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Rate of ON—OO~ Bond Homolysis and the Gibbs Energy of Formation of Peroxynitrite
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Oxidation of the methyl viologen radical, MV, by the peroxynitrite anion, ONOQ occurs through an
indirect pathway, which includes reversible homolytic dissociation of ONQ@fo a pair of the NOand

O, radicals (rate-determining stek, = 0.017+ 0.001 s?) followed by rapid oxidation of MV by Oy~

with ko = (8.5 £ 0.2) x 10° M~ st at zero ionic strength. Direct oxidation of MVradical through a
bimolecular reaction with ONOOis immeasurably slowk(< 1 x 10®* M~1 s7%). The MV** radical does not
rapidly reduce NQ suggesting that the one-electron reduction potential of the latter is significantly below
—0.45 V (NHE), consistent with the recently reported reevaluations of M@uction energetics. The
equilibrium constanK;, = (3.6 & 0.3) x 107> M for the dissociation of ONOOinto NO" and Q' is
determined from the measurements of rate constants for the forward and reverse (recombinatioaraf NO
Oy, kep = (4.8 £ 0.3) x 1®® M1 s71) reactions. The free energies of formation in aqueous solution
AtG°(ONOO") = 68.5+ 1.4 kd/mol andA«G°(ONOOH) = 30.8+ 1.5 kJ/mol are derived from these data.
The last value is fully consistent with the major role of the ONOOH homolytic dissociation into a pair of the
NO; and OH radicals in oxidations by peroxynitrite. Collectively, these results help to resolve disputes in
the literature over the values fé&g, k-, Ki, A{G°(ONOO"), andA{G°(ONOOH); measurements of all these
quantities in this work disagree with their recent reevaluations, but largely agree with earlier reports.

Introduction SCHEME 1
. : . . Ky

Many inorganic and practically all organic compounds are ONOO" ——=_ NO"+0,"
oxidized to some extent in the presence of peroxynitrite anion, “h
ONOO, and/or its conjugate peroxynitrous acid, ONOOH. For oK, || H*
this reason, peroxynitrite is commonly referred to as being a B
strong oxidant. Despite a long history of investigations, the ONOOH 2. OH" + NO;
mechanisms by which the oxidations are administered remain kg
a subject of abiding debate. The contention concerns mainly l& /f.n
the rates and the yields of homolytic dissociations involving H* + NO5~

the ON-OO™ and the ONG-OH bonds, as shown in Scheme
1. Efficient O—O bond homolysis in ONOOH would distinguish

it from all other known hydroperoxides, which do not decom-
pose in such a manner with significant rates under normal
conditions. This homolysis generates strongly oxidizing,NO
and OH radicals and, as has been maintained by several researc
groups!~6 is the main mechanism for oxidations by ONOOH,
the so-called “indirect mechanism”. In opposition, it has been
argued that such a homolysis does not occur to a significant

extent and, thus, plays little or no role in the decomposition quently, the validity of these measurements was challefiged

e , Lo
and OXId?tlve chemistry of pergxymtnfe. . and the challenge was rebuttédApparently, the measurements
The Gibbs energy of formation for aqueous peroxynitrite, ¢ NF- accumulation kinetics in the presence of ONO@re

AG°(ONOQ), is germane for understanding its redox proper- o one 1o complications that include, but are not limited to,

ties and reactivity. It i? also at the core of the ongoing deb_a.te concurrent NF formation through the peroxynitrite-independent
on the role of homolysis pathways, which is not always explicit 4.4jine hydrolysis of TNM and generation of the®4 reactive

but can b? understood with the help of Scheme 1 The jntermediate during radical scavenging; the latter may trigger a
recombination of N@ and OH has been shown to partition  o,5in jecomposition of ONOOunder certain condition.
between the formation of nitrate and peroxynitrous &cfBy These complications may be at least partially responsible for

virtue of microscopic reversibility, ©O bond homolysis must e gitferent outcomes of thie determinations in the hands
occur and its contribution to the decay of ONOOH depends on ¢ yitferent researchers using the TNM system.

The widely accepted earlier measurem&hts of the second
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the magnitude of equilibrium constalkg = ky/k—q, whose value

is related taA;G°(ONOQO") through the K, ~ 6.6 of ONOOH.

