2470 J. Phys. Chem. R003,107,2470-2477
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A conventional flash photolysis technique was used to measure the self-reaction rate constants of the primary
BrCH,CH,0O; (2-bromoethylperoxy) and secondary BrCH()EH (CHs)O, (2-bromo-1-methylpropylperoxy)
B-brominated peroxy radicals, at temperatures in the range 6f 275 K. The absolute UV absorption spectra

of BrCH,CH,0, and BrCH(CH)CH(CH;)O, were also measured and compared to those obtained previously
for these radicals. The temperature dependence of the self-reaction rate constants provided the following
Arrhenius expressionsk(BrCH,CH,O, + BrCH,CH,0,) = (6.15755;) x 10 4 exp{ (12474 203) K/T} cn?
molecule® s andk(BrCH(CHs)CH(CHs)O, + BrCH(CHs)CH(CHs)O,) = (7.6075%2) x 10715 exp{ (1305

+ 428) K/T} cnm?® molecule® s, where the uncertainties represent 95% confidence limits associated with
the statistical fitting procedure and include the contribution for the expanded uncertainties in the individual
rate constant. These results confirm the enhancement of the peroxy radical self-reaction reactivity upon
p-substitution, which is similar for Br, Cl, or OH substituents. Structtaetivity relationships are proposed

for self-reactions of3-substituted peroxy radicals.

Introduction K. Kinetics of tertiary S-brominated radical reactions have
already been investigated in a previous work by our grdup.
f Trends for rate constants and Arrhenius parameters are proposed
on the basis of the data available for the self-reactions of various
[-substituted peroxy radicals.
A conventional flash photolysis technique was used to
fdetermine the rate constant of the following reactions:

Peroxy radicals R@play an important role in atmospheric
oxidation processes and in the low-temperature oxidation o
hydrocarbong:2 Studies of peroxy radical self-reactions are of
interest as a necessary step for studying their reactions with
NOy, HO;,, or other RQ compounds. Self-reactions are well-
known to present rate constants varying over several orders o
magnitude, depending principally on the structure of the radical
or c?n the presgnce o? f[l)Jnctigna?/grOLﬁjélt has been shown  2BrCH,CH,0, =~ 2BrCH,CH,0 + O, (1a)

that substitution of alkylperoxy radicals with hydroxy, carbonyl, — BrCH,CH,OH + BrCH,CHO + O, (1b)
or halogen groups, either in theposition or in thes-position e z 2

to the peroxy group, significantly increases the self-reaction rate sgrcH(CH,)CH(CH,)O, — 2BrCH(CH,)CH(CH.)O + O
constants:5-10 Although very significant progress has been (CH)CH(CH)O, (CH)CH(CH) 2

made in defining structurereactivity relationships for kinetics (2a)
of peroxy radical reactions, only a few works have been reported — BrCH(CH,;)CH(CH,)OH +
to study the influence of the temperature on the kinetics of BrCH(CH,)C(O)CH, + O, (2b)

substituted peroxy radical reactiohor instance, in the case

of the methylperoxy self-reactions, the presence of substituents
(F or CI, whatever their number) results in variations in Experimental Section
activation energies of approximately a factor of 2 (WHEKHR
values betweer-400 and—800 K) and variations of a factor
of 4 in pre-exponential factors (from & 10713to0 4 x 10713

cm® molecule® s71). When substituents are in tifeposition,
rate constants of substituted-peroxy self-reactions mainly depen
on the class of the radical: for primary and secondary peroxy
radicals, 3-substitution always yields a negative temperature
dependence (witlEy/R values between-700 and—1400 K),
whereas, for substituted tertiary radicdtgjs positive? Hence,

the objectives of the present work were to provide further
information on the effects of-substitution on primary and
secondary peroxy radicals, by investigating the case of bromine
[-substitution at various temperatures in the range o373

Kinetic studies were performed at atmospheric pressure, using
the conventional flash photolysis technique, coupled with UV
absorption spectrometry as real-time monitoring of radical

d<:oncentrations. This technique has already been described in
detail? and is addressed only briefly here.

