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In the gallery of famous people tracing
their origins to Wroctaw, few are as
controversial, as complex, or as tragic as
Fritz Haber, ever more distant in the flux
of time, yet still stirring emotions. He
developed a method for the direct syn-
thesis of ammonia from its elements and
later pioneered chemical warfare on the
battlefields of the First World War.
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A retrospect: The institute that was later
renamed the Fritz Haber Institute began
as a much-awaited remedy for the feared
waning of Germany’s scientific and tech-
nological superiority. The history of the
Institute—from its “golden era” in the
1920s and early 1930s, through war-
related research during both World Wars,
crippling losses following World War I,
and impressive growth since the 1950s—
has largely paralleled that of 20th century
Germany.

The best reference: The enormous prog-
ress in the elementary understanding of
heterogeneous catalysis is based to a
large degree on the study of CO oxidation
as a probe reaction of heterogeneous
processes. Experimental and theoretical
results from this seemingly simple reac-
tion are presented and it will be shown
how these can be used to draw general
conclusions about heterogeneous reac-
tions

individuals who are personal members of a
national chemical society prices are available
on request. Postage and handling charges
included. All prices are subject to local VAT/
sales tax.
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Seeing is believing: Changes in adsorbate
and surface structure, composition, and
dynamics are observed when such sys-
tems are studied under typical reaction
conditions (see picture), either at high

Hydrogen sponge: The reversible swelling
of palladium-nickel alloys upon hydrogen
absorption mechanically closes nanogaps
in multiple cracked Pd—Ni films on elas-
tomeric substrate allowing for the electric
current to flow across (see picture). When
the hydrogen is removed the elastomer
elastically returns to its original state
reopening numerous potential break
junctions along each crack.

Elementary steps associated with the
activation of methane are addressed from
experimental and computational view-
points; what matters most are relativistic
effects, two-state reactivity scenarios, and
cluster-size and ligand effects, which all
play a role in the organometallic chemistry
of methane at ambient conditions.
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pressures or in the presence of liquids.
Using instruments specifically designed
to meet this challenge allows the explo-
ration of interfacial phenomena under
realistic conditions at the molecular level.

nanogap open

elastomer

nanogap closed
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Minireviews

G. A. Somorjai,* S. K. Beaumont,
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Determination of Molecular Surface
Structure, Composition, and Dynamics
under Reaction Conditions at High
Pressures and at the Solid-Liquid
Interface

Highlights

Chemical Sensors

A. Gurlo,* D. R. Clarke — 10130-10132

High-Sensitivity Hydrogen Detection:
Hydrogen-Induced Swelling of Multiple
Cracked Palladium Films on Compliant
Substrates

Just below the surface: New methods of
photoelectron spectroscopy and the ap-
plication of ionic liquids offer insight into
fundamental processes in CO,-liquid
systems for carbon dioxide capture and
storage, for example, the selective
absorption of CO, in aqueous mono-
ethanolamine (see picture; gray C,

white H, blue N, red O).
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Capture of Carbon Dioxide at the Gas—
Liquid Interface Elucidated by Surface
Science Approaches
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Au-Pt alloy nanoparticles deposited on
Mg(OH), (see STEM-HAADF image)
show high activity in the selective oxida-
tion of polyols using molecular oxygen as
oxidant at mild and base-free conditions.

How does your garden grow? A facile Au-TiO,
method can tune the anisotropic growth
of TiO, onto differently shaped gold Janus Eccentric ~ Concentric

nanoparticles to form Janus, eccentric,
and concentric geometries (see picture).
The Janus Au-TiO, nanostructures were
found to be energetically stable using
calculations, and they possess the highest
catalytic activity out of all three geome-
tries due to the highly accessible, exposed
gold core on one side.

