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CONSPECTUS: Porphyrins and the related chlorins and corrins contain a cyclic
tetrapyrrole with the ability to coordinate an active metal center and to perform a
variety of functions exploiting the oxidation state, reactivity, and axial ligation of the
metal center. These compounds are used in optically activated applications ranging
from light harvesting and energy conversion to medical therapeutics and photo-
dynamic therapy to molecular electronics, spintronics, optoelectronic thin films,
and optomagnetics. Cobalt containing corrin rings extend the range of applications
through photolytic cleavage of a unique axial carbon−cobalt bond, permitting
spatiotemporal control of drug delivery.
The photochemistry and photophysics of cyclic tetrapyrroles are controlled by
electronic relaxation dynamics including internal conversion and intersystem
crossing. Typically the electronic excitation cascades through ring centered ππ*
states, ligand to metal charge transfer (LMCT) states, metal to ligand charge
transfer (MLCT) states, and metal centered states. Ultrafast transient absorption
spectroscopy provides a powerful tool for the investigation of the electronic state dynamics in metal containing tetrapyrroles. The
UV−visible spectrum is sensitive to the oxidation state, electronic configuration, spin state, and axial ligation of the central metal
atom. Ultrashort broadband white light probes spanning the range from 270 to 800 nm, combined with tunable excitation pulses,
permit the detailed unravelling of the time scales involved in the electronic energy cascade. State-of-the-art theoretical
calculations provide additional insight required for precise assignment of the states.
In this Account, we focus on recent ultrafast transient absorption studies of ferric porphyrins and corrin containing
cob(III)alamins elucidating the electronic states responsible for ultrafast energy cascades, excited state dynamics, and the
resulting photoreactivity or photostability of these compounds. Iron tetraphenyl porphyrin chloride (Fe(III)TPPCl) exhibits
picosecond decay to a metal centered d → d* 4T state. This state decays on a ca. 16 ps time scale in room temperature solution
but persists for much longer in a cryogenic glass. The photoreactivity of the 4T state may lead to novel future applications for
these compounds. In contrast, the nonplanar cob(III)alamins contain two axial ligands to the central cobalt atom. The upper axial
ligand can be an alkyl group as in the two biologically active coenzymes or a nonalkyl ligand such as −CN in cyanocobalamin
(vitamin B12) or −OH in hydroxocobalamin. The electronic structure, energy cascade, and bond cleavage of these compounds is
sensitive to the details of the axial ligand. Nonalkylcobalamins exhibit ultrafast internal conversion to a low-lying state of metal to
ligand or ligand to metal charge transfer character. The compounds are generally photostable with ground state recovery
complete on a time scale of 2−7 ps in room temperature aqueous solution. Alkylcobalamins exhibit ultrafast internal conversion
to an S1 state of d/π → π* character. Most compounds undergo bond cleavage from this state with near unit quantum yield
within ∼100 ps. Recent theoretical calculations provide a potential energy surface accounting for these observations.
Conformation dependent mixing of the corrin π and cobalt d orbitals plays a significant role in the observed photochemistry and
photophysics.

1. INTRODUCTION

Porphyrins and related chlorins and corrins (Figure 1) comprise
a family of critical cofactors utilized in a wide range of natural and
synthetic materials. These cyclic tetrapyrroles have the ability to
coordinate a range of active metal atoms and to perform a variety
of different functions that exploit the oxidation state, electronic
structure, and axial ligation of the metal center. Many key
applications involve ground state chemistry of the metal center.
However, the conjugated tetrapyrrole rings are strongly

