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Investigation of Channelrhodopsin‐2 mutants using resonance Raman spectroscopy
Sara Bruun1,2, Hendrik Naumann1, Uwe Kuhlmann1, Claudia Schulz1, Peter Hegemann2 and
Peter Hildebrandt1
1

Technische Universität Berlin, Institut für Chemie, Sekr. PC14, Straße des 17. Juni 135, D‐10623 Berlin,
Germany
2
Humboldt Universität zu Berlin, Institut für Biologie, Experimentelle Biophysik, Invalidenstr. 42, D‐10115
Berlin, Germany
Channelrhodopsin‐2 (ChR2), a membrane‐bound cation channel and a light‐activated enzyme, is one of
the proteins involved in the phototactic response of the alga Chlamydomonas reinhardii. Using resonance
Raman spectroscopy, we have investigated the retinal chromophore that is covalently linked via a Schiff
base to the ChR2 protein. The chromophore of the ChR2 H134R dark state was studied using low laser
power and rotating cuvette under mixing. With increasing laser power, accumulation of the deprotonated
state P390 (M‐state) in the laser spot was noted but without any significant increase of other intermedi‐
ates. The resonance Raman spectra of the dark state displays symmetric band shapes in the C=C and C=N
stretching region indicating the occurrence of only one isomeric form. The channel activity of ChR2 is
most likely induced by the all‐trans to 13‐cis isomerisation of the retinal chromophore, as judged from the
similar spectral changes that occur during transition from dark state to P390 in ChR2 and from dark state
to M412 in Bacteriorhodopsin. Additionally, we have found that the inactivation of the slow mutant ChR2
C128T is probably caused by hydrolysis of the retinal Schiff base creating a free retinal, due to the almost
identical spectra of the side‐chain intermediate and all‐trans retinal in CCl4.
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Development of biosensors from the immobilization of enzyme in polyglycerol scaffolds
P. Dey,1 D. Steinhilber,1 U. Wollenberger,2 and R. Haag1
1

Free University Berlin, Institute for Chemistry und Biochemistry, 14195 Berlin, Germany
2
University of Potsdam, Institute for Biochemistry and Biology, 14476 Golm, Germany

In recent years, the field of enzyme based bio‐sensors has been rapidly growing due to the superior se‐
lectivity and high affinity of enzyme towards substrates. To achieve the electrical communication between
the enzyme and electrode, researchers have developed first generation bio‐sensors (oxygen acts as me‐
diator), second generation bio‐sensors (dye molecule, conducting polymers act as mediator) and third
generation biosensors (direct electron transfer from enzyme to electrode).[1] Second generation biosen‐
sors have shown a lack of selectivity due to the presence of electrical mediators. This is why researchers
have continued to look for better ways to achieve electronic communication between redox protein (en‐
zymes) and electrodes. One way leads to the development of third generation bio‐sensors based on direct
electron transfer from enzyme to electrode. The absence of mediators allows superior selectivity because
they can be operated in a potential window closer to the redox potential of enzyme.
Up to now researchers have used polyacrylamide (PAM) hydrogel thin film[2] and chitosan (CS) film[3]
for the direct electron transfer from protein to electrode. We are involved in designing new hydrogel scaf‐
folds from hyperbranched polyglycerol (hPG) and polyethy‐
lene glycol (PEG) because both materials are biocompatible
and show resistance towards protein.[4] This hydrogel can
also retain large amounts of water which provides a protec‐
tive environment for the enzyme to carry out the activity and
also inhibit degradation. Such a scaffold has been synthesized
using Thiol – Michael addition and amide coupling. Enzymes
are then entrapped in the hydrogel film by spin coating the
polymer solution in the presence of enzyme on the electrode
surface. The next step is the study of the activity of immobi‐
lized enzymes in the presence of substrates.
Fig. 1 – Hydrogel scaffold with enzyme
References
[1]

W. Zhang and G. Li, Analytical Sciences 20 (2004) 603.

[2]

L. Shen, R. Huang and N. Hu, Talanta 56 (2002) 1131.

[3]

H. Huang, N. Hu, Y. Zeng and G. Zhou, Anal. Biochem. 308 (2002) 14.

[4]

M. Calderon, M. A. Quadir, S. K. Sharma and R. Haag, Adv. Mater. 22 (2010) 190.
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Gold Nanoparticles as Support for the Direct Electron Transfer and Catalysis
of the Human Sulfite Oxidase
S. Frasca*1, J. Salewski3, O. Rojas2, , K. Stiba1, I. M. Weidinger3, S. Leimkühler1, P. Hildebrandt3,
J. Koetz2, U. Wollenberger1
1

Institut für Biochemie und Biologie, Universität Potsdam, Golm, Germany;
2
Institut für Chemie, Universität Potsdam, Golm, Germany;
3
Institut für Chemie, Technische Universität Berlin, Berlin Germany.
stefano.frasca@uni‐potsdam.de (UniCat Resarch Field A3, B3)

We present the characterization of the direct electron transfer and the catalytic activity of sulfite
oxidase in a hybrid biosensor, consisting of a combination of ultrafine gold nanoparticles and enzyme, for
sulfite detection.
The human sulfite oxidase (hSOx) is a molybdenum and heme containing protein belonging to the oxi‐
doreductase family. It catalyzes the oxidation of sulfite to sulphate releasing the electrons to an external
acceptor. The natural electron acceptor, cytochrome c, may be used to transfer electrons to an electrode
[1] or may be replaced by a chemically modified electrode [2].
We employed polyethyleneimine (PEI) capped gold nanoparticles with an average diameter of 5‐10 nm
to enhance the electrical comunication of the hSOx with the electrode surface.
A hybrid system with a Au‐electrode, self assembled alkyl thiol derivatives, PEI capped nanoparticles
and sulfite oxidase has been assembled.
Electrochemical as well as uv‐vis and SERRS characerization of the system will be presented.

References
[1]

Spricigo R., Dronov R., Rajagopalan K. V., Lisdat F., Leimkühler S., Scheller F. W., Wollenberger U. Soft Matter,
2008, 4, 972.

[2]

Sezer M., Spricigo R., Utesch T., Millo D., Leimkuehler S., Mroginski M. A., Wollenberger U., Hildebrandt P.,
Weidinger I. M. Phys Chem Chem Phys., 2010, 12, 7894‐7903.
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Structural insights into an oxygen‐tolerant hydrogen converting biocatalyst
Frielingsdorf S1, Goris T1, Fritsch J1, Scheerer P2, Wait A3, Heidary N4, Priebe J4, Lendzian F4, Zebger I4,
Armstrong F3, Spahn C2, Friedrich B1 and Lenz O1
1

Department of Biology ‐ Microbiology, Humboldt‐Universität zu Berlin, Chausseestraße 117,
10115 Berlin, Germany
2
Institute of Medical Physics and Biophysics, Charité – Universitätsmedizin, Charitéplatz 1,
10117 Berlin, Germany
3
Inorganic Chemistry Laboratory, Department of Chemistry, University of Oxford, South Parks Road, Ox‐
ford, OX1 3QR, United Kingdom
4
Max‐Volmer‐Laboratory for Biophysical Chemistry, Department of Chemistry,
Technische Universität Berlin, Straße des 17. Juni 135, 10623 Berlin, Germany
[NiFe]‐hydrogenases catalyse the reversible cleavage of H2 and are therefore strong candidates for bio‐
technological applications. The major drawback preventing the application of hydrogenases is the wide‐
spread sensitivity towards O2. The membrane‐bound hydrogenase (MBH) from Ralstonia eutropha H16 is
one of the rare examples of oxygen‐tolerant [NiFe]‐hydrogenases which is able to perform H2 cycling in
the presence of O2 [1]. It consists of three subunits, a large subunit (HoxG) harbouring the [NiFe] active
site, a small subunit (HoxK) comprising three Fe‐S clusters, and a membrane‐integral cytochrome subunit
(HoxZ) carrying two b‐type haem groups linking the enzyme via the quinone pool to the respiratory chain.
The underlying principle of the oxygen tolerance was up to now unclear. Interestingly oxygen toler‐
ance is related to a modification of the electron transfer chain rather than major changes at the [NiFe]
active site [2]. In comparison to O2‐sensitive hydrogenases two additional cysteines coordinate the Fe‐S
cluster that is in the proximal position to the [NiFe] active site resulting in an unprecedented distorted
open conformation of the Fe‐S cluster as shown by X‐ray crystallography. According to physiological, bio‐
chemical, spectroscopic and electrochemical data, removal of the additional cysteines renders the mem‐
brane‐bound hydrogenase sensitive towards O2. Accordingly, oxygen tolerance is presumably achieved by
the reductive removal of oxygen species from the active site that is enabled by special electronic proper‐
ties of the modified Fe‐S cluster. Furthermore data will be presented demonstrating that the MBH assem‐
bles into a high molecular mass complex.
References
[1]

Lenz O, Ludwig M, Schubert T, Bürstel I, Ganskow S, Goris T, Schwarze A, Friedrich B (2010) Chemphyschem
11: 1107

[2]

Goris T, Wait AF, Saggu M, Fritsch J, Heidary N, Stein M, Zebger I, Lendzian F, Armstrong FA, Friedrich B, Lenz
O (2011) Nat Chem Biol 7: 310
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XAS/XES on [FeFe] hydrogenase and biomimetic Fe2 complexes: insight into molecular structure and
electronic configuration of catalysts for H2 production
Nils Leidel, Kajsa G. V. Havelius, Oliver Sanganas, Simone Löscher, Michael Haumann*&
Freie Universität Berlin, FB Physik, Arnimallee 14, 14195 Berlin, Germany, *
michael.haumann@fu‐berlin.de
Understanding the mechanism of the production of molecular hydrogen (H2) at the active site of hy‐
drogenases is an important topic in sustainable energy research. [FeFe] hydrogenases are the most active
H2‐producers in Nature. However, their use in biotechnology is hampered by the extreme O2 sensitivity of
the active site. In a comparative approach, the active site of [FeFe] hydrogenase HydA1 from the green
alga Chlamydomonas reinhardtii, which is denoted H‐cluster and consists of a [4Fe4S] cluster linked to a
binuclear Fe unit (2FeH), and synthetic Fe2 complexes, mimicking coordination features in the enzyme,
were investigated using X‐ray absorption (XAS) and emission (XES) spectroscopy techniques [1‐5].
For the enzyme, XAS revealed structural changes at the H‐cluster in response to H2, O2, and CO expo‐
sure [1]. An XAS investigation on maturation proteins of HydA1 has lead to a reaction scheme for H‐
cluster assembly [2]. Studies on O2‐effects using a time‐resolved XAS approach revealed three phases
coupled to oxygenation, inactivation, and degradation of the H‐cluster [3]; CO seems to protect against
O2‐induced degradation [4]. Possible strategies for improved O2‐tolerance in [FeFe] hydrogenase may
emerge.
Electronic features of the H‐cluster in HydA1 and a variety of Fe2 compounds were addressed using XES
and spectral simulations by density functional theory (DFT) calculations [5,6]. We focussed on 1s3d and
valence‐to‐core (crossover) electronic transitions, involving, e.g., interactions of metal and ligand elec‐
tronic levels. Changes in molecular orbital (MO) and metal 3d configurations in response to coordination
changes at iron were analyzed and their relevance for H2 catalysis in [FeFe] hydrogenase is discussed.
&

We thank the groups of T. Happe (Uni. Bochum), S. Ott (Uni. Uppsala), A. Grohmann (TU‐Berlin), M.
Stein (Uni. Magdeburg), F. Armstrong (Uni. Oxford), and P. Glatzel (ESRF Grenoble) for fruitful collabora‐
tions and the Deutsche Forschungsgemeinschaft for funding.
References
[1]

Stripp S, Sanganas O, Happe T, Haumann M (2009) Biochemistry 48: 5042‐5049

[2]

Czech I, Stripp S, Sanganas O, Leidel N, Happe T, Haumann M (2011) FEBS lett. 585: 225‐230

[3]

Lambertz C, Leidel N, Havelius K, Chernev P, Winkler M, Happe T, Haumann M (2011) to be submitted

[4]

Stripp S, Goldet G, Brandmayr C, Sanganas O, Vincent K, Haumann M, Armstrong F, Happe T (2009) Proc. Natl.
Acad. Sci. USA 106: 17331‐17336

[5]

S. Löscher, L. Schwartz, M. Stein, S. Ott, M. Haumann (2007) Inorg. Chem. 46: 11094‐11105

[6]

Leidel N, Havelius K, et al., Haumann M (2011) manuscript in preparation
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Structure‐Function Relationship of the Soluble, NAD+‐Reducing [NiFe]‐Hydrogenase from Ralstonia eu‐
tropha H16: Insights from Spectroscopic Studies
M. Horch1, L. Lauterbach2, Y. Rippers1, M. Saggu1, M.A. Mroginski1, R. Bittl3, P. Hildebrandt1,
F. Lendzian1, O. Lenz2, and I. Zebger1
Institut f. Chemie, Sekr. PC14,Technische Universität Berlin
Straße des 17. Juni 135, D‐10623 Berlin (Germany)
Institut f. Biologie/Mikrobiologie, Humboldt‐Universität zu Berlin
Chausseestraße 117, D‐10115 Berlin (Germany)
Institut f. Physik, Freie Universität Berlin
Arnimallee 14, D‐10115 Berlin (Germany)
Hydrogenases catalyze the reversible cleavage of molecular hydrogen into protons and electrons.
Based on investigations of purified enzyme fractions, the O2 tolerance of the bidirectional NAD+‐reducing
soluble [NiFe]‐hydrogenase (SH) from Ralstonia eutropha H16 has been previously attributed to a putative
Ni‐bound cyanide at the active site [1], which is absent in other [NiFe]‐hydrogenases. Moreover, the Ni
atom was suggested to persist in the EPR‐silent Ni(II) state throughout the catalytic cycle. [1;2]
In contrast to these in vitro investigations, a recent in situ IR and EPR spectroscopic study of living cells
revealed that the Ni atom of the native SH is redox‐active. [3] Furthermore, the corresponding IR data
suggest that the SH active site contains a standard set of inorganic ligands, namely one CO and two CN‐,
all of which are coordinated to the Fe atom. These findings raise the question about the origin of the oxy‐
gen tolerance and the unusual in vitro spectroscopic properties of the SH.
New insights derived from spectroscopic investigations of purified SH in combination with computa‐
tional calculations of IR spectra suggest a reversible sulfoxygenation of the two cysteine residues that
serve as bridging ligands of the nickel and iron atom of the active site. These results are discussed with
regard to the different spectroscopic properties of native SH residing in living cells compared to purified
SH protein. Furthermore, we propose possible functional roles of reversible thiolate oxidation in this
NAD+‐reducing [NiFe]‐hydrogenase.
References
[1]

Van der Linden E, Burgdorf T, Bernhard M, Bleijlevens B, Friedrich B, Albracht SPJ (2004) J Biol Inorg Chem 9:
616‐626

[2]

Happe RP, Roseboom W, Egert G, Friedrich CG, Massanz C, Friedrich B, Albracht SPJ (2000) FEBS Lett 466:
259‐263

[3]

Horch M, Lauterbach L, Saggu M, Hildebrandt P, Lendzian F, Bittl R, Lenz O, and Zebger I (2010) Angew Chem
Int Ed 49: 8026‐8029

9

XV. International Symposium on Relations between Homogeneous
and Heterogeneous Catalysis
Berlin, September 11 to 16, 2011

Biomimetic membranes for Raman spectroscopic investigations of membrane proteins
Jacek Kozuch1, Sivanesan Arumugam1, Maria Rosa Moncelli2, Claudia Steinem3, Inez Weidinger1, Diego
Millo1, Peter Hildebrandt1
1

Max‐Volmer‐Institute for Biophysical Chemistry, Technical University Berlin
2
Department of Chemistry „Ugo Schiff“, University of Florence
3
Institute for Organic and Biomolecular Chemistry, Georg‐August‐University Göttingen
In recent decades the design of biomimetic membranes has been significantly improved to produce
the highly biocompatible and stable construct denoted as nano‐black lipid membranes[1] (nBLMs). The aim
of this work is to combine this technique with (surface‐enhanced) resonance Raman (RR) spectroscopy to
study membrane proteins in their native‐like environment. A newly designed spectroelectrochemical cell
allows the formation and characterization of lipid membranes on both, bulk electrodes and Au‐sputtered
nanoporous materials, and the recording of RR spectra of immobilized proteins which is shown using the
peripheral membrane protein Cytochrome c (cyt c). As cyt c binds predominantly to negatively charged
surfaces, the protocol for nBLM formation was modified using mixtures with negatively charged phoshol‐
ipids (i.e. 1,2‐dioleoyl‐sn‐glycero‐3‐phosphocholine ‐ 1,2‐dioleoyl‐sn‐glycero‐3‐phospho‐L‐serine in a ratio
of 9:1) on bulk Au electrodes to achieve a surface coverage sufficiently high to detect the RR signals of the
embedded protein. The RR spectra display that cyt c binds to the membrane with its native conformation
and is electrically isolated from the electrode. This proves indirectly the high quality of the membrane.
The addition of silica‐coated Ag nanoparticles[2,3] led to an increased signal (by the factor of 10) employing
the surface‐enhancement effect. Furthermore, preliminary results of cyt c immobilized on nBLMs formed
on Au‐sputtered nanoporous alumina are presented.

References
[1]

W. Römer, C. Steinem, Biophysical Journal. 2008, 82(2), 955‐965.

[2]

A. Sivanesan, H. K. Ly, J. Kozuch, M. Sezer, U. Kuhlmann, A. Fischer and I. M. Weidinger, Chem. Commun.,
2011, 47, 3553‐3555.

[3]

A. Sivanesan, J. Kozuch, H. K. Ly, A. Fischer and I. M. Weidinger, in preparation.
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An efficient chemoenzymatic dynamic kinetic resolution of N‐heterocylic 1, 2‐amino alcohols
Richard Lihammara, Renaud Milleta, Jan‐E. Bäckvall a
a

Department of Organic Chemistry, Arrhenius laboratory, Stockholm University,
SE‐106 91 Stockholm, Sweden.

Enantio enriched N‐heterocycles are highly attractive compounds for industrial and academic re‐
search.[1] Among them, chiral secondary alcohols such as 3‐hydroxypiperidines or 3‐hydroxypyrrolidines
constitute an important class of molecules.[2] In this work both chemoenzymatic dynamic kinetic resolu‐
tion (DKR) and kinetic resolution (KR) of nine N‐substituted cyclic amino alcohols are described. To dem‐
onstrate the usefulness of the protocol, both removable N‐protecting groups and stabile aliphatic substi‐
tuents has been resolved. This range of substrates illustrates the viability of the protocol since the resolu‐
tion can be performed both before and after a desired synthetic transformation.
Various lipases have been studied as biocatalysts for the kinetic resolution. Dramatic changes in en‐
zyme selectivity were observed depending on the technique used for immobilization.
The DKR is efficient and all 3‐acetoxypyrrolidines and –piperidines were obtained in high yield and high
enantiomeric excess after 24 to 36 hours.

Figure 1. General scheme for dynamic kinetic resolution of 1, 2 cyclic amino alcohols.
References
[1]

S. A. Lawrence in Amines: Synthesis, Properties and Applications; Cambridge University Press, Cambridge,
2006.

[2]

a) L. Pu; H.‐B. Yu, Chem. Rev. 2001, 101, 757‐824, and references cited therein. b) J. R. Liddell, Nat. Prod. Rep.
2002, 19, 773; c) H. M. Garraffo, J. Caceres, J. W. Daly, T. F. Spande, N. R. Andriamaharavo, M. J. Andriantsif‐
erana, J. Nat. Prod. 1993, 56, 1016‐1038; d) C. J. Moody, Chem. Commun. 2004, 1341–1351;
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Purification and characterization of mouse aldehyde oxidase homologue mAOH1
Martin Mahro1, Mineko Terao2, Enrico Garattini2, Miguel Saggu3, Friedhelm Lendzian3,
Peter Hildebrandt3 and Silke Leimkühler1*
From the 1Universität Potsdam, Institut für Biochemie and Biologie, Karl‐Liebknecht Str. 24‐25, 14476
Potsdam, Germany; the 2 Department of Biochemistry and Molecular Pharmacology, Istituto de Ricerche
Farmacologiche, „Mario Negri“, via La Masa 19, Milano 20157, Italy; and the 3Technische Universität Ber‐
lin, Institut für Chemie, Sekr. PC14, Straße des 17. Juni 135, 10623 Berlin, Germany.
Aldehyde oxidase (AO; EC 1.2.3.1) is a complex metallo‐flavoprotein that contains two nonidentical
[2Fe2S] clusters, FAD and the molybdenum cofactor (Moco) as catalytically acting units. While the human
genome is characterized by a single functionally active AO gene (AOX1), the complement of homologous
genes in rodents and other mammals is more complex. The mouse AO gene cluster consists of the human
AOX1 orthologue, and three highly related genes named AO homologue‐1 (AOH1), ‐2 (AOH2), and ‐3
(AOH3). The multiple mouse AO isoforms are expressed tissue‐specifically, and may recognize distinct
substrates and carry out different physiological tasks. In general, mammalian AOs are characterized by
broad substrate specificity and an yet obscure physiological function. To define the physiological sub‐
strates and the enzymatic characteristics of mAOH1, we established a novel and efficient system for the
heterologous expression of the catalytically active form of the enzymes in Eschericia coli. mAOH1 forms
an ()2 homodimer and the recombinant protein was compared in its spectral features and in the range of
substrate specificities to the native protein purified from mouse liver. The EPR data of recombinant
mAOH1 and native mAOH1 were determined. The activity and characteristics of the two enzymes are
compared. Site‐directed mutagenesis of amino acids at the active site of AOH1 is in progress. One goal is
to define the specificities that determine that oxygen is used as physiological electron acceptor of alde‐
hyde oxidases.
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Optimisation of the chemo‐enzymatic dynamic kinetic resolution for the synthesis of benzoin and re‐
lated chiral hydroxy ketones
R. Niegutha, M. B. Ansorge‐Schumachera
a

Technical University of Berlin, Institute of Chemistry, Department of Enzyme Technology (TC4), Str. des
17. Juni 124, D‐10623 Berlin (Germany)
E‐mail: rene.nieguth@chem.tu‐berlin.de

The demand for enantiomerically pure compounds has distinctly increased in recent years, especially
in the fine chemical and pharmaceutical industries. An example for an important class of such compounds
are α‐hydroxy ketones. In principal, these can be obtained by several different strategies, whereas the
enzymatic kinetic resolution (KR) of racemic mixtures can be regarded as particularly useful.[1] However,
an important drawback of kinetic resolutions (KR) is the intrinsic limitation of the maximum theoretical
yield to 50%. This can be overcome by coupling the KR with a racemisation reaction to a dynamic kinetic
resolution (DKR) allowing theoretical yields of 100%.
It has been reported that the DKR of bulky hydroxy ketones such as benzoins (1,2‐diaryl‐2‐
hydroxyethanone) can be effectively performed on lab‐scale by Lipase TL® (from Pseudomonas stutzeri)
combined to the Shvo’s catalyst [Figure 1].[2] In this study, we aim at an optimisation of this approach
with regard to industrial application emphasising operational stability, reusability and, in particular, cata‐
lytic performance of the biocatalyst.

Fig. 1: DKR of α‐hydroxy ketones catalysed by Lipase TL® (from Pseudomonas stutzeri) and Shvo’s catalyst
as example for a suitable racemisation catalyst
In a first step, a suitable carrier for adsorption of the enzyme was identified. Best results were ob‐
tained with the strongly hydrophobic Accurel MP1001, which significantly increased the specific activity in
the desired transesterification reaction. In a second step, silicone was deposited on the carrier as this is
known to enhance both leaching and mechanical stability.[3] For the optimisation of the racemisation
step, transition‐metal‐mediated racemisation via hydrogen transfer as well as alternative heterogeneous
racemisation catalysts were applied.
References
[1]

Martin‐Matute B, Edin M, Bogar K, Kaynak FB, Bäckvall J (2005) J. Am. Chem. Soc. No: 127

[2]

Hoyos P, Fernandez M, Sinisterra JV, Alcantara AR (2006) J. Org. Chem. No:71

[3]

Wiemann LO, Nieguth R, Eckstein M, Naumann M, Thum O, Ansorge‐Schumacher MB 2009 ChemCatChem
No:1
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Electrocatalysis of an oxygen tolerant hydrogenase immobilized on Monolayer Modified Gold
monolayer modified gold electrodes
N. Ranjbar, O. Lenz, P. Hildebrandt, I. Zebler, D. Millo, P. Strasser
Introduction
Production and usage of dihydrogen, H2, in micro‐organism is catalysed by highly active metalloen‐
zymes known as hydrogenases. Based on the number and identity of metal atoms in their active sites,
hydrogenases fall into three main classes,[NiFe], [FeFe] and [Fe]. All contain the unusual ligand CO (and in
most cases CN‐ as well) making them intriguing examples of ‘organometallic’ cofactors. [NiFe] hydroge‐
nases catalyze the reversible oxidation of dihydrogen. For this simple reaction the molecule has devel‐
oped a complex catalytic mechanism, during which the enzyme passes through various redox states.
The [NiFe] hydrogenase contains several metal centers, including the bimetallic Ni‐Fe active site and
iron‐sulfur clusters. The Ni‐Fe active site is located in the inner part of the protein molecule; therefore a
number of pathways are involved in the catalytic reaction route. These consist of an electron transfer
pathway, a proton transfer pathway and a gas‐access channel.
Hydrogenases are becoming a focus of attention for research into future energy technologies, in terms
of production of H2 as well as H2 oxidation in biological fuel cells. Hydrogenases immobilized on elec‐
trodes exhibit high electrocatalytic activity, providing not only an important new technique for their in‐
vestigation, but also a basis for novel fuel cells either using the enzyme itself, or inspired synthetic cata‐
lysts. Favorable comparisons have been made with platinum electrocatalysts, an advantage of enzymes
being their specificity for H2 and tolerance of CO. A challenge for exploiting hydrogenases is their sensitivi‐
ty to O2, but some organisms are known to produce enzymes that overcome this problem by subtle alte‐
rations of the active site and gas access channels [1].
O2‐tolerant hydrogenases, such as the membrane‐bound [Fe‐Ni]‐hydrogenase (MBH) extracted from
Ralstonia eutropha, open the promising perspective of coupling these enzymes to the oxygenic photosyn‐
thesis with the final goal of light‐driven H2 production. To achieve this goal, immobilization and wiring
strategies need to be designed that allow for a direct electron transfer to the intra‐protein [FeS], charge
transfer redox clusters, and eventually to the active [FeNi] center where hydrogen is produced.
Ralstonia eutropha MBH is the first catalyst that has been shown to be capable in producing H2 in the
presence of O2. Traditionally, this hydrogenase was investigated by immobilization on highly orientated
pyrolytic graphite (HOPG) electrode and protein film voltammetry used to record catalytic activity. How‐
ever, in this immobilization technique the surface coverage and orientation of the individual MBH on the
conductive substrates (HOPG) was unknown or very difficult to determine with sufficient accuracy. As a
result of this, turn over frequencies and turn over number were subject to a significant degree of uncer‐
tainty[2].
The goal of this project is to develop and utilize robust hydrogenase immobilization strategies to en‐
hance the enzyme coverage as well as the rate of direct electron transfer between enzyme and solid elec‐
trode. Coverage increases and immobilization on gold electrode would constitute an important step for
our fundamental understanding and practical usefulness of hydrogenase electrodes, the higher coverage
would enable higher yields of hydrogen, or hydrogen conversion. Gold electrodes would, for the first
time, enable a spectroscopic investigation of the operating hydrogenase with favorable signal to noise
ratios.
Experimental Approaches
Electrochemical techniques mainly cyclic voltammetry (CV) and electro impedance spectroscopy (EIS)
are at the center of attention of the electrocatalysis investigation of hydrogenase. Self assembled mercap‐
tens with different terminate groups including NH2 and COOH and finally mixture of these monolayers
with OH‐terminated, as self‐assembled monolayers (SAMs) used for gold electrode modification. The for‐
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mation of monolayer traced by EIS as a function of time. In addition, for each type of monolayer the effect
of the carbon chain (C2‐C16) on the electron transfer was also investigated.
Results and Discussion
Results confirmed that COOH terminated monolayer can successfully function as a mediator between
enzyme and electrode, but NH2 terminated were not able to take the role of mediator. These findings can
be attributed to the electrostatic interaction between the electron channel in the enzyme and electrode
surface which determine the desired orientation resulting in electron channeling to the electrode.
For COOH‐terminated SAM, the catalytic signal is pronouncedly affected by the length of carbon chain.
C5 and C7 SAM behave as a mediator but C2 (shortest carbon chain) and the longer chains cannot play
this role, although it should be mentioned that immobilized enzyme on C5‐COOH showed the best catalyt‐
ic activity.
Additionally for immobilization, we employed the novel class of high surface area, “Dealloyed” Nano‐
porous Gold (NPG) surfaces. NPG offers much larger surface areas than conventional metal electrodes.
Hence, it holds the promise for higher enzyme loadings, improved wiring properties, and thus better elec‐
tron transfer and higher signal to noise ratios.
Our results show that although immobilization and measuring conditions (temperature and pH) have
effect on catalytic activity but to make the electrochemical measurements we need an optimal distance
between enzyme and electrode surface and suitable charging groups on the electrode.
Conclusions and Outlook
In this wok for the first time we were successful to immobilize a membrane bound hydrogenase on
gold electrode with electrostatically controlled orientation which provides us information about the struc‐
ture of the enzyme and the mechanism of electron transfer. Initial studies done with surface enhanced
infrared absorption spectroscopy (SEIRAS) carried out proved that this technique provides a complemen‐
tary structural inside by hands of characteristic absorption bands for the active site and the protein back‐
bone, which help to elucidate the underlying mechanism of the protein binding and the catalytic cycle, as
shown already in anaerobic [NiFe] hydrogenases[3].
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Stabilisation of the soluble hydrogenase from Ralstonia eutropha H16 for application as a cofactor re‐
generation catalyst
Juliane Ratzkaa, Nicole Herra, Marion B. Ansorge‐Schumachera
a