©Ce6
»

At low reaction temperatures (< 320 K),
moisture plays an essential role in pro-
moting the oxidation of CO over Au/
TiO,(110) surfaces, whereas at high tem-
peratures (>320 K), such promotional
effect is not observed, suggesting that the
mechanism and active sites of the reac-
tion change with the reaction temperature
(see picture; reo,=rate of CO, formation
and py,o =pressure of H,0).
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09 study using X-ray diffraction computed
290000 . ) .
5 tomography investigates the evolving

chemistry and structural changes during
the preparation of a millimeter-sized
industrial hydrogenation catalyst body
(see picture; time evolves from left to
right, and different colors represent dif-
ferent phases). The method has potential
for chemical imaging of materials within
bulk objects undergoing physicochemical
changes.
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The Cluster of Excellence “Unifying Concepts in Catalysis” IITIII UNICat

offers in open competition the

Clara Immerwahr Award

The Clara Immerwahr Award will be conferred annually to a young female
scientist at an early stage of her career (postdoctoral fellow, junior
researcher) for outstanding results in Catalysis Research. It is associated
with a financial support of 15.000 Euro for a research stay at UniCat and
thought to pave the way for setting up an independent research group in
the consortium or for establishing close collaborative links with UniCat.
The award is sponsored by the TU Berlin and BASF SE.

The Clara Immerwahr Award winner 2012 will be announced in December
2011 and will be honored during a public ceremony involving a guest
lecture held by an internationally renowned female scientist in February
2012 at TU Berlin.

Application Documents

We expect applications of postgraduate female researchers with no restrictions to nationality or
home institution who are not older than 35 years. The application must include: An application
letter, a curriculum vitae, a letter containing a one page summary of the candidate's achievements,
a project description (2 pages), a publication list, PDF files of 3 of the published papers and two
letters of recommendation. The application and all submitted documents must be in English.

Application deadline: November 15, 2011

more details: www.unicat.tu-berlin.de/clara-immerwahr-award
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Novartis Chemistry Lectureship

Novartis is pleased to announce the following Novartis Chemistry
Lecturers for 2011 - 2012.

Yujiro Hayashi Ernest Giralt Melanie S. Sanford

Tokyo University of Science IRB Barcelona and University of Michigan

Tokyo, Japan University of Barcelona Ann Arbor, MI, USA
Barcelona, Spain

Holger Gohlke Tomislav Rovis

Heinrich-Heine-University Daniel Kahne Colorado State University

Dusseldorf, Germany Harvard University Fort Collins, CO, USA

Cambridge, MA, USA

The Novartis Chemistry Lectureship is awarded to scientists in recognition of outstanding contributions
to organic and computational chemistry, including applications to biology.

) NOVARTIS

INSTITUTES FOR
BIOMEDICAL RESEARCH
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L. P. Hansen, Q. M. Ramasse,
C. Kisielowski, M. Brorson, E. Johnson,
H. Topsge, S. Helveg* __ 10153 -10156

Atomic-Scale Edge Structures on
Industrial-Style MoS, Nanocatalysts

Gold Catalysis

T. Uchiyama, H. Yoshida, Y. Kuwauchi,
S. Ichikawa, S. Shimada, M. Haruta,
S. Takeda* 10157 -10160

Systematic Morphology Changes of Gold

Nanoparticles Supported on CeO, during
CO Oxidation

Phase Clusters

number of clusters

A. F. Taylor, M. R. Tinsley, F. Wang,
K. Showalter* 10161 -10164

Phase Clusters in Large Populations of
Chemical Oscillators

Nanomotors

S. Thakur, J.-X. Chen,
R. Kapral* 10165-10169
Interaction of a Chemically Propelled
Nanomotor with a Chemical Wave

structure of industrial-style MoS, nano-
catalysts was imaged using single-atom
sensitive electron microscopy (see pic-
ture). The observed industrial-style edge
terminations match predictions of model
catalyst studies and thus address the so-
called “materials gap” in catalysis.

The morphology of gold nanoparticles
(GNPs) supported on CeO, in various
partial pressures of CO and O, is pre-
sented; their morphology correlates well
with their catalytic activity. Adsorbed CO
molecules stabilize the major {111} and
{100} facets of GNP polyhedra and dis-
sociation of O, molecules may occur at
the perimeter interface of GNPs and CeO,
supports with the aid of electron irradi-
ation, thus causing rounded morphology
of the GNPs (see diagram).
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A chemically powered nanodimer motor
interacting with a chemical wave results in
the deflection of the nanomotor (see
picture). Such an effect provides a possi-
ble mechanism for the control of nano-
motor motion.
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Complex synchronization: Chemical
oscillators communicating by exchange of
intermediate species through the sur-
rounding solution form clusters of indi-
viduals with synchronized oscillations
that are out of phase with other clusters.
The system evolves from unsynchronized
oscillations at low number density n to
four, three, two, and finally one cluster
with increasing n (see picture).
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A question of size: LiNH, decomposes _
into Li,NH and NHj; through two com- dvdioesniototare

peting mechanisms, one that involves the
formation of native defects in the interior
of the material (by a Frenkel pair mecha-
nism) and the other at the surface (see
picture; H red, Li gray, N blue). The pre-
vailing mechanism and hence the activa-
tion energy thus depend on the surface-to-
volume ratio, or the specific surface area,
which changes with the particle size.

