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The kinetics of the reactions of hydroxyl radical witfoctane ki), n-nonane ), andn-decanels) at 2406

340 K and a total pressure ofl Torr has been studied using relative rate combined with discharge flow and
mass spectrometer (RR/DF/MS) technique. The rate constant for these reactions was found to be positively
dependent on temperature, with an Arrhenius expressitinof(2.27+ 0.21) x 10 exp[(—296 + 27)/T],

ko = (4.35+ 0.49) x 10 Mexp[(—411 4+ 32)/T], andks = (2.26 4 0.28) x 10 lexp[(—160 + 36)/T] cm?®
molecule® s (uncertainties taken assp, respectively. Our results are in good agreement with previous
studies at and above room temperature using different techniques. Assuming that the reaction of alkane with
hydroxyl radical is the predominant form for loss of these alkanes in the troposphere, the atmospheric lifetime
for n-octane,n-nonane, ana-decane is estimated to be about 43, 35, and 28 h, respectively.

1. Introduction the photochemical smog system. Numerous experimental kinetic
studies had been carried out for the reactions of OH radicals
with Cg—Cjyp n-alkanes using various techniques, including
shock tubé?¢ high-pressure discharge flow combined with laser-
Jnduced fluorescendé flash photolysid8 static relative raté326
and flow relative rat€ techniques. However, previous inves-
including n-octane, n-nonane, andn-decane, are important ggatio?s of OH reaction with £-Cso n-alkanes have primarily
ingredients of gasoline and jet fudis Large amount of een limited to temperatures equal to or higher than_ room
temperature, and there have been very few experimental

n-alkanes are anthropogenically emitted into the atmOSphereexaminations for these reactions at temperatures mimicking the
because of evaporative emission as well as incomplete combus- P 9

tion of fuels24-6 The n-octane.n-nonane. andh-decane can atmospheric conditions except a most recent study reported by

. 6 .S : X
also be emitted into the atmosphere through meat charbrdiling. \c/\t/1|t|asr:1)ir'ls tet ﬂvggsfﬁf:!tﬁteecgfst;er g?celg:?e t;ﬁeﬁtcmc;g&eggrs
As a result, the €-Cjo n-alkanes are ubiquitously present in y ’ Y q p

the atmosphere, and high mixing ratios of thesalkanes at of the reactions of OH with VOC_S at temperatures representative
ppb level have been detected in the lower atmosphere in '[heof trqpos_ph_ere. Qur I_aboratory IS therefo_re conducting a Seres
United States as well as in other urban areas worldwdé. of kinetic nvestigations for the reactions of VOCs with
The G—C;yp n-alkanes are found to contribute to air pollution. atr_nos_phenc oxidants, such as OH and C.I’ at atemperature range
Air quality model studies have suggested that oxidation of 1.0 imitating the troposphere using the relative rate/discharge flow/
g of Ca—Cao n-alkane can lead to production of 0:46.11 g mass spectrometer techniqgue (RR/DF/MS) that was recently

of ozonel%11 A more recent study also reported timealkanes Qevelqpeq in our laborato#/. One .impc.)rtant goal of our
with a chain of eight carbons or more can contribute to the Investigations Is to expand the existing k!netlc database for_ the
formation of secondary organic aerostis. reactions of OH with VOC_s to tropospheric temperature region,
The n-alkanes are predominantly removed from the atmo- which is needed to predict the atmo_sphenc l'fet'me of these
sphere by reacting with OH radicals during daytifrié The compounds and to better model their atmospheric chemistry.

reaction ofn-alkanes with OH radicals proceeds primarily with l(;]:'hr': de;)lerv_ tx\:\e-or;g?]r; the r:ar:gnc:nn;tant;nfg:] té\eecgenaecnons of
the abstraction foa H atom from the alkane molecule by the cal wi k), - ko), : Ke)

Volatile organic compounds (VOCs) are organic molecules
that consist of carbon chains or rings of varying sizes. Alkanes
are a group of VOCs with only saturated-C bonds and are
used in many applications. For example, alkanes are often use
as solvent blends in industry. High molecular weigkdlkanes,

hydroxyl radicat13 at 240-340 K
n-CgHyg + OH— H,0 + n-CgHy; 1)
n-CHanip + OH— HO 4+ n-CHy, 4
n-CyH,, + OH— H,O0 + n-C,H,4 )
In the presence of NQOn the atmosphere, the resulting alkyl -Cochyy + OH — H,0 + n-Cuh, @)

radical, n-C,Hznt1, Will further degrade leading to formation
of tropospheric ozone and alkyl nitrate¥:° Since the reaction e will also comment on the atmospheric lifetime of those
with OH radicals initiates the oxidative degradation of the compounds on the basis of our experimental results.

