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In this work, we studied the reactions of alkyl peroxyl radicals Wi, and*NO using the pulse radiolysis
technique. The rate constants for the reactiorN@d, with (CH3),C(OH)CHOC", CH;OC, and c-GH,OO

vary between % 10°and 1.5x 10°® M~1s™™. The reaction produces relatively long-lived alkyl peroxynitrates,
which are in equilibrium with the parent radicals and have no appreciable absorption above 270 nm. It is also
shown thatNO adds rapidly to (Ch.C(OH)CHOO and CHOCO to form alkyl peroxynitrites. The rate
constants for these reactions were determined to be 2& and 3.5x 10° M~!s™1, respectively. However,

in contrast to alkyl peroxynitrates, alkyl peroxynitrites do not accumulate. Rather, they decompose rapidly
via homolysis along the relatively weak—=<® bond, initially forming a geminate pair. Most of this pair
collapses in the cage to form an alkyl nitrate, RONN@&nd about 14% diffuses out as free alkoxyl aN®,
radicals. A thermokinetic analysis predicts the half-life of {O®NO in water to be less tharys, an estimate

that agrees well with previous experimental findings of ours for other alkyl peroxynitrites. A comparison of
aqueous and gaseous thermochemistry of alkyl peroxynitrates reveals that alkyl peroxyl radicals and the
corresponding alkyl peroxynitrates are similarly solvated by water.

Introduction Oy ~.15717 The superoxide radical reacts quickly withO and

) ) ) ) *NO; to produce ONOO and QNOO™, respectively, and these

Organic peroxyl radicals, ROQare important reactive  jons have maximum absorption around 300 $i#r21

intermediates in biological and environmental systems; therefore, If ROONO homolyzes along the €0 bond forming RO
their reactions with'NO and ‘NO, are potentially of great  5n4+NO, radicals, then the reactions ti0, with ROO and
importance. Indeed, the reaction 80 with lipid peroxyl RO may also take place. However, these reactions have not
radicals has been proposed to account for the inhibitory effect yet heen studied directly in aqueous solution. There is a clear
of *NO during lipid peroxidatiort, ® but the mechanism of these e for a better understanding of the reactions of organic
reactions has not yet been fully explained. At present, the peroxyl radicals with*NO and *NO, under physiological
inh@b?tion is believed to be contin_gent on the chain-breaking .qnditions. In this paper, we report the results of a pulse
activity of *NO (i.e., the scavenging of peroxyl and alkoxyl agiolysis study of the reactionBO, and*NO with relatively
radicals by’"NO'~®). Nevertheless, not even the mechanism of simple alkyl peroxyl radicals such as @B, (CHs),C(OH)CH-
*NO reacting with simple alcohol-derived peroxyl radicals is 00, and c-GHsOO". Our results show that these peroxyl
fully understood in aqueous solutiohhe rate constants for | icals readily react wittNO, and *NO to form alkyl
the reaction ofNO with these alkyl peroxyl radicals were  peroxynitrates and peroxynitrites, respectively. We have also
determined to be (23) x 10° M~* 5™ by laser-flash photolysis,  gemonstrated that alkyl peroxynitrates are relatively stable
and it has been proposed that this reaction forms relatively long- species, whereas alkyl peroxynitrites rapidly decompose via
lived alkyl peroxynitrites, ROONO, which have maximum homolysis along the weak €0 bond.
absorption around 300 niHowever, such a suggestion does
not agree with (i) the tendency of ROONO to homolyze fast Experimental Section
along the weak 60 bond forming RO and*NO, radicals?
(i) the fact that HOONO has no appreciable absorption above
280 nm? and it is unlikely that ROONO has a maximum
absorption at 300 nm, or even absorbs at all at this region; and
(iii) the fact that RO is known to be unstable toward mono-
molecular rearrangements, undergoifigscission&-12 or a
1,2-H shift when the alkoxyl radical bears-hydrogen at-
oms1314 The latter process converts an alkoxyl radical into a
a-hydroxy alkyl radical, which reacts rapidly with,@ form

