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The mid-IR spectrum of gas-phase C2H5OO has been measured over the spectral range of 800-4000 cm-1.
The employed experimental technique was long-path-length absorption in which a White cell was coupled to
an FTIR spectrometer. Radicals were generated in a mixing manifold prior to the absorption cell by passing
an F2/He mixture through a microwave discharge to create fluorine atoms followed by the reaction of atomic
fluorine with an ethane/oxygen mixture. A number of absorption bands were observed to increase in intensity
with increasing atomic fluorine concentration. Verification that the observed bands originated from the ethyl
peroxy radical was done first by comparing measured band frequencies with the spectra of possible secondary
reaction products and second by titrating C2H5OO• with excess nitric oxide and observing the nitrogen dioxide
and ethyl nitrite products that ultimately result from the titration reaction. Bands were assigned to normal
modes of C2H5OO• through comparing the observed band positions and intensities to the results of ab initio
calculations and to the previous work of Chettur and Snelson (Chettur, G.; Snelson, A.J. Phys. Chem.1987,
91, 3484) and Pushkarsky, Zalyubovsky, and Miller (Pushkarsky, M.B.; Zalyubovsky, S. J.; Miller, T. A.
J. Chem. Phys.2000, 112, 10695).

Introduction

Alkyl peroxy radicals (RCH2OO•) participate as essential
intermediates in a variety of chemical systems including
combustion and atmospheric chemistry. The oxidation of
hydrocarbons to alkyl peroxy radicals is one of the most
important reactions in combustion systems. Model simulations
show that for hydrocarbon low-temperature flames the formation
of the alkyl peroxy radical followed by isomerization to the
hydroperoxy-alkyl radical is the dominant reaction pathway for
the activation of hydrocarbons.1 Our interest in alkyl peroxy
radicals, however, stems from their importance in the formation
of ozone in photochemical smog. In the troposphere, hydro-
carbon oxidation is initiated by hydrogen atom abstraction by
the hydroxyl radical followed by association with molecular
oxygen to form the alkyl peroxy radical.2 RCH2OO• reacts with
nitric oxide to create nitrogen dioxide and the alkoxy radical.
Nitrogen dioxide undergoes photolysis to release an oxygen
atom that subsequently combines with molecular oxygen to
create ozone:

Alkoxy radicals subsequently react in one of three possible
ways.3 First, the alkoxy radical, RCH2O•, may react with
molecular oxygen to form HO2 and an aldehyde, RCHO. The

aldehyde undergoes hydrogen abstraction by OH to form RCO•,
which may either dissociate to R• + CO or react with O2 to
form RO• + CO2. Both channels eventually result in the
formation of an alkyl peroxy radical with one or more fewer
carbon atoms. Second, RCH2O• may decompose to form an
alkyl radical and an aldehyde. The rate of decomposition
depends on the identity of the departing alkyl group and
increases for larger Cn. Thus, this channel becomes more
important for RCH2O• having three or more C atoms. The
resulting alkyl radical associates with molecular oxygen to create
a new alkyl peroxy radical with fewer carbon atoms, and the
aldehyde will proceed with the reaction in the manner just
described. Finally, RCH2O• may isomerized by a 1,5 H-atom
shift that proceeds through a six-membered ring that generates
an alcohol functional group and an alkyl radical group separated
by four carbon atoms. Of necessity, this occurs only for Cn (n
g 4) alkoxy radicals. The radical product adds molecular oxygen
to create an alkyl peroxy radical. The alkoxy+ O2 reaction
dominates the loss mechanism for Cn (n e 3), and isomerization
dominates for Cn (n > 5).3

Because of their essential participation in many chemical
systems, it is important to have experimental techniques capable
of monitoring alkyl peroxy radicals. Most studies of the reactions
of alkyl peroxy radicals have employed UV absorption spec-
troscopy to monitor the strong B2A′′-X2A′′ transition centered
at 240 nm that is common to all alkyl peroxy radicals. Although
this method provides high sensitivity for peroxy radical detec-
tion, the broad nature of the UV absorption band results in
spectral overlap with many other species that may be involved
in peroxy radical chemistry. We therefore have embarked on a
series of experiments to measure the infrared spectra of alkyl
peroxy radicals in the gas phase so that IR techniques may be
used to monitor various reactions of ROO• with the spectral
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RCH3 + •OH f RCH2• + H2O

RCH2• + O2 + M f RCH2OO• + M

RCH2OO• + NO f RCH2O• + NO2

NO2 + sunlightf NO + O

O + O2 + M f O3 + M
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specificity inherent to the IR region. We have begun by
measuring the IR spectrum of the ethyl peroxy radical, C2H5-
OO•.