VOCs, it is important to acquire kinetic information about the

interaction between the OH radicals amelkanes to understand 2. Experimental Section

* Author to whom correspondence should be addressed. Phone: (714)- Th_e R’_R/DF(MS_ technique has preViOI_JSW been employ_ed in
278-3585. Fax: (714)626-8010. E-mail: zli@fullerton.edu. kinetics investigation of VOCs reaction with OH and Cl radicals
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Figure 1. Experimental apparatus for RR/DF/MS studyneéilkanest+ OH radical reaction at 248320 K (1a) and for the controlled experiments
(1b). For all kinetic experiments, F atom is produced by microwave discharggioftike sliding injector. HO is added through the outer sliding
injector as the OH precursor. Bothalkane and reference compounds are mixed and introduced into the reactor from sidearm.

at 240-340 K28.29Figure 1 shows experimental apparatus used with a 200 Hz tuning fork chopper (Electrooptical Products
in the RR/DF/MS study ofi-alkanes reaction with OH radicals. Corp. CH-10) placed inside the second stage of the inlets. lon
The RR/DF/MS system has been described previdUalyd is signals are sent to a lock-in amplifier (Stanford Research
only briefly discussed here. The flow reactor is made of a Pyrex Systems SR510) that was referenced to the chopper frequency.
tube (length: 80 cm, i.d.: 5.08 cm). The internal surface of the The amplified analog signals are then converted to digital form
reactor is covered with a layer of poly(tetrafluoroethylene) (TFE) (Analog Devices RTI/815) and are recorded on a microcom-
Teflon sheet (0.05-cm thick) to reduce the OH radical wall loss. puter. Under normal operating conditions, the detection limit
A steady-state gas flow in the flow tube is achieved by using a for the mass spectrometer is abouf-200' molecules cm3,
mechanical pump (Edwards E2M175). The vacuum chamber depending on the individual species detected.
housing the mass spectrometer is a two-stage differentially The OH radicals are produced by reacting F atoms wi® H
pumped vacuum system utilizing two 6-in. diffusion pumps with in a double-sliding injector
liquid nitrogen baffles, and the ultimate vacuum in the second
stage is<5 x 1071 Torr. Helium is used as a carrier gas and F + H,O — OH + HF
is introduced into the flow reactor through both a double-sliding 11 —130
injector and a sidearm inlet port located upstream of the reactor. ky=1.4x 10 " cm’ molecule " s (4)
A total pressure of about 1 Torr in the flow reactor is maintained
through continuous pumping during the experiments. Mean gas The double-sliding injector consisted of two concentric Pyrex
velocity in the flow tube is about 1200 cm’s With an injector ~ tubes with internal diameters of 7 mm and 12.7 mm. ThOH
moving distance of 30 cm, the corresponding gaseous residencevapor is carried by 100 sccm of helium to the double-sliding
times in the reactor are about 24 ms. A removable liquid injector to react with the fluorine atoms generated by microwave
nitrogen trap is placed downstream of the reactor to protect the discharge (OPTHOS INSTRUMENTS, INC. Model MPG-4)
mechanical pump from corrosive reactants and products. of 5% R that is carried by 1500 sccm of helium. The discharge
Mass spectrometric detection of reactants and products isof F2 is taking place in a ceramic tube within the microwave
carried out by continuous sampling at the downstream end of discharge cavity. The internal surface of inner Pyrex tube is
the flow tube through a two-stage beam inlet system. The masscoated with halocarbon wax (series 1500, Halocarbon Products
spectrometer (Extrel Model MAX-1000) is set to emit bombard- Corp.) to reduce F atom loss because of reaction withp.SiO
ing electrons with 40 eV of impact energy for ionization of Both target (eithen-octane orn-nonane om-decane) and
chemicals in the flow reactor. Beam modulation is accomplished reference compounds (either 1,4-dioxane or diethyl ether) are
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carried by 106-200 sccm of helium and are introduced into and 74, respectively. It is found that under our experimental
the flow reactor from a sidearm inlet port. Prior to entering the conditions no significant fragment daughter iongrétz = 88
reactor, the target and reference compounds are mixed to ensurer 74 are generated either from the<C;o n-alkanes or from
that they share the same reaction time with the OH radicals the G—Cjo n-alkyl radical products. Therefore, there is es-
inside the reactor. sentially very little interference in our mass spectroscopic

