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Rate Constants for CH; + O, — CH30 + O at High Temperature and Evidence for H,CO
+ O, — HCO + HO;
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The reaction of Cklwith O, has been studied in a reflected shock tube apparatus between 1600 and 2100 K.
CHs was prepared from the fast thermal decomposition oglCahd O atom atomic resonance absorption
spectrometry (ARAS) was used to observe absolute [OHsl] o was sufficiently low so that most secondary
reactions were negligible, allowing for unambiguous determination of the rate constant fot @4 —

CHs0 + O. The rate constant expression for this reaction derived to match the experimentakdaté8i®0

+ 0.40) x 10 ™ exp(—16858+ 1127 K/T) cn® molecule® s™1. To explain O atom concentration buildup at
longer times, a fast reaction betweea®d and Q was postulated. Rate constants for this process were
derived by fitting the long-time O atom profiles. Last, the four-center reactiop €, — CH,O + OH

was found to be of negligible importance over the temperature range of the study.

Introduction optimization techniques and GRI-Médb fit the data, the most
important CH oxidation rate processes being reactions 2 and

The reaction of Chlwith O is one of the most important 3. They report

reactions in hydrocarbon combustion. This issue has of course
been recognized for over 50 years, and the work on the reaction 15 3 4
is extensive as shown by the fact that there are 107 references K2 = 3.07 x 10 "~ exp(-10224 KIT) cm” molecule ~ s

to it in the NIST databask.Three elementary reactions are 4)

possible: and
CH; + O, (+M) — CH;0, (+M) 1)
ks =4.90x 10 ' exp(—15340 K cm® molecule * s *
— CH,0+ OH 2 (5)
—CH;0+ 0 (3) For reaction 2, they showed that the earlier data could be

separated into two distinct sets, one suggesting high valties

Reactions 2 and 3 are forward dissociation channels from theand the other suggesting low values kg#2-1° Their result, eq
initially formed vibrationally hot methylperoxy radical in 4, clearly suggests that the low values are preferred. With regard
competition with stabilization (reaction 1). As temperature to reaction 3, the results were more uniform. Except for the
increases, the back process, reactidn also becomes important ~ data of Saito et al? the earlier valugd-1+1720.21agreed with
in an RRKM sense, decreasing the overall rate of reaction 1 to €q 5 to within a factor of 2. The results for reaction 3 would
negligible values above-1500 K and below~400 Torr. On then seem to be consistent; however, in a recent répBraun-
the other hand, reactions 2 and 3 have activation barriers, andUnkhoff et al. have indicated that their [OHpheasurements
these channels open only at higher temperatures and dominatéequiredks to be about one-half to one-third of eq 5. Similarly,
reaction 1. Hence, under the present high-temperature conditionsOH and CH profile results by Tischer et &.have given values
reactions 2 and 3 are the important reactions. for ks that are lower than eq 5 by about one-half. Hence, we

The branching ratio of reactions 2 and 3 has been a perplexinghave concluded that the situation is still perplexing, and this
problem for a long time. Recently, Yu, Wang, and Frenkfach realization has prompted the present study.
have thoroughly discussed the earlier data on both reactions In the present work, the formation rates of O atoms are
and have noted that there is agreement between the variougneasured behind reflected shock waves using the atomic
values for reaction 3 (within a factor of 3), but the spread in resonance absorption spectrometry (ARAS) technique. The
values for reaction 2 is over an order of magnitude. These experiments are similar to those of Bhaskaran ét ahd Klatt
workers shock-heated methanexygen mixtures and spectro- et all” except that O atom detection is about 5 times more
scopically measured both [OHand [CO]. They then used  sensitive than in these two earlier studies. This is important
because the complications from secondary reactions can be
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1.2 TABLE 1: Mechanism Used for Determining (ABS) against
® [O] from the H + O, Reaction Using GHsl as a Source of H
e - Atoms?

