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High-Temperature Rate Constants for CHiOH + Kr — Products, OH + CH3;0OH —
Products, OH + (CH3),CO — CH,COCH3 + H;0, and OH + CH3 — CH, + H,0"

N. K. Srinivasan, M.-C. Su; and J. V. Michael*
Chemistry Diision, Argonne National Laboratory, Argonne, lllinois 60439

Receied: Nawember 7, 2006; In Final Form: December 12, 2006

The reflected shock tube technique with multipass absorption spectrometric detection of OH radicals at 308
nm (corresponding to a total path length-e#.9 m) has been used to study the dissociation of methanol
between 1591 and 2865 K. Rate constants for two product channef©CH Kr — CH; + OH + Kr (1)

and CHOH + Kr — CH, + H,O + Kr (2)] were determined. During the course of the study, it was
necessary to determine several other rate constants that contributed to the profile fits. These include OH
CH30OH — products, OH+ (CH3),CO — CH,COCH; + H,0, and OH+ CH; — 13CH, + H,0. The derived
expressions, in units of chmolecule® s, * arek; = 9.33 x 10°° exp(—30857 KIT) for 1591-2287 K, k, =

3.27 x 10719 exp(—25946 KIT) for 1734-2287 K, kon+chion = 2.96 x 10716T14434exp(—57 K/T) for 210~

1710 K,Kom+(chgyco = (7.34 0.7) x 10712 for 1178-1299 K andkon+cr, = (1.3+ 0.2) x 101 for 1000~

1200 K. With these values along with other well-established rate constants, a mechanism was used to obtain
profile fits that agreed with experiment to within£10%. The values obtained for reactions 1 and 2 are
compared with earlier determinations and also with new theoretical calculations that are presented in the
preceding article in this issue. These new calculations are in good agreement with the present data for both
(1) and (2) and also for OH- CH; — products.

Introduction calculations. In their work, thekoa Values underestimated the
experimental results by at least an order of magnitude. However,

The thermal decomposition of methanol has been extensively .
over the entire pressure and temperature ranges, these calcula-

investigated by several workers over a span of 30 ydmsause tions suggested significance for some of the channets(e))

CH,OH is an important alternative fuel in combustion. As The earlier results from this laboratdrgonclude that reaction
pointed out in these earlier studies, there are at least six possible 50

o 1) is the dominant process.
decomposition channels, ( . . ! ! .
P We earlier described a long absorption path multipass optical

CH,OH — CH, + OH (1) system fo_r OH-radical detectio_n in the reflected shock re§ime
and used it to measure other high-temperature rate constnts.
— 1CH2 + H,0 (2) In this work we have increased the path length for absorption
by using 56 optical passes giving a total path length of 4.897
— CH,0OH/CH;0 + H (3) m. Hence, the sensitivity for OH-radical detection is about 5

times greater than in the earlier studi€dwith enhanced OH-

—CH 0+ H, ) radical sensitivity and better signal-to-noise,4CiH dissociation

— CisHCOH + H, (5) could be accurately studied over a widerange (159+2865
K), allowing measurements of product branching ratios. This

—transHCOH + H, (6) supplies the motivation for the present study.

The most recent experimental measurements on methanolExperimental Section
decomposition were conducted in this laboratonsing a
Fabry—Perot design multipass OH absorption cell coupled to
the shock tube. Th&g values agreed well with the experi-

- 3 . o
e e o  PIEVUSI derizet and ony a b cescrption o th
' 9 9 experiment will be presented here.

second-order rate constants, but there are discrepancies in the Apparatus and Method. The shock tube is constructed from
predicted branching ratios for the various channels as discusse%mpgtainless steel in triree sections. The first 10.2 cm-o.d

: 4 . ; )
by Xia et al* who carried out extensive theoretical rate constant cylindrical section is separated from the He driver chamber by

T Part of the special issue “James A. Miller Festschrift”. a4 mll unsco_red 1100-H18 aluminqm diaphr_agm. A. 0.25 m
* To whom correspondence should be addressed. Address: D-193, Bldg. transition section then connects the first and third sections. The
200, Argonne National Laboratory, Argonne, IL 60439. Phone: (630) 252- third section is of rounded corner (radius, 1.71 cm) square design

3171. Fax: (630) 252-4470. E-mail: jmichael@anl.gov. and is fabricated from flat stock (3 mm) with a mirror finish.
* Special Term Appointment, Argonne. Permanent address: Department

of Chemistry, Sonoma State University, 1801 E. Cotati Ave., Rohnert Park, TWQ flat fused silica Wind_OWS (3.81 _Cm) with broadband
CA 94928. antireflection (BB AR) coating for UV light are mounted on