The reactor temperatures are varied and controlled at 240 detection of all parent ions, and the decay of these reactants
340 K using a temperature bath circulator (Neslab ULT-80) by after introducing OH into the flow reactor is considered to be
circulating either methanol or water through an outer Pyrex Primarily due to reaction of these reactants with the OH radicals.
jacket for experiments either at low (< 298 K) or at high T Helium (>99.99%) is obtained from Oxygen Service Com-
> 298 K) temperatures, respectively. Each temperature-dependpany. F, (5% balanced in He) is obtained from Spectra Gases,
ent experiment is performed two to four times at different days Inc. The following reactants are purchased from Fisher Scientific
under the same experimental conditions to check the consistencyCompany: n-decane;> 99%; 1,4-dioxane; 99%. Then-octane,
of the experimental results. with a purity of >99%, is purchased from Aldrich Chemical

On the basis of the theory of the RR/DF/MS techniglie, ~Co0., Inc. Then-nonane, with a purity of~99%, is purchased
rate constant determination for the hydroxyl radical reaction with from Chevron Phillips Chemical Company. The diethyl ether

a target alkane compound is briefly described as the following: With & purity of >99% is obtained from EMD chemicals Inc.
All samples are used as received. Distilled water is used as the
(5)

OH precursor.
(6)
) 3. Results and Discussion
Assuming that the alkane and reference compounds react only
with OH radicals, then it has been shcfthat

alkane+ OH — products
reference compoundét OH — products

Kinetic data for reactions-13 were acquired with the RR/
DF/MS technique. The experimental data were collected at 298
0] K and a total pressure of-11.1 Torr using 1,4-dioxane and
diethyl ether as reference compounds to check the consistency
of the kinetics results. Temperature-dependent kinetics study
where [alkang] and [reference} are the concentrations of the  was conducted at 2440 K using 1,4-dioxane as reference
alkane and the reference compounds in the absence of OHcompound.

radicals at timet, [alkane]jon and [referencejon are the To ensure high-quality kinetics results, control experiments
concentrations of the alkane and the reference compound in thegnd model simulation were carried out in the present work to
presence of OH radicals at timyeandkaiane-on @NdKreference-oH address the concerns regarding the potential effects on the decay
are the rate constants for reactions 5 and 6, respectively. Byof poth target and reference compounds because of secondary
monitoring the decay of both the alkane and the reference reactions involved in our chemical system. The control experi-
compounds, a straight line with a slope equalki@aneor/ ments were designed to examine if the primary products, that
Kreference-oH 1S expected to be generated from the plot of In- s the alkyl radical®-CiHaxi1 (X = 8—10), from reactions 43
([alkane] o/[alkane] o) versus In([reference[reference]iom). further reacted with the reference compounds that would
The Kakaneron can then be calculated if the absolute of contribute to the decay of the reference compounds. The control
Kreference-oH is known. Also, if the temperature dependence of experiments were also used to examine if the primary products,
Kreference-oH IS known, repeating the above exercise at different that is, the GH,0, and CHOCH, radicals, from reaction 6
temperatures allows determination of the temperature depen-fyrther reacted witm-octane n-nonane, andg-decane to affect
dence fokakaneror. I the present work, experiments are carried the decay of then-alkanes. The experimental setup for the
out at a temperature range of 24840 K. control experiments is shown in Figure 1b, in which the OH
The concentration of the species in the flow reactor is radicals produced from the sidearm of the reactor reacted with
determined either by flowing the known amount of sample into a reference compound (or a target compound) while traveling
the reactor or by quantitative conversion of the species throughthrough the sidear®. The primary products then entered the
chemical reactions. In particular, the initial concentration of the reactor to interact with an-alkane compound (or a reference
OH radicals is taken to be the same as the atomic fluorine compound). This arrangement allows monitoring of the effects
concentration, which is determined by measuring thg [F on the decay of the reference compound (or target compound)
difference between “switch on” and “switch off’ of the because of the direct contacts betweemt@Ho+1 (x = 8—10)
microwave discharge device while 5 passing through the  radicals and the reference compounds or between iheGp
discharge cavity® [F] = 2A[F)] = 2([Flswitch off and CHOCH, radicals anch-alkane molecules. It was found
[F2lswitch on- It is found that 96-98% of the F; dissociates under  that the products from OH- 1,4-dioxane or diethyl ether had
50 W of microwave discharge power, with dissociation ef- little effect on then-alkane mass spectral signal intensity16).
ficiency inversely proportional to the amount of. EExcessive Likewise, the products from the OHt n-alkane reaction had
amount of water{7 x 10" molecule cm?3) is introduced into little effect on the 1,4-dioxane or diethyl ether mass spectral
the double-sliding injector to ensure complete titration of the intensity (<3.5%). This indicates that the decay of both target
fluorine atoms in the present work, and thus the variation of and reference compounds is not significantly affected by the
the OH radical concentration is achieved by altering the amount primary products of the reactions of OHreference compound

