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Reactions that look after themselves :
Interfacial instabilities caused by chemical
reactions can increase the area of contact
between fluids and enhance their mixing
or dispersion. Although instabilities in
macroscopic liquid/liquid systems are
well-understood, “reactive mixing” at
molecular length scales presents a chal-
lenge and an opportunity for future
research. The picture shows two-dimen-
sional density fields of two miscible
reactive fluids.

Radical design : Unprecedented stability of
ruthenium(I) and osmium(I) complexes
with metalloradical character has been
achieved by use of judiciously chosen
supporting ligands based on the tris-
(o-phosphinophenyl)silyl motif. The pro-
nounced radical character on the ruthe-
nium(I) center is also enforced by non-
innocent ligands of the diiminopyridine
type.

More hip than nano : Bielawski and co-
workers recently demonstrated the re-
markable ability of graphene oxide to
catalyze the oxidation of a variety of
alcohols to the corresponding ketones/
aldehydes, alkenes to the corresponding
diones, and alkynes to the corresponding
hydrates—a process they termed “carbo-
catalysis”. These efficient metal-free reac-
tions mark a promising convergence of
heterogeneous catalysis with graphene
science.
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Rising to the challenge : A reliable, stable,
safe, and low-cost method of producing
H2 from H2O is needed so that this high-
energy-density gas can serve as a cleaner
source of energy, particularly for low-
temperature fuel-cell-powered devices. An
atomically dispersed Pt catalyst (see pic-
ture) recently developed on an inexpen-
sive and inert support could well hold the
key.

Speak not against my bond: Another
definition of the hydrogen bond? Strong
hydrogen bonds satisfy all current defini-
tions of this phenomenon, but as weaker
interactions X�H···Y�Z have been
brought into the scope of hydrogen
bonding, the definitions have had to
change.

The “click” trick : Many reactions are
classified as click reactions even though
some are limited to certain applications.
Thus, there is danger that the term “click”
will become meaningless over time and
simply a synonym for “successful”. To
prevent this, the original click criteria are
evaluated in this Essay specifically for the
synthetic polymer field and a set of criteria
are specified that distinguishes click from
other efficient reactions.

Education, the mother of all progress, is
the tool of choice to address today’s and
tomorrow’s global problems. Reflecting
on successes in the past, investment in
research and education is discussed as
the key to prosperity and our standard of
living.
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Branching out : Metal nanocrystals with
highly branched morphologies, such as
multipods and nanodendrites, have
received growing attention owing to their
unique structures and properties. The
growth mechanisms, synthetic strategies,
and potential applications for such
branched metal nanocrystals are
discussed.

Get a move on ammonia : Reactions of
ammonia catalyzed by transition-metal
complexes allow direct access to primary
amines and other nitrogen-containing
functional groups. This Minireview pres-
ents recent advances in catalyst develop-
ment that have led to the reaction of a
variety of substrates with ammonia.

Two at a time: The replacement of the
carbonyl oxygen atom in amides, lactams,
aldehydes, ketones, and acid chlorides by
two new substituents (C=O!CR1R2) can
be carried out with organometallic
reagents (Li, Mg, Ti, Zr, Ce).

Statistically modified or well-defined?
This is an important question when
studying multivalent probes for biomedi-
cal applications. The emergence of a
variety of chemoselective conjugation
reactions has allowed the synthesis of
well-defined and monodisperse dendritic
structures.
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Not just copies : Recent advances in
supramolecular coordination chemistry
have allowed chemists to synthesize
macromolecular complexes that exhibit
various properties intrinsic to enzymes.
This Review focuses on structures
inspired by properties and functions
observed in enzymes rather than precise
models of enzyme active sites. Many of
the structures exhibit reactivity and spe-
cificity reminiscent of natural systems,
and some of them have functions that
exceed the natural systems which pro-
vided the inspiration for initially making
them.

Evolution in the test tube : The traditional
limitations of enzymes as catalysts in
organic chemistry or biotechnology—
comprising in many cases poor enantio-
selectivity, limited substrate scope, and
insufficient stability—have been elimi-
nated by the techniques of directed evo-
lution. Iterative saturation mutagenesis in
particular drives the efficient creation of a
new generation of stereoselective biocat-
alysts which complement chiral synthetic
homogeneous catalysts.

MOFs on surfaces : Many parameters
need to be considered in the formation of
metal–organic frameworks (MOFs; see
structures) at the liquid–solid interface.
The methods and growth mechanisms for
the layer-by-layer deposition of MOFs on
functional materials, the homo- and het-
eroepitaxial deposition of MOF hetero-
crystals, and the coordination modulation
of MOF surfaces are reviewed.
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Small molecules can be used as tools to
control stem cell fate. These molecules
have provided a wealth of insights into the
signaling and epigenetic mechanisms that
regulate stem cell biology and are begin-
ning to contribute to the development of
effective treatments for tissue repair and
regeneration.

If the cap fits : The epitaxial growth of Ag
on Ag nanoplates could be directed to
preferentially occur along the lateral or
vertical direction by using sodium citrate
or poly(vinyl pyrrolidone) (PVP) as cap-
ping agents (see picture). The edge length

and thickness of the Ag nanoplates could
be increased by 100 and 40 times,
respectively. Raman scattering signals of
Ag nanospheres on the Ag nanoplates
were enhanced as the nanoplates became
thicker.

Capturing transient species : The bom-
bardment of a surface-bound RuII complex
with charged droplets containing a ligand
allows the detection of reaction inter-
mediates (see figure). The reaction
investigated is used to synthesize RuII

catalysts containing amino alcohol
ligands, which facilitate the asymmetric
transfer hydrogenation of ketones and
imines.

