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ABSTRACT

The electronic structure and photophysics of two low spin metallocenes,
decamethylmanganocene (MnCp*2) and decamethylrhenocene (ReCp*2), were investigated to
probe their promise as photoredox reagents. Computational studies support the assignment of 2E
ground state configurations and low energy ligand-to-metal charge transfer transitions for both

complexes. Weak emission is observed at room temperature for ReCp*2 with T = 1.8 ns in pentane,



whereas MnCp*2 is not emissive. Calculation of the excited state reduction potentials for both
metallocenes reveal their potential potency as excited state reductants (E°'([MnCp*2]"%") = —2.90
V and E*([ReCp*2]™") = —2.61 V vs. Fc®). Comparatively, both complexes exhibit mild
potentials for photo-oxidative processes (E*'([MnCp*2]°") = 0.30 V and E*'([ReCp*2]°"") =-0.20
V vs. F¢™). These results showcase the rich electronic structure of low spin d> metallocenes and

their promise as excited state reductants.

Introduction

Metallocenes have a rich history as single electron transfer reagents and redox mediators.!™
Their utility stems from the accessibility of several metal-centered oxidation states and the stability
of their anionic, neutral, and/or cationic forms.>*!%!7 Furthermore, their absorption profiles are
largely dependent on their oxidation state and exhibit a variety of low energy optical transitions
comprised of d—d, metal-to-ligand charge transfer (MLCT) and/or ligand-to-metal charge transfer
(LMCT) excited states.'®2° In many cases, these distinctive absorption profiles are exploited to
monitor single electron transfer reactions, as oxidized and reduced metallocenes result in discrete

color changes.>!%21-23

Despite the strong absorbance features of metallocenes, the majority of metallocene reactivity
studies have been relegated to ground state processes. However, some reports describe photo-
initiated reactivity of metallocenes. For instance, ferrocene, titanocene, and zirconocene
derivatives are known to initiate photoisomerization and photopolymerization reactions, and
cobaltocene was recently shown to undergo photoinduced radical chemistry to facilitate catalytic
reactions, such as cyclotrimerizations.'*?**” However, these reactions are typically driven by high

energy light to promote ligand dissociation and generate reactive radical species capable of ground



state reactivity and/or catalysis. Owing to the rich excited state electronic structure of
metallocenes, a wide array of excited state reactivity may be accessible from these complexes,
enabling new photocatalytic scaffolds to drive challenging uphill reactions. In order to realize new
photoreactivity from metallocenes, it is crucial to understand their electronic structure. In this
study, we explore the electronic structure of two d° metallocenes, decamethylmanganocene
(MnCp*2) and decamethylrhenocene (ReCp*2), using a combination of spectroscopy,
electrochemistry, and time-dependent density functional theory (TD-DFT). These metallocenes
were selected because they exhibit several promising characteristics that may enable
photochemical reactions. First, despite their 17 e configurations, both metallocenes are known to
exhibit chemical stability and exist in monomeric forms, unlike less bulky d° metallocenes like
ReCp2, where Cp = cyclopentadienyl.!”?® Second, ReCp*2 has a low energy LMCT excited state,
and we hypothesized MnCp*2 would exhibit a similar electronic transition due to its isoelectronic
structure.”’ Consequently, the population of a metal-based bonding orbital via LMCT may
facilitate a variety of photochemical reactions while maintaining the metallocene’s chemical
stability. Lastly, several oxidation states of these d°> metallocenes are known, showcasing their
potential to stabilize new photoproducts, especially those generated from excited state electron

transfer reactions.'®!”