A variety of spectroscopic techniques4-10 including UV
absorption spectroscopy, flash photolysis/time-resolved UV
spectroscopy, mass spectrometry, pulse radiolysis, and recently,
near-IR cavity ring-down spectroscopy have been employed to
elucidate the photokinetic and mechanistic information of ethyl
peroxy radical reactions. IR bands of C2H5OO• have been
reported in only two previous studies. Chettur and Snelson11

pyrolyzed azoethane to form ethyl radical followed by deposition
in a mixture of oxygen and argon at∼10 K onto an optical
substrate. Spectra of the resulting ethyl peroxy radical in an Ar
matrix were recorded over the 200-4000 cm-1 range. Pusharsky
et al.12 monitored the A2A′-X2A′′ transition of the ethyl peroxy
radical in the region of 7600 cm-1 following the photolysis of
either iodoethane or 3-pentanone in the presence of oxygen,
and they observed an absorption band attributed to the O-O
stretch of the gas-phase ethyl peroxy radical. This is the only
known study that we could find in the literature to report
frequencies of any vibrational band of the gas-phase ethyl peroxy
radical. This paper reports the IR bands of C2H5OO• over the
800-4000 cm-1 region and the means by which we have
verified the reported frequencies.

Experimental Section

The spectrum of the gas-phase ethyl peroxy radical was
determined using a Fourier transform infrared spectrometer
coupled to a long-path-length absorption cell. The IR output of
a 0.1-cm-1 resolution FTIR spectrometer (Thermo Nicolet
Nexus 870) was coupled to an absorption cell (Infrared Analysis
model G-9-54X3-V-BA-AG). The absorption cell was equipped
with White-type optics with a base absorption path of 2.74 m.
The total absorption path length could be varied up to 150 m,
although spectra reported in this paper were typically collected
with a 90-m optical path. The absorption cell was fitted with
BaF2 windows. A HgCdTe detector with a 1-mm2 active area
(Cincinnati Electronic, model MDD-10E0-S) was mounted at
the exit of the absorption cell, and the detector signal was
returned to the FTIR for processing via a BNC cable. Spectra
were recorded at a resolution of 1.0 cm-1. Interferogram scans
(5000) were also typically added to produce the final recorded
spectrum. The choice of detector and window material limited
the useful spectral range of the apparatus to the region of 800-
4000 cm-1. The transfer optics between the spectrometer,
absorption cell, and detector were enclosed within an acrylic
box that was continually purged with dry, CO2-free air to
eliminate background signals from atmospheric water and
carbon dioxide.

The ethyl peroxy radical was generated by the reaction
mechanism

Ethyl peroxy radicals were created in a 3.8-cm-diameter× 70-
cm-length mixing manifold that was connected to the absorption
cell with 0.5-in. o.d. stainless tubing. Atomic fluorine was
formed by flowing a mixture of 5% F2 in UHP helium through
a microwave cavity connected to an rf generator. The microwave
cavity encased a 0.5-in. o.d. alumina ceramic tube in which the
discharge was maintained. Ethane was added to the gas flow

beyond the discharge but prior to the mixing manifold. Ethane
was allowed to react with F atoms by flowing through∼0.7 m
of 0.25-in. o.d. Teflon tubing before entering the mixing
manifold. UHP oxygen was added directly within the mixing
manifold. Flows of all gases were measured with calibrated mass
flow meters. The total pressure within the mixing manifold was
monitored with a 100-Torr capacitance manometer and typically
ranged from 1.5 to 3.0 Torr. A schematic of the experimental
apparatus is shown in Figure 1.

