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Kinetics of the Reaction between Cyclopentylperoxy Radicals and HO
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The techniques of time-resolved UV spectroscopy and transient IR absorption are used to examine the kinetics
of the c-GHgO, + HO; reaction over the temperature range 2859 K. Deconvolution of the UV spectra

yield time-dependent concentrations of both the cyclopentylperoxy ang rel&xtants; the transient IR
experiments separately monitor HOFits of these data to the appropriate reaction model yield a rate constant

Of keoz+hoz = (3.271%) x 10713¢(1150:200T 3 571 for the title reaction. This result is compared to the single
previous study of c-6Hs0, + HO; kinetics, and the implications for the atmospheric chemistry of peroxy
radicals are discussed. As part of the present study, a relative fae.afidKei+chzon= (2.3 £ 0.3)g300=200T

has been measured for the reactiomCt-GH;0 — ¢-GHg + HCI relative to Cl+ CH;OH — CH,OH +

HCI.

Introduction atmospheric models according to kinetic data for the reactions

. . of methylperoxy and ethylperoxy radicals with KHO
Central to the tropospheric chemistry of hydrocarbon com- | 'ty Ft) y h th yip . )1 K of Kineti db{ t ilabl
pounds is the fate of the various intermediates formed as a result r;ls' uba |0n?hw ere feret;]s a act_ 0 'nes':m] aH%avg: aple,
of their atmospheric degradation. One important class of as has been e case for ne reactions ob 2, e
intermediate is the organic peroxy radical, R@rmed when method of lumping reactioAgrovides a means of accounting

the hydrocarbon is attacked by an OH radical and the hydro- for the unstudied reactions. Another advantage of lumping
carbon radical subsequently adds, Qe chemical mechanisms is the reduction in the computational

resources that it brings about. However, recent investigations

. of reactions for various non-methane peroxy radicals with HO
RH+OH—R+H.0 (1) have yielded results that now question the validity of using the
R+ 0,— RO, ) CH30; + HO, reaction to characterize the body of R® HO,

reactions. As a consequence, the criteria for lumping this
important class of reactions needs to be reevaluated.

The purpose of the present paper is to verify the steeper
temperature dependence and generally larger rate constant found
for the reaction of “larger” organic peroxy radicals (including
neopentylperoxy,cyclopentylperoxy,cyclohexylperoxy, and
(CH3)>C(OH)CH0, radicalg) with HO, as compared to me-
thylperoxy. The room temperature rate constants for the “larger”
peroxy radicals are approximately 3 times faster than for the
methylperoxy reaction, and the temperature dependence has
typically anE; ~ —1300 K as compared to &f, ~ —800 K.

The need for verifying this behavior arises from the following
considerations: The first investigatforof the ethylperoxy
reaction with HQ revealed the kinetics to be quite similar to
the analogous methylperoxy reactib¥. Recently, a reevalu-
ationt! of the GHsO, + HO, rate constant, by the same group
responsible for the preponderance of “larger” peroxy radical
studies, contradicted the first wofksuggesting that also the
ethylperoxy radical behaves toward KH&s a “larger” peroxy

The chemical degradation pathway of the R@dical is largely
dictated by levels of NQ) other peroxy radicals, and H@resent

in the surrounding atmosphere with which it can react. For
example, the reaction of RQvith NO serves as an important
removal mechanism for peroxy radicals and plays a key role in
photochemical ozone formation in urban areas wherg liséIs

are relatively abundant. However, when NEncentrations
are reduced, as often found in rural and remote environments,
the reaction of R@Qwith HO, takes on an important role in the
atmospheric degradation of hydrocarbons.

Despite their atmospheric importance, the reactions of HO
with RO, radicals other than methylperoxy have until recently
received only scant attention in the literatdi#e.For purposes
of atmospheric modeling, the oxidation pathways of non-
methane hydrocarbons (NMHC) are patterned after those of
methane. Because there exist such a large variety of NMHC-
derived peroxy radicals and due to the lack of detailed chemical

information, their reactions are treated in atmospheric models radical. Efforts to resolve the discrepancy concerning the

using _Iumped_ or surrogate mecha_nisms to _describ_e the"CszOz + HO; reaction were undertaken in this laboratéty.
reactivity34 Via the Iumped mechanism, organic Species are pq results supported the initial work by Dagaut ef aamely.
grouped_ toge_ther ac_cor_dmg to_a common basis such as StrUCtur":'showin(‘; a temperature dependence comparable to that of
or functionality. This is predicated on the presumption that methylperoxy. Naturally, this situation raises the question of

]str;JhcturaIIy s;mélazrcg'rgpoundts will :ﬁact in a similar Tgnggr. whether or not a similar discrepancy could exist for the other
n the case of R® » reactions, these are parametrized in “larger” peroxy radicals.

