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The temperature dependence of the overall rate constant foH@E+ NO reaction and the rate constant

for the minor branching channel resulting in the production-6H;ONO, have been measured using the
turbulent flow technique with high-pressure chemical ionization mass spectrometry for the detection of reactants
and products. The temperature dependence of the overall rate constant fgH#@ € NO reaction was

investigated between 298 and 213 K at 100

Torr pressure, and the data were fit by the following Arrhenius

expression (with 2 standard deviation error limits indicated): "#3x 10712 exp[(268 & 56)/T] cm?
molecule ! s™1. This expression agrees well with previous isomer-specific measurementsre€the ONO,
andi-C3H;O, + NO rate constants made at lower pressures. The temperature dependence of the rate constant
for the minor reaction channélC3;H;O, + NO — i-CsH;ONO, was investigated between 298 and 213 K at

100 Torr pressure. The following Arrhenius

expression was determined for the minor channgls %.9

10716 exp[(1380+ 230)/T] cm® molecule! s™*. The Arrhenius expressions for the overall rate and the
i-CsH,ONO; producing channel indicate a branching ratio of about 0.006 at 298 K and 0.020 at 213 K at 100
Torr pressure, which is in good agreement with the predictions of a recently revised empirical model for

alkyl nitrate branching ratios.

Introduction

Alkyl peroxy radicals (R@) are important intermediate
species formed in the oxidation of alkanes in the atmosphere

RH+ OH— R+ H,0 1)

)

Ozone levels in the atmosphere are directly affected by RO
reactions, and the identity of the dominant R®actions are
dependent on the levels of the nitrogen oxides {N@nder
high NO; conditions (generally, lower tropospheric urban
conditions), RQreactions lead to the production of ozone, the
most deleterious constituent of photochemical smog

R+0,+M—RO,+M

RO, + NO— RO+ NO, (3a)
NO, + hw (4 < 420 nm)— NO + O (4)
0+0,+M—0,+M (5)

RO, can also be temporarily removed from ozone production
cycles by the formation of reservoir species such as the alkyl
nitrates

RO, + NO + M — RONQ, + M (3b)

Because reaction 3b removes the radical chain carrierffle®

the ozone production cycle, it has a direct effect on the ozone-

producing efficiency of the RH/NOsystem.
Atkinson and co-workers have developed an empirical
relationship for the yield of the secondary organic nitrates from
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reaction 3 from the results of environmental chamber photolysis
studies of G—Cg n-alkanes The branching ratiokgy/(ksa +

ksp)] is found to rise from 0.039 for the propyl case to 0.23 for
the n-octyl case at 298 K and 740 torr, thus indicating the
importance of the association channel 3b, particularly for the
larger alkyl peroxy radicals. The model can also be used to
predict the branching ratios for primary and tertiary nitrate
formation through the use of a scaling factor based on the
available results for experimental primary and tertiary systems.
However, the experimental data is less extensive for these
species, and the predictions are expected to be less accurate.

In previous work, we extended the experimental measure-
ments to the ¢and G alkanes by measuring the overall rate
constant ks) for the CHO0, 4 and GHsO, ® + NO reactions, as
well as values for the nitrate branching ratios. Our experimental
results for the @HsONO, branching ratio were in only fair
agreement with the predictions from the Atkinson model.
Therefore, the goal of this work is to extend our experimental
measurements to the€ystem to assess whether th#1gONO,
inconsistencies are due to a specific inaccuracy in the Atkinson
modef for this primary nitrate, or whether there might exist a
more general systematic discrepancy between the experimental
methods employed (which would be revealed by a differing
result for the GH7;ONO, branching ratio).

Reaction 1 leads to two possible alkyl radical isomers for
the case of the g + OH reaction. It has been shown that the
distribution of alkyl radicals isomers at 295 K is about 75%
i-CaH7 and 25%n-C3H+.8 There have been several previous
kinetics investigations of the overall rate of reaction gHgO,

+ NO./711 It has been well established that the reaction

C,H,0, + NO— C;H,0 + NO, (6a)

is the predominant channel. In particular, the more recent work
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Figure 1. Experimental apparatus.

of Howard and co-workers have established that the overall rateTorr and at a range of temperatures extending to those found
constant is identical for the two possible propyl peroxy isomers, in the lower stratosphere using a turbulent flow (TF) tube

n-CsH-O, and i-C3H;0,, with a value of 9.0x 10712 cm?® coupled to a high pressure chemical ionization mass spectrom-
molecule’! s71 at 298 K and pressures near 1 To?r. eter (CIMS). It has been previously shown that the TF technique