The present experiments were performed with the shock tube
technique using OH-radical electronic absorption detection. The
method and the apparatus currently being used have been
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the tube across from one another at a distance of 6 cm from theTABLE 1: High-Temperature Rate Data for CH 30H+- Kr
end plate. The path length between windows is 8.745 cm. The — Products, OH+CH3OH, and Values for the Branching

incident shock velocity is measured with eight fast pressure Ratio.

transducers (PCB Piezotronics, Inc., Model 113A21) mounted Py/Torr M@  ps/(10¥ cm 3> Ty/KP ke ks o

along the third portion of the shock tube, and temperature and Xerson = 2.390x 1075

density in the reflected shock wave regime are calculated from 10.94 2.777 2.271 1900 1.02(5)f 0.78

this velocity and include corrections for boundary layer 10.95 2.879 2.349 2024 2.19(5) 0.76

perturbationd!~13 The tube is routinely pumped between 10.90 3.102 2.472 2328 0.79
. 8 10.93 2.940 2.382 2105 3.7815) 0.83

experiments to<107° Torr by an Edwards Vacuum Products 7593 5701 2204 1799 2.4716) 0.65

Model CR100P packaged pumping system. A 4094C Nicolet 10992 2575 2.129 1649 7.9817) 1.17¢11)
digital oscilloscope was used to record both the velocity and 10.94 2.581 2.137 1655 6.08(7) 1.30¢-11)

absorption signals. 10.98 2.577 2.142 1650 4.53(7) 1.30(11)
The optical configuration consists of an OH resonance lamp, 10.92 2.802° 2291 1925 1.5715) 0.80
multipass reflectors, an interference filter at 308 nm, and a ig'gg g'g%g 5%‘11 i%g i-?ﬁ) 0.77
S . . . 2716) 1.41¢11)
photomultiplier tube (1P28) all mounted external to the shock 71094 2647 2187 1734 1.7616) 0.60
tube as described previousty?14With this new configuration, 10.89 2.525 2.084 1591 4.22(7) 1.26(11)
a total path length of 4.897 m was obtainable thereby amplifying 10.94 2.588 2.142 1663 6.5417) 1.32(-11)
the measured absorbances by 56. Xerson = 1.257x 1075
Gases.High purity He (99.995%), used as the driver gas, 10.95 3.440 2.659 2832 0.76
was from AGA Gases. Scientific grade Kr (99.999%), the 10.93 3.424 2.647 2807 0.76
diluent gas in reactant mixtures, was from Spectra Gases, Inc. ig-gg g-ggg ggég %gg? 1.7315) 0-3587
The ~10 ppm impurities (M2 ppm, Q 0.5 ppm, Ar 2 ppm,  j595 5921 2375 2079 3.37(5) 0.75
CO, 0.5 ppm, H 0.5 ppm, CH 0.5 ppm, HO 0.5 ppm, Xe 5 10.93 2.838 2.318 1972 1.68(5) 0.70
ppm, and CE0.5 ppm) all are either inert or are in sufficiently 1095 2.911 2.369 2067 2.7415) 0.72
low concentration so as to not perturb OH-radical profiles. 10.92 3.013 2.425 2204 6.19(5) 0.70
Distilled water, evaporated at 1 atm into ultrahigh purity grade 10.92 3.073 2.460 2287 1.T4L4) 0.73
Ar (99.999%) from AGA Gases, was used&5 Torr pressure 1(5) 'gg 5'%3 %gg? %%g 2.2315) 0'3577
in the resonance lamp. GH(99.5%) from Sigma Aldrich 592 3.258 1.393 2577 0.77
Chemical Co. Inc., and G®H (>99.0%) and acetone-09.0%) 597 3.196 1.387 2485 0.70
from Chemika Fluka, were all further purified by bulb-to-bulb 591 3.444 1.441 2865 0.85
distillations with the middle thirds being retained. T-HYDRO 597 3.392 1.442 2783 0.80
tert-butyl hyroperoxide (70% tBH by weight water solution; 593 3.165 1.368 2439 0.63
. . 5.97 3.112 1.364 2359 0.76
i.e., 32 mol % tBH and 68 mol % #D) was obtained from 506 20987 1324 2181 7.55(5) 0.67
Aldrich Chemical Co. Inc. Test gas mixtures were accurately 599 3.128 1.376 2378 0.77
prepared from pressure measurements using a Baratron capaci- 5.91 3.084 1.342 2320 0.70
tance manometer and were stored in an all glass vacuum line. 5.96 3.005 1.325 2213 8.23(9) 0.64
In the tBH experiments, 0.45 éwof the solution was completely 5.98 3.001 1.329 2208 9.0315) 0.65
) ; ) 5.93 2.942 1.298 2127 6.61(5) 0.65
evaporated into the glass vacuum line and all mixtures were 15’99 566 3193 1756 1.4116) 0.50
then manometrically made from the evaporated sample. 15.89 2.650 3.156 1738 9.3417) 0.50
Results and Discussion 15.98 2.751 3.279 1861 4.8816) 0.55
15.89 2.773 3.282 1888 7.9216) 0.50
Fifty-eight experiments have been carried out to investigate Xeton = 2.793x 1075
the thermal decomposition of GBH in the reflected shock 5.94 3.269 1.411 2576 0.91
wave regime over thé-range 15912865 K and reflected shock 5.94 3.139 1.372 2385 0.85
pressures between 0.3 and 1.1 atm. Four mixtures were used 594 3.139 1.372 2385 0.87
varying from 6.4 to 27.9 ppm C#DH diluted in Kr bath gas, g'gg g'gzg ig?g iggg i.%ﬂ.S) 0.70
o . . . . . .8915) 0.75
and the conditions are given in Table 1. The temporal cgg 5796 1.245 1923 1.08(5) 0.78
concentration buildup of OH was determined from measured 593 2.623 1.188 1710 1.18(6) 9.90¢12)
absorbance, (AB$¥ In[lg¢/li] = [OH]doon, through an earlier 5.96 2.669 1.213 1765 3.30(6) 0.60
determinatiof of the absorption cross-section at 308 rwa{ 5.95 2.605 1.185 1688 2.39(6) 1.37(11)
= (4.516-1.18 x 1073T) x 1017 cm? molecule’? with | = Xchon = 6.373x 1076
489.7 cm). Typical results for two experiments are shown in 15.88 3.066 3.546 2278 0.83
Figure 1, where it is seen that the present sensitivity for OH- 1°.98 2.838 3.364 1971 1.63(5) 0.67
radicgl detection is significantly higher with 56 optical passes ig:gg g:ggj 2‘31% %ggg %%gg 8:?3
than in the previous work!*® 1591 2764  3.289 1872 7.3016) 0.80
As seen in Figure 1, the values for [Qd} show that more 15.87 3.017 3.514 2202 4.2715) 0.77
than one process is depleting ¢gbH because the levels of OH 15.89 2974 3.481 2143 4.3115) 0.75
formed are always substantially less than fOH]o. We find 15.86 3.107 3.588 2328 0.75
with constant [CHOH]O that relatively little OH is formed at aThe error in measuring the Mach numbbts, is typically 0.5~