Chemicals.All chemicals were of analytical grade and were
used as received. Solutions were prepared with distilled water,
which was further purified using a Milli-Q water purification
system. Tetranitromethane (TNM) is stable in neutral and acidic
solutions but hydrolyzes in basic solutions to form about 62%
C(NO,)3™ (e350= 14 400 M1 s71).2223Therefore, the concen-
tration of TNM was determined by measuring its conversion to
C(NO,);~ at pH 13. Aqueous solutions saturated with cyclo-
pentane (2.5 mM) were prepared by adding cyclopentane in
- - excess and were vigorously stirred for at least 30 min.
Vm*sTh?Jj;"’;’COi’I" all correspondence should be directed. E-mail: sarag@  Apparatus. Pulse radiolysis experiments were carried out in
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were made at ambient temperature in a 4-cm Spectrosil cell &g TNO; — NO,Z ky=9.7x 1M 'st? (9)
using three light passes (optical path length 12.1 cm). Each
measurement was repeated at least five times. Appropriate cutoffNO,”~ + H,PO,” — *NO, + OH™ + HPQ,*~
filters were used to eliminate photolysis. Dosimetry was k =50x 16M s 12 (10)
performed with oxygenated solution containing 5 mM ferro-
cyanide using G(Fe(CMY)) = 2.7 x 107 M Gy! and NO,>” + H" —"NO, + H,0
E N} ) =1 ML -1 1 -
cad FE(CNE™) = 1000 M om k=2 x 10°M s 2 (11)
The experimental results were modeled by means of INTKIN,
a noncommercial program developed at Brookhaven National ROO + *NO, == ROONO,
Laboratories by Dr. H. A. Schwarz.
o Y . . 1K =Ky, (12)
Determination of O,* ~. The yield of Q*~ was determined
using TNM, which is readily reduced by, O to form *NO; ‘NO,+ 0O, = O,NO,
and the highly absorbing C(NR2~. k.=45x 10° M Ls 118
13 .
_ 121
C(NO,), + O, — C(NO,);” + "NO,+ O, K1=13s (13)
k=2x10°M st (1) ONO, —=NO, +0, k,=11s"* (14)

Under such conditions, RO@ consumed via reactions 8 and
The formation of the nitroform ion was followed at 350 nm 12 and the rate equation (eq 15) is given for its decay:

(6350 =14400 Mls l) or at 380 nm (330 = 4800 M1 s” )
_ d[ROO]

Results & = 2[ROOT* + kJROOTI'NO,  (15)

Formation of ROO* and *NO. Approximately equal amounts
of ROO and*NO are generated when NOis replaced by N@"
and gq~ and H are converted toNO (reactions 1619).

Formation of ROO". The alkyl peroxyl radical species were
generated upon irradiation of aqueous solutions saturated with
a 4:1 (v/v) mixture of NO and Q, which contained the organic
compound RH, %M diethylenetriaminepentaacetic acid (DTPA), o -4 NO.” — NO.2~ k.=3.8x 10°M 1g! 24 (16)
and 8 mM phosphate buffer (PB). DTPA was added to avoid 2 2 16
catalysis by traces of metal impurities 0§*O decomposition, NOZZ_ +H,0—"NO + 20H"
given that some ©~ does form in the present system (see k.—16x 10fst 26 (17)
below). v

H 4+ NO, —HNO,  kz=15x10°M s % (18)
H,0 " € ,((2.6),"OH (2.7), H (0.6), H,(0.45),

HNO," ~ + H,PO,” — "NO +HPO,”” + H,0O
H,0,(0.7), HO" (2.6) (2)

kig=3.1x 1M 's* ?° (19)
The numbers in parentheses are G values, which represent th&nder such conditions;NO readily reacts with ROOand

concentrations of the species (in"IM Gy™?) and are about O ~

7% higher in the presence of high solute concentrations.
ROQO + ‘NO — products (20)