The minor nitrate-forming channel for thesl@;0, + NO can be used to accurately determine the rate constants of
reaction is reactions at pressures ranging from 50 to 760 Torr and at

temperatures as low as 18015 As in our previous kinetics
studies of CHO, + NO* and GHs0, + NO® using the coupled

In 1982, using an environmental smog chamber, Atkinson and TF—CIMS approach, we are able't(') directly access atmosphgnc
co-workers first measured the secondary propyl nitrate ( Pressure and temperature conditions and sensitively monitor
CsH7ONOy) branching ratioey/(Ksa + ker)] to be 0.036 at 299 many of Fhe relevant reactants and products for tbid_702 _+

K and 735 torrt2 Based on more recent estimates for the propyl NOhre_actlon. In the Qd-|_502i;|r NdO work, the TI‘—fC IPI:/IS kinetics
radical distribution resulting from the reaction of propane and technique was used In the determination 0 the temperature-
OH, Arey et al. recently adjusted the secondary propy! nitrate dependent overall rate constant and the f_|rst measurement of
branching ratio to a value of 0.03More importantly, new e GHsONO, producing channel for this reactionthus
measurements of thesECg Systems were performed, and new MProving on a previous estimate for the upper limit of this
parameters for the temperature and pressure dependent empiricl'0C€SS at room temperature and atmospheric preSsurénis
model were also establishédThe new model predicts the article, we describe a similar temperature-dependent kinetics

secondary propyl nitrate branching ratio at 299 K and 735 torr investigation of the overalll rate constant and the. measurement
to be 0.041, in good agreement with the experimental results.o,f the "C3H,7ONOZ p.roducmg channel (thg dominant propyl
Although the overall rate constants for the differentHe0; nltratfe-formlng reaction) rate constant for th€;H;0, + NO
isomers in reaction 6a were found by Howard and co-workers "¢action.

to be identical, the work of Atkinson and co-workers has shown
that there is a clear isomer dependence in the nitrate branchin

C,H,0,+NO+M—CH,ONO,+M  (6b)

gExperimental Section

ratios for the entire €-Cg series. Therefore, it is important to Turbulent Fast Flow Kinetics. A schematic of the experi-
use methods that are selective for the specific isomers in themental apparatus is presented in Figure 1 and is similar to that
nitrate branching ratio studies. used in our previous study of,850, + NO,.5 The flow tube

Bertman et al. have proposed that the alkyl nitrate branching was constructed with 2.2 cm i.d. Pyrex tubing and was 100 cm
ratios can be used in regional atmospheric models that determinen total length. A large flow of nitrogen carrier gas (ap-
the air mass age from observations of the relative concentrationproximately 30 STP L mint) was injected at the rear of the
of alkyl nitrate to the parent alkarié Although their method flow tube. The gases necessary to generagel;G, were
was found to be self-consistent for the secondasya@d G introduced though a 10 cm long 12.5 mm diameter sidearm
nitrates, Bertman et al. found that their model systematically located at the rear of the tube. NO was added via an encased
underpredicted measured ethyl and propyl nitrate levels by a movable injector. The encasement (made from corrugated Teflon
substantial amount. There are two potential explanations for thistubing) was used so that the injector could be moved to various
result: (1) the experimental alkyl nitrate branching ratios are injector positions without breaking any vacuum seals, as well
too low or (2) ethyl and propyl nitrates are also formed after as to prevent ambient gases from condensing on cold portions
the decomposition of larger alkoxy radicals, leading to higher of the injector. A fan-shaped Teflon device was placed at the
amounts of these alkyl nitrates than predicted from the end of the injector in order to enhance turbulent mixing. The
atmospheric levels of ethane and propane. In previous work, polonium-210 alpha-emitting ionization source was placed
using our experimental results for theHgONO, branching ratio between the temperature regulated flow tube and the inlet to
and the Bertman et al. model, we supported the contention thatthe CIMS. Most of the flow tube gases were removed at the
most GHsONO, present in the atmosphere is not a result of CIMS inlet by a 31 L s? roughing pump. All gas flows were
ethane oxidation chemistfy. monitored with calibrated mass flow meters. The flow tube