Through experiment and computation, we herein provide a detailed analysis of the electronic
structure and accessible excited states. There are three possible electronic configurations of d°
metallocenes with Ds symmetry: *A1, °Ez and °Ai1 (see Figure 1).'%2%2° Many d° metallocenes have
high spin ®A1 configurations, including manganocene and several of its derivatives, whereas others
exhibit low spin 2A1 or 2Ez configurations, with the 2A; state favored for larger ligand field

splitting.!%-1820-3031 Notably, members of the manganocene family exhibit a ground state electronic



configuration that is highly sensitive to the substitution of the cyclopentadienyl ring and most are
susceptible to spin crossover with external stimuli, indicating a delicate balance of steric and
electronic effects that influence the ligand field splitting.**3® 2E» ground states have previously
been assigned for the targeted metallocenes of this study, MnCp*2 and ReCp*2, as supported by
magnetic susceptibility, magnetic circular dichroism (MCD), photoelectron spectroscopy, and
electron paramagnetic resonance (EPR) measurements.!®!!? Our studies aimed to corroborate
these claims and further visualize the donor and acceptor orbitals and their relative ordering, key
considerations for future photochemical applications. In addition, we quantify both ground state
and excited state thermochemical parameters relevant for driving photochemical reactions.

Collectively, these data provide critical information to guide the exploration of d°> metallocene

photochemistry.
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Figure 1. Possible electronic configurations of d° metallocenes, including MnCp*2 and ReCp*2.

Experimental

General considerations



All experiments were conducted under N2 using standard high-vacuum Schlenk line and/or
glovebox techniques unless otherwise noted. Acetonitrile (Thermo Fisher Scientific, HPLC grade,
>99.9%), dichloromethane (Sigma-Aldrich > 99.8%), tetrahydrofuran (Thermo Fisher Scientific,
HPLC grade > 99.9%), diethyl ether (Thermo Fisher Scientific, HPLC grade > 99.9%), toluene
(VWR, ACS reagent), and pentane (Thermo Fisher Scientific, HPLC grade > 99%) were purified
and degassed with argon using a Pure Process Technology solvent system. Benzene (VWR,
anhydrous, 99.8%) and N,N-dimethylformamide (Sigma-Aldrich, anhydrous, 99.8%) were
purchased and used as is without further purification. Deuterated toluene-ds (99.5%) was
purchased from Cambridge Isotope Laboratories and dried with molecular sieves overnight.
Tetrabutylammonium hexafluorophosphate ([BusN][PFs], Oakwood Chemical, 98%) was
recrystallized twice from hot ethanol, dried under vacuum, and stored under a N2-atmosphere.
Decamethylmanganocene (Sigma Aldrich or Alfa Aesar) was dissolved in pentane, filtered, and
the supernatant dried under vacuum prior to use. Decamethylrhenocene hydride was synthesized
via metal vapor synthesis, whereupon vaporized rhenium was co-condensed with 1,2,3,4,5-
pentamethylcyclopentadiene and purified by sublimation, following reported methods.'?
Decamethylrhenocene was synthesized by photolyzing decamethylrhenocene hydride (400 pg, 1
umol, yellow) in pentane (5 mL) using a UV lamp under N2 for ~60 hr, as described in literature.!?
Photolyses were conducted in a 1 cm path length custom quartz cuvette fitted with a Kontes valve
to maintain a constant N2 atmosphere. Reaction progress was monitored via UV-vis absorption
spectroscopy (Amax = 572 nm for ReCp*2) and full conversion was assumed when no additional
spectral changes were observed over several hours. 'H NMR spectra were obtained using a Bruker
NEO 400 MHz spectrometer with a Prodigy probe. '"H NMR chemical shifts were referenced to

residual proteo-solvent peaks.