low-T compared to high~ Following the theoretical conclusions  1.0% at the one standard deviation leeQuantities with the subscript

of Xia et al? at highT, only two dissociation processes are 5 re;fer to the thermodynamic state of the gas in the reflected shock
significant, reactions 1 and 2. In a companion paper (preceding "¢gion.©Numbers in parentheses denotes the power of 10.

article in this issue}? this conclusion is theoretically confirmed

for the conditions of the present experiments. Hence, we include Results in the T-Range 2278-2865 K. Inspection of the
only reactions (1) and (2) in mechanistic fits. high-T results in Figure 1 shows that formation rates are too
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Figure 1. Two [OH] temporal profiles measured at high- and Igw-
Solid lines: fits with the full reaction mechanism listed in Table 2
with optimizedk; and/ora; and/orks (see text). The conditions for the
high-T profile areP, = 5.92 Torr andVls = 3.258,Ts = 2577 K, ps =
1.393x 10 molecules cm?, and [CHOH], = 1.752x 10" molecules
cm3. The low-T conditions areP; = 10.94 Torr andMs = 2.581,Ts

= 1655 K, ps = 2.137x 10'¢ molecules cm?, and [CHOH], = 5.109

x 10 molecules cm®.

fast to be time-resolved and, therefore, estimatelk; @nd ko
are impossible. However, the branching ratq, = ki/(ky +
ko) = [OH]o/[CH30H], can be evaluated from these experiments

J. Phys. Chem. A, Vol. 111, No. 19, 2003953

OH + CH30OH (reaction 3 in Table 2); i.e., all radicatadical
reactions contribute<5% to the profiles at long times. Hence,
the fits depend on values f& andks thereby giving a method
for determining both rate constants. The fitted valugsafd
ks) for these lowT experiments are listed in Table 1.