€4 T NO+H,0—"0OH+N,+ OH" ‘NO+ O, " —ONOO  k,,=43x 10°M*s* % (21)

-1 71 24
kg=9.1x 10°M ®) Hence, ROOdecays via reactions 8 and 20 and the rate equation

*OH+ RH— R + H.O (4) (eq 15a) is obtained for its decay:
2
. . . _ Opg-1o1 24 d[ROO . re

H'+ 0, —~ HO, k=12x10°M""s ®) - % = 2[ROOT? + k,JROOT['NO] (15a)

HO, =H"+0,~ pK, = 4.8% 6)
In cases where the rate of the self-decay of R@&nnot be

R + 0,— ROCO 7 ignored, we corrected for the contribution of this process by
computer modeling, as will be described below. Consequently,

ROO + ROO — xO,” + products (8) an accurate value ¢ is required for the determination of both
k12 and kzo.

. Self-Decomposition of ROO. The rate constant for the self-
_Formatlon_ of ROO* and "NO,. ROC and _N02 are generated decomposition of CEDO" has recently been redetermined to
in approximately equal amounts upon irradiation of aerated |, ks = (7.3+ 1.9) x 108 M~1 5718 and the yield of @~

aqueous solutions containing excess of RH oves NG uM formed in this process was found to be 293% (i.e.,x =
DTPA, and a buffer. Under these conditior@H is converted  (.58)8 The literature values ofkg for the self-decomposition
to ROO (reactions 4 and 7), andcyf is converted tdNO; of c-CsHgOO" vary between 1.5¢ 10 M~ s7128 gand 2.4x
radicals (reactions-911). The latter reacts readily with ROO 10’ M~1s712% and c-GHgsOO" was shown not to produce,Or
(reaction 12) and @ (reaction 13). during its decompositio®? The rate constant for the self-
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decomposition of (CE)C(OH)CH,OO varies in the literature 0.12
between B3 = 1.8 x 1M 1s130and 8x 18 M1 s 131
These values are significantly higher than those reported for
c-GsHoOO; therefore, it was essential to redetermirg ©r
(CH3),C(OH)CH,OO. 0.08 1ms 1s
(CH3),C(OH)CH,OO was generated upon irradiation (14 Gy/
pulse) of aqueous solutions saturated witfoiD, (4:1), which
contained 0.30.5 M tert-butanol, 5uM DTPA, and 4-10 mM
PB at pH 5.6-9.8. The absorption formed immediately after
the pulse is the sum of (GhHC(OH)CHOO (G = 5.7) and
Oz~ (G = 0.6), and the extinction coefficients of (GHC-
(OH)CH,OO were calculated using the well-established spec- u
trum of O~ 25 (e.g.,e260= 1050+ 100 M~ cmL, €250 = 890 0.00+ 5
+ 60 M~t cm™Y). The absorption decayed via two sequential 7/
second-order reactions. The first second-order decay, which was ]
hardly affected at all bytgrt-butanol] or the pH, was attributed Time
to reaction 8, wherekg = (8 & 2) x 10° M~' s™™. This value Figure 1. Formation and decay of the absorption at 280 nm observed
is similar to that previously determined at pH 9.4 using after pulse irradiation (35 Gy/pulse) of an aerated solution containing
conductivity detectiori! The rate of the second decay decreased 0.1 M tert-butanol, 5 mM nitrate, %M DTPA, and 8 mM PB at pH
with increasing pH and is attributed to the dismutation ¢fQ 7.1. The optical path length was 12.1 cm.
which is formed by the pulse and during the decomposition of
the peroxyl radicat! The yield of Q*~ thus formed was
determined after the addition of 1M TNM (reaction 1),
which is sufficient to compete efficiently with the dismutation
of Oz ~ and with its reaction withNO,. The fast formation of
C(NO,)s3~, which was complete within less than 100 ms, was ) . .
followed by a slower formation reaction. We attribute the first HOONOZl&ZO'Z_l("e" ROONQ decomposes via reactions 2,
process to reduction by the;O formed by the pulse, [®]o, 12, 8, and 24; Scheme 1).
also measured the total yield of the nitroform idfiC(NO)s ]r, of ROO and°*NO; were generated upon irradiation (138 Gy/
produced in this process. The yield of'O formed during the ~ Ppulse) of aerated solutions containing RH (6-@23 M DMSO,
self-decomposition of (CH.C(OH)CHOO was calculated ~ 0.1—1 M tert-butanol, or 2.5 mM cyclopentane), 5 mM NO
according to eq 22 to be 2% 3%. The latter value is somewhat 5 «M DTPA, and 8 mM PB. The reaction could be studied at
higher than the one determined previously using conductivity & concentration level of 2.5 mM cyclopentane beca@e