1. GoHsl (+M) — CoHa + H + 1 (+M),
L ya ki = 6.34x 10° exp(~15894 KI)P
08 | & 2. GHsl (+M) — CoHs + HI (+M), ko = 0.15x ki

y 4 3.H+0,— OH+ O, ks = 1.62 x 10710 exp(~7474 KIT)®
4. OH+ OH— O + H,0, ks = 7.19x 1072 T27exp (1251 KT)°
5.H+ Hl — Hy + 1, ks = 7.87 x 10~ exp(~330 K/T)¢
6.1+ Ho— HI + H, ks = 2.81 x 10"1°exp(~16930 Km)¢

/ a All rate constants are in chmolecule'® s~ except for reactions 1
04 ¢ ¢ and 2, which are ing. P Reference 28 Reference 309 Reference
31.

0.6

ABSORBANCE

02 TABLE 2: Data for O Atom Curve-of-Growth
Determination
0 L L 1 L L L L L L P]_/ p5b/ [Cszl] oc/ [O] Simc/
0 2 4 6 8 10 12 14 16 18 20 Torr M@ (108cm3) T/K cm3 cm3  (ABS)
[0]1/1012 atoms cm-3 Xeppg = 6.266x 1075, X, = 1.763x 1073
10.94 2580  2.163  1656°1.356 (13) 1.211(13) 0.913
8.84 2.618 1.772 1702 1.110(13) 1.010(13) 0.755
7.98 2.623 1.602 1707 1.004 (13) 0.902(13) 0.688
7.02 2.555 1.376 1627 0.862 (13) 0.789(13) 0.623
6.09 2.589 1.208 1667 0.757 (13) 0.679 (13) 0.545
5.01 2.612 1.002 1694 0.628 (13) 0.569 (13) 0.481
of the system, along with those features unique to the current 15.90 2.600 3.147 1673 1.972(13) 1.769(13) 1.154
experimental procedures, will be presented here. 1595 2489  3.035 1547 1.902(13) 1.694(13) 1.096
Apparatus. The apparatus consistt@7 m (4 in.o.d.) 304 1097 2431 2046 1485 1.282(13) 1.180(13) 0.801
stainless steel tube separated from the He driver chamber by a 8 3'3%471 i'gég 1@;2 i'égg 83; é'gig gg; g'ggg
4 mil unscored 1100-H18 aluminum diaphragm. The tube was 749 2394  1.375 1445 0.862(13) 0.767 (13) 0.584
routinely pumped between experiments to less thar? Torr 7.57 2460  1.430 1519 0.896 (13) 0.787 (13) 0.640
by an Edwards Vacuum Products model CR100P packaged 6.55 2.594  1.302 1673 0.816(13) 0.684 (13) 0.574
pumping system. The velocity of the shock wave was m_easured aThe error in measuring the Mach numbbt, is typically 0.5
with eight equally spaced pressure transducers (PCB Piezotron- 0o at the one standard deviation leveQuantities with the subscript
ics, Inc., model 113A21) mounted along the downstream part 5 refer to the thermodynamic state of the gas in the reflected shock
of the test section of the shock tube and recorded with a 4094Cregion.° Parentheses denote the power of 10.

Nicolet digital oscilloscope. Temperature and density in the T

reflected shock wave regime were calculated from this velocity. ?nsotdh;zg';lsr]erg\lg]riég Zgﬂ:gel'wv:: fr]o;ngt;[gﬁt Ithe d(e:OeGnJce)Ltthgn

This procedure has been given previously, and corrections for y rongly dep

boundary layer perturbations have been appitédThe digital temperature, as shown by the data a_nd I|n_e absorption calcula-
’ tions. In the present work, the relationship between [O] and

oscilloscope was triggered by pulses derived from the last -
velocity gauge signal. The photometer system was radially quorbance (ABS.) (ABS3- In(I/I_o) w.herelolqndl refer to
initial and transmitted resonance light intensities, respectively)

located 6 cm from the end plate. All optics were made from . ; e
MgF,. The resonance lamp beam intensity was measured bywas determined under slightly Iov_v_er temperature conditions than
’ before?> The present method utilizes the reaction

an EMR G14 solar blind photomultiplier tube and recorded with
the oscilloscope. H+0,—~0OH+0 (6)