The first experimental value oA:G°(ONOO") was obtained

Ipy Merenyi and Lind from evaluation of the equilibrium
constantky, = ky/k_p, for reversible homolytic dissociation of
ONOO™ (Scheme 1). Tetranitromethane, TNM, was used to
scavenge the radical reaction products and the readily observable
nitroform anion, NF, was generated in the process. Subse-
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to redeterminé_p and to obtain data that allow determination
of ky andAtG°(ONOO") without the use of TNM. The method
involves measurements of the methyl viologen radical,"MV
decay in the presence of ONOG@nd is free of complications.
Our results are fully consistent with the major role of the
ONOOH homolytic dissociation into a pair of the NCand
OH- radicals in oxidations by peroxynitrite. We also show that
peroxynitrite anion is very inefficient as an outer-sphere one-
electron oxidant.

Experimental Section

Analytical grade chemicals and Milli-Q purified (ASTM type
1) water were used throughout. Peroxynitrite was prepfaired
a tandem quench-flow mixing apparatus from NaN&@ken
in 10% stoichiometric excess) and® acidified with HCIQ;;
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time, s 2

Figure 1. Decay of MV* in the presence of ONOO(iraces ae
corresponding to different radiation doses, left axis). Conditions: 10
uM MV 2, 98 uM ONOO™, 1.3 M (CHs),CHOH, 20 mM NaOH, Ar-

concentrated NaOH was used for quenching. Compressed nitricsaturated solution. The upper flat trace (right axis) shows the absence

oxide mixtures in argon were prepared by filling an evacuated
cylinder with individual compressed gases to the desired partial
pressures. The gas mixtures were purified fros@Noy passing

the gas through a scrubbing column with 40% KOH and then
through water in an all-glass-and-metal home-built apparatus.
The apparatus was attached directly to the pulse radiolysis cell
and all solutions in the cell and the apparatus itself were
thoroughly purged with helium prior to introducing nitric oxide.
The solubility of NO in water was taken as 1.9 mM/atm. The
pulse radiolysis was carried out with 2 MeV electrons from a
van de Graaff accelerator; pulse widths were in the range0.06
0.8 us. Dosimetry was performed with,®-saturated 10 mM
KSCN solution usingGe = 4.87 x 10* ions (100 eVjt M1
cm~1at 472 nm. All solutions were subjected to pulse radiolysis
only once and then replaced with a fresh aliquot, except when
the effect of repetitive irradiation of the same solution was
investigated. The oxidation of MV was followed at 600 nm,
where the radical exhibits strong characteristic absorption with
molar absorptivity of 1.4x 10* M~1 cm~1.18 All experiments
were done with temperature stabilization at29.1 °C. The

of MVt decay in the presence of N@nd the absence of ONOO
Conditions: 1.7 mM MV, 0.65 M (CH;).CHOH, 32 mM NaOH,
solution saturated with 1% NGn Ar (approximately 2Q«M in NO").

The inset shows a semilogarithmic representation of the normalized
traces ae (log([MV**]/[MV **]o) vst).
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Figure 2. Half-life of the MV** radical in the presence of ONOQ@s
a function of [MV**]o/[ONOO]o. All solutions are 20 mM in NaOH

uncertainties for all rate constants are based on their standarcand Ar-saturated. Key: @) 10 uM MV 2, 98 uM ONOO~, 1.3 M

deviations obtained from either linear regressions or multiple
determinations; the conventional method for propagation of
independent errofwas used to calculate the standard devia-
tions of derived quantities.

Results

All three primary radicals from water radiolysisafe, OH",
and H) can be converted into the MV radical in an oxygen-
free solution containing large excess of isopropyl alcohol, i.e.,
the reactions

&g +MVZ =MV

H* 4+ (CH,),CHOH— H, + (CH,),C'OH
OH"* (CH,),CHOH— H,0 + (CH,),C"OH
(CH,),C'OH + MV?" — (CH,),CO+ H" + MV**

Under conditions employed in this study, all these reactions are
sufficiently rapid to be complete within a few tens of micro-
seconds after the radiation puPS&1The MV** radical is stable;
accordingly, we have not detected its decay on time scales of
second#? Importantly, no measurable loss of MV was
observed even in the presence of significant amount of the NO
radical in solution (Figure 1, upper trace). In contrast, relatively
rapid disappearance MY occurred in the presence of perox-

(CHz).,CHOH; @) 100uM MV 2*, 100uM ONOO™, 0.65 M (CH),-
CHOH. The solid line gives a linear fit through the origin with a slope
of 50 s. The inset shows the half-life increase upon repetitive low-
dose irradiation of the same solution; the time intervals between
consecutive pulses allowed for a complete W\decay.

ynitrite (Figure 1, traces a through e), which is attributable to
the apparent net oxidation of MY by ONOO™.

