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Complexes of the form (Tp*)MoOCl(p-OC6H4X) and (Tp*)MoO(p-OC6H4X)2 (Tp* ) hydrotris(3,5-dimethyl-1-pyrazolyl)-
borate and X ) OEt, OMe, Et, Me, H, F, Cl, Br, I, and CN) were examined by electrochemical techniques and
gas-phase photoelectron spectroscopy to probe the effect of the remote substituent (X) on electron-transfer reactions
at the oxomolybdenum core. Cyclic voltammetry revealed that all of these neutral Mo(V) compounds undergo a
quasireversible one-electron oxidation (MoVI/MoV) and a quasireversible one-electron reduction (MoV/MoIV) at potentials
that linearly depend on the electronic influence (Hammett σp parameter) of X. The first ionization energies for
(Tp*)MoO(p-OC6H4X)2 (X ) OEt, OMe, H, F, and CN) were determined by photoelectron spectroscopy. A nearly
linear correlation was found for the MoVI/MoV oxidation potentials in solution and the gas-phase ionization energies.
Calculated heterogeneous electron-transfer rate constants show a slight systematic dependence on the substituent.

Introduction

Molybdenum is associated with about fifty enzymes, which
are essential to the metabolism of carbon, nitrogen, and sulfur
by animals, plants, and microorganisms,1 and crystal struc-
tures have been obtained for several molybdenum-containing
enzymes.2-12 Catalysis by these enzymes involves a formal

two-electron oxidation or reduction of the substrate while
the molybdenum center undergoes an oxidation state change
between Mo(VI) and Mo(IV).13 Regeneration of the active
site is believed to proceed via two sequential one-electron
steps, generating a transient Mo(V) state. Understanding
electron transfer reactions at oxomolybdenum centers can
provide insight into the roles such centers play in catalytic
reactions of molybdenum-containing enzymes. Well-char-
acterized, closely related model complexes provide an
opportunity to investigate the fundamental spectroscopic,
electrochemical, and kinetic properties of the oxo-Mo core.

Oxo-Mo(V) centers can be stabilized by the tridentate
hydrotris(3,5-dimethyl-1-pyrazolyl)borate ligand (Tp*).14 We
have previously isolated and characterized a series of (Tp*)-
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MoVO(X)(Y) compounds in which the X and Y ligands were
systematically varied to probe the effect of ligand substitution
on the Mo center.15 Cyclic voltammetry demonstrated that
the complexes undergo reversible one-electron reductions,
and reduction potentials depended significantly upon the
nature of the ligands.

Olson and Schultz performed electrochemical studies of
(Tp*)MoO(XkY) complexes, where XkY is a bidentate
ligand.16 Oxygen donor atoms were systematically replaced
by sulfur donor atoms with the goal of correlating molecular
structures to the electron transfer rates of the Mo(V/IV)
reaction. Complexes with ligands attached via sulfur atoms
exhibited more positive reduction potentials and faster
electron transfer rates than those with oxygen atom ligation.
They concluded that sulfur ligation of the oxo-Mo(V) center
facilitates higher rates of electron transfer. However, since
the reduction potentials for complexes with sulfur donor
atoms are significantly larger than those for their oxygen
donor counterparts, it is unclear whether the rate of electron
transfer is primarily controlled by the nature of the donor
atom or by other factors reflected in the electrochemical
potentials of the system. Measuring heterogeneous electron-
transfer rates using electrochemical methods amplifies the
effects of reorganization energy because the driving force
for electron transfer is zero under electrochemical con-
ditions.17-20 Marcus theory predicts slower rates of electron
transfer when large reorganization energies result from
molecular rearrangements.21,22

In this study, a series of (Tp*)MoOCl(p-OC6H4X) and
(Tp*)MoO(p-OC6H4X)2 complexes was investigated using
electrochemistry and photoelectron spectroscopy (Figure 1).
Within each series, the compounds differ only by the identity
of the remotepara substituent (X). Ranging from the
electron-donating ethoxy groups to the electron-withdrawing
cyano groups, the substituents are separated from the Mo
core by an oxygen atom and a phenyl ring. All complexes
exhibit reversible electrochemistry for both oxidation and

reduction of the Mo(V) center. Because Mo enzymes
experience Mo(VI), Mo(V), and Mo(IV) states, it is important
to investigate both the Mo(VI/V) and Mo(V/IV) couples. The
volatility of the (Tp*)MoO(p-OC6H4X)2 compounds allows
a comparison of solution phase oxidation potentials and gas-
phase ionization energies measured by photoelectron spec-
troscopy. Photoelectron spectroscopic measurements are free
from solvent complications and very fast relative to the
experimental time scale of electrochemical techniques. This
work shows that the electrochemical potentials are strongly
dependent upon the nature of the remote substituent. The
electron-transfer kinetics show a small but systematic
dependence upon the potential. The correlation between the
results from electrochemistry and photoelectron spectroscopy
is presented.