O Atom ARAS. The technique used for the detection of the
transient O atoms formed in reaction 3 is atomic resonance at low [H]o where the H atoms are produced from the fast
absorption spectroscopy (ARAS). In earlier wéPkQ atom thermal decomposition of ££151.2829The pertinent mechanism
curves-of-growth were determined for two different resonance is given in Table 1 along with well-established rate constants
lamp conditions: (1)Xo, = 1 x 1073 in 1.8 Torr of purified for all processes. Experiments have been performed by varying
grade He and (2) no added,@n purified grade He, both  [C,Hsl]o in excess @ and absorption profiles were measured
operating at 50 W microwave power to give an effective lamp at several temperatures. The absorption profiles rapidly de-
temperature of 490 R® Method 2 relies on the Ompurity in creased to a near-constant level. [O] was then simulated over
the He tank and has a less reversed line shape than method lthe time necessary to obtain near-constant absorption by
however, method 1 was used in the present work because thenumerically integrating the mechanism of Table 1. The condi-
signal-to-noise ratio is better. The nonoverlapping 130.2, 130.4, tions of the experiments are shown in Table 2. For 14
and 130.6 nm triplet resonance lines are isolated with &, CaF experiments in the table, the simulated [O] is listed along with
window (transmitting at wavelengths greater than 125 nm), and the measured (ABS), and these values are subsequently plotted
the fraction of the light that is resonance radiation is determined in Figure 1 (closed circles) along with the earlier results from
by using an O atom atomic filter section in front of the lamp as the N\O decomposition stud&?.It should be noted that reactions
described previousls? 5 and 6 in Table 1 are negligible, contributing less than 0.5%

In the earlier worké®> O atom concentration calibration was to [O]. The profile is mostly affected by (a) the branching ratio
carried out using the thermal decomposition ofON These of reactions 1 and 2 and (b) by the H O, reaction. The
measurements are shown as solid squares in Figure 1. Frommaximum contribution to [O] from the OH OH (reaction 4
these data alone the derived curve-of-growth (COG), calculatedin Table 1) at the highest temperature angH§l] o is less than
from atomic resonance line absorption the®n?’ is reproduced 5%.

Figure 1. Curve-of-growth determination for O atom ARASE)from
ref 25 [O] data based on the unimolecular decomposition 43;N®)
[O] derived from a simulation using the mechanism given in Table 1.
(ABS) is the experimentally determined absorbance (see text).
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TABLE 3: High-Temperature Rate Data for CH 3 Oxidation 16
by (o)
Py pet/ keo/ ket 14+

5
Torr M&  (10¥cm3)  T/K (cms™) (cmPs™)

Xcry = 2.482x 1076, Xo, = 1.056x 10!
5.92 2.682 1.333 1644 1.95(5) 2.0 (15)
5.96 2.823 1.410 1802 3.00(5) 3.0 (15)
592 3.055 1.502 2078 1.20(4) 8.0 14)
7.48  2.959 1.847 1962 8.00(5) 2.0(14)

12 -

[0]1/10 12 nolecule em 2
=]

7.46  3.045 1.887 2066 1.04(4) 5.0(14) 6l
Xehg = 1.592x 1076, Xo, = 5.822x 1072
10.96  2.865 2.517 1916 6.5615) 1.5(14) 4t
10.79 2.998 2.574 2083 1.76(4) 7.0(14)
10.95 3.018 2.626 2109 1.6614) 7.0 (14) 2f
10.99 2.960 2.594 2035 1.06(4) 5.0(14)
10.93 2.824 2.479 1867 4.0615) 1.5(-14) 0 , TR
10.91 2.688 2.357 1712 1.65(5) 4.0(15) 0 400 800 1200 1600 2000
10.96 2.597 2.290 1608  1.4615) 1.0(15) time / s
10.97 2715 2.392 1744  2.2615) 4.0 (15) _ . ) .
10.99 2.647 2340 1665 1.5615) 2.0(15) Figure 2. Measured O atom profiles for two typical experiments. The
10.98 2776 2.444 1815 22915) 50 (_15) conditions for the upper trace aR= 1099 TOTF,MS = 2.960,X<;H3|
10.95 2.909 2.539 1977 956(5) 15(14) = 1.592x 107 andXo, = 5.822x 10~ giving Ts = 2035 K, ps =
1093 2971 2.579 2055 1.06814) 6.0 (14) 2.594x 10'® molecules cm?®, [CH3l] = 4.129x 10*? molecules cm?,
10.93 2.999 2.599 2091 9.0005) 5.0(14) and [ = 1.510 x 10" molecules cm?®. For the lower trace, the
conditions areP;= 10.96 Torr,Ms = 2.597,Xcny = 1.592 x 1078,
a@The error in measuring the Mach numbbfs, is typically 0.5- and Xo, = 5.822 x 1072 giving Ts = 1608 K, ps = 2.290 x 10'8