Technical University of Berlin, Institute of Chemistry, Department of Enzyme Technology (TC4), Str. des
17. Juni 124, D‐10623 Berlin (Germany)

The oxygen‐tolerant soluble hydrogenase (SH) from Ralstonia eutropha H16 reveals promising proper‐
ties for a technical application as a regeneration catalyst for the cofactor NADH, which is required in nu‐
merous organic syntheses [Figure 1]. In this context, the actual potential of this enzyme for an accordant
application was evaluated. In combination with the carbonyl reductase from Candida parapsilosis (CPCR),
the SH was able to achieve an almost complete reaction conversion and total turnover numbers (TTN:
nproduct/nenzyme) of up to 143,666 [1]. This was distinctly superior compared to the commonly used formate
dehydrogenase (FDH) from Candida boidinii.
NADH + H+

Hydrogenase

H2

Oxidoreductase

NAD+

Fig. 1: Hydrogenase‐catalysed regeneration of NADH in the oxidoreductase‐catalysed reduction of a ke‐
tone.
In an additional systematic investigation of catalytic activity and stability, the SH obtained a strong
sensitivity, especially against the presence of various concentrations of co‐solvents including organic sol‐
vents and ionic liquids, which are often required as solubilisers in various technical applications [2]. Based
on these results, the SH was stabilised by adsorptive and covalent immobilisation on Amberlite FPA54
resin. Thereby, stabilisation factors of up to 6 were achieved in pure aqueous solutions at optimum reac‐
tion conditions and under mechanical stress. In the presence of the studied organic solvents the enzyme
stability could even be increased by a factor of up to 139. In addition, the immobilisation distinctly im‐
proved SH stability achieving stabilisation factors of up to 17.
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Investigations on the binding and insertion of Moco to molybdoenzymes in Escherichia coli.
Stefan Reschke1, Kajsa G. V. Havelius2, Sebastian Horn2, Michael Haumann2 and Silke Leimkühler1.
From the 1Universität Potsdam, Institut für Biochemie and Biologie, Karl‐Liebknecht Str. 24‐25, 14476
Potsdam, Germany; the 2Freie Universität Berlin, Institut für Experimentalphysik, Arnimallee 14, 14195
Berlin, Germany.
The crystal structures of several molybdoenzymes revealed that the molybdenum cofactor (Moco) is
deeply buried inside the proteins, at the end of a funnel‐shaped passage giving access only to the sub‐
strate. This implied the requirement of specific chaperones for each molybdoenzyme, to facilitate the
insertion of Moco. For bacteria, it was shown that the pathways of the bis‐molybdopterin guanine dinuc‐
leotide cofactor (bis‐MGD) and Moco biosynthesis diverge after the insertion of the molybdenum atom
into MPT. One part of the Moco pool is inserted into molybdoenzymes binding the Mo‐MPT form of Mo‐
co, the other part is further modified by MobA, or MocA adding an additional nucleotide and forming the
bis‐MGD or MCD cofactors, respectively. Changes at the Mo site are expected, depending on its binding to
the isolated Moco during binding and modification of Moco in the course of its biosynthesis. We used
MobA as a model protein to study the biosynthesis of bis‐MGD, with a focus on the mechanism of the
fusion of the two Moco molecules.
Our model is that each molybdoenzyme in E. coli binding a modified form of Moco has its own specific
chaperone which is involved in Moco binding and targeting to the respective apo‐molybdoenzyme. How‐
ever, the E. coli YedY protein binds the unmodified Mo‐MPT form of Moco, thus a chaperone for Moco
insertion would not be required. We investigated interactions between YedY, MogA, MoeA and MobA to
determine which protein delivers the Moco to Mo‐MPT enzymes in E. coli without the aid of a further
chaperone. YedY represents a new member of the sulfite oxidase family of Moco containing oxidoreduc‐
tases. We investigated the atomic structure of the Mo site in YedY by X‐ray absorption spectroscopy. Pre‐
vious crystallographic studies have provided detailed insights into the coordination of the Mo atom in
YedY, both in its oxidized (MoVI) and reduced (MoIV) states. Our investigations using XAS at the Mo K‐edge
in addition to X‐ and Q‐band EPR spectroscopy determine the ligand environment of the molybdenum
atom in YedY in the presence and absence of substrate analogs, in comparison to the situation in hSO and
a MoIV model compound [1].
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Immobilisates with improved interface for biocatalysis in organic media
Changzhu Wu, Marion B. Ansorge‐Schumacher
Department of Enzyme Technology (TC4), Institute of Chemistry, Technische Universität Berlin,
Straße des 17. Juni 124, D‐10623 Berlin, Germany
Biocatalysis by immobilized enzymes in organic solvent media has achieved tremendous importance
for chemical and pharmaceutical synthesis within the last decades. However, in practical applications,
their success is often compromised by serious mass transfer limitations during reactions. Limitations vary
with different carriers, but a common feature is the formation of a poor interface between carriers, en‐
zyme phase or reaction media, which greatly reduces the catalytic efficiency. Thus, improving the inter‐
face is crucial to enhance the biocatalytic performance of immobilized enzymes in organic solvents. Here,
two promising carriers (hydrophilic agar gels and hydrophobic silicone beads) were selected as represent‐
ative study objects. Different strategies were employed to improve the poor interface of these carriers.
For hydrophilic agar gels, a solvent exchange process was used to improve the solubility of agar gels
loaded with lipase B from Candida antarctica (CalB) in the organic phase [1]. By this approach, CalB was
transformed into the cores of the agar gels (Fig. 1a), and the surface of the gels was sufficiently wetted to
obtain a nice dispersion in heptane. Moreover, CalB revealed an enhanced reusability and stability.
For hydrophobic carriers, lipase A from Candida antarctica (CalA) was entrapped in biocatalytic active
silicone beads (BASE), in which the aqueous enzyme solution was emulsified as numerous micro‐pools
(Fig. 1b) [2]. These novel immobilisates were optimized to extend the interfacial area of inner micro‐pools
for efficient esterification in heptane. It was observed that with increasing amounts of water a larger
interfacial area of micro‐pools could be produced within the silicone, resulting in an about twofold in‐
creased activity. Thus, for both immobilization approaches, applicability for use in organic synthesis could
be considerably improved.

A

Agar gel

B

CalB

Fig. 1: a) CalB was transformed into the core of an agar gel by solvent exchange process, and b) a silicone
bead entrapping aqueous CalA solutions as micro‐pools was dispersed in an organic solvent.
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Coupling of Peroxygenase Activity of Immobilized Microperoxidase with Electro‐Enzymaytic Recycling
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We investigate the peroxide‐dependent conversion of the aromatic substances such as aniline, halo‐
genated aniline derivatives, catechol, and paracetamol by immobilized microperoxidase‐11 (MP‐11) which
are relevant in environmental and in clinical analyses.
In contrast to the electron transferase cytochrome c, its truncated forms, called microperoxidases
have broad substrate spectrum which is an overlap with cytochrome P450 and of plant peroxidases. This
makes MPs attractive recognition elements in biosensors.
The destruction of the heme group in presence of peroxide and the low specific activity for substrate
conversion were circumvented by application of an excess of MP as compared with a complete monolayer
(Fig.1).
To achieve higher active surface area, faster mass transport and improved signal‐to‐noise ratio we in‐
tegrated gold nanoparticles (AuNPs) or silver nanoparticles (AgNPs) into the enzyme containing chitosan
layer. The surface architecture was chartacterized by SEM and SERS. The comparison of the surface con‐
centrations of electroactive MP‐11 shows that the integration of nanoparticles into the chitosan, electri‐
cally contacted nanoparticles are in the proximity of the electrode surface. These “electrically contacted”
particles are involved in the generation of the electrode signal. Signal enhancement was gained by elec‐
tro‐enzymatic recycling of the analyte. The electro‐enzymatic recycling of the analyte results in an almost
5 fold amplification of the current signal as compared with the anodic oxidation of pAP. In the absence of
AuNPs the sensitivity is 6.6 fold lower with an amplification factor of 1.7.
The linear range of the biosensor for the detection of catechol was between 100 and 900 nM with a
detection limit of 27.4 nM (based on the S/N=3).

Figure 1: Schematical representation of the GC electrode covered by MP‐11 immobilized in a matrix of
chitosan embedded AuNPs.
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Single Source Precursor Approach as a Unique Way to Design Li‐doped MgO on the Molecular Scale
Yilmaz Aksu, Stephan Heitz, Sebastian Arndt, Reinhard Schomäcker, Matthias Driess
Technische Universität Berlin, Institut für Chemie, Strasse des 17. Juni 135, 10623 Berlin
E‐mail: yilmaz.aksu@tu‐berlin.de
Lithium‐doped MgO is a promising and well studied catalyst for the oxidative coupling of methane
(OCM).[1] Lunsford and co‐workers proposed a mechanism in which [Li+O‐]‐centers represent the active
species of the catalyst. These centers can only be formed, when the Li‐ions are good incorporated into the
MgO lattice and do not form a separate phase.[2] A highly promising method to synthesize nanocrystal‐
line Li‐doped MgO is the usage of organometallic single source precursors in which all required elements
are consistently distributed on the molecular scale. We herewith introduce the preparation of the first
single source precursors for the synthesis of lithium‐doped magnesium oxides and thermal degradation to
their corresponding oxide catalysts.
Reactions of the tetrameric [MeMgOR]4 with lithium alkoxides yield the new Li/Mg‐heterobimetallic
alkoxides [(MeMgOR)3(LiOR)(thf)] (R= iPr (1), tBu (2), CyHex (3)). The solid‐state structures of 1‐3 have been
determined by x‐ray crystallography: the tetrameric structure of the starting [MeMgOR]4 molecules is
retained in the new complexes and one magnesium atom is successfully substituted by one lithium atom.
The low temperature (400°C>) thermal degradation of mixtures of [(MeMgOR)3(LiOR)(thf)] and [MeM‐
gOR]4 under controlled conditions lead to Li‐doped MgO with variable lithium concentrations. The as‐
prepared Li‐doped MgO particles are nanocrystalline with sizes varying from 11 to 26 nm depending on
their lithium concentrations. The samples were successfully characterized by PXRD, SEM, TEM, EDX, FTIR‐
, PL‐, and Raman‐spectroscopy, BET and elemental analyses. The materials show good catalytic activity for
the oxidative coupling of methane (OCM).
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Surface structure and reactivity of Ni2P(0001) and ( 10 1 0 ) surfaces
Hiroko Ariga1, Alvin B. Hernandez1, Kumiko Kinoshita1, Dong‐Hui Guo1, Yuta Nakagawa1, Satoru Takakusa‐
gi1,Shigeki Otani2, Ted S. Oyama3, Kiyotaka Asakura1
1

Section of Surface Structure Chemistry, Catalysis Research Center, Hokkaido University,
Sapporo 001‐0021, Japan
2
. National Institute for Material Science, 1‐1 Namiki, Tsukuba, Ibaraki 305, Japan
.3 Department of Chemical System Engineering, Faculty of Engineering, University of Tokyo, Bunkyo‐Ku,
Tokyo 113‐8656, Japan.
Transition metal and light element compounds show varieties of unique chemical and physical proper‐
ties, which is related to the development of advanced materials and as catalysts. Among them Ni2P has
attracted much attention since Ni2P shows high catalytic activity for hydrodesulfurization and hydrodeni‐
trogenation, which are one of the important processes in petroleum refinery [1]. The aim of present study
is to understand the origin of high catalytic activity on Ni2P in atomic level by using well‐defined single
crystal surfaces.
Ni2P single crystals are cleaned by Ar+ sputtering followed by annealing in UHV for both (0001) and
( 10 1 0 ) surfaces. Both surfaces are observed by STM in atomic resolution. An STM image of the (0001)
surface showed hexagonal morphology with the spots separated by 0.59 nm after annealing to 953 K. The
separation corresponds to 1×1 lattice. In the LEED‐IV analysis we cannot obtain good fitting result based
on the bulk terminated but on the phosphorus‐terminated show the lowest R factor. An STM image of the
reconstructed ( 10 1 0 ) surface where the c(2×4) LEED pattern shows thick bright lines running parallel to
[0001] direction. The distance between the thick lines consisting of zigzag structures are 0.68 nm. Mean‐
while, adjacent zigzag structures have an antiphase arrangement, so that the zigzag structure has a head‐
to‐head orientation or the bright spots appear in the same side of the thick lines. Thus the unit cell
should be twice as large as the separation between the thick lines, which corresponding to a c(2×4) super‐
structure. The STM images are also explained by phosphorus covered surface structure. The results sug‐
gest that Ni2P surfaces are stabilized and passivated by the surface phosphorous which has a σ bond with
Ni 3d dangling bond. As Ni sites are active sites for the reactant during catalytic reactions, this surface
reconstruction might be lifted by the hydrogen pretreatment to remove phosphorus adatoms. We will
discuss the surface stabilization mechanism of Ni2P surface.

Fig. 1 STM images of Ni2P (a) (0001) surface after annealing to 953 K (4.8x4.8 nm2, Vs: +1.7 V,
It: 0.35 nA) and (b) (10 1 0 ) surface after annealing to 723 K (10x10 nm2, Vs: -1.5 V, It: 5 nA).
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Structural investigations on manganese oxide based electrocatalysts for electrochemical oxygen evolu‐
tion in neutral and alkaline electrolytes
A. Bergmann, K. Mette, I. Zaharieva, M. Behrens, H. Dau, and P. Strasser
Technische Universität Berlin, The Electrochemical Energy, Catalysis, and Materials Science Laboratory,
Straße des 17.Juni 124, 10623 Berlin, Germany
Freie Universität Berlin, FB Physik, Arminallee 14, 14195 Berlin, Germany
Fritz‐Haber‐Institut der Max‐Planck‐Gesellschaft, Faradayweg 4‐6, 14195 Berlin, Germany
Noble‐metal free electrocatalysts for oxygen evolution reaction (OER) based on Mn‐/Co‐ oxides are
promising candidates to realize energy storage systems for application in neutral environments. Nocera
et. al. published the concept of the artificial leaf based on a Co‐oxygen evolution complex (Co‐OEC) which
has the potential to contribute strongly to the realization of small‐scale energy storage systems, especially
for application in developing countries[1]. In addition, manganese oxide is an interesting material due to
their low cost and toxicity as well as its presence in the water splitting complex in Photosystem II where
numerous studies have been conducted on[2, 3].
In this work, a bio‐inspired nano‐structured manganese oxide[4] on pre‐oxidized multi‐walled carbon
nanotubes (MWNT) prepared by symproportionation reaction and incipient wetness has been investi‐
gated with respect to their oxygen evolution reactivity and stability in neutral and alkaline solutions. The
main goal of this work is to unravel the structure of the MnOx on different length scales by using XANES
and EXAFS spectroscopy to identify the oxidation state and local atomic structure, respectively, and x‐ray
diffraction to illuminate the long‐range order of the catalytic material. Additionally, structural changes
during the transition to the oxygen evolving state have been investigated.
Our studies show a beneficial effect of increasing pH on the current density of both catalytic materials
but nevertheless the same qualitative behavior has been found. The structural analysis shows similarities
and differences between the MnOx and the Co‐OEC which in combination with the electrochemical expe‐
riments allows us to draw conclusion on structure‐reactivity and stability interrelations. The oxidation
state of Mn increases during the transition to the oxygen evolution state while the major structure motifs
remain unchanged. Our results will help to understand fundamental structure‐reactivity/stability interre‐
lations and, thus contributes to the development of improved synthesis concepts and electrocatalysts.
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On the Preparation and Hydroxylation of Silicate and Aluminosilicate Films on Metal Surfaces
J.A. Boscoboinik, B. Yang, X. Yu, S. Shaikhutdinov, H.‐J. Freund
Fritz‐Haber‐Institut, Faradayweg 4‐6, 14195 Berlin, Germany
The preparation of thin aluminosilicate films on metal supports remains a challenging task in catalysis
and material science as it would provide, if successful, model systems well‐suited for a variety of surface
science techniques to ultimately establish structure‐reactivity relationships on zeolite‐like materials. Here,
we report the first results on the preparation of thin silica films grown on Ru(0001) as a support and its
characterization by means of XPS, IRAS, LEED and STM. It is shown that depending on the preparation
conditions mono‐ and multilayer all‐Si silicate films can be prepared. Aluminum can be incorporated into
the silicate films using Si and Al co‐deposition. The hydroxylation of the films was achieved upon exposure
to water and monitored by IRAS. Interestingly, the hydroxyl species remain on the surface up to 800 K,
thus indicating its strongly bound state. Reactivity studies are under way.
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Design, synthesis and catalytic application of stabilized palladium nanoparticles.
Evert Boymans, Christian Müller, Dieter Vogt
Schuit Institute of Catalysis, Laboratory of Homogeneous Catalysis, Eindhoven University of Technology,
Eindhoven, The Netherlands
The field of metal nanoparticles has gained an exponential increase in attention during the last dec‐
ades owing to their many applications, for example as catalysts [1]. Chemical reduction of metal salts in
solution is usually applied to synthesize metal nanoparticles, because of the relatively low costs and ease
of application [2]. Besides the metal precursor, this reduction involves a reducing agent. A stabilizing
agent is also added to prevent aggregation of the reduced palladium particles. This stabilizer can be an
ionic liquid, an amphiphilic compound, a dendrimer, ligand or polymer [3]. In this project, different prepa‐
ration procedures and novel surfactants are being exploited. For instance hexadecyl(2‐hydroxyethyl) di‐
methylammonium (HHDMA) dihydrogenphosphate (see Figure 1, including a TEM image of the corres‐
ponding Pd nanoparticles). This commercially available amphiphilic compound was employed by BASF for
the controlled formation of palladium nanoparticles [4].

Figure 1: Several analytical techniques are employed to study the growth and stabilization of the palla‐
dium nanoparticles, such as x‐ray diffraction (XRD), transmission electron microscopy (TEM) and X‐ray
photoelectron spectroscopy (XPS). Moreover, the catalytic performance of these well‐defined nanocata‐
lysts will be tested in the stereoselective hydrogenation of alkynes.
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Spatially Resolved Numerical Investigation of Fixed‐Bed Reactors
Including Detailed Reaction Mechanism
Thomas Eppinger, Matthias Kraume
Chair of Chemical and Process Engineering, Technische Universität Berlin
The modeling approach for the development and design of fixed‐bed reactors often assumes plug‐flow
and uses volume‐averaged properties. This pseudo‐homogeneous approach is suitable for fixed‐bed reac‐
tors with a large tube‐to‐particle diameter ratio. For smaller values of the diameter ratio the influence of
the reactor wall and as a consequence the radial variation in porosity and flow distribution increases.
With the increase of computational power in the last years computational fluid dynamics (CFD) has be‐
come a useful tool for the simulation of such reactors: Spatially resolved simulations allow a detailed
analysis of the flow pattern and porosity distribution as well as the species and temperature distribution.
Regions with mass and/or heat transport limitations can be detected. These information can help to im‐
prove the performance of such reactors.
For the numerical simulation a new method based on the Finite Volume Method was developed which
combines the Discrete Element Method (DEM) for the generation of a randomly packed bed with an au‐
tomated meshing and calculation process for the CFD simulation. This new method is evaluated in terms
of pressure drop, radial and axial porosity and velocity distribution (fig. 1, right and [1]).
Beside the fluid dynamics of such reactors the combined calculation with detailed homogeneous
and/or heterogeneous reaction mechanism allows to analyse the reactor in detail in terms of conversion,
selectivity and yield. The local species concentration as well as the local surface coverage can be eva‐
luated (fig. 1, left). Even the diffusion process in the pores of the catalyst pellets can be modeled and cal‐
culated. This is demonstrated with a detailed reaction mechanism for the Partial Oxidation of Methane
over Platinum (PMO) [2].

Fig. 1: Local CH4 mole fraction in the gasphase and local CH3 surface fraction on the
catalyst pellet (left), regions with backflow or zero velocity at Re = 100 (right).
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Chiral matrices of mesoporous materials for enantioselective catalysis
Cristina I. Fernandesa, Marta S. Saraivaa, Teresa G. Nunesb, Carla D. Nunesa, Pedro D. Vaza
a

CQB, Departamento de Química e Bioquímica, FCUL, Campo Grande, Ed. C8, 1749‐016 Lisboa, Portugal; b
CQE, Instituto Superior Técnico, Av. Rovisco Pais, 1049‐001 Lisboa, Portugal (csilvafernandes@gmail.com)
Chiral porous materials have attracted much attention on account of their potential applications in
many areas, such as enantioseparation, chiral catalysis, chemical sensors and drug delivery [1]. However
chiral matrix mesoporous materials have been reported [2] but
applications in catalysis are lacking. In this work synthesis of
chiral matrix mesoporous materials was accomplished using
ammonia as co‐surfactant [2]. The material prepared retains
the basic structure of the silicon based matrices, but with a
confined helical environment of the channels, as evidenced in
Fig. 1. Functionalization of the inner surface by reaction with a
bipyridine derivative ligand bearing adequate groups allows
covalent binding to the walls of the material. Such ligand
reacts with MoI2(CO)3(NCMe)2 and MoO2Cl2(thf)2 precursor
complexes, giving rise to heterogeneous catalysts [3]. All syn‐
thesized complexes and materials are characterized by means
of adequate spectroscopic (such as NMR, UV/Vis and FTIR) or
other (XRD, TGA, SEM/TEM) techniques. The chiral materials
were tested in oxidation catalysis, namely, epoxidation of ole‐
fins and allylic alcohols, with t‐butylhydroperoxide. Several
substrates were tested – cyclo‐octene and styrene, limonene,
geraniol and other allylic alcohols. The performance of these
materials was tested by varying solvent and reaction tempera‐
ture.
Fig 1. TEM (top) and SEM (bot‐
Results show that the systems are completely selective for tom) images of chiral MCM‐41
the epoxidation of cyclo‐octene, 1‐octene and cis‐hex‐2‐en‐1‐ type mesoporous material.
ol. For limonene although selectivity is not complete to the
endocyclic epoxide, it was found that the chiral matrix mate‐
rials showed an ee of 96% for the Z‐isomer of limonene epoxide.
Acknowledgments: The authors are grateful to FCT for financial support (PTDC/QUI/71576/2006). MSS
also thanks FCT for a research grant (SFRH/BD/48640/2008).
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The adsorption of CO on transition metal clusters:
A case study of cluster surface chemistry
A. Fielicke1, P. Gruene1, J.T. Lyon1, C. Kerpal1, D. Harding1, G. Meijer1, D.M. Rayner2
1) Fritz‐Haber‐Institut der Max‐Planck‐Gesellschaft, Faradayweg 4‐6, Berlin 14195
2) Steacie Institute for Molecular Sciences, NRC, Ottawa, Ontario, Canada
Transition metal clusters are frequently used as model systems for low coordinated sites of extended
surfaces and their study can provide valuable insights into the mechanisms of heterogeneous catalytic
reactions. In many cases, however, there is still a lack of information on their structures and the relation‐
ship between structure and chemical behavior. Vibrational spectroscopy of gas‐phase clusters can provide
insights into the clusters’ structure and the behavior of adsorbed species.
Here we present a discussion of recent experimental studies on the interaction of single CO molecules
with transition metal clusters in the gas‐phase, typically in the size range of 3 to more than 20 atoms,
emphasizing specifically the insights gained from vibrational spectroscopy [1]. Size selective infrared spec‐
tra are obtained by IR multiple photon dissociation spectroscopy using the Free Electron Laser for Infrared
eXperiments (FELIX).
Trends across the transition metals (TM) for C—O bond activation, eventually leading to a transition
from molecular to dissociative chemisorption [2], as well as for adsorption geometries are discussed and
compared with the behaviour of CO adsorbed on extended surfaces. The dependence of the frequency of
the internal CO stretch vibration on the size and charge of the cluster enables one to gauge quantitatively
the effects of charge transfer between deposited nanoparticles and the substrate as well as of electron
transfer due to the binding of co‐adsorbed species. Finally, the observation of a fast equilibrium between
different CO binding sites on small Rhodium clusters allows for insights into the potential energy surface
for CO migration on these clusters.
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Mesoporous Transparent Conductive Bio‐interfaces
Amandine Guiet1, Fernando Perez1, Stefano Frasca2, Arne Thomas1, Yilmaz Aksu1, Matthias Driess1, Ulla
Wollenberger2, Anna Fischer1
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Technische Universität Berlin, Institut für Chemie, Straße des 17. Juni 135, D‐10623 Berlin, Germany;
2
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The preparation of mesoporous, i.e. high surface area thin film electrodes from transparent conduct‐
ing oxides (TCO) is a valuable goal in materials chemistry as such electrodes can enable further develop‐
ment of optoelectronic, electrocatalytic or bioelectronic devices. In particular such mesoporous TCO thin
film electrodes, with well defined pore sizes and pore architectures in the nanometer range are of high
interest for the immobilization of high amounts of electrochemically active enzymes [1]. In this context,
the synthesis, through nanocasting techniques using block‐co‐polymers as pore directing agents of two
types of mesoporous TCO thin film electrodes, based either on tin rich indium tin oxide (ITBO) or on anti‐
mony doped tin oxide (ATO), is presented. As those materials should represent a versatile platform for
the immobilization of different enzymes, differing in size and shape, a particular focus was put on the
control of the size of the obtained spherical pores, which could be tuned from 5 to 17 nm. The synthesis
of the mesoporous ITBO thin film electrodes is based on a single source molecular precursor approach
[2,3], whereas the mesoporous ATO thin film electrodes are based on the polymer assisted self‐assembly
of preformed crystalline ATO nanoparticles [4]. The as prepared mp‐TCO films show a high and durable
electrical conductivity and transparency combined with high surface area. Both types of mesoporous TCO
thin films showed excellent performances as electrode materials on a broad potential range (‐0.7 to 0.7 V
vs Ag/AgCl). This makes them ideal candidates for hosting electroactive biomolecules for bioelectrocataly‐
sis, as demonstrated with successful immobilization of native cytochrome c and human sulfite oxidase for
example.
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THE VALORIFICATION OF FERMENTATION BUTANOL FOR ALCOHOLIC FUELS
Vasile Georgescu 1 and Maria Ichim2
1.Institute of Physical Chemistry “Ilie Murgulescu”, Romanian Academy, Spl. Independentei 202, Buchar‐
est 060021, Romania,(e‐mail: vgeorgescu@icf.ro)
2.S.C. BIOING S.A., Str. Prof. Ion Bogdan nr. 10, Bucharest, Romania
Alcohol‐based fuels have been important energy sources.
Butanol is a chemical that has excellent fuel characteristics. It contains approximately 22% oxygen,
which when used as a fuel extender will results in more complete fuel combustion. Use of butanol as a
fuel will contribute to clean air by reducing smog‐creating compounds, harmful emissions (CO) and un‐
burned hydrocarbons in the tail pipe exhaust.The value of octane boosting is dependent of isomers con‐
tent of butanol.
In this work Li3Cr2(PO4)3 catalyst was prepared and studied. The catalyst possessed high catalytic activi‐
ty and stability in the dehydration and isomerization of butanol
The highest activity in the transformations of butanol was observed after treating the catalyst with
plasma.
Li3Cr2(PO4)3 catalyst was prepared by solid state synthesis
The composition of the surface layer of the samples was characterized by X‐ray photoelectron spec‐
troscopy, UV‐VIS spectrophotometry and electronic microscopy.
Catalytic experiments were performed at 100‐5000C in a flow unit. The products were analyzed chro‐
matographically.
The activity of Li3Cr2(PO4)3 in butanol transformations was studied for initial samples and after plasma
chemical treatment in oxygen, hydrogen and argon.
The results obtained in studying the surface of Li3Cr2(PO4)3 show that the binding energies of chro‐
mium, phosphorus, and oxygen do not change after plasma chemical treatments.The results of testing
surface acidity in experiments with pyridine adsorption show that the numbers of pyridine adsorption
centres at 25OC were equal for the samples subjected to plasma chemical treatment in O2 and H2. After
treatment in argon, this number increased approximately threefold.
The results of the catalytic tests show that:
After plasma chemical treatment in oxygen, reaction products contained isomers of butanol only. The
activation energy was E = 63 kJ/mol.
‐After plasma chemical treatment in hydrogen was obtained 90% isomers of butanol and 10% n‐
butanol.
‐After plasma chemical treatment in argon was formations 15% ketone, 25% n‐butanol and 60% iso‐
mers of butanol.
We are led to conclude that the surface state after plasma chemical treatment in Ar is unstable and
changes after catalytic experiments. Reactivity changes and the number of dehydrogenation centers in‐
creases under the action of the reaction medium whereas dehydrogenation centers return to their initial
state.
The modification of the surface of catalysts and their regeneration under the action of a plasma in
oxygen and hydrogen causes the appearance of a new surface structures, which increase activity, selectiv‐
ity and operation stability.
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Porous PolyDVB‐co‐AA micro‐spheres: synthesis, characterization and perspective applications
W. Liu, S. Bordiga, A. Zecchina, E. Groppo
Dep. of Inorganic, Physical and Material Chemistry, NIS Centre of Excellence and INSTM Unità di Torino,
University of Torino, Italy.
A series of porous PolyDVB‐co‐AA polymers characterized by a different DVB:AA ratio was obtained by
the distillation‐precipitation polymerization method [1]. This method was used previously to synthesize
polymeric micro‐spheres having narrow particle distribution and functional groups on the external sur‐
face, but without pores; as well as to synthesize porous poly(DVB) without functional groups [2]. In this
work we present the successful synthesis of mono‐dispersed polymeric micro‐spheres having both access‐
ible functional groups AND pores inside polymers (Fig. 1). Both properties offer interesting perspectives in
several fields, especially in catalysis.
The surface area and porosity of the polymeric micro‐spheres (which are mono‐dispersed, see Fig. 1)
were evaluated by N2 adsorption measurements as a function of the DVB:AA ratio. BET surface area val‐
ues as high as 600 m2/g were obtained for the poly(DVB‐co‐AA) polymer having the highest DVB:AA ratio
(9:1); the BET surface area decreases upon increasing the AA content in the comonomer volume. The
accessibility of the functional carboxylic acid groups and their mutual interaction were studied by means
of vibrational spectroscopies (FT‐IR and Raman). In particular, IR in attenuated total reflection mode (ATR,
Fig. 2) has been adopted to determine the real carboxylic acid group content in the polymer micro‐
spheres. More recently, the potentiality of the porous PolyDVB‐co‐AA micro‐spheres as scaffolds for alka‐
line cations and metallic nanoparticles is being explored. In particular, the presence of the carboxylic
group could help in stabilizing small metal nanoparticles that can find useful application in heterogeneous
catalysis [3].