Spectroscopic measurements

All spectroscopic samples were prepared in an Na-filled glovebox and transferred to a 1 cm path
length custom quartz cuvette fitted with Kontes valve to maintain an inert atmosphere, unless
otherwise specified. UV-vis absorption measurements were obtained at room temperature using
an Agilent Cary 60 UV-vis absorption spectrophotometer. To determine the extinction coefficient
of ReCp*2, absorption spectra were recorded in a screwtop 1 cm path length quartz cuvette within
a No-filled glovebox using fiber optic cables coupled to the Agilent Cary 60 UV-vis absorption
spectrophotometer. All other absorption measurements were conducted using a quartz cuvette
fitted with a Kontes valve. Steady-state photoluminescence spectra were obtained using a
homebuilt fluorometer consisting of an Ocean Optics LLS LED excitation source (455 nm) fiber-
coupled to an Ocean Optics CUV-UV-FL sample compartment and fiber-coupled to an Ocean
Optics USB 2000 Spectrometer. Emission intensities at each wavelength were corrected for
nonlinear spectrometer response. Time-correlated single photon counting (TCSPC) measurements
were conducted using an Edinburgh FLS920 equipped with a 444.2 nm diode laser operated at 10
MHz repetition rate (Edinburgh Instruments EPL-445, 73 ps FWHM pulse width). UV photolyses
were conducted using a ThorLabs M340L4 mounted LED at maximum power (340 nm, 53 mW
min, 700 mA) controlled by a ThorLabs LED driver (T-Cube LEDDIB, 1200 mA max drive
current) or Ocean Optics LLS LED excitation source (365 nm) fiber-coupled to an Ocean Optics

CUV-UV-FL sample compartment.

Electrochemical measurements

Electrochemical measurements were performed at room temperature in a nitrogen-filled

glovebox with a WaveDriver potentiostat (Pine Research) in tetrahydrofuran. Cyclic



voltammograms were obtained using either a 1 mm glassy carbon working electrode and 3 mm
glassy carbon counter electrode or using a honeycomb Pt electrode with screenprinted counter
electrode (Pine Research). All measurements employed a pseudo reference electrode. For
measurements conducted with the 1 mm glassy carbon working electrode setup, a silver wire was
submerged into an electrolyte-filled glass tube (0.25 M or 0.5 M [BuaN][PFs] depending on the
experiment) fitted with a porous glass (Vycor) tip. For measurements conducted with the
honeycomb working electrode, the silver wire reference electrode was not separated from bulk
solution. Experiments using the glassy carbon working electrode utilized a 20 mL scintillation vial
as an electrochemical cell and fitted with a custom-made Teflon cap to hold the three electrodes
or a cuvette; measurements with the honeycomb working electrode utilized a custom 2 mm path
length cuvette fitted with a custom electrode card & cap assembly to hold each electrode. In the
glovebox, electrode leads were connected to the WaveDriver with a custom shielded electrode
cable feedthrough. All scans were referenced to the ferrocenium/ferrocene couple at 0 V using
ferrocene as the internal standard (0 V vs. Fc"?). Ohmic drop was minimized by using a high
electrolyte concentration (0.25 M or 0.5 M [BuaN][PFs]), as well as by minimizing the distance
between the working and reference electrodes. Residual ohmic drop was compensated using the
positive feedback uncompensated resistance method (Pine Research). Glassy carbon electrodes
(CH Instruments) were polished with 0.05 pm alumina powder (CH Instruments, contained no
agglomerating agents) in Milli-Q water slurries, rinsed with Milli-Q water and briefly
ultrasonicated in Milli-Q water to remove residual polishing powder. The glassy carbon working
electrode was pretreated with cyclical scans from approximately 1 V to —2.5 V (referenced to the
silver wire pseudo-reference) at 250 mV/s in 0.25 M [BusN][PFs] until cycles were

superimposable (~3 cycles). The Pt honeycomb electrode was cleaned with 0.5 M H2SOs4 and



electrochemically cycled from —0.3 V to 1.7 V at 500 mV/s (= 20 cycles) and rinsed with DI water

following each use.