For OH+ CH;OH (ks in Table 2), previous evaluatiohsave
been made. There are six direct experimental determinétidhs
that are mostly in the loweF-regime, the most accurate being
that of Hess and Tully3 At 1200 K, Bott and Cohef§ report
a value of 8.63x 10'2 cm® molecule! s™1. Using the
Arrhenius and three-parameter equations that describe the results
from these six studie®¥~45 a database has been constructed over
equal intervals of T-1. Six points from each of the six
T-dependent studies are calculated from the equations, but only
over theT-range of the individual studies. The single point from
Bott and Cohen is also included. The lines and points from Bott
and Cohen and also from Table 1 are plotted in Figure 3.
Because the Hess and Tully determination is the most accurate,
it was given double weight. Hence, these 43 points combined
with the 8 points from Table 1 constitute the database for
determining an evaluation from 210 to 1710 K. It should be
noted that the present determination is the most direct to date
in the higherT regime. The database was then fitted to the
modified Arrhenius equatiork = AT" exp(—B/T), yielding

ks = 2.96 x 10 *°T***3exp(-57 K/T) cm® molecule* 5{71)

Equation 7 is shown as the thick solid line in Figure 3. The
data of Hagele et &P are within£12%, those of Meier et 4k
range from 7% higher to 18% lower, those of Greenhill and

because extrapolation to zero time is possible. Recognizing thatO’'Grady*? are 4% higher to 18% lower, those of Hess and

the depletion of initially formed radicals, GHOH, and3CH,,

will involve second-order reactions following nearly instanta-
neous formation, we have estimated [@imply by carrying

out a second-order extrapolation to zero time, i.e., plotting
[[OH]{~! against time. In the example shown, the extrapolated
value determined for; is ~0.8. This initial estimate is then
used in chemical modeling fits based on the thirty-six step

Tully*3 range from 24% higher to 4% lower, those of Jimenez
et al* are from 1% higher to 7% lower, and those of Dillon et
al#s are higher by 3-12%, than values calculated from eq 7.
At 1200 K, eq 7 gives 7.& 102 cm?® molecule* s7%, in good
agreement with the single point of Bott and Cohen. Hence, eq
7 is an excellent representation of the data used to obtain it,
within experimental error, and is therefore listed in Table 2 as

mechanism given in Table 2 (rate constants with references arethe preferred value foks.

listed in the table). For the dissociation experiments, only the
first twenty-nine reactions are important. The sensitivity analysis
shown in Figure 2 for the high- experiment in Figure 1

Tsang has presented an experimental evalu&tibiat is in
adequate agreement20%) with eq 7 up te~1500 K; however,
this evaluation diverges from (7) being about 2 times higher at

indicates that second-order processes involving the products 0f2800 K. There are two flame studies whésgés estimated from

the dissociation, namely, OH, GHand3CH,, are important in
the long-time depletion of [OH] over the 1.5 ms observation
time.

Using the Table 2 mechanism, the solid line for the high-
experiment in Figure 1 is a fit witlk; and a; as the fitting
parameters to explain both the fast rise of [OH] and [RH]

For theT > ~2300 K experiments, the values for the parameters

fits to complex mechanisntg:° The inferences of Vandooren
and Van Tiggelet? between 1000 and 2000 K areé50% higher
whereas those of Li and Williarfsbetween 300 and 2500 K
are 4-40% lower than (7). There are two theoretical investiga-
tions*51both of which substantially overestimatgparticularly
at high-T.

Results in theT-Range 1734-2287 K. For the intermediate

were chosen to be compatible with the measured approximatetemperature experiments, [OHit short times is dominated by

branching ratio and [OHLxeven though, as mentioned above,

ki andk; (i.e., a1). An example at 1925 K is shown in Figure

the k; values were not used in the dissociation rate constant 4. However, as seen in Figure 5, sensitivity analysis shows that

analysis. To best fit the experiment shown in Figure 1, the
modified value foro; was 0.77. Using the mechanism, the [OH]
depletion profiles for all experiments above 2300 K were within

<~5—-10% of the measured profile, suggesting that the second-

the significant depletion reactions are OHCH3;OH, OH +
OH, CH; + OH, and3CH, + OH, with the relative importance
depending orT. Equation 7 is used for OH CH3zOH, but for
OH + OH (ki2 in Table 2), direct rate constants have been

ary depletion reaction rate constants involving OH are adequate,measured by Wooldridge et 8% and these are consistent with
a conclusion that is discussed further below. Hence, branchingO + H,O — OH + OH (k3 in Table 2) transformed through

ratios are the only quantities obtainable from the high-
experiments. These are listed in Table 1.

Results in the T-Range 15911710 K. For the 1655 K
experiment shown in Figure 1 and other I@wexperiments
between 1591 and 1710 K listed in Table 1, sensitivity analysis
shows that the only significant OH-radical depletion process is

equilibrium constanfsusing the recent re-evaluation for the heat
of formation of OH radicald®2° Hence, both of the self-
combination reactions for OH and Gladicals are characterized
and are not varied in the simulations.

The most recent direct experimental measurement for the
cross-combination reaction, GH- OH reaction k4 in Table
2) atT > 850 K, was performed in this laboratotfven though
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TABLE 2: Mechanism for Fitting [OH] Profiles from the CH 3;0H Dissociatior?