T On leave from Department of Chemistry, Purdue University. The present_ pap_er extends the prev!ous W.0rk on therz@
* To whom correspondence should be addressed. + HO; reaction in three ways: First, tlmg-resolveq uv
€ Abstract published ilAdvance ACS Abstractdune 15, 1997. spectroscopy is employed to follow the reaction, allowing us
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to deconvolute the total absorbance at each time into contribu- Owing to methanol’'s low vapor pressure, however, this proce-
tions from c-GHgO,, HO,, and stable products. Previously, dure cannot be employed at temperatures below 250 K.

this was done by analyzing pairs of time-dependent absorption Experimental conditions are set such that the generation of
traces taken at two separate wavelengths in order to deduce theéhe peroxy radicals takes place within a few microseconds of
¢-CsHgO, and HQ contributions® Second, transient IR detec-  the photolysis pulse, a time scale rapid compared to the:500
tion of HO, is utilized as a separate method of monitoring this range of the subsequent peroxy radical reactions. The number
species concentration versus time profile, thereby verifying the of chlorine atoms generated by the photolysis pulse is deter-
UV measurements. Third, the rate constant measurements arenined separately by replacing the cyclopentane and the HO
extended down from 249 to 214 K. We also report a precursors with ethane under otherwise identical experimental
measurement of the UV cross section of the cyclopentylperoxy conditions and recording the number of ethylperoxy radicals
radical, examine its self-reaction kinetics at room temperature, that are generated. The total radical concentration varies from
and provide temperature-dependent relative rate constants foroughly 5 x 10 to 8 x 10 cm™3. Over the course of the
the reaction of chlorine atoms with cyclopentane relative to experiments, but not at each temperature, the ratio [t

methanol. CsHg0;] is varied from about 0.5 to 2.5.
Time-resolved UV spectra of the reaction mixture are
Experimental Section collected at delay times in the range-1800 us following the

photolysis pulse. This is accomplished by passing broad-band
UV light from a D, lamp longitudinally through the cell in a
direction opposite the photolysis beam. The probe light is
dispersed by a 0.32 m monochromator with a 147 groove/mm
grating onto a gated diode array detector. This configuration
allows the UV absorption of the peroxy radicals to be monitored
over a wavelength range of 19840 nm and at a time resolution

of 10 us. The spectra are deconvoluted into time-dependent
concentrations according to

The reaction between ¢cs8¢0, and HQ is interrogated using
the methods of flash photolysisime-resolved UV spectroscopy
and transient IR absorption that have been previously detéiftd.
Generation of the desired peroxy radical reactants is ac-
complished by the photolysis of £br F, in gas mixtures of
either CH/CH3zOH/Oy/c-CsH1o/N2 or Fo/Ho/Oo/c-CsHig/N2. The
given mixture flows through a temperature-controlled cylindrical
cell having a diameter of 3.2 cm and a path length of 51 cm.
Gas flow rates are controlled using Tylan flow controllers with
the exception of Gland . whose flow rates are controlled  Abs(t) = [HO,],a(HO,)! + [c-CsHyO5]0(c-CoHgO,)l +
using needle valves. The desired total pressure is achieved
through the addition of Ngas. [productsjo(products) (9)

The Cb or F; in the gas mixture is photolyzed by a 10 ns, where | represents the path length amdthe wavelength-
300-600 mJ pulse of 351 nm light from an excimer laser. The dependent cross section of the relevant species. The absolute
halogen atoms that are produced abstract hydrogen atoms fronUV cross section for H@is reported in ref 12 and is in good
the hydrogen-containing precursor species; thus, cyclopentylp-agreement with the recommended spectifnthe cyclopen-
eroxy radicals are formed via tylperoxy absorption cross section is remeasured in the present

study. The last term in the deconvolution accounts for small
c-CH,o+ Cl (or F)— c-CHg + HCI (or HF)  (3) contributions to the absorbance of the reaction mixture by long-
lived products, predominantly HOOH and ¢HsOOH.