Fig. 1: Representative TEM image of the PolyDVB‐co‐
AA micro‐spheres and schematic representation of
the permanent porous structure displaying accessi‐
ble functional groups (R = carboxylic acid). Fig. 2: IR‐
ATR spectra of the PolyDVB‐co‐AA micro‐spheres in
the v(CO) stretching region as a function of the
DVB:AA ratio.
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Enhancing initial polymerization rate of the reduced Phillips catalyst by one order of magnitude
Elena Groppoa, Alessandro Damina, Carlos Otero Areana,b and Adriano Zecchinaa
a
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b
Dep. of Chemistry, University of the Balearic Islands, 07122 Palma de Mallorca, Spain

We report herein on a procedure (based on controlled thermal treatment with N2O) that affords
easy active‐site engineering of the reduced Phillips catalyst (species 1 in Scheme 1), which is respon‐
sible of more than 50% of the high density polyethylene produced worldwide [1]. Our approach leads
to two novel results: i) a large increase of the initial ethylene polymerization rate (as determined by
time‐resolved in situ FT‐IR spectroscopy and kinetic measurements, Fig. 1) and ii) polymerization that
readily proceeds at room temperature, which could be highly relevant to production of some varie‐
ties of polyethylene.
IR, Raman, UV‐vis and XANES spectroscopy provide an evidence that both results are ascribable to
the formation of surface CrIV‐oxo complexes (species 3 in Scheme 1). Due to the high mobility of Cr
sites on the silica surface [2], these CrIV‐oxo complexes (which were previously postulated as inter‐
mediates in the N2O reduction with CO on the same CrII sites [3]), result to be pulled out of the sur‐
face; moreover, they retain an open coordination site on the metal cation, which would be ready for
inserting an incoming ethylene molecule.

Scheme 1: Schematic structure of silica‐grafted
chromate in the fully oxidized Phillips catalyst, 1;
corresponding CO‐reduced Phillips catalyst pre‐
cursor, 2; and hypothesized CrIV‐oxo surface spe‐
cies on the modified catalyst, 3.

Fig. 1: Ethylene polymerization kinetics on the
standard CrII/SiO2 (blue) and modified (orange)
catalyst obtained by recording ethylene equili‐
brium pressure as a function of time (part a, top)
while simultaneously collecting FT‐IR spectra
within the first two minutes of reaction (part b).
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Highly Selective Glycerol Hydrogenolysis to 1,2 Propanediol over Osmium Intercalated Bentonite
catalyst under mild reaction condition
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Bentonite, a 2:1 type swellable phyllosilicate clay mineral having exchangeable inorganic cations
in the interlamellar space to nullify their charge deficiency was used to generate metal nanoparticles
catalyst. The modified clay catalysts (Ru/Bentonite, Os/Bentonite, Pd/Bentonite and Au/bentonite)
were tested for their catalytic activity towards the selective hydrogenolysis of glycerol to 1,2 propa‐
nediol (1,2‐PD) in liquid phase at 150C , 2.0 MPa initial H2 pressure, 7 h, 5 wt% catalyst loading. TEM
and NH3‐TPD characterizations concluded that the activity for glycerol hydrogenolysis of the tested
catalysts depends mainly on the acidity of the support material and as well as metal particles size . It
was found that 5 wt% Os/Bentonite catalyst gave high selectivity (87.9%) towards the desired prod‐
uct of 1,2‐propanediol was achieved with conversion about 54.1% under mild reaction conditions.
This demonstrates that unlike most supported precious metal catalyst, the scission of C‐C bonds was
successfully suppressed on the Os/Bentonite catalysts without a sacrifice of glycerol concersion.
Analysis by XPS shows that the presence of particles Os0 could contribute the active sites in this reac‐
tion. Physical surface characterization by BET shows that surface area of bentonite supported os‐
mium reduced abaout 72.2% from 27.02 m2/g to 19.52 m2/g which might be due to partial blockage
by Os particles in the mesoporous of bentonite. The reaction parameter such as metal loading, glyce‐
rol concentration, effect of reaction time , effect of reaction temperature, effect of pressure and
recyelebility was also investigated in this study. The synthesized catalysts were also characterized by
using XRD, XPS and BET surface area in order to measure chemical and physical properties of the
catalysts.
Keywords : Glycerol, Hydrogenolysis, 1,2‐propanediol, Osmium, Bentonite, Intercalated
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Structural changes of a H2‐generating nickel catalyst attached on a carbon electrode
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Fontecave2,4, Vincent Artero2 and Holger Dau1
*

Freie Universität Berlin, FB Physik, Arnimallee 14, D‐14195 Berlin, Germany; 2Laboratoire de Chimie
et Biologie des Métaux, Université Joseph Fourier, CNRS UMR 5249, CEA Institut de Recherche en
Technologies et Sciences pour le Vivant, 17 rue des Martyrs, F‐38054 Grenoble cedex 9, France
3
Commissariat à l’Énergie Atomique (CEA), Institut Rayonnement Matière de Saclay, Service de Phy‐
sique et Chimie des Surfaces et Interfaces, F‐91191 Gif sur Yvette Cedex, France 4Collège de France, 11
place Marcellin‐Berthelot, F‐75005 Paris, France *Contact: jonathan.heidkamp@fu‐berlin.de
Interconversion of water and hydrogen in regenerative fuel cells is a promising energy storage
framework for smoothing out the temporal fluctuations of solar and wind power. To push the yield of
the water electrolysis into economically valuable regions, it is necessary to accelerate its kinetics by
suitable catalysts. Those should work at small over‐potentials under operating conditions and be
abundant or manufacturable at low price. The conventional catalyst platin is rare and, therefore,
expensive.
A nickel bisdiphosphine–based mimic[2] of the active site of hydrogenase enzymes could be an al‐
ternative to Pt for the H2‐formation step of the water electrolysis. This molecular Ni2+‐catalyst is at‐
tached on multi‐walled carbon nanotubes (MWCNTs) to improve its catalytic activity by ensuring a
continuous supply with electrons and allowing a high density of immobilized catalysts due to the
large surface area of the MWCNTs.[1,3]
In the proposed catalytic mechanism, H2 is formed from a hydride ion coordinated to the Ni and
from a proton of the ammonium group provided by the pendant nitrogen base.[1,2] This mechanism is
based on the known crystal structure[2] of the Ni‐catalyst. However, the structure of the catalyst
could be modified by the attachment on the MWCNTs and by the use of this system for H2‐formation
under real operating conditions. In the extreme case, this could lead to a new catalytic species with a
different mechanism.

Figure 1[3]:
CO tolerant Ni
catalyst for H2
evolution at‐
tached toa car‐
bon‐ nanotube
electrode via π‐
stacking

Here, we present X‐ray absorption spectroscopy
(XAS) investigations (at the Ni k‐edge) of the Ni
catalyst after attachment on the MWCNTs and after
using this system for H2‐formation. After the at‐
tachment, XAS indicates the presence of the un‐
modified Ni catalyst on the surface of the MWCNTs
and the appearance of a non‐catalytic species of Ni2+
ions coordinated to either water molecules, car‐
boxylate or hydroxo defects of the MWCNT surface,
or oxidized diphosphine ligands.[3,4] After H2‐
formation, XAS clearly shows the exclusive presence
of the unmodified Ni catalyst on the MWCNTs and
the complete absence respectively elimination of
the degraded Ni species. This indicates that the
catalytic state of the Ni catalyst is very similar to its
crystalline state, which supports the proposed
mechanism for the H2‐formation by the Ni center
and the pendant N base.
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Growth and structure of a cage‐like silica sheet on Ru(0001)
L. Lichtenstein, S. Stuckenholz, C. Büchner, M. Heyde, H.‐J. Freund
Fritz‐Haber‐Institute of the Max‐Planck‐Society, Faradayweg 4‐6, D‐14195 Berlin
The global production of polyethylene is currently over 40 million tons per year. One‐third of po‐
lyethylene is nowadays produced using the Cr/SiO2, i.e. the Phillips catalyst [1]. Silica based films,
nanocrystals or nanostructured devices play an important role also in other modern technologies,
such as microelectronics, photonics and sensors. In our department we are interested in developing
model systems for catalysis. A stable and well characterized silica film is needed, which resembles
the relevant of the bulk properties of silica, while still allowing for the usage of typical surface sensi‐
tive techniques. Furthermore, the possibility to tune the metal/oxide interactions with increasing film
thickness opens up an important understanding of fundamental aspects.
Here we use a custom‐made state of the art dynamic force microscope (DFM) and scanning
tunneling microscope (STM) for atomically resolving structural and electronic surface properties [2,
3]. The capability to switch instantaneously between the different operating modes opens up new
pathways to measure complementary information on force and tunneling contributions to resolve
and determine local surface properties. Our setup is operated at low temperature and ultra‐high
vacuum conditions providing high stability and reproducibility.
Atomically resolved structures of the cage‐like silica film grown on Ru(0001) will be presented.
Structural elements of the film and its special network arrangement will be highlighted. Based on
atomic resolution DFM and STM images, a direct comparison with density functional theory (DFT)
calculation can be made [4].

Fig. 1: (a) scheme of the DFM/STM tuning fork sensor for structural characterization at the atomic
level, (b) STM image (scan range 10 nm × 6 nm) of the complex ring network of the silica film on
Ru(0001).
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Design of heterogeneized chiral Cu(I) complexes and their application in asymmetric cyclopropana‐
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Immobilized chiral Cu(I) complexes on various mesoporous ordered as well as non‐ordered silica
supports (e.g. MCM‐41, Davisil, SBA‐15, basic silica) can effectively catalyze asymmetric cyclopropa‐
nation reactions of numerous alkenes. The Cu(I) complexes consist of 12‐membered pyridine‐
containing macrocyclic ligands, as shown in Figure 1.

N
Ts N

Cu

N Ts (OTf)

N
CH3

Figure 1: Chiral Cu(I) complex with 12‐membered pyridine‐containing macrocyclic ligand.[1]
With respect to the different mesoporous silica supports, SBA‐15 has proved to be the most ade‐
quate one; the impregnation of SBA‐15 with Cu(I) via “SHB”‐method provides an excellent loading of
Cu of 1.59 wt % (exp. 1.00 wt %; analytical determination via either ICP or Atomic Absorption).
The heterogeneized Cu(I) complexes have been applied in the enantioselective cyclopropanation
of ‐methyl styrene with ethyl diazoacetate (EDA) (Scheme 1).
CH3

H

CH2 + N2

Cu(I)/SiO2

COOEt
COOEt +

CO2Et

Scheme 1: Asymmetric cyclopropanation of ‐methyl styrene with EDA, catalyzed by Cu(I)/SiO2.
The analytical investigation via HPLC and GC‐MS showed that the favoured cis‐enantiomer was
mainly obtained, with a cis/trans‐ratio of 3:1 and ee’s between 35 and 38 %. Moreover, it could be
demonstrated that the Cu(I)/SiO2 catalysts are recyclable; they do not lose their activity and yield the
same ee even after several cycles.
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Sol‐gel Derived Hierarchical Porous Carbon Nitrides and Titania‐Carbonnitride Composites and
their Photocatalytic Activity
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Polymeric carbon nitride can be used as photocatalyst for the production of hydrogen from water
under visible light irradiation [1]. It has been shown that the introduction of porosity and high surface
area by hard templating approaches can enhance the catalytic performance of the carbon nitrides to
a large extend [2,3]. Recently, a facile sol‐gel route was employed to synthesize mesoporous carbon
nitride with small mesopores (~3 nm) preserving the graphitic stacking of the carbon nitride sheets.
This process enhanced the photocatalytic hydrogen production to a large extend [4]. Here we intro‐
duce a combined sol‐gel and hard templating approach by mixing the carbon nitride (cyanamide) and
silica (silica nanoparticles and TEOS) precursors. Heat treatment yield carbon nitride/silica compo‐
sites, which after selective removal of the silica, yield carbon nitride with hierarchical, bimodal
mesoporosity (Figure 1). The photocatalytic activity for hydrogen production of these materials will
be reported.

Fig. 1: Bimodal porous carbon nitrides from sol‐gel and hard templating approaches.
So far, oxygen evolution is relatively difficult to achieve in an efficient manner with the pure car‐
bon nitride materials. Inorganic oxide‐carbon nitride composite materials could be one possibility to
effectively achieve water oxidation and thus overall water splitting. Titania‐carbon nitride composites
prepared by physical mixing are reported for hydrogen production recently [5]. The sol‐gel route
employed above to prepare silica/carbon nitride composites can be also employed to synthesize
these composites by mixing the respective precursors of titania and carbon nitride. High surface area
composites with tailorable titania and carbon nitride amounts was achieved. Photocatalytic activity
towards the evolution of hydrogen and oxygen are presented.
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HETEROLYTIC CLEAVAGE OF AMMONIA N‐H BOND BY BIFUNCTIONAL ACTIVATION IN SILICA‐
GRAFTED Ta(V) IMIDO AMIDO SURFACE COMPLEX. IMPORTANCE OF THE OUTER SPHERE NH3 AS‐
SISTANCE.
Yasemin Kaya,a Elsje A. Quadrelli,a Eric Gouré,‡ab Priscilla Avenier,§ab Xavier Solans‐Monfort,c Mostafa
Taoufik,a Jean‐Marie Basset,¶ab Odile Eisenstein.d
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The importance of NH31 in organic synthetic strategies and the usefulness of metal coordination
to achieve catalytic ammonia transformations make the mechanism of N‐H activation of ammonia by
a transition metal complex worth investigating. Such mechanisms are less straightforward than gen‐
erally assumed: If, on one hand, heightened acidity is expected upon coordination to a metal center,
on the other hand the examples where proton transfer from coordinated ammonia is observed
intramolecularly are rare.2
By studying the reaction of silica‐grafted tantalum(V) imido amido complex
[(≡SiO)2Ta(=NH)(NH2)]3, 4 with either stoichiometric quantity of gaseous NH3, or with large ammonia
excess in the condensed phase, we were able to observe two mechanisms for the same H scrambling
reaction between all the available NH3, NH2 and NH positions with two markedly different activation
energies.
The mechanisms observed by either in situ IR or by solid‐state MAS
N‐NMR and rationalized by DFT calculations indicate that high‐energy
inner‐sphere bifunctional activation mechanism observed above 150°C,
mechanistically similar to the one observed for H2 activation by the
same silica Ta(V) complex,5 can be avoided in presence of excess am‐
monia by an outer‐sphere H scrambling path (see transition state of DFT
model study depicted with distances in Å) which is accessible at room
temperature.
15
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Bulk phase versus surface activity in electrocatalysis of water oxidation by amorphous
cobalt oxides
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Water oxidation is a key process in sustainable energy conversion and storage infrastructure.[1,2] In
biology, efficient water oxidation is accomplished by the oxygen‐evolving complex (OEC) of Photosys‐
tem II.[2] Its artificial counterparts are biomimetic transition metal catalysts, which often show strik‐
ing similarities, at the atomic and electronic level, to the inorganic Mn4Ca[µ‐O]n core of the biological
OEC[1b]. Among the wide range of heterogeneous catalysts for water oxidation, amorphous, biomi‐
metic transition‐metal oxides (based on Co, Ni, Mn, etc.) are currently of specially high interest.[2]
A cobalt catalyst (CoCat) for electrochemical water oxidation[3] may be an ideal candidate for
achieving water oxidation with readily prepared, low‐cost materials. The key characteristics of this
catalyst are its easy self‐assembly by a simple protocol[3], its catalytic efficiency at benign conditions
(20 ºC, pH 7), its self‐repair mechanism and finally its reasonably low overpotential. The CoCat usual‐
ly is electrodeposited from aqueous media and may contain besides cobalt and oxygen, also phos‐
phate and potassium. The atomic structure of the CoCat can be understood as a heterogeneous as‐
sembly of interconnected {Cox(µ2/3‐O)y} units with numerous water molecules interfacing CoCat ag‐
gregates.[2,4] Despite much effort undertaken to describe the CoCat at the atomic level, one open
question still remains, whether the CoCat can be understood best as an extended solid‐state material
or rather as an aggregate of catalytic centers with molecular properties. In this contribution, we
present evidence that, as opposed to most heterogeneous catalysts, the catalysis of water oxidation
by the CoCat is not restricted to its surface.
CoCat films of different thickness (potentiostatically electrodeposited) were characterized regard‐
ing their atomic structure, morphology, composition, and electrochemical behavior. After complete
coverage of the electrode surface, surprisingly the TOF per Co ion stays constant (for all investigated
layer thicknesses, at low and moderate overpotentials). Impedance spectroscopy (double‐layer ca‐
pacity) consistently suggests that the surface area is not increasing with the amount of deposited Co
ions. If the layer thickness of the electrodeposited CoCat is increased by a factor greater than 10,
neither the TOF per Co ion is decreased, nor is the surface area (or roughness) increased. These find‐
ings suggest that the bulk of the CoCat is active in water oxidation.
The bulk‐phase activity (in water oxidation) of the CoCat is further supported by experiments, in
which the CoCat was electrodeposited on various mesoporous ATO electrodes with high surface ar‐
eas. Again the catalytic activity depends only on the amount of deposited CoCat and not on the sur‐
face area. In conclusion, the herein reported experiments provide evidence that water oxidation in
the CoCat is not restricted to its surface but proceeds within the (hydrated) bulk material with a
thickness of hundreds of nanometer.
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Mesoporous IrO2 films templated by PEO‐b‐PB‐b‐PEO block‐copolymers:
Self‐assembly, crystallization behavior and electro‐catalytic performance
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Technical University of Berlin, Department of Chemistry, 10623 Berlin, Germany
ralph.kraehnert@tu‐berlin.de
Materials based on Iridium oxide are versatile and attractive candidates for numerous applica‐
tions, such as supercapacitors, electrochromic materials and as catalyst for the electro‐catalytic reac‐
tions. Many of these applications benefit from increased surface area, which can be achieved by na‐
no‐structuring of the material leading to increased porosity and thus improved accessibility for reac‐
tive species. Often, good control over pore size and pore connectivity in the synthesis of oxide coat‐
ings can be achieved employing micelles of amphiphilic block‐copolymers as pore‐directing agent by
using “evaporation‐induced self assembly” (EISA) [1, 2]. We report the first successful synthesis of
iridium dioxide as mesoporous film with controlled mesopore size, unravel the compositional and
structural evolution of the catalyst, and demonstrate its benefits for the electro‐catalytic oxygen
evolution reaction.
Substrates were dip‐coated in an ethanolic Ir acetate solution employing a PEO‐b‐PB‐b‐PEO block
copolymer as new template [3]. The evolution of the oxide coatings structure, composition and po‐
rosity was elucidated analyzing materials heat‐treated at different temperatures ranging from 25 to
800 °C via TEM, SEM, 2D‐SAXS, XRD, EDX, XPS and physisorption. From the combined analytical data,
a model is derived that describes in detail the formation and subsequent degradation of the nano‐
crystalline mesoporous IrO2 coatings.
The activity measurements on mesoporous IrO2 films performed for the electro‐catalytic oxygen‐
evolution reaction reveal that significantly decreased kinetic overpotentials can be obtained on the
porous surfaces, resulting in improved catalytic efficiencies.
The present study shows for the first time that crystalline IrO2 thin films with ordered mesoporos‐
ity can be obtained by evaporation induced self‐assembly. The synthesis is enabled by our triblock‐
copolymer PEO‐b‐PB‐b‐PEO employed as new structure‐directing agent, and permits full control over
the derived mesopore size. The introduced porosity of the derived mesoporous IrO2 films can be fully
translated into improved electro‐catalytic performance.