Despite the large excess of ONO®©ver MV**, the kinetics
deviate significantly from exponential decay, so that the slopes
in the semilogarithmic plot in Figure 1 decrease with time.
Furthermore, the initial slopes depend on the initial concentra-
tions of the viologen radical, [M¥],. At essentially constant
initial concentration [ONOQ],, the decay half-time increases
linearly with [MV**]o, as shown in Figure 2 for the two sets of
conditions differing mainly in the concentration of added ¥V
Although the saméy, vs [MV**]o/[ONOO"]o dependence is
observed, the MY radiation yield is about 20% lower at 10
uM than at 100uM [MV 2*] (G ~ 5.9), which may indicate
that a minor fraction of reducing specieg{eand/or (CH),C"-

OH) have reacted with ONOO

The observed kinetic peculiarities rule out direct oxidation
of MVt by ONOO™ as the main pathway for the MV decay.
Indeed, if this were the case, all the slopes in Figure 1 (inset)
would be equal and the half-lives in Figure 2 would scatter
around a horizontal line. The observed kinetics are, however,
completely consistent with the reaction mechanism shown in
Scheme 2. Its salient features include reversible, rate-determin-
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SCHEME 2
ki

o

ONOO" NO* + O,*

-h

K
MV*™ +0,* 78%: MVZ* + HO,
H,0O  OH

MV™ + NO* —%— no reaction

ing, homolytic dissociation of ONOQ the rapid scavenging
of O~ by MV**, and the absence of MV decay due to
concomitant accumulation of NO

The latter has been experimentally verified in Figure 1 and
the very rapid reduction of £ by MV*" has been reported.2*

The product of this reaction, hydrogen peroxide, also reacts with

MV, but the rate constants for both®, and HGQ ™~ are under
10 M1 5712425 g0 that this reaction should be completely
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identical to the result of Levey and Ebbegémas obtained by
measuring MV decay with variable excess of,O in alkali

(for details and comparison with previous reports, see Supporting
Information, note 2). A typical result df-,, determination is
shown in Figure 3. In this experiment, both N&hd GQ°*~ were
rapidly generated in nearly equal amounts from the primary
radicals of water radiolysis in an air-saturated alkaline solution
of formate and nitrite through the major reactions

€ +NO, +H,0—NO" + 20H
H' + HCO,” —H, + CO,~
OH' + HCO,” — H,0 + CO,”~
CO, ™ +0,—CO,+ 0,

after which the much slower NG- O, — ONOO™ reaction

inconsequential under our conditions. As there is one report of Was cleanly observed by monitoring the growth of characteristic

the rapid MV¥™ + H,0, reaction?® we have conducted a control
experiment. No decay of MYV due to hydrogen peroxide was
observed on the time scale of interest even aOffimany times
exceeding the maximal [M¥], used in this study (Supporting
Information, Figure S1). We thus suggest that oxidation by the
superoxide anion is the dominant channel for the viologen
radical decay. As this reaction proceeds, the*N@dical

accumulates and the nearly diffusion-controlled recombination

of NO* with Oy*~ begins to compete with the MV + Oy~

reaction, slowing it down. These considerations lead to a readily

verifiable prediction that the half-life of MV should monotoni-
cally increase upon repetitive pulse irradiation of the same

ONOO™ solution. Such an increase has been indeed observed

as shown by the inset in Figure 2.

As long ask, < 10 s!, which is the case here, the
concentration of @~ can be treated as being in a steady-state
and an analytical solution can be obtained for the kinetics of
MV** decay described by Scheme 2 (Supporting Information,

note 1). Although the resulting transcendental equation is

unwieldy, a convenient expression for the half-life of viologen
radical can be derived

k|1 MV,
t,={%,+(n2-Y —“}——%
vz { 2F 2 o] K [ONOO ],

k)1 MV
(o.5+ 0193@)% —[ONoo*]o

As shown in Figure 2, a linear relationship betwegnand the
[MV **]o/[ONOO o ratio was indeed observed with the slope
50 + 1 s. The value ok, can be obtained from this slope, if
the ratiok_p/kso is known; notably, the small coefficient at this
ratio significantly attenuates its influence on the slope. The two
reported direct measurementslqf (0.9 x 10° 23 and 2.8x

10°® M~1s71 24 disagree significantly. A similar situation exists
with the value ofk_,, which is more critical for the purposes
of the present study, for it will be used also to evalukte
Relatively consistent early-, measurements ranging from 3.8
x 10°to 6.7 x 10° M1 s~ from three research groups were
more recently questioned by Koppenol and co-workers, who
reported aboua 3 times largek_,, value of (16-19) x 10°
M~1s71 (Table 1).