O©CO~NOOUOTA~WNE

CHOH + Kr — CHz + OH + Kr
CHsOH + Kr — 1CH, + H,0 + Kr
OH + CH;OH — H,CO+ H,0 + H
CHs+ OH— CH,+ H,0

CHg+ O—H,+ CO+H
H+0,—~OH+ O

OH+0— 0, +H
O+H,—~OH+H
OH+H—H,+0

OH+ H,—~H,0+H

HO + H— OH + H,

OH+ OH— O+ H,0

O+ H,0— OH + OH

HCO+ Kr —H + CO+ Kr
HO + Kr — H + O, + Kr
H.CO+ OH — H,0 + HCO

CH3 + CH3_’ CzHe

C"b + CH;;‘> C2H4 + 2H

CH+ O— H,CO+H

H.CO+ O — OH + HCO

OH+ CzH4_’ Hzo +H+ C2H2
1CH,+ Kr —3CH;, + Kr
HOZ+OH—’HZO+02

H.CO + Kr —HCO+ H + Kr
H,CO + Kr — H, + CO+ Kr
OH+ 3CH, — CH,O + H

3CHz + 3CH2 - C2H2 + 2H

3CHZ + CH3_' C2H4 +H

SCH,+ H— CH+ H.

CHyl + Kr — CHz + | + Kr

O+ C;Hg— OH + H + CoHq
QHloOZ—’ OH + CH3+ (CH3)2CO
OH+ CHal — H,0 + CHjl

OH+ (CH3),CO— H,0 + CH,COCHy
OH+ CzHG" Hzo +H+ C2H4
CeHs— 2CHs

ki = to be fitted

k. = to be fitted

ks = 2.96 x 10716T14434exp(—=57 KIT) (eq 7)

ks = 1.15x 10-9T-04884[2]

ks = 2.52x 10°11[16, 17]

ks = 1.62x 10-1° exp(~7474 KIT) [18]

k; = 5.42 x 10713T%375exp(950 KT) [9, 19, 20]
ks = 8.44 x 107 2°T?67exp(—3167 KIT) [9]

ko = 3.78 x 10-20T267exp(—2393 KIT) [9, 19, 20]
kio=3.56 x 10716T52exp(—1736 KIT) [21]

ki = 1.56 x 1075TL52exp(—9083 KIT) [9, 19, 20]
ki = 7.19x 10721T27exp(917 KN [9, 19, 20, 22]
kis = 7.48 x 10-2°T27exp(~7323 KIT) [9, 19, 20]
ks = 6.00 x 10~ exp(~7722 KIT) [23]

kis = 7.614x 10-0exp(~22520 KIT) [24]

ki = 5.69 x 10715TL18exp(225 KTT) [25]

kiz = (p, T) [8]

kig=5.26 x 10 Lexp(~7392 K/T) [26]

ko= 1.148x 10°1°[16, 17]

koo = 6.92 x 10-13T057exp(~1390 KIT) [25]

ko1 = 3.35x 10 11exp(—2990 KIT) [27]

koo = 4.0 x 10-14T0-93[28, 29]

koz = 2.35x 107197 02lexp(56 KIT) [30]

koa = 1.019x 1078 exp(—38706 KT) [31]

kos = 4.658x 1072 exp(—32110 KM [31]

koo = 1.110x 10-10T0-0166exp(~9.1 K/T) [32]

ko7 = 2.395x 10710700254 exp(~17.1 K/T) [32]
kog = 1.894x 10-10T—01317exp(~8.2 K/T) [32]
kgg =2x 1010 [32]

kso = 8.04 x 10~% exp(—20566 K1) [33]

ka1 = 1.87 x 10720 exp(—3950 K/T) [34]

ksz = 2.5 x 10 exp(—21649 KIT) [35]

kas = 2.72x 10724T3%7 exp(447 KTT) [36]

ksq = 4.90x 107 exp(~2297 KIT) [37]

kass = 2.68 x 10~ 18T22%exp(~373 K/T) [38]

kss = ki7/(1.4058x 10?7 exp(—44521 KT)) [39]

a All rate constants are in chmolecule® s * except for reaction 32, which is ins Numbers in brackets are reference numbers.
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Figure 2. OH-radical sensitivity analysis for the 2577 K profile shown
in Figure 1 using the full reaction mechanism scheme and the final
fitted value foroy listed in Table 1. The eight most sensitive reactions

are shown.

the values reported fok, (and the derived least-squares
expression for 2002400 K; i.e.,ky = 1.15x 10797 04884¢cp
molecule! s71) agree well with the lowel experiments and
theory of De A. Pereira et at? theoretical estimates from the
preceding papéef that include both the singlet and triplet
potential energy pathways$cast doubt on this result, particu-
larly in the ~850-1150 K temperature range where tBH and
di-tert-butyl peroxide were used as sources of OH and; CH

