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• introduced by O‘Regan and 
Gratzel in 1991

• extended previously known 
concept of semiconductor 
sensitization

• inexpensive and easy to 
manufacture

• highest overall conversion 
efficiency currently reported 
is ca. 12%

• broad-based utility tied to 
cost reductions, significant 
improvements in overall 
efficiency, and scalability

O’Regan, B.; Gratzel, M. Nature 1991, 335, 737
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• Two branches of our research 
efforts:

(1) Manipulation of rate constants for 
excited-state dynamics

• injection yield essentially a 
function of relative rates for 
interfacial ET and excited-state 
relaxation

• use synthetic chemistry to modulate 
rates of ultrafast intramolecular 
excited-state dynamics

(2) Altering electronic structure

• change the nature/energy of the 
lowest-energy excited state(s) of 
low-spin Fe(II) complexes

• paradigm shift for Fe(II) complexes?
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Excited-state Evolution of Fe(II) Complexes
• excited-state evolution in Fe(II) is extremely rapid (~200 fs) and 

(potentially) complicated through the involvement of multiple electronic 
excited states...

• typical Fe(II) polypyridyls are 
approximated to Oh symmetry, 
but in reality are far from it

• sought to decrease the density of 
states by preparing a high-
symmetry analog Ground- and low-lying electronic excited states of a six-

coordinate, nominally O-symmetry Fe(II) complex.
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An Oh Symmetry Fe(II) Polypyridyl Complex

Single-crystal x-ray structure of [Fe(dcpp)2](PF6)2. The 
bond distances and angles in the primary coordination 

sphere indicate that the molecule possesses nearly 
perfect Oh symmetry. 

Jamula, L; Brown, A.; Guo, D.; McCusker, J.K., submitted for publication.
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An Oh Symmetry Fe(II) Polypyridyl Complex

• basic structural motif is based on an 
analogous Ru(II) complex reported by 
Schramm et al. (Inorg. Chem. 2009, 
48, 5677)

• synthetic route published for Ru(II) 
does not work for the Fe(II) analog, 
so an alternate route was developed

• Metrics:

• Fe-N distance: 1.985(5) Å

• cis N-Fe-N angles: 90(1)˚

• trans N-Fe-N angles: 178(1)˚

• high symmetry is possibly linked to 
some interesting properties...

Jamula, L; Brown, A.; Guo, D.; McCusker, J.K., submitted for publication.
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Optical Properties of [Fe(dcpp)2]2+

• [Fe(dcpp)2]2+ is navy blue color in both the solid-state and in solution

• the electronic absorption spectrum reveals a MLCT band at 620nm, with 
an oscillator strength comparable to that of [Fe(bpy)3]2+ and [Fe(terpy)2]2+

• MLCT lifetime still too short (75 ± 15 fs)...

Electronic absorption spectra for [Fe(dcpp)2](PF6)2 in 
CH3CN solution. Corresponding spectra for [Fe(bpy)3](PF6)2 

and [Fe(terpy)2](PF6)2 are included for comparison.
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Synthetic Elaboration of dcpp Ligand
• extension of π system to stabilize the MLCT state

• functionalization to allow for binding to surface of semiconductor
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• Important physical properties of 
[Fe(dcpp)2]2+:

➡ FeII/III oxidation couple is ~600 mV 
positive that of comparable Fe(II) 
polypyridyl complexes

➡ reduction potential of dcpp ligand 
is ~700 mV more positive than 
that of other polypyridyl ligands

➡ excited-state lifetime of lowest-
energy excited state is nearly 4-
fold shorter than that of (barrier-
less) [Fe(bpy)3]2+ under similar 
solution conditions

Electronic Structure of [Fe(dcpp)2]2+

Fe

CB

MLCT
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• Important physical properties of 
[Fe(dcpp)2]2+:

➡ FeII/III oxidation couple is ~600 mV 
positive that of comparable Fe(II) 
polypyridyl complexes

➡ reduction potential of dcpp ligand 
is ~700 mV more positive than 
that of other polypyridyl ligands

➡ excited-state lifetime of lowest-
energy excited state is nearly 4-
fold shorter than that of (barrier-
less) [Fe(bpy)3]2+ under similar 
solution conditions

Electronic Structure of [Fe(dcpp)2]2+

• suggests the real possibility of 
developing an Fe(II) analog of 
[Ru(bpy)2]2+
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➡ UV-Vis absorption (broadband and single-wavelength) - ms to fs

Research Capabilities in the McCusker Group

• synthesis of transition metal-based chromophores

• solar cell fabrication and characterization (IPCE, I-V, etc...)

• characterization of excited-state dynamics (e.g., excited-state lifetimes, 
interfacial electron transfer, etc...

Time-resolved spectroscopic probes employed:

➡ emission: ns, TCSPC (ps) and fluorescence upconversion (sub-ps)

➡ near-IR absorption (conduction band electrons) - ns to fs

➡ mid-IR absorption (structural dynamics of the chromophore) - ns to fs
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➡ UV-Vis absorption (broadband and single-wavelength) - ms to fs

Research Capabilities in the McCusker Group
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Research Capabilities in the McCusker Group

• synthesis of transition metal-based chromophores

• solar cell fabrication and characterization (IPCE, I-V, etc...)

• characterization of excited-state dynamics (e.g., excited-state lifetimes, 
interfacial electron transfer, etc...

Time-resolved spectroscopic probes employed:

➡ emission: ns, TCSPC (ps) and fluorescence upconversion (sub-ps)

➡ near-IR absorption (conduction band electrons) - ns to fs

➡ femtosecond stimulated Raman spectroscopy (w/Mathies, UCB)

➡ mid-IR absorption (structural dynamics of the chromophore) - ns to fs

➡ ultrafast EXAFS and soft x-ray spectroscopies (w/R. Schoenlein, LBNL)

➡ 2-D femtosecond electronic absorption (w/G. Scholes, Toronto)
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