Experimental Section

Materials. Reactions were conducted under an atmosphere of
pure nitrogen gas. Solvents were purified by distillation as
previously reported15 and thoroughly degassed before use. Subse-
quent product workup was performed in air. The progress of
reactions and the purity of isolated compounds were monitored by
thin-layer chromatography. Potassium hydrotris(3,5-dimethyl-1-
pyrazolyl)borate (KTp*) and dichloro[hydrotris(3,5-dimethyl-1-
pyrazolyl)borato]oxomolybdenum ((Tp*)MoOCl2) were prepared
according to published procedures.15,23 Acetonitrile used for
electrochemistry was purified by a triple distillation from CaH2,
Li 2CO3 and KMnO4, and P2O5. Tetrabutylammonium tetrafluoro-
borate (Bu4NBF4) and ferrocene were obtained from Aldrich
Chemical Co.

Preparation of (Tp*)MoOCl( p-OC6H4Me). A 0.31 g (2.2
mmol) portion of freshly prepared potassium salt of 4-methylphenol
was added to 1.0 g (2.1 mmol) of (Tp*)MoOCl2 in 200 mL of
benzene. The mixture was heated at 75°C for 4 h. A color change
from green to dark purple signaled completion, and the reaction
mixture was cooled to room temperature. Unreacted materials were
removed by filtration, and the filtrate was concentrated to∼2 mL
for absorption chromatography on silica gel. The purple product
was eluted with benzene and evaporated to dryness in vacuo. The
yield was 45% based on Mo. The syntheses and characterization
of all other compounds have been reported previously.24,25

Electrochemical Measurements.Electrochemistry was per-
formed on acetonitrile solutions (1-2 mM) over the potential range
+2.0 to -1.8 V (vs Ag/AgCl) at a platinum-disk electrode (1.6
mm diameter) or platinum-disk microelectrode (100µm diameter).
The platinum-disk electrodes were polished with alumina prior to
use. Solutions contained∼0.1 M Bu4NBF4 as the supporting
electrolyte, and a platinum-wire auxiliary electrode was used. Cyclic
voltammetry and chronocoulometry were conducted at room
temperature with a Bioanalytical Systems (BAS) CV-50W poten-
tiostat. Ferrocene was added to each solution upon completion of
the experiments, and potentials are reported with respect to the
ferrocene/ferrocenium (Fc/Fc+) redox couple.

Photoelectron Spectroscopy.Photoelectron spectra were re-
corded using a spectrometer with a 36 cm radius hemispherical
analyzer (8 cm gap) and customized sample cells, excitation sources,
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Figure 1. Structures of (Tp*)MoOCl(p-OC6H4X) and (Tp*)MoO(p-
OC6H4X)2.
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detection control, and data collection methods that have been
previously described.26 Ionization energy measurements were
calibrated by the2E1/2 ionization of methyl iodide (9.538 eV), and
the argon2P3/2 ionization (15.759 eV) was used as an internal energy
scale lock. The instrument resolution was 0.015-0.025 eV. All
samples sublimed cleanly with no evidence of decomposition.
Sublimation temperature ranges were as follows: 198-200°C for
(Tp*)MoO(p-OC6H4OEt)2, 198-201°C for (Tp*)MoO(p-OC6H4-
Et)2, 185-190 °C for (Tp*)MoO(p-OC6H5)2, 196-202 °C for
(Tp*)MoO(p-OC6H4F)2, and 242-246°C for (Tp*)MoO(p-OC6H4-
CN)2. The data were fit using asymmetric Gaussians,27 with
positions reproducible to(0.02 eV (∼3σ level).