c-GHy+0,+M —c-GH,0, + M 4) In addition to the UV probe, the loss of H@s separately
monitored using transient IR spectroscdpy.This is ac-
Whereas the above reaction scheme is used fogHy@; complished by recording, after the photolysis pulse, the change

generation in all of the experiments reported herein, two different in light intensity of a Pb salt diode laser beam that counter-
methods are used to form HOHydrogen gas is the precursor propagates through the experimental cell in place of the broad-

when fluorine photolysis is used to initiate the reaction; thus, ©and UV light. The HQ@radical is monitored by a vibratien
rotation line in thevs O—O stretch band that conveniently falls

F+H,—HF+H (5) between a pair of ammonia lines at 1117.45 and 1117.64.cm
2 Since the HQ@radical is a short-lived species, this coincidence
H+0,+M—HO,+M (6) simplifies locating the absorption liré.

The IR light intensity is monitored by a HgCdTe detector
with a 0.3us response time. This is an ac coupled device that

;[)hgv%?dnf;gt'g:n?;t:;r?tgfmFS@re_?#g?:ttt:fitsplzﬁgsvﬂt'%nzx?ﬁb?kenis sensitive only to changes in light intensity and not the absolute
level. It has a decay constantkg:= 300 s! that over the 1

Er:é)sectggr?ni?;:?r 'nTﬁgapfog?emigogvb;%:é vt\)nthk::v?nralthe ms time scale of the present experiments makes a small
Y- P y ping contribution to the signal attributable to the changing,HO

[H2)/[O2] and [GH1)/[O] ratios sufficiently high to limit FQ . o . .
; . concentration. Thus, the H@oncentration is ascertained using
prody_cqon to less thanll% of the-total number of rao!ma]s. the following modified form of Beer's law:

Initiation of the radical chemistry by Jphotolysis is
precluded at temperatures abov50 K due to a spontaneous av(t) _ v ge_[Hoﬂthoz, V() (10)
chain reaction between the &nd c-GH1o precursors. Instead, dt 0 gt et
Cl, photolysis is utilized. However, the reaction between CI . ) )
and H is too slow to generate HObn the desired time scale Here,V(t) represents the detector S|_gr1@lgt|s the detector_ time
without the addition of an unduly large amount of hydrogen. €onstant] is the path length, anho:is the IR cross section of

Therefore, methanol is employed to form bi@a the reactions  the probe vibratiorrrotation line. The IR cross section, which
depends on temperature and pressure, is measured by generating

CH,OH + Cl — CH,OH + HCI @) a known amount of the radical viagjho_tolysi_s ina methgnol/
oxygen mixture. The “known” amount is calibrated against the

quantity of GHsO, produced upon substitution of ethane for
CH,OH + O, —~ CH,0 + HO, (8) methanol.
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Figure 1. UV absorption spectrum of cs80,. The spectrum recorded 2 et : : i
in the present study is given by the solid line. The dashed line represents 0.000 0005 0010 0015 0020 0025 0.030

a fit of the 250 nm band to a Gaussian line shape. The symbols represent

results from ref 17. The spectrum of H@®om ref 12 is provided for ] ) ) ] )

comparison. Figure 2. Concentration versus time profile for the self-reaction of
C-CngOg.
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The experimental measurements are performed over the
temperature range 23860 K. Temperature control is main-
tained by a Neslab ULT-80dd recirculating chiller that precools/
preheats the gases, with the exception of cyclopentane, befor
entrance into the experimental cell. The cyclopentane (99% 2
and methanol (99.9&3) are acquired fromyFisI;er. Nitr(ogen) 0 = Oax €XPE0IIN(Ana/A)]°) (13)
(99.999%), oxygen (ultrazero grade, TH.5 ppm), ethane .