Computational Details

All calculations were carried out using the B3LYP*”-* functional and Grimme’s D3 dispersion
correction.>® The 6-311G* basis set was used for all ligand atoms (H, C)***' and the SDD basis
sets with their accompanying pseudopotentials and an additional f polarization function were used
for Mn and Re.*>** Geometry optimizations were performed on all structures in tetrahydrofuran
(THF) and toluene followed by frequency calculations to ensure that all optimized structures were
true minima with no imaginary frequencies. Starting geometries (and coordinates) for optimization
were taken from the experimental crystal structures.’®*> TD-DFT was employed to simulate
absorption spectra utilizing the same model chemistry as structure optimizations. The implicit
polarizable continuum solvation model (PCM)* for THF and toluene was used both for structure
optimizations and excited state calculations to compare with experimental spectra. Eighty lowest-
energy excited states were calculated for the doublet states of Mn(II) and Re(II) via TD-DFT. The
calculated UV-Vis absorption spectra were obtained by broadening the stick spectra using
Lorentzian functions with a half-width at half-maximum of 0.33 eV. All calculations were carried
out using the Gaussian 16 software package.*’” Mulliken population analysis was performed to

determine the percent compositions of molecular orbitals (MO) between the fragments using the

AOMix software.*84

In addition to the calculations presented here, we have performed several benchmarking studies
utilizing the OPBE functional to determine the functional dependence of geometrical parameters

and excited state properties for each metallocene. Although there are some differences in the



results obtained with the two different functionals, they do provide the same qualitative picture for
the electronic structure and excited-state properties of the two metallocenes. The results of these

calculations are discussed in the Supporting Information.**

Results & Discussion

Ground State Electronic Structure

Unrestricted DFT calculations were carried out to elucidate the ground state electronic structure
of MnCp*2 and ReCp*2 in toluene. Optimized structures show that the Cp* ligands of MnCp*2 are
offset by a torsion angle of 17.90° and are consistent with other computational reports of
manganocene derivatives,’> whereas the Cp* ligands of ReCp*: are eclipsed (torsion angle is
4.39°). Single crystal X-ray diffraction studies further support these calculations, as MnCp*2
adopts a staggered conformation with Mn—C distances ranging from 2.105 A — 2.118 A,* while
ReCp*2 has an eclipsed conformation and its Re—C bond lengths are significantly longer (2.223 A
—2.238 A) in the solid state.?° The staggered conformation observed for MnCp*: is likely driven
by steric interactions between the methyl substituents in the abutting Cp* ligands. Qualitative d-
orbital splitting diagrams for ReCp*2 and MnCp*: are plotted in Figure 2 based on these
calculations. In comparison to the frontier molecular orbital diagrams presented in Figure 1, these
calculations show a break in degeneracy of the e2 (dxy and dx*y?) and e1 (dxz and dyz) orbitals. This
break in degeneracy can be attributed to the unrestricted nature of this calculation, where alpha
and beta electron spins are independently calculated, whereas degeneracy of spins is assumed in
the construction of the frontier MO diagrams in Figure 1. Please note that our electronic structure

calculations do not account for spin-orbit coupling effects, which impacts the calculated energetics



of the different spin-states. Our calculated MO diagrams in Figure 2 indicate *E> ground states for

both metallocenes, in agreement with previous experimental studies discussed above.!%!1-20

When comparing the calculated molecular orbital diagrams for ReCp*2 and MnCp*2, we note
differences between the relative energetics of the d.> and dxy orbitals. For ReCp*2, the d.* orbital
is higher in energy than the dxy orbital, while the converse is true for MnCp*z. Further, the
unoccupied di>-* orbital is lower in energy for ReCp*2 than MnCp*2. The orbital energetics are
underpinned by differences in orbital overlap arising from the disparate size of Re 5d vs. Mn 3d

orbitals and the eclipsed vs. staggered conformations of the two metallocenes.*
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Figure 2. Qualitative MO diagram for MnCp*2 and ReCp*2 complexes. « label depicts the highest
occupied ligand-based & orbitals. Color codes: blue represents metal d-orbitals and green ligand

m-orbitals.