The setup consisted of a 70-cm-long Pyrex reaction cell, fitted
with a water-filled thermostat jacket. Flashes were generated
by discharging two capacitors through external argon flash
lamps. The UV analysis beam from a deuterium lamp was
directed along the length of the cell and focused onto the slit
of a monochromator. The light intensity at the selected wave-
length @ = 200—-300 nm) was monitored by a photomultiplier
tube, and the signal was stored in a digital oscilloscope and
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Self-Reactions of BrCKCH,0, and BrCH(CH)CH(CH;)O,

Brominated peroxy radicals BrGBH,O, (2-bromoethyl-
peroxy) and BrCH(CH)CH(CHz)O, (2-bromo-1-methylpropyl-
peroxy) were generated using the BVisible photolysis of

molecular bromine (Bj), producing Br atoms that added to the

double bond of either ethene fds) or (E)-but-2-ene (GHs),
respectively, in the presence of oxygen and nitrogen:

Br, + hv (A > 280 nm)— 2Br 3)
Br 4+ CH,=CH, + M =BrCH,CH, + M (4,—4)

whereks(298 K) = 1.23 x 1013 cm?® molecule® s71in 700
Torr of air!3 or

Br + (CH;)CH=CH(CH,) + M —
BrCH(CH,)CH(CH,) + M (5)

whereks(298 K) = 8.5 x 1072 cm® molecule* s™1 in 750
Torr of molecular nitrogen (By,2415

BrCH,CH, + O, + M — BICH,CH,0, + M (6)

whereks was estimated to be similar t¢C,H4Cl + Oy) (1 x
1071 cm?® molecule’® s71) at 298 K16 or

BrCH(CH,)CH(CH,) + O, + M —
BrCH(CH,)CH(CH,)0, + M (7)

wherek; was estimated to be larger thkfs-C4Hg + O5) (1.67
x 10711 ¢ molecule’? s71) at 298 K (in 4 Torr of helium}’

The concentration of Brwas measured by its absorption at

415 nm ¢ = 6.45 x 1071° cn? molecule1)!® and maintained
in the concentration range of £ 10'%-5 x 10 molecules
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was completely replenished between each flash, thus preventing
complications arising from the reaction products.

Oxygen, nitrogen (AGA Gaz Sp&ux, >99.995%), acetal-
dehyde (Aldrich, 99%),K)-but-2-ene (Aldrich;>99%), ethene
(AGA Gas Speiaux, 99.8%), bromine (Aldrich, 99.5%),
2-bromoethanol (Aldrich, 95%), and 3-bromo-2-butanone (Lan-
caster,>97%) were all used without further purification. Liquid
compounds (bromine and acetaldehyde) were introduced into
the gas mixture by passing a slow flow of nitrogen (or oxygen)
through a bubbler cooled in a wateice bath.

Experimental decay traces (absorbance versus time) were
analyzed by numerical integration of a set of differential
equations that took into account the complete reaction mech-
anisms. Resulting simulations were fitted by adjusting selected
parameters (i.e., self-reaction rate constants), using nonlinear
least-squares fitting.

Results

The kinetic studies of the self-reactions of the BECHI,O,
and BrCH(CH)CH(CH;)O; radicals are reported below. The
self-reaction of the 2-bromoethylperoxy radical (BriHH,0O5)
has been selected as a typical case for a detailed presentation
of the results. The results for the 2-bromo-1-methylpropylperoxy
radical (BrCH(CH)CH(CH;)O,) are reported only briefly,
because experiments and data analyses were conducted in a
similar way. Therefore, only the particular features specific to
this study are noted.

BrCH ,CH,0, and BrCH(CH 3)CH(CH3)O, Ultraviolet
Absorption Spectra. Absolute UV absorption cross sections
were required to quantify the radical concentrations of interest
in the present work. The UV spectra were obtained by measuring
the initial absorption of the decay traces at different wavelengths

cm3. The photolysis yield of Brin our system was calibrated  in the range of 218290 nm. The presence of a short postflash
against the acetylperoxy radical absorption formed by replacing dead time meant that the decay traces had to be extrapolated to
ethene (or E)-but-2-ene) by acetaldehyde (which reacts ef- time zero by modeling the decay profile, using the complete
ficiently with Br atoms) before and after each set of experiments, reaction mechanisms, as described in the next section. Absolute
keeping all other experimental conditions identical. Absorption cross-section values were obtained by calibrating the photolysis

cross sections of C4#€(0)0, are well establishedo(207 nm)
= 6.75x 108 cn? molecule* ando(250 nm)= 3.22x 10718

cn? moleculel.2 Under the experimental conditions, initial Br

atom concentrations were usually in the range of 2013—-1
x 10" molecules cm?.