. [alkane] , _ K.ikanerom . [reference],
[alkane] oy Keterenceon  [reference]oy,

of F; ((0—5) x 10" molecule cm®) passing through the cavity.
During the experimentsj-octane,n-nonanen-decane, 1,4-

and OH+ target compound, respectively.
Model simulation calculations were also performed to inves-

dioxane, and diethyl ether are monitored by the mass spectro-tigate the potential effects of the atomic oxygen and atomic

scopic detection of their parent ionmatz = 114, 128, 142, 88,

hydrogen produced from the secondary reaction in our chemical
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system on the decay of the target and reference compounds viag

H]

298K
OH+OH—H,0+0
—130

k,=1.9 x 10 *cm® molecule* s **° (7)

O+ OH—0,+H
ks = 3.3 x 10 ™ cm® molecule ' s **° (8)

ln([n-Octane]t’o/ [n-Octane]t’[O

O + target compoune> OH + other products 9)

O + reference compoune- OH + other products (20) : , ' , ' , .
0.00 0.05 0.10 0.15 0.20 0.25 0.30

H + target compoune> H, + other products (1D In([1,4-dioxane], /[1,4-dioxanel, or,)

H + reference compoune- H, + other products (12) 04

(2b) ' | ' 298K

t,IOHl)

The model used the fourth-order Rungéutta method to
numerically solve differential equations specifying a chemical
system and calculated the concentration of chemical species of
interest in the chemical system as a function of tihdsing a
chemical system and rate parameters adapted fréfinciuding
reactions 5-12 with initial concentrations of (1-31.6) x 10*
molecule cm and (5.9-6.5) x 10 molecule cr for the
n-alkanes and reference compounds and an initial concentration
of about 9.0 x 10% molecule crd for the OH radical,
respectively, our simulation calculation results predicted that
in 30 ms of reaction time in the flow tube more than 99.9% of 00
the OH radicals are removed and less than 1% of the target and
reference compounds can be consumed by reactie 9T his

indicates that the atomic oxygen and atomic hydrogen have veryFigure 2. Typical kinetic data acquired with the RR/DF/MS technique
little effect on the decay of target and reference compounds, at 246-340 K and a fixed reaction time of 24 ms for the reaction of
and the kinetics data acquired under our experimental conditionsn-octane with OH radical using 1,4-dioxane (2a) and diethyl ether (2b)

were essentially free from the interference of secondary reac-as reference. The experiments are carried out at a total pressure-of 1.0
y y 1.1 Torr. Initial concentrations are (1.78.84) x 10%, (3.97-7.57)