In this article, we describe our investigation of the kinetics pressure was measured upstream of the ionization source using
of the GH7O, + NO reaction conducted at pressures near 100 a 0—1000 Torr capacitance manometer. The temperature was
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determined at both the entrance and exit points of the temper-L min~! flow of helium (99.999%), which had passed through
ature regulated region of the flow tube using Cu-constantan a silica gel trap immersed in liquid nitrogen, with a 0.4 STP

thermocouples. mL min~! flow of a 1% H, (99.9%)/He mixture. To generate

Overall Rate Constant Determination. C3H;O, (all mol- i-CsH7, the hydrogen atoms were then injected into a sidearm
ecules mentioned are mixed isomers, unless otherwise indicatedand mixed with an excess of;8s (CP grade,~2 x 104

was generated using the following reactions: molecule cm?®) in order to ensure that no hydrogen atoms were

introduced into the main flowi- C3H;O, was then produced by

C;Hg + Cl— C;H, + HCI @) the addition of a large excess of @ the main flow (99.995%;
>5.0 x 10 molecule cm?) at the intersection of the sidearm
CH; + O, + M — C;H,0, + M 8) and the main flow tube. AbsoluteCzH-O, concentrations were

determined by the titration of NO to produe€3zH,O and NQ

(k7 = 1.37 x 10719 cm® molecule! st andkg = 1.1 x 10712
cm® molecule’t s~ at 100 Torr; all rate constant values quoted i-C;H,0, + NO —i-C;H,0 + NO, (11a)
are for 298 K unless otherwise indicaté@}.’ Chlorine atoms
were produced by passing a dilute,Ele mixture through a  (kiza = 9.0 x 1072 cm® molecule? s7%)° and subsequent
microwave discharge produced by a Beenakker cavity operatingcalibration of the N@Q mass spectrometer signal. 0.5 % MO
at 50 W. The dilute GIHe mixture was obtained by combining N mixtures were used as standard samples for mass spectro-
a 2.0 STP L min? flow of helium (99.999%), which had passed metric calibration. Computer modeling of the reactions occurring
through a silica gel trap immersed in liquid nitrogen, with a during the titration indicated that not all of th€zH7O; initially
0.5-5.0 STP mL mir flow of a 1% Cb (99.9%)/He mixture. present was converted to the stable species, NRls is mainly
To generate €H, the chlorine atoms were then injected into a due to reactions af C3H;O, with other species in the chemical
sidearm and mixed with an excess ofHg (CP grade,~2 x system (which will be addressed in the discussion section).
10" molecule cm®) in order to ensure that no chlorine atoms Therefore, the-CsH;O, concentrations were calculated from
were introduced into the main flow 3870, was then produced  the NG, concentrations by explicitly determining the conversion
by the addition of a large excess of (89.995%;>2.0 x 106 factor (usually~0.9) from computer modeling using the specific
molecule cnt3) just downstream of the production of3id;. experimental conditions. As mentioned in the previous section,
Absolute GH;O, concentrations (needed to ensure pseudo-first- NO was purifiedin situ by passing it through a silica gel trap
order kinetics conditions and for branching ratio modeling) were held at—78 C. For this studyi-CsH7;O, concentrations ranged
determined by the titration of 4£1;0, with NO (see GH;ONG; from 3.0 to 7.0x 10 molecule cm?3.
Branching Channel Reactant Preparation section). To ensure i-C3H7;ONO; Branching Channel Measurementsin these
pseudo-first-order kinetics conditions, the main flow tube studies, the production afC3H;ONO, from reaction 11b
C3H-O, concentrations ranged from 5.0 to X010 molecules
cm 3. The GHg + Cl reaction also leads to a simil&CaH7- i-CgH;0, + NO —i-C;H,ONG, (11b)
dominated isomer distributiotf,as is the case for thesHg +
OH reaction. Thus, our overall rate constant measurementswas directly monitored over a reaction time of30 ms.
represent a weighted average value for the two isomers. Computer modeling was used to extract the rate congapt

For the overall rate determination for theHGO, + NO from the observed production dfCsH;ONO, and initial
reaction, NO was added to the flow reactor as a 1% mixture in concentrations of all relevant chemical species. As will be
N> through the movable injector. To ensure the absence of NO discussed in the Results and Discussion section, both the time

impurities, NO was passed through a silica gel trap held7& pro_file of thei-C3H;ONG; production and the absolute amount
C. Negligible NG concentrations were observed via CIMS of i-CsH;ONG; produced over the longest reaction time were
methods. used as constraints on the determinatiorkaf; therefore, it

For the low-temperature studies, liquid-nitrogen-cooled sili- was critical that the absoluteCsH;ONO; concentrations were
cone oil was used as the coolant for the jacketed flow tube. determined accurately. Standard samples©§H;ONO; (Al-
Nitrogen carrier gas was precooled by passing it through a drich, 96%) for mass spectrometric calibration were com-
copper coil immersed in a liquid Nreservoir followed by ~ mercially obtained and prepared by drawing an appropriate
resistive heating. The temperature was controlled in the reactionamount ofi-C3H;ONO, vapor from the liquid sample, followed
region to within 1 K. The pressure was maintained at ap- by mixing with N, to make 0.5%i-C3H;ONO, mixtures
proximately 100 Torr in order to achieve optimum instrument appropriate for mass spectrometric calibration.
performance. Pressures below 100 Torr were found to lower To aid in the detection of theCsH,ONO; product, higher
the ionization efficiency, and pressures above 100 Torr were i-C3H7O2 were used for the branching ratio measurements than