Concentrations of ethene (anB){but-2-ene) were chosen

yield of Br,, from which the initial radical concentrations were
deduced, as detailed previously.

Spectra of BrCHCH,0, and BrCH(CH)CH(CH;)O; radicals
are respectively presented in Figures 1 and 2, and the corre-
sponding cross sections are given in Table 1. The UV spectra
resemble those of most alkyl peroxy radicals, appearing as a

such that the conversion of Br atoms to radicals was almost broad band in the range of 26800 nm, without any vibrational
instantaneous, compared to the time scale of the reactions ofstructure and with maxima at 240 nas(BrCH,CH,O,) = (4.77
interest, and dominated all other possible loss processes of Br+ 0.09) x 10718 cn? molecule’! and o(BrCH(CHs)CH(CHg)-

atoms, in particular, reaction 8:
Br + BrCH,CH,0, (or BrCH(CH,;)CH(CH,)O,) + M —
BrCH,CH,OO0Br (or BrCH(CH)CH(CH;)OOBIr)+ M (8)

wherekg was estimated to be similar t§C,HsO, + Br) (~1
x 10710 cm? molecule! s71) at 298 K and in 1 atm of a#®

0,) = (4.27 £ 0.16) x 10718 cn¥ molecule’d).

Also shown in Figures 1 and 2 are the spectra measured
previously by Crowley and Moortg&tfor the same radicals,
using the molecular modulation technique. Although the shapes
of the spectra are similar in both studies, note the discrepancy
in the absolute cross-section values at short wavelengths. Cross
sections reported by Crowley and Moortfaare 5%-15%

Concentrations of ethene were typically set in the range of 1 lower for BrCH,CH,0O, and are quasi-identical for BrCH(GH

x 107—4 x 10'8 molecule cm?, and those of E)-but-2-ene
were always in the range of 3.5 10%—1 x 10" molecule

CH(CH;s)O-, to those determined in this work in the range of
250-290 nm. However, the discrepancies increasez0 nm,

cm~3. The oxygen partial pressure was varied in the range of up to 70% at 210 nm. In the molecular modulation experiments,
10730 Torr; however, most experiments were performed under the absolute spectra were calibrated by scaling the UV cross

a large excess of molecular oxygeny(Qto scavenge BrCH
CH, radicals rapidly and avoid reactiom (k—4(298 K)=1.16
x 100 stin air).20

sections to the values obtained at 270 nm for both radicals.
Reported spectra were obtained using a deconvolution procedure
to take into account the absorption of kHi@dicals, which absorb

In experiments where the oxygen concentration was varied, significantly at <240 nm and are expected to be produced in
nitrogen was used as the diluent gas. The total flow rate in the the secondary chemistry following the R&elf-reaction. This
cell was sufficiently high to ensure that the reaction mixture deconvolution procedure, which was performed without con-
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TABLE 1: UV Absorption Cross Sections for BrCH,CH,0,, BrCH(CH 3)CH(CH 3)O,, BrCH,CH,OH, and BrCH(CH 3)C(O)CH3
at 298 K

wavelength (nm) 0(BrCH,CH,0O,)> 0(BrCH(CHz)CH(CHz)O2)2P o(BrCH,CH,OH)2¢ o(BrCH(CHs)C(O)CHg)©
210 3.05+ 0.19 2.87+0.17 0.41 0.81
220 3.77+ 0.07 3.31+0.20 0.23 0.69
230 4.48+ 0.17 3.98+ 0.17 0.08 0.44
240 4.77+ 0.09 4.27+0.16 0.27
250 455+ 0.17 4.22+ 0.33 0.17
260 3.62+0.11 3.70+ 0.10 0.14
270 2.294+0.30 2.88+0.19 0.17
280 1.36+ 0.15 1.66+ 0.03 0.22
290 0.68+ 0.04 0.90+ 0.03 0.27

aGiven in units of 1018 cm? molecule™. P Uncertainties are the 95% confidence level components due to random effects dnbertainties
are ~15%.

