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Study of Acetone Photodissociation over the Wavelength Range 24830 nm: Evidence of a
Mechanism Involving Both the Singlet and Triplet Excited State$
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Measurements of the acetyl yield from acetone photolysis have been made using laser flash photolysis/laser
induced fluorescencab,(4,p,T) was determined over the ranges: 266i/nm < 327.5, 0.3< p/Torr <

400 and 218 T/K =< 295. The acetyl yield was determined relative to that at 248 nm by conversion to OH

by reaction with Q. Linear Stera-Volmer plots (1/[OH] vs [M]) describe the data fér< 300 nm, but for

A > 300 nm, nonlinear SterAVolmer plots were observed. This behavior is interpreted as evidence for
dissociation from two excited states of acetone:w8en the SternVolmer plots are linear and both 8nd

T1 when Stern-Volmer plots are nonlinear. A model for acetone photolysis is proposed that can adequately
describe both the present and literature data. Barriers to dissociation are invoked in order to explain the
dependence of pressure quenching of the acetone photolysis yields as a function of wavelength and temperature.
This pressure quenching was observed to become more efficient with increasing wavelength, but it was only
above~300 nm that a significanT dependence was observed, which became more pronounced at longer
wavelengths. This is the first study to observ@-dependentD(4,p,T). A parametrized expression for
Dioral(A,p,T) has been developed and is compared against the recommended literature data by running box
model simulations of the atmosphere. These simulations show that acetone photolysis occurs more slowly at
the top of the troposphere.

1. Introduction literature to propose that acetone photodissociation does not
occur via . ISC to T; is known to be efficient,anda-cleavage

in excited acetone is postulated to occur fromThe accepted
overall mechanism for acetone photodissociation can be de-
scribed by Scheme 1.

The dissociation wavelength threshold from fas been
reported to be 305.8 ni,based on the sudden loss of emission
from acetone. This represents a barrier of 56 kJthoh the
T, surface, assuming the; Btate’s origin is at 335 kJ mot.4

The magnitude of the rate coefficierdsc andkyr of Scheme
1 have been determined, but there are inconsistencies in the
literature concerning their magnitudes. Over the wavelength
range of 266-313 nm, Breuer and Léemeasured a nanosecond
emission lifetime for excited acetone, which was equated to
nl/k.sc. This nanosecond lifetime is consistent with the isotropic
methyl product distribution observed by North et’8lg long-
lived excited state ensures that any initial alignment is lost.
However, recent femtosecond mass spectrometry experiments
have observed the rapid l0oss200 fs, of excited-state acetone
together with the formation of acetyl. Shibata and Su#uki
argued that the persistent acetyl signal provides evidence for a
long-lived excited state of acetone; the short-lived acetone
. . . excited state was assigned to a probe induced ionization effect.
On the basis of the state-correlation dlagramdhEI_eavage of On the other hand, Castleman ef4i5and Baronavski et df
Sl(n.’”*) to produce a ber_1t _acetyl fragment is symmetry using essentially the same dataset concluded that dissociation
forblldden.. Hoyvever, dissociation 1o produce acetylin a Ilnear from excited-state acetone is a femtosecond process. This rapid
configuration is symmetry alloweddThis geometry change in dissociation in excited-state acetone is consistent with aRice

acetyl results in a barrier which, based on the most recent abRamspergefKasse‘rMarcus (RRKM) calculation on the triplet
initio calculations, lies 556 kJ mot (216 nm) above the zero surface, 1.7

. g - . . .
point energy of &° This barrier has been invoked in the Another feature of acetone dissociation is the occurrence of
a three fragment photodissociation at shorter wavelengths

The photoexcitation of acetone from the ground electronic
state (9) to its first electronically excited state {Shas been
intensively studied over many decades. This electronic transition
in acetone results in a weak and broad absorption band from
220 to 330 nm with its maximum around 280 hand involves
a perpendicular transition from timeorbital of the oxygen atom
to the =* orbital of the carbonyl group. From ;S several
intramolecular photophysical processes have been identified:
2=4fluorescence via the;S~ S transition, intersystem crossing
(ISC) to the triplet state (1), and internal conversion to the hot
ground state (8). The zero-pressure fluorescence quantum
yield is only ~0.002% but this is sufficient for acetone to be
employed as a tracer in laser induced fluorescence (LIF)
measurements of concentration and temperature in combustio
engines” This low fluorescence quantum yield implies that
the nonradiative processes dominate.

Photoexcitation of acetone is known to result in cleavage of
one of thea-CC bonds (Norrish type 1)

(CH,),CO+ hy — CH,CO + CH, (R1a)
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SCHEME 1 a box model to investigate briefly the atmospheric implications

(CH3),COSe) —1 (CH3),CO(S,) of the results.

b kase 2. Experimental Section

(CH3),CO(Ty) —*4L; CH;CO + CH; The present apparatus is a slight modification on the slow
flow, laser flash photolysis/LIF technique, which has been
North et al'? measured the translational energy of the methyl previously describe@t The photolysis of acetone was provided
radical and showed that the overall three-body dissociation by either the 248 nm output from an excimer laser (Lambda
occurs via a stepwise mechanism, that is, the second methyl isphysik, Minex) or the doubled output from a Nd:YAG (Spec-
formed from a vibrationally excited aCth'. At 248 nm, their tron, SL803) pumped dye laser (Spectron’ SL4000)’ using the
data showed that 30% of the acetyl radicals undergo secondaryappropriate dye to cover the range of 2727.5 nm. The laser
dissociation. In a separate study, they determined the barrieryayelength was calibrated=0.001 nm) using a wavemeter
for acetyl dissociation to be 71 kJ mé/*8 Combining the acetyl (Coherent, Wavemaster); 266 nm was generated by doubling
barrier h(_aight with the thermodynamic limit for c_hannel 1b, 29_9 the 532 nm output from the Nd:YAG laser. The excimer and
nm, implies that the threshold for channel 1b is 254 nm. This 4,0 3ser outputs were counter-propagated through the reaction
IS consistent with Waits et.é? who found no evidence for CO cell, and the beams were shaped using irises in order that they
produc_tlon when ph_otolyz_lng acetone at 266 nm. essentially defined the same volume in the reaction zdhe
In th'.s paper, we investigate various feat”.fes of the aCfatonevolume defined by the photolysis/probe laser beam overlap. The
photodissociation mechanism. The acetyl radical was monitored output energy from the dye laser was typically a few milljoules

using LIF by following the OH formed from the reaction - . . o

between CHCO + O,. When the yield of acetyl from acetone and the excimer laser energy was adjusted using a combination
photolysis at various wavelengths is compared, the onset of the® Neutral density filters to give a comparable amount of
three fragment photodissociation, R1b, was observed. Thephotolyss. The energy of the lasers was determined by
lifetime of excited-state acetone was probed by varying the total 2Veraging the output of an energy meter (Gentec ED-200LA)

pressure. Dissociation from excited-state acetone gJCiD*, over typically 50 laser pulses. The OH produced in the reaction
competes with collisional deactivation cell was probed using off-resonant LIF via thé&ZX, (v = 1)
— X21T;, (v = 0) Qu(1) transition at~282 nm using the doubled

hy Ky output from an Nd:YAG (Spectra Physics, Quanta-Ray GCR150)
(CHy),CO(§) — (CHy),CO* —CHy; + CH,CO  (R1a)  pumped dye laser (Spectra Physics, Quanta Ray PDL-3,
y Rhodamine 6G). This probe light was defocused and entered
(CH,),CO* + M M (CH,),CO(S) (R1q) the reaction cell at right angles to the photolysis lasers and at

the reaction zone waz 1.5 cm in diameter. Perpendicular to
whereky is the dissociation rate coefficient ak is the pressure the reaction zone two intgrnally mounted planar convex lenses
quenching rate coefficient. The data show that dissociation (f = 4.0 cm) were used to image the OH fluorescence; the lenses
occurs on a nanosecond or longer time scale from betn8 were arranged to image the reaction zone at the window of the

T, states. cell. Beyond the window, the fluorescence passed through an
Significant concentrations of acetone have been observed inifis, which was adjusted to match the diameter of the probe
the upper troposphefewhere photolysis via R1a forms GH laser and an interference filter before being detected using a

CO; and CHO, which are both potential sources of @Oy photomultiplier (EMI 9813). The photomultiplier signal was

= OH + HO,).2! To predict the radical yields from acetone integrated with a boxcar averager (SR250), which was adjusted
photolysis, an accurate account of the pressure, temperatureto exclude the first 50 ns following the probe laser and digitized
and wavelength dependences of the quantum yield is required.before being passed to a personal computer for subsequent data
In this present study, we thoroughly investigate the pressure analysis. The computer was interfaced to a delay generator (SRS
quenching of acetone over a range of wavelengths relevant to535) to control the delay time between the photolysis laser and
atmospheric chemistry and show that, under atmosphericprobe laser. Temporal profiles of OH consisted of 100 time
conditions, the photolysis yield at the longer wavelengths is points, with each point averaged over&laser shots. The pulse
much smaller than that given in the literatd?e&2 In addition, repetition frequency of the lasers was 5 Hz.

the photolysis yield at the longer wavelengths shows a strong
temperature dependence which previous studies have failed tot
observe.

