





of the peak at 2116 cm™' indicates the
100% of LS to HS transformation after
irradiation. Therefore the life time of
the LIESST state can be determined

.

p Table 1: FeN, octahedron geometry versus spin state

T (K) Spin Fe-N1 Fe-N2 Fe-N5 b o™

State (A A (A (deg)  (deg)

by monitoring the peak intensity

at 2116 cm’; it is apparent that the Polynorph A
lower the temperature is, the slower 300 2217(2)  2181(Q2) 2097(3) 748 2715
the relaxation proceeds. However, 40 2021(1)  1973(1) 1935(1) 520 1714
in this case, even at 30 K, there is 40 (LIESST) HS2  2211(1)  2166(1) 2087(1) 770  267.0

more than 10% relaxed in an hour;
but we need at least a few hours to
complete the single crystal diffraction
measurements. In order to make
sure that it is in a hundred percent

planes.

[a] The distortion parameter X, which is defined as the sum of the absolute
values of the deviation from 90° of the 12 cis angles in the coordination sphere. [b]
The distortion parameter ©, which is defined as the sum of the deviations from
60° of the 24 possible 6 angles on the dihedral angles between two triangular

LIESST state and to avoid the possible

radiation damage on the sample

from the long exposure; a pump and probe experiment is
thus designed for the structural determination at LIESST
state (HS-2); more structures could be obtained with such
design when the life time of the excited state is not long
enough to complete the data measurements.
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Fig. 3: Fe K-edge absorption spectra: a) HS-1 at 300 K Fig.4: Fe L-edge absorption at 300 K (HS-1); before
and LS-1 at 10 K; (b) before (LS-1) and after laser (LS-1) and after (HS-2) laser irradiation at 24 K,
irradiation (HS-2) at 10 K. and after relaxation to LS at 70 K (LS-2).

The changes in spin state or the electronic configu-
ration of Fe(ll) can be directly monitored through Fe K- and
L-edge absorption spectroscopy, which should be very
sensitive to the electron density distribution around the
metal, it then reflects exactly the electronic configuration of
Fe(ll) ion. Previous K- and L-edge absorption spectroscopy
have established the fingerprints of HS and LS of Fe(ll)




complexes. The Fe K-edge X-ray near-edge absorption
structure (XANES) spectra of polymorph A at 300 K (HS-1)
and at 10 K (LS-1) are shown in Fig. 3. Typical spectra of six-
coordinated Fe(ll) complexes at HS and LS states were well-
characterized and a significant shortening in Fe-N distance
from HS to LS was found. The Fe L,;-edge absorption
spectra for HS-1 at 300 K and LS-1 at 24 K are shown in Fig. 4.
The shift in energy; the changes in spectral fine features as
well as the difference in branching ratio between HS and
LS states agree well with those of Fe"(phen),(NCS), (phen
= 1,10-phenanthroline). The LIESST phenomenon is also
investigated, typical spectra of HS can be achieved after
irradiation with green laser light at 24 K (Fig. 3 & 4).

In summary, the exact electronic configurations of Fe at
HS-1; LS-1 and HS-2 (LIESST) states are clearly confirmed by
IR; Fe K- and L-edge absorption spectroscopy. The molecular
structure of the LIESST state (HS-2) is successfully obtained
by diffraction data with a pump and probe process. By
applying such a procedure, the structural determination of
any meta-stable excited state with moderate relaxation rate
can be achieved. Molecular structure after the irradiation
clearly shows the lengthening of the Fe-N bond distance
and the slight twist of the coordination geometry in the
solid state (Fig. 2). The changes in spin state of Fe ion and
the changes in geometry of the complex are believed to
be taken place concurrently at the current experimental
time scale.

X-ray Absorption Spectroscopy end station
Soft X-ray absorption Spectroscopy end station
X-ray powder diffraction end station

Single crystal X-ray diffraction end station

1. C.-F. Sheu, K. Chen, S.-M. Chen, Y.-S. Wen, G.-H. Lee,
J.-M. Chen, J.-F. Lee, B.-M. Cheng, H.-S. Sheu, N.
Yasuda, Y. Ozawa, K. Toriumi, and Y. Wang, Chem.-
Eur. J. 15,2384 (2009).

2. C.-F. Sheu, S. Pillet, Y.-C. Lin, S.-M. Chen, |.-J. Hsu,
C. Lecomte, and Y. Wang, Inorg. Chem. 47, 10866
(2008).

3. S. Pillet, C. Lecomte, C.-F. Sheu, Y.-C. Lin, |.-J. Hsu, and
Y.Wang, J. Phys.-Conf. Ser. 21, 221 (2005).

4, ).).Lee, H.S. Sheu, C.R. Lee, J. M. Chen, J.F. Lee, C. C.
Wang, C. H. Huang, and Y. Wang, J. Am. Chem. Soc.
122, 5742 (2000).

hiav8d.tw@gmail.com