AOD,,,

0.04 -

decomposition of (CE).C(OH)CHOC is, within experimental
error, the same as that produced during the decomposition of
(CH3),C(OH)CH,OONG,. We therefore suggest that the de-
composition of (CH),C(OH)CHOONG; is similar to that of

detection (i.e., 1993). reacts with cyclopentane ca. 100 times faster than witg NO®
In all three cases, the absorption at 2800 nm decayed via a
] B A[C(NO,); 1 — [0, 1, fast second-order reaction, which was followed by a first-order
yield(Q," ) = (22) process. Typical kinetic traces at pH 7.1 are shown in Figure 1

[ROO], — A[C(NO,); 1¢ for tert-butanol. The rate of the fast second-order process was

independent of the pH (3-67.7), pulse intensity, and [RH];
therefore, it was attributed to the decay of RO reactions

8 and 12. In the case of csBs00C, the experimental second-
order rate constant for the decay of the absorption at 270 nm
wasklel = (1.14 0.1) x 10 s~ compared to 45@ 100 s?

in the absence ofNO,. Therefore, the measured value was

_ -1 o1 yai )
and the yield of @~ formed during the decomposition of converted tokiz = (1.5 % 0.2) x 10° M™% 5% using ez7dC

: CsHyOO") = 1100+ 100 Mt cmt andl = 12.1 cm. In the
E)(;Hgfig}:)CFbOONOZ was calculated according to eq 23 to DMSO andtert-butanol systems, the experimental observed

second-order rate constants for the decay of the absorption at
A[C(NO,). ] 280 nm wereklel = (2.2 4+ 0.2) x 1P and (1.5+ 0.1) x 10°
yield(O,” —)52—23_3 (23) s 1, respectively. In these two systems, the contribution of
A[C(NO,); 1¢ reaction 8 cannot be ignored; therefore, we have resorted to
computer modeling using reactions 8, 12, 13, and 24 (Figure
Our results show that the yield of,O formed during the self- 2). The derivedk;; values are 7x 10° M~ st and 1x 10°

The reduction of TNM by @~ yields C(NQ)s~ and*NO,, and
*NO; is expected to react rapidly with (GHC(OH)CHOO:.
We therefore suggest the second and slow generation of
C(NOy)s3~, whose yield isA[C(NO,)s]s, to be due to @~
formed during the decomposition of (GHC(OH)CH,OONG,.
For this reason, [(C)>,C(OH)CHOONG;,] = A[C(NO2)3 ]F,

SCHEME 1
k2
ROONO, === ROO +'NO; (-12)
ki2
ks
ROO +ROO" —— xO;" + products ®)
kaa

2'NO, + H,0 ——» NOy +NOy +2H" 2y =13x 10°M s % (24)