absorbing chromophores with electronic transitions in the visible
and ultraviolet regions of the spectrum. This strong optical absorp-
tion leads to a range of photoactivated applications. The most
obvious example is the role that chlorophyll and bacteriochloro-
phyll play in photosynthesis.1 However, potential applications
extend far beyond light-harvesting.
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Natural and synthetic metalloporphyrins are used in energy
conversion, medical therapeutics, photodynamic therapy,
molecular electronics, spintronics, optoelectronic thin films,
and optomagnetics.2−7 Most of these applications involve
electron dynamics, including population of electronically excited
states and charge separation from a donor to an acceptor.
However, some applications exploit the axial ligation of the
central metal atom. The number of axial ligands is determined by
the electronic configuration, oxidation state, and spin state of the
central metal. These ligands can be bound, transported, and
following optical excitation, transformed or released.
The interest in metallocorrins as photoactivated agents has

developed somewhat slower than porphyrins, but applications
are now appearing. Cobalamin is a cobalt−corrin compound
incorporated as an alkyl derivative into a variety of enzymes
including two human enzymes.8,9 Alkylcobalamins possess a
unique carbon−cobalt bond capable of thermal and photolytic
cleavage producing a range of reactive organic ions and
radicals.10−14 Potential applications of cobalamins include
spatiotemporal control of drug delivery through C−Co bond
cleavage15,16 and optically controlled formation of OH radicals
throuch O−Co bond cleavage.17 These applications comple-
ment the range of applications proposed for metalloporphyrins.
The photochemistry and photophysics of cyclic metal-

lotetrapyrroles are controlled by electronic relaxation dynamics
including internal conversion and intersystem crossing. Typically
the electronic excitation cascades through ring centered ππ*
states, ligand to metal charge transfer (LMCT) states, metal to
ligand charge transfer (MLCT) states, and metal centered states.
Often these dynamics are ultrafast, occurring on sub-picosecond
and picosecond time scales.5,18−21 A detailed understanding of
these processes requires both careful experimental work and
state-of-the-art theoretical calculation. Ultrafast transient ab-
sorption spectroscopy has proven to be a powerful technique for
the investigation of these dynamics. In this Account, we will focus
on recent ultrafast transient absorption studies of cob(III)-
alamins and ferric porphyrins elucidating the electronic states
responsible for ultrafast energy cascades, excited state dynamics,
and the resulting photoreactivity or photostability of these
compounds.

Theoretical calculations necessary to interpret and predict the
photochemistry and photophysics of porphyrins and cobalamins
are complicated by the size of the tetrapyrrole ring, the presence
of a variety of pendant groups, the complexity of the metal center,
and the importance of charge transfer states. Nonetheless,
significant progress has been made and theoretical methods
are being developed to calculate the electronic state potential
energy surfaces of a variety of systems away from the vertical
Franck−Condon region. These calculations provide insight into
the energy cascade in metal containing corrins, porphyrins, and
other cyclic tetrapyrroles.22−33 The experimental results will be
discussed in the context of these recent calculations.

2. FERRIC PORPHYRINS
The oxidation state of the Fe atom ligated to a porphyrin ring
plays an important role in the reactivity and dynamics of iron
porphyrins. In its ferric form, the oxidation state of iron is +3. In
the porphyrin structure, this oxidation state allows for ligation of
the four ring-bound nitrogen atoms and one or two axial ligands.
The five 3d electrons of iron provide the possibility of S = 5/2,
S = 3/2, and S = 1/2 spin states depending on the occupation of
the t2g and eg atomic states. The ligand field splitting of these
states largely determines the spin configuration of the Fe.
Two dominant features stand out in the UV−visible (UV−vis)

spectra of ferric porphyrins (Figure 2), a strong peak near

400 nm, associated with the singlet−singlet S0 →S2 transition of
the porphyrin macrocycle often denoted the Soret resonance,
and a second set of features at longer wavelengths associated with
the lowest energy singlet transition, S0→S1 of the porphyrin ring,
known as the Q resonances. Other transitions, including charge
transfer states between the Fe atom and its ligands, typically
appear outside of these spectral windows.
Over the past decade, it had become generally accepted that

electronic relaxation of iron hemes, especially ferric hemes, is
ultrafast with internal conversion to the ground state occurring
on a sub-picosecond time scale.34 The same was expected to
hold for other ferric porphyrins. Recent careful transient
absorption studies have demonstrated that this is not true in
general.18,19,35 A careful study of Met-myoglobin points to a
branched pathway with a cascade through spin states on a
picosecond time scale.18 In another study, discussed in more
detail here, the formation of long-lived iron spin states has
important consequences for the photostability of iron
tetraphenylporphyrin.35

Figure 1. Schematic diagram of metal containing cyclic tetrapyrroles.

