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New experimental results for the thermal dissociation of formaldehyde to radical and molecular products
(Proc. Combust. InsR007, 31, in press) form the basis of the present analysis of the respective low-pressure
rate coefficientkrad0andkuoo Of the reaction. The article supersedes an earlier analysBhys. Chem. A

2005 109 8320) which used less accurate and more preliminary input information. In addition, refined rotational
factorsF are determined and specific energy and angular momentum dependent branching ratios from a
more detailed analysis of photolysis quantum yieldisRhys. Chem. 2007 111, 3868) are employed as

well. It is emphasized again that pyrolysis and photolysis are intimately related and should be analyzed in an
internally consistent manner. The combination of the new with earlier experimental results for pyrolysis rates
allows one to fit the height of the energy barrier for the molecular elimination channel with improved precision.

A value of Eg; = 81.7(0.5) kcal mot? is obtained. In addition, employing anharmonicity factBgs, from
the earlier work, a total average energy transferred per collisierIAEZhc = 100(&=20) cntis fitted from
the experiments in the bath gas Ar. This value is consistent with the valNE[Zlhc = 80(%-40) cn1?! for the

bath gas M such as fitted from photolysis quenching experiments (using the same molecular parameters as

for the pyrolysis). Rate coefficients for the temperature range +3600 K are represented in the form
Kvolo/[Ar] = 7.3 x 10" T 51 exp(—=47300 KM cm® molecule® st and krag d[Ar] = 2.1 x 102 T 55
exp(=47300 KT cm® molecule s (accuracy+=25%) and recommended for use in combustion chemistry.

. Introduction photolysis quantum yields!! and from modeling of the
branching by classical trajectory calculaticrfsAt the same
time experimental low-pressure rate constants for the formation
of molecular and radical products were ud&d’” An important
result from this analysis was the conclusion that the threshold

The dissociation of formaldehyde presents an attractive
example of a multichannel unimolecular reaction. There is the
molecular elimination process

H,CO—H, + CO (1) energy of channel 1 must be markedly higher than assumed
initially. 18 This observation confirmed results from quantum-
which competes with the radical-forming dissociation chemical calculatior!8 which also questioned the conclusions
about the threshold energy drawn in ref 18.
H,CO—H +HCO @) The reason why the present author after the publication of

ref 6 comes back so soon to the analysis of thermal dissociation
rates of formaldehyde is multiple. First, his new and more
detailed analysis of photolysis quantum yiéllked to more
specific information about the energy and angular momentum
H,CO— H---HCO— H, + CO (3) dependence of the branching between channels. Becond,
more reliable experimental information on the molecular channel

the so-called “roaming atom pathway”. Channel 3 opens up at 1 in the pyrolysis has become available receftlyhird, the
the threshold energy of channel 2 and has dynamical propertiegotational channel switching properties of the present reaction
which distinctly differ from those of channel 1. However, above System were found to require a more accurate treatment of the
this threshold energy channels 3 also appear to be coupled, rotational factoi: in the low-pressure rate constant than given
and it remains an open question to what extent they really canin the previous analysiswhere the standard single-channel
be separated. approximation from ref 22 was employed. Fourth, the present
The dissociation of formaldehyde can be studied by thermal refined analysis of the rate constant leads to a more reliable
and by photochemical excitation. Because electronic excitation value of the average ener@¥E(transferred per collision which
in the latter case is followed by fast internal conversion to the Now more safely can be compared with a value derived from
electronic ground state, pyrolysis and photolysis of formaldehyde photolysis quenching experiments; see ref 20. As a new
are intimately linked and, therefore, should be analyzed in a theoretical modeling of the branching by trajectory calculations
consistent manner. On the basis of this assumption, the pyrolysis's also underway?® it appears desirable to provide a refined
of formaldehyde was analyzed earlier by the present adthor, and internally consistent analysis of pyrolysis and photolysis
employing information on the relative importance of channels experiments such as given in the following article for the