Following a brief description, in section 2, of the experimental *. . .
methodology, section 3 outlines the use of LIF from OH air were also used. Pressures in the cell were measured using

generated from CKCO + O,, as a marker for acetyl. Section capacitance manometers (MKS) and were adjusted by throttling

4 presents the temperature, pressure, and wavelength dependen&lée exit valves on the cell; the pressures were adjusted between
of the acetyl yield, in the form of SterrVolmer (SV) plots, O_.3 g_nd 400 Torr. '!'he total flow ensured that there was no
which provide evidence for a mechanism involving dissociation Significant degradation of the sample between laser shots. An
from both the first excited singlet and triplet states. This insulated metal box around the six-way-cross reaction cell
mechanism is developed in section 5 allowing the data to be containing stirred, refrigerated methanol allowed temperature
analyzed in section 6 to generate excited-state rate constant§ontrol, enabling experiments to be performed over the range
and quantum yields. In section 7, the acetone fluorescence andf 218-295 K. Acetone (Aldrich, HPLC grade) was degassed
phosphorescence literature is reinterpreted in terms of theand diluted in He. Helium (BOC, CP grade, 99.999%y,(Air
mechanism proposed in section 5. In section 8, parametrizedProducts, 99.999%), QAir Products, high purity, 99.999%),
expressions for the quantum yields are developed and used inand air (Air Products) were used straight from the cylinder.

Mass flow meters (MKS) were used to control the flow of
he acetone, & and the buffer gas. Helium was the main buffer
gas, but there were a number of experiments wherép and
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Figure 1. Biexponential time profiles for the OHorectedLIF signal following pulsed photolysis of acetone in the presence adr@ various total
pressures of He at 295 K: filled squares248 nm and open circles 308 nm. Solid lines represent fits to the datfCHsCO], is approximately
equal to the maximum OH signal from the kinetic trace. In plot (), fMP Torr anda[CH3COly s0sis greater tham[CH3;CO]o 245 this reflects
the substantial three-body dissociation (R1b) occurring at 248 nm. However, as the total pressure is increads@ Tdry, (c)= 100 Torr, and
(d) = 400 Torr,a[CH3CO]Jo 308 falls increasingly belowt[CH3COJo 245 this demonstrates pressure quenching in the excited state of acetone.

3. Methodology: Use of OH Laser Induced Fluorescence of quantum yield determinations; this advantage is significant
from CH3CO + O3 given the complex dependence of the quantum vyield on
wavelength, temperature, and pressure.

Figure 1 shows a biexponential time profile for the OH LIF
signal following pulsed photolysis of acetone in the presence
of O, and He. [OH] is given by the equation

In a recent letter, we reported the formation of OH fromzCH
CO + O, by a chemical activation route where OH formation
competes with collisional stabilization to form the peroxyacetyl
radicaP*

o[CH,CO]k

CH,CO+ O,+M — CH,CO(0),+M (R2a) [OH] = - 2 [exp(—kyt) — exp(k, ] (E1)

CH;CO + O, — OH + other products (R2b)

whereky’ = ky[O7] and k; is the overall, pressure-dependent

OH can be detected with great sensitivity using LIF; [OH] second-order rate constant for reactiork2js the first-order
10® molecule cm® is readily detected in this study. Reaction 2 rate constant for the loss of OH by reaction with acetone and
therefore provides a method for directly determining the;CH by diffusion, a is the fractional yield of OH in reaction R2,
CO yield from acetone photolysis, given sufficientto convert that is,o. = ka/(kea + kab), @and [CHCOY], is the initial acetyl
the acetyl to OH. To date, there have been no direct determina-concentration from pulsed photolysis.
tions of the radical yield of from acetone photolysis as a function =~ The experimental data were fitted to eq E1 to yie[€Hs-
of pressure, because both the acetyl and methyl radicals areCO]Jo. Because the OH determination is based on laser induced
difficult to detect with good sensitivity at pressures up to 1 atm. fluorescence measurement, this valuea§€H3CO]p is only
It should be noted that while reaction 2 provides a convenient relative. Sincea is pressure dependent, it is essential that
means of detection for GJEO, as the total bath gas concentra- comparisons off[CHsCOQ]p at various photolysis wavelengths
tion, [M], increases, reaction R2a starts to dominate over reactionare made at the same total pressure if relative quantum yields
R2b and the sensitivity of the technique is reduced. Even at of the acetyl radical are to be obtained. There remains the
400 Torr total pressure, however, reaction R2b still contributes question of any wavelength dependence of the OH yield that
~10% to the overall reactio?f. Other studies of the quantum  could arise if the acetyl radical reacted with Before it was
yield have relied upon end product analysis. However, the fully thermalized. Under experimental conditions, the L&
present direct technique has the advantage of much greateradicals undergo more than 1000 collisions before reaction with
sensitivity and hence allows a much more rapid accumulation oxygen. They are therefore expected to be fully thermalized,
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and the OH yield is expected to be independent of photolysis

wavelength. Also, nonthermalized radicals might be expected

to be revealed from their pressure dependence, but no such 06

behavior was observed, which is especially evident in the short

wavelength data where little or no pressure dependence was

observed. 043
The acetone photolysis measurements were made relative to

the acetyl radical yield at 248 nm. At this wavelength, the

excited state of acetone is sufficiently short-lived such that 024

pressure quenching is inefficient, as shown by the measurements

of Gierczak et al??2 who found the quantum yield independent

of pressure up to 760 Torr and Aloisio et?lwho obtained 00 i : . ' , : , .

similar results at pressures up to 100 Torr. Note, however, that 0.0 2.0x10" 4.0x10" 6.0x10"® 8.0x10"®

the acetyl radical is formed with sufficient internal energy that

some further fragmentation occurs (reaction R1b); although the Figure 2. Example of a linear SV plot for acetone photolysis at 299

quantum yield for acetyl formation at 248 nm is less than unity, ym ang 273 K with He buffer gas. The parameters of this plot are
it remains pressure independent at 248 nm. The lack of a given in Table 1.

pressure dependence in the yield at 248 nm allows it to be used

[He] / molecule cm®

as a reference to enable the reduction in quantum yield with 14
pressure to be determined at the longer wavelength. We also
discuss below methods for placing the £ quantum yields 124

on an absolute basis.

4. Stern—Volmer Plots for the Acetyl Yield

Figure 1 shows paired traces of OH formation at 248 and
308 nm over a range of pressures. These data are well described
by eq E1 and yield relative values of CH3CO],. Note that
because the loss of OH is very slow, the apparent OH limit is
approximately equal t@[CH3COJ,. In general, each pair of

traces returned a similar value kf, which had little effect on 00-0 " VPR U —

a[CH3CO]o. Occasionally, mainly at low pressures where OH ' 2.0x10 4.0x10 6.0x10

loss due to diffusion could be significant, each pair of traces [He] / molecule cm™

was analyzed using a fixekk value. This fixed value foks Figure 3. Example of a nonlinear SV plot for acetone photolysis at

was determined from one of the pairs of traces or from separate320 nm and 295 K with He buffer gas. The parameters of this plot are
longer time experiments; each pair of traces should have equalgiven in Table 2.

OH removal kinetics. Overall, as long &s is either small
compared toky’ or directly determined, then a consistent
determination ofr[CH3CO]J, can be made via E1.

The traces demonstrate clearly the effects of collisiona
guenching of the excited state at the higher pressures. At 6 Torr,
more CHCO was formed al = 308 nm compared to the
reference wavelength, 248 nm, but as the pressure was increase
the CHCO vyield at the longer wavelength progressively
decreased below that at the reference wavelength. This reduction
in a[CH3CO]y at the wavelength of interest, relative to that at
248 nm, is due to collisional quenching of the excited state of
acetone via R1q.