1.0% at the one standard deviation leveQuantities with the subscript molecules cm?, [CHsl] = 3.645x 10*2 molecules cm3, and [Q] =
5 refer to the thermodynamic state of the gas in the reflected shock 1.333 x 107 molecules cmd.

region.¢ Fitted rate constants for reactions 3 and 16 of Table 4 (see
text). ¢ Parentheses denote the power of 10. inert or in sufficiently low concentration so as to not perturb O
From Figure 1, the earlier data from the@idecomposition atom profiles. UItrahigh purity grade He (99.999%) for .the
agree with the results based on the Table 1 mechanism within"€Senance lamp and high-purity, (89.995%) for the ato(r)mc
experimental error. We showed earlier that our H atom ARAS filter were fromoAGA Gases_,. Scu?ntmc grade; @9'9_999 )
calibration method$ agreed with independent €land | aton$® and Q (99'_999 %), for. reaction mixtures, were obtained from
ARAS results. The present results are in fact a calibration MG Industries. Analytical grade GH(99%) and GHsl (99%),
between H and O atom ARAS methods and. as a result, POth from Aldrich Chemical Co. Inc., were purified by bulb-
corroborate the Table 1 mechanism and, pa,rticularly, the to-bulb distillation, retaining only the middle thirds. Test gas
branching ratio between reactions 1 and 2. Last, we have mixtures were accurately prepared from pressure measurements
parametrically applied line absorption calculati®nd to the using a Baratron capacitance manometer and were stored in an

composite set (the present and earlier #ptallowing only [O] all-glass vacuum line.
in the resonance lamp to vary. This affects the extent of reversal
and therefore the sensitivity for detection. A minimum one
standard deviation 0f6.5% was found between calculations With the relatively high levels of @used in this work, there
and the composite data points if the mole fraction of O atoms is some resonance light absorption at 130 nm bySihce this
in the lamp was 5.2« 1074 (i.e., 26% Q dissociation). The absorption is uniform over the andwidth and [@] does not
resultant COG is plotted as the solid line in Figure 1. The change appreciably during an experiment, any observed trans-
differences between the new and eafigdashed line) COG mittance decrease in the absence of;Otdflects both a total
are insignificant. Hence, because of the above-mentioneddensity increase due to vibrational relaxation of @ low
consistencies between calibration techniques, we consider theemperature and/or O atom formation from ® M — 20 +
[O] analysis in the present work to be accurate to within about M at high temperature. Under nearly identical conditions as the
+10%. kinetics experiments, we corrected for both effects by carrying
Kinetics Experiments. Eighteen kinetics experiments were out several experiments without added4{CHhe transmittance
carried out between 1608 and 2091 K under the conditions signals from the blanks were then point-by-point subtracted from
shown in Table 3. The experiments were similar to the above- the corresponding kinetics runs, leaving only the O atom
mentioned calibration determinations, the only difference being formation signal from Chloxidation. Relaxation time constants
that GHsl was replaced by CHl. It was of course necessary to  decreased with increasing temperature and were at most 250
increase [@ substantially, since reaction 3 is known to be much us near 1600 K. As expected, O atom formation increased with
slower than reaction 6. O atom formation rates must exclusively increasing temperature. However, the combination of both
arise from the reactions of GHadicals formed from the fast effects generally accounted for less than 20%; i.e., greater than
dissociation of CHI,33 since under similar circumstances we 80% of the transmittance signal was due to O atom formation
have already shown that+ O, is negligibly slow over the from CHs oxidation.
time period of the experimenté. Using the corrected signals, (AB$yas determined in each
Gases High-purity He (99.995%), used as the driver gas, case and [Q]was calculated from the curve-of-growth shown
was from Air Products and Chemicals, Inc. Scientific grade Kr in Figure 1. Figure 2 shows O atom profile results from two
(99.999%), the diluent gas in reactant mixtures, was from experiments, one at high temperature (2035 K) and the other at
Spectra Gases, Inc. ThelO ppm impurities (M, 2 ppm; Q, low temperature (1608 K). For both cases, (Jbl= 4 x 10'?
0.5 ppm; Ar, 2 ppm; CQ@ 0.5 ppm; H, 0.5 ppm; CH, 0.5 molecules cm?, and therefore, the available [GHs also 4 x
ppm; HO, 0.5 ppm; Xe, 5 ppm; Cf 0.5 ppm) are all either 102 molecules cms. To understand these results and the results