7+ traces and their best-fit simulations are presented in Figure 3.
By analogy with previous studies of alkylperoxy radical self-
6 reactions, the reaction mechanism for the BsCH,0, self-
reaction is as follows:
BrCH,CH,0, + BrCH,CH,0, — 2BrCH,CH,O0 + O, (1a)
— BrCH,CH,OH +
BrCH,CHO + O, (1b)

BrCH,CH,0 + O,— HO, + BrICH,CHO ()

cross-section /107" cm?molecule’’

wherekg was estimated to be similar kfCH;CH,O + O,) (1.0
x 10714 cm? molecule s71) at 298 K21

BrCH,CH,0, + HO, — products (20)

G T T T T T T T T T 1
200 210 220 230 240 250 260 270 280 290 300

Wavelength /nm wherek;o was estimated to be similar it¢gCH;CH,0, + HO,)
Figure 1. UV absorption spectrum measured in this work (circles) (7.8 x 10712 cm?® molecule’® s71) at 298 K2
for the BrCHCH0O, radical, compared to that previously reported by

Crowley and Moortgdf (dotted line) using the molecular modulation HO, + HO,—H,0,+ O, (12)
technique.
5- with ki3 = 3.0 x 10712 cm® molecule! s™t at 298 K and in 1
Y atm of air??
3 This reaction mechanism is consistent with Fourier transform
2 44 infrared product studies of the Br-atom-initiated oxidation of
E ethené/*23which showed that 2-bromoethanol (BrgtH,OH),
E 3 bromoacetaldehyde (BrGBHO), and 2-bromohydroethylper-
2 oxide (BrCHCH,OOH) are the major reaction products. The
E branching ratioo. = kidk; for the nonterminating channel of
§ 2 reaction 1 was taken to be equal to 0287This value is
° confirmed by the present study, because experimental traces
by could never be satisfactorily simulated usmgalues of<0.4
8 " or >0.7. It was assumed that the BrgEH,O radicals formed
© via reaction la only react with O(under high oxygen
0 . . . . . : , . . , concentration) to form H@in the temperature range of interest,
200 210 220 230 240 250 260 270 280 290 300 because no change was observed in the shape of experimental
Wavelength /nm traces when the temperature was varied.
Figure 2. UV absorption spectrum of BrCH(GHCH(CHs)O; deter- As shown in Figure 3, the shape of experimental decays

mined in this work (circles). Dotted line represents that previously depends on the analysis wavelength./At 240 nm, traces
reported by Crowley and Moortddtusing the molecular modulation  display essentially simple second-order kinetics.\Atalues
technique. between 210 and 230 nm, the distortion of the decays was
sidering the entire complete mechanism (in particular, the characteristic of the formation of significant quantities of HO
brominated products formed by the peroxy self-reaction), may through reaction 9. In addition, a non-negligible residual
explain the observed discrepancies at short wavelengths. Atabsorption was observed at< 240 nm and was attributed
longer wavelengths, the differences observed between the twomainly to the formation of BrCHCH,OH and BrCHCHO, in
studies are within the uncertainties. agreement with the end-product studi&$*>*Therefore, UV
Kinetics of the BrCH,CH»0, Self-Reaction. The kinetic absorption cross sections of BrgEH,OH and BrCH(CH)C-
measurements & were performed at temperatures in the range (O)CH;s (which are supposed to be similar to those of BgcH
of 275-373 K, at monitoring wavelengths that were systemati- CHO, which is commercially unavailable) were measured in
cally varied over a range of 24290 nm, and decay traces the range of 216290 nm using a Hewlett-Packard model
were recorded over various time scales. Typical experimental 8452A spectrophotometer. They are reported in Table 1. By
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Figure 3. Typical experimental traces recorded at (a) 210 and (b) 240 nm and best-fit simulations for the determina{iBrCéf,CH,O, +
BrCH,CH;0O,) at 298 K.