tions. . S x 10" and (0.84-1.65) x 10** molecules cm® for n-octane, 1,4-

A. OH + n-Octane.Figure 2 shows the kinetic data for the  gioxane, and(diethyl eth)er, respectively. The OH concentration is varied
reaction ofn-octane with OH radicals at 298 K using 1,4- in a range of (8-9.4) x 10'3 molecules cm?.
dioxane (Figure 2a) and diethyl ether (Figure 2b) as reference
compounds. The decay of bothoctane and reference com- by Wilson et ak® Part of this discrepancy could be attributed
pounds can be portrayed by eq I. A linear regression of the to the value of the reference rate constants of ©H-heptane
experimental data produced a rate constant rati@/kf 1 4-gioxane and OH+ cyclohexane used in deriving thevalue in Wilson
= 0.778 £ 0.026 and ka/Ks diethyi ether = 0.737 £+ 0.052, et al.’s work, which are smaller than the recommended values
respectively. The recommended rate constant for the reactionby 4—6%34
of hydroxyl radical with 1,4-dioxane and diethyl ether was The rate constant of reaction 1 was also determined at 240,
Ke,1,4-dioxane= (1.09 £ 0.07) x 107! andks giethy! ether= (1.30 260, 277, 320, and 340 K using 1,4-dioxane as a reference
+ 0.06) x 1071 cm® molecule’® s71, respectively??33The rate compound, and the results are shown in Figure 2a and are also
constant for reaction 1 was then determined tébe (8.48+ listed in Table 1. Figure 3 shows the Arrhenius plot for reaction
0.61) x 102 andk; = (9.584 0.80) x 10-12cm? molecule’® 1. An Arrhenius expression was then derived from the plot to
s 1at 298 K using 1,4-dioxane and diethyl ether as the referencebe k; = (2.27 £ 0.21) x 107! exp[-(296 & 27)T] cm?
compounds, respectively. The quoted error bars were taken asnolecule’! st at 240-340 K. This result is in good agreement
20 for this work, which have taken into account the scatter of with the Arrhenius expression of; = 2.57 x 10711 x
data and uncertainty of the experimental parameters such asxp[—(3324 65)/T] cm® molecule® s~! reported by Greinéf
pressure, temperature, flow rates, and the uncertainty of theat 296-497 K but is in contrast to the expressionkef= (4.52
reference rate constant. Within the experimental uncertainty, & 0.37) x 101! exp[—(538 & 27)/T] cm® molecule’® s at
the rate constant is in very good agreement with the previous 284—384 K reported by Wilson et &F Further investigations
value of (8.88+ 0.31) x 1072 cm?® molecule® s™* reported are needed to resolve the difference between these studies.
by Li using 1,4-dioxane as the reference, indicating a good B. OH + n-Nonane.Figure 4 shows kinetic data of reaction
reproducibility and consistency of the RR/DF/MS technique. 2 at 298 K using 1,4-dioxane (Figure 4a) and diethyl ether
The rate constant values obtained using two different references(Figure 4b) as reference compounds. Both sets of data can also
differ by about 10%. An average &f = (9.03+ 0.80) x 10712 be well described by eq | and a linear regression of the data in
cm® molecule® st is derived for the reaction of OH with Figure 4 produced a rate constant ratidgks 1 4-dioxane= 1.035
n-octane at 298 K, which is also in good agreement with most £ 0.092 andky/Ke diethyi ether= 0.870+£ 0.052, respectively. The
previous investigations for this reacti§i2232%as summarized  rate constant for reaction 2 is then determined tézbe (1.13
in Table 1. However, ouk; value at 298 K is higher than the £ 0.12) x 101! and k; = (1.13 £ 0.09) x 10711 cn?
most recent value of 7.48 10712 cm?® molecule® s™* reported molecule! st at 298 K using 1,4-dioxane and diethyl ether as

ln([n-octane]t o)/ [n-octane]

T T T T
0.0 0.1 0.2 0.3 0.4 0.5

In([diethyl ether]w/ [diethyl ether]t,[om)
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TABLE 1: Rate Constant for OH + n-Octane at 240-340 K

Li et al.

T (K) reference compourid slope ki x 10*2 (cm®*molecule s™1) Protal (TOIT) technique reference
240 1,4-dioxane 0.57% 0.028 (23) 6.69+ 0.56 1.6-11 RR/DF/MS this work
260 1,4-dioxane 0.63@ 0.018 (31) 7.12+ 0.54 1.6-1.1 RR/DF/MS this work
277 1,4-dioxane 0.71% 0.020 (30) 7.9H 0.55 1.6-11 RR/DF/MS this work
298 1,4-dioxane 0.77& 0.026 (32) 8.48t 0.61 1.6-1.1 RR/DF/MS this work
320 1,4-dioxane 0.802 0.022 (35) 8.66t 0.61 1.6-11 RR/DF/MS this work
340 1,4-dioxane 0.926 0.032 (58) 9.73£ 0.73 1.6-1.1 RR/DF/MS this work
298 diethyl ether 0.73% 0.052 (29) 9.58t 0.80 1.6-11 RR/DF/MS this work
296 n/a n/a 8.421.25 97.50 AR/FP/GC [18]
298 1,4-dioxane 0.80& 0.028 8.88+ 0.31 1.6-11 RR/DF/MS [27]
299+ 2 n-hexane n/a 9.02 0.11 735 RR/DP/GC [23]