Figure 2. Room temperature UV−vis absorption spectrum of
Fe(III)TPPCl dissolved in a 1:1 mixture of toluene and CH2Cl2
highlighting the dominant Soret (blue) and Q transitions (green) as
well as the weaker, lower frequency CT transitions (red) of ferric
porphyrins.
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2.1. Excited State Dynamics of Fe(III)TPPCl

Given the interest in a wide variety of Fe-bound porphyrins,
model systems providing general principles of excited state
dynamics and reactivity become useful. One such model system
is iron(III) tetraphenylporphyrin chloride [Fe(III)TPPCl]. In this
complex, the central iron atom is in a five-coordinate high spin
S = 5/2 state, binding a chloride ion in the axial position. This
compound has been characterized using a variety of spectro-
scopic techniques and theoretical calculations.36,37

Ultrafast broadband transient absorption spectroscopy of
Fe(III)TPPCl in solution was used to study the excited state
relaxation for excitation in the Soret (400 nm) and Q-band
(520 nm) resonances.19 Figure 3 summarizes the results.
Following excitation at 400 nm, there is a ∼0.1 ps component
associated with the internal conversion of the initially prepared S2
state to the excited S1 manifold. This physical interpretation is
consistent with a weak but measurable steady-state fluorescence
signal observed in a spectral region qualitatively agreeing with
emission from an S2 → S0 transition. Subsequent dynamics are
the same for both excitation wavelengths. The spectral char-
acteristics of the next two excited states populated, with lifetimes
of∼0.5 and 2 ps, respectively, are consistent with the singlet elec-
tronic states of metalloporphyrins as described previously.38,39

The spectrum of the longest-lived excited state is consistent
with population of an excited atomic state of the central iron
atom. This state forms through sequential LMCT and MLCT
processes to produce a porphyrin macrocycle in its ground
state and the excited d−d* atomic state, either the 4T1 or

4T2
state.19,36,37

For temperatures below 100 K in a 1:1 toluene and CH2Cl2
glass, the first three relaxation processes following excitation
of ground state Fe(III)TPPCl remain ultrafast with the charge
transfer (π,dπ) state formed within a picosecond and the
subsequent decay to the 4Tn state complete within 50 ps.35

However, the lifetime of the 4Tn state increases by at least a factor
of 50 with minimal depletion of the population between 50 to
500 ps, implying an energy barrier preventing ground state
recovery at low temperature.35

2.2. Photochemical Reactivity of Fe(III)TPPCl

In addition to the significant increase in the lifetime of the excited
4Tn state localized on the iron atom, new spectroscopic signa-
tures appear in the difference spectra of Fe(III)TPPCl in TA
measurements at sub-100 K temperatures. A long-lived product
(>1 ms) results in a large amplitude difference spectrum that is

qualitatively different from the ground state spectrum of
Fe(III)TPPCl.
The long-lived product was characterized using steady-state

resonance Raman spectroscopy.35 Resonance Raman (rR)
spectroscopy has also proven to be a useful tool in characterizing
the connection of electronic and nuclear structure with the
oxidation and spin states of the ferric porphyrins.40 In particular,
several studies catalogue the position and relative magnitude of a
series of structure-sensitive Raman modes of the porphyrin
macrocycle as a function of metal oxidation state, spin state, and
ligation.41−43 Therefore, one can use the position of one or more
of these modes in the rR spectrum to determine characteristics
such as the oxidation and spin state of a central metal atom in an
unknown metalloporphyrin.
The steady-state rR spectrum of Fe(III)TPPCl in a 1:1 glass of