Fig. 1: SEM image of mesoporous templated Ir oxide film calcined at 300°C (A) and corresponding 2D
SAXS pattern recorded in transmission mode with a beam incident angle of ß=10° (B).
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V/Ti and Mo/Ti mixed oxide layers on rutile TiO2(110)
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Vanadium and molybdenum based catalysts are active for many reactions involving oxygen trans‐
fer which includes the partial oxidation of alcohol molecules. Like for many other systems also for
these catalysts the catalytic activity depends on the surrounding of the active centers. In this context
we have started a project to investigate the role of the TiO2 matrix for partial alcohol oxidation on
vanadium and molybdenum ions embedded in the rutile lattice. To this end model catalysts consist‐
ing of well ordered V/Ti and Mo/Ti mixed oxide layers were prepared on rutile TiO2(110) by physical
vapor deposition in an oxygen ambient and investigated with vibrational spectroscopy, electron
spectroscopy, STM, TPD, and LEED. Due to the high diffusivity of vanadium in rutile we had to intro‐
duce a tantalum‐containing diffusion blocking interlayer between the mixed oxide layer and the
TiO2(110) substrate which was not required for the Mo/Ti mixed oxide layer. For vanadium as well as
for molybdenum ions the oxidation state in the oxide layer is mostly 4+ indicating that the ions most‐
ly occupy titanium sites. Exposure to oxygen at elevated temperature induces a pile‐up of higher
vanadium (5+) and molybdenum (6+) oxidation states in the surface region. For the Mo/Ti system no
ordered mixed oxide surface phase could be identified; the system equilibrates into a regular
TiO2(110) surface with MoO6 cluster on it. This is different for the V/Ti oxide system where well or‐
dered (2x1) and (4x1) structures could be identified with LEED. Presently ethanol adsorption studies
are performed and results will be presented.
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Operando Catalyst Sintering and Activity Measurements Using Indirect Nanoplasmonic Sensing
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We demonstrate how a novel “nanoplasmonic” (localized surface plasmon resonance, LSPR) me‐
thod, Indirect Nanoplasmonic sensing (INPS), can be applied for operando monitoring of nanoparticle
catalyst sintering and activity measurements after sintering. Sintering causes catalyst deactivation
and large economic and environmental costs associated with catalyst regeneration/renewal. To alle‐
viate this problem it is important to be able to study sintering of real catalyst structures under realis‐
tic working conditions (i.e. often high pressures and temperatures) and in real time. Today, sintering
is usually monitored using post‐mortem analysis by transmission electron microscopy (TEM). Al‐
though in‐situ analysis recently has become possible using TEM, it is very costly and impractical and
limited to low pressures. Therefore, there is a need for novel techniques that allow, cost‐effective,
real‐time monitoring of sintering on real catalysts under realistic reaction conditions.
The principle of INPS is “nanoplasmonic” sensing, which has been intensely investigated for bio‐
sensing. A LSPR is a coherent resonance oscillation of the conduction electrons, a plasmon reson‐
ance, in a metal nanoparticle, which can be excited by near‐visible light with an appropriate col‐
or/wavelength. The wavelength at which the resonance occurs depends e.g. on the dielectric proper‐
ties of the particle’s nanoenvironment and can, therefore, be use for sensing where dielectric
changes are to be detected 4. INPS applies a patent searched 5 sensor chip design which allows
events such as sintering, surface coverage changes1, and hydrogen storage2, 6 in/on nanopar‐
ticles/clusters/thin films to be monitored using the plasmon resonance of other nanoparticles in their
close vicinity. The INPS technology is being commercialized by Insplorion AB that markets and sells
research instruments.
Here we show that INPS can be applied to real‐time monitoring of catalytic nanoparticle sintering
and subsequent activity measurements on the sintered particles. Sintering of Pt clusters, similar to
those in the car exhaust catalyst, was monitored in different gas environments at atmospheric pres‐
sure on SiO2 surfaces. Substantially increased sintering rate were observed in 4% O2 (in Ar) as com‐
pared to in pure Ar. As expected, the sintering rate was also found to increase with increasing tem‐
perature. The optical signal obtained during sintering was calibrated using post‐mortem TEM imaging
of TEM‐window samples, identical to the optical/glass samples, which were run in parallel with the
optical measurements. We show that the optical signal can be directly related to the catalyst nano‐
particle size, number density and platinum surface area and, therefore, can be used to measure sin‐
tering kinetics in real‐time in situ with high time resolution under realistic catalyst working condi‐
tions.
Activity measurements were performed on platinum nanoparticles sintered for different lengths
of time in 4% O2 at 550°C to obtain various particle sizes. The particle size dependent reactivity was
investigated by utilizing the inherent temperature sensitivity of the plasmon resonance [2] and the
highly exothermic H2 oxidation reaction. The dependence of the apparent activation energy on the
particle size was investigated.
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Self‐supported few‐layer graphene beads with high external surface area
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Some attempts to fabricate graphene and FLG in a form of a macroscopic composite have been
reported up to now in the literature [1, 2]. Such composite exhibits an extremely high mechanical
strength and stiffness which is attributed to the high mechanical strength of the individual sheets
constituting the composite and also to the 2D morphology stacking. It is worth mentioning that such
work is relatively scarce and it is of interest to develop new generation of graphene and FLG compos‐
ite with different macroscopic shape for others potential applications such as light weight/high
strength composite or as catalyst support with high accessible effective surface area. The aim of the
present article is to report a new method to make self‐supported carbon nanotubes composite with
controlled macroscopic shaping, high external surface area and high mechanical attrition resistance
for subsequence use as
catalyst support. The syn‐
thesis method is based on
the coagulation process
followed by a thermal
step to make entangled
self‐supported composite.
The macroscopic shape of
the composite can be
finely tuned, i.e. beads,
extrudates or plate, de‐
Fig. 1. SEM micrographs of the self-supported few-layer graphene beads.
pending to the down‐
stream application.
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Palladium nanoparticles stabilized by Thiother‐Phospines ligands in ionic liquid.
Catalytic applications
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Teuma,b Montserrat Gómez,b Erika Martina*
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From a synthetic point of view, the use of a single catalyst in a multi‐step process is an attractive
way to economize purification steps. Metallic nanoparticles can act as the only catalytic system for
sequential organic transformations both in homogeneous and heterogeneous fashion [1]. Ionic liq‐
uids (IL) have been employed to stabilize catalysts based on metal nanoparticles and to allow an easy
product separation and catalyst recovery[2]. Functionalized ligands have been used in catalysis by
metal nanoparticles in order to control the selectivity and activity of nanoparticles. However, de‐
pending on the coordinative properties of ligands, metallic molecular compounds can be formed
during catalytic conditions and be responsible of the observed catalytic behaviour. Phosphines con‐
taining thioether groups are promising candidates to modulate both, steric and electronic properties
on the metalic surface of palladium nanoparticles (PdNPs) to prevent the formation of molecular
species [3].
We prepared new palladium nanoparticles in THF and IL [EMI][MeO(H)PO2] with thioether‐
phosphine ligands. We were able to study in situ the PdNPs/L formation in THF (1H NMR). Addition‐
ally, ligand exchange reaction was performed in order to study the possible modification of the ligand
after the PdNPs/L formation. These palladium nanoparticles (PdNPs/L/IL) were applied in the tandem
Heck/hydrogen transfer processes (Figure 1) giving the Heck product I (c.a. 80 %) and the hydrogen‐
ated Heck product II (c.a. 20 %), the later resulting from hydrogen transfer from the methylhydro‐
genphosphate anion. In the absence of thioether‐phosphine ligands, the PdNPs/IL system results only
in 8 % of product II. Interestingly, the homogeneous system Pd(OAc)2/IL gives 35 % of product II [4]
and in the presence of thioether‐phosphine ligand, Pd(OAc)2/L1/IL yields 13 % of product II. Hence,
these ligands modulate the activity and selectivity of PdNPs/IL based catalytic systems.

Fig. 1: Tandem Heck coupling/hydrogen transfer process.
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SER active Pt‐Ag Hybrid Device for probing Pt catalyzed reactions
H. K. Ly, A. Fischer, C. Köhler, J. Kabuß, F. Schlosser, A. Knorr, P. Hildebrandt, I. M. Weidinger
Technische Universität Berlin, Strasse des 17. Juni 135, Berlin, D‐10623
Noble metals, such as Pt and Pd play an important role in heterogeneous catalysis in a number of
surface reactions ranging from glucose oxidation to CO conversion. The catalytic efficiency of those
surface reactions depends sensitively on the support material but also on surface morphology and
temperature. For a rational design of catalytic supports it is therefore crucial to have a profound un‐
derstanding of the underlying reaction mechanisms at the surface including subtract binding and
subsequent transformation. This requires a highly sensitive in situ technique which is able to monitor
the interfacial processes on a molecular level under ambient conditions. However, established tech‐
niques in this field require very low pressure or even UHV conditions, since the analytical methods
typical of surface sciences rely on ions and electrons as probes. In contrary vibrational spectroscopy
and in particular Surface Enhanced Raman (SER) spectroscopy is able to provide structural informa‐
tion under in situ conditions but it is limited to metallic supports that exhibit strong surface plasmon
resonances upon light excitation. In this respect so far only Ag and Au have shown to provide suffi‐
cient intrinsic plasmonic activity for SER spectroscopic applications. Metal supports relevant in catal‐
ysis like Pt are not suitable since they show only very weak plasmon induced surface enhancement.
To overcome this restriction we developed novel Pt‐Ag hybrid supports which combine the optical
properties of Ag with the exclusive surface properties of Pt. For fabricating this device a rough Ag
support was covered with a dielectric spacer and subsequently with a thin electro‐deposited Pt film.
By applying that procedure we obtained a quasi‐closed Pt layer with a continuous thin Pt coverage
over the coral structure of the Ag support decorated with small Pt islands (see Figure 1.).
To test the performance of the Pt‐Ag devices SER(R) spectra of different Raman probes were col‐
lected as a function of spacer material, spacer length and laser excitation. We were able to record
high quality Raman spectra of only slightly lower intensities compared to the ones obtained on pure
rough Ag. Our findings imply that SER activity is induced on the Pt surface by a long range plasmon
coupling between the outer metal and the Ag support [1,2]. Further we provide simulations of the
field enhancements for several hybrid metal nanostructures, which support the experimental find‐
ings, using a Maxwell solver (JCMsuite [3]).

Fig. 1: Left: SER spectrum of mercaptopyridine on rough Ag (top) and on Pt‐Ag (bottom) under 514
nm excitation, respectively. Right: SEM image of a Pt‐Ag Hybrid surface.
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IMMOBILIZATION OF METAL NANOPARTICLES ONTO ION EXCHANGE RESINS FOR PRODUCTION OF
FINE CHEMICALS
1
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Catalytic synthesis of fine chemicals is largely dominated by homogeneous phase systems due to
their activity, selectivity and understanding, but it turns into a problem when recycling and reuse
come into play. This is the reason why industry has a great preference for heterogeneous phase sys‐
tems, easily recovered, which is very convenient from an environmental and economical viewpoint.
The project focuses on the immobilization of metal nanoparticles (MNPs) onto ion exchange re‐
sins to get (enantio)selective catalysts which are highly efficient, highly selective and recyclable.
The solid support is the inexpensive and commercially available DOWEX®; gel type resin (styrene‐
divinylbenzene cross‐linked copolymer). It offers a broad range of varieties (micro‐, macroporous, %
cross‐linking agent, bead size or ionic form) The metals immobilized are palladium, platinum, rho‐
dium and gold.
The synthesis of nanoparticles lies in the immobilization of metal precursors (by no‐covalent inte‐
raction) and subsequent reduction with H2 in MeOH or NaBH4 in H2O. We have proven that NPs’ di‐
mension depends on the reducing agent and resin type, and consequently their efficiency in catalysis.
The catalysts have been tested in hydrogenation reactions, using pro‐chiral substrates such as ole‐
fines, arylketones, α,β‐unsaturated ketones, or heteroaromatic compounds. The results showed high
catalytic efficiency under mild conditions, effective recycling and negligible catalyst leaching. High
selectivity was observed, especially in the hydrogenation of 3‐hexyn‐1‐ol. The characterization of
MNPs was carried out by using ESEM‐EDS, ICP, TEM, XRD and SAXS.

Optical microscopy image

ESEM image

TEM image

Figure 1. DOWEX 50WX2‐100 beads, H+ form, with supported Pd0 NPs
In short, we have developed an easy methodology to prepare tethered catalysts, which do not re‐
quire any pre‐catalyst treatment, can be quantitatively recovered and conveniently reused up to 6
times simply after decantation and washing, with negligible metal leaching.
The catalytic system can be easily adaptable to continuous flow reactions, which encompasses fu‐
ture work. Modification of these catalysts with chiral ligands for asymmetric hydrogenations and
oxidation reactions by using Au NPs are in progress.
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Gold nanoparticles stabilized with mSAMs for catalytic hydrosilylation of acetophenone
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Thiol‐containing compounds have been successfully applied in the formation of self‐assembled
monolayers (SAMs) of long‐chain thiolates on noble metal surfaces. However, the resulting nanopar‐
ticles are coated with a monolayer of strong ligands, makes it difficult the surface‐substrate/reagents
interactions and therefore, the catalytic performance of metal nanocrystals drop [1].
One strategy to prevent the catalytic deactivation of metal nanoparticles stabilized by alkane
thiols is the use of mixed self‐assembled monolayers (mSAMs), which has been effectively applied to
obtain Au nanoparticles decorated with photoswitchable azobenzene alkane thiols [2].
In this work, we prepared Au nanoparticles (AuNPs) functionalized with mSAMs (dodecylamine/
dodecylthiol) in order to determine the relation between of the surface coverage of thiol ligands and
the AuNPs catalytic activity in the hydrosilylation of acetophenone . 5.88 nm AuNPs stabilized with
dodecylamine were obtained and then, they were covered with dodecylthiol increasing the molar
fraction of thiol respect to amine. The nanoparticle dispersions were assayed in the reaction show in
fig 1 under different reaction conditions: amount of MNPs, relation DDA/DDT and temperature.
Complete conversions were attained at high temperatures independently of the amount of catalyst
or DDT. At soft conditions, molar fractions below 0.5 were required to achieve high conversions.
O

AuNPs/DDA/DDT

+ Ph2SiH2

OSiHPh2

40-60 C/Toluene/2h

H+

OH

MeOH

DDA=Dodecylamine
DDT=Dodecylthiol
cat: 2-10%mol

Fig. 1: AuNPs‐catalyzed Acetophenone Hydrosilylation.
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Magnetic nanoparticles for easy recovery of catalysts
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Nanoparticles (NPs) represent an important alternative in the design of new materials and com‐
pounds for research in catalysis, acting as catalysts or catalyst supports (semi)heterogeneous since
they quickly disperse in common solvents. They combine a high surface area and high accessibility to
the surface. In addition, some types of NPs can be made magnetic showing advantageous features. In
this case, usually they are not used as catalysts but rather as catalyst supports. Their magnetism is
welcome since they allow easy separation of the catalytic active species in a simple and easy fashion
by decantation.
In the present work, magnetic Fe NPs were prepared and covered with a Si shell to allow further
derivatization with binders adequate for metal coordination, according to Figure 1 [1]. In particular
the binder (holding N, O or P donor atoms) is able to coordinate afterwards to Mo(II) species. This
follows our previous experience in the development of immobilized catalysts in porous materials
[2,3].

Fig. 1: Preparation of Mo derizatized Fe NPs for catalytic applications.
After due characterization by adequate techniques such as FTIR, UV/Vis and TEM the Mo deriva‐
tized NPs were used in the catalytic epoxidation of olefins. Candidate olefin compounds including
cyclooctene, styrene, geraniol and limonene, were used.
Acknowledgements: The authors thank FCT, POCI and FEDER (project PTDC/QUI/71576/2006) for
financial support
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Towards OER‐catalyst materials from heterobimetallic single source precursors.
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While several metal oxides are known to be very effective water oxidation catalyst, they are not
feasible economically. By employing a Single Source Precursor (SSP)‐approach towards a “bottom‐
up” fabricated nanomaterial, we want to shift focus to materials composed out of more abundant
materials, tailoring their properties towards more effective OER‐catalysts.[1]
A SSP is a metalorganic compound, containing all elements desired in the final product. This gives
acess to unique materials, e.g. with dopant concentrations above the limits of conventional me‐
thods.[2‐3] The precursors used in these experiments are heterobimetallic (Mn/Zn) cubane like gem‐
diol complexes.[4] The amount of each metal in the complex can be controlled by the stochiometry
of the corresponding metal‐acetate during the reaction:
(4-y)Mn(OAc)2x4H2O + y Zn(OAc)2 + 4 LH2

CH3CN/H2O
NaClO4

N

[Mn4-yZny(LH)4](OAc)2(ClO4)2

N
HO OH

= LH2

Thermodegradation in synthetic air leads to two different phases: A Mn‐doped ZnO‐Phase
(Mn@ZnO) and at higher calcination temperature (Tc) to ZnMn2O4, which grows on the Mn@ZnO
particles as a shell. The calcination temperature needed for this phase to occur is lower as the Mn
content in the precursor is higher.

Fig. 1: Left: Mn@ZnO particles from a) [MnZn3] & b) [Mn3Zn] Tc = 500°C. Right: Oxygen evolvolution
in catalytic test
The materials prepared from heterobimetallic precursors show activity in an OER Test system.
Such activity is not observed for compounds made from homometallic Zn‐precursors. This shows the
potential of the SSP‐approach to tailor materials for the desired task.
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High efficient and re‐usable Co‐Ru/SiC catalyst for the Fischer‐Tropsch synthesis
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The present work deals with the use of a silicon carbide containing cobalt catalyst doped with
trace amount of ruthenium for the Fischer‐Tropsch synthesis. The silicon carbide support was syn‐
thesized according to the gas‐solid reaction between SiO vapour and solid carbon [1]. The relatively
low synthesis temperature allows the obtention of a ceramic support with a medium to high specific
surface area, i.e. 20 to 100 m2. g‐1, depending to the downstream application. The catalyst exhibits a
FTS activity of 0.6 gCH2. gcatalyst. h‐1 which is amongst the most active catalytic activity reported up to
now for the FTS catalyst (Fig. 1). Long‐term FTS test carried out on the catalyst shows the complete
absence of any deactivation up to more than 400 h of time on stream. The SC5+ selectivity is also ex‐
tremely high and amounted to about
92%. The high SC5+ selectivity was
attributed to the high thermal con‐
ductivity of the SiC support which
prevents local hot spot formation on
the catalyst surface which is respon‐
sible for the methane and CO2 forma‐
tion. In addition, the chemical inert‐
ness of the SiC support allows one to
perform a simple and economic acid
washing of the spent catalyst to re‐
cover both the support and the ac‐
tive phase [2]. The FTS activity and
selectivity remain unchanged be‐
Fig. 1. FTS activity and C5+ selectivity as a function of the
tween the fresh and re‐used catalysts
reaction temparture on the Co‐Ru/SiC catalyst.
and confirms the high efficiency of
the washing procedure.
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Structure and stability of thin FeO films under environmental conditions
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It has been shown recently that a thin FeO(111) film supported by Pt(111) exhibits extremely high
catalytic activity, exceeding that of clean Pt(111), in CO oxidation under oxygen‐rich reaction condi‐
tions in the mbar pressure range. The transformation of the FeO bilayer into an O‐Fe‐O trilayer at
high oxygen partial pressure has been found to be the reason for the high catalytic activity.
We tested the FeO(111) model oxide surface for its stability in environmentally relevant condi‐
tions, including water vapor, water/oxygen coadsorption, air and liquid water. In a freshly prepared
film, the iron forms a monoatomic layer on top of the platinum substrate. On top of the iron, a mo‐
noatomic oxygen layer terminates the film. Our results indicate that this configuration is stable upon
exposure to 10mbar H2O or 1mbar O2, respectively. However, during coadsorption of water and oxy‐
gen, a transformation can take place. In this case, hydroxyl groups terminate the film, but in addition
a monoatomic oxygen layer is incorporated between platinum and iron, forming an O‐Fe‐OH trilayer.
The same transformation is also observed when the film is exposed to air. The long‐range order is
preserved in the trilayer and even exposure to liquid water does not lead to dewetting of the film.
Our results are supported by DFT calculations, according to which the oxygen pressure has a signifi‐
cant influence on the behavior of the FeO film during water adsorption. In fact, the oxygen pressure
is of crucial importance for the stability of the trilayer film.
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The valence state of a water‐oxidizing cobalt oxide under operating conditions
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The sustainable extraction of H‐atom equivalents
from water for the synthesis of fuels (e.g. H2) re‐
quires utilization of efficient catalysts for (i) water
oxidation and (ii) hydrogen formation that are based
on inexpensive and abundant materials. Current
water‐oxidation catalysts include oxides formed at
metal surfaces, bulk metal‐oxides in suspension or
deposited on electrodes, and artfully synthesized
metal complexes for homogeneous catalysis. Mostly,
the mechanism of water oxidation at the atomic
scale is only insufficiently understood[1].
Fig. 1: Changes of the edge position in XAS
measurements. Arrow indicates the effect
of increasing the potential. The inset shows
the proposed structure.

A Co‐based catalyst for electrochemical water
oxidation[2] (CoCat) has attracted much interest be‐
cause of its efficiency at neutral pH and self‐
assembly from low‐cost materials. A CoCat is formed
by electrodepositing a thin film consisting of cobalt,
potassium and phosphate on inert anodes. It electrochemically catalyzes water oxidation at moder‐
ate overpotentials (~0.4 V). Moreover, the CoCat exhibits similarities to the photosynthetic water‐
oxidizing manganese complex with respect to oxidative self‐assembly and self‐repair, as well as in its
metal‐oxo structure[3].
An average oxidation state of about +3 was found for CoCat films under resting conditions. Under
operating conditions, CoCat films contained 20 % CoIV in addition to CoIII when exposed to oxidizing
potential (~1.4 V vs. NHE, pH 7) and up to 35 % CoII when exposed to lower potentials (< 0.9 V vs.
NHE). The same limits of the Co oxidation state may also be achieved by variation of the pH at con‐
stant voltage. Electrochemical experiments (see contribution by K. Klingan et al.) show that the cata‐
lytic activity of the CoCat is not restricted solely to the surface. This remarkable finding is strongly
supported by the herein reported oxidation state changes of 60% of the Co ions of the bulk oxide.
Our findings raise the interesting conceptual question whether the CoCat can be viewed best as an
extended solid‐state material or rather as an aggregate of multi‐nuclear cobalt–oxo complexes with
molecular properties.
We thank F. Schäfers, M. Mertin (KMC‐1, BESSY II / HZB) and O. Saonova, M. Nachtegaal (Super‐
XAS, Swiss Light Source) for excellent technical support.
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On the activation of molecular oxygen on thin MgO(001) films
T Risse1,2, A Gonchar1,2, H‐J Freund2,
L. Giordano3, C. Di Valentin3, G. Pacchioni3
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Theoretical calculations [1, 2] have predicted novel catalytic properties of ultrathin MgO films for
CO oxidation. In particular, molecular oxygen is thought to be activated on ultra thin MgO films due
to a charge transfer from the metal substrate resulting in the formation paramagnetic O2‐.
We have investigated the adsorption of O2‐ on ultrathin MgO(001) films grown on Mo(001) single
crystals using in situ Electron Paramagnetic Resonance (EPR) spectroscopy. Adsorption of oxygen on
4 ML thick MgO(001) films creates an EPR signal associated with the formation of O2‐ radicals. The
orientation of these radicals on the surface as well as their properties with respect to thermal stabili‐
ty and external parameters such as the film thickness correspond to the theoretical expectations.
Comparison of the measured g‐tensor components with theoretical calculations provides evidence
for a stabilization of the oxygen radical due to polaronic distortions of the MgO lattice.
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Influence of coexisting metal oxide on the catalytic activity of Cu catalysts for LT‐WGS reaction
Kunimasa Sagata, Kenta Oka, Naotoshi Imazu, Hiroyuki Yamaura, Syuhei Yamaguchi,
and Hidenori Yahiro
Department of Materials Science and Biotechnology, Graduate School of Science and Engineering,

Ehime University, 3 Bunkyo‐cho, Matsuyama 790‐8577, Japan

CO conversion at 473 K / %

Low‐temperature water‐gas‐shift reaction (LT‐WGS reaction), CO + H2O = H2 + CO2, is an impor‐
tant reaction for producing pure H2 fuel in PEFC
100
system and industrial chemicals. Cu‐based cata‐
lysts (Cu‐ZnO and Cu‐ZnO‐Al2O3) active for LT‐
80
WGS reaction at 473‐523 K have been commer‐
cially used. It is well known that the catalytically
60
active site of Cu catalysts for WGS reaction is me‐
tallic copper (Cu0) and that the activity increased
with increasing Cu0 surface area [1]. Here, we
40
wish to report on an influence of metal oxides
(MOx) coexisted with Cu0 in Cu catalysts on the
20
activity for LT‐WGS reaction.

CO2‐TPD measurements were carried out to
investigate the basicity of Cu‐MOx catalysts. Two
CO2 desorption peaks were observed in the tem‐
perature ranges of 323‐573 and 573‐973 K due to
desorption of CO2 adsorbed on weak and strong
basic sites, respectively. As shown in Fig. 2, the
catalytic activity of Cu catalysts decreased with
the amount of strong basic site estimated from
CO2‐TPD. This result suggests that the presence of
strong basic site inhibits the WGS reaction over Cu
catalysts. Therefore, the change in the activity by
coexisting metal oxide may be ascribed to the
change in the basicity of catalysts.
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Fig.1 : Relationship between catalytic activities of
Cu‐MOx catalysts and Cu0 surface areas.
(Squares) Cu‐AlOx, (Triangles) Cu‐FeOx, (Circles)
Cu‐ZnOx, and (Rhomboids) Cu‐CeOx catalysts.
Calcination temp. = 673 and 773 K. Cu/M molar
ratio= 1/2 and 1.

100
CO conversion at 473 K / %

The catalytic activities at 473 K of Cu‐MOx cat‐
alysts with different co‐existing metal oxide are
plotted against Cu0 surface area (Fig. 1). The li‐
near correlation was observed between catalytic
activity and Cu0 surface area in an identical cop‐
per‐metal oxide system. However, the obtained
slope of line was dependent on the metal oxide
coexisted with Cu0. This suggests that the ability
of Cu0 as an active site for WGS reaction was
changed by coexisting metal oxide.
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Fig.2. WGS activity at 473 K as a function of the
amount of CO2 desorbed at 573‐973K.
(Squares) Cu‐AlOx, (Triangles)Cu‐FeOx, (Circles)
Cu‐ZnOx, and (Rhomboids) Cu‐CeOx catalysts.
Amount of CO2 desorbed was estimated from CO2‐
TPD measurements.
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Heterobimetallic MOF‐Cu(BTC)‐[Pd] as catalyst for one‐pot preparation of triazolo[5,1‐a]isoindoles
M. Pintado,[a] A. Arnanz,[b] A. Corma,[c] M. Iglesias[b] and F. Sánchez[a]
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In recent years there has been a remarkable upsurge in research application of metal‐organic
frameworks (MOFs), in view of several potential applications in storage,[1] catalysis [2], and separa‐
tions.[3] Here, we show that a bimetallic material, Cu(BTC)‐Pd, obtained from Cu(BTC) (used as sup‐
port and also as active catalyst) by reaction with amino pyridine compounds and PdCl2(PhCN)2, may
act as a multifunctional catalyst in a one‐pot cascade reaction, starting from 2‐iodobenzylbromide, to
8H‐[1,2,3]triazolo[5,1‐a]isoindole derivatives which are obtained through several consecutive reac‐
tions.

The global reaction includes a nucleophilic substitution on a benzylic bromide, a Pd‐catalyzed So‐
nogashira C‐C coupling, followed by cycloaddition of azide to the internal alkynes mediated by the
Cu‐framework. This reaction occurs as one‐pot process under appropriate reaction conditions. The
present approach ensures the development of newly post‐functionalized MOFs through the simple
immobilization of organic molecules (ligands) and the formation of corresponding transition metal
complexes to give multipurpose catalytic systems useful for multi‐step one‐pot reactions.
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Mo(II) catalysts in the oxidation of olefins and alcohols
Marta S. Saraiva, Carla D. Nunes, Maria José Calhorda
Department of Chemistry and Biochemistry, Faculty of Science of the University of Lisbon, Campo
Grande, 1749‐016 Lisbon, Portugal
New molybdenum(II) complexes were synthesized from the ligand 8‐aminoquinoline (L) and the
precursors [MoBr(3‐C3H5)(CO)2(CH3CN)2] and [MoI2(CO)3(CH3CN)2] (2) [1], and characterized.

1

2

Fig. 1: Complexes [MoBr(3‐C3H5)(CO)2(L)] (1) and [MoI2(CO)3(L)] (2)
These complexes were immobilized in mesoporous MCM‐41materials, using two different ap‐
proaches. All the materials were characterized by FTIR, X‐ray, N2 adsorption, solid state NMR of 13C
and 29Si and elemental analysis [2].