1-3, which was derived from a preliminary analysis of Pyrolysis and in ref 20 for the photolysis. This study allows
one to extrapolate experimental rate coefficients for pyrolysis

T Part of the special issue “James A. Miller Festschrift”. and photolysis quantum yields into ranges of conditions which

In addition, it has been showrP that molecular products are
also formed via a “third channel” of the intramolecular
hydrogen-abstraction type
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so far have not been studied experimentally. A small difference provided in ref 5. A further refinement accounting forJa
between the energy and angular momentum dependent branchdependence dfr.dE,J) and ofVya(E,J) was suggested in refs
ing ratios derived from pyrolysis and photolysis experiments 6 and 20 on the basis of experimental photolysis quantum yields.
appears to be noticeable which may indicate some differencesTrajectory calculations of thé dependence of the branching
in the specific excitation pathways and which may also ratio are also underwad.An expression of the form of
corresponé’ to fine structures in the quantum yields such as

detected in ref 24. VradE:J) ~ Ci{ 1 — exp[-C,J — {[E — B, )V Ca}]}(6)

Il. Specific Branching Ratios was proposed in ref 20 with the paramet&is~ 0.75,C; ~

The dissociaton of formaldehyde to a large extent is governed 0.05, andCs/hc ~ 750 cntl. While C; and Csz were given by
by rotational channel switchirfgAt small values of the quantum  the trajectory calculations from ref 3, being consistent with the
numbersJ of the total angular momentum, channel 1 has the measured quantum yields, the valueGafwas only fitted from
lower threshold energy, being denotedHyi(J). At large values the experimental quantum yields. If formaldehyde is represented
of J, the threshold energl »(J) of channels 2 and 3 becomes as a symmetric top, such as was done throughout this article,
smaller tharEg 1(J). The values oEg 1(J) andEg 1(J) sensitively no dependence &fzad E,J) on the quantum numb&t was taken
influence the branching ratio between molecular and radical into consideration.
products and, therefore, have to be characterized as quantita-
tively as possible. [ll. Modeled Total Low-Pressure Rate Coefficients

Putting the zeropoint of the energy scale at the rovibrational

ical i | iti h lysis sh
ground state of bCO, Eo1(J) can be represented by Under typical experimental conditions, the pyrolysis shows

second order behavior; see, e.g., ref 17. Tunneling contributions,

- which broaden the falloff curves and make the true low-pressure
Eoa(J) ~ Epy(J=0)+ B hcJ0 + 1) (4) limit unattainable, have been shown not to play a significant

role under these conditiod3.Deviations from second order

with an effective rotational constal” of the energy barrier  behavior so far have not been observed experimentally up to

of channel 1; see belovigo 1(J = 0) in ref 6 was fitted fromthe  the highest applied pressures (such as used in ref 33). Therefore,

experimental branching ratios of the pyrolysis. As these ratios here we only consider the “normal” low-pressure dissociation

also depend on less well-known details of théependence of  rate constant as expressed in standard by

the specific branching ratios, a different policy is followed in

the present work where the now particularly well characterized  ky/[M] ~ B.Z, j[p,in, (Eo)KT/Qi,] €XP(—Ey/KT)FeF iF ot

experimental temperature dependence of radical formation rates (7)
provides a more accurate basis for the fit. A valudgf(J =

0)/hc = 28 570¢:200) cnt?! (corresponding tdEg 1(J = 0) = with Ep defined byEp 1(J = 0), see the theory of two-channel
81.7(0.5) kcal mot?) is derived, see below, which is also thermal unimolecular reactions from ref 3@.denotes the total
consistent with the value dy(J = 0)/hc = 28 645-100) dissociation rate constant given by the sum of contributions from
cm (corresponding tdo 1(J = 0) = 81.9¢:0.3) kcal mot?) the channels 3; i.e. ko = ki0 + ko0 + ka0