CH2Cl2 and toluene at 77 K obtained with 413 nm continuous-
wave excitation exhibits a power dependence in the region con-
taining several structure-sensitive interior porphyrin ring vibra-
tions (1100−1700 cm−1) (Figure 4). This power dependence is

an indication that Fe(III)TPPCl undergoes photochemical
changes when excited on its Soret resonance at low temperature.
The new peaks following excitation at 413 nm represent the
formation of new FeTPP species following two-photon excita-
tion as illustrated in Figure 3. In contrast, we observe no power
dependent changes in the rR spectra of Fe(III)TPPCl in the same
77 K glass when exciting in the Q-band at either 488 or 514 nm.
The rR spectrum is used to characterize the nature of the long-

lived photoproduct. Most conspicuous, triplets of peaks appear

Figure 3. Schematic summary of the photochemistry and photophysics observed for Fe(III)TPPCl in a 1:1 mixture of toluene and CH2Cl2 as a room
temperature liquid and a cryogenic glass.

Figure 4. Resonance Raman spectra of Fe(III)TPPCl as a function of
incident laser power at 413 nm. The key features to note are the toluene
band at 1210 cm−1 and the triplets in the regions around 1550, 1440, and
1360 cm−1.
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in the regions of the ν2 (∼1550 cm−1), ν3 (∼1440 cm−1), and ν4
(∼1360 cm−1) A1g totally symmetric vibrations of the porphyrin
macrocycle. The exact position of these vibrations is sensitive to
the oxidation and spin states of the metal.41−43 The observed
triplets of peaks are consistent with the formation of three
products possessing centrally ligated Fe atoms in three distinct
states: a five-coordinate high-spin state, a six-coordinate high-
spin state, and a six-coordinate low-spin state. In addition, two
new power dependent peaks in the rR spectra indicate a resonant
enhancement of toluene Raman modes. This signifies coordina-
tion of toluene in the six-coordinate high- and low-spin products,
as observed in the crystalline phase.44,45 The low-spin state likely
forms due to an increased ligand field splitting of the t2g and eg
d-electronic states of the Fe atom following toluene ligation.
With both the temperature dependent ultrafast TA and power

dependent rR measurements, a more complete picture of this
photochemical process emerges (Figure 3). First, absorption of a
413 nm photon leads to the formation of an excited FeTPPCl
with a lifetime on the order of a nanosecond where the Fe atom is
in a d−d* 4Tn state. Second, the porphyrin ring of the excited
FeTPPCl absorbs an additional 413 nm photon, producing a
π−π* S2′ state with multiple relaxation pathways that compete
effectively with internal conversion to the S1′ state. Given that the
S2′ state is accessible via Soret excitation but not Q resonance
excitation, this must be the state controlling the observed photo-
chemistry. Along at least two of these relaxation paths, an atomic
Fe state is produced such that toluene becomes bound to the
complex and causes a change in the spin state of the atom for a
substantial portion of the ensemble of excited complexes. The
localized d orbitals of Fe play a key role in these processes

3. COBALAMINS
Cobalamins provide an interesting contrast to FeTPPCl. Again
the internal conversion dynamics involve a cascade through
states involving both π orbitals of the tetrapyrrole and d orbitals
of the central metal atom. However, the corrin ring is not planar,
and as a consequence the states of the system involve more
extensive mixing of contributions from the π orbitals of the corrin
and the d orbitals of the cobalt. This influences electronic con-
figurations, the potential energy surfaces, and the excited state
dynamics.
Themost common oxidation state for stable cobalamin species

is the Co3+ or cob(III)alamin state. In this oxidation state, there
are generally two axial ligands to the cobalt atom (Figure 5). The
upper axial ligand can be an alkyl group as in the two biologically
active coenzymes methylcobalamin (MeCbl) and 5′-deoxyadenosyl
(coenzyme B12, AdoCbl) or a non-alkyl ligand such as −CN in
cyanocobalamin (vitamin B12, CNCbl) or −OH in hydroxocoba-
lamin (OHCbl). In solution, the dimethylbenzamidizole base
provides the lower axial ligand. When the cobalamin is bound to a
protein, the lower axial ligand can be modified by the environment
with a histidine residue or a water molecule ligating the cobalt.46−48