Results
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TABLE 4: Mechanism Used for Fitting [O] Profiles from the CH 3 + O, Reactior?

1. CHl + Kr — CHs + | + Kr ky = 4.36 x 10 exp(—19858 KIT)°

2. C|‘b+02—’H2CO+ OH k2=0

3. CH+ O,—CH:O+ O ks = fitted

4. CHO + Kr — H,CO+ H + Kr ks = 6.51 x 1013T-665exp(—16740 KIT)°

5. H+0,—OH+O0 ks = 1.62 x 10710 exp(—=7474 KT)

6. H,CO + Kr — HCO+ H + Kr ks = 1.019x 10°8 exp(—38706 KI)e

7. H,CO+ Kr — H; + CO+ Kr k; = 4.658x 107° exp(~32110 K

8. HCO+ Kr —H + CO+ Kr ke = 3.1 x 1077T-1 exp(-8555 K/T)f

9. HCO+ 0,— HO, + CO ko = 1.26 x 10711 exp(—204 K/T)9
10. HQ, + Kr — H + O, + Kr kio= 2.0 x 10°5T 118exp(~24363 KT
11. OH+ OH— 0O+ H0 ki1 = 7.19 x 102'T?7exp(1251 KT)d
12. OH+ H,—H,O+H ki = 3.56 x 10°16TL52exp(~1736 KT
13. OH+0—0,+H kis = 5.42 x 107120375 exp(1112 KT
14. OH+ H,CO— HCO + H,0O kig = 5.70 x 10715T118exp(225 KM)"
15, I+0,—~10+0 kis= 7 x 10-11 exp(=30977 KIT)
16. HCO+ O, — HCO + HO; ke = fitted

aAll rate constants are in chhmolecule! s71. ® Reference 33¢ References 1 and 33Reference 30¢ Reference 36.References 1 and 37.
9 References 1 and 38References 35 and 39%Estimated from endothermicity.

from the other 16 experiments, it is necessary to numerically 16
integrate an appropriate chemical mechanism to predict O atom
profiles for the experimental conditions. It should be noted that
the mechanism need not be all-inclusive, since the secondary
chemistry cannot be highly perturbing because {lis so

low.

-3

Discussion

[O]: profiles of the 18 experiments in Table 3 were simulated
using the mechanism of Table 4. However, considering only
the initial stages of reaction where [} 1 x 10'2 molecules
cm3, initial profiles can be analytically determined if reactions
1, 4, and 5 can be considered to be instantaneous. For the 0 500 1000 1500 2000
conditions of the experiments, these are good assumptions. It
is then easy to show that

[O]/10 12 molecule em

time/ us

Figure 3. Comparison of the results for the 2035 K experiment of

2k [CH,l], Figure 2 to numerical simulations as described in the text, with
[O] ~ 4{1 - exp(—(k + k [O t)} (7) predictions usingd) the full GRI-Mech 2.11 mechanism (refs 3 and
T (k ko) 2 T k)0l 40), (-+) the Leeds mechanism (ref 41);) an irreversible 48 step

reaction mechanism using some of the GRI rate constants, (- - -) the

An initial estimate fork; can be made by expanding the 16 step mechanism of Table 4 using some of the GRI rate constants,
exponential term giving [Ql= 2ks[CH3l]o[O2]t. Hence ks = ]‘:"onrdrgc_ti'c;;z) g]r? dlg ?rfr?w r\?ﬁcgtagllsr(?ecf)fz'l)'able 4 using rate constants
Ro/(2[CH3l]o[O2]) where Ry is the absolute O atom rate of ' '
formation (the initial slope) from profiles as illustrated in Figure also fails to reproduce the measurements. These mechanisms
2. This approximate expression shows that no information about and the rate constants used in them are optimized against several
the branching ratio between reactions 2 and 3 can be obtainedexperimental test cases and therefore cannot be modified in any
from initial O atom profile measurements alone. way. Hence, neither code can be used for explaining the present