Determination of Diffusion Coefficients and Heterogeneous
Electron-Transfer Rate Constants.Cyclic voltammetry was used
to determine electrochemical potentials for the oxidation and
reduction of each sample. Chronocoulometry was performed over
a range of pulse widths from 250 to 950 ms (in intervals of 100
ms) with the initial and final experimental potentials set on either
side of the redox potential of interest. The slopes of the resulting
Anson plots (charge versus square root of time) were averaged and
used to calculate diffusion coefficients upon application of the
Cottrell equation.28 The value for the electrode area employed in
these calculations (0.025 cm2) was determined using chronocoulo-
metric data for ferrocene and the known diffusion coefficient of
ferrocene in acetonitrile.29

For each redox reaction of interest, data from a series of cyclic
voltammograms were recorded at scan rates ranging from 50 to
2100 mV/s (in intervals of 100 mV/s, excluding the measurement
at 50 mV/s). As scan rates increase, the reaction is driven toward
irreversibility, making the distance between anodic and cathodic
peaks greater. Using the method developed by Nicholson, peak-
to-peak separations (∆Ep) were converted to a kinetic parameter
(Ψ), and heterogeneous electron-transfer rate constants were
calculated.30,31 Each experiment was repeated at least twice, and
replicate measurements were in agreement. Error values were
calculated by considering the error involved in very small mass
measurements of the samples and the peak potential values reported
by the BAS program.

Results and Discussion

Electrochemistry. Electrochemical reversibility and re-
duction potentials for Mo(VI/V) and Mo(V/IV) of the (Tp*)-
MoOCl(p-OC6H4X) and (Tp*)MoO(p-OC6H4X)2 complexes
were measured by cyclic voltammetry (CV). Cyclic volta-
mmograms for all complexes displayed two well-resolved
sets of peaks within the potential range(1.5 V (vs Ag/AgCl)
corresponding to one-electron redox processes (Table 1).
These reactions were determined to be quasireversible on
the basis of the following criteria for reversibility: anodic
and cathodic peak separation (∆Ep) ∼ 0.059 V; ratio of
anodic and cathodic peak heights (ipa/ipc) ∼ 1; and linear
dependence of current flow on the square root of the scan

rate (ip/ν1/2).28,32 Data for the complexes in this study
approached theoretical values at slow scan rates (100 mV/
s). The reversibility of these reactions indicates the absence
of significant geometrical rearrangement within the com-
plexes during redox activity. Structural changes resulting in
irreversibility were observed by Schultz upon reduction of
several seven-coordinate oxo-Mo(VI) systems.33 The redox
potentials (E1/2, reported vs Fc/Fc+) represent the average
of Epa andEpc.

Varying the remotepara substituent on the phenoxide
ligand has a profound effect on the observed redox potentials.
Potentials increase linearly as a function of the Hammett
parameter (σp), which serves as a measure of electronic
influence of the substituent (Figure 2 and Supporting
Information). Similar trends were observed by Jones and co-
workers.34 As a ligand becomes more electron-withdrawing,
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Table 1. Reduction Potentials (vs Fc/Fc+)a

compound X
Mo(VI/V)
E1/2, mV

Mo(V/IV)
E1/2, mV

(Tp*)MoOCl(p-OC6H4X) OEt 517.5 -1107.5
OMe 530.0 -1101.0
Et 702.0 -1092.0
Me 708.0 -1080.0
H 748.5 -1087.0
F 789.5 -1042.0
Cl 797.0 -1035.5
Br 833.5 -1012.5
I 837.5 -989.0
CN 986.5 -881.0

(Tp*)MoO(p-OC6H4X)2 OEt 206.0 -1445.0
OMe 214.0 -1434.0
Et 301.0 -1429.0
Me 302.0 -1417.0
H 378.0 -1354.0
F 396.0 -1328.0
Cl 464.0 -1262.0
Br 476.0 -1242.0
I 485.0 -1225.0
CN 664.5 -1032.5

a Experimental conditions for cyclic voltammetry: Pt-disk electrode, 100
mV/s, 1-2 mM solutions of sample in 0.1 M Bu4NBF4/MeCN.

Figure 2. Correlation of reduction potentials (vs Fc/Fc+) and the Hammett
parameter (σp) of X, increasing in the order of X) OEt, OMe, Et, Me, H,
F, Cl, Br, I, and CN. (Tp*)MoVI/VO(Cl)(OC6H4X) ([); (Tp*)MoVI/VO-
(OC6H4X)2 (9); (Tp*)MoV/IVO(Cl)(OC6H4X) (2); (Tp*)MoV/IVO(OC6H4X)2

(b).