found to lower the radical production efficiency. in the determination of the bimolecular rate constant (because
i-C3sH,ONO, Branching Channel Reactant Preparation. I-CsH-0; is the limiting reagent). The major complication in
i-CsH,0, was selectively generated using the following reac- the branching ratio determination is from the reaction of the
tions: i-C3H-O radical (formed in reaction 11a) with NO
H + C,Hg — i-CH, (9) i-CsH,O0+ NO, + M —i-C;H,ONO, + M (12)
i-CH; + O, + M —i-C;H,0, + M (10) (kiz=3.3x 10" cm? molecule’* st at 100 Torr)?° Reaction
12 is therefore a potential source ie€sH;ONO,, and experi-
(ko = 2.0 x 10712 cm® molecule? s andkyo = 1.1 x 10711 mental conditions must be designed to minimize this relatively

cm?® molecule® s71 at 100 Torr)t”:1°H atoms were produced  fast reaction. By keeping£{oncentrations very high, computer
by passing a dilute pHe mixture through a microwave modeling indicates that the reaction

discharge produced by a Beenakker cavity operating at 50 W. )

The dilute H/He mixture was obtained by combining 2.0 STP i-CgH,0 + O, —~ CH,;C(O)CH; + HO, (13)
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(kiz= 6.5 x 10~ cm® molecule'! s71)2021will consume most [NOJ in 10" molecule cm’®
of the i-C3H;O produced by reaction 1la and minimize
production ofi-C3H;ONO, by reaction 12. This reaction is

slightly less efficient (5.2« 1015 cm® molecule’! s1 at 213 s s [NOJ=0
K) at the lowest temperatures used in this study.

To drive the production of-C3H;ONO, from reaction 12
down to very low levels, @was added to the flow tube at 10000 -:\‘\.\’\’\‘\‘\‘\
concentrations of~5.0 x 10 molecule cm3. Additional 1 B

. ; : [NO] =12

experiments were performed with, @oncentrations of 1.6 ]
10'8 molecule cm® in order to investigate potential interferences 4
from this reaction. € INO] =22

Chemical lonization Mass Spectrometric DetectionPosi- >
tive ion chemical ionization schemes (with*fH,0), as the %
reagent ion) were used to detect and n-C3H;O, and & [NO] =30
i-C3H;ONO,, and negative ion chemical ionization schemes 8‘
(with SR~ as the reagent ion) were used to detect,Nith -
the guadrupole mass spectrometer(HbO), (with then = 4 o [NO] =37
species usually accounting for more than 80% of the total ion
signal) was produced in the ion source by passing a large O [NO] = 45
flow (8 STP L mirr?) through the polonium-210 alpha-emitting 1000 -
ionization source (with bD impurities being sufficiently ]
abundant to produce adequate quantities of reagent iong). SF ] *_ INO]=50
was produced in the ion source by passing a largéldw (9 —T
STP L minY) and 1.0 STP mL mint of 10% SK/N, through 0 5 10 15 20 25 30 35 40
the ionization source. The commercial ionization source con- Injector Position (cm)
sisted of a hollow cylindrical (69 by 12.7 mm) aluminum body  gigyre 2. Pseudo-first-order 1,0, decay curves for the £;0, +
with 10 mCurie (3.7x 1C® disintegrations ') of polonium- NO reaction at 100 Torr, 298 K, and 1170 cr selocity.

210 coated on the interior walls.

lons were detected with a quadrupole mass spectrometerNOz was detected using a previously reporteds Sehemical
housed in a two-stage differentially pumped vacuum chamber. ionization scheme
Flow tube gases (neutrals and ions) were drawn into the front _ _
chamber through a charged 0.1 mm aperture. The ions were NO, + Sy —NO, + SK (16)
focused by three lenses constructed from 3.8 cm i.d. and 48
cm o.d. aluminum gaskets. The front chamber was pumped by (kis = 1.4 x 1071% cm® molecule™ s™%).2° We found that
a 6 in. 2400 L s! diffusion pump. The gases entered the rear 1-CsH7ONO; reacts very quickly with Fi(H,0)a
chamber through a skimmer cone with a charged 1.0 mm orifice
which was plaged approximately 5 cm from t?'le front aperture. C4H,ONO, + H+(H20)4_' CSH?ONOZ'H+(H20)3 +H0
The rear chamber was pumped by a 250 L tsirbomolecular (17)