The data, as shown in Figure 1, were corrected for differences
in laser photon intensity, (energyhv), and acetone absorption

cross-section. The laser energies were determined by averagin% vs [M] yields a straight line with slope equal & Figure 2

the output of the energy meter over typically 50 laser pulses, : o X .
and the absorption cross-sections were taken from Gierczak etShOWS a SV plot for 299 nm which exhibits good linearity and

al2? The raw OH signal, [OHJuncorected at the wavelength of an intercept 0f~0.40. Figure 3 shows a plot at 320 nm which

. . : : shows quite different nonlinear behavior. These two types of
interest was normalized relative to that at 248 nm using the . . .
expression behavior corresponded to different wavelength ranges, with

linear SV plots below~300 nm and nonlinear plots abow300
| o nm. The degreg of nonlinearity increased as thg wavelength
[OH], comected™ oo™  ~2480M . [OH],,uncorrected (E2)  increased, as did the total amount of quenching in the system.
' l; 0y This behavior is compatible with quenching of (at least) two
excited states with different lifetimes. At wavelengths above
The laser energy at 248 nm was adjusted, using neutral density~300 nm, the low-pressure, high-slope section of the SV plot
filters, to give OH signals of similar magnitudes at the two involves quenching of a longer-lived state, and the lower-slope
wavelengths at the lowest pressure, minimizing the errors that section at higher pressures involves a shorter-lived excited state.
propagate when corrected using eq E2. The values of)j[QHled It seems reasonable to identify these two states as the first
and [OHbssnm were analyzed using eq E1 to vyield excited singlet (§ shorter-lived) and triplet (if longer-lived)

o[CH3CO; corrected@Nd [ CH3COlp 248nm respectively. The ratio

of the tWO,p = (I[CH3CO]0,248nn{(1[CH3CO]oﬁc0rrected= [CH3-
| COJp.24d[CH3CO]p, (the nm and corrected subscripts are now
omitted) providedu is independent of wavelength.

The collisional quenching of fluorescence is generally
&Iescribed by the SV relationship

p = [CHyCOL »4d([CH,CO, =1+ AIM] - (E3)

whereA is the SV quenching parameter and is equatkq
whererz is the lifetime of the excited stat&, is the collision
guenching rate constant, and [M] is the concentration of the
buffer gas. Equation E3 only applies if the yield of acetyl at
248 nm is pressure independent. From this equation, a plot of
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states of acetone. The next section develops a model based oequal to the CHCO yield at zero pressure. Equation E4 is of

this assignment.

The values of [CHCO]p, 24d[CH3CO]y, were determined over
the wavelength rangé = 266—330 nm. Each determination
of [CH3CO]p 24d[CH3CO]p,. was derived from a pair of kinetic

traces, see Figure 1, which were always recorded within a period

of 5 min. For any given SV plot, up to 20 [GBOJy 24d[CH3-
COJp, determinations were made with the pressure varied
randomly. This method of randomly varying the pressure
combined with rapid data accumulation helped avoid the effects
of systematic errors such as wavelength drift in the OH probe
laser. The concentration of acetone used was typically 100
mTorr but was varied by up to a factor of 3 depending on the
wavelength; the criterion was to maintain a good OH signal.
When either He or Blwas used as the buffer gas, the O
concentration was typically 300 mTorr, and when either air or
O, were used, the concentration of @as determined from

the total pressure. The dye laser photolysis energy was typically
5 mJ/pulse. Consequently, at longer wavelengths, where the

the form expected for a linear SV plot, with a slope/intercept
ratio equal toa;.

For A > 300 nm, the mechanism includes ISC and dissocia-
tion from and quenching of 1T

S+ —S, S
S,— CH;CO+ CH; Ky,
S —2CH, +CO Ky
S =T, ksc

SSHM—S+M  Kys
T,— CH,CO+ CH; ki

T,+M—=S+M Kyt

acetone absorption cross-section is much smaller, the energyor reasons which will be discussed more fully below, the triplet
of the 248 nm reference laser was accordingly reduced in ordergtate dissociation results only in the formation of £ +

to approximately match the two OH signals at low pressure.

5. Model for the Dissociation of Acetone via the §and
T, States

Two wavelength regions will be considered, below and above
300 nm. ISC is only incorporated in the model for the longer
wavelength range.

The proposed mechanisms for< 300 nm is

S+ —s, s
S, —CH,CO+ CH; Kys,

S* —2CH,+CO kg,
SStM—=§+M Ky

where 9, (S, $*), and T; are the ground, first excited singlet
states, and the first excited triplet state, respectively. The
quantum yield for fluorescence from excited acetone is stnall
and consequently is not included in the mechanisthisSthe
fraction of § which has sufficient energy (see section 6c¢) to
dissociate to CO. The literature sugge’§ts8 that the CO yield

is independent of total pressure at all wavelengths, and hence,

the quenching of 38 by the buffer gas is not included in the
above scheme. If there is quenching @f Biat competes with
dissociation, then our reported acetone photolysis yields would
overestimate the true values, but as the yield of CO at
wavelengths>280 nm is increasingly less than 0.15, see section
6c, the omission of 3 quenching should not significantly affect
our results.

The above scheme implies that the acetyl radical and CO
are formed through independent channels.

The ratio of the CHCO yields, integrated over the photolysis
pulses, at 248 nm and atis given by

)
_ Bos1+ &[M]);

B

_ [CHscO]o,248_ Boas ks
wherea; = kus/kgsaandf = Kysdkds (Kas = kasa+ kasy and is

= ecor (i

(E4)

CHs. The ratio of the acetyl yields now takes the following form

_ [CH3C0]0,248: @ 1+ a, +[M])(1 + a;[M])
P~ cHCoL, A (1+ 2, + aM])

(ES)

wherea, = kiso/kgsaandas = kwr/kgr. Clearly, a SV plot ofo

vs [M] will be nonlinear. The data analysis reported below for
A > 300 nm employed the full form of eq E5 in a nonlinear
least-squares fit. It is instructive, however, to examine the
intercept,c,, of eq E5 at [M]= 0 and the extrapolated intercept,
C2, and slopem, for the high-pressure linear section of the plot
(Figure 3)

o=l (E6)
1+a),
: — ﬂ248( 2)A (E?)
B
The ratio of these two intercepts is
G Kisc
—=1+a=1+— (E8)
G z Kisa
ﬁ248 ﬁ248 (kMS)
VB B \kisds

The equation fomis identical to the slope of eq E4 as expected,
since the high-pressure linear section relates to the quenching
of Si.

This proposed mechanism for acetone photolysis does not
include fluorescence or phosphorescence from the excited states
as they occur only to a minor extem? This proposed
mechanism is summarized in the schematic in Figure 4, which
includes the energetics for the various processes, but three-body
dissociation via & to 2CH; + CO has been omitted on the
grounds of clarity. Figure 4 should be referred to in the following
sections as a quick guide to the mechanism of the system.