It was necessary to record two spectra to observe the
vibrational bands of the ethyl peroxy radical. The first spectrum
was collected with all gases flowing at the desired concentrations
but with the microwave discharge off. The observed spectrum
under these conditions was that of ethane because no other gases
in the system exhibit absorption in the IR region. The flow rate
of ethane was adjusted such that the absorbance of the CH3

deformation modes in the region of 1300-1500 cm-1 had a
maximum value ofA < 1. At these concentrations, the stronger
bands of ethane in the C-H stretching region around 3000 cm-1

were in the nonlinear regime of Beer’s law withA . 1. A
second spectrum was then recorded using the same gas-flow
rates with the microwave discharge turned on. This spectrum
included bands not only from ethane but also from the ethyl
peroxy radical and other reaction products formed by secondary
chemistry. The peroxy radical spectrum was obtained by
subtracting the discharge-off spectrum from the discharge-on
spectrum. Subtractions were optimized to produce a smooth
baseline over the CH3 deformation region. It was difficult to
achieve a smooth baseline in the C-H stretching region because
the large signals due to C2H6 were in the nonlinear regime of
Beer’s law and small variations in ethane concentrations over
the duration of an acquisition could not be evenly subtracted
out.

The spectrum of the ethyl peroxy radical was confirmed by
performing titration experiments with nitric oxide. The reaction
C2H5OO• + NO f C2H5O• + NO2 has a room-temperature
rate coefficient ofk298 ) 9 × 10-12 cm3 molecule-1 s-1.18 For
these measurements, excess nitric oxide was first passed through
a glass cartridge containing Ascarite II to remove any NO2

impurity. NO was then added to the flow of gas from the mixing
manifold through a T joint in the 0.5-in. o.d. tubing connecting
the mixing manifold to the absorption cell.

Ab initio calculations of the C2H5OO• ground electronic state
were used to assist in the assignment of normal-mode frequen-
cies. Calculations were performed with the Gaussian 98 software
suite running on 1.0-GHz Pentium 4 processor. Geometries were
optimized and energies were determined using B3LYP density
functional theory with a 6-311G basis set. Frequencies, normal-
mode motions, and transition intensities were calculated at the

F2 + µwavef 2F

F + C2H6 f •C2H5 + HF

•C2H5 + O2 f C2H5OO•

Figure 1. Schematic of the FTIR/long-path-length absorption ap-
paratus.
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same level of theory using the optimized geometries. Harmonic
frequencies were scaled by a factor of 0.9613 to account for
the anharmonicity of the potential surface.

Results and Discussion

A series of spectra recorded with constant concentrations of
ethane and oxygen and as a function of increasing fluorine
concentration are shown in Figure 2. The concentrations of
ethane and oxygen were constant at values of [C2H6] ) 3.0 ×
1015 molecule cm-3 and [O2] ) 4.3 × 1016 molecule cm-3.
The concentration of F2 flowing through the microwave
discharge was varied from 5.4× 1013 to 6.0× 1014 molecule
cm-3. A number of bands were observed to increase in intensity
with increasing atomic fluorine concentration, as seen in Figure
2. To assign the observed bands to the ethyl peroxy radical, it
is first necessary to consider all of the possible secondary
chemical reactions that may occur in the system and identify
any bands that may originate from intermediate or stable species
resulting from secondary reactions.

When the flow of ethane into the mixing manifold was turned
off and only oxygen and fluorine were in the mixing manifold,
none of the bands observed in Figure 1 were present, indicating
that all of these bands originate from the initiation reaction of
F + C2H6. When the flow of oxygen was turned off and only
ethane and fluorine were present in the system, only the band
centered at 950 cm-1, displaying a distinct Q branch and
rotationally resolved P and R branches, was seen. This band
was assigned to ethylene, C2H4. Ethylene can be formed in this
reaction system in the presence of excess atomic fluorine by
the mechanism

Thus, in the absence of oxygen, the ethylene spectrum is
observed, but it is also observed with all gases present in the
mixing manifold, indicating that the ethyl radical formed
following the hydrogen abstraction undergoes competitive
reaction with either molecular oxygen to form the ethyl peroxy
radical or with atomic fluorine to form ethylene.