Fig. 2: Scheme of the immobilization of complexes 1 and 2 in MCM‐41
The two complexes and the materials were tested for their catalytic activity in the oxidation of cis‐
cyclooctene, styrene, geraniol, 1‐octene, cis‐3‐hexen‐1‐ol, trans‐2‐hexen‐1‐ol and R(+)‐limonene,
with tert‐butyl‐hydroperoxide (TBHP) as the oxidant, dichloromethane as the solvent, and at 55ºC.
For instance, complex 1 converts 74% of cis‐cyclooctene with 100% selectivity toward the epoxide.
After immobilization the conversion drops to 48%, although the selectivity remains. The catalytic
activity of the complex [MoBr(3‐C3H5)(CO)2(L)] (1) was also studied in different conditions (other
solvents and temperatures) to check their influence in the catalytic reactions.
Acknowledgments:
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FCT for research grant.
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Recyclable Polymer‐Supported Catalysts for Hydrogenation Reactions
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Introduction
Metal nanoparticles and metal complexes are widely used as catalysts for hydrogenation reac‐
tions. Nevertheless, nanoparticle aggregation and catalyst separation are problems that have to be
addressed when catalytic processes on industrial scale are aspired. For this reason, supports suitable
to provide stable, active, and recyclable catalysts have gained increasing interest in the last decades.
Examples of materials we used as catalyst supports are soluble dendritic core‐multishell architectures
(Support I) for the stabilization of platinum and palladium nanoparticles [1‐3], and surface‐
functionalized polymers (Support II) for the immobilization of a modified tethered TsDPEN/Rh(III)‐
complex [4, 5]. In order to investigate the catalytic performance after immobilization, we tested the
nanoparticles in the C‐C double bond hydrogenation of various substrates (isophorone, ‐methyl
styrene (AMS), methyl crotonate, cyclooctadiene) in methanol as solvent.
The rhodium catalyst was used in the asymmetric transfer hydrogenation (ATH) of prochiral ke‐
tones, e.g., acetophenone, in H2O/HCO2Na/HCO2H solutions.
Due to the larger size of the supported catalysts, the catalyst recycling was accomplished by sim‐
ple filtration. In case of the core‐multishell supported nanoparticles, the reaction and recycling was
also performed using a biphasic methanol/n‐heptane mixture.
Experimental
Support I: The catalyst was obtained by the reduction of the corresponding noble metal salt (e.g.
H2PtCl6) with NaBH4 in the presence of the core‐multishell polymer. Hydrogenation reactions were
carried out in methanol at 20°C and 1.1‐1.3 bar H2‐pressure. Conversion was determined by gas
chromatography.
Support II: Asymmetric transfer hydrogenation was performed using either a bead or a chip‐
supported version of the catalyst. Acetophenone was used as substrate, and the reaction was carried
out in H2O/HCO2Na/HCO2H at 40°C with S/C ratios between 200 and 800. No protective gas was re‐
quired.
Recycling of Support II: The catalyst was simply filtered off, washed with water and methanol, and
dried under reduced pressure, before it could be used again.
Results/Discussion
All supported catalysts show a good catalytic performance. The activities, e.g., for the AMS hydro‐
genation, are comparable to commercial reference catalysts (Pt/C, Pd/Al2O3). The enantiomeric
excess (ee), which was obtained in the transfer hydrogenation using the supported rhodium catalyst,
is similar to that reported for the unsupported and unmodified catalyst. The rhodium catalyst proved
to be stable and suitable for several recycling steps, which resulted in a substantial high turnover
number (TON). We found that catalyst recycling is successful with only low metal leaching into the
product.
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Figure 1. Reuse of the polymer‐supported catalyst in the ATH of acetophenone.
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Selective Linear Dimerization of Styrenes by Oxide‐supported Ruthenium Catalysts
Shun Shimura, Hiroki Miura, Kenji Wada, Saburo Hosokawa, Masashi Inoue
Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering,
Kyoto University, Kyoto, 615‐8510 (Japan)
Dimerization of alkenes is one of the most atom‐efficient methods for the synthesis of higher al‐
kenes.[1] Many catalysts were reported to be available for dimerization of styrenes,[2] and most of
these catalytic systems afforded branched dimmers, namely 1,3‐diaryl‐1‐butenes. Remarkably, a
zero‐valent ruthenium complex was reported to catalyze linear dimerization to give 1,4‐diaryl‐1‐
butenes.[3] Although this catalyst showed high regioselectivity, it is unstable towards air and/or mois‐
ture. From the practical and environmental points of view, solid catalysts are quite advantageous
because of their high stability and reusability.[4] Here, we report the first example of selective linear
dimerization of styrenes by simple solid ruthenium catalyst, Ru/CeO2.
The treatment of styrenes (1) in the presence of a Ru/CeO2 catalyst in N,N‐dimethylacetamide se‐
lectively afforded 1,3‐diaryl‐1‐butenes (2) in moderate yields. On the other hand, reaction in mesity‐
lene drastically changed the regioselectivity, and 1,4‐diaryl‐1‐butenes (3) were selectively obtained in
moderate yields. Both reactions required alcohol or formaldehyde. In contrast, ruthenium catalysts
supported on SiO2, Al2O3, MgO or TiO2 did not show any activity.
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Strategies for copper bis(oxazoline) immobilisation onto porous silica based materials
H. Albuquerque1, S. Borges2, A.P. Carvalho2, J. Pires2, A.R. Silva1
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Bis(oxazolines) ligands, generally known in the literature as Box, are privileged chiral ligands and
their copper complexes proved to be versatile enantioselective and efficient catalysts in a number of
asymmetric organic transformations such as cyclopropanation of alkenes.[1] They are synthesised
from expensive aminoalcohols with moderate to good yields [1] making them excellent and desirable
candidates for heterogeneisation using solid supports in order to make them recyclable catalysts and
economical. However this is still quite an unexplored system when compared to the chiral Schiff
bases. Most of the reports on the heterogenisation of privaledge ligands are on organic polymers.[2]
However inorganic supports present higher surface area, mechanical resistance, chemical robustness
and thermal stability.
Hence we anchored the Box ligand, 2,2´‐Methylene‐bis[4(S)‐4‐tert‐butyl‐2‐oxazoline] onto
mesoporous materials (hexagonal mesoporous silica, SBA‐15 and silica gel) in order to track eventual
pore confinement effects. The generated materials were characterised by several spectroscopic and
surface techniques and tested as heterogeneous catalysts in the benchmark reaction of cyclopro‐
panation of styrene at room temperature using ethyldiazoacetate. The catalytic results will be corre‐
lated with the porosity type of the inorganic support used and eventually with the immobilisation
strategy. Conclusions on the recycling of the heterogeneous catalysts will be also withdrawn.
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Solid Catalysts for Direct Methane Oxidation Inspired by Molecular Complexes
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Methane is an abundant material found world‐wide and its direct conversion to methanol in eco‐
nomically satisfactory yields is an important goal of the oil and gas industry. Current catalytic systems
for a direct utilization suffer from low selectivities owing to overoxidation. A highly promising alter‐
native is the low‐temperature oxidation of methane via C‐H activation mediated by late transition
metals. The catalytic system developed by Periana et al. involving a molecular Pt(bpym)Cl2 complex
and fuming sulfuric acid is considered to be the most active one [1]. Under reaction conditions me‐
thane is converted to methylbisulfate that can be hydrolyzed in a subsequent step resulting in a high
selectivity to methanol. An industrial application was ruled out due to drawbacks like e.g. product
and catalyst separation.

Fig. 1: Methane conversion to methyl bisulfate and subsequent hydrolysis to methanol
We overcame the latter problem developing solid catalysts for the low‐temperature oxidation of
methane [2][3]. Covalent Triazine Frameworks (CTF), which resemble the bipyrimidyl ligand, were
used as a kind of solid ligand to mimic the Periana catalyst. These polymers can be modified coordi‐
natively with a platinum(II) species and can stand the harsh oxidizing reaction conditions due to their
unique structure. Our current investigations are focused on catalyst optimization and development
of alternative solid ligands [4]. In particular, we have identified novel nitrogen doped carbons ob‐
tained from hydrothermal carbonization of various biomass sources as high potential materials
reaching TONs above 1000 and higher.
These novel nitrogen doped carbons (NDC) could be modified via coordination of a Pt(II) species
analogous to the CTF materials. Interestingly, Pt‐modified NDC materials derived from glu‐
cose/albumin mixtures achieved high single run activity but subsequent recycle steps showed signifi‐
cantly lower catalytic activity due to Pt leaching. We assume that this deactivation effect is caused by
an unstable Pt coordination within the carbon framework analogous to previously tested polybenzi‐
midazole material [3]. In contrast, Pt‐NDC, obtained by carbonization of a chitinic precursor at 900°C,
showed remarkable stability over five runs with TONs of about 1000. This activity is superior to the
molecular Periana catalyst under chosen reaction conditions although long term durability still has to
be investigated. The origin of this enhanced catalytic activity is the focus of further studies. Addition‐
ally, detailed surface structure characterization of Pt‐modified NDC will provide new insights into
possible pathways for the design of direct methane oxidation catalysts.
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Zn(II) complexes as active catalysts in homogeneous and heterogeneous olefin epoxidation
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Heterogeneous catalysis is advantageous as a process itself since it allows an easy separation of
the products from the catalyst in a given reaction, being therefore favored in many industrial
processes. The combination of organometallic complexes and supports has received much attention
in recent years owing to the new perspectives it opens, since the first are known for their capabilities
in selective and efficient promotion of many reactions in solution, while the latter optimize recovery
and recycling of the catalysts.[1,2]
Hydrotalcite clay materials were functionalized with Zn(II) complexes with catalytic properties in a
stepwise procedure. The material was first calcined at 823 K for four hours, to eliminate all the car‐
bonate ions; the layered structure was reconstructed after treatment with a solution of either tryp‐
tophane (trpH) or phenylalanine (pheH) in a NaOH aqueous solution of dmf at 343 K. Subsequent
impregnation with a solution of the metal precursor [Zn(NO3)2] afforded the metalic derivatized
clays.

Fig. 1: Preparation of clay‐heterogenized Zn(II) complexes for olefin epoxidation.
The equivalent homogeneous phase complexes were also prepared for comparison purposes.
Both the complexes and these new materials catalyzed the epoxidation of cyclooctene and styrene at
333 K. The catalytic systems with the Phe ligand evidenced extraordinary activity in styrene oxida‐
tion. In addition, oxidation of styrene yields the corresponding epoxide or benzaldehyde depending
on the reaction conditions.
Acknowledgements: The authors thank FCT, POCI and FEDER (project PTDC/QUI/71576/2006) for
financial support.
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Heck reactions with sol‐gel entrapped palladium catalysts
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Heck coupling between aryl or vinyl halides and different olefins enables the formation of C‐C
bonds and became the subject of a very intensive research in last year’s. The reaction proceeds of
temperatures higher than 60 °C by adding of a base and is possible with a wide range of different
substrates. The donor or acceptor properties of these reactants influence the reaction kinetics, which
is catalyzed by an in‐situ activated palladium‐(0) species. One of the benefits of the Heck reaction is it
outstanding trans‐selectivity. Because of expensive palladium catalysts the recycling and recovery are
very important. There are different possibilities, for example the use of ionic liquids as solvent during
the reaction or the catalyst entrapment within support materials, for example hydroxyapatite, zeolite
or silica. Another important approach is the application of microemulsions for the better solubiliza‐
tion of very hydrophobic aromatic compounds. The quantitative reaction of bromobenzene and sty‐
rene to trans‐stilbene at 80‐120°C and 1 atm was investigated in biphasic solutions and also in micro‐
emulsions. The use of the sol‐gel immobilized Pd(OAc)2 allows to recover and reuse the catalysts
several times. The mixtures of hydrolyzed tetramethoxy‐/octyltrimetoxysilane and tetramethoxy‐
/phenyltriethoxysilane were used for the synthesis of the silica support.
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Conversion of Cellulosic Biomass: A Perspective of Homogeneous & Heterogeneous Catalysis
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Irreversible declining of fossil raw materials, stringent environmental regulations on green‐house
gases release, energy efficiency issues and energy security policies make biomass as a real alternative
solution to the present burning problem. While much attention is paid to re‐newable energy such as
wind, solar, hydropower and geothermal, but none of these renewable sources can be used to pro‐
duce organic chemicals which are currently derived from fossil fuels. Currently, over 90% of all organ‐
ic chemicals are derived from petroleum and 85% of crude oil consumed is used for the production of
transportation fuels. Today, many biomass conversion technologies such as combustion, gasification,
liquefaction, hydrogenation and pyrolysis are thermo‐chemical processes. These processes involve
high energy consumption and expensive process conditions like high temperature, high pressure,
material of construc‐tion, etc. In other hand, the wood‐driven biomass occurs predominantly in na‐
ture in the form of biopolymers, such as cellulose (38‐50%), hemi‐cellulose (23‐32%), and lignocellu‐
lose (15‐25%). Therefore aqueous phase transformation of cellulosic biomass at mild process condi‐
tions will be sustainable and economically attractive. The conversion of cellulose into sugars such as
glucose and fructose and then into 5‐hydroxymethylfurfural (HMF) has been studied. The HMF is a
valuable platform chemical and has many applications for production of bio‐chemicals and bio‐fuels,
those potentially may replace the dependency on fossil resources.

Scheme 1. Conversion of cellulosic biomass into HMF
Dehydration of fructose into HMF is carried out using homogeneous and heterogeneous acid cata‐
lysts. Homogeneous acid catalysts such as H2SO4 and CH3COOH are tested for fructose dehydration at
100oC, where sulfuric acid shows better performance than acetic acid by yield‐ing 17% of HMF with
29% fructose conversion in 4 h. Fructose is converted into black and un‐dissolved solids (humins)
with increase of reaction time. This paper explains the effect of various solid acid catalysts such as
sulfonated zirconia, silica, titanium, molecular sieve, cova‐lent triazine framework (CTF), Amberlyst‐
15, Montmorillonite‐K 10, etc for dehydration of fructose using different organic and aqueous sol‐
vents. Finally, comparison between homoge‐neous and heterogeneous catalysis with respect to HMF
yield and selectivity will be dis‐cussed.
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In situ and deactivation studies of the gasification of biomass in super‐critical water
over Ru/C catalysts
J. Wambach, M. Schubert, M. Dreher, F. Vogel
Paul Scherrer Institute, 5232 Villigen PSI, Switzerland
Wet biomass, e.g. agricultural residues, and dry biomass (e.g. wood) are considered playing a ma‐
jor role in our future sustainable energy supply, because they offer potential for producing biofuels
and bio‐chemicals from various types of biomass. Biogenic synthetic natural gas (Bio‐SNG) is particu‐
larly interesting as it can be produced with a high efficiency from almost any kind of biomass applying
a proper conversion technology. Dry biomass is not required when hydrothermal processing under
supercritical water (SCW) conditions is applied.
At PSI a SCW process was developed, which is operated at temperatures of 400‐450°C and pres‐
sures of 25‐35 MPa. We feed relatively simple model compounds of wet biomass, e.g. ethanol or
glycerol mixtures for our investigations of supercritical water gasification (SCWG) [1]. An example of
an observed deactivation is displayed in Figure 1. The three traces, G4a, G6a, and G11a, show tem‐
perature profiles recorded after different times on stream. The time‐dependent position of the cha‐
racteristic “temperature dip” indicating the moving of the reaction / deactivation front is clearly re‐
cognizable. Our research focuses on obtaining an improved insight on the catalyst and understanding
of the processes governing the catalytic reactions in the hydrothermal media applying various spec‐
troscopic methods like in situ XAS/XES/EXAFS, or XPS and RBS/ERDA.
Inlet

Reactor
L = 1.4 m
t=1

t=2

t=3

Outlet
Figure 1: Observed shift with time of the minimum of the fluid temperature inside the reactor (see
right) measured in situ representing the moving deactivation front in direction of the mass flow.
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The effect of solution variables and pretreatment on supported Pd catalyst preparation
Huifeng Wang, Martin Sterrer and Hans‐Joachim Freund,
Fritz‐Haber‐Institut der Max‐Planck‐Gesellschaft, Department of Chemical Physics, Faradayweg 4‐6,
D‐14195 Berlin, Germany.
In this contribution we present results of surface science studies related to the preparation of
supported metal catalysts on well‐defined oxide surfaces applying procedures used in real catalysis.
While in most UHV model studies of supported metal catalysts the metal is deposited onto a clean
surface by physical vapor deposition, the standard methods in real catalyst preparation, e.g. impreg‐
nation or deposition‐precipitation, are wet chemical routes with the important processes occurring
at the solid‐liquid interface, followed by calcination and reduction to transform the catalyst precursor
into the active compound. The aim of the present work is to apply those preparation procedures to
well‐defined oxide surfaces using thin oxide films as substrates that allow standard surface science
characterization techniques to be applied. Our experimental results demonstrate the effect of solu‐
tion pH, ionic strength, chloride and reduction conditions on Pd/Fe3O4(111) catalyst preparation.
STM showed that Pd nanoparticles prepared by using different solution parameters display differ‐
ent size, distribution and thermal stability. XPS was used to follow the evolution of Pd species at each
preparation stage and to study the influence of Pd precursor solution pH on the speciation of Pd
complexes on the surface. The Pd particles prepared by Deposition Precipitation method were fur‐
ther characterized by CO chemisorption with TPD and IRAS. Interestingly, different chemisorption
properties of Pd/Fe3O4 were observed after CO or H2 reduction at 500 K. XPS results indicated a
change in the electronic structure of Pd after H2 reduction which can be recovered by reoxidation
and CO reduction.
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Synthesis of Vanadium and Titanium Oxides on SBA‐15 as Catalysts for the Oxidative
Dehydrogenation of Propane
T. Wolfram, N. G. Hamilton, G. Tzolova‐Müller, J. Kröhnert, R. Schlögl, A. Trunschke
Fritz Haber Institute of the Max Planck Society, Department of Inorganic Chemistry, Faradayweg 4‐6,
D‐14195 Berlin, Germany
Vanadium oxide species dispersed on high‐surface‐area metal oxides, such as SiO2, Al2O3 or TiO2,
have been the subject of many studies targeted at a deeper understanding of heterogeneous oxida‐
tion catalysis on a molecular level. Structure, reactivity, and stability of the active two‐dimensional
vanadium oxide surface species depend on the catalyst synthesis, the nature of the support and the
reaction conditions [1‐2]. In this work we describe the synthesis of titanium oxides on mesoporous
silica (SBA‐15) as support for vanadia catalysts.
Titania is grafted onto the SBA‐15 support via reaction of surface silanol groups with titanium iso‐
propoxide forming Si‐O‐Ti bonds. A step‐wise grafting is used to minimize formation of multilayer
titania domains, which occur in a one‐step‐grafting [3], and to approach a challenging titania mono‐
layer surface coverage together with maintaining the integrity of the mesopore system. Catalysts are
characterized by nitrogen physisorption, electron microscopy, XRD, TGA, TPR/O, XRF, DRUV‐vis, IR
and Raman spectroscopy.
Raman spectra showed formation of small anatase domains upon the fifth grafting cycle, i.e.
19 wt.% Ti/SBA‐15 (Fig. 1). The anatase domains increase in population and size as the loading is fur‐
ther increased to 23 wt.% Ti/SBA‐15. The UV‐vis spectra suggested a progressive polymerization of
TiOx with an increasing Ti‐loading (Fig. 2). The difference between the spectra of bulk anatase and 23
wt.% Ti/SBA‐15 indicate the presence of a thin layer of titanium oxide species on silica and nanocrys‐
talline titania domains. The ratio between the Ti‐loading of 17 wt.% Ti/SBA‐15 and the silanol groups
of the blank SBA‐15 is roughly one, which suggested together with the Raman spectra a formation of
a titania monolayer on the surface of the SBA‐15. The catalytic activity of subsequently deposited
VOx species in propane oxidation will be compared with the catalytic properties of VOx supported on
bulk titania.
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Fig. 2: UV‐vis spectra of Ti/SBA‐15 series (a‐i)
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O2 binding and activation by small Au clusters
Alex P. Woodham, Gerard Meijer, André Fielicke
Fritz‐Haber‐Institut der Max‐Planck‐Gesellschaft, Faradayweg 4‐6, Berlin 14195
The activity of small gold particles towards low temperature oxidation reactions is a phenomenon
of great current interest with many studies being performed on nano‐particles deposited on ex‐
tended surfaces, as well as in the gas phase [1‐3]. Utilising infrared multi‐photon dissociation (IR‐
MPD) spectroscopy in the gas phase we have probed the interaction of molecular oxygen with small
gold clusters (n ≤ 20) as a function of cluster size and charge state, free from the perturbing effects of
a (complex) environment. The characteristic stretching frequencies of the di‐oxygen oxidation states
(superoxo (O2‐), 1250 cm‐1; neutral (O20), 1580 cm‐1; dioxygenyl (O2+), 1800 cm‐1) serve as a highly
sensitive probe to the activation of the O–O bond. For the anionic gold clusters we observe binding of
a single O2 ligand and formation of a superoxo‐like moiety, in close agreement with earlier predic‐
tions. The cations, contrary to previous studies, are found to bind multiple oxygen ligands and dem‐
onstrate size and coverage dependant activation of the oxygen moiety with all three di‐oxygen oxida‐
tion states being observed, even within the same cluster complex composition. Lastly, the small neu‐
tral clusters show formation of both superoxo and neutral di‐oxygen whilst for the larger ones no O–
O stretch is observed. This may be indicative of predominantly dissociative binding for the larger
clusters (n ≥ 7).
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Catalytic Monoepoxidation of Butadiene over Titanium Silicalite Molecular Sieves TS‐1
Modified by Nickel Oxide
Mei Wu 1, 2, Lingjun Chou 1, Huanling Song1*
1

State Key Laboratory for Oxo Synthesis and Selective Oxidation,
Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, P. R. China.
2
Graduate School of Chinese Academy of Sciences, Beijing 100049, P. R. China.
 Corresponding author: E‐mail: songhl@licp.cas.cn; Tel: +86‐931‐4968066; Fax: +86‐931‐4968129.
The direct liquid‐phase monoepxidation of butadiene has not been studied broadly. recently，
3, 4‐epoxy‐butene (EPB) was converted from 1, 3‐butadiene over TS‐1 by X. Zhang et al. [1], how‐
ever, the EPB they obtained was only 0.15 mol/L at the optimal condition.
In our system, EPB was prepared from 1, 3‐butadiene catalyzing by TS‐1 which was modified by
nickel oxide (3% NiO‐TS‐1), with hydrogen peroxide (H2O2) as oxidant and CH3OH as solvent. The re‐
sults demonstrated that the direct liquid‐phase monoepxidation of butadiene over 3% NiO‐TS‐1 pro‐
duced EPB with high yield (0.49 mol/L). The structure of the 3% NiO‐TS‐1 was characterized by XRD,
TEM, DR UV‐Vis, ICP‐AES, and N2 adsorption/desorption. We studied the influences of various pa‐
rameters such as solvent, time, concentration of H2O2 on the epoxidation.
Effect of reaction time on butadiene epoxidation was shown in Figure 1. Reacted for 60 min, EPB
of 0.49mol/L was obtained (H2O2 conversion 98.33 %, H2O2 utilization 91.87 %). Interesting, further
increasing reaction time from 60 min to 150 min， EPB yield has no obvious change. It might be‐
cause the reaction has reached equilibrium quickly, and the EPB was not further oxide.
In Table 1, it can be seen that when H2O2 concentration was lower than 0.52 mol/L, the conver‐
sion and utilization of H2O2 decreased slightly with the increase of H2O2 concentration, and the EPB
yield was maintained theoretic equilibrium value. However, when H2O2 concentration was higher
than 0.52 mol/L, the H2O2 conversion and utilization decreased significantly with the increase of H2O2
concentration, the EPB yield improved slowly and away from the theoretic equilibrium value.
In addition, we studied the influences of NiO content on the direct liquid‐phase epxidation of bu‐
tadiene. Compared with TS‐1, although the addition of NiO has a little effect to the H2O2 conversion,
it promoted EPB yield and H2O2 utilization significantly. The characterization of various catalysts sug‐
gested that the interaction between Ni and TS‐1probably played an important role in the epoxidation
of butadiene.
Table 1: Effect of H2O2 concentration on the epoxidation of
butadiene. (Reaction conditions: 40℃, 60 min, NiO‐TS‐1400
mg,CH3OH 25 ml.)
CH2O2
(mol/L)

Fig. 1: Effect of reaction time on the
epoxidation of butadiene. (Reaction
conditions: 40 , H2O2 0.50 mol/L,
NiO‐TS‐1 400 mg, CH3OH 25 ml.)
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Reactivity and surface properties of silica gel supported perchloric acid as heterogeneous catalyst
for estolide synthesis
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A series of perchloric acid (HClO4) loaded on silica gel (SG) catalysts with loading ranging from 5 to
45 wt.% have been synthesized and characterized by various physicochemical methods, such as XRD,
BET, NH3‐TPD, FESEM, TEM, SEM‐EDX and TGA/DTG and XPS surface analysis. Their catalytic activities
were examined on the addition reaction of oleic acid for estolide synthesis. The major products from
these reactions were oleic‐oleic monoestolide acid (OOM), oleic‐oleic diestolide acid (OOD) and small
amount of side products. From our studies, the 10 wt.% HClO4/SG catalyst was found to be the most
active and selective compared to the other catalysts used. It showed 97.5% conversion of the oleic
acid with 81.9% selectivity to OOM and 18.2% selectivity to OOD. The acidity measurements by NH3‐
TPD show that silica gel supported 10 wt.% HClO4 loading has relatively higher total acidity compared
to the silica gel support. The specific space area of 10 wt.% HClO4/SG catalyst was decreased (395.4
m2g‐1) compared to SG (485.1 m2g‐1). Deposit of small particles of HClO4 on the walls and/or in the
mouth of the smaller pores of the SG may account for the decrease in BET surface area. The XPS cha‐
racterization was carried out in order to obtain information on the structure of the surface and the
dispersion of the active phase. XPS study confirms that there are some interactions between HClO4
with the silanol groups on the silica gel surface to give formation of ion pairs as (≡ SiOH2)+ (ClO4)‐.
Hence, it can be concluded that total acidity together with some ion pairs interactions catalyzed the
addition reaction of oleic acid when 10 wt.% HClO4/SG was used as catalyst. The reaction parameters
were optimized to obtained high conversion and high selectivity of the estolide products. The effect
of catalyst weight percent, reaction temperature and reaction time on conversion and products se‐
lectivity were studied and discussed in this paper.
Keywords

Estolide synthesis, Oleic acid, HClO4., Silica gel, Active, Selective
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Reactivity of Platinum Bis-NHC Chelate Complexes
Matthias Brendel, René Engelke, Vidya Desai, Frank Rominger and Peter Hofmann
Organisch-Chemisches Institut, Universität Heidelberg
Im Neuenheimer Feld 270, 69120 Heidelberg, Germany
ph@uni-heidelberg.de
Transition metal complexes of N-heterocyclic carbenes (NHCs) have found numerous applications
in organometallic chemistry and catalysis [1]. Due to the higher stability and stronger -donor character compared to phosphine complexes, they exceed the latter in catalytic activity. Bidentate NHC
ligands additionally enhance the stability as a result of the chelate effect.
We present the synthesis, characterization and properties of dialkyl, alkyl chloro and alkyl hydrido
complexes of platinum(II) bearing methylene-bridged chelating bis-NHC ligands [2].

Oxidative addition of electrophiles like carbon dioxide or dichloromethane to the dialkyl complexes leads to platinum(IV) species [3]. In methanol, the dimethyl complexes are protonated forming methoxy methyl platinum(II) complexes under loss of methane [4]. The hydridoalkyl complexes
reductively eliminate alkanes generating platinum(0) fragments, which can be trapped by electron
deficient olefins like maleic anhydride or dimethyl fumarate. In analogy to coordinatively unsaturated
14 VE platinum(0) fragments bearing chelating phosphine ligands, these fragments will be employed
in various bond activation reactions [5].
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Novel NHCP-Ligands for Rhodium-Catalyzed Asymmetric Hydrogenation
Marcel Brill, Patrick Hanno-Igels, Peter Hofmann*
Organisch-Chemisches Institut, Universität Heidelberg,
INF 270, D-69120 Heidelberg, Germany
ph@oci.uni-heidelberg.de
Rhodium-catalyzed asymmetric hydrogenation of prochiral olefins is still a field of intensive research in spite of the numerous highly efficient and selective catalysts which have been developed.[1]
The synthesis of inexpensive and conveniently preparable ligands that can be easily modified in their
electronic and steric properties continues to be an important issue in order to selectively hydrogenate a wide variety of substrates.[1] We have recently developed a ligand system that allows facile
ligand tuning by combining the properties of differently substituted strong donor phosphines and Nheterocyclic carbenes in a modular synthetic approach.[2] We are also working on the chiral analogues of these N-phosphinomethyl substituted NHCs (NHCP) with the aim for their application in stereoselective catalysis.[3]

Fig. 1: Chiral NHCP ligands developed in our group.
A new modular approach for the synthesis of the P-stereogenic NHCP ligand 1 will be presented.[4] Due to the convergent strategy, future modifications on the imidazole moiety can be
achieved more efficiently.

Scheme 1: New approach for the synthesis of chiral N-phosphinomethyl substituted NHC ligands.
Further, we will describe our first results related to the coordination chemistry of rhodium(I) bearing chiral NHCP ligands and our preliminary findings in asymmetric hydrogenation of methyl-2acetamidoacrylate with in situ generated rhodium complexes of ligand 2.
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Novel Catalytic and Chemoselective Reduction of amides
Shoubhik Das, Daniele Addis, Benoit Join, Kathrin Junge, and Matthias Beller
Leibniz-Institut für Katalyse e.V. an der Universität Rostock, Rostock, Germany
The reduction of amides to the functionalised amines is one of the most fundamental and widely
employed reactions in synthetic organic chemistry. Sodium borohydride, lithium aluminium hydride
and other stoichiometric reducing agents are generally used for laboratory-scale syntheses. However, the increased demands for atom economy, cleaner synthesis and straightforward work-up procedures make the use of these reagents disadvantageous. Reduction procedures that make use of
catalytic amounts of metals show better ecology, most cost effective, and potentially easier to operate than those that require the clean-up of boron or aluminium waste at the end of the reaction. For
this purpose heterogeneous catalysts such as Pd/C and Pt/C might be used, because they represent
the most economical method to carry out these reductions. However, especially in cases where
chemoselectivity, milder conditions and functional group tolerance are required, homogeneous catalysts can be better suited for the task. For this reason there has been a consistent research effort to
the development of new and improved homogeneous catalytic systems. Owing to its simplicity and
apparent environment friendliness, hydrogenation is often believed to be a method of preference
especially in view of the fact that H2 is the only stoichiometric reagent used here. However hydrogenation methods are still in their infancy. In this respect, hydrosilylation is a well accepted chemical
tool which can bring chemoselectivity and regioselectivity together with different metal complexes
under mild conditions.