312 n-heptane n/a 8.7% 0.31 757.5 RR/DP/GC [22]
320 n/a n/a 9.10 97.50 AR/FP/GC [18]
340 n/a n/a 9.68 97.50 AR/FP/GC [18]
298 n-heptane/cyclohexane 1.173/1.092 7.43 760 GC/MS [26]

2 The rate constants of the hydroxyl radical reaction with 1,4-dioxane and diethyl ether were calculated from Arrhenious equations previously
published??33 b The error bar was taken as.2The number in parentheses represents the number of data points collected at corresponding temperature.
¢ AR, absolute rate; RF, relative rate; DF, diffraction flow; DP, direct photolysis; MS, mass spectrometer; FP, flash photolysis; GC, gas cpigmatogra
FID, flame ionization detection; P, photolysis.
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Figure 3. Arrhenius plot for the reaction af-octane+ OH at 246-340 K.
TABLE 2: Rate Constant for OH + n-Nonane at 240-340 K
T (K) reference compourid slope ko x 10% (cm®*molecule? s™) Protal (TOTIT) technique reference
240 1,4-dioxane 0.692 0.044 (44) 0.803: 0.075 1.6-11 RR/DF/MS this work
260 1,4-dioxane 0.774 0.068 (41) 0.87% 0.098 106-1.1 RR/DF/MS this work
277 1,4-dioxane 0.87% 0.068 (31) 0.969: 0.097 1.6-11 RR/DF/MS this work
298 1,4-dioxane 1.03% 0.092 (51) 1.13: 0.12 1.6-11 RR/DF/MS this work
320 1,4-dioxane 1.08% 0.104 (30) 1.16t 0.14 16-11 RR/DF/MS this work
340 1,4-dioxane 1.26& 0.128 (34) 1.33: 0.16 1.6-1.1 RR/DF/MS this work
298 diethyl ether 0.87@ 0.052 (35) 1.13+ 0.09 1.6-11 RR/DF/MS this work
299+ 2 n-hexane n/a 1.0£0.04 735 RR/DP/GC [23]
312 n-heptane n/a 1.02 0.03 758 RR/DP/GC [22]
300 n-octane n/a 1.0% 0.02 n/a RR [34]
296+ 2 propene n/a 1.02 0.26 760 RR/P/GC-FID [35]
295+ 2 n-octane n/a 0.99 0.30 760 RR/P/GC-FID [24]
295+ 2 n-octane n/a 1.016 0.023 750 RR/FP/RF [25]
29442 n-octane n/a 0.95-0.02 760 RR/ASC [36]

2 The rate constants of the hydroxyl radical reaction with 1,4-dioxane and diethyl ether were calculated from Arrhenious equations previously
published??32 P The error bar was taken as.Z'he number in parentheses represents the number of data points collected at corresponding temperature.
¢ RF, relative rate; DF, diffraction flow; DP, direct photolysis; MS, mass spectrometer; FP, flash photolysis; GC, gas chromatography; FID, flame
ionization detection; P, photolysis.

the reference compounds, respectively. The two rate constantDF/MS technique produces consistent kinetic results. The
values determined using different reference compounds are inaverage of two values yields = (1.134 0.12) x 10~ cm?
excellent agreement with each other, confirming that the RR/ molecule™* s™1 for the reaction ofi-nonane with OH at 298 K.
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Figure 4. Typical kinetic data acquired with the RR/DF/MS technique 10 4{OH]

at 240-340 K and a fixed reaction time of 24 ms for reaction of

n-nonane with OH radical using 1,4-dioxane (4a) and diethyl ether (4b) ~_ ' 2'98K. o
as reference compounds. The experiments are carried out at a total 5 (6b) °
pressure of 1.861.1 Torr. Initial concentrations ofi-nonane, 1,4- = 051 oo
dioxane, and diethyl ether are (2:62.15) x 10%, (3.97-7.57) x 10%, Q
and (0.84-1.65) x 10“ molecules cm®, respectively. The OH == i
concentration is varied in a range of<0.4) x 10*® molecules cm?. <
Q
Table 2 shows our kinetic parameters for the reaction ofOH >3,
n-nonane along with available valueslofin the literature for '
comparison. Previously reportéd values are in the range of E 1
(0.95-1.07) x 10711 cm® molecule® s°122-25:3436 Qur k, =
values are slightly higher than these values but are still in very % 7
good agreement with these studies within the experimental £
un;ﬁrtainttw SR 0 o1 ez os  os o5 os
e rate constant for the reaction o witlhonane was . .
also measured at 240, 260, 277, 320, and 340 K in the present In([diethyl ether]w/ [diethyl ether]t’lom)