(99.5%), and hydrogen (47.8% in nitrogen) are purchased from WN€réAmax = 248 nm,omax = 0.049 K, andb = 45. Figure 1
Michigan Airgas. Chlorine (9.7% or 4.8% in nitrogen) and shows the present measurement to be in v?ry good agreement
fluorine (10% in nitrogen) are obtained from Matheson. All with the previous work reporteq by Rowley et él.'BOth. spectra
the reagents are used without further purification. peal_< near 250 nm. _The est|ma_1ted_ uncertainty in the cross
section reported here is 10%, which includes a 5% uncertainty
in the GHsO;, calibration spectrum and 5% due to possible
¢-CsHgO, UV Spectrum and Self-Reaction changes in experimental conditions when substituting ethane
for cyclopentane.
Time-resolved spectra of the GlidyO, radical show its

Cyclopentylperoxy radicals are generated by (@Hotolysis absorption to decay slowly. Each spectrum is converted into a
followed by reactions 3 and 4 in a gas mixture composed of concentration by comparison to the reference spectrum of the
C-GsH1/O2/Cl/N2. In order to ensure quantitative conversion  cyclopentylperoxy radical. The concentration versus time

of the Cl atoms to c-€HqO, radicals, the absorbance of the profiles are subsequently fit to a second-order decay appropriate
reaction mixture is measured as a function of the concentrationsfor the reaction

of cyclopentane and oxygen. The formation of the peroxy

The maximum cross section and corresponding wavelength
of the principal absorption band are found by fitting the UV
espectrum above 215 nm to a Gaussian line shape,

radical shows little dependence on the concentrations @HiC c-CGHg0, + ¢-C;H O, — products (14)
and Q when [c-GHig) > 0.1 Torr and [@Q] > 10 Torr.

Consistent with the very rapid reaction betweenstH{g and Figure 2 shows the data along with the best fit, corresponding
Cl is the low amount of c-6Hio required for quantitative  to a room temperature rate constantkgfops = 6.3 x 10714
conversion of the chlorine atoms to the peroxy radicals. cm?® s71. This “observed” rate constant includes secondary

The UV spectrum of c-§HyO,, shown in Figure 1, consists  removal of GHgO,, principally by reaction with H@formed
of a broad unfeatured band typical of peroxy radicals centered from the products of reaction 14; thus, it may vary depending
at about 250 nm, as well as indications of a second band on the conditions under which it is measured. In this case,
beginning below 215 nm. The intensity of the spectrum is however, the present result is identical to the value of 6.3
placed on an absolute scale by substituting ethane for cyclo-10"4 cm?® s recorded by Rowley et &f. It verifies that
pentane under otherwise identical conditions and measuring theremoval of c-GHgO> by self-reaction is very slow. Thus, in

C;Hs0, concentration produced from experiments where both HCand c-GHyO, are present, the
principal radical loss channels are via self-reaction of,ld@d
Cl + C,Hs — C,Hgs + HCI (11) the cross-reaction between bH@nd c-GHyO,; the cyclopen-

tylperoxy self-reaction plays only a minor role.
CH;+0O,+M—CH0,+ M (12)
The c-CsHqO, + HO» Reaction
using the well-characterized absorption cross section of Figure 3 illustrates the variation in time of the reaction
C;H50,.1213 The ethylperoxy concentration is equated to the mixture’s UV absorbance that is typical after photolysis when
initial Cl atom concentration and thereby the initial cyclopen- precursors for both c4ElsO, and HQ are present. Comparison
tylperoxy concentration. Each measured spectrum was extrapo-with the reference spectra of cyclopentylperoxy and Kfgure
lated tot = O to correct for any loss of peroxy radicals which 1) reveals that the initial absorption maximum of the reaction
may have occurred as a result of self-reaction. mixture falls somewhere between the absorption peaks of these
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Figure 3. UV absorptior-wavelength-time surface for the c-£E150, + HO;, reaction. Experimental conditions correspond to those of experiment
7 of Table 2. The slightly negative absorbance around 325 nm is due tosSlfrom photolysis.

two species. This is consistent with a convoluted spectrum 51— — T —
composed of two distinct broadly absorbing species. As the T=268K |
reaction proceeds, the overall intensity of the absorbance Cl;=8.2x10™ cm”]
decreases with time due to the loss of boths&#§D, and HQ.

