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Abstract. A photoinduced FeII spin crossover reaction in solution is studied with ultrafast 
x-ray absorption spectroscopy.  The iron–nitrogen bond lengthens by 0.21±0.03 Å in the 
high-spin transient excited state relative to the ground state.  

 
Synchrotron-based, ultrafast x-ray absorption spectroscopy (XAS) is a rapidly 
growing field that is ideally suited to study transient atomic and electronic 
structural rearrangements during photochemical reactions in solution with high 
spatial and temporal resolution [1-4].  We report on the structural dynamics 
accompanying the ultrafast spin crossover (SCO, interconversion between low- 
and high-spin electronic states) phenomenon in an FeII complex which serves as 
a prototypical reaction for understanding electron transfer processes in chemistry 
and biology [5].  Previous studies have relied on steady-state and non-equilibrium 
measurements to understand the physiochemical properties and the kinetics of 
the different spin states [6].  Our experiment probes the dynamic relationship 
between molecular structure and the ultrafast SCO transition in the low-spin 
complex, [Fe(tren(py)3)](PF6)2, dissolved in acetonitrile solution [7].  Time-
resolved x-ray absorption spectra of [Fe(tren(py)3)](PF6)2 are collected following 
excitation with a 100 fs optical pulse and the results are compared with the 
steady-state x-ray absorption spectrum of its high-spin analogue, [Fe(tren(6-Me-
py)3)](PF6)2.  Transient pump-probe experiments observe that the structural and 
electronic changes following excitation are complete within 70 ps and the Fe–N 
bond length is increased by 0.21 Å in the photoexcited high-spin state.   

The transient XAS measurements were performed in a non-collinear pump-
probe geometry on BL 5.3.1 at the ALS.  A 100 fs, 350 µJ, 400 nm pulse initiated 
the FeII SCO transition in a sample consisting of a 0.5 mm thick free-flowing jet 
of 0.02 M [Fe(tren(py)3)](PF6)2 dissolved in acetonitrile at room temperature.  A 
single tunable 70 ps x-ray pulse was used as the probe.  The laser pump pulse 
was synchronized to the x-ray pulse so that it preceded it at a particular delay (τ) 
at a repetition rate of 1 kHz.  Both pump and probe pulses were spatially and 



temporally overlapped at the sample and transient x-ray absorption spectra were 
collected at 2 kHz.  

Fig. 1.  (a) The XANES spectra of [Fe(tren(py)3)](PF6)2 (low-spin) and [Fe(tren(6-Me-
py)3)](PF6)2 (high-spin) compounds in CH3CN solution at the Fe K-edge.  (b) Transient 
difference x-ray absorption spectrum at τ =330 ps.  The difference between the steady-
state XAS spectra of the high-spin and low-spin compounds is plotted below.  (c) Pump-
probe x-ray absorption signal at 7142 eV. ∆T=(I(τ)-Iref) , where I(τ) and Iref refer to the 
XAS signals with and without the effect of the laser pulse, respectively. 

Figure 1(a) displays the XANES (x-ray absorption near edge structure) spectra 
of [Fe(tren(py)3)](PF6)2 and [Fe(tren(6-Me-py)3)](PF6)2 complexes dissolved in 
CH3CN.  The Fourier transform of the EXAFS (extended x-ray absorption fine 
structure) spectra show that the average Fe–N bond length is ~0.23 Å longer in 
the high-spin analogue complex with respect to the low-spin complex.  The 
significant elongation of the Fe–N bond, reflecting the difference in electronic 
configuration between the low-spin and high-spin compounds, accounts for all 
the features observed in the XANES spectra. Figure 1(b) shows the transient 
difference absorption spectrum of [Fe(tren(py)3)](PF6)2 as a function of the x-ray 
energy at the Fe K-edge, 330 ps after laser excitation.  For comparison, the 
difference absorption spectrum of the ground-state high-spin complex 
([Fe(tren(6-Me-py)3)](PF6)2) and [Fe(tren(py)3)](PF6)2, obtained from the steady-
state measurements is plotted below the transient data. The steady-state 
difference spectrum is scaled by a factor of 0.1 to account for the 10% photo-
excitation of the ground-state species in solution by the laser pump pulse. Figure 
2(b) shows the time-evolution of the spectral feature at 7142 eV as a function of 
the delay between the optical pump and x-ray probe pulses (τ). The results show 
a decrease in the amplitude of the spectral feature at 7142 eV following photo 
excitation of the low-spin compound.  The temporal evolution of the difference x-
ray signal is fitted by a Gaussian error function (thick solid curve) with a width 
of 70±10 ps.  This width corresponds to the x-ray pulse duration and indicates 
that the structural evolution following photoexcitation of the low-spin compound, 
[Fe(tren(py)3)](PF6)2, dissolved in CH3CN is complete within the time resolution 
of our experiment.   

We fit the difference XAS spectrum obtained at τ = 330 ps to determine the 
structure of the transient high-spin state.  The fitting is performed in k space 
(data is shown as open circles in Figure 2(a)) from 1 to 7 Å-1. The k space fit 
(solid gray line) is shown in Figure 2(a) and is in good agreement with the data 
from the differential XAS (open circles). From the fits of the time-and energy-

 



resolved transient data, we can summarize that the excited high-spin state of 
[Fe(tren(py)3)](PF6)2 is characterized by a lengthening of the first coordination 
sphere by 0.21 Å and that this transformation occurs within 70 ps.  This is 
illustrated in Figure 2(b), which shows the crystal structure of the ground state 
with arrows indicating the subsequent changes in the structure upon the 
photoinduced spin change conversion of the molecule in solution.   

 

Fig. 2.  (a) The transient EXAFS signal (open circles) and the best-fit to the data (gray 
solid line).  (b) The structure of the FeII compound used in this study demonstrating the 
structural changes that take place during the course of the photoinduced SCO process.   
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