Absorption Spectra
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Previous studies have reported the brilliant orange and dark purple colors of MnCp*:; and
ReCp*2, respectively.!®!22% The absorption spectra (Figure 3) of these complexes in pentane
reveal three prominent features: a broad, low energy feature, a low intensity feature at slightly
higher energy, and an intense feature within the ultraviolet region. For MnCp*2, these features are
centered at 468 nm (g468 = 1047 £ 16 Mlcm™), 380 nm (g330 = 364 £ 6 M'ecm™), and 342 nm (&34
= 2855 + 44 Mlem™), respectively. Comparatively, the two analogous low energy features of
ReCp*2 are bathochromically shifted (Amax = 572 nm, €572 = 1055 + 16 M'cm™ and Amax = ~475
nm, €475 = 202 = 3 M'cm™) and the highest energy absorption feature is hypsochromically shifted

O\.max =~300 nm).
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Figure 3. UV-vis absorption spectra of MnCp*2 (orange) and ReCp*2 (purple) in pentane.

Perutz and coworkers assigned the broad low energy feature of ReCp*2 (Amax, exp= 572 nm) as a
LMCT transition.?’ This assignment stems from the literature precedence of LMCT excited states
for 17 ¢ metallocenes and the temperature dependent vibrational fine structure observed for
ReCp*2, which sharpens upon cooling.?’ As noted above, the absorption spectrum of MnCp*2 is
similar to that of ReCp*2. Both have low energy, asymmetric features with similar profiles, but to

our knowledge the optical transitions of MnCp*2 have not been previously assigned. To further
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interrogate the optical profiles of the two metallocenes, we employed TD-DFT to characterize their
optical transitions by visual inspection of hole-particle pairs with large extinction coefficients

adding up to at least 80% of the excited state contributions, Figure 4.

Computational studies first aimed to investigate ReCp*2 and further support the assignment
of the low energy absorption feature to a LMCT transition. In agreement with experiment, a low
energy peak at 508 nm is predicted, corresponding to donation from Cp* ligand m-orbitals (MO
79b and 80b) to a Re d-orbital (MO 83b), Figure SB. In addition to this low energy LMCT excited
state, a variety of other higher-energy excited states are also predicted within the UV region,
consistent with the observed spectral profile of ReCp*2. The vibrational fine structure known for
this complex is not conveyed within its calculated absorption spectra, as only electronic excitations
were calculated. Interestingly, both low energy transitions exhibit 99% LMCT character,
uncharacteristic of previously reported rhenium(Il) complexes where metal-ligand mixing is more
prevalent.’!? Solvatochromism was similarly not observed for this complex across four solvents
(dielectric constants ranging from 1.8 — 8.9),°*° further supporting the presence of highly

symmetric LMCT excited states (Figures S5-S6).>
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Figure 4. Calculated UV-vis absorption spectra of A) MnCp*2 and B) ReCp*2 in THF at
B3LYP+D3/6-311G*,SDD+f(Mn,Re) level of theory.
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Figure 5. Donor and acceptor orbitals of the lowest energy excited states for A) MnCp*2 and B)
ReCp*:. Excited states are numbered based on their relative energies. Calculated energies and
oscillator strengths (f) for each electronic transition are also provided. The percent contribution of
the displayed hole-particle pair was determined from the excitation coefficients obtained from the

TD-DFT calculations.

The optical transitions that dominate the UV-vis absorption spectrum of MnCp*> are similar to
those quantified for ReCp*: (Figure SA) The lowest energy absorption feature at 468 nm is
attributed to two excited states (13 & 14), consisting of electron transfer from Cp*(m)-based
molecular orbitals (MO 79b and 80b) to a Mn d-orbital (MO 83b). These transitions exhibit 98%
LMCT character, showcasing minimal metal-orbital mixing (consistent with the results of
ReCp*2). Solvatochromism studies across eight solvents (dielectric constants ranging from 1.8 —
38.5)%7% also did not reveal any solvent-dependent spectral shifts, further supporting the presence
of low energy LMCT excited states with high symmetry (Figures S11-12). Higher energy

transitions in the UV region are also predicted for MnCp*z, further rationalizing its absorption
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profile. Calculations obtained with the B3LYP functional predict the LMCT transitions are

centered at Amax = 344 nm, hypsochromically shifted (~120 nm) from the experimental spectrum.