TABLE 2: Experimental Values of the Rate Constant for Thus, to avoid such complications, kinetic experiments were
the BrCH2CH,0, Self-Reaction always performed under high oxygen concentration (700 Torr).
temp ke number of The results of our experiments on the BritHH,O, self-
(K) (x 1072 cm® moleculels™) determinations reaction are summarized in Table 2. A weighted least-squares
275 551+ 0.26 12 fit of all the data yields the following Arrhenius expression for
298 4.49+ 0.22 14 ki in the temperature range of 27371 K:
318 3.00+ 0.11 7
g‘;ﬁ i:éoli 853 g k, = (6.1555) x 10 x exp{(1247+ 2033) K/} .
aErrors are the 95% confidence level components due to random cm” molecule ” s
effects only.

The corresponding Arrhenius plot is shown in Figure 4. The
introducing BrCHCH,OH and BrCH(CH)C(O)CH; cross sec- guoted uncertainties represent 95% confidence limits associated
tions into our model, the residual absorption was fairly well with the statistical fitting procedure and include the contribution
reproduced in the simulations, and the measured rate constant$or the expanded uncertainties in the individual rate constant.
did not vary with the analysis wavelength, which allowed usto  To quantify the sensitivity of the rate constdattoward the
validate the mechanism presented earlier. parameters used for analysis, a systematic analysis of error
The dependence of the formation rate of the 2-bromoethyl- propagation was performed, as described previddstyappears
peroxy radical (BrCHCH,O,) on oxygen concentration was that the rate constaki is mainly sensitive to the variations of
investigated at two different analysis wavelengths (210 and 250 o(BrCH,CH,0,), to the branching ratiax, and to the rate
nm), by decreasing the oxygen partial pressure regularly from constantk;o for the (BrCHCH,O, + HO,) reaction. This is
700 Torr to 10 Torr. If no significant change in the shape of particularly true wherk; is extracted from experimental traces
experimental traces was noted at 250 nm, the rates of decayrecorded at short wavelengthd (< 240 nm), where the
traces obtained at 210 nm were clearly slower for low oxygen absorptions of H@Q BrCH,CHO, and BrCHCH,OH directly
concentrations<150 Torr) than those recorded in 700 Torr of influence the decay shapes. Thus, most measurements were
O, at the same wavelength. These observations are consistenperformed at wavelengths 6f240 nm, where residual absorp-
with those of Barnes et al,who indicated that the apparent rate tions are negligible and the signal-to-noise ratio was its
constant for the reaction of bromine withiL, increases as the  maximum value. Measurements performed at shorter wave-
oxygen partial pressure increases, suggesting the existence of alengths allowed us to validate the chemical mechanism. Al-
equilibrium between bromine, ethenexfG), and BrCHCH,. lowing for errors of~20% in o(BrCH,CH,0,) resulted in a
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Figure 4. Arrhenius plot for the self-reaction of BrGBH,O; (circles).
The room-temperature measurement of the overall rate coristant
by Crowley and Moortgat? is represented by the triangle. The quoted

uncertainties represent 95% confidence limits associated with the

Villenave et al.

200 ms). A typical decay recorded at 250 nm is shown in Figure
5. No data for product yields of the BrCH(GHCH(CHs)O-
self-reaction were available; thus, the reaction mechanism used
in the simulations was similar to that of the Brg&H,O, radical
self-reaction. All experiments were performed under high
oxygen partial pressure (730 Torr), to prevent further complica-
tions resulting, on one hand, from a potential equilibrium
between Br atoms, Els, and BrCH(CH)CH(CHy) (as discussed
previously for GHy), and, on the other hand, from the possible
decomposition of the alkoxy radical BrCH(G¥H(CH;)O
formed via reaction 2a.

BrCH(CH,)CH(CH,)O + O, —
HO, + BrCH(CH,)C(O)CH, (12)

Note that the unsubstituted 2-butoxy radical is mainly reacting
with O, (>90% in 730 Torr of @) rather than decomposing
(<10%)2* Decomposition of the BrCH(CHICH(CHs)O radical
would lead to the formation of a new peroxy radical, according
to reactions 13 and 14:

statistical fitting procedure and include the contribution for the expanded BFrCH(CH;)CH(CH;)O + M —

uncertainties in the individual rate constant.