The axial ligands of the cobalt atom modify the electronic
structure and consequently the photochemistry and photo-
physics of the cobalamin molecule. The UV−visible absorption
spectrum reflects these changes in electronic structure (Figure 6).
The position and structure of the αβ band is characteristic of the
axial ligands. Most notably, this band blue shifts when the upper
ligand is removed forming cob(II)alamin or when the lower
ligand is replaced by water.
The excited state dynamics in a number of alkyl and non-alkyl

cobalamins have been examined using ultrafast transient
absorption spectroscopy.11−14,20,21,49 The electronic spectra of

the low-lying electronic states exhibit spectral shifts similar to
those observed for ground state cobalamins. In particular, a blue
shift of the αβ band reflects changes in the axial bonds in the
electronic excited states. In what follows, we will compare state-
of-the-art TD-DFT quantum chemical calculations,16,22−26,50−53

with experimental measurements for several cob(III)alamins.
3.1. Non-alkyl Cobalamins

Non-alkyl cobalamins are generally photostable. Electronic
excitation leads to a sequence of internal conversion processes
repopulating the ground electronic state on a picosecond time
scale. Ultrafast transient absorption spectra of CNCbl, H2OCbl,
OHCbl, and N3Cbl are characterized by nonradiative relaxation
within 2−7 ps in room temperature aqueous solution with little
or no permanent photoproduct formation.20,21,49 The electronic
states of CNCbl and OHCbl have been calculated using
TD-DFTmethods allowing comparison between the experimental
results and theoretical predictions.22,24

3.1.1. Cyanocobalamin. Excitation of CNCbl at 266, 400,
or 520 nm populates excited states possessing π→ π* character.

Figure 5. Cobalamin. In typical non-alkyl cobalamins X is −OH, −CN,
−OH2,−N3, or another similar species. Biologically active alkylcobalamins
have a carbon−cobalt bond with a methyl group or a 5′-deoxyadenosyl
group.

Figure 6. (left) Representative absorption spectra of cob(III)alamins
with upper and lower axial ligands. Dashed lines represent n- PrCbl
(red) and AdoCbl (lt. blue). Solid lines represent OHCbl (green) and
CNCbl (blue). (right) Base-off AdoCbl (red) and cob(II)alamin (light
blue dashed).
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Typical data obtained with 266 nm excitation are shown in
Figure 7. Following excitation at 520 nm, internal conversion
from the initially excited state to a lower-lying state occurs on an
80 fs time scale. This is followed by internal conversion to a
relaxed S1 state on a 190 fs time scale.21 Similar results are
obtained with 400 nm excitation, while formation of the S1 state
is slightly slower following 266 nm excitation. The S1 population
subsequently returns to the ground state on a 6.7 ± 0.2 ps time
scale in water at room temperature.21 Slightly longer lifetimes are
reported following excitation of CNCbl at 375 nm in D2O.

49

Significantly longer lifetimes, up to 16 ps, are reported for the S1
state in less polar solvents.20,21 The spectral changes observed in
the transient IR and UV−visible absorption spectra are
consistent with elongation of the axial bonds in the S1 state.