SO what? Spectral features caused by
relativistic effects on chemical shift ten-
sors are not always looked for in solid-
state NMR spectroscopy. Slow-rotation
29Si magic-angle spinning (MAS) NMR
measurements on the triad [ClTM(m-
mt)4SiCl] (TM = Pt, Pd, Ni; mt = 2-mer-
capto-1-methylimidazolide) reveal that
heavy-atom spin–orbit (SO) coupling has
a dramatic impact on the 29Si NMR
spectral peak shape.
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Turned off by oxygen : Luminescent
upconverting nanoparticles (UCNPs) of
the type NaYF4:Yb,Tm are employed in an
entirely new type of optical sensor for
oxygen (see picture). Upon laser excita-
tion at 980 nm, these UCNPs act as
nanolamps, the blue emission of which is
used to photoexcite an iridium complex
dissolved in ethyl cellulose. Its green
emission, in turn, is dynamically and fully
reversibly quenched by molecular oxygen.

DNA origami gets large : A double-layer
DNA-origami tile with two orthogonal
domains underwent self-assembly into
well-ordered two-dimensional DNA arrays
with edge dimensions of 2–3 mm (see

schematic representation and AFM
image). This size is likely to be large
enough to connect bottom-up methods of
patterning with top-down approaches.

Carbenes attack! Stable carbenes react
with [Fe(cot)2] in very different ways.
Whereas the classical N-heterocyclic car-
benes induce the formation of tetra- and
trimetallic iron clusters, abnormal NHCs
and carbocyclic carbenes (BACs) form
mono- and bimetallic iron complexes.
Cyclic (alkyl)(amino)carbenes (CAACs)
react with [Fe(cot)2] in a completely dif-
ferent manner, namely through outer-
sphere [4þ1] cycloaddition.

Revealing kinetics : For the a-70 residue of
MoFe nitrogenase in Azotobacter vinelandii
the impact of substitution on the CO
coordination to the enzyme’s active center
was studied by using stopped-flow IR
spectroscopy. The results suggest that in
all cases the CO ligand binds to the Fe 2-3-
6-7 face of the FeMo-cofactor (see pic-
ture).
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Stamp of approval : Wet stamping allows
metal–organic framework (MOF) crystals
to be imprinted with micropatterns of
various organic chemicals. Printing the
MOFs with photochromic molecules and
pH indicators generates stimuli-respon-
sive micropatterns which change their
appearance upon contact with specific
chemicals (see picture), thus reporting
the environmental “status” of the crystal.

Breaking with conventional wisdom :
Hydroformylation catalysts are generally
based on rhodium; earlier, cobalt was
used. Iridium, which is less expensive
than rhodium, was considered too
unreactive. However, iridium/phosphine

complexes have now been shown to form
active catalysts for the hydroformylation
of olefins under mild conditions (see
scheme; R1, R2 = H, alkyl, aryl ; R3 = H,
alkyl). Competing hydrogenation side
reactions can be suppressed.

Walk this way! A walker unit is able to walk
in either direction along a four-foothold
molecular track, depending on the
sequence of application of four external
stimuli: acid, base, UV light, and visible

light in the presence of iodine (see
picture). The isomerization of the stilbene
moiety in the molecular track is key for the
achievement of directional transport
through a Brownian ratchet mechanism.

True colors : A catalytic process that allows
color to be integrated directly into poly(-
lactic acid) eliminates the need for sub-
sequent wet-processing operations. The
technical performance of the new poly-
mers is superior to that of conventionally
dyed substrates and the polymers are
significantly more sustainable for appli-
cations in the textiles industry (see pic-
ture) in terms of environmental impact
and economics of the coloration process.
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Sense and sensibility : Amplified DNA
detection is accomplished by the autoca-
talytic cleavage of a programmed nucleic
acid structure based on the Mg2+-depen-
dent DNAzyme E6 (see picture). The
analyte sequence is autocatalytically gen-
erated by the DNAzyme from a reporter
nucleic acid, which is labeled with a
fluorophore and quencher at its two ends.

Lighting up enzyme activity : Fluorogenic
enzyme substrates have been developed
that upon hydrolysis form reactive qui-
none methides, which can react with cell
components in vivo to generate an

immobilized fluorescent label (see
scheme). These compounds can be used
for the histological staining of tissues or
activity-based screening of cells by fluo-
rescence-activated cell sorting.

Out of options? Even though a systematic
approach was chosen, which led to a set
of four diastereomeric macrolides mod-
eled around the proposed structure of
leiodolide B (see picture), the puzzle
concerning the stereostructure of this
cytotoxic metabolite derived from a deep-
sea sponge still remains unsolved.

One of the toughest protein fibers : The N-
terminal domain (NTD) of spider dragline
silk shows a pH-dependent monomer–
dimer equilibrium: The N-terminal
domain silk protein is stored as a stabi-
lized monomer at neutral pH and high
salt concentration, whereas during fiber
assembly at a lower pH value this domain
is able to form antiparallel dimers. Multi-
valent linking results in endless and highly
stable fibers (see picture).
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Halogen bonding triggers activity :
Increasing binding affinity was observed
for a series of covalent human Cathe-
psin L inhibitors by exchanging an aryl
ring H atom with Cl, Br, and I, which
undergo halogen bonding with the C=O

group of Gly61 in the S3 pocket of the
enzyme. Fluorine, in contrast, strongly
avoids halogen bonding (see scheme).
The strong distance and angle depend-
ence of halogen bonding was confirmed
for biological systems.
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