—— CH30H <=>CH3+0H
—— CH30H <=>CH2(S)+H20
OH+OH <=>0+H20
CH3+0H <=>CH2(S)+H20
CH2+0OH <=>CH20+H
H+OH <=>0+H2
CH2+CH3 <=>C2H4+H
CH2+CH2 <=>C2H2+2H

T=2577K

+ 1 xm Q0@

o Present work
Eqgn.7 (in text)

——Ref.40

1E-114

k /(cm’molecules™)

1E-124

0 5 10 15 20 25 30 35 40 45 50

10000 KIT
Figure 3. Arrhenius plot of the data®) for ks from Table 1 (159%
1710 K). The solid thick line is calculated from the present evaluation
(see text and eq 7) based on the present values and re#640

obtained using CEDH/CHgl mixtures, agrees well with the new
theory. This is only possible if the triplet pathway is included
as pointed out in the earlier work.

There is, however, a substantial disagreement in the IGwer-
region, and this has prompted new experiments using both tBH
and tBH/CHl mixtures. The conditions of these experiments,
obtained with 36 optical passes, are given in Table 3. Figure 7
is a typical result at 1226 K. In all experiments, the fitted values
for [tBH] o (column 6 in Table 3) that reproduced the OH profiles

radicals. The earlier data along with the least-squares corrélation were in excellent agreement with a priori estimates based on
and new theoretical calculations are shown in Figure 6 where the initial assay of the tBH solution (i.e., 32 mol % tBH) and

it is seen that the earlier values in the 172287 K range,

subsequent mole fractions of mixtures deduced from Baratron
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Figure 4. [OH] temporal profile measured at intermedidteSolid
line: fit with the full reaction mechanism listed in Table 2 with
optimizedk; anda,. Dashed lines: fits wittk; andk, varied by+10%.
The conditions for this profile arB; = 10.92 Torr,Ms = 2.802,Ts =
1925 K, ps = 2.291 x 10*® molecules cm?®, and [CHOH], = 5.475
x 10" molecules cmd.

T=1925K

CH30H <=> CH3 + OH
m CH3+OH <=> CH2(S) + H20
— —CH30H <=> CH2(S)+H20
CH2+OH <=> CH20+H
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Figure 5. OH-radical sensitivity analysis for the 1925 K profile shown
in Figure 4 using the full reaction mechanism scheme and the final
fitted values fork; and o listed in Table 1. The eight most sensitive
reactions are shown.

pressure measurements. There is therefore good consistenc

between inferred [OH]from the measured absorption cross
sectiorf and the tBH mole percent showing that no concentration

is lost either in storage in the glass vacuum line or in transfer

to the shock tube.

The [OH] sensitivity analysis corresponding to the profile in
Figure 7 is shown in Figure 8. [OH]s sensitive to the six
reactions indicated in the figure with the @H OH reaction
contributing most to the profile. The known reaction, GH
OH,22 also shows sensitivity at about the same level as-OH
(CH3),CO, reaction 34 in Table 2. In our earlier stutlthis
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Figure 6. Rate coefficients for the C{H+ OH reaction: ®] ~250
Torr; [O] ~700 Torr (see Table 3). The thick solid line and dotted
lines are recent theoretical calculations for 200 and 760 Torr,
respectively, from ref 15. Key: W] ref 2; dashed line ref 2 (see text);
[a] ref 52.

The OH+ 3CH; reaction kg in Table 2) is the final reaction
to consider in the intermediate temperature simulations. Regard-
ing this reaction, CEOH and ketene (CHCO) were used as
sources for OH andCH,, respectively, yielding the only
experimental measurement, (2:61.6) x 10~ cm® molecule®
s1, to date? over the limitedT-range 18872164 K. This value
agreed well with the Tsang and Hampson recommendation
of 3.0 x 10~ cm® molecule™! s72. If this value is used in the
complete mechanism, [OHE not well described in either the
CH30H dissociation or the C¥H OH experiments. Theoretical
estimate¥® of this rate constant suggest values about 5 times
larger, but use of this higher value by itself results in too much
attenuation at longer times in both experiments. Therefore, rate
constants betweetCH, and the other principal radicals have
been added to the mechanism. These inck@ld, + 3CH,,
3CH, + CHjs, and3CH, + H (reactions 2729 in Table 2), and
the rate constant values are taken from theoretical calculé&tions
that utilize methodologies expected to have similar accuracies
as the companion study.