6. Testing the Model for Acetone Photolysis

(@) A < 300 nm.The data forl < 300 nm were fitted to the
SV relationship, eq E4, using a weighting equal to the error in
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K s TABLE 1: Returned Parameters from Linear Fitting to the
[CH 3CO]Q,24§{[CH 3CO][M VS [M] Data?
Alnm  T/K buffer intercept  10slope/Torr® 102 kys/kas®
299 295 He 0.3%0.02 8.63+ 1.68 6.80
299 273 He 0.4@0.01 15.8+ 1.7 10.9
299 248 He 0.480.02 22.4+3.2 12.9
299 218 He 0.480.01 451+2.6 20.2
?nm CH, +CH,CO 297 295 He 03&001 182+0.7 14.2
305.8 nm 297 295 N 0.38+£0.01 23.0+£2.2 18.0
297 295 air 0.36:0.01 234+17 18.3
296 295 He 0.3& 0.02 5.48+ 1.70 4.29
338 nm 296 273 He 0.3%:0.02 153t 1.6 10.5
~357 nm 296 248 He 0.49%0.02  8.92+1.62 5.12
296 218 He 05#0.01 31.3:20 14.0
295.5 295 He 0.320.01 17.4+0.9 13.6
292 295 He 0.410.02 9.66+ 2.46 7.49
) i . . 292 273 He 0.46:0.02 11.3+21 7.77
S0 292 248 He 0.480.02 19.14+2.2 11.0
) . . ) 292 218 He 047002 17.4+24 7.77
Figure 4. Schematic of the energetics and mechanism for acetone 292 295 Ny 0.36+0.01 10.7+1.8 8.30
photolysis: (CH),CO + hv — (CH3)2CO(S) (Atnreshola= 328.6 nm)3 292 295 air 0.38-0.01 14.9+27 11.6
(CH3)2CO + hw — (CH3)o,CO(T1) (Aitreshois= 357 Nm); (CH3):CO(Ty) 291 295 He 0.380.01 11.0£06 8.50
— CHyCO + CHs (4 = 305.8 nm relative to §,'° (CH3).CO(S) — 288 295 He 0.3&0.02 7.96t1.54 6.08
CH3CO + CHs (A = ? nm, the unknown barrier height), and (§H 288 273 He 0.430.02 6.89+ 1.86 4.72
CO+ hy — CH3;CO + CHjs (A = 338 nm)?? Also, see section 5 for a 288 248 He 0.43-0.02 123+26 7.06
further description of the model for acetone dissociation. 288 218 He 0.49-0.02 6.34+ 1.84 2.83
288 295 N 0.43+0.02 5.80+ 2.72 4.43
[CH3COJp 24d[CH3COJo,. An example of such a plot is shown ggg ggg a‘r g-gﬁi 8-8% 2'5235% g-gg g-‘llg
in Figure 2, which shows errors increasing at the highest € ; : ‘ ’ ’
. 286 295 N 0.44+0.01 127+ 2.7 9.61
pressures due to a reduced OH signal; errors for allithe 286 295 air 0.38 0.01 5 444 2.32 412
300 nm data werec10%. The returned parameters are givenin 284 295 He 0.4@-0.01 9.53+ 1.04 7.13
Table 1. From Table 1, it is observed that the intercepts are 284 295 N  0.41+0.01 9.87+ 2.12 7.39
less than 1.0, implying that [GJ& 0] 24sis less than [CECOo,. 284 295 ar 040:001  14.0+1.7 10.5
This is a consequence of a greater fraction of acetone photolysis283 295  He 041002 3.95+ 1.80 2.94
T i T 273 He 0.44£0.02 6.74+ 1.64 4.59
occurring via three-body dissociation (R1b) at 248 nm compared 583 548 He 04% 0.02 4.34+ 1.50 249
to the wavelength under investigatidnIn the model developed 283 218 He 0.54-0.02 9.40+ 2.00 4.20
in section 5, this effect was taken into account by introducing 282 295 He 0.43%0.01 8.36+ 0.78 6.18
kasb (S1* — 2CHg + CO) and the results in eq E4, where the 282 295 N 0.33+0.01  4.79+-1.28 3.54
intercept of the SV relationship is equal fesd3;, the ratio of 295 ar 042001 131£21 9.68
. Lo 280 295 He 0.4@0.01 8.95+ 0.88 6.52
zero pressure C4€O yields at 248 nm andl. By dividing the 280 295 N 0.43+0.02 920+ 2.96 6.70
slope by the intercept, eq E4 yields thegBienching parameter, 2589 205 Air 043+ 001 339+ 25 24.7
kus/kasa and these values are given in the final column of Table 279 273 He 0.4&0.02 11.3+22 7.61
1. Inspection of théws/kasadata reveals the effect of wavelength 279 218 He 0.550.02 11.6£2.0 5.18
and T on quenching; this behavior is mainly related to the 279 ggg air g-ﬁi 8-8% iégi %g g-gg
decrease ifygsawith decreasing. However, further discussion ar ‘ : : ) )
. . ;i 218 He 0.43%0.02 4.25+ 4.00 1.90
of kus/kusais delayed until we also consider the data at longer ,g6 248 He 043 0.02 8.04+ 3.60 4.48
wavelengths where the behavior is more revealing of the 266 295 He 0.56-0.02 6.43+ 0.88 3.83
mechanism. 266 295 N  0.484+0.01 6.47+ 2.34 3.86
(b) 4 > 300 nm.The data forl > 300 nm were fitted to eq aFrom eq E4kws/kasais obtained from dividing the slope by the

ES, using a weighting equal to the statistical error in fCH  intercept. The data were weighted, and errors represertnits are

COlJp,24d[CH3CO]p,. An example of such a fitting is shown in  in cm® molecule™.

Figure 3. Weighting was increasingly important at long wave-

lengths where errors increased significantly, up to 30%, at higher This results in a linear, higher-pressure region of the SV plot,

pressures, due to the severe amount of quenching in the systemwhere the bracketed terms @[M] cancel. The interceptc)

The 445, parameter in eq E5 was fixed to values extrapolated and slope i) of this region are given by eqs E7 and E9. An

from analysis of thel < 300 nm data; see section §&ud/3; example of this behavior is shown in Figure 5, where between

is almost constant for a given temperature vttclose to 1.0 282 and 315 nm the intercept increases from ca. 0.4 to 2. This

for A = 300 nm. Equation E5 gave an excellent fit to all the apparent increase in the intercept with wavelength reflects the

data, and the returned parametkys/Kisa kiso/kasa andkyr/ increase inkiso/kgsa With wavelength-see Table 2resulting

kgt are given in Table 2. in a bigger T population, which is rapidly quenched. This effect,
From Table 2 and the SV plots, several general features areas exemplified in Figure 5, has been observed previously in

observed. As expected, the SV slopes for battk@s/kssy and the studies by Meyrahn et al. and Gierczak é28PA consistent

T1 (kmt/Kgt) increase with increasing wavelength. Aldgsd/ mechanism to explain this behavior has been hampered by

kssa Obtained from the ratio of intercepts shows that ISC previous assumptions that dissociation occurs exclusively on

becomes increasingly competitive with dissociation las the triplet surface, T (see the introduction). However, any

increased above 300 nm. As a result, dissociation via T plausible explanation of the present data requires dissociation

becomes increasingly important. Sinégr < kgsa as[M] from more than one state. Recently, Emrich et®aloted that

becomes large compared with 1a,) at quite low pressures.  triplet acetone, T, is rapidly quenched by oxygen, so that under
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TABLE 2: Stern—Volmer Parameters for Acetone
Quenching above 300 nrh

Alnm - T/K  buffer 10 kys/kas? kiso/kas® 108 kr/kar®
302 295 He 1.84-0.20 ~O0

302 273 He 212018 ~0

302 248 He 273022 ~0

302 218 He 353032 ~0

3055 295 He 2.350.44 0.21+0.24 5.06+ 5.80
305.5 273 He 3.5%2.24 0.34+-4.4  9.49+74.0
305.5 248 He 3.7& 1.60 0.59+1.33 2.66+ 7.18
305.5 218 He 6.46 1.30 0.46+0.62 6.80+ 15.52
3055 295 N 1.88+3.84 0.70+£0.81 11.7+28.8
308 295 He 4.56: 0.90 111+ 0.46 6.67+4.68
308 273  He 7.64- 1.52 0.92£0.54 17.6£27.4
308 248 He 11112 1.45+0.32 40.4£27.4
308 218 He 18.4 25 2.59+0.72 32.9+-18.8
308 295 N 5.22+2.90 1114+ 0.68 12.9+12.8
308 295  air 8.09: 5.02 0.95+-0.60 28.2+39.0
3105 295 He 6.34 0.94 1.69+0.28 35.1+17.4
3105 273 He 10 2.6 179+ 056 75.7£90.4
310.5 248 He 19.% 3.2 2.84+0.56 70.8+37.2
3105 218 He 38.4£11.6 3.67+-1.62 367+ 1560
3105 295 N 7.81+ 8.42 2.14+1.36 15.7+8.4
3105 295 air 12274 1.41+1.02 49+ 104
3125 295 He 11.e¢2.8 3.12+£0.52 108+ 78
3125 273 He 254 6.2 3.52+£0.82 1684+ 98
3125 248 He 30.4 13.6 4.82+£1.98 128+ 100
3125 218 He 70.&11.2 9.73+-1.62 462+ 258
3125 295 N 213+ 73 1.77£0.34 199+ 127
315 295 He 13.3: 2.9 473+ 0.86 96.6+37.2
315 273  He 28.%6.0 5484+ 0.82 237+ 88
315 248 He 58. 12.4 9.73+1.20 279+ 46
315 218 He 183 37 18.8+ 4.5 314+ 62
3175 295 He 27.%5.9 6.60£ 0.86 1664 54
3175 273 He 77.315.4 8.53+1.96 368+ 260
317.5 248 He 129 32 248+ 4.4 505+ 129
3175 218 He 744 806 51.0£37.6 1173790
3175 295 N 23.7+13.2 5.35+1.16 152+ 85
320 295 He 27.#6.7 11.2+11 273+ 73
3225 295 He 62.230.6 15.1+3.1 303+ 145
3225 295 N 18.94+12.0 15.2+3.8 599+ 161
325 295 He 82.830.9 15.7+2.2 830+ 394
3275 295 He 126 63 20.4+ 2.7 3813+ 5114

@ Returned parameters are from non-linear least squares fitting of
eq E5 to the [CHCO]y24d[CH3COJo; vs [M] data. The data were
weighted, and errors represent. 2 Units for kus/Kisaandkyr/kqr are

cm® molecule’!, andkisc/kysais unitless.