1722 J. Phys. Chem. A, Vol. 108, No. 10, 2004 Goldstein et al.

0.124 7
t-butanol 0.10+
0104 ® experimental data
' simulated curve
2 0084 2 0.08 05s 30s
o S
& e
0.06 4
0.04 - 0.004
T T T T T T T //
0.000 0.001 0.002 0.003
Time (s) Time (s)
Figure 3. Decay of the absorption at 260 nm after eight repetitive
0.10 - pulsings (38 Gy/pulse) of an aerated solution containing 0.02 M DMSO,
' DMSO 3 mM nitrate, 5uM DTPA, and 8 mM PB at pH 7.1. The optical path
length was 12.1 cm.
0.08 4 = experimental data (e285 = 15004+ 100 M~1 cm™1) and a half-life of about 0.5 s at
simulated curve 25°C, whereas NOOH (pK, = 5.9) is a relatively long-lived
g species with no appreciable absorptiomlat 260 nm1820.21
8 0.06 1 A residual absorption was observed in all cases, which
< increased with decreasing wavelength and decayed very slowly
to zero. In the case of cs800, this third decay obeyed first-
0.044 order kinetics, anétonswas measured to be 0.0260.006 s*.
The residual absorptions in the cases of;0B* and (CH;).C-
(OH)CH,OO were relatively small; therefore, we used repetitive
0000 0001 0002 0003 pulsing to achieve higher concentrations of the absorbing

) species. As seen in Figure 3, the delay between the pulses was
Time (s) sufficient for the complete decomposition of ROt not of
Figure 2. Simulated and observed curves for the fast decay of the O.NOO™, which is also accumulated in this system. The third
absorbance at 280 nm obtained after pulse irradiation of an aerateddecay process, which is well separated from the decay of
solution containing 5 mM nitrate, BM DTPA, 8 mM PB (pH 7.1), 0,NOO™, obeyed first-order kinetics and for both radicklss
and 0.1 Mtert-butanol (35 Gy/pulse) or 20 mM DMSO (31.5 Gy/ a5 measured to be 0.0380.012 s. This slow first-order

gzlSg?gc;gié'(rgz)cgfgé%v)vf;ggﬂ?}i?#f ':?Cﬁfgg';)ni g;séi}l,lls’ andreaction is attributed to the decomposition of ROQIN®hich
oML kis=4.5x 1° M52 Zkps=1.3x 1P M-15L ande(0z") absorbs very little in this region, as is also the case with
=900 Mt cmL. The best fit was obtained usings?= 8 x 10° M1 HOONGO:;.'® The decomposition of ROONGs proposed to take

s1, x=0.25,6(0,NOO") = 1200 Mt cm™, andk;, =7 x 1B M~! place by way of reactions12, 12, 8, and 24, wherg, > kg

s * for tert-butanol or 1x 10° M~* s™* for DMSO. > ka4 (Scheme 1). Thus, upon assuming the steady-state
M~ s71in the tert-butanol and DMSO systems, respectively. Egpric:gnmznon for [ROQ and [NG], the rate equation wil
All of the determined rate constants are summarized in Table °C 9 y
1.
i ROON 2kok

The observed first-order rate constant for the second process— d[ROONO] = kek-12 [ROONQ)]
was determined to be 1:80.2 s at pH 7.1 and 7.7 and 0.42 dt 2Kkg + Kyo(Kglkn) 2
+ 0.03 s'at pH 6.0. Also, the contribution of the second decay o
decreased upon decreasing the wavelength and/or the pH. ~ K_1(2kg2Ky,) " TROONG)] (25)

Therefore, the second process is attributed to the decomposition
of O,NOO™ because it has a maximum absorption at 285 nm Thus, kops & K_15(2ks2k24)22, and one calculatel§_1, ~ 1 x

TABLE 1: Summary of the Rate Constants Used and Determined in the Present Study

CH3 (CH3)2C(OH)CHZ C-C5H9 H
2RO0O — xO,* ~ + products
2kg, M~1s7t (7.3£1.6)x 10° (8+2) x 1C¢° (1.5-2.4)x 107 1.7x 108 %
X 0.58 0.54 ca0
ROO + *NO, = ROONG,
kiz, M~1s71 1x10° 7 x 108 (1.54+0.2) x 10° (1.84+0.2)x 10°18
ko125t ~0.1 ~0.07 ~0.75 0.026+ 0.003*
K-12, M ~1 x 10710 ~1 x 10710 ~5x 10710 1.4x 101
ROO + *NO=ROONO
koo, M~1s71 35x 1¢° 2.8x 1¢° (324 0.3)x 10°1°
RO + *NO,=ROONO
kaz, M~1s71 ~1x 10° (4.5+1.0)x 10°%

