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The study of excited electronic states in chemical systems represents a vast area of 
research in inorganic chemistry [l]. Intersystem crossing, the mechanism by which chemical 
systems can alter their total net unpaired spin density, is a central feature of most processes that 
involve excited states of transition metal complexes. In few other subsets of chemical systems 
is the study of intersystem crossing more accessible than in spin-crossover complexes. A spin­
crossover molecule is one that, by virtue of having a ligand-field splitting (6) that is 
comparable to the effective spin-pairing energy (P), hjs its lqwest-lying excited electronic state 
w~thin thermal accessib~tv of the ground state (i.e., 6 - PI ~ kB'D· For.comp!exes of F~II, 
this means that a low-spm lA1 compound can be thennally excited to the high-spm 5T2 exCited 
state. This interconversion represents a 6S = 2 intersystem crossing that has attracted 
considerable interest for a variety of reasons over the last two decades [2]. 

Although there is a considerable body of work in the spin-crossover literature pertain­
ing to effects in the solid state (e.g., cooperativity) [3], there has been surprisingly little effort 
aimed at understanding the intramolecular factors important in the spin-crossover transforma­
tion. Given the large change in metal-ligand bond length that accompanies the spin-crossover 
transition, researchers have assumed that the symmetric breathing mode of the first coordina­
tion sphere is coupled to spin-state interconversion. However, certain experimental [4] and 
theoretical [5] studies suggest that torsional modes are better candidates for effecting spin state 
changes in metal complexes. 

Our work in a general sense is geared at examining the molecular reaction coordinate 
for spin-crossover. We are particularly interested in the role of low-frequency torsional modes 
in controlling the kinetics of spin-state interconversion. To study this, we have examined a 
series of molecules with ligands having the general form 

R = -(CH2h­
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H (i.e., no bridge) 

The nature of the backbone R is varied to yield a systematic variation in molecular geometry 
with respect to torsional modes in the molecule. Variable-temperature kinetic data from nano­
second time-resolved laser photolysis studies establish an empirical correlation between molec­
ular flexibility in this series and the activation energy for 5T2---+ lA1 relaxation. Specifically, 
the data indicate that the more labile the molecule is along torsional coordinates, the smaller the 
barrier is for spin-crossover. In addition, examination of the intrinsic rates of spin-state inter­
conversion suggests that confonnational preferences of the ligand framework may influence the 
kinetics of spin-state interconversion by modulating the extent to which the molecule proceeds 
along the reaction coordinate. 
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The importance of low-frequency modes is further supported by theoretical modeling of 
the 5T2 ~ 1A1 relaxation. Since in a formal sense an analogy can be drawn between the 
spin-crossover transition and unimolecular electron transfer, we can apply electron transfer 
theory to our systems. Fitting rate data for the 5T2 ~ I A1 process in the representative mole­
cule [Fe(tpen)](Cl04)2 to classical [6], semi-classical [7], and quantwn-mechanical [8] theories 
of electron transfer gave identical results. The convergence of the classical and quantwn­
mechanical solutions implies that the quantwn nature of the vibrational mode coupled to spin­
state interconversion is not manifested in the 160-300 K temperature range examined. This 
fact combined with the fitted value of ca. 65 cm-I for the normal-mode frequency is inconsis­
tent with the coupling to a ca 300 cm-I metal-ligand stretching mode, and is strong evidence 
that low-frequency modes are very influential in determining the kinetics of spin-state inter­
conversion. 

In addition to 5Tz--+ IAI relaxation, we also examined the mechanism ofphoto­
induced formation of the high-spin ligand-field state following IMLCT +----- lAI excitation. 
Definitive evidence that the long-lived excited state formed following photolysis is the 5T2 state 
was obtained from the observation of a transient bleach-to-transient absorbance transition co­
incident with the known I A If5T 2 isosbestic point of the system. The data below were collected 
on [Fe(tpen)](Cl04)2 in H20 following lMLCf +-- lA1 excitation with a= 500 fs laser pulse. 
The lack of a measurable risetime for the 5T2 state indicates that the net~ = 2 intersystem 
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crossing occurs at a rate of ~ 1.5 x 1012 s-I. The extremely short time scale of the spin con­
version precludes the involvement of any thermalized excited states other than the 5T2 state. 
Thus, excited state decay in Fell complexes does not follow the widely-believed scheme that 
scales the rates of excited state processes as k~b > kic > kisc; rather, we observe that kjsc > 
Ckvib.kic). We postulate that formation of the T2 state occurs via direct 1MLCT ~ 'T2 
conversion from the Franck-Condon state of the system following excitation, and that this 
gross "disregard" of spin-selection rules is likely a very general characteristic of excited-state 
dynamics in transition metal complexes. 
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