To identify bands that might arise from the secondary
chemistry of ethylene, a series of measurements were performed
in which ethane was replaced by ethylene in the mixing

manifold. The results are shown in Figure 3. Trace A shows
the spectrum of a mixture of ethylene and oxygen in the absence
of atomic fluorine. As expected, the spectrum is that of ethylene
with the rotationally resolved band at 949 cm-1 and a weaker
band at 1443 cm-1 that is not completely resolved at the
resolution of our instrument. Trace B is the spectrum resulting
when atomic fluorine is added to the mixing manifold with
ethylene and oxygen. Under these conditions, three additional
bands appear at 863, 1155, and 1655 cm-1. Trace C in Figure
2 is the same as trace D in Figure 1 and is included to facilitate
comparison between the two sets of measurements.

Ethylene may undergo reaction with atomic fluorine through
one of three possible product channels:

Reaction 1a is slow relative to the other two channels and is
assumed not to participate significantly in the formation of
secondary chemical products. An examination of the spectra in
Figures 2 and 3 indicates that the bands occurring under both
sets of experimental conditions at 863, 1155, and 1655 cm-1

originate from fluoroethylene (CH2CHF). The vinyl radical
formed in reaction 1c will undergo further reaction by associa-
tion with molecular oxygen to create the vinyl peroxy radical:

There are two other possible product channels for this reaction
to form either CH2CHO + O or C2H2 + HO2, but room-
temperature rate coefficients for these reactions, calculated using
RRKM theory, are at least 2 orders of magnitude slower than
those of reaction 1.17 However, all of the bands observed in
trace B of Figure 3 may be assigned to either ethylene or
fluoroethylene; we see no experimental evidence for the
formation of the vinyl peroxy radical through reactions 1c and
2.

Figure 2. Spectra resulting when a mixture of C2H6, O2, and F atoms
in He is combined in a mixing manifold at flow rates of 40 sccm C2H6,
400 sccm O2, and (A) 10 sccm F2/He, (B) 30 sccm F2/He, (C) 60 sccm
F2/He, and (D) 100 sccm F2/He. The total pressure is 1.5 Torr.

F + C2H6 f •C2H5 + HF

F + •C2H5 f C2H4 + HF

Figure 3. Comparison of the spectra of (A) pure C2H4, (B) C2H4 with
F atoms and O2 added, and (C) trace D of Figure 2.

F + C2H4 f CH2CH2F

k298 ) 5.1× 10-12 cm3 molecule-1 s-1 13 (1a)

f CH2CHF + H

k298 ) 2.3× 10-11 cm3 molecule-1 s-1 14 (1b)

f C2H3 + HF

k298 ) 3.5× 10-11 cm3 molecule-1 s-1 15 (1c)

C2H3 + O2 f C2H3OO•

k298 ) 1.0× 10-11 cm3 molecule-1 s-1 16 (2)
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There are additional secondary reactions involving the ethyl
peroxy radical that must also be considered. If excess fluorine
atoms are present, then they will react with the ethyl peroxy
radical by abstracting either an oxygen atom or a hydrogen atom.
The mechanisms are

Because oxygen is the major component of the gas mixture with
a concentration of [O2] ) 4.3× 1016 molecule cm-3, the lifetime
of the ethoxy radical in reaction 3b is approximately 2.5 ms,
which is much shorter than the residence time of the gases within
the cell, so the conversion of the ethoxy radical to acetaldehyde
should be essentially complete on the measurement time scale
in this system.

Rate coefficients for the decomposition reactions of the ethyl
Criegee biradical have not been reported previously. The
analogous biradical,•CH2OO•, stemming from the methyl
peroxy radical has a decomposition rate of 6.0× 104 s-1 for
the H2O + CO channel.19 On the basis of this comparison and
the instability of the biradical, the decomposition of•C2H4OO•
is expected to be very fast.

The resulting stable end-products from the possible secondary
chemistry originating from reactions of the ethyl peroxy radical
are acetaldehyde, methane, methanol, carbon monoxide, and
carbon dioxide. A close examination of the spectra of Figure 2
reveals no evidence of CO or CO2 absorptions in the appropriate
spectral regions. Table 1 compares the frequencies and intensi-
ties of the other possible stable end-products mentioned above
with those bands observed in this study that cannot be attributed
to the chemistry of ethylene. It is clear that many of the bands

observed when ethane is present in the manifold cannot be
attributed to acetaldehyde, methane, or methanol.