Graff et al.

2644 Inorganic Chemistry, Vol. 41, No. 10, 2002



the decreased electron density at the Mo(V) center makes
the complex easier to reduce and more difficult to oxidize.
For the (Tp*)MoO(p-OC6H4X)2 complexes, the oxidation and
reduction potentials increase by 0.4-0.5 V as the remote
substituent is changed from OEt to CN. This sensitivity to
the remote substituent is modest, however, compared to the
changes observed for the Mo(V/IV) potential in (Tp*)MoOY2

complexes upon variation of the donor atom (Y), as reported
by Cleland et al.15

The (Tp*)MoOCl(p-OC6H4X) complexes exhibit more
positive electrochemical potentials than the corresponding
(Tp*)MoO(p-OC6H4X)2 complexes (Table 1 and Figure 2).
Previous work has shown that attaching a third row element
to an oxo-Mo center in place of a second row element (such
as substitution of Cl for OC6H4X in these systems) increases
the Mo reduction potentials.15,35-37

Photoelectron Spectroscopy.He I photoelectron spectra
of (Tp*)MoO(p-OC6H4X)2 complexes, where X) OEt, Et,
H, F, and CN, were obtained and are shown from 11 to 5.5
eV (Figure 3). The assignments of ionization bands were

made by comparison to the spectra of previously studied
(Tp*)MoO(OR)2 compounds. For example, the spectrum of
(Tp*)MoO(OEt)2 contains a well-separated ionization at 6.58
eV attributed to a d1 metal-based orbital, specifically, the
highest occupied molecular orbital (HOMO) of the Mo(V)
complex.38 (Tp*)MoO(OEt)2 and analogous alkoxides share
a common band structure from 11 to 8 eV that is associated
primarily with Tp* ligand-based orbitals.

The (Tp*)MoO(OC6H5)2 spectrum displays a leading
metal-based ionization at 6.45 eV and a ligand-based band
structure from 11 to 8 eV similar to that of (Tp*)MoO(OEt)2.
In addition, the spectrum also displays a band between the
metal-based and (Tp*) ligand-based ionizations. This band
is best modeled with two Gaussians located at 7.16 and 7.58
eV, which are assigned to ionizations from in-phase and out-
of-phase combinations of the highest occupied, primarily
phenyl-based b1 orbitals of the phenoxide ligands.

Significant differences are observed in the spectra of
(Tp*)MoO(OC6H4OEt)2, (Tp*)MoO(OC6H4Et)2, and (Tp*)-
MoO(OC6H5)2 below 8 eV, while the shape of the ionization
profile above 8 eV remains relatively constant. The metal-
based and phenoxide-based ionizations merge together and
are observed at lower energies upon increased electron-
donating ability of the remote substituent. This occurs
because primarily phenyl-based ionizations are more influ-
enced by remote substituents and destabilized to a greater
extent than ionization of the d1 metal-based orbital for each
complex.

The three ionization bands of interest are all stabilized for
(Tp*)MoO(OC6H4F)2. Fluorine’s high electronegativity makes
the removal of an electron more difficult. This electron-
withdrawing effect is offset, however, by theπ-donor ability
of fluorine.39 Thus, shifts to higher energy within the
spectrum are smaller than would be predicted based on
electronegativity alone. The spectrum for (Tp*)MoO(OC6H4-
CN)2 displays band shifts to even higher energies due to the
strong electron-withdrawing ability of the cyano substituents,
and the most stable of these three ionizations has been shifted
under the Tp* ionizations and can no longer be observed.

Correlation of Electrochemistry and Photoelectron
Spectroscopy. Results from both electrochemistry and
photoelectron spectroscopy indicate that it is more difficult
to remove an electron from (Tp*)MoO(OC6H4X)2 com-
pounds as the electron-withdrawing ability of the remote
substituent increases. Mo(VI/V) electrochemical potentials
and gas-phase ionization energies increase in the following
order: OEt< Et < H < F < CN. Unlike solution phase
electrochemistry, photoelectron spectroscopy provides gas-
phase ionization data that are independent of solvent effects.
In addition, the relatively short time scale of the photoelec-
tron spectroscopy experiment inhibits ligand rearrangement.
Despite the significant differences between these two tech-
niques, the oxidation potentials and ionization energies
correlate in a nearly linear manner (Figure 4 and Supporting

(34) Jones, C. J. Private communication.
(35) Chang, C. S. J.; Enemark, J. H.Inorg. Chem.1991, 30, 683-688.
(36) Chang, C. S. J.; Collison, D.; Mabbs, F. E.; Enemark, J. H.Inorg.
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Figure 3. He I photoelectron spectra of (Tp*)MoO(p-OC6H4X)2.
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Information). This indicates that the presence of solvent does
not greatly influence the relative electrochemical measure-
ments of these systems.

