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Excited-State Evolution

� What is the time scale 
of excited-state 
formation?

� Mechanistic details?
� To what extent do 

electronic, geometric, 
and other factors play a 
role?

� Can these processes be 
controlled?Nuclear coordinate (Q)
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Reassessing the “rules”
� classic picture of excited-state 

evolution suggests well-
defined sequence of events

• not realized in transition 
metal systems:

- [Ru(bpy)3]2+

τISC ≈ 40fs; τvib ≈ 1-5ps

- [Fe(tren(py)3)]2+

τISC ≈ 300fs (∆S = 2)
τCT → LF = 80±20fs
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kvib  >  kIC  >  kISC
- Cr(acac)3

τISC < 100fs; τvib ≈ 1-2ps

Acc. Chem. Res. 2003, 36, 876.
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The Prototype: [Ru(bpy)3]2+

� perhaps the most widely studied of transition metal chromophores
� basis for most transition metal-based solar energy conversion 

schemes of the past two decades
� electronic structure is reasonably approximated as a three-level 

system
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Basic photophysics of [Ru(bpy)3]2+

� time scale of 3MLCT 
formation

Science 1997, 275, 54

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

CH3CN

CH3CH2CN

CH3(CH2)2CN

� non-diffusive solvation 
dynamics

� charge localization

� methodology

Science 2000, 289, 935



LAM in CT-State Formation

J. Am. Chem. Soc. 1997, 119, 8253 J. Phys. Chem. A 1998, 102, 3382

N NN N N N

 dotb  dmesb dptb

knr 5.2 x 105 s-1 9.6 x 105 s-16.2 x 105 s-1

∆ν 16 cm-1 67 cm-142 cm-1

� anomalously strong emission from 
[Ru(dpb)3]2+ (Φr ≈ 0.2)

� relatively narrow spectrum 
suggests nested potentials

� model involving aryl ring rotation 
coupled to 3MLCT state formation 
was proposed
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Intraligand electron delocalization

� increased conjugation between ring systems provides driving force 
for ring rotation

� larger transition dipole anticipated for structurally relaxed �anion�
� provides means for studying charge transfer processes occurring 

concomitant with large amplitude motion (LAM) of the 
chromophore

J. Phys. Chem. A 1998, 102, 3382

Calculated Structural Changes:

4-phenylpyridine
4-(o-tolyly)pyridine
4-(2,6-(CH3)2Ph)pyridine

∆θ

~45°

~45°
~35°



Spectroscopy of [Ru(dpb)3]2+

J. Phys. Chem. A 1999, 103, 8440

Spectroelectrochemistry Time-resolved absorption



Dynamics of ring rotation
� rise time for dpb- signal 

consistent with expected 
increase in transition dipole 
concomitant with ring rotation

J. Phys. Chem. A, in preparation

� wavelength dependence of 
dynamics likely due to the 
presence of overlapping 
signals of opposite sign (dpb-

and LMCT features

� introduction of steric hindrance 
to ring rotation reflected in 
observed kinetics 



Solvent effects on rotation dynamics

J. Phys. Chem. A, in preparation

saturation effect inconsistent 
with bulk view of the solvent



Excited-State Dynamics of FeII

! significant change in electronic 
structure relative to RuII

! synthetic design allows for facile 
manipulation of relative energies of 
low-lying electronic states

! many  connections to both basic and 
applied science
- biological: low-spin/high-spin 
interconversion central to a number 
of metabolic processes involving 
Fe porphyrins

- materials: potential applications in 
optical memory devices

- solar energy technology: use as 
sensitizers for charge injection in 
mid-to-wide band gap semi-
conductors

MLCT

RuIIFeII

Tanabe-Sugano diagram
for d6 transition metal ion



Photophysics of [Fe(tren(py)3)]2+

! need to explore basic photo-
physics of FeII chromophores 
in order to assess rates of 
intramolecular excited-state 
dynamics

! use of [Fe(tren(py)3)]2+ as a 
prototype:
- near spin-crossover point, 
allowing for unambiguous 
characterization of lowest 
excited state as 5T2

- large structural change 
accompanying 1A1 to 5T2
conversion

-0.500

-0.400

-0.300

-0.200

-0.100

0.000

0.100

400 450 500 550 600

C
ha

ng
e 

in
 A

bs
or

ba
nc

e

Wavelength (nm)

nanosecond differential
absorption spectrum

calculated LS/HS
difference spectrum

N

N

N

N

NN
Fe

R

R

R
N

2+

(high spin)
(low spin) (1)

(2)
R = H

CH3



Ultrafast CT to LF conversion
! full spectrum data (left) 

shows formation of 5T2 state 
in < 500 fs

! single-wavelength data 
(below) establishes CT-state 
deactivation to LF state(s) in 
< 100 fs

Transient absorption data for [Fe(tren(py)3)]2+

in CH3CN solution following ~120 fs  excitation
at 400 nm.

∆A < 0

∆A > 0

τ1 = 80 ± 20 fs 

τ2 = 8 ps

λprobe = 620nm

J. Am. Chem. Soc. 2000, 122, 4092
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