K-gs s ~5 x 10P ~145
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Figure 4. Formation of the absorbance at 350 nm after pulse irradiation
(32 Gyl/pulse) of an aerated solution containing 0.28 M DMSO, 30
mM nitrate, 5uM DTPA, 32uM TNM, and 30 mM PB at pH 7.1. In
this system, CEDO" decomposes via reactions 8 and 20; therefore,
O2 ~ is formed relatively quickly by the pulsey, through reaction 8

(b) and during the slow decomposition of @BIONQO; (c). The optical
path length was 12.1 cm.

10719 M for CH300 and (CH),C(OH)CHOO andK_12~ 5
x 10710 M for c-CsHyOO". The equilibrium constant for G4
OC is in fair agreement with our earlier indirect determination
of K_12~ 5 x 10711 M, where methyl peroxynitrate arose after
the reaction of ONOOwith acetone in the presence of TNM.
Our proposed mechanism for the decomposition of RO@QNO
involves the formation of @; therefore, one should also be
able to determine the rate constant for this process using TNM.
This method was tested in the case of O, where we
studied the reaction of GO with *NO, at pH 7.1 in the
presence relatively low concentrations of TNM (i.e.;-&5 uM)
to minimize photolysis. In this system, GBIO* decomposes
via reactions 8 and 20; therefore,"O is formed relatively
quickly by the pulse, through reaction 8 and during the slow
decomposition of CEDONGO,. This is seen clearly in Figure
4a—c, respectively. The slow formation of C(Nfg~ obeyed
first-order kinetics, antét,,swas measured to be 0.0270.006
s71, which agrees with the value obtained directly (see above).
The yield of Q*~, formed via the decomposition of GH
OONG,, was determined in the absence of ;NGn solutions
saturated with mixtures of 90%.,8 and 10% Q. The latter
system is less complicated than the former one because CH
OO decomposes only via reaction 8 aiND, is formed solely
through the reduction of TNM by £". Therefore, in this case
[CH3OONG,] = A[C(NO,)37]r. Using egs 22 and 23, we found
that the yield of @~ formed via reaction 8 is identical to the
one formed during the decomposition of gHONG,; (i.e., 29
+ 3%). This last result demonstrates again that:GEINOG,
decomposes via reactionrsl2, 12, 8, and 24 (Scheme 1).
Reaction of ROOC with *NO. *NO and CHOO or
(CH3),C(OH)CH,OO were generated upon irradiation (34 Gy/
pulse) of aerated solutions containing 1tktt-butanol or 0.3
M DMSO, 5 mM NG,~, 5 uM DTPA, and 10 mM PB at pH
4.9. The reaction was studied at pH 4.9 to minimize the
contributions of peroxynitrite and peroxynitrate to the absorption
at 290 nm (i.e., ONOOH (8, = 6.6) and QNOOH (K, =
5.9) have no appreciable absorption at this wavel&A§thThe

SCHEME 2

k2o
ROO"+ ' NO——> ROONO —>

J. Phys. Chem. A, Vol. 108, No. 10, 2004723

0.08+
A: ROO +'NO
0.04 1
8N 0.00+
S 0.08-
B: ROO + ROO
0.04 1
0.001 ' ' '
0 6 12 18
Time (ms)

Figure 5. Kinetic traces obtained upon pulse irradiation of (A) an
aerated solution containing 0.5 krt-butanol, 5 mM nitrite, 5uM
DTPA, and 10 mM PB at pH 4.9 with 34 Gy/pulse and (B) the same
solution saturated with 80% 40 and 20% @ but without nitrite and
with 14 Gy/pulse. The optical path length was 12.1 cm.

