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The following Communications have been judged by at least two referees to be “very
important papers” and will be published online at www.angewandte.org soon:
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a Self-Assembling Hydrogel Created from Three Modified
Dehydrogenases
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Achieving Secondary Structural Resolution in Kinetic
Measurements of Protein Folding: A Case Study of the Folding
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Nanoparticles
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Insertion of Carbon Dioxide into Uranium-Activated Dicarbonyl
Complexes

Y. Filinchuk,* Bo Richter, T. R. Jensen,* V. Dmitriev, D. Chernyshov,
H. Hagemann
Porous and Dense Mg(BH4)2 Frameworks: Synthesis, Stability,
and Reversible Absorption of Guest Species

C. Zhang, Z. Xu, L. Zhang, N. Jiao*
Copper-Catalyzed Aerobic Oxidative Coupling of Aryl
Acetaldehydes with Anilines Leading to a-Ketoamides

A. Ard�vol, C. Rovira*
The Molecular Mechanism of Enzymatic Glycosyl Transfer with
Retention of Configuration: Evidence for a Short-Lived
Oxocarbenium Ion Like Species

M. E. Weiss, E. M. Carreira*
Total Synthesis of (+)-Daphmanidin E

J. Bacsa, F. Hanke, S. Hindley, R. Odrea, G. R. Darling, A. C. Jones,
A. Steiner*
The Solid-State Structures of Dimethylzinc and Diethylzinc
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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 II,
and impressive growth since the 1950s—
has largely paralleled that of 20th century
Germany.

In the gallery of famous people tracing
their origins to Wrocław, 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.

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
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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.

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

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.

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.

Just below the surface : New methods of
photoelectron spectroscopy and the ap-
plication of ionic liquids offer insight into
fundamental processes in CO2–liquid
systems for carbon dioxide capture and
storage, for example, the selective
absorption of CO2 in aqueous mono-
ethanolamine (see picture; gray C,
white H, blue N, red O).
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Au–Pt alloy nanoparticles deposited on
Mg(OH)2 (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
method can tune the anisotropic growth
of TiO2 onto differently shaped gold
nanoparticles to form Janus, eccentric,
and concentric geometries (see picture).
The Janus Au-TiO2 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.

At low reaction temperatures (<320 K),
moisture plays an essential role in pro-
moting the oxidation of CO over Au/
TiO2(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; rCO2

= rate of CO2 formation
and pH2O = pressure of H2O).

Chemistry by color : The first dynamic
study using X-ray diffraction computed
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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Atoms on the edge : The atomic edge
structure of industrial-style MoS2 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 CeO2 in various
partial pressures of CO and O2 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 O2 molecules may occur at
the perimeter interface of GNPs and CeO2

supports with the aid of electron irradi-
ation, thus causing rounded morphology
of the GNPs (see diagram).

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).

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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A question of size : LiNH2 decomposes
into Li2NH and NH3 through two com-
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.

Breathing : A simple and intuitive
approach relates changes in bond lengths
of core-hole ionized states to the extent of
vibrational fine structure, or Franck–
Condon broadening (DE), in X-ray photo-
electron spectra of ionic compounds. For
the extreme case of a monolayer of MgO
on Ag(100), the difference in Franck–
Condon broadening compared to bulk
MgO reflects the different binding situa-
tion in the supported oxide (see picture,
r = Mg�O distance).

Interface matters! Photoelectron spectra
of aqueous solutions of monoethanol-
amine (MEA) that had been treated with
CO2 were used to determine the spatial
distribution of MEA and the reaction
products with respect to the solution
interface (see picture). Neutral MEA
shows a propensity for the solution sur-
face, whereas protonated MEA and the
reaction products prefer bulk solvation.

Working together : Pd0.9Fe0.1–Pd3Fe(111)
(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 O2.
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The catalytic reaction of H2 + O2 over a
Au/TiO2 catalyst was studied by trans-
mission IR spectroscopy and DFT calcu-
lations. A reaction path of O2-assisted H2

dissociation at the Au/TiO2 dual perime-

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 Ea 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
PtO2 by a dissolution–precipitation
mechanism.

The CeNiHZOY oxyhydride compound is
an exceptional catalyst that totally con-
verts ethanol at 60 8C and produces H2 in
the presence of water and oxygen. The H2

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 H2 at 250 8C. The presence of hydride
species in the catalyst is evidenced by
inelastic neutron scattering.

Hot off the wire : Scanning tunneling
microscopy, X-ray photoelectron spec-
troscopy, and density functional calcula-
tions were used to study the interaction of
RuO2 nanostructures with TiO2(110).
Ruthenium oxide forms unique Ru3O6

wire-like structures on TiO2 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.
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Light–water reactor : An amorphous
molybdenum sulfide species structurally
similar to reduced MoS3 is shown to be
photocatalytically active for hydrogen
generation from H2O with visible light
(see picture; TEOA = triethanolamine).
Thermally deposited in one step, MoS3 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

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

A versatile heterogeneous catalyst con-
sisting of sub-nanosized iridium clusters
deposited on titania (Ir/TiO2-NCs) pro-
motes the direct tandem synthesis of
quinoline derivatives from readily avail-

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.
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DFT calculations were used to determine
the activation energies (Ea values) for the
diffusion of defects such as O atoms (Oi

0

red sphere in the picture) in silicon (blue
spheres). The migration paths were
obtained from the nudged elastic band
method. The activation energies calcu-

lated with four exchange-correlation func-
tionals (Exc) were compared to experi-
mental data. The Ea values of “atomic-
like” interstitials are mostly independent
of Exc, but those of strongly bound
impurities are sensitive to the choice of
Exc.

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 sp2 carbon acts as a bifunctional
catalyst.

Nanosized, yet ordered : Active and selec-
tive Pd2Ga 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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Ideal location : The active oxygen for CO
oxidation on Au/TiO2 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–TiO2 interface,
activated by the presence of the Au
nanoparticle. At higher temperatures,
thermally activated Olatt migration also
gives access to adjacent Olatt 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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