Photoluminescence Measurements

Upon irradiation of ReCp*:2 in toluene at 568 nm, broad emission is observed at room
temperature (Amaxem = 641 nm), consistent with previous low temperature photoluminescence
measurements (Figure 6).256! Monitoring the emission of this compound at 641 nm reveals a
room temperature lifetime of 1.8 ns in pentane, compared to 3.69 ns in a N2 matrix at 12 K.®® This
lifetime, together with the almost perfect overlap of the (0,0) component in absorption and
emission in a low temperature matrix, is consistent with fluorescence from a 2LMCT excited
state.’” By contrast, no emission is detected for MnCp*2. This observation is rationalized by the
relative ordering of the LMCT excited states with respect to other optical transitions. For ReCp*z,
two excited states (d—d transitions) are predicted to lie at lower energies than the LMCT, whereas
MnCp*: is predicted to exhibit twelve lower-lying excited states, ten of which exhibit d—d
character. These lower energy excited states are likely responsible for enabling non-radiative decay

pathways under the room temperature conditions studied.®?
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Figure 6. A) Normalized UV-vis absorption spectrum overlaid with the steady state
photoluminescence spectrum (Aex = 568 nm) of ReCp*: in toluene. B) Time-correlated single

photon counting kinetic trace of ReCp*2 monitored at 641 nm (Aex = 568 nm), revealing T = 1.8 ns.

Excited State Reduction Potentials

Driven by the strong absorption of these compounds in the visible region, we aimed to
explore the utility of these metal complexes as photosensitizers by determining their excited state
reduction potentials. The cyclic voltammogram of MnCp*2 in THF contains two one-electron
redox couples (Figure 7), assigned as the [MnCp*2]"° couple (E" = —0.43 V vs. Fc"?) and the
[MnCp*2]”~ couple (E"=-2.17 V vs. Fc?). This observation is aligned with previous reports that
MnCp*: is stable in three oxidation states ((MnCp*2]~, MnCp*2, and [MnCp*2]") in CH3CN.!° The
cyclic voltammogram of ReCp*2 in THF similarly exhibits two reversible redox features, which
we assign as the [ReCp*2]™° couple (E”=-0.54 V vs. Fc™) and the [ReCp*2]”~ couple (E"= —

2.27 V vs. Fc?) (Figure 8).
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Figure 7. Cyclic voltammogram of 3 mM MnCp*: in THF (orange). The voltammogram was

recorded at 50 mV/s in 0.25 M [NBu4]PFs THF solution under a N2 atmosphere with a 1 mm
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diameter glassy carbon working electrode, a 3 mm diameter glassy carbon counter electrode (in
the same compartment as the working electrode), and a silver wire pseudo-reference electrode.
Voltammogram is referenced to ferrocene using a ferrocene internal reference. Applied voltage is
corrected for ohmic drop using a positive feedback uncompensated resistance (Pine Research).
Voltammograms are plotted in polarographic convention; arrow shows starting point and direction

of scan.
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Figure 8. Cyclic voltammogram of ReCp*2 in THF (purple). The voltammogram was recorded at
50 mV/s in 0.5 M [NBu4]PFs THF solution under a N2 atmosphere using a platinum honeycomb
working electrode and silver pseudoreference. Voltammogram is referenced to ferrocene using a
ferrocene internal reference. The large peak-to-peak separation in this voltammogram arises from
the use of the non-planar honeycomb electrode which imparts additional resistance. The inset

T redox

includes an additional cyclic voltammogram, highlighting the reversibility of the Re
couple. This voltammogram was recorded at 50 mV/s in 0.5 M [NBu4]PFs THF solution under a
N2 atmosphere with a 1 mm diameter glassy carbon electrode, a 3 mm diameter glassy carbon

electrode (unseparated from the working electrode), and a silver wire pseudo-reference electrode.

Voltammogram is referenced to ferrocene using a ferrocene internal reference. Applied voltage is

16



corrected for ohmic drop using a positive feedback uncompensated resistance (Pine Research).
Voltammograms are plotted in polarographic convention; arrow shows starting point and direction

of scan.