Initial values ofks for all experiments were then determined data. We reduced the number of reactions considered in these
using this approximate procedure. The results can be expressednechanisms. By use of GRI-Mech rate constants, the solid line
in Arrhenius form asg = 2.4 x 10711 exp(—16223 KIT) cm?® in Figure 3 is an irreversible 48 step reaction mechanism that
molecule! s71. Since CH is depleting, this estimate will be a includes CH pyrolysis chemistry. Clearly, the reduction in
lower limit. Starting with the initial values fdks, [O]; was then mechanism size only affects the predictions at times greater than
simulated with reactions-15 in Table 4. Some adjustments in ~1.5 ms. We reduced the mechanism even more to that shown
ks were necessary, but under all conditions, initial profiles could in Table 4, and again with some of the GRI-Mech rate constants,
be fitted. However, the simulations at longer times showed the predictions (dashed line) are closely similar to the full GRI-
substantial negative deviations from experiment, particularly at Mech and reduced 48 step mechanisms. Last, we used the
high temperature. Obviously, reactions-2 of Table 4 are revised rate constants of Yu et%aleqs 4 and 5) for reactions
insufficient to explain the data, and the mechanism must be 2 and 3, and the prediction is still disappointing, giving the
expanded. dashee-dotted line in Figure 3. Their downward revision in

We then attempted to use the full GRI mecharfisorexplain both rate constants is still insufficient to explain the present
the results. The high-temperature experiment shown in Figure data. It is obvious by inspection of Figure 3 that the initial O
2 was numerically simulatelf,and the predicted behavior is  atom rate will require a rate constant for reaction 3 of about
shown as open squares in Figure 3. Clearly, GRI-Mech 2.11 one-half that of eq 5, and this conclusion is reinforced by
explains neither the initial rate of formation nor the long-time comparing our approximate to eq 5. The ratio i$~0.3 over
O atom yield. Similar calculations with the Leeds mechafiism the present range. It is also obvious from Figure 3 that the
are shown as the dotted line in Figure 3, and this mechanismoverall yield of O atoms at long times approaches 4§41
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suggesting that all three H atoms in €&te somehow released 12

to subsequently form O atoms in reaction 6. Reaction$ in

Table 4 only account for a maximum of two O atoms per initial 10|

CHGa, justifying the expanded 16 reaction mechanism of Table ki

4. g s
At low temperature, the kinetics are almost completely 2

determined by reactions—b of Table 4; however, as temper- E

ature increases, other processes can become important. It is g o

important to assess the importance of reaction 2 (yielding o

H.CO + OH) to the kinetics. As shown by eq 7, this reaction S 4t

could have a substantial rate constant at low temperature and é

not affect the initial O atom rate from reaction 3. However, as = 5

temperature increases, the maximum O atom yield from reaction

2, followed by reactions 16, 8, 10, and 5 of Table 4, would be 0 .

2 O atoms per initial Chl and we measure yields approaching 0 ‘ 460 860 1200
4. With the Table 4 mechanism, inclusion of a substantial rate
for reaction 2 that is competitive with our initi&s severely
inhibits the total O yield. Any attempt to change the branching Figure 4. Comparison of a measured O atom profile for a typical high-
ratio to increase O atom production results in worse fits to the temperature experiment to a simulation. The condition$gre10.93
data, particularly at short times. The best fits are obtained with TOI: Ms = 2.999,Xcuy = 1.592 x 10°%, and Xo, = 5.822 x 1072,

_ : giving Ts = 2091 K, ps = 2.599 x 10'8 molecules cm?, [CH3l] =
k. = 0 as shown in Table 4. The present results strongly suggesty ;25 "1012 molecules cm?, and [O] = 1513 x 107 molecules

that reaction 2 is negligible, in essential agreement with the cm3, The line is a fit using the mechanism of Table 4 together with
early assertion of Baldwin and Goldéh. the rate constants for reactions 3 and 16 given in Table 3.