The removal of the cyclopentylperoxy radical predominantly
occurs via its reaction with HO

- 13 -
Keo24nop=(2:420.4)x10" " cm™ s

HO, + ¢-CH,0, — ¢-C;H,O0H + O, (15)
since the self-reaction of cyclopentylperoxy is too slow to be a CsHeO,
factor in the current measurements. This is apparent from the
difference in time scales between Figures 2 and 3. The
disappearance of the HQadical is due both to reaction 15
and the self-reaction

concentration(1 0" em?® )

HO, + HO,— H,0,+ O, (16)

Consequently, H®is lost more rapidly than c4E14O,, which
explains the shift, in Figure 3, of the peak in the absorbance to
the red as time increases. At longer times, the spectrum .
approaches that of the cyclopentylperoxy radical, except at 0 100 200 300 400 500
wavelengths below-215 nm, at which the absorbance is higher time(us)
than expec_:t_ed. . Figure 4. Concentration versus time profiles for the gHzO, + HO,
The additional absorbance at short wavelengths is due to thereaction. Concentrations are obtained by deconvolution of the spectra
hydroperoxy compounds formed in reactions 15 and 16. The composing Figure 3.
UV spectrum of HO, begins gaining strength below about 225
nm, with an intensity in this region roughly 1/10 that of LB concentration falls off rapidly, owing to its reaction with HO
The spectrum of c-6HgO0H is unknown, but it is expected to  Once the HQ radicals have disappeared, however, s&+0,
be similar to that of HO,. Because these species absorb in loss occurs at a much slower rate via its self-reaction.
roughly the same spectral region as Htbey can interfere with The loss of HQ, as measured by its transient IR absorption,
determination of [H@;. For this reason, the deconvolution is illustrated in Figure 5. For most of the IR measurements, a
procedure, eq 9, includes a term to account for absorption by corresponding time-resolved UV experiment was carried out
these products, with(products) obtained from spectra taken a employing very nearly the same radical concentrations, except
long time (20 ms) after photolysis. at a total pressure of about 50 Torr. The lower total pressure
Deconvolution of the time-resolved spectra is achieved by was used to enhance sensitivity, since the IR line intensity is
fitting them to eq 9, treating [H&), [c-CsHyO4]:, and [products] inversely proportional to the pressure of the bath gas. For these
as adjustable parameters. The actual reference spectra are usgahirs of experiments, the UV- versus IR-derived values of
for this purpose and not the Gaussian fits. Figure 4 provides k2+ho2 @re in very good agreement.
examples of typical concentration versus time profiles obtained The concentration versus time data, whether from UV or IR
for the peroxy radicals in this manner. Initially, the gHgO, measurements, are fit to the kinetic model shown in Table 1,
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Figure 5. HO, concentration versus time as obtained from transient
IR absorption by thev; O—O stretch. Experimental conditions
correspond to those of experiment 1d Table 2.

TABLE 1: c-CsHgO, + HO» Reaction Mechanism

reactiord

16. HG, + HO, — H,0, + O,
14. c-GHgyO, + ¢c-CsHgO, — products
15. c-GHyO, + HO, — ¢-CsHgOOH + O2

rate constanit

2.8 x 10713594 e 51 12
6.3x 10 4 cmis 1P
3.2 x 10713g!150T gy g1 e

aReaction numbers correspond to those used in ‘téxalue
determined at 295 K; present and literafinedative rate measurements
indicate the rate constant to be nearly temperature independent.
¢Measured in present study.

consisting of the R@and HQ self-reactions and their cross-

reaction. The best fits of the data to this model are indicated
by the solid lines in Figures 4 and 5, and the corresponding
rate constants are listed in Table 2. The fitting procedure

TABLE 2: CsH¢O, + HO, Rate Constants

J. Phys. Chem. A, Vol. 101, No. 29, 199341

involves two adjustable parameters: the firskis+noz = kis,

the rate constant of the cross reaction, and the second parameter
is defined as the difference in the initial concentrations ofHO
and c-GHyO,. The total initial radical concentration is deter-
mined independently by the ethylperoxy substitution procedure
described in the Experimental Section. That the concentrations
of c-CsHgO, and HG can be fit simultaneously indicates that

the data are internally consistent.