recommended in ref 19. The threshold eneff§yx(J) for TheJ dependence diy 1(J) andEo o(J) in ref 6 was accounted

channels 2 and 3 has a much weakeependence which, over ~ for by using the approximate rotational factg from ref 22.
the range of relevance here, can be approximated by anln the present work thédependence is treated more accurately

expression of the form by the detailed calculation d¥ in the form
) +J
E,.(J) = J=10)+ Chc[(J+ 1)]" 5
AVTRAIZOTEIHITI O Rax 5 @+ 1) 3 il Eomdd ~ B
= K==3
The parameterB=, C,, andv are determined from the ab initio _(E exol —[E- . (J) — EJVKTY/
calculations of the potential, see refs 19 and-29, and are Pl 0)}00X - iT'"( ) — BdlikT)
taken asB™ = 1.11 cn1l, C, = 0.43 cn'!, andv = 1.0. The _
value ofEp(J = 0) is known with spectroscopic precision to ; (23+1) K:ZJ exp{ ~Eo(J.K)/KT} (8)

be’0:31 Eq o(J = 0)/hc = 30 328.5¢-0.5) cnt! (corresponding
to Eg(J = 0) = 86.71@0.0015) kcal moit). The switching where
valueJs,, of J, where channel 1 changes from the energetically

more to the less favorable channel (tunneling neglected), is close Eo min(d) = mMin[E, 1(J), Eg AJ)] (9)
to Jsw ~ 48.
Radical products can only be formed whEre Eg o(J). At andEg = Ep 1(J=0) (Z* means that the summation extends over

the same time, there is formation of molecular products through the rangeE(J,K) < Egmin(J) only). The differences between
channels 1 and 3. Unlike ref 6, we do not separate channels 1the present and the earlier calculation$gf will be illustrated
and 3 in this range but combine them into one branching ratio below.

which directly also enters into the experimental photolysis  The analysis of the experimental total low-pressure rate
quantum yield$:2°We employ energe-specific and angular  constants for formation of molecular and radical products on

momentumJ-specific branching ratio¥rad E,J) andVuoi(E,J) the basis of eq 7 can lead to two quantities: when the
for the formation of radical and molecular products, respectively temperature dependencelgf or one of the two quantities o
(with Vmol(EJJ) = 1 — VwradEJ)). Thermal averages over = Krago and ko + kso = kwoio, IS known from accurate
VradE,J) determine the photolysis quantum yields for radical measurements over a wide temperature range, one dan=fit
formation in the spectral range 31840 nm.VradE) andVo- Eo.1(J = 0). Having fixedEy, the absolute value & then leads
(E) have been calculated by classical trajectoriesJfer O in to an experimental value of the collision efficiengy and,

ref 3 while a separation int&/1(E), Vo(E), and V3(E) was through the analytical solution of the master equation from ref
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35, fromp. to the average (total) energy transferred per collision atE ~ Eg; see Appendix of ref 6. The collisional energy transfer
[AEL) see below. The molecular parameters used in eq 7, in parameten, within the exponential collision model, is related
addition to those specified later on, are given in the Appendix to the total average energy transferred per collisihECby3>
of ref 6.

[AECR of(a + FckT) (15)
IV. Modeled Low-Pressure Thermal Branching Ratios

In order to obtain individual low-pressure rate coefficients RePlaCingVradE.,J) by unity, egs 13-15 lead to eq 7 witf?

for the formation of radical and molecular products, a more

— 2
specific treatment is required. It has to account for three essential B = /(o + FekT)] (16)
phenomena: (i) rotational channel switching, (ii) branching . . .
between radical and molecular product&at Eo AJ), and (jii) i.e., one recovers the conventional expression for the low-

nonequilibrium populations of molecular states such as describedPréssure rate coefficient such as described in detail in ref 22.
by solution of the master equation for multichannel thermal ~ EMploying the WhitterRabinovitch expression fqr n(E)
unimolecular reaction® Points i and ii were elaborated on in  @nd UsingFan, ~ 1.89, such as estimated in ref 6 (Appendix),
section I1. Point iii is taken into account as described as follows. the numerical evaluation of eqs 136 is straightforward. On