To further verify that the spectrum recorded in Figure 2 stems
from the ethyl peroxy radical, a set of titration experiments were
performed in which nitric oxide was added to the gas flow from
the mixing manifold just prior to the absorption cell. The
reaction between the ethyl peroxy radical and nitric oxide to
form the ethoxy radical and nitrogen dioxide is reasonably fast,
so it is expected that the titration will be complete:

The results of the titration measurements are shown in Figure
4. Trace B is the spectrum recorded with the addition of excess
NO. Trace A of Figure 3 is the same spectrum as that shown in
Figure 2, trace C and is included in the Figure to facilitate
comparison. It is clear that the spectrum measured with excess
NO is very different from that seen without nitric oxide. The
challenge is to identify all of the bands seen in Figure 4B and

TABLE 1: Comparison of Observed Gas-Phase Ethyl Peroxy Radical Band Frequencies with ab Initio Calculations, Ar Matrix
Data, and Known Bands of Other Possible Secondary Chemistry Productsa

C2H5OO
assignment this work

ab initio
(rel inten)

Ar
matrix11

C2H5O
assignment28

CH3CHO
assignment29

CH3OH
assignment29

ν1 CH3 in-plane str 2988 m 2986 (0.60) CH3 assym str 3005 m O-H str 3681 m
ν2 CH3 out-plane str 2987 (0.02) CH3 assym str 2967 m CH3 assym str 3000 m
ν3 CH3 sym. str 2918 (0.35) CH3 sym str CH3 assym str 2960 s
ν4 CH2 assym str 2999 s 3013 (1.0) 3016 w C-H str 2822 m CH3 sym str 2844 s
ν5 CH2 sym str 2964 s 2945 (0.28)
ν6 CH3 in-plane def 1448 m 1485 (0.24) 1451 s CH3 assym def 1441 s CH3 assym def 1477 m
ν7 CH3 out-of-plane def 1397 s 1464 (0.25) 1389 vs CH3 assym def 1420 s
ν8 CH3 sym def 1403 (0.39) 1380 s CH3 sym def 1352 s CH3 sym def 1455 m
ν9 CH3 out-of-plane rock 1242 (0.00) CH3 rock 919 m CH3 rock 1165
ν10 CH3 in-plane rock 1110 m 1104 (0.15) 1136 m CH3 rock 867 m CH3 rock 1060 w
ν11 CH2 scissor 1473 (0.07) 1474 m CH2 scissor 1295
ν12 CH2 wag 1283 m 1341 (0.46) 1351 m CH2 wag 1370 C-H bend 1400 s O-H bend 1345 s
ν13 CH2 twist 1173 w 1115 (0.17) 1242 w
ν14 CH2 rock 795 (0.04) 800 m C-H bend 763 w
ν15 O-O str 1050, 1062, 1070 vs 1020 (0.44) 1112 m
ν16 C-C str 880 s 982 (0.42) 1009 s C-C str 875 C-C str 1113 s
ν17 C-O str 773 (0.17) 838 m C-O str 1067 C-O str 1743 vs C-O str 1033 vs
ν18 COO bend 462 (0.23) 499 vs CCO bend 442 CCO bend 509 s
ν19 CO torsion 66 (0.00) torsion 150 w torsion 295
ν20 CC torsion 207 (0.01)
ν21 CCO bend 285 (0.04)

a Frequencies are given in cm-1. Relative intensities for ab initio bands are given in parentheses.

C2H5OO• + F f C2H5O• + FO (3a)

C2H5O• + O2 f CH3CHO + HO2

k298 ) 1.0× 10-14 cm3 molecule-1 s-1 18 (3b)

C2H5OO• + F f •C2H4OO• + HF
Criegee biradical formation (3c)

•C2H4OO• f CH4 + CO2 (3d)

f CH3OH + CO (3e)

Figure 4. Spectrum resulting from the addition of excess NO to C2H5-
OO. (A) Titration spectrum with excess NO. (B) Spectrum from trace
C of Figure 2 for comparison. (/) Bands attributed to C2H5OO.