variation of 18% ink;. A variation of 30% ina results in a
variation of only 5% at 250 nm but a variation of 27% at 210
nm. Reasonably varying the valuelaf by a factor of 2 (from
5x 102to 1 x 101 cm® molecule s1) results in a change

in k; of 6% at 250 nm and 21% at 210 nm. The sensitivity of
the fit to the variations of(HO,), o(BrCH,CHO), ando(BrCH,-
CH,0OH) was negligible at 250 nm. However, variations of 10%
in 0(HOy) and 15% ing(BrCH,CHO) ando(BrCH,CH,OH)
respectively result in variations of 15%, 30%, and 10% in the
self-reaction rate constakt at 210 nm. All the above-described

BrCH(CH,) + CH,CHO+ M (13)
BrCH(CH,) + O, + M — BrCH(CH,)O, + M (14)

No information on both the kinetics and the product yield of
BrCH(CHz)O, reactions was available; therefore, we proceeded
again by analogy to propose a kinetic model that accounts, at
best, for the experimental observations. The BrCH{CH
radical is thex-brominated analogue of the ethylperoxy radical
C2Hs0;,, which presents a well-known self-reaction rate constant,
i.e., k = 6.8 x 10714 cm® molecule® s71 at 298 K22 As a
primary brominated peroxy radical, we can expect that BrCH-

uncertainties are combined with the statistical errors in an overall (CH;)O, presents a higher reactivity than the nonsubstituted

uncertainty of~30% in kj.
Kinetics of the BrCH(CH 3)CH(CH 3)O, Self-Reaction.The
self-reaction of the 2-bromo-1-methylpropylperoxy radical,

2BrCH(CH,)CH(CH,)O, — 2BrCH(CH,)CH(CH,)O + O,
(2a)
— BrCH(CH,)CH(CH,)OH +
BrCH(CH,)C(O)CH, + O, (2b)

was investigated at different temperatures (2331 K), dif-
ferent wavelengths (2290 nm), and various time scales {40

7 Absorbance (a.u.)

A P aAA

Total absorbance

ethylperoxy radical.However, the enhancement of the reactivity
observed upoif-substitution appears to be less important for
o-substituted radicals (see discussion); thus, BrCHj)Ob
should be less reactive than the primgrprominated BrCH
CH,0O; radical studied in this work. Therefore, we have
estimated that the rate constant for the BrCH{ED self-
reaction was intermediate between those of thelsO, and
BrCH,CH,O; radicals and set its value at2 x 10713 cnm®
molecule! s~ in simulations. By considering 100% of BrCH-
(CH3)CH(CHs)O decomposition and introducing the BrCH-
(CH3)O;, radical chemistry in the simulations, the value of the
rate constank, did not vary by>35%. Therefore, considering

BrCH(CH3)CH(CH3)02

BrCH(CH3)C(0)CH3

NARALN A
T s SV

WYY

T T T T

0

Figure 5. Typical decay trace obtained at 250 nm for the BrCH{THH(CHs)O- self-reaction afl = 293 K.
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TABLE 3: Experimental Values of the Rate Constant for
the BrCH(CH 3)CH(CH 3)O, Self-Reaction

J. Phys. Chem. A, Vol. 107, No. 14, 2003475

TABLE 4: Rate Constants for Self-Reactions of
P-Substituted Ethylperoxy Radicals

radical Kaggr® Ol208Kd Axc E4/Rd ref
C,Hs0, 8.2x 10 0.76 6.7x 10714 —60 26
CICH,CH,O, 3.3x 1012 0.63 1.1x 101 —-1020 27
BrCH,CH,O, 4.0x 107% 0.57 6.15x 10714 —1247 this work

HOCHCH,O, 2.3x 1072 0.50 6.9x 10% —1040 10

aGiven in units of crd molecule’ s, ® Branching ratio for the
nonterminating channet.A denotes the pre-exponential facthGiven

aErrors are the 95% confidence level components due to random in kelvin. & Arithmetic mean of the value reported by Wallington et

temp k22 number of
(K) (x 1073 cm® moleculet s™) determinations
275 8.0+ 0.3 6

293 6.4+ 0.4 15

318 5.6+ 0.5 6

343 3.7£0.5 6

371 2.2+ 0.3 7

effects only.
-11.54

-11.6
-11.74
-11.84
-11.9+
-12.04
-12.14
-12.24
-12.34
-12.44
-12.54
-12.64
-12.74
-12.8+
-12.94