Scheme 1: Reduction of amides
It is interesting to note that metal-catalyzed hydrosilylations of amides have received considerable interest during the last decade. For example, catalyst systems including precious metals such as
Rh, Ru, Pt, Pd, Ir, Os, and Re have proven to be effective for this reduction. In addition, Mn, Mo, In,
and Ti were also applied. However, most of these catalyst systems needed expensive silanes and/or
have limited functional group tolerance. For this reason, chemoselective reduction of amides with
bio-relevant cheap metals was still highly demanding. In this respect, we have been able to reduce
amides with iron, zinc, and copper metals. In addition, we have been able to reduce amides in presence of keto, niro, nitrile, double bond, esters and azo functional groups.
We believe, our new protocols will be highly efficient for this kind of reductions. Moreover, due to
the presence of wide functional groups tolerance, use of protection and deprotection groups can be
stopped. In this fashion number of reaction steps can be lowered in case of natural product synthesis.
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Acid-catalyzed hydrolysis of cellulose in organic electrolytes
Niklas Meine, Heitor F. N. de Oliveira, Roberto Rinaldi
Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-45470 Mülheim (Ruhr), Germany,
rinaldi@mpi-muelheim.mpg.de
Organic electrolytes, mixtures of organic solvents and ionic liquids, are very attractive solvents for
cellulose. They enable an extremely fast dissolution of large amounts of cellulose with only small
amounts of ionic liquid (IL) being necessary. [1] We investigated the depolymerization of cellulose in
these novel solvent systems. Since cellulose can be dissolved in organic electrolytes with different
ratios of organic solvent and ionic liquid, it is possible to study the role of the ionic liquid in the cellulose depolymerization. Figure 1 shows the number of scissions occurring in the cellulosic chains for
reactions performed in 1-butyl-3-methylimidazolium chloride ([BMIM][Cl]) and mixtures of
[BMIM][Cl] with 1,3-dimethyl-2-imidazolidinone (DMI) or dimethylsulfoxide (DMSO), respectively,
using para-toluenesulfonic acid (p-TSA) as catalyst. Our results show that ionic liquids are not only
solvents in the depolymerization of cellulose, but also enhance cellulose hydrolysis. This can be demonstrated by comparing the acid catalyzed depolymerization of cellulose in [BMIM][Cl] and mixtures
of [BMIM][Cl] with organic solvents. Further work is in progress to achieve a better understanding of
cellulose processing in these promising solvent systems.

Figure 1. Scissions occurring in the cellulosic chains in the course of the depolymerization using p-TSA
in ■ [BMIM][Cl],  [BMIM][Cl]:DMI (50:50), ▲ [BMIM][Cl]:DMSO (50:50). Reaction conditions: 5 g
cellulose (corresponding to ca. 31 mmol of AGU; C6H10O5 : DP0 2200 AGU) dissolved in 100 g solvent,
p-TSA (1 mmol H3O+), water (111 mmol), 100 °C.
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Iridium Based Water Oxidation Catalysis
STEFANIA DENURRA; Nicolas MARQUET, Henrik JUNGE; Matthias BELLER.
Leibniz-Institut für Katalyse e. V. (LIKAT), Rostock / Germany

Fig. 1: Water oxidation catalysis
The sufficient and sustainable supply of energy remains one if not the most important challenge
for our future. In this respect, advancements in hydrogen technology are of particular interest since
hydrogen can be converted to electrical energy with no emission of green-house gas. An attractive
process is photocatalytic water splitting which could represent a clean and sustainable way to produce hydrogen.
As it is often the case, heterogeneous catalysts are more suitable for practical applications but the
study of molecular defined systems allow a better insight of reaction mechanisms. And a good understanding of these mechanisms is essential for a clever design of new catalysts. To date, there is
only one molecular defined system which is able to split water in hydrogen and oxygen, but this reaction is stoichiometric.1 This really shows the difficulty of the task. In order to simplify the problem,
the reaction is usually separated in its two half reactions which can be separately studied using sacrificial reagents (oxidant or reductant).
Our lab took part in the development of the numerous existing catalysts for water reduction.2 We
are now turning our attention to the oxidation half reaction which is much trickier since it is a 4 electrons process involving 2 molecules of water (Scheme 1). Among the existing systems, the big majority is Ru based and many of them are not completely satisfying. In the lab, we decided to work with Ir
which recently proved to chemically oxidize water in an efficient manner.3,4
We will here present our research that aims at oxygen evolution from water in significant
amounts using Ir catalysts.
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Ni- and Pd-catalyzed Olefin Polymerization and Olefin/CO Copolymerization with Bulky Small
Bite Angle Bisphosphines and Keim/Brookhart-type P,O-Chelate Ligands
Paul Ercan, Frank Eisenträger, Frank Richter, Frank Rominger and Peter Hofmann*
Organisch-Chemisches Institut, University of Heidelberg,
INF 270, 69120 Heidelberg, Germany
Due to their moderate oxophilicity late transition metal complexes catalyzing olefin polymerization are a subject of intensive investigations e.g. with regard to polar monomer incorporation.[1] The
key to retard chain transfer and to produce high molecular weight polymers is the use of bulky ligands.[2]
On the basis of appropriate ligand design concepts from experiment and theory, bulky, electronrich, small bite-angle bisphosphines like tBu2P-CH2-PtBu2 (dtbpm) and congeners thereof have been
utilized to construct catalytic systems for olefin polymerization. The syntheses and characterizations
of highly efficient cationic nickel alkyl complexes A and benzyl complexes B for cocatalyst-free ethylene polymerization[3] and dicationic palladium olefin complexes C for CO/ethylene copolymerization[4] as well as water soluble neutral palladium olefin complexes D designed for catalysis carried
out in water[5] will be reported.

Furthermore we have introduced the 2,4,6-tris-iso-propylphenyl moiety into the class of
Keim/Brookhart-type phenacylphosphine chelate ligands E.[5,6] Reaction of the new ligands with
py2NiR52 leads directly to neutral, square-planar nickel precatalysts F with a weakly bound pyridino
ligand, enabling facile formation of catalytically active, unsaturated d8-NiL3 species via pyridin dissociation. No cocatalysts are necessary for precatalyst activation. A detailed report of these precursors
including structural features as well as catalytic properties in homo- and copolymerization will be
presented.
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Radical addition of cyclic ethers to diethylmaleate catalyzed by [Al(H2O)6]3+/H2O2
Hebert Estevez, Roberto Rinaldi
Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, 45470 Mülheim an der Ruhr, Germany, rinaldi@mpi-muelheim.mpg.de
In previous studies, it was reported that the system [Al(H2O)6]3+/H2O2 induces H2O2 to act as nucleophile in the epoxidation of α,β-unsaturated ketones.[1] In the present work, we show that the
mentioned system promotes efficiently the radical addition of cyclic ethers (tetrahydrofuran, 2methyltetrahydrofuran, 2,5-dimethyltetrahydrofuran and dioxane) to diethylmaleate. The radical
reaction proceeds easily in presence of the [Al(H2O)6]3+/H2O2 system, achieving high conversion and
high selectivity. The corresponding cyclic ethers’ derivatives were isolated as diasteroisomers in excellent yields (92 %). Presumably, the aluminum salt plays an important role in the controlled generation of HO• or HOO• species that initiates the reaction. The resulting radical species induce preferentially the homolytic cleavage of the α-C-H bond of the cyclic ether, forming the radical 2tetrahydrofuranyl (2-THF)•. The latter attacks the highly electron-deficient C=C double bond of the
diethylmaleate generating a new C–C bond. Work is in progress to elucidate the reaction mechanism.
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Fig. 1: Yield of the radical addition of THF (solvent). Reaction conditions: THF (361 mmol), diethylmaleate (19 mmol), 50 wt.% H2O2 (4 mmol), Al(NO3)3.9H2O (0,8 mmol), 70 °C.
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Novel Transition Metal Molybdenum Complexes and their Application in Oxygenation Catalysis
Jan P. Falkenhagen, Christian Limberg*
Humboldt-Universität zu Berlin, Institut für Chemie, Brook-Taylor-Str. 2, 12489 Berlin, Germany,
*christian.limberg@chemie.hu-berlin.de
Heterobimetallic catalyst systems are key to many of todays major industrial processes. Among
these the Perstorp-Formox-Process is especially noteworthy as it is used to generate most of the
worlds yearly 20 mil. ton production of formaldehyde[1]. Here at ambient pressure and 270-400 °C,
methanol is partially oxidized at a mixed-phase iron-molybdate catalyst employing air as the oxidant[2].
Against this background, our goal is to create new soluble complexes based on iron, molybdenum
and manganese as structural models for isolated species on the catalysts surface. Moreover we intend to examine the catalytic performance of these compounds in the oxygenation of model substrates.[3,4]

Here we report the syntheses of a series of heterobimetallic transition metal complexes of variable stoichiometry bearing oxide ligands bridging the metal atoms.
Preliminary results of experiments regarding their reactivity towards oxidizing reagents are presented.
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Hydroformylation Kinetics for Continuous Homogenous Catalysis with Integrated Membrane
Separation*
Sabriye Güven, Christian Müller, and Dieter Vogt
Homogeneous Catalysis Group, Schuit Institute of Catalysis, Eindhoven University of Technology, P.O.
Box 513, 5600 MB Eindhoven, The Netherlands
Hydroformylation is utilized in industry to produce aldehydes from alkenes. Those products are
important intermediates for products like polymer-softeners, detergents, and fragrances. In hydroformylation, as in homogeneous catalysis in general, an issue is the difficulty of catalyst separation
and reuse. In our research we develop generic methods that aim at continuous homogeneous catalysis. [1]

Figure 1: Model of jetloop reactor
Very recently we reported on the efficient continuous Rh-catalyzed hydroformylation using a molecular weight enlarged phosphine applied in a loop membrane reactor. [2] For the further development of this approach we examine the kinetics of a highly active phosphite-modified catalyst. [3] For
neohexene and cyclooctene as model substrates for terminal and internal alkenes the kinetics were
investigated and rate equations were determined applying a sequential experimental design approach.
The results of this study will be presented and discussed. The mechanistic model and kinetic parameters derived are used in the design of a new jet-loop reactor setup.
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Dinuclear Copper Complexes Based on Parallel β-Diiminato Binding Sites and their Reactions
with O2: Evidence for a CuII–O–CuII Entity
Peter Haack1, Christian Limberg1*, Kallol Ray1, Uwe Kuhlmann2, Peter Hildebrandt2, Christian Herwig1,
Thomas Tietz1, Beatrice Braun1, Ramona Metzinger1
1

Humboldt-Universität zu Berlin, Institut für Chemie, Brook-Taylor-Str. 2, 12489 Berlin, Germany,
2
Technische Universität Berlin, Institut für Chemie, Sekr. PC14, Straße des 17. Juni 135,
10623 Berlin, Germany,
*Email: christian.limberg@chemie.hu-berlin.de

Selective oxidation of C–H bonds resulting in alcohols is a research topic linking both, homogeneous and biological catalysis. For instance the selective conversion of methane to methanol can be
realised on one hand by the particulate methane monooxygenase (pMMO) [1] and on the other hand
by zeolites grafted with copper (Cu-ZSM-5) [2]. In both cases dinuclear copper sites are responsible
and this stimulates research especially on dinuclear copper model systems.
Against this background we have developed a novel ligand system, [Xanthdim]2-, featuring two
aryl substituted β-diiminato binding sites, which are linked by a xanthene-based backbone [3]. The
parallel orientation of the chelate units allows for an arrangement of the coordinated metal ions in
an ideal distance for the cooperative activation of small substrates (e. g. O2) [4–6].
Here we describe the syntheses of homodinuclear CuI complexes, which were investigated with
respect to their behaviour in presence of O2 and CS2, respectively. They were found to react with O2
at low temperatures to yield in a rare CuIIOCuII entity - a motif, which was also identified as the
active site in oxygen activated Cu-ZSM-5, while after reaction with CS2 the structural characterisation
of the product isolated revealed a hitherto unknown binding mode for CS2.
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Fig. 1: Reactivity of [Xanthdim](Cu(CH3CN))2 in contact with carbon disulfide and dioxygen, respectively. R = 2,3-Dimethylphenyl.
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Highly Selective Iron-Catalyzed Synthesis of Alkenes via Reduction of Alkynes
Michael Haberberger, Elisabeth Irran, Stephan Enthaler
Technische Universität Berlin, Department of Chemistry, Cluster of Excellence “Unifying Concepts in
Catalysis”, Straße des 17. Juni 135, 10623 Berlin, Germany
During the last decades a number of methodologies have been established to access alkenes for
various applications in organic synthesis and industry. Among the utilized techniques, reduction of
alkynes via hydrogenation reaction is of great significance, because of the availability and low costs
of the starting materials. One difficulty that arises from those reactions can be addressed to the overreduction to the corresponding alkane derivatives, which consequently reduce the impact of the
method. In this regard, the application of transition metal catalysts can provide features to control
both the reactivity and selectivity. However, several issues like the high price, and sometimes the
toxicity of the metal (e.g., Rh, Ru, Ir or Pd) could retard the application of such systems. Therefore
the use of the “bio-metal” iron can be an alternative for this purpose, due to the abundance, the low
price and the low toxicity. Recently, the application of iron catalysts in the reduction of alkynes using
hydrogen or hydrogen equivalents has been reported. Even if excellent iron-based protocols are
available the development of a general method to produce alkenes in an efficient and selective manner is still an objective.

Fig. 1: Iron-catalyzed reduction of alkynes.
Herein we present the usefulness of iron catalysts modified by phosphane ligands in the reduction
of alkynes to access alkenes applying silanes as hydride source. With a straightforward catalyst system composed of diiron nonacarbonyl and tributyl phosphane excellent yields, stereoselectivities
and chemoselectivities towards the formation of the corresponding alkenes were feasible. After
studying the reaction conditions, scope and limitations, several attempts were undertaken to shed
light on the reaction mechanism.
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TAGUCHI APPROACH TO INVESTIGATE THE RATE CONSTANT OF ACID-CATALYZED HOMOGENEOUS
ESTERIFICATION REACTIONS
Hassan S.Z. and Vinjamur M.
Department of Chemical Engineering, IIT Bombay, Powai, Mumbai, 400076, India,
e-mail: zafarpoly@gmail.com
The law of mass action states that the rate constant is independent of concentration but dependent on the parameters such as catalyst and temperature. However, the law for homogeneous catalysis is not fully understood [1]. Sulfuric acid catalyzed esterification of free fatty acids with methanol
is carried out to understand the relation of rate constant to reaction parameters. Taguchi method of
statistical analysis is implemented to quantify the relations and L9 (34) orthogonal array of experiments (9 experiments, 3 parameters, 3 levels) are conducted [2]. Taguchi method exploits variation
of all parameters simultaneously and facilitates to understand the interaction among the parameters
Experimental kinetics data are fitted best with second order reversible rate equation [3]. Taguchi
analysis of rate constant and analysis of variance led us to re-define the rate constant which is found
to be absolutely independent of molar ratio but dependent on catalyst loading and temperature.
Negligible interaction between temperature and catalyst loading is observed which is corroborating
the empirical Arrhenius equation. Using the re-defined rate constant (RRC), the reaction kinetics are
predicted for the remaining 18 experiments from full factorial design of L27 experiments and good
agreement is found with experiments. The effect of parameters on overall kinetics and the reaction
mechanism are discussed. The RRC is generalized for reactions of different orders and used to derive
the rate equation from reaction mechanism. The obtained rate equation is same as that used for
kinetics prediction. This generalized RRC (GRRC) could solve the unit discrepancy associated with the
equilibrium constant in thermodynamics of reaction equilibrium is also discussed. Hence, GRRC is
significant for defining the rate law of homogeneous reactions.
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Radical addition of cyclic ethers to diethylmaleate catalyzed by [Al(H2O)6]3+/H2O2
Hebert Estevez, Roberto Rinaldi
Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, 45470 Mülheim an der Ruhr,
Germany, rinaldi@mpi-muelheim.mpg.de
In previous studies, it was reported that the system [Al(H2O)6]3+/H2O2 induces H2O2 to act as nucleophile in the epoxidation of α,β-unsaturated ketones.[1] In the present work, we show that the
mentioned system promotes efficiently the radical addition of cyclic ethers (tetrahydrofuran, 2methyltetrahydrofuran, 2,5-dimethyltetrahydrofuran and dioxane) to diethylmaleate. The radical
reaction proceeds easily in presence of the [Al(H2O)6]3+/H2O2 system, achieving high conversion and
high selectivity. The corresponding cyclic ethers’ derivatives were isolated as diasteroisomers in excellent yields (92 %). Presumably, the aluminum salt plays an important role in the controlled generation of HO• or HOO• species that initiates the reaction. The resulting radical species induce preferentially the homolytic cleavage of the α-C-H bond of the cyclic ether, forming the radical 2tetrahydrofuranyl (2-THF)•. The latter attacks the highly electron-deficient C=C double bond of the
diethylmaleate generating a new C–C bond. Work is in progress to elucidate the reaction mechanism.
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Fig. 1: Yield of the radical addition of THF (solvent). Reaction conditions: THF (361 mmol), diethylmaleate (19 mmol), 50 wt.% H2O2 (4 mmol), Al(NO3)3.9H2O (0,8 mmol), 70 °C.
References
[1]

Rinaldi R, de Oliveira HFN, Schumann H, Schuchardt U, (2009), J. Mol. Catal. A: Chem, 307: 1-8.

19

XV. International Symposium on Relations between Homogeneous
and Heterogeneous Catalysis
Berlin, September 11 to 16, 2011

Investigations on the Influence of Asymmetry on the O-O Bond Cleavage in a Methane
Monooxygenase Model System
Florian Heims and Kallol Ray*
Humboldt-Universität zu Berlin, Department of Chemistry,
Brook-Taylor-Straße 2, 12489 Berlin
As a major component of natural gas and methane hydrate in the deep sea, methane is the most
abundant C1-molecule on earth. Due to its gaseous state of aggregation, its potential explosiveness,
and its chemical inertness no economically efficient use except burning, which has a strong contribution to global warming, has been developed so far. In contrast, the handling of methanol, which can
be generated by formal insertion of an oxygen atom in the chemically inert C-H-bond, is much easier.
Furthermore, the hydroxyl function of methanol provides the possibility of chemical functionalizations and the synthesis of more complex organic molecules. In industrial processes methanol is generated presently by reforming synthesis gas, a mixture of CO and H2, under high pressures and temperatures.
For decades, scientists are in search for an efficient and cheap catalyst, that can oxidize methane
to methanol under ambient conditions. The most efficient catalyst known so far is the platinumbased Periana-catalyst.[1] However, the difficulties associated with the extraction of the methanol
from the reaction mixture limit its industrial application. Nature, in contrast, performs the efficient
conversion of methane to methanol under ambient conditions with the help of the enzyme Methane
Monooxygenase (MMOH), which is found in methanotrophic bacteria. The active site of the enzyme
is a diiron center,[2] which performs in its catalytic cycle the elementary steps of i) oxygen binding, ii)
O-O bond cleavage, iii) C-H bond activation and iv) regeneration of the active site through NADHreduction (Scheme 1).[3] Over the years a number of structural model complexes for MMOH has been
reported. However, all the complexes are found to be incapable of mimicking the strong oxidizing
capabilities of the MMOH active site. The major obstacle in this regard is the extreme stability of the
peroxo-bridged diiron(III) model complexes (Intermediate P in the catalytic cycle of MMOH) against
the cleavage of the O-O bond to generate the highly oxidizing high valent bis-µ-oxo iron(IV) species
(Intermediate Q).
In the present work we report our investigations on the role of asymmetry in inducing the O-O
bond cleavage in the peroxo bridged dinuclear transition metal model complexes. Accordingly, the
synthesis of a new asymmetric ligand will be presented, which can support different heterodinuclear
FeIIIMII (M = Mn, Ni, Co, Cu) metal complex. The reactivity of the complexes and the factors other
than asymmetry that may be responsible for the O-O bond cleavage will also be discussed.

Fig. 1: catalytic cycle of the sMMO
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Acid-catalyzed hydrolysis of cellulose in organic electrolytes
Niklas Meine, Heitor F. N. de Oliveira, Roberto Rinaldi
Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-45470 Mülheim (Ruhr), Germany,
rinaldi@mpi-muelheim.mpg.de
Organic electrolytes, mixtures of organic solvents and ionic liquids, are very attractive solvents for
cellulose. They enable an extremely fast dissolution of large amounts of cellulose with only small
amounts of ionic liquid (IL) being necessary. [1] We investigated the depolymerization of cellulose in
these novel solvent systems. Since cellulose can be dissolved in organic electrolytes with different
ratios of organic solvent and ionic liquid, it is possible to study the role of the ionic liquid in the cellulose depolymerization. Figure 1 shows the number of scissions occurring in the cellulosic chains for
reactions performed in 1-butyl-3-methylimidazolium chloride ([BMIM][Cl]) and mixtures of
[BMIM][Cl] with 1,3-dimethyl-2-imidazolidinone (DMI) or dimethylsulfoxide (DMSO), respectively,
using para-toluenesulfonic acid (p-TSA) as catalyst. Our results show that ionic liquids are not only
solvents in the depolymerization of cellulose, but also enhance cellulose hydrolysis. This can be demonstrated by comparing the acid catalyzed depolymerization of cellulose in [BMIM][Cl] and mixtures
of [BMIM][Cl] with organic solvents. Further work is in progress to achieve a better understanding of
cellulose processing in these promising solvent systems.

Figure 1. Scissions occurring in the cellulosic chains in the course of the depolymerization using p-TSA
in ■ [BMIM][Cl],  [BMIM][Cl]:DMI (50:50), ▲ [BMIM][Cl]:DMSO (50:50). Reaction conditions: 5 g
cellulose (corresponding to ca. 31 mmol of AGU; C6H10O5 : DP0 2200 AGU) dissolved in 100 g solvent,
p-TSA (1 mmol H3O+), water (111 mmol), 100 °C.
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Nickel Pyrazoline Complexes as Catalysts for C-C Coupling Reactions
Chika I. Someya, Shigeyoshi Inoue, Stephan Enthaler
Technische Universität Berlin, Department of Chemistry,Cluster of Excellence “Unifying Concepts in
Catalysis”, Straße des 17. Juni 135, D-10623 Berlin, Germany.
Molecular-defined organometallic compounds turned out to be an excellent tool box for synthesis, which is impressively illustrated by the huge number of application in organic chemistry. The
abilities of the catalyst are influenced on the one hand by the selection of the central metal and on
the other by the design of surrounding ligands. Especially, the choice of ligands coordinated to the
transition metal should be considered from chemical and economical points of view. Requirements
for ligand technologies consist of inexpensiveness, great availability, easy synthesis, high tunability,
high flexibility and stability; hence, the design of new ligands and the study of their coordination
chemistry is an important research aim. Recently we investigated the potential of the highly flexible
1-acetyl- and 1-benzoyl-5-hydroxypyrazolines ligands 1 in coordination chemistry (Fig. 1).[1] For instance reaction of 1 with nickel salts led to the formation of complexes composed of one sixmembered ring and one five-membered ring created by O,N,O-coordination.[2] Interestingly, detailed
investigations indicated a non-innocent character of the ligands 1.[3] This properties can be of interest
for catalytic applications. Hence the catalytic abilities of complexes 2 were investigated. As model the
C(sp2)-C(sp3) coupling reaction was chosen. After optimization of the reaction conditions excellent
yields and selectivities were feasible in the coupling of alkylzinc reagents with aryl halides. In addition, several attempts were undertaken to shed light on the reaction mechanism.

Fig. 1: Synthesis of nickel complexes by using hydroxypyrazoline 1.
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Unique Selectivity in Catalytic Isomerization Reactions of Olefins
Reiko Jennerjahn,a) Ralf Jackstell,a) Irene Piras,a) Robert Franke,b) Haijun Jiao,a) Matthias Bauer c)
and Matthias Beller,a)*
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Dr. R. Franke Evonik Oxeno GmbH, D-45772 Marl, Germany
c)
Dr. M. Bauer Karlsruhe Institute of Technologie, 76131 Karlsruhe, Germany

We present a general and selective iron-catalyzed isomerization of olefins, which stops at the position. Usually most metal complexes did not stop at the -position, they give a mixture of all possible Olefins. A computational study gives an Idea about the mechanism. This theoretical study is in
agreement with insitu NMR studies and EXAFS measurements (Extended X-ray Absorption Fine Structure). In summarization we present a method with mild conditions, starting from industrially available terminal olefins.