Figure 5. Example of the apparent increase in the intercept of the SV
plot as the wavelength is increasel: = 282 nm,a = 308 nm, and

T
4.0x10"®

T
8.0x10'

[He] / molecule cm®

T
1.2x10"

® = 315 nm. All plots were made at 295 K with He buffer gas.

their conditions any observed reduction in dissociation yield

with increasing pressure occurs exclusively from S
For all our data, it was observed that the system was in this quenching is small and hence the variationpirprovides a
high-pressure regime, with linear SV plots, above 25 Torr, where realistic guide to the errors in the experimental method. The
only the first two parameters of Table 2 are required to describe errors most probably arise from drift in the wavelength of the

Blitz et al.
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Figure 6. Plot of Inkus/kisy vs excitation energy (photolysis
wavelength) for our data together with the literature ddia= Leeds,
A = Warneck et al*® andO = Gierczak et af?

the data; the previous data of Meyrahn et al., Gierczak et al.,
and Emrich et a#227:28.30were similarly determined at total
pressures greater than 25 Torr. For modeling acetone photolysis
in the atmosphere, this two-parameter high-pressure regime
should be an adequate description under almost all conditions
in the troposphere. However, in our experiments, we have
performed additional experiments and reduced the oxygen
concentration and the total pressure such that the triplet state,
T, is not completely quenched. The resulting nonlinear SV
behavior is shown in Figure 3 for 320 nm. At low pressure, the
steep slope of the SV plot is due to the quenching of the triplet
state, and at high pressure, the SV plot describes the quenching
of the singlet state. Figure 3 alone shows the low- and high-
pressure features of eq E5 and hence provides support for the
proposed acetone photolysis mechanism. In the next section,
we examine individually the three parameters in Table 2 to
further validate the proposed mechanism and to explore the
features of the excited-state surfaces and their coupling. Figure
4 shows a proposed potential energy diagram.

kms/kdsa Parameter. Table 2 shows that quenching from the
singlet statekus/kysa increases strongly with wavelength. This
dependence is almost exclusively associated with a decrease in
kgsa With increasingl. The quenching rate constarkys, is
expected to vary only a little with energy. Warnétkas shown
that, using the current notatiokys/kgsaincreases approximately
exponentially with excitation energy above the dissociation
threshold providing the basis of his algorithm for the acetone
photodissociation quantum yield as a function of wavelength
and pressure. Thiys/kygsa data in Tables 1 and 2 exhibit a
similar dependence, although the decrease is less than expo-
nential at the highest photolysis energies (Figure 6). Between
427 and 386 kJ mol (280—310 nm) our data are in reasonable
agreement with the end product data of Gierczak.ét ahd of
the Warneck groug?°Their data are more scattered at longer
wavelengths, where their end product methods required long
photolysis times, with possible complications from secondary
radical chemistry and interpretation via complex mechanisms.
The LIF technique used here provides an improved approach
at wavelengths beyond 310 nm. The main sources of error are
the requirement of reproducible overlap of the photolysis and
reference (248 nm) laser beams, drift in wavelength of the OH
probe laser, and measurement of the energies of the photolysis
lasers. Figure 7 shows a SV plot at 266 nm where the effect of
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Figure 7. SV plot of the data at 266 nm and 248 K. At 266 nm, there
is little quenching hence the variation in the plot provides a realistic

guide to the errors in the experimental method. The average of the
data is equal to 0.47% 0.063, where the error is equal to.2

TABLE 3: Returned Parameters from Fitting the kys/Kgsa
Data in Table 2 to eq E16

wavelength/nm  As/cm® molecule® EJkJ mol?t  Bsy/nm
302 (2.844+1.18)x 1072 46+0.8 299
305.5 (1.414-1.28)x 1072 6.9+ 1.8 300
308 (1.21£0.82)x 1020 9.2+ 1.4 301
310.5 (3.2:2.8)x 10°% 13.0+ 1.8 300
3125 (9.3£8.2)x 1072 12.0+ 1.8 303
315 (9.54 2.6) x 10722 17.94+ 0.6 301
317.5 (3.1 2.2) x 1022 224+1.4 300

aThe data were weighted, and errors represent 2

J. Phys. Chem. A, Vol. 110, No. 21, 2006749

TABLE 4: Returned Parameters from Fitting the kyr/kgr
Data in Table 2 to eq E12

wavelength/nm  Ar/cm® molecule  EykJ mol? Bri/nm
305.5 (1.5+15.0)x 10 —2.74+23.2 308+ 20
308 (9.4£25.4)x 100 10.8+5.4 300+ 4
310.5 (8.6+34.6)x 10°%° 9.1+£9.0 303t 7
3125 (2.3 7.8)x 10718 9.1+6.8 305+ 6
315.0 (9.1+9.8)x 1078 6.6+ 2.2 310+ 2
317.5 (1.6+1.0)x 10718 12.0+1.2 308+ 1
aThe data were weighted, and errors represent 2
25+
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Figure 8. Plot of E; vs 14 using the data in Table 3; see eq E10.

Bsy, indicating together with the data in Table 3 that the barrier
on the § surface is located at+300 nm. The origin of the
dependence of the appardénfactor with wavelength (Table 3)

OH probe laser and measurement of the energies of thejs not clear.

photolysis lasers.
While kus/kisa Show an approximately exponential depen-

The use of eq E10 to describe thgs/kys{T) data is only a
first approximation for two reasons: (i) The initial population

dence over a wide range of excitation energies (Figure 6), thein the § state is not a Boltzmann distribution, the population
source of this dependence is not clear. Warneck ascribed it tojs centered on the absorbing photon with a distribution that

an increase itkysaabove the thermodynamic limit (338 n#9
for photolysis
(CH,),CO+ hv — CH,CO + CH, (R1a)

However, there is a wealth of evidence for a significant barrier
on the 3 surfacé&®31(see introduction), and the latest ab initio
calculations from the Zewail groufs have located the barrier
at 259 nm, significantly above the, 8rigin at 328 nn¥3 see
Figure 4. This dissociation occurs along eCC bond via a
So/S; conical intersection and provides a route for dissociation
on the $ surface. The wavelength dependencek@d/kysa is
consistent with such a barrier on the Sirface.

Further evidence for a barrier on the singlet surface is
reinforced from the temperature data in TableKis/kysa has

reflects the ground-state Boltzmann distribution, skewed to a
small extent by FranckCondon factors. (ii) It is assumed that
kus is T independent. The effect of (ii) is reasonably expected
to be small over the temperature range in this study as it is an
energy transfer rate coefficient. A quantitative description of
the system requires a master equation calculation using micro-
scopic rate constants of the system together with an energy
transfer model in order to give the observed macroscopic rate
constant. Such calculations can be performed using any initial
distribution. Such a calculation, incorporating the initial popula-
tion in the g state, is planned to model thgs/kysaparameters
in order to assess the physical interpretation of eq E10 and the
location of the barrier. A barrier corresponding to 259 nm has
been proposed by Diau et #l.

kisc/kasa Parameter. The determination of the ISC rate is

a positive temperature dependence which is more marked atfacilitated by the differences in singlet and triplet lifetimes and
longer wavelengths. Arrhenius plots were made for each set ofthe resulting change in slope in the SV plots. However, our
kus/kisaat a given wavelength, and the results are summarized measurements only determine rate coefficient ratios, and in
in Table 3. The results can be expressed in an empirical Table 2, this ratio is given bisc/kisa TO better observe the
Arrhenius form behavior of ISC with wavelength dividing the first two columns
in Table 2 yieldskiso/kws, wherekys is the collisional rate
_ @) 1 constant for the quenching of &hich is reasonably assumed
A KT to show a weak dependence on wavelength. In the direct decay
kinetics study of acetone by Copeland and Crodfeyclose to
where Nahc(1/Bs; — /1) is equal to the effective activation gas kinetic rate constarkyr, was measured for quenching by
energy, E, and Bs; is the wavelength corresponding to the
barrier maximum. Table 3 includes values &y;. Figure 8 is
a plot of E5 vs 141, and its good linearity supports the validity
of eq E10. The intercept with theAlAxis, 299 nm, is equal to

hc

Kus/Kgsa= As; X exp[(B— (E10)
S1

acetone and Ar of 1.3 and 0.8 1071° cm?® molecule’? s
Figure 9 is a plot okisc/kus vs wavelength for 295 and 218 K,
and within the scatter of the data, a “bell-shaped” curve can be
discerned. In the acetone photolysis study by Emrich.gfal
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Figure 9. Plot of kisd/ku,s vs wavelength for the data at 295 M)
and 218 K Q). The data appear to describe a “bell-shaped” function
as demonstrated by the Gaussian fit to the data.
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Figure 10. Plot of ®;sc vs wavelength for our 295 K data shown in
Table 2,1, together with the data from Warneck et&IQ, Gierczak
et al.?? A, and Gandini et afé &, where the values at 13 Torr of

acetone are used. The sigmoidal fit to our data is present to highlight
the variation in all the data.

T T -
280 290

similar dependence for ISC was observed based on fitgdb
kasa In the present study, the analysis is based on directly
measured data.