-13.0 T
24

Log1o(k(BrCH(CH3)CH(CH3)0> +
BrCH(CH3)CH(CH3)02)

30 32 34 36 38
1000K/T

Figure 6. Arrhenius plot for the self-reaction of BrCH(G}CH(CHy)-

T
28

al?® (a. = 0.69) and that reported by Yarwood et?aa = 0.57).
fRecalculated from the Arrhenius expression.

ated with the statistical fitting procedure and include the
contribution for the expanded uncertainties in the individual rate
constant.

As was done for the previous case, a study of error
propagation has been conducted. The formations of, BECH-
(CH3)CH(CHs)OH, and BrCH(CH)C(O)CHs particularly influ-
ence the shape of the experimental traces recorded at wave-
lengths of<240 nm; therefore, most kinetic measurements were
performed at higher wavelengths, where the contributions of
the quoted compounds to the total absorption were negligible.
Thus, a variation of 30% in the value afresults in a variation
of 34% inky; at A = 210 nm, but a variation of only 10% at
> 240 nm. In simulations, the rate constant for the reaction of
BrCH(CHs)CH(CHs)O, with HO, was estimated to HdHOCH-
(CH3)CH(CH3)O, + HO,) = 1.5 x 10711 cm?® moleculet s71
at 298 K89 Reasonably varying this value by a factor of 2 results

0, (circles). The room-temperature measurement of the overall rate in @ change in the self-reaction rate constgnof 37% atl =

constanteoss by Crowley and Moortgaf is represented by the triangle.

210 nm and only 5% at = 240 nm. The total systematic error

The quoted uncertainties represent 95% confidence limits associatedwas finally estimated to be-23%, yielding an overall propa-

with the statistical fitting procedure and include the contribution for
the expanded uncertainties in the individual rate constant.

this additional uncertainty and the recent work of Zabel's group
on the unsubstituted 2-butoxy radi@alit was finally decided

to simplify the mechanism and simulate all experimental traces,

accounting only for the reaction of BrCH(GHCH(CHz)O with
O3, neglecting its decomposition and the BrCH(#®, forma-
tion under our experimental conditions. The effect of this final

assumption is included in the total uncertainties of the rate

constant.

At shorter wavelengths, slower experimental decays were

observed and interpreted by the presence of, f@med by
reaction 12. As in the case of BrGEH.O,, the residual

absorption observed at long time scales and short wavelength

for the BrCH(CH)CH(CH;)O; self-reaction was attributed to
the formation of the corresponding ketone (BrCHEE{O)-
CHa) and alcohol (BrCH(CB)CH(CHz)OH).

At all temperatures and wavelengths, very good fits of kinetic
traces were obtained using arnvalue that was similar to those
measured for the BrC}€H,0; (0. = 0.57 at 298 K3® and CH-
CH(CH3)O; (o. = 0.56 at 298 KJ self-reactions, i.eq ~ 0.5
at 298 K. The systematic uncertainties introduced by this
assumption are discussed below.

The averages of optimized values lof are presented as a
function of temperature in Table 3. Figure 6 shows the variation
of kp with temperature in Arrhenius form, yielding the following
rate expression:

k, = (7.60°22%3) x 107"° x exp{(1305+ 428) K/T}

cm®molecule*s™  (T=275-371K)

gated error 0~55%.

Discussion and Conclusion

The rate constants of the BrGEH,O, and BrCH(CH)CH-
(CH3)O; self-reactions have been determined for the first time
as a function of temperature. A previous measurement was
already reported in the literature by Crowley and Moort§at;
however, it was performed at room temperature only, and they
only proposed an overall (observed) rate constant of disappear-
ance of the peroxy radicals, without accounting for the complete
reaction mechanism. By employing the relatiggy = kond(1
+ a)*to recalculate the true rate constaitg from the observed
rate constant k9 data of Crowley and Moortgadf, the
agreement becomes excellent, despite the discrepancies between

She two works observed via UV absorption spectra at short

wavelengths. However, this recalculation can be done only when
the rate constants for the peroxy self-reaction and its reaction
with HO, are separated by at least 1 order of magnitude, which
is the case for the BrCH(CGHCH(CHs)O, radical but not that

for BrCH,CH,0,. In this last case, the complete reaction
mechanism must be taken into account to extkagl from
experimental data.

