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Single-lon Magnets: Playing with Molecule-Substrate I nteractions
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Pederserf,Jesper Bendfx

Swiss Light Source, Paul Scherrer Institut, CH 528Bgen, Switzerland?Laboratory for Micro-
and Nanotechnology, Paul Scherrer Institut, CH-52®yen PSI, Switzerland®Institute of
Condensed Matter Physics, Ecole Polytechnique Bé&dlde Lausanne, CH-1015 Lausanne,
Switzerland’Department of Chemistry, University of Copenhadeit;2100 Copenhagen,
Denmark.

Single-lon Magnets (SIMs) [1-3] contain a singlansition metal or rare-earth ion embedded in an
organic ligand. In contrast to many other monorarclmolecular magnets, SIMs exhibit long
magnetization relaxation times rendering them goaadidates for future molecular spintronics or
information processing applications. In order t@lex their properties they should be organized
and addressable one-by-one [4], and one way tewaelthis goal is to deposit submonolayers of
SIMs on to surfaces. Interestingly, the properieSIMs can be strongly modified upon adsorption
on a surface with respect to the bulk crystallirag®e because of molecule-substrate interactions
[5]. It is thus important to understand how theseractions can be employed to control magnetic
and structural properties of the SIMs.

In this talk | will report on recent results obtathon submonolayers of SIMs deposited on single-
crystalline metallic substrates mainly using X-renagnetic circular dichroism and scanning
tunneling microscopy.

[Pc,Ln™]-

Figure 1: Example of a SIM taken from Ref. [1].
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Metal-organic frameworks (MOFs) with large porostyd high crystallinity are ideal
candidates for heterogeneous catalySsluble phosphines are Lewis-base
organocatalystand they are mostly employed as “almost univergdihds in
homogeneous catalysis, with industrial applicatimos hydrogenation and
hydroformylation of olefins to oligomerization ahgidrocyanatior. MOFs with free
phosphine sites can be therefore useful both as tatslyst and as a-what we call-solid
porous ligand (SPL) to coordinate single atomsughopost-synthetic modification
(PSM). We report here a rationally designed, cftiystgg and porous P-functionalized
MOF featuring IRMOF-9 topology (Figure 1).
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Figure 1. Structure of LSK-3

LSK-3 performed phosphine organocatalysis with igusreaction selective behavior,
which has been rationalized by means of molecutadeling. The crystalline nature of
the framework provides additional steric hindraand new unexplored ways to modify
the local environment of the active site. Analodptis enzymes, it is not only the size of
the pores that determines the behavior of theystdiut it is how the active site is
located in the MOF pocket that selects which sals$rcan and cannot react. This opens
new avenues for structural control and understandirheterogeneous catalyst fully
exploiting the unique MOF properties.

! Ranocchiari, M. and van Bokhoven, J.”hys. Chem. Chem. Phy2011, 13, 6388—6396.
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Time-resolved X-ray absor ption spectroscopy of copper-mordenite during
methane to methanol conversion
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8 ntitute for Chemical and Bioengineering, ETH Zurich, Wolfgang Paulistrasse 10, CH-8093 Zurich
PLaboratory for Synchotron Radiation and Sustainable Chemistry, Paul Scherrer Institute, CH-5232 Villigen
evalyn.alayon@chem.ethz.ch

Developing a process route for the low-temperajpaetial oxidation of methane to methanol offers an
attractive opportunity to utilize vast reservesnodthane that are otherwise stranded or flared. €dional
technology converts methane to CO ang through steam reforming &700°C, followed by methanol
synthesis at50 bars. Since the energy input for steam reforncimmprises a major cost of a gas to liquid
plant, there is significant incentive to operatendtier conditions. Copper-exchanged zeolites cdnwethane

to methanol at mild conditions (130-200°C) with ebent selectivity to methanol [1] but the methane
conversion intermediate strongly sorbs to the Quliee preventing a catalytic process. Furtherpfrthe
amount of methanol that was extracted and on teige of a dicopper site converting methane,[2y &6 of
the total Cu sites were estimated to be activehdéle shown that introducing a wet stream of hekr200°C
after methane conversion releases methanol intgasephase and allows multiple turnovers in a badsk
operation.[3] By X-ray absorption spectroscopy (3A® the Cu K-edge, we found that a large fracbbCu
reacts with methane,[4] contrary to the reportedarity in the literature. Therefore, the identitytbe Cu sites
associated to the reaction pathway remains ambgyuou
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Figurel. a) Mass spectrometer profile 0f®, MeOH and C@recorded during water-assisted desorption of tethane
conversion intermediate, together with the timeshessd XAS spectra of Cu-MOR displaying the b) XANEBES&d c)
Fourier transform of the EXAFS.

Time-resolved XAS provides access to both eleatr@amd geometric structural information at shortetim
scales, which are relevant for identifying struatunformation at transient conditions. Here, wpam our use

of time-resolved XAS to follow the structural chasgto the Cu sites during methane conversion and
desorption of the activated intermediate (Figurélle observed that a large fraction of"Creacts with
methane undergoing reduction to'@mnd hydration. During desorption in,®/He as methanol, there was a
corresponding decrease in the fraction of @amponent and a small increase of & Gxide, without large
geometric changes. Bound activated methane apptabedassociated to Csites.
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High-resolution NEXAFS to probe electronic excitati ons in “larger” organic
molecules

Norman Schmidt, Rainer Fink
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Near-edge x-ray absorption spectroscopy is an extremely valuable tool to investigate organic
molecules. The resonant excitation of core electrons serves as spectroscopic fingerprint
which can be used to assess both initial and final state effects. Beamlines operating in the
soft x-ray regime offer a resolving power > 10.000. Thus, energy resolution is sufficient to
probe the vibronic excitations in organic molecules [1, 2].

In this contribution we will discuss some aspects of high-resolution NEXAFS based on two
model systems, naphthalene [3,4] and NTCDA [5]. In order to fully understand the
spectroscopic features, theoretical calculations are required. Furthermore, the direct
comparison of spectra recorded from the gas or condensed phase offers better insight into
the involved molecular orbitals, e.g., Rydberg states can be quenched leading to spectral
broadening or energetic shifts.
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Comparison of the C K-edge NEXAFS spectra of condensed multilayer films of naphthalene-
hg (2) and naphthalene-dg (b). The isotope effect indicates excitations that efficiently couple
to vibronic states.
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