reaction could not be studied with 2.5 mM cyclopentane because
*OH reacts faster with N© than with cyclopentan# Typical
kinetic plots for the decay of (CHC(OH)CH,OO" in the
absence and presence*NO at pH 4.9 are shown in Figure 5.
The experimental observed second-order rate constants for the
decay of the absorption at 290 nm wédel = (7.2 + 0.5) x
10 and (4.0+ 0.3) x 1° st in the DMSO andert-butanol
systems, respectively. These rate constants are significantly
higher than those measured for the self-decomposition gf CH
OO and (CH),C(OH)CHOC (i.e., (5.3 0.5) x 10*and (3.2
+ 0.3) x 10*s7%, respectively). Therefore, we assume that
~ 2ks + koo (see rate eq 15a), and tkeg values were calculated
to be (3.74 0.6) x 10° and (3.04 0.9) x 1°® M~1 s71 using
629((CH300') =500+ 50M1cm? andézg(((CH3)2C(OH)CH2-
0OO) = 7804 80 M~1 cm™1, respectively. We corrected the
contribution of reaction 8 by computer modeling using reactions
8, 20, and 21 and obtained our best fit fgs = 3.5 x 10° and
2.8 x 1® M1 s71 for the DMSO andtert-butanol systems,
respectively. The latter values demonstrate that at least in the
initial stage of these reactiorgys ~ 2kg + kao.

The reactions ofNO with (CHs),C(OH)CH,OCO and CH-
OO were investigated in the presence of 55 on@0 TNM at
pH 6.1-6.9 (34 Gy/pulse). The formation of C(NW,
completed within less than 1 ms, was followed at 380 nm. In
these systems, C(NR™~ is formed as follows: (i) The solvated
electrons react with TNM ca. 10 times faster than with,N&*
therefore, in the presence of 580 uM TNM, ca. 10-14%,
respectively, of the solvated electrons produce C{yOand
*NOy; (i) ROO* decomposes mainly via reactions 8 and 20,
where the former reaction forms,O ; (iii) In aerated solutions
containing 5 mM NQ-, ca. 28% of Mforms O~ and the rest
forms *NO; and (iv)*NO, and*NO add rapidly to RO©and
O>~. Altogether, the measured yield of C(M@ was calculated
to be G(C(NQ)s™) ~ 0.46 or 0.58 in the presence of 55 or 80

Kq
[RO" +'ONOlcage — ™ RO+ NOy

lkN

RONO,
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uM TNM, respectively. However, the measured yield was  Upon comparing the gaseous and aqueliug, values of

G(C(NQO)37) = 0.70+ 0.04 or 0.82+ 0.06 in the presence of CH3;OONO, and HOONGQ, we find that their ratioK_1x(g)/

55 or 80uM TNM, respectively. These results suggest that O K-12(aq), is about the same for both compounds and amounts

is also formed via the decomposition of the alkyl peroxynitrites. to a factor of ca. 7. A factor of ca. 4 follows from Henry's

Our proposed mechanism, which is given in Scheme 2, is similar constant forNO,.3° This implies that ROON@and ROOQ are

to the one previously suggested for other alkyl peroxyl radftals. similarly solvated by water, their Henry's constants differing
Alkoxyl radicals CHO* and (CH).C(OH)CH.O" decompose by less than a factor of 2. Given that the main effect of water

