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Direct observation of structural dynamics upon
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Abstract: Photoinduced spin transitions astudied by femtosecond
electron diffraction to understand ultrafast structural dynamss®ciated
with intersystem crossing he results indicate the structural reorganization
occurs within 2.3 ps, as the meligland bond distribution narrows during
intramolecular vibrational energy redistributio

1 Introduction

Photoinduced spin crossover (SCO) dynamics undergo extensive electronic spin transitions
and distortions of the molecular structure with unit quantum y@idfemtosecond
timescalesThese SCO complexes can trigger spin crossover (SCO), a reversible electronic
transition between a lowpin (LS) to a higkspin (HS) state that can beduced byapplied
pressure, temperature, magnetic fields, or light irradiatigp]. The photoinduced GO
from the LS state to the HS state is dipole forbidden and canndlirbetly excited
optically. The spin transitiomccurs through a series of radiationless processes that coupled
the states of different spin multiplicitjypically, the initial singletstate is excited by visible
light to a singlet metato-ligand charge transfer'NILCT) state; an intersystem spin
transition occurs to a higher spin state followed byekaxation cascadffom the initial
FranckCondon modes connecting the two surfatespotential minimum of the HS
surface What are the modes and can we modify them to control spin dyrfamics
Cis-bis(thiocyanatopis(N-2Gpyridyl  methylene}-(phenylazo) aniline iron(ll)
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([Fe(PMPAZA),](NCS),) is a system for SCO in Fe(ll) metal compouridg] (Fig. 1a).

The photoinduced SCO process in single crystalline [FeRMA),J(NCS), has been
identified by femtosecond optical purppobe reflectivity studies and XANER,4] as a
two-step ISC process with a fast (< 150fs) relaxation of dhad intermediate states
(INT) followed by vibrational cooling ofhe subsequeriS state within 1.2 ps.All static
crystallographic studie§3-5] point to an FEN bond elongation by ~0.2 ¢ in the HS
compared to the LS state, caused by the transfer of twaaelecto the antibonding,e
orbitals and the loss afbackbonding which weaken theB*bonds.Despite considerable
efforts, the precise nature of the structural dynamics remains elusive, especially in the solid
state.

2. Experimental Setup

Here, we tackled this problem by studying a SCO material with femtosecond electron
diffraction (FED). The enhanced sensitivity of FED allows us to directly probe atomic
positions within a crystal lattice and resolve all the relevant nuclear motions &€y

[6]. The sensitivity of electron diffraction to the key motions involved can be confirmed by
taking advantage of the temperature dependence to go between LS and HS structures. FED
experiment was performed with excitation conditions similar to optieahpgprobe
reflectivity studies (Fig. 1b). Samples were kept at 170 K, photoexcited by 60 fs FWHM
pulses, centered at 800 nm and monitored2B9 fs FWHM electron source. At 1.28
mJ/cnf excitation fluence, there is no damage over the duration of the exgmerim
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Fig. 1. a) Lowspin molecular structure of Fig. 2. a) Shorttime relative change in the
[Fe(PMPAZA),](NCS),; arrangement of the intensity of select Bragg spots from t-5to

FeN; complexes within the crystallographic 22 ps. b) signal induced by photoexcitation,
unit cell. b) Schematic of our femtosecond measired after 10 ps time delay; c) difference
electron diffraction setup [7]. between LT and HT data; d) difference

between LT and HT data, simulated using
static Xray diffraction structures [7].

3. Result and Discussion

By monitoring theintensity of thetime-varying Bragg reflectiongFig.2), we observed the
formation of a photoinduced structure similar to that of the thermally indd&extate. The

data and supporting refinement calculations indicate that the SCO structural reorganization
occurs within 23 ps The time constant matches the timescale of IVR observed in previous
transient UMVIS spectroscopy workRecent XANES work suggests metal ligand bond
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distribution after photoexcitation narrows on the same timescale as spectral features
associated wht IVR. Our resultsare consistent with this picture and provide direct
observation of thdVR from the initially createchot excited HS molecules and energy
transfer from metal ligand stretching motions to the rearrangements of the ligands and the
unit cel(Fig.3). The structural dynamicsnvolve collectively the metdigand bond
elongation, ligand butterfly motion, and unit cell expansibimese global changes were all
found to share the same time constant [8)3Fig. 4). The structural dynamics can fgly
modelled by three key modes, such that the atomic motions induced by IVR after SCO are
monitored with ultrafast temporal resolution and atomic spatial resolution. The gleatire
emerges is that of a few strongly coupled modes excited duringitia¢ FranckCondon

(FC) transition, which dominate the relaxation process towards the HS state, ultimately
giving net elongation of the H¢ bond. The relaxation pathway from the initial FC
weighted spin transition to the finaltructure of thephotoexcited HS statbas been
determined, which now provides atomic level detail on recemtyxspectroscopic results

for a fully consistent pictureThese results show that the nuclear dynamics dietihyt
proceed on a much different time scale tham d¢ectronic dynamicand posit that the

initial FC crossing involves higher frequency vibrational modes than the previously thought
Fe-N motions[7].
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Fig. 3. Schematic representation of the Fig. 4. Molecular movie. af), Time
proposed reaction pathway of SCO in dependence of refined reaction coordinates.
configuration space [7]. d), Plot of independent refinement over

reactioncoordinate space [7].
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