Kinetics of Heterogeneous Electron Transfer.Using
cyclic voltammetric and chronocoulometric data collected
for (Tp*)MoOCl(p-OC6H4X) and (Tp*)MoO(p-OC6H4X)2,
where X) CN, H, and OEt, diffusion coefficients and rate
constants were calculated for the Mo(VI/V) and Mo(V/IV)
reactions (Table 2). The compounds with X) OEt and X
) CN bracket the extremes of the potentials for each series.
The diffusion coefficients range from 10-6 to 10-5 cm2/s,
similar to those of Olson and Schultz,16 and appear to be
independent of the nature of the remote substituent within
the precision of the measurements. The rate constants for
heterogeneous electron transfer reactions of Mo(VI/V) and
Mo(V/IV) are consistently smaller for (Tp*)MoOCl(p-
OC6H4X) compared to the corresponding (Tp*)MoO(p-
OC6H4X)2 compounds. Mo(VI/V) rate constants are all
slightly larger than those for Mo(V/IV), but all of the values
are within an order of magnitude of each other. Within each
series, the rate constants increase systematically withE1/2

(Figure 5 and Supporting Information).
Olson and Schultz previously observed that the Mo(V/

IV) process is faster (10-fold increase in apparent rate
constant) and the reduction potential is∼600 mV more
positive upon substitution of sulfur donor atoms for oxygen
donor atoms in the 1,2-disubstituted benzene ligand.16 We
have further investigated the controlling factors in hetero-
geneous electron transfer kinetics by studying a series of
compounds of similar shape and size with identical donor
atoms, but whose reduction potentials vary significantly
because of the electronic influence of the remote substituents.
More positive reduction potentials lead to mildly faster
electron transfer. For example, a∼410 mV potential differ-
ence within the (Tp*)MoV/IVO(p-OC6H4X)2 series is associ-

ated with a 3-fold larger apparent rate constant (Figure 5).
These rate constant differences are much greater than those
caused by the electrical double layer effect at the electrode
surface.40 Thus, this work shows that electrochemical
potential has a detectable effect on the kinetics of electron
transfer for these closely related oxomolybdenum com-
pounds.

Several systems have been reported in which redox
potentials and heterogeneous electron-transfer rates of metal-
centered complexes are influenced in a parallel manner by
donor atoms and substituent groups.16,18,41-43 For oxo-Mo-
(catecholate) compounds (which have oxygen donor atoms),
the electrochemistry depends significantly on the substituents
of the catecholate ligand.41,43 When the metal coordination
environment is essentially constant, the inner-shell reorga-
nization energy comprises the largest barrier to electron
transfer within the complex. Slow electron transfer rates
imply substantial rearrangement among the metal-ligand
bonds during electron transfer. It has been proposed that
electron-donating substituents create a more electrostatic
bond with the metal, making redox potentials more negative
and electron-transfer slower because of the increased activa-
tion barrier.43,44Our electrochemical study of (Tp*)MoOCl-
(p-OC6H4X) and (Tp*)MoO(p-OC6H4X)2 is consistent with
this suggestion. The complexes with more positive reduction
potentials have electron-withdrawing remote substituents and
exhibit faster heterogeneous electron-transfer rates for both
the Mo(VI/V) and Mo(V/IV) processes.
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Kinon, M. D.; Schultz, F. A.Inorg. Chim. Acta2001, 321, 83-88.
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Table 2. Diffusion Coefficients (Do) and Heterogeneous Electron Transfer Rate constants (ks) for Representative Complexes

compound
Mo(VI/V) Do (×10-5 cm2/s);

ks (cm/s)
Mo(V/IV) Do (×10-5 cm2/s);

ks (cm/s)