ONOO™ absorption around 300 nm.

Under our conditions, less than 10% gfeis predicted from
known rate constart$to react with Q generating @; this
small complication is partially offset by about the same fraction
of H* reacting with NQ~ to yield NO.3! In a separate
experiment without oxygen and nitrite, radiation yields of
G(eag ) = 3.1 andG(OH+H*) = 3.4 radicals per 100 eV were
determinedn 1 M formate from the characteristic absorptions
due to @ and CQ .32 With these data, a simple kinetic
simulation usingk—p as the only adjustable parameter gives a
good fit to the data wittk_, = 4.8 x 10° M~1 s71 (for simulation
details, see Supporting Information, note 3). The standard
deviation ofk_p, from 18 individual fits is 0.14x 10° M~1s71;
this number is conservatively doubled in Table 1 to allow for
slight influence on the fits of other fixed rate constants used in
simulations. Ouk_y, value agrees well with thke , = (4.3 +
0.5) x 10® M~1 s71 determination by Goldstein and Czap$ki
and is comfortably close to other eakly, measurements (Table
1). In contrast, the late&t , value of 16x 10° M~1s™1 reported
by Nauser and Koppen@lis clearly inconsistent with our data
(Figure 3).

With ks, andk—n measured in this work, the value kf =
0.0174 0.001 s'is obtained from the slope of the solid line
in Figure 2. This value is identical tk, originally determined
by Merenyi and Lind with an entirely different experimental
approacH. This excellent agreement lends a strong support to
the mechanism of MY oxidation presented in Scheme 2. Our
data also clearly show that the homolytic dissociation of
ONOO s significantly suppressed by the presence of even
micromolar concentrations of NQOcontrary to the results of
Koppenol and co-workers.

Discussion

From our measurements, the equilibrium constant for the
homolysis of ONOO is Ky, = ky/k—p = 3.6 x 10712 M, with
about 10% uncertainty (Table 1). Thus, the free energy change
in the homolysis reaction i8;,G° = 65.3+ 0.2 kJ/mol, which,
together with tabulated¢G° values for N® and Q% gives
the free energy of formation{G° (ONOO™) = 68.5+ 1.4 kJ/
mol. This free energy practically coincides with that derived
earlier by Mefayi and Lind® and is significantly higher than
the value of 59 kJ/mol recently propodéas “preferred” by
Koppenol and co-workers (Table 1). Considering the unusually

These discrepancies have prompted us to undertake re-generous uncertainty of 13 kJ/mol given to the latter number

determinations oks, andk_p. The valueks, = (2.6 = 0.2) x
10° M~1 s1 at 10 mM ionic strength, which is essentially

and that this number is not entirely experimental, unlike those
reported previously and here, the reasons for its preferred
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TABLE 1: Kinetic and Thermodynamic Parameters Pertaining to the Homolytic Decompositions of ONOO and ONOOH

parameter value
Kn, 1072572 1.72neg;tt 2.3121.7 4 0.1 (this work)
kop, 1P M tst 6.7+ 0.913.8%54.3+ 052619+ 2;2716 + 3;17 4.8+ 0.3 (this work)
Kp, 10712 M 3.12 negy'* 3.6 & 0.3 (this work)
AG°(ONOO"), kd/mol 424 877 69.52 59+ 1391% 67.4+ 1.32868.5+ 1.4 (this work}
AtG°(ONOOH), kJ/mol 4+ 8;732.2229214 132 29.74+ 0.82830.84+ 1.5 (this work}y

aNegligibly small and inconsequential for reactivif/A 1 kJ/mol uncertainty was assigned to the tabul®aclues of A:G°(NO*) and
A:G°(0O2") used for this estimaté.A 0.1 unit uncertainty in K((ONOOH) was applied.