rapidly to give 100% @ ~ via reactions 2628 or 29-31, is to increase the Gibbs energy *fO,, it is not surprising to
respectively. find that the rate constant of the endergonic reaction<&g)
is smaller in water than in the gas phase by about an order of
. e magnitude whereals;, is about the same.
CHO"—"CH,OH (26) To obtain the aqueous Gibbs energies for;OBNO, and
*CH,OH + O, — CH,(OH)OC (27) CH300NO, we utilize literature datéto estimateA;G°(CHz-
0O0O) ~ 11.3 kcal/mol and\¢G°(CH30O") ~ 8 kcal/mol. Then,
CH,(OH)OO — CH,0+ O,"” + HT™ (28) by taking AG°(*NO,) = 15.1 kcal/mat! andK_;, = 10710 M
(Table 1) we obtaimiG°(CH3O0NGQO,) ~ 12.8 kcal/mol. It is
(CH,),C(OH)CH,0" — CH,0O + (CH,),(OH)C (29) to be expected that the variation in the-® bond strength with
the substituent is similar in peroxynitrates and peroxynitrites.
(CH,),(OH)C + O, — (CH,),(OH)COO (30) This assumption implies that
(CH,),(OH)COO — (CH,),CO+ O, + HY (31) AG°(HOONO) — A,G°(HOONQ)) ~

) _ _ AG°(CH;O0ONO)— A;G°(CH;O0ONG,) (32)
We simulated the yield of C(N£s~ assuming that ROONO

decomposes rapidly according to Scheme 2 and thayiR@s
100% Q*~. We found for both systems that ROONO decom-
poses rapidly to form 14 2% free alkoxyl andNO; radicals.

Because\;G°(HOONO)= 7.1 kcal/mot?2 and AG°(HOONG,)
= 1.3 kcal/moF2it follows that AG°(CH;OONO)~ 18.6 kcal/
mol. Using the latter value\¢G°(*NO,) = 15.1 kcal/mol* and
) . A¢G°(CH30*) = 8 kcal/mol, we calculatézz ~ 2 x 168 ML,
Discussion

In the present study, we have shown that R@adily reacts CH,O" + "NO, = CH,00NO (33)
with *NO; to form relatively long-lived peroxynitrate species,
which have no appreciable absorption above 270 nm and areBecausekgg is almost certainly close to 2V ~1 s143 k 3,

in equilibrium with the parent radicals (Scheme 1). Similar should be~5 x 10P s1, and the overall rate of C¥DPONO
findings were previously described for peroxynitric acid, which disappearance is abouf 7 times higher (ca. 14% of the radicals
decomposes slowly in acidic solutions via equilibrium 12 (where escape to the bulk of the solution, i.e., ca. 3.3C° s3). Indeed

R = H), hydrolysis of*NO; (reaction 24), and dismutation of 2+ values were found experimentally in aqueous solutions

HO; (Table 1)202132We have also shown that GBO  and ¢, o1y c(OH)OONO and (Cl);C(OH)OONOE The dramatic
(CH3):C(OH)CHOC rapidly react with®NO to form alkyl decrease in the bond strength of- O upon replacing H by an

p_eroxynitritgs, which do not acc“”_“%'?‘te but ra}pidly decqmpose alkyl group has been noted before for both hydroperogides
via homolysis along the SO bond, initially forming a geminate 4 peroxynitrite§. This effect has been attributed to the

pair. Most of this pair collapses in the cage to form alkyl nitrates, h : : S .
' yperconjugative stabilization of the alkoxyl radical as opposed
RONO;,, but about 14% diffuses out as free alkoxyl ahtD, to that of the unstabilizetDH radical.

radicals. The latter value is similar to those recently reported In conclusion, the reaction of ROQwith *NO, forms

for other alkylperoxynitrites. _ relatively long-lived alkyl peroxynitrates, which are in equilib-
In the gas phase, there exists a substantial body of data relategh,, with the parent molecules and show no tendency to

to the kinetics of dec'omposition. of alkylperoxynitraﬁés?? It homolyze along the ©0 bond. In contrast, the reaction of
has been well established that, just as in agueous solutions, th&so with *NO forms relatively short-lived alkyl peroxynitrites,

rate-deter_mining_ step in the decomposition of a particular \yhich homolyze quickly along the €0 bond.

ROONGQ; is the dissociation ttNO, and ROO. In a few cases,

the rates of the reverse reactions are also kndwhich allows _

the equilibrium constants to be calculated. A number of Acknowledgment. This research was supported (S.G.) by
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