pump. Once t_he ons passed through_ the skimmer cone, theysuch that high sensitivity could be achieved for the detection
were mass filtered and detected with a quadrupole mass

spectrometer. of this important product. The detection sensitivityi-6sH;ONO,

Chemical lonization SchemesBecause the chemical ioniza- o> estimated to be about 100 ppt at 100 Torr.
tion reactions are not expected to be sensitive to the isomeric
structure of the neutral species under study and the mass
spectrometric method is incapable of distinguishing between Overall Rate Constant Determination. Bimolecular rate
isomers, the iormolecule reactions are discussed below in an constants were obtained via the usual pseudo-first-order ap-
isomer-neutral fashion. To perform pseudo-first-order kinetics proximation method, using NO as the excess reagent. Typical
studies of the overall rate of reaction 6, a chemical ionization CsH7O. decay curves as a function of injector distance are
scheme for @H,0; is required. In our previous study of the shown in Figure 2 for the NO kinetics measurements. The first-
CH30; + NO reaction? we developed the following chemical ~ order rate constants obtained from fitting theH@O, decay
ionization detection scheme for GB, based on the computa- ~ curves were plotted against [NO] in order to determine the
tional thermodynamic predictidh that CHO, has a higher ~ bimolecular rate constant, as shown in Figure 3. This approach
proton affinity than HO for determining bimolecular rate constants assumes that devia-

tions from the plug flow approximation (molecular velocities

CH;0, + H*(HZO)4—' CH3OOH*(H20)3 +H,0 (14) are equal to the bulk flow velocity) are negligible. Under the

conditions present in our turbulent flow tube (Reynold’s number
Because the proton affinity of 88,0, is expected to be very ~ >2000), Seeley et al. estimated that these deviations result in
similar to CHO,, we successfully attempted to detegHzO- apparent rate constants which are at most 8% below the actual
with the analogous reaction values!* A portion of the plug flow deviation can be traced to

the diffusivity contribution to the flow continuity equation.

C,H,0, + H"(H,0), — C,;H,00H"(H,0), + H,O (15) Because both eddy diffusion and molecular diffusion contribute

roughly equally to the diffusivity term, it is possible that
To perform branching ratio measurements for reaction 11b, turbulent flow kinetics studies using molecules with smaller
chemical ionization schemes are needed for @ determine diffusion coefficients (such asz8-0- in this case, as compared
thei-C3H70, concentration) and for the produeCs;H;ONO.. to the H atom studies carried out by Seeley et al.) might lead

Results and Discussion
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Figure 4. Arrhenius plot of the temperature dependence of the overall
rate constant for the 41,0, + NO reaction.
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Figure 3. Determination of overall bimolecular rate constant for the
C3H;0O, + NO reaction from data in Figure 2.

TABLE 1: Overall Rate Constant Data for the CsH-O, + 5.0x10° 1
NO Reaction at 100 Torr Pressure
velocity Reynolds ke @ .
T (K) (cms?) number (102 cm® molecule* s71) 4.0x10°
298 1160 2190 11.21.9 "
298 1150 2220 10.5: 0.7 R
298 1170 2200 9.8:1.6 e 3.0x10° -
288 1250 2500 11.40.9 G
288 1280 2580 11.90.9 ﬁ L
288 1300 2560 11.31.6 3
273 1060 2290 11.9 0.8 € 5 ox10° - .
273 1060 2290 10.4 0.7 3
263 970 2200 11.21.4 —
263 991 2330 12.2 0.9 e
253 974 2500 11.90.7 O_ 1.0x10° - "
253 957 2470 129 1.0 I, e
243 906 2480 124+ 1.4 Q 1 T
243 923 2470 11.91.8 = d
243 916 2450 13.319 0.0 u L L
243 916 2450 13.30.2 LI °
233 960 2580 15+ 1.2 1 T T
233 955 2730 14.2 0.7 .
233 955 2730 13.2 0.5 -1.0x10 — T T T T T T T T T 1
223 961 2970 13813 5 0 5 10 15 20 25 30 35 40
223 970 2930 154 1.1 injector position (cm)
%ig ggg gggg igi ig Figure 5. Observed production of-CsH;ONO, from reaction 6b

(squares) above theC;H;ONO, background level (circles) as a function
a Stated error is @ of injector distance. A least squares fit to the background level was
performed, and the dotted lines represent thde¥el. This data set

o lug fi deviati H b the fi . was obtained under the following conditionB:= 100 Torr, T = 223
0 larger plug flow deviatons. However, because the Tiow 1S K, velocity = 1180 cm s?, Reynold’s number= 3660, [-CsH;0;]o =

modified by the use of a device (the “turbulizer” described in  3.40 x 10 molecule cm?, [NOJo = 4.56 x 1012 molecule cm?3.
the Experimental Section) to enhance turbulent mixing, the plug
flow approximation might be more exact for our conditions than of +£30% ().