The quantum yield for ISC at zero pressure is given by

Disc=1— 11+ (ksKysal

A plot of ®sc vs wavelength for our data in Table 2 together
with the data from Gierczak et &.Gandini and Hacke®® and
Emrich and Warnecé® is shown in Figure 10. Gandini et #.
measured®sc directly via sensitized phosphorescence; their
data in Figure 10 refer to their lowest pressure (13.5 Tors)CO
Over the range of 305325 nm, all the data appear to be in
fair agreement. Above 325 nm, Emrich et?alobserve a
decrease in thésc that is not observed in the other measure-

(E11)

Blitz et al.
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Figure 11. Temperature dependence®dfsc vs wavelength using the
data in Table 2:@ = 295 K,O = 273 K, A = 248 K, and® = 218

K. The sigmoidal fit to the 295 K data is present to show the
dependence of the data.

provides a possible explanation and was proposed in the work
by Gandini and Hacke®€ The lowest pressure they used was
10 Torr of acetone, so that their higher ISC yields can be
ascribed, at least partly, to collisional effects. They found that
increasing the pressure of G8ubstantially increasethsc, even

at 250 nm. Collision-induced ISC does not compromise the
current results, or interpretation, becausgid collisionally
guenched much more rapidly than. S

From the “bell-shaped curve” for the dependencéef on
wavelength, Figure 9, and thliasc vs wavelength data in Figure
10, there is the intriguing possibility that over a large wavelength
rangekisc + kysamay be approximately constant; the decrease
in kysatoward a longer wavelength is counterbalanced by the
increase irkisc. Supporting evidence is provided by Breuer and
Lee!! who measured only a small change in the lifetime of
singlet acetone with wavelength. Over the range of-3A80
nm the lifetime varies from 2.7 to 1.7 ns, and Heicklevho
found thatdg varies from 0.0021 to 0.0017 over the range-313
280 nm. These observations contradict the recent review by
Haas* where ISC increases continuously with energy and it is
stated that “ISC completely dominates the decay 6f Isased
on the assumption that ISC will more efficiently couplet8
Ty above its dissociation limit~4305 nm).

kut/kqr Parameter. The triplet state quenching parameter,
kut/kqt, increases strongly with increasing wavelength and is
at least an order of magnitude greater than quenching from the
singlet,kys/kysa This implies that information on the triplet can
be observed only at low pressures25 Torr. Therefore, only
direct emission studié%35-37 are able to be compared with our
measurements. In the study by Copeland and CraSley
excitation-wavelength-independent quenching efficiency for the
phosphorescence €mission was observed over the wavelength
range of 305-325 nm. The measured rate constants for acetone

ments; as noted above, the end product studies at these lon@nd Ar were 1.3 and 0.3x 10719 cm® molecule’? s71,
wavelengths underestimate the effects of quenching. Figure 11respectively. The intercepts from these quenching plots yield

is plot of @sc vs wavelength using all our temperature data.
This plot shows thatPsc increases at shorter wavelengths as
T is lowered and simply reflects the stronger temperature
dependence dfysa compared withksc.

Another feature of Figure 10 is that below 305 nm dygc

values forkgr, and though not reported, a value of ca® $0*

is given from inspection. The ratio of these direct determinations
is consistent with ourkyt/kgr value of 2.73x 10716 cn?
molecule’® at ~320 nm; see Table 2. Also relevant to the
present study, Greenblatt et3ldirectly measured quenching

data appear to approach zero more quickly than those from theof “hot” triplet acetone by He and £and obtained the rate

rest of the literature. Collision-induced ISC

SSTM—T,+M  Kgcu

constants 3.6 and 7,8 1071° cm? molecule s71, respectively.
This small difference in quenching is consistent with the triplet
quenching parameterkyr/kqt, measured in the present study,
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Figure 12. Plot of In(kwt/kat) vs excitation energy (photolysis
wavelength) for our datall = 295 K,O = 273 K, A = 248 K, and

& =218 K.

TABLE 5: Quantum Yield for CO, ®co, at RT

Figure 13. Intercepts, 2440, Of all the data atRT plotted vs
wavelength:l = N,, O = air, anda = He. The solid line represents
an exponential fit using eq E12 to the data.

guenching parameteiigyr/kqt, are too high for Tto contribute

wavelength/nm Do group significantly to acetone photolysis in the atmosphere.
250 0.62 Loods (c_) (CH3),CO — 2CHj + CO, the B2443; Param(_etgr. Frc_>m
0.35 Gandini et af® the intercept datg3.4d3,, in Table 1 and eq E4, it is evident
0.45 Meyrahn et af® that the zero pressure yield of @EIO at 248 nm is less than
265 0.37 Leeds that at the longer wavelengths. Figure 1 shows at the lowest
0.18 Gandini et ap® pressure, the OH vyield from acetyl at 308 nm is greater than
285 0.1 Horowitz 2527 that at 248 nm. It has been established that at shorter
061(?4 I(_Bz?wc:isiniet aps wavelengths the mechgnism for acetone photolysis switches
300 0.06 Horowitz26.27 from two-body photolysis, generating GEO + CO (R1a), to
0.04 Leeds three-body photolysis, generating 2t CO (R1b)!2.23.26.27
0.03 Gandini et al At 248 nm, both channels are known to operf@td@he zero
0.03 Meyrahn et af® pressure intercept data in Table 1 demonstrate that both
313 0.03 Horowitz*07 photolysis channels, R1a and R1b, operate at 248 nm. Figure
0'(%2 'éeeds. . 13 shows a plot 0B24d3; vs A. The thermodynamic limit for
~0. andini et aP® ; -
320 0.007 Leeds R1b is 300 nm. The data show thahd 3, decreases from unity
0.06 Meyrahn et af° at 248 nm to a limit of 0.37 fok = 300 nm implying a fractional

yield of R1b at 248 nm of 0.63 and a decrease in this yield to
which appear to suggest that the identity of the buffer gas haszero at 300 nm.
little effect on triplet quenching. The dependence o4 on wavelength is adequately
Figure 12 shows thaktur/ksr has an approximately expo-  described by the exponential relationship
nential dependence on excitation energy, as is the case for the
singlet quenching parameter. This behavior together with its 1+ p(1 — gexp@/nm— 248)) @ = 248 nm) (E13)
temperature dependence is consistent with a barrier to dissocia-
tion on the triplet surface, and the returned parameters from These fitting parameters were adjusted to best fit all the 295 K
Arrhenius fits to the data in Table 2 are summarized in Table intercept data in Table 1, with the data assigned an equal
4. With the same assumptions as those used to derive eq 10weighting. The fit to the data is shown by the solid line in Figure
the barrier on the triplet surfacBy, is obtained from 13 and is expressed by the following parameters: 0.089+
e hd 1 0.01 andp = 0.374 0.01.p is equal toB24s the zero pressure
_ nhc _nhcg 1 quantum yield for CHCO at 248 nm®cHzco,248 M-0-
Kur/kar = Ay % ex;{(BTl l) kT] (E12) The zero pressure CO quantum yielbco, is equal to 1—
Dcrzcorm=0
where Nahc(1/Bt1 — 1/1) is equal to the effective activation
energy E. Table 4 includes values obtained using this procedure
for the barrierBr;. The data are of much lower precision than
was the case for;SA reasonably consistent value 306 nm
is obtained for the location of the barrier to dissociation on the
triplet surface. This value is in agreement with the analysis of
Copeland and Crosled,where the rapid reduction in emission wherefzsgis equal top in eq E13 andf24¢3,) is equal to the
below this wavelength was assigned as the onset of dissociationintercept in Table 1d¢o is shown in Table 5, together with
A more accurate value was obtained from the emission studiesdata from previous determinatioffs2” While there is consider-
by Zuckermann et dlwhere acetone was seeded in a supersonic able spread inbco, the trend with wavelength appears to be
molecular beam. The cooled acetone in these experimentsconsistent over the range of 25800 nm. However, at
showed a rapid decrease in the emission lifetime, equivalent towavelengths above 300 nm, there appears a distinct deviation
emission loss with respect to dissociation, at 305.7 nm. inthe data: our data and that of Gandini et al. shibye to be
Therefore, it appears that the present results are able to reliablyrapidly falling away, but the measurements of Horoditand
locate the barrier for dissociation on the triplet surface. The Meyrahn et al. show a less dramatic dependence. Our measure-

DPco; =1~ Peyzcoim=o

=1- (ﬂ248 x ﬁﬁ_l@) (E14)
24
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Figure 14. Plots of the He intercept datézsd5;, over the wavelength
range of 275-300 nm at various temperaturcilt = 295 K,O = 273

K, A = 248 K, and® = 218 K. The plots show that the intercepts are
increasing as the temperature is lowered.

ments directly monitored the products of acetone photolysis in
time and Gandini et & directly monitored the CO in the

Blitz et al.