C2H5OO• + NO f C2H5O• + NO2

k298 ) 8.7× 10-12 cm3 molecule-1 s-1 20
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correlate them with the chemistry of the system under these
conditions. The rotationally resolved band centered at 1876 cm-1

is that of NO, and the strong band observed at 1617 cm-1 stems
from NO2. The NO2 seen in this measurement does not come
from contamination in the nitric oxide gas cylinder because NO
is passed through an Ascarite trap prior to its addition to the
cell, and spectra recorded with the microwave discharge off
show no evidence of NO2. The source of the NO2 is the titration
reaction. There is also another rotationally resolved band at 1843
cm-1 that is assigned to nitrosyl fluoride, FNO. FNO may be
formed either by the association reaction between NO and
atomic fluorine with a third-order rate coefficient ofk298 ) 1.8
× 10-31 cm6 molecule-2 s-1 18 or by the bimolecular reaction
of molecular fluorine and NO with a rate coeffcient ofk298 )
1.5 × 10-14 cm3 molecule-1 s-1.19 Both reactions contribute
approximately equally under the experimental conditions of this
study.

The C2H5O• product of the titration reaction will undergo
further reaction within the mixing manifold. Specifically, the
ethoxy radical may react with either NO directly or the NO2

product formed in the titration reaction:

Under our experimental conditions with total pressure in the
range of 1.0-2.0 Torr, the reactions of the ethoxy radical with
both NO and NO2 are in the high-pressure limit, so the
bimolecular rate coefficients of the association reactions are the
appropriate values to use in assessing possible secondary
reactions. Comparing the titration spectrum with the reported
spectrum of ethyl nitrite23 (C2H5ONO) confirms that the bands
at 935, 1050, 1395, and 1672 cm-1 arise from this species. The
bands at 863 and 1281 cm-1 are in good agreement with the
reported frequencies of gas-phase ethyl nitrate (C2H5ONO2).30

There is no spectral evidence for CH3CHO, HNO, or HNO2 in
trace A of Figure 4.

The bands marked by asterisks in trace B of Figure 4 are
those originating from the ethyl peroxy radical in the range of
850-2000 cm-1. These assignments are based on considerations
of the behavior of the bands with increasing fluorine added to
the mixing manifold, the secondary chemistry expected to occur
in the reaction system, and the titration of the ethyl peroxy
radical with excess nitric oxide. The results are summarized in
Table 1. Included in Table 1 are tentative assignments of the
bands to specific vibrational modes.

A series of measurements were also performed to examine
the ethyl peroxy radical bands in the C-H stretching region
around 3000 cm-1 carefully. The spectra shown in Figure 2
result from subtracting the discharge-off data from the discharge-
on data. The largest band in the ethane spectrum is at 3000
cm-1, and at the C2H6 concentrations used for the spectra of
Figure 2, the absorbance of this band is in the nonlinear range
of Beer’s law, so simple subtraction does not result in the clean

removal of bands arising from parent ethane throughout this
spectral region. Thus, it was necessary to decrease the amount
of ethane in the mixing manifold by a factor of∼2.5 to reduce
the absorbance of the bands to less than 1. However, the
consequence of this decrease in [C2H6] is weaker signals from
the peroxy radical. The resulting spectrum over the 2900-3200
cm-1 range is shown in trace A of Figure 5. The weak P and R
branches centered about 3105 cm-1 are from C2H4. The
mechanism for ethylene formation is discussed above. Trace B
is a spectrum of ethane scaled so that the rotational bands are
approximately the same size as those seen in trace A. Even
following the best possible subtraction of the ethane spectrum
from the ethyl peroxy radical spectrum, there are still rotational
lines observed in trace A. A very careful comparison of the
two spectra reveals that some of these rotationally resolved lines
in the two traces are at slightly different positions. However,
the resolution of these measurements is not sufficient to assign
unique line positions. There are, however, three lines in trace
A that are distinctly different from those of pure ethane, and
these have been marked with asterisks. Additionally, the three
labeled lines disappear upon the addition of excess nitric oxide
in the titration measurements. On the basis of the above
considerations, we assign these bands to the stretching modes
of the ethyl peroxy radical. The band positions are included in
Table 1.

The vibrational-mode assignments listed in Table 1 for the
gas-phase frequencies of the ethyl peroxy radical were made
with assistance from frequencies and band intensities computed
by B3LYP density functional theory calculations using a 6-311G
basis set and based on comparison to the two previous
experimental studies. Agreement between calculated and ex-
perimental frequencies is less than 5% for all bands except the
C-C stretching mode.