20,21

These experimental results agree well with TD-DFT cal-
culations of a CNCbl model compound reported by Kozlowski
and co-workers.22 Their calculations predict that internal
conversion from the initially excited π → π* manifold involves
formation of an intermediate π → d LMCT state followed by
geometry relaxation and internal conversion to the S1 π →
σ*(dz

2) LMCT state. The minimum energy geometry of the S1
state is characterized by lengthened axial ligand bonds, with an
increase in the Co−C bond from 1.857 to 2.216 Å and an
increase in the Co−NIm bond from 2.054 to2.275 Å. The
calculated barrier for internal conversion from the S1 minimum
energy configuration is 5.0 kcal/mol in reasonable agreement
with the experimental measurement of 2.1 kcal/mol in water at
room temperature.20

3.1.2. Hydroxocobalamin. Interest in the photochemistry
of OHCbl has been stimulated by recent work of Shell and
Lawrence where photolysis of OHCbl was used to hydroxylate
DNA in situ.17 Their results demonstrate that supercoiled
plasmid DNA will relax when it is irradiated with OHCbl in
the presence of oxygen. The proposed mechanism involves
homolytic cleavage of the Co−O bond to form hydroxyl.
Transient absorption measurements have the potential to shed
light on this mechanism.
The electronic excited state decay observed following

excitation of OHCbl is similar to CNCbl. Excitation of OHCbl
in D2O with 375 pulses results in immediate population of a high
lying excited state, which decays on a sub-picosecond timescale
(ca. 400 fs) to the S1 state, followed by a ca. 2.9 ps decay to the
ground state.49 Within the sensitivity of the measurement, there
is no detectable long-lived photoproduct. Somewhat slower
dynamics are observed in water and ethanol following excitation
at 400 nm (Figure 8). No significant long-lived absorption

change is observed in any of the measurements, setting an upper
limit of ca. 1% or less on bond homolysis.
Recent TD-DFT calculations indicate that the excited state

potential energy surfaces for OHCbl are distinctly different than
those for CNCbl.24 Several states characterized qualitatively
as nO + dxy→ π* or nO + dxy→ σ*+ d + π* fall below the π→ π*
states carrying most of the oscillator strength. Bond homolysis
may occur via a nO + dxy→ σ*+ (dxy or dz2/dxz) + π* channel
formed by the S2 and S3 states. The S1 state is a bound nO + dxy→
π* MLCT state. Excitation to the optically allowed states is
followed by internal conversion to nearly degenerate S2 and S3
states followed by branching between the dissociative channel
and internal conversion to the S1 state within a few hundred
femtoseconds. Most of the excited state population relaxes to S1
followed by internal conversion to the ground state on the time
scale of a few picoseconds.
3.2. Alkyl Cobalamins

3.2.1. Methyl-, Ethyl-, and Propylcobalamin. The alkyl
cobalamins generally exhibit rapid internal conversion to the
lowest electronic state followed by cleavage of the C−Co bond
with near unit quantum yield on a time scale ranging from ca. 10
to 100 ps.11−13 Geminate recombination limits the ultimate
photolysis yield.10−12,54,55 MeCbl is an exception with a
wavelength dependent quantum yield for bond cleavage.14

Excitation at 400 nm results in branching between prompt bond
cleavage and internal conversion to a low-lying electronic
state with a nanosecond lifetime. Excitation at 520 nm eliminates
access to the prompt dissociation channel.14

The αβ band of the S1 state ofMeCbl, ethylcobalamin (EtCbl),
and propylcobalamin (PrCbl) does not exhibit the blue shift
observed for CNCbl.12,14,20 In these compounds, the S1 state is

Figure 7. (a) Transient absorption data obtained following 266 nm
excitation of CNCbl in water at room temperature, ca. 20 °C. (b) The
traces fit well to a 300 fs rise in the S1 state population, followed by a
6.9 ps decay to baseline. An additional fast component, ≤100 fs, is
required on the blue side of the spectrum. (c) Estimated S1 spectrum
compared with S0.