Several factors contribute to the erroikig, such as the value
of the initial concentrations of HOand c-GHgO, as well as
uncertainties in the self-reaction rate constants. Ten percent
uncertainties in the initial concentrations [pF&and [c-GHgO]o,
which arise from the optical cross sections used in their
determination, result in 7% contributions to the error in the best
fit value of kys. Uncertainties due to the self-reaction rate
constants of H@and c-GHO, affect the best fit value dfis
to only a few percent. The principal source of error is from
noise in the concentration versus time profiles, which ranges
from 10 to 25%. Combining these contributions statistically,
the total uncertainty irk;s ranges from+15 to +£30%.

The temperature dependence of thesttD, + HO, rate
constant is shown in Figure 6 and is compared with the results
published by Rowley et &l. The rate constants along with the
experimental conditions are listed in Table 2. The slight
discrepancies between this work and the previous study are well
within the error bounds of each study. Our results are best
described by the following Arrhenius expression:

31

kis = (3.219) x 10 BgM5%200T o 17)

The negative temperature dependence is typical of HRO,
reactions and is suggestive of the reaction passing through a
rate-limiting intermediate complex.

It may be noticed, in Figure 6, that three of the five rate
constant determinations utilizing, Fohotolysis and K to
generate H@appear on the verge of being systematically lower
than the remaining data. We do not believe these data to be

sufficiently statistically significant to warrant concern that there
is a systematic difference arising from the two methods of

p, Torr
HOZ [HOz]o, [CngOz]o, resultg
exp no¢ temp, K P, TOrr GsHio F,or Ch 0, precursot 10%cm 3 10%cm3 ks, 107t cmi st
1 214 155 0.81 4.9 79 12* 2.7 3.2 6461.4
2 214 159 0.92 54 89 7.7* 2.0 4 441.3
3 225 159 0.94 4.7 97 6.7* 1.4 3.9 4431.0
4 231 163 0.80 5.2 83 13* 34 3.0 3160.8
5 253 159 0.88 5.2 88 8.7* 1.9 3 4190.8
6 267 50 0.22 0.36 27 1.6 4.1 3.9 2£70.4
6 267 50 0.22 0.36 27 1.6 4.3 34 3t00.6
7 268 49 0.34 0.33 26 1.6 34 4.8 2t40.4
7 268 49 0.34 0.33 26 15 3.7 4.2 2190.5
8 271 137 0.14 0.35 28 2.0 3.7 2.0 3:01.0
9 295 136 0.49 0.37 32 1.4 1.9 3.7 H80.4
10 295 48 0.34 0.31 26 1.5 2.8 4.3 H80.4
10 295 49 0.34 0.31 26 15 3.0 3.6 H60.3
17 324 52 0.25 0.37 28 1.7 4.2 3.3 H00.2
12 325 149 0.32 0.41 33 1.8 3.9 3.6 #20.2
13 356 50 0.18 0.43 38 2.3 5.0 1.8 G:0.1
14 356 50 0.45 0.45 19 1.1 2.6 5.9 @80.2
15 357 50 0.18 0.44 38 2.3 5.7 25 Q0.2
15 357 50 0.18 0.44 38 2.3 5.1 3.0 0t70.2
16 358 138 0.49 0.38 32 1.4 19 3.6 &0.2
17 359 142 0.32 0.41 32 1.7 3.6 3.7 8.1

aHO, precursor is indicated as follows: asterisk representsttt others are C¥dH. When H is used as the precursor, the chemistry is
initiated by R photolysis; for CHOH it is initiated by C} photolysis.? Error bars aret2¢ and include systematic uncertainti€Rate constant

indicated by a prime determined from transient IR measurement of][H

o
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Figure 6. Temperature dependence of the #4@0, + HO, reaction Figure 7. Temperature dependence of the-€k-GsHio versus CH

rate constant. Error bars afie2o and for the present results include  CH;OH relative reaction rate. Error bars at€o. The data of Rowley
systematic uncertainties. The solid and dashed lines are linear regreset al. are from ref 6.