A comparison with other rate-constant values fiemono-
substituted ethylperoxy self-reactions is proposed in Table 4.
At room temperature, it clearly appears that self-reactions of
C2H502, ClCHzCHzOz, BFCH2CH202, and HOCHCHQOQ all
present two channels (see reactions la and 1b), with Wadues
being similar (within uncertainties) for all radicals. In addition,
the B-substitution by CI, Br, or OH results in a large increase
in the self-reaction rate constant, by a factor&0—50 at 298
K, compared to that of the £50; radical. This may suggest
that 3-substitution leads to decreased energies of the transition

where the uncertainties represent 95% confidence limits associ-state for decomposition of the stable intermediate of both
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TABLE 5: Rate Constants for Self-Reactions of Secondary Peroxy Radicals

radical kzggKa (nggKb Ac Ea/Rd ref
CH3;CH(CHs)O2 1.1x 10% 0.56 1.7x 10712 +2188 4
BrCH(CHs)CH(CHs)O2 6.1x 101 ~0.50 7.6x 10°15 ~1305 this work
HOCH(CH;)CH(CHs)O, 6.7 x 10713 0.20 7.7x 107 —1330 9

2Given in units of cm molecule® s™%. ? Branching ratio for the nonterminating chanrfeh denotes the pre-exponential factbGiven in
kelvin. ¢ Recalculated from the Arrhenius expressibBee text.

terminating and nonterminating channels in the same way. It TABLE 6: Recommended Structure—Activity Relationships
may also strengthen the belief that both transition states arefor -Substituted Peroxy Radical Self-Reaction Rate
identical, as already suggested by LescRalikese observations ?grr%sptgp;tsupéwth Substituent CI, Br, or OH) as a Function of
are confirmed when examining the Arrhenius expressions of

the self-reaction rate constants in Table 4. The pre-exponential_Peroxy radical kaoex® uncertainty factdr  EJR°
factors are the same (within a factor ef2) and the rate primary 4x 10712 15 —1200
expressions corresponding to CIgEH,0,, BrCH,CH,O,, and secondary B 102 2 —1200
HOCH,CH,O; all present a negative temperature coefficient tertiary Ix 107 25 +1400
(approximately—1000 K), whereas the £50, self-reaction 2Given in units of crd molecule s™.  The uncertainty factor is

rate is temperature-independent. Therefore, all the differencesdefined as a multiplicative factor reflecting the overall confidence in
observed in the reaction rate constants between unsubstitutedn® rate constant at 298 K, as proposed by the JPL evaliatiogiven
and substituted ethylperoxy radicals result more in a change in'" kelvin.

activation energies (for decomposition of the intermediate

complex) than a change in chemical reaction mechanism. The . e ) .
same observations were made, to a lesser extent-fbsti- substituents. Similar trends were observed for multiple fluorine-
tuted methylperoxy radicafs ' substituted radicals; however, until now, no data have been

The self-reaction rate constant of BrCH(BH(CH)O; is ava(ljlatble for moTot-)l;lu?rlne-tztom sgjbt.sttltutkon. Ur;}fortu;;éely,
compared to those of other secondary peroxy radicals in Tablegoc a ?Nare avai ab eblor 0 ertSL_’ SI ! uenhs suc aSt f rat
5. It appears that both BrCH(G)}CH(CHs)O, and HOCH- Hf te can pro dat y expgct_tm:mdar 3?‘ almcemen s ofrate
(CH3)CH(CHs)O;, present self-reaction rate constants that are a constants compared to unsubstituted radicals.
factor of~600 higher than that of G4€H(CHs)O,, which, until .
now, has been considered to be a model for the small secondarycfrﬁrﬁr;ggéid?orpﬁ:;nz?; gﬂth%ﬁ wzfﬁgiézagﬁéﬁgn?éﬁﬁ)ﬁg
peroxy radical reactivity® Note the change of the temperature Climate Proaram PP
dependence, which becomes negative with the substitution. The gram.
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