The Table 4 mechanism has then been used to fit the 18
experiments of Table 3. To obtain the high measured yields,
we have to postulate a fast direct reaction betweg@and
O giving HO, and HCO as products. In actual fact, the adopted
16 step mechanism is still too detailed for the small initials,CH
used in the study. If reactions 9 and-115 are deleted, the [O]
profile prediction is only decreased by less than 3%. Subsequent
deletion of reactions 6 and 7 increases the prediction by about
12%, indicating some importance fop€O thermal decomposi-
tion. However, the most important subsequent reaction is the
postulated reaction (i.e., reaction 16 in Table 4). Hence, the
minimum mechanism for explaining the present data is reactions
1, 3-5, 8, 10, and 16 in Table 4. These, added together, give 1x10 15 ‘
for complete conversion GHt+ 40, = 30H + 40 + CO. By 4.5 5.0 5.5 6.0 6.5
contrast, substituting reaction 2 for reaction 3, with the other 10000 K/ T
processes contributing, gives gt 30, = 30H + 20+ CO.

Hence, any study using OH-radical detection diagnostics will Figure 5. Arrhenius plot of the data foks from Table 3. The line is
have difficulty in delineating which process, reaction 2 or 3, is given by eq 8, and the solid circles are the individual data points.

important. However, the present O atom diagnostic method can . o .
be used to assess the relative importance. the CO_G fr(_)m Figure 1. An example of a fit &at= 2091 K is
shown in Figure 4.

Even though half of the reactions are unimportant, the entire A rnenius plots for reactions 3 and 16 in Table 4 are shown

16 step mechanism in Table 4 was used to fit the data. The, rigyres 5 and 6, respectively. Arrhenius analyses for the rate
important rate constants (i.e., eqs ;3 8, 10, and 16) are  nstants give

known with sufficient accuracy with the exception of reactions

3 and 16 in Table 4. Ht_ance,_ the analysis real!y requ?res that ks = (3.90+ 0.40) x 1071 exp(—16858+ 1127 KIT)

both rate constants be iteratively changed until a satisfactory 5 4

fit is obtained. The fits show (a) that [GHis depleted at all cm” molecule “s ~ (8)
temperatures and (b) that reaction 16 is fast enough to slightly

contribute to [O]at relatively short times. Even though reaction

3 is almost isolated, reaction 16 has some effect. We find that g

initial rate estimates for eq 3 (i.eks = 2.4 x 1071 kig=(4.82+0.72) x 10 ~ exp(-28476+ 1628 KIT)
exp(—=16223 KiT) cm® molecule'* s71) have to be only slightly cm® moleculé® s (9)
increased{12%). The final values foks are listed in Table 3.

The values for reaction 16 are substantially less accurate at alland these expressions are plotted along with the data in Figures
temperatures because this process accounts for the additionab and 6. Reaction 3 is nearly isolated and can be considered to
[O] produced at longer times. The iteratively fitted values for be a direct determination; however, reaction 16 is secondarily
the 18 experiments are listed in Table 3. Over the entire time derived and should only be considered to be consistent with
ranges, the mutually derived values reproduce the O atomthe measurements.

profiles to within+10% for the experiments below 2000 K and The present determination f& can be compared to earlier

to +£10—20% for those above 2000 K. The fits are satisfactory studies that are mentioned in the Introducfidf11.1417.20.214]|
considering thet10% accuracy of the O atom analysis using results are higher by at least a factor 6f2 The studies that

time/ us

3x10 14

1x10 ¥

k/(cm?® molecule! s1)
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1x10 *13 ‘ , ‘ have also been discusseH:152143.46.4From a theoretical point
of view, reaction 2 should be important if there is labile channel
hopping between C#D,(?°A") and CHO,(?A"). The?A" state
correlates directly with reactants, GPA") + O,(°%;), and
products, CHO(E) + O(P), whereas théA’ state (estimated
to be ~20 kcal moi'! above2A")114448correlates with Cht
(2A") + Ox(*Ay) (i.e., the first excited @state) and with 1,3
hydrogen migration to form C¥DOH and, ultimately, HCO
=+ OH. Since the present work indicates little or no importance
for reaction 2, we would conclude that either the crossing point
N is at higher energy than the direct process, reaction 3, or that
state crossing is not labile.