The most complete experimental work on ethyl peroxy radical
spectroscopy is that of Chettur and Snelson.11 They observed a
number of bands ascribed to C2H5OO• in Ar matrix data. Their
mode assignments were based on the frequency shifts measured
when using isotopically labeled18O2 versus16O2 in the deposi-
tion step coupled with comparisons to calculated frequencies
from a private communication of A. Wagner and C. Melius. In
general, the Ar matrix frequencies are greater than gas-phase
frequencies by an average deviation of 44 cm-1. This is larger
than expected when compared to other radical species for which
both gas-phase and matrix frequencies have been reported.

C2H5O• + NO f CH3CHO + HNO

k298 ) 1.3× 10-11 cm3 molecule-1 s-1 22

98
M

C2H5ONO

k298 ) 5.0× 10-11 cm3 molecule-1 s-1 18,21b

C2H5O• + NO2 f CH3CHO + HNO2

k298 ) 6.6× 10-12 cm3 molecule-1 s-1 22

98
M

C2H5ONO2

k298 ) 2.8× 10-11 cm3 molecule-1 s-1 18

Figure 5. Spectrum of C2H5OO in the C-H stretching region from
2900 to 3200 cm-1. (A) Spectrum of C2H5OO. (B) Spectrum of pure
ethane for comparison. (/) Bands attributed to C2H5O.
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We have estimated the maximum uncertainty of the Chettur
and Snelson assignments to be on the order of 20 cm-1. Because
there are no other published studies of the mid-IR spectrum of
the ethyl peroxy radical in an Ar matrix with which to compare
the Chettur and Snelson measurements, our uncertainty assess-
ment is based on an analysis of methyl peroxy radical spectra
reported by the Snelson group and by Nandi et al.24,25 Both
studies measured the mid-IR spectrum of CH3O2 in an Ar matrix
at ∼12 K. Both groups generated the methyl radical by the
pyrolysis of either methyl iodide or azomethane: Ase et al. co-
deposited the methyl radical and oxygen on the cold substrate,
and Nandi et al. did this in a hyperthermal nozzle apparatus in
which the deposition of the methyl radical and oxygen on the
cold substrate was alternated. Each group reported IR bands
for the isotopic species CH3O2, 13CH3O2, CH3

18O2, and CD3O2.
Thirty-two bands were assigned in common between the two
studies. In general, the frequencies reported by Ase et al. were
higher than those reported by Nandi et al. The deviations in
assigned frequencies for specific bands ranged from 0 cm-1 up
to a maximum of 170 cm-1. The average deviation between
assigned band centers was 22.5 cm-1 with a standard deviation
of 58.2 cm-1. We observed the same trend in comparing the
gas-phase ethyl peroxy radical frequencies with the Ar matrix
frequencies reported by Chettur and Snelson.

In addition, Pusharsky et al. used cavity ring-down spectros-
copy to observe the A2A′-X2A′′ transition of C2H5OO•.12 They
measured a band centered at 7590 cm-1 that was assigned to
the O-O stretching mode of the gas-phase ethyl peroxy radical.
It is expected that this low-lying electronic transition borrows
oscillator strength from the molecular motion of the fundamental
vibrational modes in much the same manner that the low-lying
electronic transition in HO2 does.26,27 As a result, the spectral
features and overall shape of the observed C2H5OO• electronic
transition at 1.32µm should be similar to that of the rovibra-
tional band observed in the mid-IR region. A comparison of
the spectrum reported by Pusharsky et al. with the band centered
at 1055 cm-1 confirms the similarity, so we assign this band to
the O-O stretching mode of C2H5OO•. This provides additional
confidence that the bands reported in this work originate from
the gas-phase ethyl peroxy radical.

Conclusions

We have measured the IR spectrum of the ethyl peroxy radical
in the gas phase over the range of 800-4000 cm-1. The bands
ascribed to C2H5OO• behaved properly when excess nitric oxide
was included in the mixing manifold in that these bands all
decreased in intensity with the addition of NO. Comparison to
the previously reported IR studies of C2H5OO• provided further
verification of the spectrum and assisted in assigning the bands
to vibrational normal modes. The results presented here will
be used to study the kinetics of the ethyl peroxy radical with a
number of reaction partners using time-resolved infrared
techniques.
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