a numerical simulation of the basic turbulent flow dynamics We performed several determinations of the rate constant at
might suggest. Nontheless, it continues to be important t0 109 To1r and 298 K for the mixed isomersig;0, + NO

confirm the plug flow validity of the turbulent flow method | o5ction (see Table 1 for a complete list of experimental
via inspection of the pseudo-first-order decays and by com- ¢ongitions and measured rate constants) and arrived at the mean
parison to other experimental methods. The other likely yvalue ofk = (10.5 + 1.4) x 1072 cn® molecule’ s%; the
systematic errors in the determination of rate constants are likely uncertainty represents the two standard deviation statistical errors
to occur in the measurements of gas flows, temperature, detectoin the data and is not an estimate of systematic errors. Our room-
signal, and pressure. Considering such sources of error, wetemperature constant is in excellent agreement with previous

estimate that rate constants can be determined with an accuracy
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TABLE 2: Kinetics Parameters for Branching Ratio Determination®

A 00 kioo
(cm?s? EJ/R (cmfst (cmPs™t
reaction molecule’?) (K) molecule?) m molecule’?) n
i-C3H70z + NO— i-C3H7O + NOza 2.7 % 1012 —360
i-C3H70, + NO — i-C3H;ONO; fitted parameters
2i-C3H70, — 2i-C3H;0 + OP 1.3x 107%2 2240
2i-CgH70, — CH3C(O)CHs + i-C3sH;0HP 9.7x 10713 2240
i-C3H70z + NOz" i-C:;zH7C)2N02c 4.7 x 1@13 —620
i-C3H702 + HOZ_’ i-C3H7OOH + Ozd 7.5 % 10_13 —700
i-CsH,O — CH3CHO + CHz® 1.0x 10% 8807
i-C3H7O + Og e CH3C(O)CH3 + H()zf 1.4 % 10_14 210
i-CsH,O + NO — i-CsH,ONO® 8.9x 10712 —397
i-C3H70 + NO, — i-CsH,ONG," 2.0x 10% 4 3.3x 1071t 1
CHs + O, — CH30O 450x 1073 3 1.8x 10712 1.7
CH30; + NO — CHzO + NOJ 9.2x 107 —600
HO, + NO — OH + NGO 3.5x 10712 —250
HOZ + OH— Hzo + Ozi 4.8 x 1011 —250
OH + OH — H,0 6.2x 1073 1 2.6x 1071t 0
OH+ NO — HONO 7.0x 1073 2.6 3.6x 1071t 0.1
OH + NO; — HNO4 25x 10°% 4.4 1.6x 101t 1.7
OH+ CH3C(O)CH; — CH3C(O)CH, + H,0k 1.25x 1072 561
OH + i-C3H7OH - i-CgHeOH + Hzo| 2.7 % 10_12 —190
OH + C3Hg— C3HsOH™ 4.86x 10°%2 —504
C3HGOH + Og_’ CH3CH(02)CH20Hn 1.2 x 10_11 0

CH3CH(O,)CH20OH + NO — CH3CH(O)CH,OH + NO,° 1.0x 101 0

aEberhard, J.; Villalta, P. W.; Howard, C.J.Phys. Cheml996 100, 993.° Wallington, T. J.; Dagaut, P.; Kurylo, M. Chem. Re. 1992 92,
667.¢From GHsO, + NO, value, Ranschaert, D. L.; Schneider, N. J.; Elrod, MJ.JPhys. Chem. A2200Q 104, 5758.9 From GHsO, + HO,
value, DeMore, W. B.; Sander, S. P.; Howard, C. J.; Ravishankara, A. R.; Golden, D. M.; Kolb, C. E.; Hampson, R. F.; Kurylo, M. J.; Molina, M.
J.Chemical Kinetics and Photochemical Data for Use in Stratospheric Modelflg Publication 97-4Jet Propulsion Laboratory: Pasadena, CA,
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studies’!! Because of the excellent linearity of the pseudo- calculating the nitrate branching ratios, we did not pursue the
first-order decays and the agreement with previous rate constantmeasurement of the isomer-specific overall rate constants.

determinations for this method, we conclude that plug flow i-C3H7;ONO, Branching Ratio Determination. We were
approximation holds well for the 4£1,0, + NO system under  able to observe the production of very small concentrations of
our flow conditions. i-CsH,0ONO;, (~4.0 x 10° molecule cm?®) over the reaction