work using 1,4-dioxane as reference compound. Figure 5 showsgigyre 6. Typical kinetic data acquired with the RR/DF/MS technique
the Arrhenius plot of reaction 2, which leads to an Arrhenius at 240-340 K and a fixed reaction time of 24 ms for reaction of
equation ofk, = (4.354 0.49) x 1071 exp[—(411 4 32)/T] n-decane with OH radical using 1,4-dioxane (6a) and diethyl ether (6b)
cm® moleculel s~1 at 240-298 K for this reaction. To the best  as reference compounds. The experiments are carried out at a total
e : R ressure of 1.81.1 Torr. Initial concentrations of-decane, 1,4-
g{uoduyr I;??;v;i(tjigﬁ, ;h|s is the first temperature-dependent kinetics gioxane, and diethyl ether are (1:58.13) x 104, (3.97-757)x 10%
) and (0.84-1.65) x 10" molecules cmd, respectively. The OH
C. OH + n-Decane Figure 6 shows the typical kinetic data  concentration was varied in a range of@4) x 10** molecules cm?,
for the reaction of OH witim-decane using 1,4-dioxane (Figure
6a) and diethyl ether (Figure 6b) as reference compounds atpreviously reported by L37 The rate constant for reaction 3
298 K. Linear regression for the data in the plots produced a was then determined to be = (1.29+ 0.11) x 1071 andks
rate constant ratio dfs/ks (1,4-dioxane as reference) 1.183 = (1.394 0.08) x 10 cm?® molecule® st at 298 K with
+ 0.065 andks/ks (diethyl ether as reference) 1.072+ 0.038, 1,4-dioxane and diethyl ether as references, respectively. The
respectively. Thda/ks value obtained using 1,4-dioxane as the average of these values yielkds= (1.344 0.11) x 10 cm?®
reference compound is in excellent agreement with the value molecule! s™1 at 298 K, which is also in excellent agreement
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TABLE 3: Rate Constant for OH + n-Decane at 246-340 K

T (K) reference compourid slope ks x 10t (cm®molecule*s™)  Piotal (TOTT) technique reference
240 1,4-dioxane 1.042 0.060 (25) 1.2H0.11 1.6-11 RR/DF/MS this work
260 1,4-dioxane 1.07% 0.087 (23) 1.2H0.13 1.0-1.1 RR/DF/MS this work
277 1,4-dioxane 1.10& 0.060 (53) 1.22+ 0.10 1.6-11 RR/DF/MS this work
298 1,4-dioxane 1.18% 0.065 (65) 1.29£ 0.11 1.0-11 RR/DF/MS this work
320 1,4-dioxane 1.33& 0.061 (41) 1.42+0.11 1.6-11 RR/DF/MS this work
340 1,4-dioxane 1.374 0.071 (40) 1.44+ 0.12 1.0-11 RR/DF/MS this work
298 diethyl ether 1.072 0.038 (90) 1.39 0.08 1.6-11 RR/DF/MS this work
298 1,4-dioxane &-octane  1.204t 0.050 1.38£0.08 1.0-1.1 RR/DF/MS [27]

1.603+ 0.052
299+ 2 n-hexane n/a 1.14 0.06 735 RR/DP/GC [23]
312 n-heptane n/a 1.1 0.04 757.56 RR/DP/GC [22]
300 n-octane n/a 1.15-0.02 800 RR [34]
296+ 2 n-octane 1.44+ 0.04 1.25+ 0.04 740 RR/GC-FID [19]
298 n/a n/a 1.22 n/a transition-state theory  [37]

2The rate constant of the hydroxyl radical reaction with 1,4-dioxane and diethyl ether were calculated from Arrhenious equations previously
published??33 b The error bar was taken as.Zr'he number in parentheses represents the number of data points collected at corresponding temperature.
¢ RF: Relative rate; DF: diffraction flow; DP: Direct Photolysis; MS: Mass Spectrometer; FP: Flash photolysis; GC: Gas Chromatography; FID:
Flame lonization Detection; TST: transition state theory.