As long as details of rovibrational collisional energy transfer the basis of the experimental information for the temperature
are not characterizable in detail, the two-dimensional master dependence déaq,{T) which is available over a large temper-
equation of the collisional activation-dissociation sequence &tUre range, and for the ratiaqdko and the absolute value of
should be treated in a decoupled way, i.e., by solving one- Ko which is avalllable over a small temperature range (see below),
dimensional master equations for each individlahd summing ~ ©n€ may then fit the three paramet&s(J = 0), [AELJandC,
up the resulting partial contributions to the rate coefficient SUch as was done in the following sections.
assuming an equilibrium distribution of rotational states. As in
ref 34, we follow this concept using the analytical solution of
the master equation for an exponential collision model such as  We base the present analysis of experimental results on the
elaborated in ref 35. In this treatment the nonequilibrium new measurements from ref 21 which, over the temperature
population factoh(E,J), given by the ratio of the nonequilibrium  range 22582687 K and with an uncertainty of abo25%,
population g(E,J) and the equilibrium populatiori(E,J), at gave
energiesE above the threshold energiBsmi(J) from eq 9, in
the low-pressure range is given by Krad,0= [Ar] 9.71 x

hEJ) ~ {ZMIIK(EJ) + k(EJ) + k; EITH o/ 10 % exp(~32100 K1) cm’® molecule* s™* (17)
(o + FekT}exp{ —[E = By mi(J)V/a} (10)  and

o here denotes the average energy transferred per downKuoio = [Ar] 7.70 x
coIIisio_n. The I(_)w-pressure rate cqeff_icierkhad,o for the 1070 exp(=28700 KM cm® moleculet st (18)
formation of radical products from this is calculated through
Figure 1 illustrates the results from ref 21. While the value of
> o Krad,d2500 K) = [Ar] 2.6 x 10715 cm?® molecule’ s~ agrees
Krad.0= Z (23+1) L/;so,mm(a) KA(E,I(EI(E,J) dE well with the average of the earlier results from refs 12, 13, 15,
. (11) and 17, the new value ddy00(2500 K) = [Ar] 8.5 x 1071
cm® molecule® st essentially coincides with that o0 ~
which, with the branching ratio [Ar] 6.8 x 10715 cm® molecule* s~ from the unpublished data
of ref 12, but is markedly lower thae,0(2500 K)= [Kr] 1.8
VradEW) = K(EJ)/[K(EJ) + K(EJ) + Ky(E,J)] (12) x 10714 cm® moleculet s~1 from ref 16, which was preferred
in our earlier analysi§.
from eq 6, leads Earlier experimentd from the same laboratory as ref 21
enlarge the temperature range of experimental dat&<gio
Over the range 16752080 K values of

V. Evaluation of Experimental Results

Krad 07 Zi[MI{ oU/(o + FEkT)}; (23+1)

o kRad,O:

on,mm(J) Vead EJ) eXp{ —[E — Eg i I/ 0} f(E,J) dE (13) [Ar] 8.3 x 10 ° exp(~37044 KIT) cm® molecule * s *
Within this approach, the equilibrium populatiog,J) is (19)
represented by were obtained. Figure 2 illustrates the combined results from

refs 17 and 21 which appear to be most reliable and form the
f(EJ) ~ (QvibQ,m)_lp\,ib,h(Eo) exp(—Ey/kT)FeF basis of our fit. The lines drawn in Figures 1 and 2 are from
+J the present modeling; see below. Whhigad,0 is very well
z*{pvib,h[EO,min(‘]) — Eo(J.K)/ pyip n(E)} X reproduced, our modeling suggests a temperature dependence
K==J of kmol,o Which markedly differs from that of eq 18. Likewise,