(Tp*)MoOCl(p-OC6H4OEt) 3.46( 0.90; 0.039( 0.015 2.04( 0.20; 0.015( 0.003
(Tp*)MoOCl(p-OC6H5) 6.42( 3.09; 0.043( 0.020 2.77( 1.33; 0.030( 0.005
(Tp*)MoOCl(p-OC6H4CN) 9.64( 2.83; 0.126( 0.098 3.68( 1.35; 0.067( 0.026
(Tp*)MoO(p-OC6H4OEt)2 1.99( 0.50; 0.082( 0.034 5.37( 1.35; 0.038( 0.011
(Tp*)MoO(p-OC6H5)2 4.10( 1.40; 0.090( 0.033 5.58( 1.90; 0.044( 0.013
(Tp*)MoO(p-OC6H4CN)2 3.48( 0.61; 0.161( 0.065 1.78( 0.31; 0.124( 0.052

Figure 4. Correlation of (Tp*)MoO(p-OC6H4X)2 electrochemical poten-
tials of MoVI/V (vs Fc/Fc+) and ionization energies.

Figure 5. Correlation of representative (Tp*)MoV/IVO(p-OC6H4X)2 (X )
OEt, H, and CN) heterogeneous rate constants with the reduction potentials
(vs Fc/Fc+).
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Summary

The remote substituent of the investigated (Tp*)MoOCl-
(p-OC6H4X) and (Tp*)MoO(p-OC6H4X)2 complexes has a
significant effect on their electrochemistry and gas phase
photoelectron spectroscopy. Electron-donating substituents
make the Mo(V) center more difficult to reduce by adding
electron density to the metal. Compounds with electron-
withdrawing substituents are easier to reduce, as shown by
their more positive reduction potentials. The mono-phenoxy
complexes are easier to reduce and more difficult to oxidize
than the corresponding bis-phenoxy complexes because of
the presence of the chloride ligand attached to the oxo-
Mo(V) core in place of the oxygen donor group. Gas-phase
photoelectron spectroscopy allows one to observe how these
complexes behave in the absence of other chemical species.
A nearly linear correlation exists for the first ionization
energies in the gas phase and the Mo(VI/V) oxidation
potentials in solution, indicating that solvent effects are
negligible in these electrochemical measurements.

The rate constants for heterogeneous electron transfer show
a slight but significant systematic dependence upon reduction
potential for all four types of one-electron reactions studied.
These results for a series of oxo-Mo(V) complexes with
common donor atoms and stereochemistry are consistent with
the original proposal of Schultz and Olson16 that the nature
of the donor atom to the oxo-Mo(V) center primarily
controls the rate of heterogeneous electron transfer in these
systems. However, this work has also shown that potential
differences of 400-500 mV can produce a 3-fold change in
electron-transfer rates. The reduction potentials of molyb-
denum enzymes that are presumed to have the same
coordination environment can vary significantly. For ex-

ample, the Mo(V/IV) couples of sulfite oxidase and plant
nitrate reductase from eukaryotes, which both belong to the
sulfite oxidase structural family, differ by∼200 mV at pH
7.1 Thus, changes in the potentials of oxo-Mo centers of
enzymes may have significant effects on the rates of electron
transfer that are an integral part of their catalytic cycles.
Additional quantitative studies of electron-transfer reactions
of molybdenum and tungsten centers with a variety of donor
atoms and remote substituents are in progress to further
elucidate this possibility.

Acknowledgment. We thank Dr. C. J. Jones for sharing
electrochemical data prior to publication. We acknowledge
helpful discussions with Dr. Franklin Schultz and Dr.
Matthew Lynn. We also thank Dr. Neal Armstrong and Dr.
Jeanne Pemberton for experimental guidance and the use of
their laboratories for some of the electrochemical measure-
ments. Julie N. Graff was a participant in the Undergraduate
Biology Research Program supported in part by a grant from
the Howard Hughes Medical Institute to the University of
Arizona. Gas-phase photoelectron spectra were collected at
the Center for Gas-Phase Electron Spectroscopy, Department
of Chemistry, University of Arizona. Financial support by
the National Institutes of Health (GM 37773 to J.H.E.) is
gratefully acknowledged.

Supporting Information Available: Regression analyses for
the correlations of reduction potentials with the Hammett parameter,
ionization energies, and electron-transfer rate constants. This
material is available free of charge via the Internet at http://
pubs.acs.org.

IC0110981

Oxomolybdenum(V) with Phenoxide Ligands

Inorganic Chemistry, Vol. 41, No. 10, 2002 2647