Fig. 1: Isomerization of 1-octene with an iron catalyst
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Electron Transfer-Oxygen Transfer Oxygenation of Sulfides Catalyzed by the H5PV2Mo10O40
Polyoxometalate
Alexander Khenkin, Ronny Neumann
Weizmann Institute of Science, Rehovot, Israel
The oxygenation of sulfides to the corresponding sulfoxides catalyzed by H5PV2Mo10O40 proceeds
by a electron transfer-oxygen transfer (ET-OT) mechanism. First, a sulfide reacts with H5PV2Mo10O40
to yield a cation radical-reduced polyoxometalate ion pair, [R2S+ H5PVIVVVMo10O40], that was identified by UV-visible spectroscopy and EPR spectroscopy. Next, a precipitate is formed that shows by IR
the incipient formation of the sulfoxide and by EPR a VO2+ moiety supported on the polyoxometalate.
Dissolution of this precipitate releases the sulfoxide product. ET-OT oxidation of diethyl sulfide
yielded crystals containing [V(O)(OSEt2)]2+ cations and polyoxometalate anions. Under aerobic conditions, catalytic cycles can be realized with formation of mostly sulfoxide (90%) but also some disulfide (10%) via carbon-sulfide bond cleavage. The mechanistic research suggests that the phenomenon of electron transfer with subsequent oxygen transfer is the prevalent mechanism in
H5PV2Mo10O40 catalyzed oxygenation reactions as has also previously been shown for the oxidation of
anthracene , xanthene, primary alcohols and vicinal diols.
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Heterogeneous asymmetric organocatalysis with microporous organic polymers
(Bridging the gap between homogeneous and heterogeneous organocatalysis)
Dipti Sankar Kundu, Johannes Schmidt, Christian Bleschke, Siegfried Blechert, Arne Thomas
Institut für Chemie, Technische Universität Berlin, Straße des 17. Juni 135, 10623
In the field of organocatalysis, BINOL (1,1’-Bi-2-naphthol)-derived phosphoric acids have emerged
as one of the most important, versatile and powerful catalysts for an expanding range of enantioselective transformations.[1] Since these catalysts require multistep synthesis for preparation and they
are stable, it is highly desirable to recover and reuse them after the reaction. So far there have been
few attempts to immobilize BINOL-derived phosphoric acid catalysts. We chose a new approach to
immobilize these structures. In recent years, microporous organic polymers (pore size < 2 nm) have
attracted attention due to their high surface areas which makes them suitable for gas adsorption,
separation and catalysis.[2] These polymer networks consist of covalently bonded organic building
blocks, that show rigid and contorted structural motifs and prevent an efficient packing in the solid
state. This leads to microporous solids with high surface areas.
BINOL derivatives combine both, the high catalytic activity and architecture of a tecton to build up
porosity. We prepared various polymerisable BINOL-derived phosphoric acids by attaching two thienyl groups in 3,3’-position. With
these monomers we can achieve a heterogeneous catalyst that is,
due to the introduced chirality, suitable for asymmetric catalysis.
The catalytic activity was shown in asymmetric hydrogenation
reaction of dihydro-2H-benzoxazine. In comparison to the homogenous catalysis the heterogeneous reaction even increased
the enantioselectivity from 34 % ee to 57 % ee.[3] (Figure X) This
enhancement in enantioselectivity can be explained by the additional steric hindrance close to the catalytic center due to the polymer structure. Repeating experiments were performed with no
loss of performance of the catalyst. Furthermore hot extraction
proved that the catalysis is truly heterogeneous. The use of a
second a monomer, known to create high porosity, enables to vary the surface area by varying the
ratio of the two monomers in the copolymerization. We also investigated further BINOL-derived
structures in heterogeneous asymmetric organocatalysis and were able to achieve selectivitiy of 98 %
ee.
With this new concept for designing heterogeneous catalysts we are able to immobilize homogeneous catalyst and increase their selectivity in a one step reaction.
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Palladium-Catalyzed Peripheral Arylation and Base-Promoted Diarylborination of
Enolizable Heterocycles
Hyungrok Kim, In Taek Hwang, Kee-In Lee
Green Chemistry Division, Korea Research Institute of Chemical Technology, P.O. Box 107, Yusong,
Taejon 305-600, Korea
Peripheral cross-coupling of the enol form of the 5-pyrazolone scaffold with arylboronic acids
promoted by [PdCl2(dppf)] afforded the arylated products in good yields. In this coupling, the protection of the enolizable hydroxyl group of pyrazolone is a prerequisite for ensuring the Suzuki–Miyaura
cross-coupling [1]. A particular feature of this process is that it enables the synthesis of 5-hydroxy-3biphenyl and -terphenylpyrazole derivatives with structural diversity.
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On the other hand, we observed an unusual formation of diarylborinates from the reaction of the
enol-form of 1-(2-pyridinyl)-5-pyrazolone with arylboronic acids in the basic media. The exact mechanism is not clear, however, the result suggests that base-promoted disproportionation of arylboronic acid by the assistance of four-coordinate boron species should take place and facilitate the
formation of pyrazole diarylborinate. A proposed ‘ate’ complex [2, 3] is believed to be the transfer of
aryl group onto a nearby electron-deficient sp2 boron, resulting in the formation of diarylborinate
species. The detailed experiments to obtain a deeper understanding of its mechanism and further
applications are currently underway.
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Iron-catalyzed Homogeneous Asymmetric Reduction
Yuehui Li, Kathrin Junge and Matthias Beller
Leibniz-Institut für Katalyse an der Universität Rostock, Albert-Einstein-Str. 29a
18059 Rostock, Germany, Fax: +49(381)1281-51113 E-mail: matthias.beller@catalysis.de
The appropriate combination of metal and ligands is critical for high reactivity and enantioselectivity in transition metal catalyzed reactions. For green and cheap iron-catalyzed reduction, it
seems to be very important to use the tetradentate ligands[1-2]. After a new kind of PN3 type ligands
were designed and synthesized, they were tested in the iron catalyzed asymmetric reduction of ketones and imines. Under basic conditions, efficient homogeneous transfer hydrogenation of different
kinds of ketones was realized utilizing 2-propanol as the hydrogen donor.

Fig. 1: Asymmetric reduction catalyzed by Fe/PN3 combination
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Zinc-Zinc Bonded Zn2(C5Me5)2 as Catalyst for the Hydroamination Catalysis
Anja Lühl,a Hari Pada Nayek,a Siegfried Blechert,*b and Peter W. Roesky*a
a

Institute of Inorganic Chemistry, KIT, Engesserstr. 15, D-76131 Karlsruhe; bTU Berlin, Institute of
Chemistry, Straße des 17. Juni 135, 10623 Berlin

The landmark discovery of the Zn-Zn bonded decamethyldizincocene ([(Cp*)2Zn2]; Cp* = C5Me5) by
Carmona et al.[1] was the beginning of an inorganic and organometallic chemistry dealing with the
synthesis and reactivity of low-valent metal-metal bonded organozinc compounds.[2] We are exploring for some time now the catalytic potential of various zinc alkyl species for the intramolecular hydroamination reaction. Hydroamination is the formal addition of an organic amine N-H bond to an
unsaturated carbon-carbon bond in one step to give nitrogen containing molecules. The catalytic
version of this reaction is of great interest for academic and industrial research because nowadays
most amines are made in multi-step syntheses. Zinc complexes as catalysts for hydroamination reaction possess several advantages in comparison to the well established catalysts: they show a high
tolerance towards polar functional groups and some of them are relatively stable towards air and
moisture. Furthermore, zinc is an inexpensive and non-toxic metal which makes its use in catalysis
attractive. Herein we report on the application of the Zn-Zn bonded complex [(Cp*)2Zn2] as a catalyst
for the inter- and intramolecular hydroamination reaction with different functional groups on the
substrates. Most of the reactions were carried out at 80 °C in benzene with a catalyst loading of 2.5
mol% and 2.5 mol% of [PhNMe2H][B(C6F5)4] as cocatalyst.[3] High reaction rates under mild conditions
were observed. This is the first application of a Zn-Zn bonded compound as catalyst.
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Self-supported chiral catalysts based on polytopic bisoxazoline ligands: joining homogeneous
and heterogeneous catalysis
L. Aldea, J. I. García, C. I. Herrerías, B. López, A. C. Miñana, J. A. Mayoral
Instituto de Síntesis Química y Catálisis Homogénea, Dept. Química Orgánica, CSIC-Univ. de Zaragoza.
Calle Pedro Cerbuna, 12. E-50009 Zaragoza, Spain
We have developed a series of polytopic chiral ligands, based on the bisoxazoline motif, able to
form coordination polymers, whose solubility depends on the solvent and/or the reagents. Using this
ability, we have developed a release-capture strategy, in which the catalytic reaction takes place in
homogeneous phase, whereas catalyst recovering is facilitated by its heterogenization upon polymer
formation (Fig. 1).
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Fig. 1: Polytopic chiral ligands and release-capture strategy used in the catalytic tests.
This strategy has been applied to three different enantioselective reactions, following different
mechanisms, to show the general applicability of the release-capture strategy: cyclopropanation of
alkenes with diazocompounds,[1] allylic oxidation of cycloalkenes with peresters, and nitroaldol Henry reactions. Good recoverability of the catalysts, keeping good activities and selectivities are observed in all cases.
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Rhodium Peroxido Complexes in Oxygenation Reactions
Gregor Meier, Thomas Braun*
Humboldt-Universität zu Berlin, Department of Chemistry, Brook-Taylor-Str. 2, 12489 Berlin
The activation of dioxygen by transition metals is recognized as a key step in various transition
metal catalyzed oxygenation reactions. Peroxido transition metal complexes can play a significant
role in these oxygenations with molecular dioxygen.[1] In most cases only one oxygen atom of a peroxido entity is transferred to the substrate to furnish monooxy-genated products. Hence, this monooxygenation processes require oxophilic additives like phosphines or sulfoxides. Examples for a
transfer of both oxygen atoms of a transition metal peroxido compound to an organic substrate are
sparse.
We now report on the synthesis of the versatile rhodium(III) peroxido complex trans [Rh(O2)(4C5F4N)(CO)(PEt3)2] (1) on using triplet or singlet dioxygen.[2] The peroxido compound 1 participates in
the monooxygenation of phosphine and dioxygenation of tetrakis-(dimethylamino)ethylene to give
the phosphine oxide and the urea derivative, respectivelly.
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Fig. 1: Activation of dioxygen and oxygenation reactions on using the rhodium peroxido complex 1.
In an unprecedented reaction the peroxido complex [Rh(O2)(4-C5F4N)(CO)(PEt3)2] (1) mediates the
transfer of both oxygen atoms to 9,10-dimethylanthracene to yield the anthracene endoperoxide. In
addition, the unique peroxygenation reaction proceeds photocatalytically in the presence of dioxygen and substoichiometric amounts of the peroxido complex 1.
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Biphasic hydrogenation and hydroformylation of natural olefins with a binuclear rhodium
complex in ionic liquid/toluene
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The high prices of oil and its unavoidable depletion in the next 50-100 years have forced the
search for alternative resources, being those from natural, renewable sources the most attractive to
substitute hydrocarbons. Modifications of the olefins present in natural products can lead to a wide
range of functionalities and to complex structures of high interest in the food, flavors, perfumes and
pharmaceutical industries. [1] Of particular interest are derivations performed in biphasic systems in
which organic, highly contaminant, solvents are substituted by greener options such as water and
ionic liquids.[2] The complex [Rh(CO)(Pz)(TPPMS)]2 ; [TPPMS = triphenylphosphine monosulfonate, Pz
= Pirazolate] was evaluated as catalyst precursors in the hydroformylation of naturally occurring
allylbenzenes (eugenol and estragol), monoterpenes (limonene and myrcene) as well as in the hydrogenation of natural -unsaturated aldehydes (crotonaldehyde, cinnamaldehyde and citral) in biphasic medium containing toluene/MBIm-BF4. Under the best reaction conditions studied (P = 600
psi, T = 95°C, S/C = 300:1) the rhodium system showed high conversion (see Figure 1) and selectivity
towards the desired aldehydes. The catalytic phase could be recycled up to five times in the hydroformylation of eugenol without any evident loss of activity or selectivity as can be seen in Figure 2.
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Figure 2. Recycling of the catalytic phase
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Figure 1. Hydroformylation of allylbenzenes.
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Platinum Complexes Bearing Small Bite Angle NHCP Ligands as Model Complexes for
Homogenous Catalysis
Philipp Nägele, Frank Rominger, Peter Hofmann*
Organisch-Chemisches Institut, Universität Heidelberg,
INF 270, 69120 Heidelberg, Germany
N-Heterocyclic carbenes (NHC) and phosphine-based ligands have found wide application in catalysis and organometallic chemistry.[1] A new class of bulky and electron-rich N-phosphinofunctionalized NHC chelate ligands has been developed in our group.[2] The connection of these
strong σ-donors and the steric bulk causes remarkable effects upon the structure and leads to 4membered chelate complexes with extraordinary small bite angles.

The synthesis and characterization of platinum complexes including their structural features and
their potential application in homogenous catalysis will be reported.
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Efficient hydrogen production from alcohols under mild conditions
M. Nielsen, A. Kammer, H. Junge, D. Cozzula, and M. Beller
Leibniz-Institut für Katalyse an der Universität Rostock
Albert-Einstein-Strasse 29a, 18059 Rostock (Germany)
In recent years, the significance of hydrogen as an alternative energy source has been greater
than ever. This has created a demand for hydrogen produced from renewable sources, from which
biomass is an attractive option. Organometallic catalysts could be the solution to efficient hydrogen
extrusion from biomass or its follow-up products such as alcohols.
Here, we present to date the most effective method for hydrogen production from both the
model substrate isopropanol and the highly biomass-relevant ethanol, employing a new in situ catalytic system (Figure 1).1 Moreover, conducting the reactions in the respective alcohols without any
additives proved most effective.

Fig. 1: Dehydrogenation of isopropanol and ethanol using an in situ catalytic system.
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Biphasic Hydroformylation of Higher Alkenes using Latex Polymers as Phase Transfer Agents
Henriette Nowothnick, Christian Müller, Dieter Vogt
Department of Chemical Engineering and Chemistry, Schuit Institute of Catalysis, Eindhoven University of Technology, P.O. Box 513, 5600 MB Eindhoven, The Netherlands
The hydroformylation of higher alkenes in aqueous biphasic media is still challenging due to the
poor solubility of those alkenes in water. Nowadays, Cobalt catalysts are applied in industry for homogeneous hydroformylation of higher alkenes. Therefore, harsh reaction conditions are needed
which cause a decrease of selectivity. The replacement of this process by a process with a Rh-based
water soluble catalyst in biphasic media is challenging and possible only if the metal losses are kept
at ppb ranges. For the improvement of mass transfer polymer latices (scheme 1) were synthesized
and used as phase-transfer agents.

Scheme 1: Polymer latex made of the monomers: styrene salt, PEG-modified styrene, styrene and
divinylbenzene as crosslinker (omitted for clarity)
Thereby the hydroformylation is taking place at the interface of the latex shell in the water phase.
For enhancement of the selectivity, the bidentate water-soluble ligand Sulfoxantphos was applied.
The results of the reaction progress are compared to the ones obtained by the use of the monodentate water-soluble ligand TPPTS.[1] With the latter system TOFs as high as 2000 h-1 were reached at
increased pressure, which is comparable to results obtained in homogeneous organic phase.
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Rhodium and Iridium Complexes with -Diketimine Ligands:
Oxidative Addition of H2 and O2
Penner, A., Berlin/D, Braun, T.*, Berlin/D
Department of Chemistry, Humboldt-Universität zu Berlin, Brook-Taylor-Str. 2, 12489 Berlin
An attractive substrate for transition-metal catalyzed oxygenation or oxidation reactions is oxygen
itself as cheap and environmentally benign reagent.[1] Peroxido complexes can play a key-role in
these processes.[1-3] Model reactions reveal that they can be intermediates in the rhodium-mediated
formation of peroxides, but they are also useful starting compounds for the formation of rhodium
perborates and perboronates.[4,5] In addition they can be applied in the oxygenation of pinacolborane.[6]
The treatment of [M(µ-Cl)(coe)2]2 (M = Rh, Ir; coe = cyclooctene) with the α-diketimines
XyN=C(Me)C(Me)=NXy (Xy = 2,6-Me2C6H3) in thf, followed by the addition of CNtBu, gave the αdiketimine complexes [M(Cl){XyN=C(Me)C(Me)=NXy}(CNtBu)] (1: M = Rh; 2: M = Ir).[7] The reaction of
2 with dihydrogen resulted in the formation of the iridium dihydrido complex
[Ir(Cl)(H)2{XyN=C(Me)C(Me)=NXy}(CNtBu)] (3).The complexes 1 and 2 reacted with O2 or 18O2 to yield
the peroxido complexes [M(Cl)(O2){XyN=C(Me)C(Me)=NXy}(CNtBu)] (4a: M = Rh; 5a: M = Ir) and
[M(Cl)(18O2){XyN=C(Me)C(Me)=NXy}(CNtBu)] (4b: M = Rh; 5b: M = Ir), respectively.

Scheme 1. Synthesis and reactivity of rhodium and iridium -diketimine compounds.
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Biomimetic oxidation of 3-methylbenzofuran using manganese porphyrins as catalysts
S. M. G. Pires,(a) S. L. H. Rebelo,(b) M. M. Q. Simões,(a) I. C. M. S. Santos,(a) M.M Pereira,(c)
M. G. P. M. S. Neves,(a) J. A. S. Cavaleiro(a)
(a)

(b)

Department of Chemistry, QOPNA, University of Aveiro, 3810-193 Aveiro, Portugal;
REQUIMTE, Chemistry and Biochemistry Department, Faculty of Sciences, Requimte, University of
Porto, Rua do Campo Alegre, 4169-007 Porto, Portugal;
(c)
Department of Chemistry, University of Coimbra, 3004-535 Coimbra, Portugal

During the last years the chemistry of natural occurring and synthetic benzofurans had attracted
much attention, not only due to the interesting biological activity but also to their diverse applications in the field of medicine. In the literature, immunosuppressive, anticancer, antiviral, antioxidant
or anti-fungal activities were described for several benzofuran derivatives. [1] As far as we are aware,
most of the reported oxidation procedures of benzofurans involve the use of very aggressive reaction
conditions. [2] In contrast, synthetic metalloporphyrins, which are able to mimic the cytochrome
P450 catalytic activity, can be used in the catalytic oxidation of several organic compounds, playing a
crucial role on the search for benign and environmentally clean oxidation procedures. [3,4]
In this work we will report the results achieved for the oxidation of 3-methylbenzofuran by H2O2,
using manganese(III) porphyrin complexes as catalysts. Full products’ identification and characterization will be presented.
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Photocatalytic Dehydrogenation of Alkanes in Perfluorinated Solvents
Battist Rábay, Thomas Braun
Humboldt-Universität zu Berlin, Department of Chemistry, Brook-Taylor-Str. 2, 12489 Berlin, Germany
The activation and derivatisation of methane are two major challenges in homogeneous catalysis.
For the CH bond activation of methane, in homogeneous solution, it seems to be advantageous to
use inert solvents like scCO2 or perfluorinated alkanes.[1] Only a few highly fluorinated alkyl
chains (“ponytails”), which are attached to a transition metal complex, are required to gain the solubility of a catalyst in scCO2 or fluorinated solvents.[2] We investigated the activation of alkanes in a
fluorinated solvent using iridium or rhodium complexes, which have fluorinated ponytails in their
ligand environment.
Within this project, three fluorinated d8 –complexes [CpfIr(CO)2] 1, [CpfRh(CO)2] 2 and
[CpfIr(C2H4)2] 3 were synthesized. These complexes are well soluble in perfluoro(methyl)cyclohexane (PfMC) and their electronic properties are comparable to their nonfluorinated counterparts.
A photochemical reaction of [CpfIr(CO)2] (1) with methane at ambient pressure yields only
[CpfIr(CO)(CH3)(H)]. In contrast to comparable reactions at transition metal complexes, the conversion proceeds at ambient pressure.
In another experiment, the photocatalytic reaction of [CpfIr(CO)2] with cyclohexane was monitored in PfMC by NMR-spectroscopy. After an initial activation step, the conversion yields mainly
dihydrogen and cyclohexene (Scheme 1).
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Scheme 1 Reaction of [CpfIr(CO)2] towards cyclohexane
The reaction intermediates [CpfIr(CO)(Cy)(H)] and [CpfIr(CO)(H)2] were detected by NMR experiments. After a prolonged reaction time, even benzene can be detected as an additional product. The
photochemical reaction of [CpfIr(CO)2] with cyclooctane, cyclopentane and hexane in PfMC as solvent
also gave the corresponding alkenes and dihydrogen.
For comparison, the reactivity of 1 was studied, using cyclohexane as a solvent instead of PfMC.
After photolysis, cyclohexene and H2 were also detected, but the evolution of the alkene stopped
after 20h due to deactivation reactions. Treatment of [CpIr(CO)2] under identical conditions yielded
in both solvents  PfMC or cyclohexane  cyclohexene and dihydrogen, but considerably lower
amounts of benzene.
In PfMC the iridium-complexes [CpfIr(CO)2] (1) and [CpIr(CO)2] generally exhibit a higher stability
in comparison to cyclohexane.
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Rhodium catalyzed Hydrofomylation in aqueous multiphase systems
A. Rost, T. Hamerla, R. Schomäcker
Technical University of Berlin, Technical Chemistry, Berlin 10623 Germany
Introduction
In hydroformylation reactions, the recycling of the expensive rhodium catalysts as well as the selectivity to linear aldehydes are very challenging. Multiphase systems offer the possibility to separate
water-soluble metal-ligand complexes from organic reactants and products. Solubilizers such as surfactants or medium-polar solvents can be used to increase the miscibility of the oil- and water phase
by decreasing the droplet size and therefore increasing the mass exchange area. Upon cooling of the
reaction mixture, phase separation is achieved which gives the opportunity to recycle the hydrophilic
metal-ligand complex and the surfactant for further reactions. Bidentate ligands such as BiPhePhos
or SulfoXanthpos for the hydroformylation of long-chain olefins result in significantly higher selectivities than monodentate ligands, such as TPP and TPPTS [1,2]. Water-soluble rhodium catalyst complexes are highly active in a microemulsion system stabilized by nonionic surfactants of the type nonylphenolethoxylate or alkylethoxylate. The motivation is the development of a basic concept for the
hydroformylation process of long chain olefines under mild reaction conditions with water-soluble
rhodium-catalysts. The goal of keeping the residual rhodium concentration in the organic phase under 1 ppm could be achieved by the application of the well developed concept of micellar enhanced
ultrafiltration (MEUF) [3].
Results/Discussion
The results show the potential of microemulsions or multiphase systems, especially for improving
the selectivity and activity of hydroformylation. For the rhodium-catalyzed hydroformylation of 1dodecene with water-soluble ligand SulfoXantphos and the nonionic surfactant Marlophen NP 9
(nonylphenolethoxylate) high selectivity towards the linear aldehyde (> 99:1, linear:branched) is
achieved. Without a surfactant the hydroformylation of 1-dodecene with rhodium-SulfoXantphoscomplex is not possible. A concentration of 5 - 10 wt% of surfactant was found to be ideal, because
then the separation is fast and the phases have a low viscosity which is important for a continuous
process. The catalyst containing aqueous phase can be used for further reactions. The rodiumconcentration in the organic phase was to founded under 50 ppb (with ICP-OES) after the phase seperation. The optimal ligand-metal ratio is between 1:4 to 1:7. A temperature higher than 100 °C
and a pressure of 40 bar is favourable for the hydroformylation reaction applying
[Rh]/SulfoXantphos.
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Regioselective Intramolecular Arylthiolations by Ligand Free Cu and Pd Catalyzed Reaction
Santosh K. Sahoo, Arghya Banerjee, Supratim Chakraborty, and Bhisma K. Patel*
Department of Chemistry, Indian Institute of Technology Guwahati, 781 039, Assam, India.
Fax no. +91-3612690762; E-mail: patel@iitg.ernet.in
Regioselective intramolecular C-S bond formation is observed during the formation of 2aminobenzothiazoles from 2-halothioureas using Cu and Pd catalyst. 2-Fluoro and 2-chloro aryl
thioureas which are inert towards heteroarylations forms intramolecular C-S linkage by both these
transition metals. While Cu prefers a dehalogenative path, Pd favors a C-H activation strategy in the
formation of 2-aminobenzothiazole. However, identical selectivities were observed both for Cu and
Pd catalyzed reactions for 2-bromo and 2-iodo aryl thioureas. The scope and application of this reaction will be presented.
H
H

Y

R1

H
N

N

R2 Metal

N
dehalogenative
path

S
X

X = F, Cl
Y = Substituents

S

Y
X

A

C-H activation
path
Y

R1
N
R2

N
S

R1
N
R2

B

C-H vrs C-X functionalisation by Pd and Cu catalysts

42

XV. International Symposium on Relations between Homogeneous
and Heterogeneous Catalysis
Berlin, September 11 to 16, 2011

Intramolecular Hydroamination of Unactivated Alkenes Catalyzed by Colloidal Nanogold
Hiroaki Kitahara and Hidehiro Sakurai
Institute for Molecular Science, Myodaiji, Okazaki 444-8787, Japan
Gold nanoclusters stabilized by a hydrophilic polymer, poly(N-vinyl-2-pyrrolidone) (Au:PVP), behaves as a formal Lewis acid catalyst, promoting the intramolecular hydroamination of unactivated
alkenes. [1,2] Primary amines as well as toluenesulfonamides underwent cyclization in good yield in
protic solvent under aerobic conditions.
Hydroamination of toluenesulfonamide proceeded quantitatively in EtOH after 1 h under basic
condition (Scheme 1). When EtOH-d6 was employed as a solvent, deuterated 2 at methyl group was
obtained in 96% yield (70%D) when EtOH-d6 was employed, which reveals that the hydrogen is introduced from the ethyl group of EtOH.[3,4]
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Scheme 1. Intramolecular hydroamination of toluenesulfonamides
In the case of primary amines, the cyclization did not proceed efficiently under basic conditions.
When the reaction was carried out in 1000 mol% aqueous HCO2H and 500 mol% NH3 solution/pH=4.01 buffer/EtOH mixed solvent, 4 was obtained in 94% yield (Scheme 2). Deuterated 4 at
methyl group was obtained effectively when DCO2NH4 was employed, which revealed that hydrogen
was introduced from the formyl group of HCO2NH4. [5]
NH2

5 atom% Au:PVP

3

1000 mol% HCO2H
500 mol% NH3
pH=4.01 buffer/EtOH
50 °C, air, 5 h

Ph
Ph

H
N

N

CH 3

Ph

Ph
Ph

4 94%

N

CH3

CH3

Ph
Ph

5 2%

Ph

6 4%

Scheme 2. Intramolecular hydroamination of primary amines
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Synthesis and Catalytic Applications of Bifunctional Ruthenium Catalysts Containing
Phosphine-Phosphite Ligands
Mónica Vaquero, Sergio Vargas, Giovanni Bottari, Eleuterio Álvarez, Andrés Suárez, Antonio Pizzano
Instituto de Investigaciones Químicas (C.S.I.C. – Universidad de Sevilla).
Avda. Américo Vespucio, 49. 41092-Sevilla (Spain)
Previously, we have reported the highly enantioselective hydrogenation of C=C and C=N bonds
catalyzed by metal complexes containing chiral phosphine-phosphite ligands (P-OP).[1] More recently,
we have been preparing a family of new complexes of formulation
RuCl2(P-OP)(N-N) (N-N = diamine). Noyori-type precursors of composition
RuCl2(P-P)(N-N) (P-P = diphosphine) provide
high activities and enantioselectivities in the hydrogenation of ketones and imines.[2][3] In this communication, we describe the synthesis and structural characterization of derivatives RuCl2(P-OP)(NN). Also, preliminary results of their application in the hydrogenation of acetophenone and N-(1phenylethylidene)aniline will be presented (Fig. 1).

Fig. 1: Enantioselective hydrogenation of ketones and imines catalyzed by RuCl2(P-OP)(N-N)
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Bis-allyl Ruthenium Complexes Containing Phosphine-Phosphite Ligands: Applications in
Enantioselective Hydrogenation
Sergio Vargas, Mónica Vaquero, Sergio García-Garrido, Eleuterio Álvarez, Andrés Suárez,
Antonio Pizzano
Instituto de Investigaciones Químicas (C.S.I.C. – Universidad de Sevilla)
Avda. Américo Vespucio, 49. 41092-Sevilla (Spain)
Chiral phosphine-phosphite derivatives (P-OP) are a class of ligands that have led to very efficient
catalysts in Rh and Ir catalyzed hydrogenation reactions.[1] Because our continued interests in these
ligands,[2] we have prepared a series of bis-allyl ruthenium complexes Ru(P-OP)(3-2-MeC3H4)2.
These derivatives, obtained as mixtures of two diastereoisomers, have been characterized thoughtfully by NMR and X-ray diffraction techniques. In addition, preliminary results of their application in
the hydrogenation of tiglic acid will be presented (Fig. 1).

Fig. 1: Enantioselective hydrogenation of tiglic acid catalyzed by Ru(P-OP)(3-2-MeC3H4)2
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Asymmetric Epoxidation of Olefins with Chiral Bioinspired Catalysts
Wei Sun, Mei Wu, Chengxia Miao, Chungu Xia
State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou, 730000, China. E-mail: wsun@licp.cas.cn
The asymmetric epoxidation of olefins is a very important organic transformation since the resulting enantiomerically pure epoxides are highly useful intermediates and building blocks.1 Many efforts
have been dedicated to development of chiral catalysts that can perform an asymmetric epoxidation
reaction effectively; the most successful examples are the chiral metal-salen complexes and their
derivatives. In recent years, biologically inspired tetradentate nitrogen (N4) based ligands and their
metal complexes, Fe and Mn complexes derived from N,N'-dimethyl-N,N'-bis(2pyridylmethyl)ethane-1,2-diamine (mep) and (R,R)-N,N'- dimethyl-N,N'-bis(2-pyridylmethyl)cyclohexane-1,2-diamine (R,R-mcp) have been synthesized and utilized in the oxidation reaction.2
Stack and co-workers recently described manganese complexes of N4 ligands that in combination
with peracetic acid (AcOOH) act as very fast and efficient epoxidation agents. Unfortunately, asymmetric version with this bioinspired catalyst has proven to be a challenging task.3

Fehler! Es ist nicht möglich, durch die Bearbeitung von Feldfunktionen Objekte zu erstellen.
We describe herein the development of a novel family of chiral Mn(II) or Fe(II) complexes of N4 ligands for asymmetric epoxidation of unfunctionalized olefins and enones with H2O2, in the presence
of acetic acid. The enantioselective epoxidation of olefins proceeds with nearly full conversion and
enantiomeric excess values of up to 89 % for the first time.4 In addition, the corresponding Fe(II)
complexes also exhibit comparable catalytic activities in the epoxidation reaction. 5
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CATALYTIC C-F AND N-H BOND BORYLATION WITH A HIGHLY REACTIVE
RHODIUM(I) BORYL COMPLEX
Michael Teltewskoi1, Thomas Braun1
1

Humboldt-Universität zu Berlin, Institut für Chemie, Brook-Taylor-Str. 2, 12489 Berlin,
Germany, Teltewskoi@web.de

Transition metal boryl complexes are key-intermediates in catalytic hydroboration and borylation
reactions and find applications in boron based materials.[1] Examples of C-F bond functionalization,
i.e. where fluorine is replaced by a new group to access higher-value fluorinated compounds, are
very limited, and most examples involve hydrodefluorination reactions.[2]
A reaction of [Rh(F)(PEt3)3] with B2pin2 (pin = pinacolato) yields the unique 16- electron Rh(I) species [Rh(Bpin)(PEt3)3] and FBpin.[3] Treatment of the boryl complex with perfluoropyridine gives the
C-F activation product [Rh(2-C5NF4)(PEt3)3]. In this case the activation of pentafluoropyridine occurs
at the 2-position. This is an unique and extraordinary example for a highly selective C-F activation
reaction which proceeds quantitatively at room temperature. In contrast, nucleophilic reagents attack perfluoropyridine at the 4-position. In a remarkable catalytic reaction pentafluoropyridine can
be converted into its 2-boryl derivative in the presence of 2.5 % catalyst.

