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Report:
Spin-crossover (SCO) is a representative example of molecular bistability, in which the high-spin (HS) and
low-spin (LS) states are interconvertible by physical perturbation such as temperature. ™ Since the first
discovery of the SCO phenomenon it has attracted much attention from chemists, biochemists, and physicists,
because it offers an understanding of ligand field theory. But despite the tremendous insights that have been
gained over the past decades into the underlying electronic principles responsible for the occurrence and the
specific behaviour of spin transition processes, the study of spin crossover complexes is still a highly
attractive research field due to their potential application in developing electronic devices. [?
Especially the molecular mechanisms leading to specific spin crossover behaviour are still not well
understood, since usually structural (by XRD) and spin state changes (by SQUID and MofRbauer) are
measured in two separate experiments.
In the experiment CH-4431 we applied Kf13- and KB25-XES, as well as HERFD-
% XAS and 3p-1s(KB)-RIXS to study the electronic (KB13-XES, HERFD-XANES)
and structural (KB25-XES) changes of SCO complexes during the temperature
dependent spin transition in a quasi-simultaneous experiment.
Since we aimed at a close correlation between the spectral features and the spin
state of the system it was mandatory to collect a large number of data points.
Therefore spectra at more than 20 temperatures have been collected. The
background corrected and normalized Kpzs spectra of [Fe(L-N4Bnz)(NCS).]
(Figure 1) are displayed top left in Figure 2. The spectra show only one broad
signal, which shows only slight changes in intensity and FWHM with increasing
temperature. As mentioned by Vanké and de Groot B the features loose intensity
with increasing high spin fraction because of the longer Fe-N bonds, which cause a
smaller overlap with the N 2p orbitals. Since the signal to noise of the spectra is not
Figure 1: Structure of very good, it was not possible to pick the maximum intensity for a correlation with
[Fe(L-N4Bn2)(NCS).] the spin state. Instead the intensity at the emission energy 7110.627 eV (indicated




with arrow in Figure 2, top left) was read out and correlated with the spin state (Figure 2, top right). Using
this approach we disagree with the conclusion of Vankd and de Groot that the K25 spectra are not an
appropriate probe for the spin state, since we obtained a good correlation of the spectral features with the spin

state (Figure 2, top right).

The normalized and background corrected HERFD-XANES prepeak region is displayed bottom left in Figure
2 for all temperatures. In the low spin case one asymmetric signal with a maximum at 7113.6 eV is
observable, whereas the high spin spectrum shows two maxima at 7113.6 eV and 7112.0 eV. The signal at
7112.0 eV obviously increases with rising temperature and therefore with increasing high spin fraction. For
the correlation of the changes in the prepeak region with the spin state the two features were deconvoluted
with two Gaussian type functions and the intensity of the signal at lower emission energies, corresponding to
the high spin fraction, was determined. Figure 2 (bottom right) shows the comparison of the Boltzmann fit
functions of the intensity (red) and the magnetization obtained by SQUID (black). As can be seen the
correlation of the intensity of the high spin signal with the spin state is quite good, even despite the poor

signal to noise ratio.
Thes results obtained at beamline 1D26 will now be connected to conventional XAS measurements in order
to gain an exhaustive view on the topic and to prepare a high quality publication.
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Figure 2: Background corrected and normalized Kf,s spectra in the temperature region from 50 to 293 K (top left);
comparison of magnetization curve obtained by analysis of KB25-XES and SQUID (top right); background corrected and
normalized HERFD-XANES prepeak in the temperature range from 30 to 260 K (bottom left); comparison of
magnetization curve obtained by analysis of HERFD-prepeak and SQUID
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