+ = - .
[ 20 ONOOH + H* + & = NO," + H,0 |
0.02 - 1]
. I
o =z
§ 215
e >
8001} .
e w
b 1.0
0.00
0.0 0.1 0.2 OS24 6 8 10 12 14
time, ms pH
Figure 3. Kinetic trace recorded at 300 nm and showing accumulation Figure 4. Variations with pH of the midpoint potential&,, for one-
of ONOO™ in air-saturated solution contairgrl M NaHCQ, 10 mM electron (solid line) and two-electron (dashed line) reductions of

NaNQG,, and 1 mM NaOH. Initial concentrations of radicals are 7.8 peroxynitrite. The dependencies are based on the thermodynamic values
uM for [e75 and 8.6uM for [OH*] + [H*]. Solid and dashed lines  for ONOO™ and ONOOH obtained in this work and the literature values

give the simulated absorbance profiles with = 4.8 x 1° M1 s1 for NOz",3 water specie¥} and nitrite/nitrous acié* At En, [ONOOH]
andk-n = 16 x 10> M~ 572, respectively. A prompt rise of initial + [ONOO] = [NO_] for the one-electron and [ONOOH} [ONOO"]
absorbance is mainly due to the €Oradical absorption at this = [HNO;] + [NO] for the two-electron process.
wavelength and is reproduced by the simulations.
_ ko
N : Yy= =7 k_¢Ky
designation are not clear. Accepting 660.1 as the K, of ky + K,

ONOOH}10:16.27.33ye obtainAtG°(ONOOH) = 30.84+ 1.5 kJ/

mol. Lately, the value oA{G°(ONOOH) = 29.7 £ 0.8 kJ/mol wheret = 1/(kq + k) is the lifetime of ONOOH; at 25C, ©
has been measured by yet another direct methticshould be = 0.83 s?’” The two independent determinationslof; agree
emphasized that the accurate measuremenGf(ONOOH) onk_g= (45+ 1.0) x 1®® M~1 571310 These values ank4

is much more than just an idle pursuit of precision because this obtained here predict the radical yield of about 35%, which is
free energy defines the equilibrium constagy, for homolytic in a very satisfying agreement with 3@0% yields obtained
dissociation of ONOOH into N@® and OH (Scheme 1) and through the measurements of various substrate oxidations by
thus controls the radical yield: the latter is important for ONOOH:®37In contrast, if the valueMG°(ONOOH) = 21
understanding peroxynitrite chemistry and biology. Equally kd/mol .suggested by 'Koppenql anq Kissherere used for
important, the reduction potentials of ONO@nd ONOOH can evalouatlnqu, the_predlcted radical yield woul_d_have be¥n
only be obtained by means of their Gibbs energies of formation. = 1%, that is, unimportant for ONOOH reactivity.

The midpoint one-electron and two-electron reduction potentials The absence of MV decay even in the presence of a
idpoint one- . ) uction p ' significant amount of the NQadical in solution (Figure 1) both
for peroxynitrite at various pH are presented in Figure 4; the

plays a prominent role in devising Scheme 2 and is important

corresponding standard potentials BF6ONOOH,H/NO*,H,0) in its own right. At first glance, the absence of MV+ NO*

= 2.12 V ande®(ONOOH,2H/HNO,,H;0) = 1.68 V vs NHE. reaction may appear surprising, because two radicals are
With known values forA;G°(NOy") and A;G°(OH),30-36 we involved. However, there appears to be no intuitively reasonable

obtain the free energy change in the ONOOH homolysis reaction low-energy pathway for formation of stable product. It has been

A¢G® = 57.3 kd/mol and its equilibrium constaki = 9.2 x recently argued that the one-electron reduction of pi©duces

10711 M. As pointed out in the Introduction section, the issue the nitroxyl anion in its triplet ground statéNO~, and that

of NOy* and OH production from ONOOH is strictly quantita- this reaction requ;rées a very strong redgct;&ﬁcNg/ 3NO;)
tive, for denying the existence of this pathway would violate ~ —0.8Vvs N';'QE' Th(a_ "?duc“_of‘ potentla&‘_(MV /MV'. )
the microscopic reversibility principle. Both the decomposition IS only.—+0.45 V> which is msyfﬁment for_rap|d NOreduc_tlpn

of ONOOH and the recombination of NCand OH undoubt- by MV**. The only other available reaction mode, addition of