With these additions, the fits for the GH- OH profiles,
like that shown in Figure 7, are well withitt5% of the data.
Yhe newly derived values fdy, are listed in Table 3 and are
plotted in Figure 6 along with the earlier datand the new
theoretical result$® Pressure dependence is predicted from
theory, and this is only slightly indicated in the experimental
data. The grand average of the values listed in the table give
(1.3 4+ 0.2) x 10714 to be compared to 1.6 1071 cn?®
molecule! s1 from theory, indicating good agreement in the
~1100-1300 K temperature region in contrast to the earlier
work.2 The important point to note is that the least-squares
correlation in the highF region from the earlier workis in
excellent agreement with theory and is therefore used in the

latter reaction was also included but was extrapolated from Tapble 2 mechanism.

lower-T work.>* The new 882-1300 K study by Vasudevan et
al3" gives values between 7.0 1072 and 8.4x 1012 cnm?®
molecule® s for the limited T-range, 11781299 K. Over
this latterT-range, we performed five experiments with added
acetone (not shown) and obtained (&30.7) x 10712 cm?
molecule! s71, confirming the Vasudevan et al. result. The
value extrapolated from the loWw-work5* is ~5 times smaller
than the new value, and this half an order of magnitude

discrepancy is an important reason for the overestimation in

the rate constants for GH- OH in the earlier study.

For the CHOH dissociation experiments (Table 1) in both
the intermediate- and highexperiments (Figures 4 and 1), the
description of OH depletion at long times requires a balance
between OH+ CHg, reaction 4, and reactions 289 (all in
Table 2). As stated above, we have elected to use theoretical
values? for (26)—(29). It is important to stress that direct
experimental confirmation of the theoretical values proposed
for these reactions should be the subject of future research.

All the self- and cross-combination depletion reactions of OH,
CHz, and®CHj radicals are now specified and are not varied in
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TABLE 3: High-Temperature Rate Data for CH 3 + OH Reaction

Srinivasan et al.

Pi/Torr Mg ps5/(101 cm3)P Ts/KP kq® [tBH]/[tBH + H,0]o
XIBH+HZO: 4.188x 105
10.93 2.215 1.863 1240 1.2011y 0.33
10.95 2.166 1.824 1187 1.3011) 0.33
10.98 2.130 1.791 1151 1.1511) 0.33
10.93 2.060 1.709 1085 9.5012) 0.34
10.94 2.148 1.807 1168 1.1011) 0.34
10.99 2.085 1.745 1108 1.2011) 0.33
10.91 2.088 1.739 1109 1.1611) 0.33
10.99 2.205 1.870 1226 1.4011) 0.33
10.91 2.208 1.863 1226 1.40(1) 0.33
10.97 2.325 1.982 1348 1.2511) 0.34
XCH3I =4.262x 10_5 XIBH+H20 =1.636x 10_5
30.69 2.262 5.257 1271 1.5011) 0.29
30.60 2.243 5.211 1248 1.5011) 0.28
XCH3| = 2.697x 105 XtBH+HZO: 1.594 x 105
30.86 2.272 5.320 1278 1.2511) 0.28
30.80 2.168 5.060 1170 1.4011) 0.27
30.64 2.223 5.147 1232 1.4011) 0.27
30.72 2.321 5.411 1331 1.5011) 0.25

aThe error in measuring the Mach numbkfs, is typically 0.5-1.0% at the one standard deviation leveQuantities with the subscript 5 refer
to the thermodynamic state of the gas in the reflected shock regiRate constants in units drmolecule’ s~1. ¢ Parentheses denotes the power

of 10.
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Figure 7. Sample temporal profile of OH absorption at IGwising
tBH, (CH3)sCOOH, as the source for OH radicals. Solid line: fit using
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Figure 9. Branching ratiosgy, from Table 1 plotted againdt?. [@]
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the reaction mechanism of Table 2. The experimental conditions are present work with an average value between 1734 and R86%.73

P, = 10.99 Torr,Ms = 2.205,Ts = 1226 K, ps = 1.870 x 10
molecules cmd, and [tBHp = 2.550 x 10" molecules crmd.

0.4
T=1226 K
0.3 A C4H1002 (TBH) <=>OH+CH3+C3HEO
—— CH3+OH<=>CH2(S)+H20
@ C3HE0+OH<=>C3H50+H
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+ CH2+CH3<=>C2H4+H

OH radical sensitivity

Figure 8. OH-radical sensitivity analysis for the profile shown in
Figure 7 using the full reaction mechanism scheme and the final fitted
values ofk; = 1.4 x 107 cm® molecule s™1. The six most sensitive
reactions are shown.

the simulations. The fits are then carried out by only varying
dissociation rate constants. We found that all high- and
intermediateF experiments can be fitted to within~5—10%

=+ 0.09. The thin dashed line (760 Torr) and thick solid line (200 Torr)
are theoretical calculations from ref 15 and the thick dashed line is
from ref 4.

stated above, the high-experiments yield only, values, but
initial time resolution in the intermediafE+ange allows for
estimates of bothg andk; and, thereforeg.