exp{ —[E — Ey mi(DVKT} (14) the temperature dependence of the thermal branching ratio is
suggested to be weaker than given by the experimental result
As before,Ey is defined byEy = Epi(J = 0). The energy of
dependence Qdip 1(E,J) is approximately accounted for by the
factor Fe and F4nh corresponds to anharmonicity contributions Krad,dko = 0.69 exp(-2580 KIT) (20)
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Figure 1. Modeled and experimental rate coefficiek&sq,oandkyvol,o.
Experiments from ref 21: &) krag d[Ar] (=) = kuolo/[Ar]. Modeling
from this work: ©) krag d[Ar], (- -) = kmai,o/[Ar] (S€€ text).

Figure 2. Modeled and experimental rate coefficietiisy = krad,o
(modeling from this work, full line; experimental point®) from refs
17 (T > 2200 K) and from ref 21T < 2200 K); see text).

However, the uncertainty of eq 20 is considerable and the the lines in the figures. The uncertainty & ; from the temp-
measured points also appear consistent with the modeled line grature dependence in Figure 2 is estimated to be abOU&

see below. kcal mol1, which confirms the value of 81.20.3) kcal mot™
Absolute value and temperature dependenceoofor of recommended in ref 19. Fixinig(2500 K) to the experimental
Krad,0, With the modeling results from section Ill, leadlg = value ofky = [Ar] 1.11 x 10°14 cn® molecule’? s71, varying

Eo,1(J = 0) and[AELI At the same time, the StetfVolmer plots g, between 79, 81, and 83 kcal/mé] would lead to values of

of the quantum yield of formaldehyde photolysis in the spectral —[AEhc= 78, 98, and 120 cri, respectively. The uncertainty

range 346-360 nm should be reproduced by the same set of of —[AE[hc is thus estimated to be given by the experimental

parameterd’ In this range, the photolysis nearly exclusively is uncertainty ofkyolo (2500 K), i.e.£25%. The value ofAEQ

governed by channel 1, either in the tunneling rafge Eo, derived from the absolute value kfis in line with the results

or at energie€ > Eo but being below the thresholy 2 for - from the Sterm-Volmer plots of the quantum yield8 for which

channel 2; see below. Pyrolysis and photolysis results in this _[AEghc = 80(+40) cnt! was derived in the bath gas;N

range, .therefore, shoulld_be reproduced equally well. It was (employing the same anharmonicity factdfs,), and with

shown in ref 20 that this is indeed the case. results for similar reaction systems, e.g., the dissociation af CH
The modeling with the expressions from section Il employs iy Ar which lecf® to —AEZhc = 50 cntt. The dependence of

the molecular parameters given in the Appendix of ref 6, except the thermal branching ratidza{T) on the parameteEs, on the

that the present more refined calculation of the rotational factors other hand, is illustrated in the Appendix. Keepign(J = 0)

Frot With eq 8 leads td~o = 2.39, 2.33, 2.21, 2.13, and 1.95 at  and[AE[fixed, such as given by the foregoing analysiskgf

T = 1400, 1700, 2000, 2500, and 3200 K insteadr@f = 8.1, the experimental value Afra2500 K) is best reproduced by

7.2,6.2,4.8, and 3.5 from ref 6, respectively. The latter values ¢, = 0.0030; see Appendix. At the same time the modeled

were obtained with the simple standard approximatiorHer  temperature dependence is weaker than the experimental result

which applles_to single-channel reactions; see ref 22. The p_resenbf eq 20. With the chosen set of parameters (see the second

procedure with eq 8 more properly accounts for rotational equation in case i of the Appendix), the modeling result over

channel switching; because of the markedly chandidgpen- the range 17002700 K is represented by

dence ofEy min(J) atJ = Jsu, the Waage Rabinovitch interpola-

tion scheme foFo used in ref 22 becomes inadequate. One VeadT) = Keag dko = 0.01117°%°=0.333 expt-871 K/T)

realizes that considerable differences are obtained, partly because (21)

of the use of different ways to calculafey partly because of

the reviseé® values ofC, andv. The given value ofZ; appears to be smaller than the valtie
Employing the described improved,; and the new data for = 0.05 obtained by a fit to the photolysis quantum yiélda

kmol 0, the results shown in Figures 1 and 2 are well fitted by the range 318340 nm. Although being still within the

the present modeling wittiy 1(J = 0) = 81.7 kcal mot?, experimental uncertain,this difference of the fitte, values