: To explain the profile results, reaction 16 of Table 4 has to
4.5 5 5.5 6 6.5 have a large rate constant (eq 9). A relatively fast rate has

10000 K/T previously been suggested by workers at lower temperatures

Figure 6. Arrhenius plot of the data from Table 3 fags of Table 4. between 700 and 900 #:5°The question arises as to whether
The line is given by eq 9, and the solid circles are the individual data this reaction can be justified theoretically. Preliminary electronic
points. The dashed line is the approximate theoretical result given by strycture calculatio§ indicate that HCO(A) + 02(329—)
eq 14. correlates directly to HCGQ') + HO,(?A") through a loose

are most similar to the present are those by Bhaskarantét al. *A” transition state. Presuming that the back process, HCO

and Klatt et a7 who used O atom ARAS as the diagnostic. HO,, has little or no activation barrier, that for the forward
They report respective values process is then the zero-point-corrected endothermicity for the

reaction, i.e., 38.94 kcal mol. We note in the preliminary

110714 |

k/(em® molecule! s1)

w1015 |

16

5x10 "

k= 1.16 x 10 ™ exp(=12900 K cm® molecule * s * work®! that there are two low-valued bending skeletal rocking
(20) frequencies that probably correlate with hindered rotations. We
have therefore used these calculations to specify a loose
and transition state with two free internal rotors. Subsequent
11 3 1 1 conventional transition-state theoretical (CTST) calculations with
k;=3.80x 10 "~ exp(—15400 KiT) cm” molecule s(ll) this model give to withint0.8

where both are valid over the present temperature range.kfgSTz 7.785x 10 T?%*9exp(-19089 KT
Between 1600 and 2100 K, eq 10 is higher than eq 8 by a factor
of 2—3 whereas eq 11 is higher by2. We note that the present

O atom ARAS technique is about 5 times more sensitive than

those used earlier, and therefore, secondary reactions were morép_r 300=T = 2200 K. Equation 14 is plotted in Figure 6 where

important in both earlier studies in contrast to the present where It IS S€€n to be in fair agreement with the data for reaction 16.
all radical-radical and many radicaimolecule reactions are ~ Eduation 14 also predicts values about4times greater than

negligible. The most recent measurement from Braun-Unkhoff th0Se reported by Baldwin et #lbetween 713 and 816 K, and
et all9is it gives values only about 2-5% times greater than GRI-

Mech?52 over the temperature range 1350100 K. Since eq
ky = 3.42 x 1072 exp(~12242 KIT) cm® moleculé * s 14 is based on a preliminary unoptimized model, it cannot be
(12) considered to be accurate. However, the present demonstration
suggests that such a process does have a theoretical basis and
and this result is higher than eq 8 by50% at 1600 K but is should be considered as probable.
lower by ~25% at 2100 K. Hence, eq 12 is in fairly good Last, we are suggesting that there is a fast direct reaction
agreement with the present result. The new result by Hwang, petween HCO and Q, and there is a theoretical basis for this

cm’ molecule* s™ (14)

Ryu, De Witt, and Rabinowit? is claim. Such a process has already been considered in shock
Y tube HCO oxidation experiments by Eiteneer et al., who
ks = (2.66+ 0.78)x 10 ~" exp(~15813+ 587 KIT) measured CO profile® however, a better demonstration would
cm® molecule® s (13) be to make direct O atom measurements on th€®IO,

system. Such experiments are planned in our laboratory in the
over the temperature range 1578322 K. This expression gives  near future. If fast rates for O atom formation are substantiated,
values only 31% and 22% higher than eq 8 at 1600 and 1800these will be used to directly determikg, and the preliminary
K, respectively, and is therefore in excellent agreement with electronic structure calculatiotswill be refined and completed.

the present results. This information will then be used in flexible transition-state
There have been several theoretical investigations of reactiontheoretical calculations of thermal rate constants, thereby
3,211.131521.4%he most thorough being that of Yu et%Dn the allowing for a direct comparison between experiment and theory.

basis of ab initio calculatioA$*>and derived models, they could

explain the value foks, eq 5, determined in their study. We Acknowledgment. The authors thank Drs. J. P. Hessler, A.
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