Furthermore N-H bonds can be activated by the boryl complex, too. Thus it is possible to replace
two hydrogen atoms in NH3 by Bpin groups to form the diborylamine HN(Bpin)2. The product can be
obtained catalytically with a turnover number of 10.
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Catalytic activity of water oxidation catalysts based on
Ruthenium complex –A Theoretical study
Ying Wang, Marten S.G. Ahquist
Division of Theoretical Chemistry and Biology, School of Biotechnology, Royal Institute of Technology,
SE-10691, Sweden.
Corresponding Author: Tel.: +46 8 5537 8415; E-mail address: mahlquist@theochem.kth.se

Catalytic water oxidation is an essential part of light driven splitting of water into H2 and O2, and
mononuclear Ru-complexes are often used as Water Oxidation Catalysts (WOC) in artificial photosynthesis systems, and recent research shows that the introduction of negatively charged ligand1, as in
catalyst 1 and 2 (Figure 1), yields significantly improved catalytic activity compared to complexes
bearing neutral ligands, such as 3. DFT calculations have been used to rationalize the difference in
reactivity observed experimentally.
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Since we propose Ru(III)-aqua as the active catalyst species, one of the picoline ligands must be
exchanged for the water oxidation catalysis to commence. Two possible mechanistic scenarios
(Scheme 1) were considered and carefully examined for this event. The data in Figure 2 demonstrates that the complex with the neutral ligand 3-tpy the free energies of the transition state 3a-tpy
and intermediate 3b-tpy are essentially the same, However, the dissociative mechanism seems more
likely for the complexes with negative ligands(1-hqc, 2-pdc), and the energies required for formation
of the catalytic species are much lower than for the neutral ligand.
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An Isolable Bis-Silylene Oxide and Its Nickel Complex for C-C Coupling Catalysis
Wenyuan Wang, Shigeyoshi Inoue, Shenglai Yao, and Matthias Driess
Technische Universität Berlin, Institut für Chemie,
Strasse des 17. Juni 135, D-10623 Berlin, Germany;
The chemistry of transition-metal complexes with silylene ligands has received significant attention in the last quarter century, because their properties are quite different from those of carbene
complexes, and owing to their important role in numerous catalytic processes. However, the coordination of silylene to metal is still limited to the monodentate silylenes with metals.[1] Complexes
containing bidentate bis-silylene ligand have not been reported as yet. Herein, we present the first
oxygen-bridged bis-silylene [LSi−O−SiL; L = PhC(NtBu)2] 1 and its nickel complex 2. The latter bissilylene 1 was synthesized by facile dehydrochloration of the corresponding disiloxane [(LSiHCl)2O]
with LiN(SiMe3)2. The reaction of 1 with [Ni(COD)2; COD = cyclooctadiene] leads to the first bissilylene oxide nickel complex 2.[2]

Scheme: Coordination of Bis-Silylene Oxide and catalytic activity
Compound 1 contains two three-coordinate Si(II) atoms in a bent disiloxane-like configuration
Each of the silicon atoms in 1 exhibits a distorted tetrahedral geometry and the vertex of the Si(II)
atom is occupied by the lone pair of electrons. As expected for a disiloxane-like system, the Si−O−Si
angle of 1 is bent [159.9(2)°] and larger than observed for a C−O−C moiety of ethers. In complex 2,
the two silylene subunits and one COD ligand are coordinated to the nickel atom. The Si−O bond
lengths in 2 are longer than that in 1, while the Si−O−Si angle of 2 (93.44(8)˚) is significantly smaller
than that in 1. The formation of complex 2 indicates that the bis-silylene 1 could serve as a novel
bidentate ligand for transition metal chemistry. Moreover, complex 2 has shown catalytic activity for
the C(sp3)-C(sp2) coupling reactions. Investigations on the reactivity of 1 towards other transition
metal complexes and their use as molecular catalysts are currently underway.
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Copper-catalyzed Dehydration of Primary Amides to Nitriles
Maik Weidauer, and Stephan Enthaler
Technische Universität Berlin, Department of Chemistry, Cluster of Excellence “Unifying Concepts in
Catalysis”, Straße des 17. Juni 135/C2, D-10623 Berlin, Germany.
Nitrile groups are abundant functionalities in organic chemistry and in consequence relevant for
the production of countless products in chemical industries. Up to now manifold syntheses have
been established to access nitriles. Among those protocols the dehydration of amides is an attractive
approach and diverse reagents to perform this reaction have been introduced. However, the application of stoichiometric amounts of acidic and basic compounds disfavors the dehydration of sensitive
substrate and reduces the generality of the methods. In this regard the application of transition metal catalyst turned out to be an efficient and flexible alternative and various successful procedures
have been launched so far (e.g., W, Ru, Pd, Rh, V, U).[1] More recently the potential of abundant,
cheap and low toxic metals (e.g., Fe, Zn) as catalysts for the dehydration of primary amides have
been demonstrated.[2] In accordance to that we herein present the efficient application of copper
precursors in combination with N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) in the dehydration of a variety of primary amides to yield the corresponding nitriles in excellent yields and selectivities.[3]

Fig. 1: Copper-catalyzed dehydration of amides.
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Oxovanadium(V) Thiobisphenolates as Model Compounds for Supported V2O5
Employed in the Oxidative Dehydrogenation of Methanol
C. Gunnar Werncke1, Christian Limberg1
1

Humboldt-Universität zu Berlin, Institut für Chemie, Brook-Taylor-Straße 2, D-12489 Berlin, Germany

In many important industrial processes heterogeneous catalysts are employed. A process, which
has not yet succeeded in becoming commercially useful, is the oxidative dehydro-genation (ODH) of
alkanes to the corresponding alkenes in the presence of dioxygen. Vana-dium oxides supported by
SiO2, Al2O3 or CeO2, which are also capable of mediating the ODH of methanol to formaldehyde, have
proved among the best catalysts. However, the nature of the catalytically active species and units as
well as the effective mechanisms are still dis-cussed controversially [1-3]. For the elucidation of these
issues the investigation of molecular models, which exhibit well-defined structural motifs, can yield
valuable information.
Using oxovanadium(V) thiacalixarene model compounds structural and mechanistic insights into
the ODH of alcohols could already be gathered [4]. Building upon these findings, we now report on
the synthesis of various oxovanadium(V) thiobisphenolates, on their utilization for the oxidation of
activated alcohols and on the occurrence of peroxides during the reoxidation of the resulting reduced compounds with dioxygen (Figure 1) [5]. Furthermore, we present results concerning the behavior of the oxovanadium(V) compounds in contact with hydrogen peroxides: A reactive vanadium
peroxide compound has been isolated, which performs sulfoxidations and thus shows haloperoxidase activity [6].

Fig.1: Catalytic cycle for the oxidation of activated alcohols (exemplified for 9-fluorenol) catalyzed by
oxovanadium(V) thiobisphenolates.
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Dioxygen Activation Mediated by Ni(I) Complexes and Strikingly Selective Oxygenations of
Organic Substrates
Shenglai Yao1, Anna Company1, Christian Herwig2, Christian Limberg2, Matthias Driess1
1

Institute of Chemistry, Technische Universität Berlin, Straße des 17. Juni 135, Sekr. C2, 10623 Berlin
(Germany).
2
Humboldt-Universität zu Berlin, Institut für Chemie, Brook-Taylor Straße. 2, 12489 Berlin (Germany)
The activation of dioxygen mediated by transition-metal centers is of great importance in numerous stoichiometric and catalytic transformations of organic substrates in biological and industrial
processes. We have been particularly interested in the role of nickel promoters, the light congener of
extensively used palladium and platinum systems, as catalysts in many important industrial
processes, because Ni is much cheaper and environmentally benign versus Pd and Pt. Herein we present the facile synthesis of the first isolable superoxonickel(II) complex (Ni-O2) through reaction of a
ß-diketiminatonickel(I) species with O2.[1] The superoxide performs hydrogen-atom abstraction from
O-H and N-H bonds and shows an unprecedented dioxygenase-like activity.[2] Moreover, LNiO2 has
proven to be a promising building block for the synthesis of homo and heterobimetallic complexes
with a NiO2M core (M = K, Zn, Ni, and Fe),[3,4] which display a diverse reactivity including a unique
monooxygenase-like activity in the case of the NiO2Fe compound. Our advances of understanding
how dioxygen being bound to a Ni(I) center and being activated for further transformation of organic
substrates are promising for the design of new types of Ni-based catalysts for transformations of
organic molecules and as model compounds for mimicking active sites of Ni-containing metalloenzymes.
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Cooperative Transition Metal and Chiral Brønsted Acid Catalysis: Enantioselective
Hydrogenation of Imines to Form Amines
Shaolin Zhou, Steffen Fleischer, Kathrin Junge and Matthias Beller
Leibniz-Institut für Katalyse an der Universität Rostock, Albert-Einstein-Str. 29a
18059 Rostock, Germany,Fax: +49(381)1281-51113 E-mail: matthias.beller@catalysis.de
The catalytic asymmetric hydrogenation of imines represents a powerful tool for the synthesis of
chiral amines, which are important intermediates in the pharmaceutical and agrochemical industries.
Here, we bring together modern organometallic catalysis with chiral Brønsted acid catalysis as a new
strategy for enantioselective hydrogenations. Key to success is the cooperative action of specific molecularly-defined iron complexes and bulky phosphoric acid esters. This methodology constitutes an
attractive and environmentally favorable alternative to well-established asymmetric hydrogenations
using precious metal-based catalysts.

Figure 1. Cooperative hydrogenation of imines with an iron/Brønsted acid catalyst system.
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Homogeneous catalyzed Hydrogenation of Bicarbonates and Carbon Dioxide to Formates, Alkyl
Formates and Formamides with a well-defined Iron Catalyst
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We developed an active and general iron catalyst capable of hydrogenating CO2 to alkyl formates
and formamides in good yields and TONs. “A Molecular-defined Iron Catalyst for the Reduction of
Bicarbonates and Carbon Dioxide to Formates, Alkyl Formates and Formamides”: [1] Although highly
productive precious metal-based catalysts are known, the present work is of interest with its relation
to bio-inspired catalysts. For the first time the reduction of easily available bicarbonates to formates
in the presence of an iron catalyst is also demonstrated. This latter reaction can be an important step
in the benign use of carbon dioxide as hydrogen storage material. Notably, the catalytic cycle is elucidated in detail by medium pressure NMR studies and x-ray analysis, which will lead to the development of improved iron catalysts in the near future.

Fig. 1: A Molecular-defined Iron Catalyst for Reduction of Bicarbonates and Carbon Dioxide to Formates, Alkyl Formates and Formamides
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Chiral Phosphoramides as Organocatalyst on Polymeric-Support
Florian Mummy, Rainer Haag
Freie Universität Berlin, Institut für Chemie und Biochemie, Takustr. 3, 14195 Berlin
During the last few years, organocatalysis has become a powerful method for stereoselective C-C
bond-formation.[1] Denmark et al. impressively demonstrated a Lewis base-catalyzed intermolecular
aldol reaction using chiral phosphoramides as organocatalysts.[2] We envisioned that immobilisation
of such organocatalysts might be beneficial for the catalytic performance.

Recently, we introduced hyperbranched polyglycerol (hPG) as high-loading support for organic
synthesis.[3]
It contains hydroxy functionalities, which can be easily modified and can serve as a linker for diverse organic reagents. [4] Its high loading capacity (13.5 mmol OH g-1) and its solubility in a wide
range of organic solvents, and its chemical stability make hPG a promising polymeric support for
catalysts.[5] We prepared different types of phosphoramides supported on hPG. These hPGphosphoramides were investigated, tested in comparison to non-supported phosphoramides in a
variety of different reactions. In most cases the results were as good or better then with the nonsupported phosphoramides. In some cases the total amount of phosphorous could be reduced from
superstoichiometric amount in the conventional reaction to substoichiometric or catalytic amounts
with supported phosphoramide. In addition, separation from the product and successful recycling
could be shown.
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Structural evolution study of 1‐2 nm gold clusters
M.R. Beltrán
Instituto de Investigaciones en Materiales, Universidad Nacional Autónoma de México.
We have explored lowest energy minima structures of gold atom clusters both, charged and neu‐
tral (Aun with n =20,28,34,38,55,75,101,146,147,192,212 atoms and ν = 0±1). The structures where
obtained from first principles generalized gradient approximation, Density Functional Theory (DFT)
calculations. We have found two new amorphous or defective isomers lower in energy than their
ordered counterparts for n =101,147. We systematically study the difference between the electronic
properties of the two lowest ordered and disordered isomers for each size. Our results agree with
previous first principle calculations and with some recent experimental results (Au20 and Au101). For
each case we report total energies, binding energies, ionization potentials, electron affinities, density
of states, (HOMO‐LUMO) gaps and their simulated image in a High Resolution Transmission Electron
Microscopy (HRTEM). The calculated properties of the two low lying (ordered and disordered) iso‐
mers show clear differences as to be singled out in a suitable experimental setting. An extensive dis‐
cussion on the evolution with size of the cohesive energy, the ionization potentials, the electron af‐
finities, chirality index, HOMO‐LUMO gaps, and HRTEM images to determine the crossover between
them is given.
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Hydrogen‐Atom Transfer of Methane: A Gas‐Phase Chemist’s Point of View
Nicolas Dietl, Maria Schlangen, Helmut Schwarz
Institut für Chemie, Technische Universität Berlin, Straße des 17. Juni 135, 10623 Berlin (DE)
E‐Mail: nicolas.dietl@mail.chem.tu‐berlin.de
Hydrogen‐atom transfer (HAT) by oxygen‐containing complexes or clusters is a well‐known chem‐
ical process, but still not completely understood. Just recently, J. M. Mayer et al. suggested for the
solution process that, "the presence of unpaired spin density at the abstracting atom is not a re‐
quirement for, or a predicator of, HAT reactivity", and that HAT is better described by a coupled elec‐
tron/proton transfer (CEPT) [1]. In the latter, the electron is transferred to the highly electrophilic
metal (often in high oxidation sates) and the proton to the basic (oxygen) ligand (see Figure 1). How‐
ever, as far as gas‐phase reactions as models for heterogeneous and enzymatic catalysis are con‐
cerned, things are quite different. Two different systems are presented, namely [AlxOy]+‐clusters and
[CuO]+, for which the combination of theory and experiment clearly proves that thermal HAT from
methane requires the presence of unpaired spin density at the abstracting oxygen atom. For all
oxides investigated, the decisive step is the breaking of the thermodynamically stable and kinetically
inert C‐H bond, which can only be performed by highly active oxygen‐centered radicals; related
closed‐shell systems do not bring about thermal HAT from methane, even though the reaction is in
most cases exothermic as well.

H• = e + H
ET

HAT

M

PT
n+

O
H•

M

(n-1)+

OH

Fig. 1: Schematic process of hydrogen‐atom transfer (HAT)
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Selective Catalytic Reduction of NO by NH3 at Brønsted and Lewis Acid Sites of Vanadium Oxide
Surfaces: Density‐Functional Theory Studies
Mathis Gruber and Klaus Hermann
Theory Department, Fritz‐Haber‐Institut der MPG, Faradayweg 4‐6, D‐14195 Berlin
and Sfb 546 “Transition Metal Oxide Aggregates”, Berlin (Germany)
The Selective Catalytic Reduction (SCR) of NOx by NH3 is one of the most efficient NOx reduction
processes. It is widely employed in units of industrial scale where vanadium based metal oxides, VOx,
act as catalysts. The SCR reaction has been studied experimentally in great detail [1]. Here adsorp‐
tion, NHx (de)hydrogenation, reaction with NOx, surface water formation, and diffusion processes at
the VOx catalyst are found to contribute elementary steps [1]. However, details of the reaction me‐
chanism at an atomic scale are still under debate.
In this work elementary steps of the SCR reaction are examined in theoretical studies applying
density‐functional theory (DFT) together with the gradient‐corrected RPBE functional (cluster code
StoBe). The VOx catalyst substrate is modeled by clusters cut out from the ideal V2O5(010) surface
where peripheral oxygen bonds are saturated by hydrogen. Reduced VOx surfaces are simulated by
introducing oxygen vacancies. In addition, silica supported vanadia particles are considered as cata‐
lysts by corresponding clusters.
In experiments the adsorption of ammonia has been identified as initial reaction step [1] of the
SCR. This is based on the analysis of infrared data where two strongly adsorbed NH3 species at the
V2O5(010) surface have been found [1, 2]. In contrast, theoretical studies could verify only one ad‐
sorption site [3] so far. In the present work, two active sites could be identified for NH3 adsorption
which explains the experimental results. First, NH3 is found to bind with the V2O5(010) surface in the
presence of OH groups (Brønsted acid sites) where it can form a rather stable surface NH4+ species.
Second, NH3 can bind at vanadium centers of lower coordination (Lewis acid sites) as provided by the
reduced surface. (Vanadium sites at the perfect surface do not serve as adsorption sites for ammo‐
nia, in agreement with previous work [3].) Accordingly, the initial NH3 adsorption leads to two differ‐
ent SCR scenarios where all reaction steps can be described by corresponding reaction paths and
intermediates, such as nitrosamide, NH2NO, as will be discussed in detail.
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Structural Analysis of Silica‐Supported Molybdena Based on X‐ray Absorption Spectroscopy:
Quantum Calculations Explain NEXAFS Experiments
Chunsheng Guoa, Klaus Hermanna, Michael Häveckerb, Jörg Thielemannb, Pierre Kubeb, Laurence J.
Gregoriadesc, Annette Trunschkeb, Joachim Sauerc, and Robert Schlöglb
Theory Department, Fritz‐Haber‐Institut der MPG, Faradayweg 4‐6, D‐14195 Berlin
and Sfb 546 “Transition Metal Oxide Aggregates”, Berlin (Germany)
[a] Theory Department, Fritz‐Haber‐Institut der MPG, Faradayweg 4‐6, D‐14195 Berlin
and Sfb 546 “Transition Metal Oxide Aggregates”, Berlin (Germany)
[b] Inorganic Chemistry Department, Fritz‐Haber‐Institut der MPG, Berlin (Germany)
[c] Institut für Chemie, Humboldt‐Universität zu Berlin (Germany)
Molybdenum oxide is catalytically active in a wide range of different organic reactions including
oxidation, hydrogenation, metathesis and isomerization that require both redox and acid‐base func‐
tions. Aiming at an improved fundamental understanding of oxidation catalysis, supported molybde‐
na species have been widely studied in their structural and electronic behavior.
In this work we perform density‐functional theory (DFT) calculations using the gradient‐corrected
RPBE functional (cluster code StoBe) on oxygen 1s core excitations in molybdena‐silica model clusters
simulating local sections of supported molybdena catalysts as well as in clusters representing bulk
MoO3 substrate. These results can be compared with in situ X‐ray absorption fine structure (NEXAFS)
measurements near the O K‐edge of molybdena model catalysts supported on SBA‐15 silica and al‐
low the analysis of structural details of the molybdena species. The silica support is found to contri‐
bute to the NEXAFS spectrum in an energy range well above that of the molybdena units allowing a
clear separation between the corresponding contributions. Different types of oxygen species, O(1) in
terminal M=O bonds, O(2) in Mo‐O‐Mo linkages and in inter‐phase Mo‐O‐Si bridges, as well as O(2) in
terminal Mo‐OH groups can be distinguished in the theoretical spectra of the molybdena species
with molybdenum in tetrahedral (di‐oxo species), pentahedral (mono‐oxo species) and octahedral
coordination. The experimental NEXAFS spectra exhibit a pronounced double‐peak structure in the O
1s to Mo 4d ‐ O 2p excitation range of 529 ‐ 536 eV. Comparison with the present theoretical data
gives clear indications that di‐oxo molybdena species with tetrahedral MoO4 units can explain the
experimental spectrum. This does not fully exclude species with other Mo coordination, like penta‐
hedral. However, the latter are believed to exist in the present samples in much smaller amounts.
The experimental NEXAFS spectrum for the supported molybdena species differs substantially from
that for MoO3 bulk material with octahedral MoO6 units where the observed asymmetric peak struc‐
ture is also reproduced by the calculations.
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Selective Oxidation of Propene by Vanadium Oxides Supported on Silica
Jianwen Liu, Fawzi Mohamed, Joachim Sauer
Institut für Chemie, Humboldt Universität zu Berlin, Unter den Linden 6, 10099 Berlin.
Oxidative dehydrogenation (ODH) of propane is a potential industrial solution to meet the fast in‐
creasing demand for propene [1]. While the coexistence of propane and O2 leads to undesired com‐
bustion reactions. To decrease the yield of undesired CO/CO2 by‐products and to improve the effi‐
ciency of the catalysts, it is essential to understand the underlying mechanisms of ODH processes
[2,3].
The detailed mechanism of the selective oxidation of propene to acrolein and acrylic acid as well
as of the total combustion reactions was studied using density functional theory. The B3LYP hybrid
functional was employed. A main catalytic cycle for the formation of acrolein was proposed as well as
a minor catalytic cycle for the formation of the main by‐product acetone via propene oxide as inter‐
mediate. The selective reaction is initiated by vanadyl sites leading to the reduction of VV to VIII. In an
O2 atmosphere, VIII can be easily reoxidated to VV. The resulting peroxovanadate is a strong oxidant,
and can easily oxidize propene to propene oxide with the recovery of a vanadyl site. The further oxi‐
dation of propene oxide activated by vanadyl leads to the formation of either acrolein or acetone.
Further oxidation of acrolein leads to acrylic acid, whereas acetone undergoes C‐C bond rupture,
decomposes to formaldehyde, and is finally oxidized to CO/CO2 by peroxovanadate sites. Peroxova‐
nadate is found to be one of the main factors for the total combustion reactions, besides its role for
the formation of the main product acrolein. The results are comparable to the experimental observa‐
tion [4,5].

Reaction network for the oxidation of propene. The barriers for the most favorable reaction channels
are given in kJ/mol.
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Development and validation of the homology model for the active site of the O2‐tolerant [NiFe]
MBH of R. eutropha H16 by MD and QM/MM calculations
Yvonne Rippers, Tillmann Utesch, Peter Hildebrandt, Ingo Zebger and Maria Andrea Mroginski
Institut f. Chemie, Sekr. PC14, Technische Universität Berlin, Straße des 17. Juni 135,
D‐10623 Berlin (Germany)
[NiFe] hydrogenases catalyze the reversible heterolytic cleavage of molecular hydrogen and ap‐
pear to be promising candidates in the sector of biotechnological energy storage and conversion. A
major challenge in application is the high oxygen sensitivity leading to inactivation of these enzymes.
In contrast to standard hydrogenases, the membrane‐bound [NiFe] hydrogenase from Ralstonia eu‐
tropha is capable to oxidize hydrogen even at atmospheric oxygen levels [1].
Based on homology modeling in combination with molecular dynamics simulations and a hybrid
quantum mechanical/molecular mechanical approach, a structural model for the oxygen tolerant
membrane‐bound [NiFe] hydrogenase (MBH) was derived. Beside the wild‐type, we developed a
model for the C81S protein variant, which shows significant band shifts in the experimental IR spec‐
tra [2]. By calculating IR spectra and comparing them to experimental data, we stated a high similari‐
ty between the structures of the catalytic sites of the MBH and anaerobic standard hydrogenases.
Additional to this result, we indicated the presence of a water molecule in the second coordination
sphere having a strong influence on the derived spectra [3], and the improvement of the calculated
spectra by an enlargement of the QM part including protein residues which can potentially form hy‐
drogen bonds to the active site.

Fig. 1: Schematic overview for performed calculations
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Reconciling theory and experiments:
Interaction of CO with F‐centers on MgO(100)
Sabrina Sicolo, Fawzi Mohamed, Joachim Sauer, Anastasia Gonchar, Thomas Risse,
and Hans‐Joachim Freund
Institute of Chemistry, Humboldt Universität zu Berlin, Unter den Linden 6, 10099 Berlin, Germany,
and Department of Chemical Physics, Fritz‐Haber‐Institut der Max‐Planck‐Gesellschaft, Faradayweg
4—6, 14195 Berlin, Germany
Defects such as oxygen vacancies are believed to be important for the reactivity of simple oxides
such as MgO. Within this contribution, embedded cluster calculations in the framework of the Densi‐
ty Functional Theory (DFT) are used to propose a new reaction pathway of such sites with CO. In par‐
ticular a distinct difference is found for neutral F0 centers as compared to singly charged, paramag‐
netic F+ centers. The neutral F0 centers are highly reactive towards CO, leading to an annihilation of
the defect by a consecutive reaction with several CO molecules and the release of a carbon suboxide.
In contrast the F+ centers will only react with a single CO molecule which exhibits considerably al‐
tered properties as reflected e.g. by the vibrational properties. The picture emerging from the calcu‐
lations is supported by IR spectra of CO in contact with surface oxygen vacancies created on thick,
Mo supported MgO films. [1]

Fig. 1: Reaction profiles for the interaction of F0 (blue line) and F+ (red line) centers with 1—3 CO mo‐
lecules.
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Genetic Algorithm for Structure Determination of Gas Phase Clusters and Surfaces: DoDo
Radosław Włodarczyk, Marek Sierka
Humboldt‐Universität zu Berlin, Institut für Chemie, Unter den Linden 6, D‐10099 Berlin, Germany
Due to a large number of possible molecular isomers, surface adsorption sites and surface confi‐
gurations, determination of reliable atomic structure models of observed low‐dimensional systems,
i.e., gas‐phase clusters or surfaces, is often a difficult task for theory. For such many‐dimensional
problem, global optimization methods (e.g. genetic algorithm, basin hopping) proved useful.
We present an implementation of the genetic algorithm, which allows for automatic structure de‐
termination of low‐dimensional systems. The program uses external quantum mechanics software
packages such as VASP and TURBOMOLE. For surfaces it can operate in two modes, either the con‐
stant composition or the constant chemical potential one. The former one can be used to find the
global minimum of a system with known chemical composition and the latter one is useful to deter‐
mine the structure most stable under experimental conditions. To maintain the maximum diversity of
structures during the course of simulations, we also designed and implemented a new method for
efficient structure similarity recognition for both periodic surfaces and molecular systems. The pro‐
gram runs efficiently on massively parallel computers, such as the one at the North‐German Super‐
computing Alliance (HLRN) in Berlin and Hannover. DoDo has been successfully applied to various
UniCat projects and has been used e.g., for structure determination of water adsorbed on MgO(001)
surface, gold adsorbed on Au(111) surface, and MgxOy as well as MgxOy+ clusters.

Fig. 1: Two stable phases for water adsorption on the MgO(001) surface. The structure models were
obtained using DoDo.
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