—[AElhc = 100 cnt! andC, = 0.0030 such as illustrated by may point toward some differences in the character of the
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TABLE 1. Modeled Low-Pressure Rate Coefficients of
Formaldehyde Pyrolysis (in cn® molecule s71)

TK Krad d[Ar] Kwtol, o/ [Ar]

1200 1.9x 10722 9.0x 1022
1400 2.2x 10720 9.6 x 10720
1700 2.9x 10718 1.2x 107Y
2000 7.8x 1077 2.9x 10716
2200 4.0x 10716 1.4x 1071
2500 2.6x 1071 8.5x 1071
2700 7.0x 1071 2.2x 10
3200 4.2x 1074 1.2x 10718
3500 8.9x 107 2.4x 10713

excitation processes (collisional vs photoexcitation), see ref 24.
However, apart from this small difference the branching ratios
from pyrolysis and photolysis appear to be fully consistent.

One final remark concerns the only weak dependence of
VradT) On the average energhELCtransferred per collision. If
there were no rotational channel switching, one should eXpect
a stronger dependence GRE[Jsuch as also characterized by
the “collisional competitive reaction spectroscopy” of refs 38
and 39. In the present case, however, a major pdd garises
from rotational states witd > Js,, where channels 2 and 3 are
energetically most favorable and channel 1 is only of minor
importance (if it can be separated at all from channel 3). In this
case, energy transfer is relevant only through its sampling of
the specific branching ratid/radE,J) and not through its
overcoming of the energy gapE = Ep» — Eg 1. On the other
hand, the strong dependence Wkag on AEg, which was
exploited in ref 6, is confirmed by the modeling illustrated in
the Appendix.

VI. Representation of Rate Coefficients

The modeling results from section V, employikgi(J = 0)
= 81.7 kcal motl, —[AEhc = 100 cnt?, andC, = 0.0030,
are summarized in Table 1 and illustrated by the lines in Figures
1 and 2. They can be approximated over the range +2000
K by the expressions

kMoI,Ol[Ar] =
4.3x 10°T *'exp(41110 KM cm® molecule ' s ™! (22)

and

kRad,({[Ar] =
5.6 x 10" T 2" exp(—41110 KN cm® molecule * s * (23)

where the exponential factor corresponds to eXpfkT). The
uncertainty of the absolute values from these rate coefficients
is estimated to be-25% such as estimated in refs 17 and 21.
Because of the non-Arrhenius form of the rate constants, the
deviation of the representation by eqs 22 and 23 from the
detailed modeling increases to more than 50% at the limits of
the considered temperature range 128600 K. Outside the
range 1706-2700 K, therefore, Table 1 should be used instead
of eqs 24 and 23. Alternatively, abandoning the exponential
factor exp(-Ey/kT), the expressions

kMoI,O =
7.3 x 10" T %t exp(=47300 KIT) cm® molecule * s *
(24)
and
kRad,0=

2.1 x 10" T>° exp(=47300 KT cm® molecule * s™* (25)

Troe

/[Ar] cm’ molecule”' s™

kO_‘

—— — r
0.4 0.6 0.8

1000K/T
Figure 3. Modeled and experimental rate coefficiemtsq o (lower
curves) andkvolo (Upper curves) of formaldehyde pyrolysis (full lines,
modeling from this work; dashed lines with symbols marking the ends
of the studied temperature ranges, experiments from refs).213

(v andv), 15 ®), 17 (»), and 21 @ andd); modeling fitted to results
from refs 17 and 21; see text).

within better than 4% reproduce the modeled data over the full
range 1206-3500 K and, therefore, are recommended for
practical applications.