30e-11 ' ' ' ' ' ' ' TABLE 4: Calculated Atmospheric Lifetimes of n-Octane,
- n-Nonane, andn-Decane
T oot compound k (277 K) (cnfmolecule’* s71) Takane(hOUrs)
o n-octane 7.9 1012 44
= n-nonane 9.6% 10712 36
8 n-decane 12.% 10°%2 28
3 M
mE Loe-11 + Y + wheretakaneis the atmospheric lifetime of the alkane because
g :g:z ©  Thiswork on of this work of reactions with the OH radicalakaneron is the rate constant
< 2 gt'ﬁhéi?,te?lal,l(;gssz) of reaction of alkane with OH radicals at typical tropospheric
& a3 9%5{:1}1%}9%%)(2301) temperature of 277 K, and [OH] is the atmospheric concentration
© NCohen(1%91) of the hydroxyl radicals. The average tropospheric hydroxyl
5Aoe-l;.oozs 00030 00032 00034 00036 000 00040 00042 0.0044 concentration has previously been found to be ¢8.0.9) x
1 10° molecules cms.2% Using the Kakaneron (277 K) values
1/T (K7) determined in the present work, the atmospheric lifetime for
Figure 7. Arrhenius plot for the reaction of-decanet OH at 240- n-octane,n-nonane, and-decane are estimated to be 44, 36,
340 K. and 28 h, respectively. The estimated lifetime of these alkanes

is given in Table 4.
with the value ofkz = (1.384 0.08) x 10~ cm?® molecule?

s™1 determined using 1,4-dioxane amebctane as reference
compounds’ Table 3 shows the rate constant for the reaction
of OH + n-decane at 2406340 K along with availabl&; values

in the literature. Fitting our experimental data into the Arrhenius Ehe dklnetlcshof tge rea}ctlonts oftO dH' w;ﬂao::tanen-r:onane, ¢
equation (Figure 7) yieldks = (2.26 + 0.28) x 101 x andn-decane has been investigated in the temperature range o

exp[—(160 + 36)/T] cm? molecule® st at 240-340 K. We 240-340 K using the relative rate/discharge flow/mass spec-
also believe that this is the first report of the temperature rometry (RR/DF/MS) method. At 298 K, the rate constants for
dependence investigation of the rate constant for the reactiont€S€ reactions were determined tokge= (8.48 £ 0.61) x
of OH with n-decane. 10712 k; = (1.13£ 0.12) x 10711, andkz = (1.294 0.11) x

On the basis of kinetic results, it is clear that the rate constant 10~ ** cn® molecule* s™, respectively, which are in good
of OH 4 Cg—Cyo n-alkane increases both with temperature and agreement Wlth literature valqes. The Arrhenius expression for
with the number of carbons of the hydrocarbon molecule. This these reactions were determined tokpe= (2.27 + 0.21) x
observation indicates that reactions3proceed with hydrogen 107" exp[(=296 + 27)/T], k; = (4.35+ 0.49) x 107! x
abstraction from the alkanes, and the increase of the carbon€xp[(—411 £ 32)/T], and ks = (2.26 = 0.28) x 107! x
number will increase the number 6fCH,— groups and hence ~ exp[(~160 + 36)/T] cm® molecule* s at 240-340 K,
the number of hydrogen atoms available for the abstraction, respectively, indicating a positive temperature dependence of
giving rise to a larger rate constant. rate constant for these reactions. Assuming that theGzo

D. Atmospheric Lifetime of n-Octane, n-Nonane, and n-alkanes are removed from the troposphere mainly by OH
n-Decane While there are several oxidants that can initiate the attack, the atmospheric lifetime foroctane,n-nonane, and
oxidation of G—Cyo n-alkane in the troposphere, hydroxyl n-decane are predicted to be 44, 36, and 28 hours, respectively.
radicals are primarily responsible for the removal of these
alkanes in the atmosph_e?%The atr_nospheric Iife_time of th_ese Acknowledgment. This work was supported in part by the
molecules are then estimated using the following equation:  \ational Science Foundation (NSF CHE 0354159 and NSF

ATM-0533574), the CSU Special Fund for Research, Scholar-

alkane™ 1 (D) ship, and Creative Activity Minigrant, and the Untenured Faculty
KakaneronlOHI Support Grants of CSUF.
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