Fortunately in the intermediafEregime, as seen in Figures
4 and 5, the initial profiles are mostly sensitive to £HH
dissociation rates. AT = 1925 K, uncertainties o£10% in
both k; andk; for constanta; result in fits that are either too
low or too high as shown in Figure 4 by the dashed lines. The
simulation using the complete mechanism is also shown in the
figure with the final fitted values fok; and a;. These values
for the intermediate temperature regime experiments are listed
in Table 1. As stated previously, these values give good profiles,
suggesting that the OH, GHand3CH, depletion reaction rate
constants are supplying excellent descriptions of all experiments.

The a4 determinations are plotted agairt! in Figure 9,
and even though there is substantial data scatter, a slight
T-dependence is suggested. This is further illustrated in Figure

over the entire time range with the proposed mechanism. As 10 where Arrhenius plots of tHe andk; values calculated from
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Figure 10. Arrhenius plot of the data,®) and (), for k; and kz,
respectively, from Table 1. The lines are calculated from eqs 8 and 9,
respectively.
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Figure 11. Arrhenius plot of the data fokow = ki + ko from Table
1 shown as @]. The lines noted in the inset are from refs4, 15,
and 56-58.

a1 are shown along with linear-least-squares analyses that

include all of the points in Table 1. The analyses give

In k, = — (18.49-+ 0.45)— (30857+ 855 K)T  (8)

and

Ink, = — (21.84- 0.98)— (259464 1935 K)T (9)

where the rate constants have units2aenolecule s™1. The
points in Table 1 are withint32 and+48% at one standard
deviation of the lines determined from eqs 8 and 9, respectively.
Summing the values fdg andk, for each experiment in Table

1 giveskioa @s a function of temperature, and these points are

shown in Figure 11. Linear-least-squares analysis over the

T-range 17342287 K yields
IN K = — (18.98+ 0.59)— (291714 1165 K)fl'(lo)

The summed points are withift26% of eq 10 at the one
standard deviation level.
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the combined experimental error of the present and earlier study.
The ktar results of Cribb et at.are about three times higher
than eq 10. The 2005 Baulch et al. evaluatisnggests values
1.6—-2.5 times higher than the present value. The more recent
results by Koike et a1 between 1400 and 2400 K giVal
values that agree with eq 10 up+d. 750 K but then diverge to

2.5 times the present value at 2400 K. There are two studies
from Wagner and co-workeP$:58 The Spindler and Wagner
result§” range from 0.4 to 1.2 of eq 10 over thélrrange,
1600-2200 K and therefore agree best with the present work
whereas the experimental results of Dombrowsky &8 give
values that agree well with the present work from 1600 to 1800
K but then diverge to 1.8 times larger at 2200 K. These
comparisons are shown graphically in Figure 11 along with the
theoretical value fokgy from the preceding papé? The earlier
theoretical results by Xia et dlare also shown in the figure
where the overall rate constant appears to be underestimated
by a nearly a factor of 10. In the earlier work from this
laboratory? the only process considered to be important was
reaction 1. The measured branching ratios in the present work
shown in Figure 9 disagree with this conclusion and with the
theoretical conclusions of Xia et albut agree well with the
results of Dombrowsky et &F The new theorf is in good
agreement with the data even though the scatter precludes
observing the predicted pressure dependence.

In conclusion, the reflected shock tube technique with
multipass absorption spectrometric detection of [Otdl been
used to study the dissociation of methanol between 1591 and
2865 K. Rate constants for two product channels, (1 &H
OH and (2)1CH, + H,0, were determined.

k, = 9.33x 10 ° exp(—30857 KIT) for 1591—2287 K
k, = 3.27 x 10 *° exp(—25946 KIT) for 1734-2287 K

Several other rate processes contributed to the profile fits, and
rate constants for OH CH3;OH — products, OHt+ (CHs3)>,CO

— CH,COCH; + H,0, and OH+ CHz — 1.3CH, + H,0, were
subsequently determined as

Komscron = 2.96 x 10 T4 exp(-57 K/T) for 210~
1710 K

Kok (cry,co = (7:3% 0.7) x 10 " for 1178-1299 K
Kowrch, = (1.34 0.2) x 10 for 1000-1200 K

All are in cn® molecule’? s1. The measured branching ratio
is ~0.8 between reactions 1 and 2. In the preceding article in
this issue'® a theoretical analysis of the dissociation is presented
along with a theoretical analysis for the OH CHjs reaction.
The comparison of theory to experiment both with regard to
the branching ratio and absolute values for both reactions is
excellent as is specifically shown in Figures 6, 9, and 11.
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of CH3;OH,! and rate constants vary by about a factor of 40
over the present temperature range. The present resdtfor
summarized by eq 10, is about one-half of the earlier determi-
nation from this laboratofyand is therefore slightly outside
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