TABLE 6: Returned Parameters from a Fitting of eq E13 to
the He Intercept Data in Table 1

L n
g = q. (T/295)% 0.08654 0.006 —4.6+1.6
p = p1 (T/295y? 0.369+ 0.004 —1.07+£0.06

2 The data was weighted, and errors represent 2

nm where no CO was observed under molecular beam condi-
tions1® This contrasts with our study where our 295 K data,
using the parameters from eqgs E13 and E14, indicate that 0.37
of the photolysis at 266 nm is producing CO. But this difference

in ®co is again reflecting thel dependence ofbcp; this
photofragment translation spectroscopy experiment was done
in a molecular beam where the value is low. In fact, the
temperature dependence from our data suggests that below 225
K essentially no CO is produced at 266 nm.

The origin of the wavelength and temperature dependence
of dcois related to the stepwise nature of R1b involving£€£H
CO* — CH3 + CO. The thermal reaction has a barrier of#1
4 kJ mol11838 The photofragment translation spectroscopy
experiment of Waits et dP at 266 nm determined that the

steady-state photolysis of acetone, but the experiments ofpascent acetyl radical has 57 kJ mobf internal energy, which

Horowitz2” and Meyrah#P were indirect studies where additional

is insufficient to surmount the barrier for dissociation. This

chemicals were added to the system in order to form stable, jmplies that a minimum of 7457 = 14 kJ mot™ extra energy

|dent|f|ab|e pI’OdUC'[S Therefore, |t |S I’easonab|e to C0nC|Ude that iS required for the three_body dissociation_ However, |t iS more

the direct studies of the system yield more reliable values for jikely that even more energy is required to bring about a three-
(DCO. In add|t|0n, it should be borne in mind that the reduced body photod|ssoc|at|on because the extra energy m|ght go into

absorption cross-section for acetone above 308%rsnsuch
that acetone was photolyzed for a greatly increased time.
Recently, Emrich et &8 used the literature data to determine a
parametrized expression fabco, but used data that were

translation of CHCO and CH fragments and not internal
energy.

Finally, in this section, it should be emphasized that these
values for®co were obtained from  ®cnscom=o, the zero

weighted toward the indirect studies; consequently, we SuggeStpressure CECO quantum yield, via the extrapolation of SV

our above expression fabco at 295 K is more reliable.

North et al*8 using the technique of photofragment translation
spectroscopy obtained a value of 0:800.04 for ®cc at 248
nm, which would appear to be in major disagreement with our
measurement®co = 0.63. However, it is noted that the
measurements of North et #lwere made in a molecular beam,
where the temperature of the acetone is very low, and it is this

difference in temperature between the two measurements thaigqy, Recently

is the most probable source of the discrepancy inlthg values,

plots to zero pressure, whereas the photofragment translation
spectroscopy experiments are performed under collision free
conditions. If CO is formed exclusively fromy Ssee photolysis
model in section 5, then the CO yield will be pressure quenched
in the same way as GG@0O. However, the results of Gandini et

al. and Horowitz?6-27 imply that the CO vyield is independent

of total pressure, so that collisions have no influence on reaction
this pressure independence of the CO yield has
been questioned in the work by Somnitz ef%ln this end

that is, there is a barrif_er to dissociation. From the data in T_able product study, acetone was photolyzed at 248 nm in the presence
1, a plot of the He intercept data vs wavelength provides of N, pefore being transferred to an absorption cell which

evidence forbco being temperature dependent. Figure 14 is a easured CO. The CO vyield was observed to decrease from

plot of the He intercept dat#.44/3,, over the wavelength range
of 275-300 nm showing that the values of the intercept ratio

0.45 at 15 Torr to 0.25 at 680 Torr. This effect was attributed
to the stabilization of energized GBO (rate constantstap,

increase as the temperature is lowered. This effect reflects the, hich in the absence of collisions dissociates to €QCH;

temperature dependence @to, which can be quantified by
assigning a LT dependence to the parameters in eq E13, that
is

q = q,(T/295)* (E13a)
p = py(T/295f* (E13b)

All the He intercept data in Table 1 were fitted, with weighting,

(rate constantkgis9. To assess the impact of this effect on our
present results, we have analyzed their data using a simple
guenching model and obtained a quenching paramkigy,

Kgiss €qual to~3 x 10729 cm® molecule’®. Reanalysis of some

of our data including this pressure dependence at 248 nm
returned lower values ddys/kisathan those shown in Table 1.
Within the quality of our data, however, we are unable to discern
if this energized CHCO pressure quenching is present. The fit
to the data is not improved by the inclusion of this additional

to this extended form of eq E13. The returned parameters arefeature, but equally it is not ruled out.

listed in Table 6. Extrapolating t® ~ 110 K, ®co at 248 nm
is equal to the value of North et & While it is acknowledged

This pressure-dependent CO yield at 248 nm observed by
Somnitz et aP® is in disagreement with previous investiga-

that this extrapolation of the data is associated with considerabletions?226-28 |n particular, Gandini and Hacke® using a

uncertainty, it does indicate & for acetone that is consistent
with a lower vibrationall expected in molecular beam studies.
Another apparent discrepancy regardifigo comes from a

sensitive CO detection system, found no pressure dependence
in the CO yield from acetone photolysis when studied over a
greater range of pressures (13885 Torr) and wavelengths

separate photofragment translation spectroscopy study at 266250-330 nm). They also determined the yield of acetyl by
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measuring its recombination product, biacetyl. The mechanism of the two intercepts of the SV plots gives the ratio of the ISC
developed in section 5 is based on the Gandini and Hackettto dissociation rate constants (eq E8). Once again, assuming a
results and assumes that CO is formed froaf, Svhich wavelength-independent quenching rate coefficient for He of 3
dissociates too quickly to be collisonally stabilized. x 10711 cm?® molcule™® s71 gives an $ lifetime at 295 K that

If the pressure dependence of the CO yield is incorporated increases from-6 ns at 302 nm te-20 ns at 327.5 nm; in this
in our analysis, then the effect is quite marked at wavelengths range, the lifetimesk{sc + kysd* are equal (sincée is very
below 300 nm, reducing the quenching paraméigs/kysa small). This comparatively small change in lifetime occurs over
because of the increase in the yield of acetyl at 248 nm, by aa wavelength range in which the dissociation rate constant
factor of 2-3. The effect becomes less significant above 300 decreases by a factor of 70, demonstrating the compensation
nm, because the longey Bfetime leads to an increase kys/ arising from ISC and supporting the suggestion made in section
kgsa Which is now reduced by 15% when the CO pressure 6 that there is a tradeoff between ISC and dissociation. At the
dependence is incorporated. This reduction in the rate coefficientlongest wavelength, 327.5 nm, and lowest pressures, we
ratio becomes even less important as the wavelength isobserved emission from acetone having a lifetime longer than
increased. Thus, the effects of any pressure dependence in théhe 10 ns laser probe pulse. At this wavelength in the molecular
248 nm CO vyield at atmospherically significant wavelengths beam experiments of Zuckermann et‘ahe sub 10 ns emission

are negligible. is not present.
Copeland and CrosléYobserved emission fromyfollowing
7. Mechanism for Acetone Photolysis and Quenching excitation between 305 and 325 nm, with two distinct lifetimes

of ~15 and~225us which were assigned to “hot” and thermal

The proposed photolysis mechanism was developed in sectionyinet phosphorescence, respectively. They also determined a
5. It is based on decomposition from thea&hd T; states, with rate constant for quenching by Ar ofs3 101 cn® molcule

wavelength thre.sholds of 300 and 306 nm, respectiv_ely.. Both 1 Assuming the same value for He, this gives 295 K triplet
states are collisionally quenched leading to a reduction in the |itatimes increasing from 170 ns at 305 nm to @9 at 327.5

photolysis yield. _ _ . nm. Decreasing the He rate constants leads, of course, to longer
Cundall and Davies, using 313.0 and 253.7 nm excitation, ogtimates for the lifetime.

and O'Neal and Larsoff, using 313.0 nm excitation, both The mechanism of such a rapid quenching of the singlet and
observed a quenchable and a nonquenchable contribution to th?riplet states by an inert gas and the similarity of the S
acetone photolysis yield. Cundall and Davies attributed this quenching rate constants for Hez,Nind Q is not clear. The
behavior to involvement from the;$nonquenchable) and the  pqs; jikely mechanism is collisional deactivation of the vibra-
T (quenchable). _Hovi/ever, O’Neal and Larson put forward a tionally excited $ and T, states coupled with an energy-
different explanatiorf based on the rapid ISC from; $o a dependent rate of dissociation, which in turn is compatible with

highly excited triplet, T**. They suggested that this state can he temperature dependence of the dissociation rate constant.
either dissociate or relax via collisions to a thermally equilibrated The syggested rate constant for He quenching is compatible

triplet, Ty, which can be thermally activated to energies above yith such a mechanism. Collisional efficiencies of-00L2 are
the dissociation barrier. This latter mechanism has prevailed in widely used in the field of thermal unimolecular dissociatidff:

recent years supported by correlation diagrams and ab initio Tpjs suggestion is being tested via master equation calculations.
calculationg:1” which fail to predict a low-energy pathway to

dissociation on § This model has recently been reviewed by 8. Atmospheric Implications
Haa§* and is used to describe the extensive time-resolved Acetone photolysis can act as a source of OH and, HO

acetone emission studies from the Haas grbtfp® radicals and peroxyacetylnitrate (PAN) following reactions of