sions of the present data and those of Rowley €t i@spectively. (3.3+ 0.7) x 101° cm? s~L. This conclusion is consistent

radical generation employed in these experiments. Instead, the)yv ith the re!atlvg rate measurements by Rowley étthiat are

are more likely to arise from difficulties associated with the colmpar;eglg F'f(urrle(j;?g 09{ ?Iata ar?d tolttg_e roortn tetmgerafture
low temperature and consequently low cyclopentane vapor\\;\?lff OF 5.5 p0 cm® s from the relative rate study o
pressure. Eliminating the lowest four temperature points allington et ak

changes the best fit Arrhenius expression from the one in ed piscussion

17 tokys = (1.2709) x 10-13(1450:2000T o3 571, an expression

that is within the error bounds of the original version. The present investigation of the G0, + HO; reaction

utilizes two methods to follow the reaction kinetics. One is
Cl + ¢-CsHyp versus Cl+ CHsOH Relative Rate time-reso!ved U_V spectroscopy, in which complete spectra of
the reaction mixture spanning the 19825 nm range are
Formation of the peroxy radicals in the title reaction by Cl gathered at a series of times following initiation of the reaction
photolysis in the presence of cyclopentane and methanolin order to extract the time dependence of thestiD, and
involves a competition for reaction with chlorine atoms by these Ho, concentrations. Whereas conventional transient absorption
two precursors. Thus, the ratio of initial peroxy radical measurement at two wavelengths is in principle sufficient to

concentrations is given by determine the concentrations of these two species, the present
method by relying on a multitude of wavelengths more readily

[ROlo — Ko[CsHidl (18) avoids systematic interferences such as may arise from weakly

[HO,ly, k/[CH4OH] absorbing product species, electrical interference, scattered light,

and other sources. A second method, namely transient IR

assuming that the Oreactions that follow Cl attack, reactions absorption, is used to confirm the H®oncentrations decon-
4 and 8, are essentially instantaneous. Use of the data in Tablevolved from the UV spectra. Unlike the broad overlapping UV
2 allows the inversion of eq 18 to recover the rate constant ratio spectra, the IR vibrationrotation lines are well-resolved,
kalks. allowing unique detection of the HOadical. The successful

The values of [HQ)p and [RQ]o in Table 2 are obtained  combination of these techniques increases the confidence in the
from the kinetic data as follows: The total radical concentration k;o2+h02 measurements.
is measured by the corresponding ethylperoxy calibration, and The current rate constant measurements support those made
the difference [HG|p, — [RO]o is derived from fitting the time- previously by Rowley et &. For the c-GHgO, + HO, system,
dependent concentration traces to the mechanism of Table 1.absorption by the products is weak and limited to wavelengths
Combining these with the initial precursor concentrations below roughly 215 nm; thus, the measurements of Rowley et
provides the rate constant ratios plotted versus temperature inal. at 220 and 260 nm were relatively free from this source of

Figure 7. A fit of these ratios to the Arrhenius form gives interference, presumably leading to the good agreement with
the present work. Both sets of rate constants (Figure 6) exhibit
KersesnadKorsenaon= (2.3 0.2)g*20T  (19)  a relatively steep negative temperature dependence. As dis-

cussed above, the temperature dependende,nf,2 can be
which shows a rather small negative temperature dependencedetermined in two ways depending on whether or not the data
Neither of the reactions comprising this ratio has been much below 250 K are included. Over the entire 21369 K range

studied. The measurement by Lightfoot et%abf the Cl + of the present measurements, the temperature dependence is
CH3OH reaction relative to methane indicates it to be temper- characterized byE, = —(1150 + 200) K. Restricted to
ature independent over the 24873 K range withkei+chsoh = temperatures above 250 K, the “activation energy” increases to

5.3 x 100 cm® s~L Inserting this into eq 19 implies that the —(1450+ 200) K. Either value is in good agreement with the
Cl + ¢-GsHy reaction is nearly temperature independent and earlier repoit of E, = —(13234 185) K derived from data in
that it has a room temperature rate constark.@fsn1d298) = the 249-364 K range.



Reaction between Cyclopentylperoxy Radicals and, HO J. Phys. Chem. A, Vol. 101, No. 29, 199343

The principal outcome of the present kinetic investigation is (4) Carter, W. P. LAtmos. Emiron. 1990 24A 481.

that the rate constant for the ¢t@%0, + HO; reaction has a (5) Rowley, D. M.; Lesclaux, R.; Lightfoot, P. D.; Hughes, K.; Hurley,
different temperature dependence than does the analogoud’- P Rudy. S.; Wallington, T. JJ. Phys. Cheml992 96, 7043.
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non-methane hydrocarbons in unpolluted tropospheric air are 92 3833 _ _
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