edge Structure (XANES)
Extended X-ray Absorption Fine Structure (EXAFS)

—19e X &IN5 Itk (XAS) KB EE AT

The role of the oxidation state — X-ray Absorption Spectroscopy
EXAFS- Coordination number MNEXAFS — Oxidation state
(a) 80 (b) gag
W —a—PrPr g —e—Fr(0)
g ™ —a—Pil oy |1
o —a P10 g = Pr(ll)
E 40 @ 60 —a—PH{IV)
= oo
w
,§ 30 =45
-] B
5 20 @ 30
3 10 '% 15
2 3
0.0 \ o tg *
Reduction 1 Oxidation 1 Reduction 2 Oxidation 2 Oxidation 1 Reduction2  Oxidation2
H; Reduction PhICI; Oxidation
. ]
Ly B
) (L)
° . &" - ‘*ﬁ
¥imin Ui, Jack Liu, Calie A, Witham, Wenyu Huang, Matthew A. Marcus, Sirine C. Fakra, Pinar Alayoglu, Zhongwel Zhu, Christopher M.
Thompsen, Arpana Arjun. Kiheng Lee, Elad Gross, F. Dean Toste and Gabor A. Somerjal JACS 133 (2011) 13527

K—19f TURYY—BKICIEZFLE-ERBISRI—EFE o5 — RAERIED
Ty — Rl RIS AL IS TR B S BRI IRBE N R - 1R E:
BRI 3E X #RIR IR i T 5548 & (XANES) |
FRALIK BB (XHEIR X #RURURMH4E 1E (EXAFS)
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B SRR B T 5 Bk & Al

- Changes in catalytic activity when the group
— 1 VIl metals Fe, Ni, Rh, Pt, Pd, and Ir, are
supported on certain oxides (TiO,, TaO, Ce0,,
< NbO, etc.)

= For example, methane formation from CO or
R . & ' CO,and H; is enhanced by 3 orders of
AFM images of 50 nm Pt magnitude [4].

nanoparticles

S.J. Tauster, S.C. Fung and R.L. Garten, J. Am. Chem. Soc. 100 (1978) 170.
S.J. Tauster and S.C. Fung, J. Catal. 55 (1978) 29.

K. Foger, in: Catalysis, Science and Technology eds. J.R. Anderson and
M. Boudart, Vol. 6 (Springer-Verlag, Berlin, 1984) ch. 4.

G.L. Haller and D.E. Resasco, Adv. Catal. 36 (1989) 173.

J.P. Hindermann, G.J. Hutchings and A. Kiennemann, Catal. Rev. Sci.
Eng. 35 (1993) 1.

K —20a SMSIG&EEIEAMEER DR

TIFFBALTF Y I EDT a3y hF—F 14— R ETIE. /KFEE B FE DML RN
K0, EXRHRBRBEBFORNMNELCET., ZHUL. ES 4nm LI T OSBEEN., & B R
HIZEY FETF (>1eV) ZEOHL. FmEiiEtEYA F2EOHL TWS2DTYT (K-
20a~20e) ,

A hot electron is not in thermal
equilibrium with the lattice

Creation of hot electrons
hv
- Energy transfer from photon,energetic

ions, exothermic chemical processes —
through non-adiabatic energy m-
dissipation

Low energy

- Injection of hot electron with T L s
metal-insulator-metal junctions or i
STM tip

semiconductor

K—20b £BNTORYFEFDER
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Deposit of energy due to
photon or
exothermic reaction

Metal
catalyst

Ballistic Mean Free Path of Electrons at 1eV above E;

* Gold 10-100 nm
= Copper 10-75 nm
» Palladium 3-9 nm
* Platinum 5-10 nm

Inelastic mean free path at low energies given by L«cE2

—20c ERFEADORYFEFOFYBEHIRE

Vacuum
level

chami-
current

metal n-type
catalyst  semiconductor

Schematic and energy diagram of catalytic nanodiode

X —20d FEEERIGICEBRYNEFDER
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& Chemicurrent _
Activation energy
: 21 keal / mol

~

<
=
S
=
=
2
—
5
O,
=

In (turnover rate)

B Turnover rate
(molecules/Pt site /s)
Activation energy
: 22 keal / mol

O = N W & O O N @
O = N W & O O N @

0.002
1T (1/K)

X —20e CO E{LErDILFERELAMEMERE

BRI T E TREGOBEANE Z S &, Ry 7AvHE UBRIERAMBEERNEC S iR
DEY (¥-2D .
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