The present fitting of parameters relied on the experiments
from refs 17 and 21, but the general agreement with data from
other publications is also quite satisfactory. Figure 3 compares
the results from refs 17 and 21 and from the present modeling
with other experiments in the bath gas Ar. One should note
that the shown symbols are not experimental points but labels
indicating the ranges of the experimental data. The general
agreement for measurementskafq ois quite satisfactory. The
data from ref 21 and from the present modeling now also
complete the base fdtye0 Which is much more difficult to
measure.

In the future, more experiments on the pressure dependence
as well as modeling of the branching ratio over the full falloff
curve appear desirable. The earlier attempts from ref 17
neglected channel 3 and, therefore, appear obsolete. The
modeling to be done will employ specific rate constad{tsJ)
for all dissociation pathways, such as elaborated in ref 40, within
a suitable solution of the master equation.

VII. Conclusions

The present analysis of the low-pressure rate coefficients of
the thermal dissociation of formaldehyde into radical and
molecular products provides results which are internally con-
sistent with representations of the quantum yields for formal-
dehyde photolysis over the wavelength range-3360 nm. The
modeling is consistent with the “high” valu® 1(J = 0) = 82.2-
(£0.3) kcal mot? for the threshold energy of the molecular
elimination channel 1. The fitted value of[AEllhc =
100&:20) cnt! for the bath gas Ar appears to be of normal
magnitude and is consistent with a value ofAEllhc =
80(40) cnt! for the bath gas W such as derived from
photolysis quenching experiments. One should notice, however,
that it relies on the absolute values of the experimental rate
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coefficients at 2500 K, here taken from ref 21. In addition, it be inadequate; these values as well as Figure 2 therefore should be rejected.

relies on the details of the rotational factoFs, such as The present values fdZ, andv are from trajectory calculations of ref 40
. - erformed on the ab initio potential of ref 28.
calculated in the present work and on the anharmonicity factors P (7) Moortgat, G. K.; ngeck’ Bl Chem.)phys:Lg?Q 70, 3639.

Fanh such as modeled in ref 6. There appears to be a minor  (8) Moortgat, G. K.; Seiler, W.; Warneck, B. Chem. Physl983 78,

difference in the) dependence of the fitted energy and angular 11859 Smith. G. D Molina. L. T.: Molina. M. 3. Cherm. Phvs. 200
momentum specific branching ratios derived from the pyrolysis 106(1)23;" + G- D.; Molina, L. T; Molina, M. JJ. Chem. Phys. 2002

and photolysis experiments. This is still within the experimental ~ (10) Sander, S. P.; Friedl, R. R.; Golden, D. M.; Kurylo, M. J.; Huie,
uncertainty but it may also be due to a slight difference in the R. E.; Moortgat, G. K.; Keller-Rudek, H.; Wine, P. H.; Ravishankara, A.

: ot ; ; .; Kolb, C. E.; Molina, M. J.; Finlayson-Pitts, B. J.; Orkin, V. NASA-
respective excitation pathways such as discussed in refs 20 andg "o & 5 (76 15,2006, JPL Publication 0: JPL: Pasadena, CA.

24, Equations 22 and 23 appear to be the presently mostoggs.
appropriate expressions for characterizing formaldehyde py- (11) Atkinson, R.; Baulch, D. L.; Cox, R. A.; Crowley, J. N.; Hampson,
Qi H i R. F.; Hynes, R. G.; Jenkin, M. E.; Rossi, M. J.; TroeAfmos. Chem.
rolysis in combustion chemistry. Phys 2006 0. 000,
) (12) Saito, K.; Kakumoto, T.; Nakanishi, Y.; Imamura,APhys. Chem.
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