K. Hoang, A. Janotti,
C.G. Vande Wallex —___ 10170-10173

The Particle-Size Dependence of the
Activation Energy for Decomposition of
Lithium Amide

Breathing: A simple and intuitive Photoelectron Spectroscopy
approach relates changes in bond lengths
of core-hole ionized states to the extent of  C. ). Nelin, P. S. Bagus,* M. A. Brown,

vibrational fine structure, or Franck— M. Sterrer, H.-). Freund — 10174-10177

Condon broadening (AE), in X-ray photo-

electron spectra of ionic compounds. For  Analysis of the Broadening of X-ray
Toee—— the extreme case of a monolayer of MgO  Photoelectron Spectroscopy Peaks for

on Ag(100), the difference in Franck— lonic Crystals

Condon broadening compared to bulk
MgO reflects the different binding situa-
tion in the supported oxide (see picture,
r=Mg—O distance).

Sy Interface matters! Photoelectron spectra [Ne(@JN eI 1117 @

e of aqueous solutions of monoethanol-
amine (MEA) that had been treated with  T. Lewis, M. Faubel, B. Winter,
ST CO, were used to determine the spatial J. C. Hemminger* 10178-10181
distribution of MEA and the reaction
\ products with respect to the solution CO, Capture in Amine-Based Aqueous (i)
interface (see picture). Neutral MEA Solution: Role of the Gas—Solution
shows a propensity for the solution sur- Interface

face, whereas protonated MEA and the
reaction products prefer bulk solvation.

Electrocatalysis

Working together: Pd,Fe,,—Pd;Fe(111) C‘ @ &.z &,
(see picture, Pd adatoms yellow, Fe pur- '

ple, Pd blue-green, O red, H white) dis-
plays enhanced performance for the
oxygen reduction reaction with five to
eight times higher activity than Pd(111).
The high catalytic activity may originate
from a cooperative effect of a segregated
Pd layer with its large tendency to remove
surface O species by protonation and
active Fe with its ability to dissociate O,.

X. Yang, J. Hu, J. Fu, R. Wu,
B.E.Koel* ______ 10182-10185

Role of Surface Iron in Enhanced Activity
for the Oxygen Reduction Reaction on a
Pd;Fe(111) Single-Crystal Alloy
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Nano-Oxyhydride Catalyst for H,
Production from Ethanol at Room
Temperature

Heterogeneous Catalysis
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P.). Ramirez, S. D. Senanayake,
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The catalytic reaction of H,+ O, over a
Au/TiO, catalyst was studied by trans-
mission IR spectroscopy and DFT calcu-
lations. A reaction path of O,-assisted H,
dissociation at the Au/TiO, dual perime-

The CeNiH Oy oxyhydride compound is
an exceptional catalyst that totally con-
verts ethanol at 60°C and produces H, in
the presence of water and oxygen. The H,
fraction of the gas-phase products is
about 50% (see picture; c: conversion, p:
production). The oxyhydride compound is
formed by in-situ activation of CeNiOy
with H, at 250°C. The presence of hydride
species in the catalyst is evidenced by
inelastic neutron scattering.

ter site was found to proceed through a
Ti—OOH intermediate (see scheme). The
calculated barrier range (0.13-0.25 eV) for
the sequence of low-energy steps agree
with the experimental E, of 0.22 eV.

Gold support destabilizes platinum:
Driven by the low surface energy of Au, a
Pt fuel cell catalyst is removed from the
surface of the Au support. Depending on
the electrochemical potential, this
removal can occur through Pt dissolution
either into the Au substrate or into the
electrolyte (see picture). In situ HERFD
XAS measurements indicate formation of
PtO, by a dissolution—precipitation
mechanism.

