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Report:

The objective of this experiment was to establish the nature of the excited state of a rhenium(l)
N-heterocyclic carbene in its solid state, using a stroboscopic pump-probe single-crystal
diffraction technigue. In essence the experiment involved performing two crystallographic
structure determinations on the compound: one using conventional crystallographic
methodologies that confirms the ground state structure, and the other using a laser pump-probe
crystallographic method which is synchronised with the time-structure of the X-ray beam so
that the excited state is activated in tandem with each X-ray measurement. This stroboscopic
pump-probe method is required since the lifetimes of the emissive states of this class of
compounds are of the order of ps. The materials are luminescent and emit principally from a
metal-ligand charge transfer state. The subject compound, [HNCH,CH,NHCRe(2,2’ -
bipyridine)(CO);]Br, is a key material in the initial part of alarger initiative that we are
undertaking that aims to fully understand the excited state structural origins of luminescent
materials. Armed with such knowledge, we will be able to suitably engineer and test close
derivatives that have optimal band gap properties for application as light-emitting-diodes.

The choice of the subject material derives fromits very favourable luminescent spectroscopic
properties and its high symmetry (orthorhombic) compared with other compounds within this
class of materials. This level of symmetry is essential since the measurements on D9 need to
be performed on a spindle axis and the level of reciprocal space coverage is thus largely
restricted. This compound emits at aAmax of 565 nm with a lifetime of 0.23 s at room
temperature. The lifetime is increased by 1-2 orders of magnitude on cooling to 20K since



spin-orbit coupling effects are enhanced. We therefore excited our crystal using afslaser, at a
A =400 nm (the closest high energy harmonic of the laser to the Amax of the sample) and
cooled our sample to the minimum possible (T=77K) using an Oxford Cryosystems
Cryostream (an open-flow He cryostream was still being adapted for the beamline then and so
was not available).

A crystal was mounted in perfluoroether and placed upon the phi-axis. Some optimization of
the crystal size was required since the optical penetration depth was rather low. A crystal of
dimensions each < 50 pum appeared to be necessary in order that the crystal did not break up
upon laser excitation. Circular polarization was used in order to preclude any preferential
directional effect of optical absorption and successful laser excitation was achieved using the
eighth chosen crystal (50 x 40 x 40 um).

Before laser excitation, a data collection was undertaken in order to obtain a reference ground-
state structure of the material. Data were collected over a phi range of 360°, in 2° steps, each
step having a 1° overlay from the last point, thus enabling an inherent two-fold statistical
averaging of each frame. The four-fold rotational redundancy also aided significantly the
statistical quality of data. Data were collected using a MAR-CCD detector.

The crystal was then laser excited and two sets of data were collected, using the same data
collection strategy as above. In the first of these data collections, a—10ns time delay between
the laser and X-ray pulses was imposed so that they would purposely not be synchronized, and
data would only be collected when the excited-state of the crystal had relaxed. This enabled a
data collection of the ground state structure but encompassing any effects of laser heating. The
laser and X-rays were then synchronized and an excited-state data collection was undertaken.
The difference between these two data collections should provide an excited-state structure
that precludes any artefacts from any laser-induced effects.

All data have been indexed and are presently being processed using MOSFLM software -
default features have been adapted to optimize processing for small-molecule diffraction rather
than protein crystallography for which the program is nominally intended. An empirical
absorption correction routine is also being developed in order to correct for absorption very
accurately, since the suspected area of charge-transfer owing to the excited-state is close to the
rhenium atom, where absorption will be at its largest.

After afirst attempt at processing, the data consistency looks good and the internal statistical
agreement ranges from 0.05-0.10, which is good for this detection methodology. In each case,
about 3700 unique reflections are observed with about 32-fold redundancy. Refinement
appears to indicate that the lateral positioning of the phi-axis with respect to the detector was
not quite parallel, but a geometrical correction will be possible to overcome this problem.

Data processing is continuing along with the optimization of processing methodology itself.
This experiment therefore represents afirst key feasibility experiment with the oscillatory
method of nanosecond time-resolved single-crystal diffraction of photo-induced species.