Temperature Dependence of the Overall Rate Constant ~ ime (~30 ms), which we have positively identified as coming
(ke) for C3H-O, + NO. We performed several measurements 1om reaction 11b. In Figure 5, theCsH;ONO; rise (squares)
at 100 Torr pressure and at temperatures between 298 and 218as been overlaid on the background signal (circles) to
K in order to establish the temperature dependence of the ratedemonstrate that theCsH;ONG; rise is significantly larger than
constant for conditions relevant to the upper troposphere. Thethei_z_a level of th(_a ba_ckground_S|g|_1aI. Unde_r the experimental
rate constant increased by approximately 40% as the temperaturé‘fond'tlons shown in Figure 5, kinetics modeling shows that the

was lowered over this range. From the data listed in Table 1 !'C3H7O *+ NO; side reaction can produce concentrations of

and plotted in Figure 4, we obtained the Arrhenius expression !'C3H7ONOZ that are on the order of the detection level of the

_ 4 7tl0 12 3 11 instrument 5.0 x 10® molecule cm?) and are less than the

\Ij\(l-il;)hin ?ﬁiigfga?eéz_nc:r);gggiziiof ti)g] ei;r?ermﬂﬁESUIgurstehper- actuali-CsH;ONO; observed £4.3 x 10° molecule cn).
g ; ’ Table 2 contains a list of the reactions used in the modeling.

ature dependence is in ggreement with the results of |_k“’v‘?“rdAn inspection of Table 2 indicates that only one side reaction
and co-workers for their measurement of the temperature directly produces-CsH;ONO,
dependence of the overall rate feCsH-;0, + NO andi-C3H-0,
+ NO reactions, which were made about 1 Torr pres&tre. i-C3H,0 + NO, + M —i-C;H,ONO, + M (12)
Because of this good agreement with specific isomg;O,
+ NO experiments of Howard and co-workers and because ourHowever, this reaction is significant in that the reactants are
main intent in measuring the temperature dependent overall ratethe products of the dominant reaction channelif@H-O, +
constant was to provide an internally consistent method for NO. As mentioned in the Experimental Section, oxygen was
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TABLE 3: Branching Ratio Data for the i-C3H;O, + NO Reaction at 100 Torr Pressure

velocity Reynold’s [i-CsH702)o [NQOJo Ki1p branching ratio
T (K) (cms?) no. (10" molecule cm?®) (10" molecule cm?d) (10-*cm*moleculet s™) i1t/ (Ki1a+ Kin)
298 1280 2450 6.9 36 5.4 0.006
298 1280 2450 6.9 55 2.7 0.003
298 1280 2450 6.9 46 6.8 0.008
298 1280 2450 6.9 36 4.5 0.005
298 1280 2450 6.9 36 6.8 0.008
298 1300 2470 3.3 35 6.3 0.007
298 1300 2470 3.3 46 3.6 0.004
298 1300 2470 3.3 55 3.6 0.004
298 1300 2470 3.3 55 4.5 0.005
298 1300 2470 3.3 33 4.5 0.005
298 1300 2470 3.3 46 3.6 0.004
298 1300 2470 3.3 46 3.6 0.004
298 1300 2470 3.3 52 54 0.006
298 1300 2470 3.3 52 7.2 0.008
263 1160 2710 3.3 38 13 0.012
253 1120 2800 2.7 51 7.8 0.007
253 1120 2800 2.7 41 13 0.012
243 1100 2900 3.4 46 24 0.020
243 1100 2860 3.4 46 23 0.019
233 1180 3310 4.1 50 25 0.020
233 1110 3250 5.0 31 17 0.013
233 1110 3250 5.0 17 11 0.009
233 1270 3670 5.0 28 14 0.011
233 1270 3670 5.0 21 14 0.011
223 1180 3660 34 46 41 0.030
223 1180 3630 3.4 46 35 0.026
223 1290 3840 5.3 35 34 0.025
223 1290 3840 53 28 18 0.013
223 1290 3840 53 22 22 0.016
213 1280 4120 5.0 33 18 0.012
213 1280 4120 5.0 33 21 0.014
213 1440 4580 5.0 29 29 0.020
213 1440 4580 5.0 20 31 0.021

added at higher concentrations in the branching ratio experi- (the temperature dependence of th#1§D + NO, reaction is
ments so that the following reaction was favored used as an estimate in the modeling calculations). Propagat-
) ing the 10% value through our model indicates that this
i-CH,0 + O, —~ CH;C(O)CH; + HO, (13) uncertainty has a minor effect (less than 5%) on our fitted value
) ] ) for ki1 However, because the lower temperature measurements
which effectively scavengesCsH/O from the system. As  might be subject to higher uncertainty, we estimate the total

described in the Experimeljtal Section, two sets of experimentserror to be approximately 50% for the branching ratio measure-
were done at @concentrations of 5.« 10*” and 1.0x 108 ments.

molecule cm?® to examine potential interferences from this
reaction. Both sets yielded the same results, indicating that the
production ofi-CzH;ONO, from reaction 12 was minimized
under the high @ concentrations used in the branching ratio
experiments.