Breuer and Le¥ measured a singlet lifetime of 2-2.7 ns, CH5CO and CH photofragments in the atmosphere. For acetone,
over the wavelength range 31280 nm, in single-photon  the reaction with OH and photolysis are the two major loss
counting experiments. The present experiments only give SV mechanisms in the atmosphere. The effect of increasing altitude
slopes, which correspond to the ratio of the quenching rate on acetone loss is 2-fold: first, the lower temperature switches
coefficient to the reciprocal lifetime of the, ®r T, states. The off the reaction between OH and acetone in favor of the
quenching rate coefficients change little with quencher, sug- photolysis, which compared to the reaction has a greatgr HO
gesting they are large. Taking a wavelength-independent creating potentiad! and second, HQproduction from ozone
quenching rate coefficient for He of 8 10~** cm® molcule™ photolysis is rapidly diminished as water vapor concentration
s ! gives an $ lifetime of ~2 ns at wavelengths below 300 decreases in the UT. Hence, models have indicated that acetone
nm, from the data in Table 1, assuming the mechanism in sectionphotolysis is an important HGource in the upper troposphere
5. (UT).#5 All the models to date have us@endependent acetone

A sub 10 ns emission was observed by Haas and co- photolysis quantum yields®ai(4,[M]), based on the gas
workerg35-3742and assigned to dephasing of the wave packet chromatography data from Gierczak et?aland Warneck3
out of the FranckCondon region on the ;Ssurface. This However, the results of this direct measurement study show that
dephasing process has recently been measured in varioushe effects of acetone quenching are enhanced beyond 310 nm,
femtosecond pump probe experimépt§-22and is observed to  the difference dramatically increasing at even longer wave-
occur in less than 200 fs. Owrutsky et*&land Zhong et al® lengths. In addition, over this wavelength range, there 15 a
suggested that this fast femtosecond loss is dissociation, butdependence that makes quenching even more pronounced at low
the more recent femtosecond/theoretical study by Diau®t al T values. For wavelength’s290 nm, the solar flux is increasing
shows that dissociation is highly unlikely. Such a rapid exponentially’® and hence, although the quantum yields are

dissociation would give a quantum vyield for fluorescerde, small, any changes make a significant difference to the
of ~2 x 10~8 which is 5 orders smaller than the measured yield atmospheric acetone budget. Smaller photolysis quantum yields
of 0.0021-0.0017 over the range of 33280 nm® imply that the lifetime of acetone is longer.

ISC becomes significant above 300 nm, based on the We recently published papéfg®on the parametrization of
observation of the nonlinear SV slopes presented here. The raticthe quantum yield data in Tables 1 antf 2nd showed the
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impact of these temperature-dependent quantum yidigs,
(4,[M],T), on the chemistry in the U Therefore, in this
section, we only summarize the results from these papers
together with details that were omitted due to space require-
ments. The total acetone photolysis quantum yield is given by

P14 [M], T) = Pipized A ML, T) + P2, T) (E15)

From the above equatiodco(4,T) is given by eqs E13 and
E14 and®cp3cd4,[M], T) is given by (E13/E5)x [1 — Dcor
(4,T)]; see eq E16 below. In the above section 6¢, an expression
for ®co(4,T) was determined by fitting eq E13 to the data in
Table 1; the parameters are given in Table 6. In our recent
paperi® the reported parameters fdrco(4, T) were derived
from fitting directly to the [CHCO]p 24d[CH3CO]y, data; the

difference between the parameters in Table 6 and our recent

papef® are within error and not significant. In the UT, solar

flux is dramatically increasing above 300 nm but this is where

the contribution from®co(4,T) is negligible; see Table 6.

Therefore, for tropospheric modeling, the second term in eq

E15 can be reasonably ignoretico(300 nm, 295 K)~ 0.02.
Dchzedd, [M], T) is given by (E13/E5)x [1 — ®co(4,T)]

and is equal to

|

From Figure 6, it is observed thialis/kgsashow an exponential
dependence over a significant range but not over the entire 266
327.5 nm range. We overcome this by dividing the range into

14 o [M] + Ksc
T Sa
Kus ks Kur

1+ (M +
Sa

) X [1 = ®co(4,T)]

kT) (HE[M]

(E16)

two, using 302 nm as the crossover point. The 302 nm crossover

point is chosen, in part, because below this wavelength the abov
equation reduces to a simple SV relationship described just by
kms/kysa Therefore, only théys/kysaparameter is described over
two ranges. Over the range of 27902 nm, thekys/Kgsaratio

was best modeled by the exponential equation

)

— =aex

Kas
wherea = (1.576=+ 0.062) x 10719 (T/295)f-24:0.16) andb =
(5.4 £ 0.04) (T/295)3:280:0.26) these fitting parameters were
derived from fitting directly to the [CBCO]p 24d[CH3CO]o,
data. In eq E17, 33113 is equal (in chito the 302 nm limit
for which this equation is valid.

Over the range of 362327.5 nm, thekus/Kasa and kyr/Kqr

data are well described by an exponentis¢e Figures 6 and
11—and are best modeled by the equations

.
10 3311

N (E17)

:%i: a, ex;{—bl {1707 - 3048%) (E18)
% =a, exp(—b3 {1707 - 3048%) (E19)

In eqs E18 and E19, 30488 is equal (in¢into the S origin
at 328 nme3 The “bell-shaped curve” for ISEsee Figure $

e

Blitz et al.
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Figure 15. Wavelength dependence of the total quantum yi®ld,

at 1 atm and 295 K determined in this wol)( Gierczak et at? (O),

and Emrich et a® (a). Our yields are determined by extrapolation of
the fits to individual SV plots and not from parametrizations. The inset
shows a blow-up of the regioh > 305 nm.

the ratiokisc/kysa was modeled by the equation
I(ISC

kTSaZ a, exr(—bz{ - cz} 2)

Equations E1820 were inserted in eq E5, which were then
used to simultaneously fit to all the [GBO]p 24d[CH3COJo
data: eq E13 was used to descrilfes§3;) and was fixed to
the parameters given in Table 6. The returned parameters are
as follows: a;= (1.614 0.12) x 10717 (T/295)~10.04:0.40) gng

by = (1.79+ 0.04) x 1073 (T/295)~1363:0.072) g, = (25 51+
1.68) (T/295)~662k046) b, = (5.811 &+ 0.40) x 1077 (T/
295X72.9&£0.18)’ C = (30031:|: 80) (T/295X70.062t0.006)’ az =
(1.664 0.28) x 10715 (T/295)~7-2%1.08) andh; = (2.094+ 0.14)

x 1073 (T/295)~1.148030) The quoted errors ares2and the
units in these fitting expressions are [M] molecule cm3,

= nm, andT = K.

The above expressions allo®ai(4,[M], T) to be evaluated,
but it is noted that there is a slight discontinuity in the
parametrized curve at 302 nm, which is caused by the switch
over in thekys/kgsaexpression at this wavelength. However, as
noted above foco(4,T), in the UT, the dependence of solar
flux with wavelength is such that < 300 nm contributes little
to acetone photolysis. Therefore, using only the equations that
describe the high wavelength range adequately desdrihg-
(4,[M], T) in the UT. In Figure 15, the values fdgta(4,[M], T)
at 1 atm and 295 K determined in this work are compared to
the end product studies of Gierczak et%and Emrich et a#®
This plot shows that there is fair agreement up~t820 nm,
but beyond this wavelength, our data show significantly smaller
yields for acetone photolysis. Moreover, our data show there is
a largeT dependencesee Table 2that makes the difference
even larger at lower.

The rate of photolysis of acetone is given by

10’

- (E20)

3= [ 00 NoetML F(Lzy) di (E21)
whereF is the actinic photon flux that depends on wavelength,
A, altitude, z, and solar zenith angley, and o(4,T) is the
absorption cross-section of acetone. To quantify the effect our
values for®a(4,[M], T) have on the rate of acetone photolysis,

means that it is best described by a Gaussian, and consequently(new), compared to the presently IUPAC recommended values
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Figure 16. Left: rate of loss of acetone by photolysis and reaction with OH calculated as a function of altitude for 21 JuhN.aREMt: ratio
J(recommendedj(new). See text for details.
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