Hot off the wire: Scanning tunneling
microscopy, X-ray photoelectron spec-
troscopy, and density functional calcula-
tions were used to study the interaction of
RuO, nanostructures with TiO,(110).
Ruthenium oxide forms unique Ru;Oq

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

wire-like structures on TiO, that can be
easily reduced and re-oxidized at temper-
atures in the range of 400-600 K, and it
has a very high catalytic activity for the
low-temperature oxidation of CO.

Angew. Chem. Int. Ed. 2011, 50, 9997 —10007
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Light-water reactor: An amorphous
molybdenum sulfide species structurally
similar to reduced MoS; is shown to be
photocatalytically active for hydrogen
generation from H,O with visible light
(see picture; TEOA =triethanolamine).
Thermally deposited in one step, MoS; is
photosensitized by quantum-controlled
semiconductor nanocrystals that serve as
model systems for the photophysics of
solar fuel generation.

Trapped inside: A new catalyst was devel-
oped where gold nanoparticles are
encased inside hollow titania nano-
spheres (see picture). The new nano-
architecture prevents the nanoparticles
from sintering and losing their activity
while still providing the reactants free
access to the metal surface. The result is a
catalyst capable of promoting the oxida-
tion of CO at room temperature while
surviving calcination at temperatures
above 775 K.

Dialing up complex dynamic structures: A
population of 64 chaotic chemical oscil-
lators (phase—space snapshots, left) in a

RCH,CH,OH

@ r aTio,

A versatile heterogeneous catalyst con-
sisting of sub-nanosized iridium clusters
deposited on titania (Ir/TiO,-NCs) pro-
motes the direct tandem synthesis of
quinoline derivatives from readily avail-

Angew. Chem. Int. Ed. 201, 50, 9997 —10007

120 °C

nickel electrodissolution is steered with
mild global feedback to one (middle) and
two (right) clustered states.

14 examples
Up to 92% yield

able nitroarenes and aliphatic alcohols
under mild and additive-free conditions
(see scheme). The process tolerates the
presence of various reactive functional
groups and is highly selective.

© 201 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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DFT calculations were used to determine
the activation energies (E, values) for the
diffusion of defects such as O atoms (O
red sphere in the picture) in silicon (blue
spheres). The migration paths were
obtained from the nudged elastic band
method. The activation energies calcu-

Nanosized, yet ordered: Active and selec-
tive Pd,Ga intermetallic compounds sup-
ported on carbon nanotubes have been
synthesized and applied to alkyne hydro-
genation. Intermetallic compounds on the
nanoscale are necessary to achieve high
mass activity, whereas ordered structures
within intermetallic compounds form high
barriers for subsurface chemistry and
prevent large active ensembles on Pd
surface.

Into the layer: Layered carbon—iron oxide
nano-composites catalysts are very active
in catalytic oxidation reactions. The size
and structure of the iron oxide nano-
particles (blue in the TEM image)
embedded in the layered carbon can be
controlled very simply by changing the
temperature of the synthesis reaction.
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lated with four exchange-correlation func-
tionals (E,) were compared to experi-
mental data. The E, values of “atomic-
like” interstitials are mostly independent
of E,, but those of strongly bound
impurities are sensitive to the choice of
E

Xxc*

Black matter in catalysis: Graphitic
carbon catalyzes the insertion of O atoms
into acrolein. Such complex multistep
atom rearrangements were believed to be
the exclusive domain of metal (oxide)
catalysis. In the C-catalyzed process, the
nucleophilic O atoms terminating the
graphite (0001) surface abstract the
formyl H atom and the activated aldehyde
is oxidized by a mobile epoxide O atom.
Thus, the sp? carbon acts as a bifunctional
catalyst.
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Ideal location: The active oxygen for CO
oxidation on Au/TiO, catalysts is a highly
stable oxygen species, whose formation is
facile and hardly activated. This species is
proposed to be surface lattice oxygen at
the perimeter of the Au-TiO, interface,
activated by the presence of the Au
nanoparticle. At higher temperatures,
thermally activated O, migration also
gives access to adjacent Oy, species.

Light on the water: The coupling of
Raman and EPR spectroscopy was crucial
in the study of the activation, operation,
and deactivation steps in the light-driven
splitting of water catalyzed by iridium and
iron. The results may provide the foun-
dation for improved water-reduction cat-
alysts. IrPS =iridium photosensitizer,
TEA =triethylamine.
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