Upon determination of ground state reduction potentials for both complexes, their excited
state reduction potentials were calculated using Eq 1 and 2 where M = Re or Mn.®® For ReCp*2,
the free energy stored in the excited state (AGes) was estimated from the crossing point of its
absorption and steady state emission profiles at room temperature (600 nm, 2.07 eV, Figure 6).
As mentioned above, MnCp*2 was found to exhibit no room temperature photoluminescence.
Therefore, its AGes value was estimated from a tangent line drawn on the low-energy side of the
LMCT absorption band (501 nm, 2.47 eV, see Figure S10).** Figure 9 summarizes the ground
state reduction potentials, free energy stored in the excited state, and excited state reduction

potentials for both decamethylmetallocenes in the form of a modified Latimer diagram.

E" ([MCp*2]""") = E" (IMCp*2]"") — AGks (1)

E" ([MCp*2]”") = E" (IMCp*2]°") + AGes ()
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Figure 9. Modified Latimer diagrams of A) MnCp*: and B) ReCp*2. All potentials are referenced

vs. F¢™,

The excited state reduction potentials of MnCp*2 are calculated to be 0.30 V and —2.90 V vs.
Fc™? for the [MnCp*2]°"~ and [MnCp*2]"** couples, respectively. The excited state reduction
potentials are similar for ReCp*> where the E'([ReCp*2]°"") is =0.20 V and E"([ReCp*2]""") is —
2.61 V vs. F¢™°. For comparison, [Ru(bpy)3]** (bpy = 2,2-bipyridine), exhibits potentials of 0.37
V and —1.21 V vs. Fc™ for the [Ru(bpy):]*™"* and [Ru(bpy)s:]*"*"" couples in CH3CN,
respectively.®>% ReCp*2 and MnCp*2 exhibit mild excited state reduction potentials for photo-
oxidative processes, but much stronger excited state reduction potentials for photo-reductive
P

processes than [Ru(bpy)s]“". These results showcase the strongly reducing power of the LMCT

excited states for both MnCp*2 and ReCp*2. Furthermore, ReCp*2 exhibits a sufficient lifetime

6668

for bimolecular reactivity and ongoing studies are investigating its excited state reactivity,

where its potency as a photoreductant can be further explored.
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Conclusion

Understanding the electronic structure of light-absorbing transition metal complexes is
essential to drive photochemical reactions. In this study, the electronic structure of two
d’ metallocenes, MnCp*> and ReCp*> were investigated and found to have *E2 ground states
consistent with prior experimental reports. Electrochemical studies revealed Mn and Re have
similar ground state reduction potentials for the [MCp*2]"° and [MCp*2]”~ couples. By coupling
these reduction potentials with additional photophysical data, the excited state reduction potentials
in THF were determined. The excited state redox potentials of MnCp*2 were 0.30 V and —2.90 V
vs. Fc™? for the [MnCp*2]®"~ and [MnCp*2]"%" couples, respectively. The excited state reduction
potentials for ReCp*2 were —0.20 V and —2.61 V vs. Fc¢° for the [ReCp*2]°”~ and [ReCp*2]""*
couples, respectively. These excited state reduction potentials suggest both metallocenes can serve
as strong photoreductants, but weak photo-oxidants. Collectively, these studies showcase the
excited state properties of MnCp*2 and ReCp*2 and their potential as potent excited state

reductants.
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SYNOPSIS FOR TABLE OF CONTENTS ONLY

The electronic structures of two d° metallocenes were investigated via computational and
spectroscopic measurements, revealing low-energy LMCT excited states. Coupling these
photophysical measurements with ground state thermochemical parameters reveals the promise of

+/0*

these complexes as potent photoreductants with excited state reduction potentials, [MCp*2]™",

greater than —2.6 V vs. Fc™°.
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Irradiation with light forms LMCT excited state

— -
M = Mn or Re potent photoreductant
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