. . MV *t to NO, does not generate an obvious product either,
edly proceed through the intermediacy of a solvent cage pocayse the free valence in MVis delocalized over the

containing these radicals, as has been previously pointed OUIconjugatedzr-system of the two pyridinium rings.
on several occasiofi$:*However, these details have no bearing  The data in Figure 2 show that direct oxidation of M\by

on the considerations presented here and have been omitted frondNOO- is slow, if it occurs at all; its rate constant can be
Scheme 1 for clarity. With the help of Scheme 1, the yield of conservatively estimated as less thar 10 M~1s L. Even at
radicals from ONOOH decompositioiYg, can be expressed this low rate, the direct reaction would substantially curve
through the experimentally determinable parameters downward the dependence in Figure 2; for example, the longest
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half-life would decrease to about 1.6%which is way outside

J. Phys. Chem. A, Vol. 107, No. 39, 2008995

decomposition into N@ and OH radicals in oxidations by

the experimental uncertainty. The slowness of the direct reaction peroxynitrite.

may appear surprising, as MVis a strong reductant and
ONOO is a strong one-electron oxidant even in alkali (Figure
4), so that the overall two-step reaction

MV + ONOO — MV?*" + ONOO?
ONOO?” + H,0— NO," + 20H"

is exoergonic by 126 kJ/mol. The most likely explanation for

4. The values for allk, k-n, Kp A{G°(ONOO’), and
AtG°(ONOOH) measured in this work are in good agreement
with the previous determinations of these parameét&tsié but
not with more recent estimates of these quantities by Koppenol
and co-workerg:11.17

Acknowledgment. Research at Brookhaven National Labo-
ratory was carried out under the auspices of the U.S. Department
of Energy under contract DE-AC02-98CH10886 from the

the slowness of the overall process is that the first step is either Division of Chemical Sciences, Office of Basic Energy Sciences

thermodynamically uphill or strongly activated. Alternatively,
the reduction of ONOO could be water-assisted and concerted,
i.e., proceed in one step without the intermediacy of ONOO
However, this reaction mode would involve simultaneous
formation and breaking of several bonds and is unlikely to be
rapid. Whatever the case, the ONO@nion does not kinetically

and EMPS grant #73824 (to S.V.L.) from the Office of
Environmental Management.

Supporting Information Available: Kinetic trace showing
the absence of MV oxidation by HO,; derivation of the
integral rate law for Scheme 2; details concerning the measure-

perform as a strong one-electron oxidant, even though it formally ment ofksq details of numerical simulations for Figure 3. This
is one. Instead, the one-electron oxidative chemistry of the material is available free of charge via the Internet at http:/

ONOO anion is attributable to its Lewis basisity and the
oxidation reactions occur through coupling of ONO@ith
various Lewis acids, L, followed by peroxo bond breaking and
attendant transfer of Oto the acid with release of N&*! e.g.,

L + ONOO — LOONO — LO" + NO,’

Examples of such a pathway include reactions of ON®@h
C0,,*2 carbonyls43 and metal porphyring!

This is not to suggest, however, that the one-electron
reduction of ONOO cannot occur at all; as with HO, it may
simply require an extremely strong reductant. The hydrate
electron E° = —2.87 V), for example, can be scavenged by
ONOO™ .6 Quite possibly, the (Ch),C*OH radical €° = —2.1
V in alkali’) is also capable of reducing ONGQand the

vestiges of these two reactions are responsible for the observe

slightly decreased radiation yield of MV at low [MV2*].

However, this yield decrease should be the only effect of these

reactions, because their d@roduct will rapidly oxidize a small
fraction of the MV¥* radical and should not influence its further
slow decay on the time scales of Figures 1 and 2.

Conclusions

1. Oxidation of the MVt radical by ONOO occurs through
an indirect pathway, which includes reversible homolytic
decomposition of ONOQinto a pair of NO and Q*~ radicals
(rate-determining stegk, = 0.017 + 0.001 s?) followed by
rapid oxidation of MV by O,*~ (Scheme 2). Direct oxidation
of the MV** radical through a bimolecular reaction with
ONOO isslow k <1 x 1 M~ts™,

2. The MV** radical does not rapidly reduce N@uggesting
that the one-electron reduction potential of the latter is much
below—0.45 V (NHE). This result is in agreement with recent
reevaluations of the energetics of N@duction to various forms
of nitroxyl (HNO/NO™).38

3. The equilibrium constark, = (3.6 £ 0.3) x 10712 M for
the homolytic decomposition of ONOUnto NO* and Q*~ is

pubs.acs.org.
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