We performed several measurements of it@&H;ONO,-
producing branching ratio at temperatures between 213 and 298
K in order to establish the temperature dependence of the rate
constantk; 1, for conditions relevant to the upper troposphere.

Computer modeling was used to extract a rate constant for From the data listed in Table 3 and presented in Figure 6, the

reaction 11b by fitting the observeeCsH;ONO, production,  following Arrhenius expression is obtainedliohr the e>i|16)eri-
The actual time profile of theCsH;ONO, production, as well ~ Ments performed at 100 Torr total pressure: 39x 107

as the total production of€CsH;ONO; over the total reaction  €XP[(1380+ 230)/T] cm® molecule™* s*. Again, the uncertainty
time were used as constraints in the fitting process. The model"ePresents the two standard deviation statistical error in the data

input included the concentrations ofsi0,, NO, and all and is not an estimate of systematic errors (which are discussed

precursors. Table 3 contains a list of the initial conditions and above). The branching ratiok {1/(kiia+ ki1n)] reported in Table
calculated rate constantk;(y) for the branching ratio experi- 3 were calculated using the Arrhenius parameters for the overall
ments. As stated earlier, we believe that the relevant experi-rate constantikia + ki) for i-CsH70, + NO given in Table
mental uncertainty for a rate constant determination with this 2. The branching ratios range from about 0.006 at 298 K to
apparatus is on the order of 30%, although the uncertainty may0.02 at 213 K, indicating the increased importance of the
be somewhat higher because the branching ratio measurementsCsHzONO.-producing channel at lower temperatures. Because
are being made very close to the detection level of the thei-C3H;ONO,-producing channel is almost certainly pressure-
instrument. In addition, the branching ratio method requires the dependent, it would be of interest to attempt to establish the
added step of titration and calibration experiments needed topressure dependence of the rate constant. However, because the
determine [GH-O3]o. The uncertainty in the rate constant for measurements made at 100 Torr were barely within the detection
reaction 12 is expected to play the largest role in the propagationlimit of the instrument, it was not surprising that we were unable
of rate constant uncertainties through our fitting process. The to obtain sufficient sensitivity to pursue experiments at pressures
room-temperature uncertainty o is only 10%?2! but the other than 100 Torr. It would also be of interest to pursue the
temperature dependencela$ has not been directly measured kinetics of then-C3H;ONO,-producing reaction. However, we
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Figure 6. Arrhenius plots of the temperature dependence of the rate
constant of tha-CsH;ONO, branching channel for the present work
(data points and solid line) and from the predictions of the Atkinson
model (dotted line) at 100 Torr pressure.

are not aware of a discharge flow method to allow for the
selective generation af-CzH;O5.

In Figure 6, the temperature-depende@sH;ONO,-produc-
ing rate constank{i) obtained in the present work is compared
to the predictions from the Atkinson modeit a total pressure
of 100 Torr. The model predicts a 298 K, 100 Torr branching
ratio of about 0.009, which is within the estimated uncertainty

of our experimental value of 0.006. The pressure dependence’40:

of thei-CsH7;ONO, branching channel observed from the present
100 Torr results and the 735 Torr results of Atkinson and co-
workers is consistent with this reaction being in the third-order
limit in this pressure range. All in all, the performance of

empirical model is an impressive extrapolation, given that the
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measurements of the temperature dependence of the overall rate
constant for the reaction ofz870, with NO. Our measurement

of the temperature dependence of the overall rate constant at
100 Torr for the GH;O, + NO reaction was found to be in
good agreement with previous measurements performed at lower
pressure§? The branching ratiok 11/(ki1a+ ki1p)] at 100 Torr
pressure for-C3H;ONO, formation was determined to be about
0.006 at 298 K and was found to increase to about 0.02 at 213
K. The temperature-dependent rate conskaistwas accurately
predicted by extrapolating from a model based on organic nitrate
formation from G—Cg hydrocarbon systentsThe present work

is useful for (a) obtaining the-CsH;ONO, yield data for
conditions representative of the upper troposphere (210 K and
100 torr pressure) and (b) when the present 298 K and 100 torr
pressure yield is combined with previous atmospheric pressure
data at 299 K, constraints concerning the pressure dependence
are placed on theoretical models of alkyl nitrate formation from
the RQ + NO reactions.
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