Figure 8. Transient absorption signal at 540 nm following excitation of
OHCbl at 400 nm. The traces were fit to a biexponential decay with time
constants as indicated with negligible residuals.
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best characterized as a d/π→ π*MLCT state.21 This assignment
is consistent with the solvent dependence of excited state lifetime
for MeCbl20 and with high-level theoretical calculations of the
electronic states of MeCbl25,50 and EtCbl.50 A more detailed
calculation of the S1 potential energy surface (PES) of MeCbl
highlights the potential role of multiple dissociation pathways on
the S1 state.56 The calculation identifies two regions relevant
to the observed photochemistry. The first is characterized as a
(dxz/dz2 + π) → π* transition with MLCT character. The long-
lived population in the transient absorption corresponds to
the minimum in this region of the PES. The second region is
characterized by (dyz + π)→ σ*(dz2) ligand field (LF) character
involving a d→ d transition of the cobalt. This ligand field state
involves substantial elongation and even temporary dissociation
of the Co−NIm bond. It is suggested that the LF state plays a
significant role in the wavelength dependence of the photolysis of
these simple alkylcobalamins.12,56

3.2.2. Adenosylcobalamin. At first glance, the photo-
chemistry of AdoCbl is similar to that of the simpler
alkylcobalamins. Excitation at 400 or 520 nm results in rapid
internal conversion to the lowest electronic state and cleavage of
the C−Co bond with near unit quantum yield on a ca. 100 ps
time scale.12,13 A closer look, however, brings to light a significant
difference. In contrast to the compounds discussed to this point,
the nature of the S1 state observed in the experiments is depen-
dent on the environment of AdoCbl.20,54,55 The absorption
spectrum of the S1 state in ethylene glycol resembles that of the
non-alkylcobalamins, suggesting that this state exhibits length-
ened Co−C and Co−NIm bonds. In water, formation of the
equivalent state is followed by internal conversion to a still lower
state with an absorption spectrum shifted further to the blue.
This blue shift in the absorption spectrum is consistent with an
additional lengthening or even temporary dissociation of the
Co−NIm bond.13,20 In the protein environment provided by
glutamate mutase, the absorption spectrum of the S1 state is
similar to that observed for MeCbl, EtCbl, and PrCbl.54,55

Quantum chemical calculations performed on an AdoCbl
model compound shed little light on these observations.51 The S1
state calculated using a polarizable continuum model to account
for the influence of water is predicted to be a d/π→ π* MLCT
state similar to that calculated for MeCbl and EtCbl. It appears
that these calculations provide a reasonable model of AdoCbl in
glutamate mutase but not in water or ethylene glycol. The nature
of the S1 state in these environments remains uncertain, although
the calculated PES of MeCbl may shed some light. The transient
absorption data suggest that the LF state is stabilized for AdoCbl
in water leading to the blue-shifted S1 state spectrum.56 Calcula-
tions of AdoCbl currently underway are needed for a more
complete understanding.

4. OUTLOOK
The photophysics and photochemistry of ferric porphyrins and
cob(III)alamins exhibit both general trends and subtle differ-
ences that will prove important for potential applications of these
compounds. The strong dipole-allowed optical transitions of the
conjugated rings provide a path to efficient electronic excitation.
Conversion between electronic states, either of distinct ring
ππ* character or of mixed metal-ring character, dominates the
subsequent relaxation of the electronic excitation. A variety
of pathways are available resulting in charge transfer, bond
cleavage, or ground state recovery. Ultrafast transient absorption
spectroscopy with tunable excitation and broadband white light
probes spanning large regions from ultraviolet to near-IR

wavelengths provides a powerful tool for investigating the
dynamics of these systems. The electronic absorption spectra are
sensitive to oxidation state, ligation, and spin state of the central
metal atoms. When combined with state-of-the-art theoretical
simulations and other spectroscopic methods as appropriate, a
complete picture of the energy cascade through electronic states
emerges. The information from these studies will help to guide
development of both porphyrin and cobalamin systems
appropriate for applications ranging from energy conversion to
drug delivery.
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