Jrzrmelof
14 m‘"ﬁ};ﬁm

£
Xl HRMETRY

EVIER

Journat of Photochemistry and Photobiology A: Chemistry 110 (1997 1-10

Atmospheric fate of methyl viny! ketone and methacrolein '
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Abstract

The rate coefficients for the reaction of OH with methyl vinyl ketone (MVK. CH.C(O)CHCH.) and methacrolein (MACR,
CH.C(CH;)CHO) between 232 and 378 K were measured using the pulsed laser photorysis—pulsed laser induced fluorescence (PP-PLIF)
technique. The rate coefficient data can be expressed in the Arrhenius form as &, (OH + MVK) = (267 £045) X 10 " exp( (452 + 130}/
T) and k,{OH+MACR) =(7.73+£0.65) X 10" " exp((379 £ 46)/T) cm® molecule ' 5™ ', where the error limits are 20 and include
estimaied systematic errors. The UV absorption cross-sections of MVK and MACR were measured over the waveleagth range 250-395 am
using a diode array sp . Absolute g yields for loss of MVK and MACR were mea.sured at 308, 337. and 351 nm. The MACR
quantum yield. lb“,\m was <0.01. The MVK quantum yield was both p and h d dent and is i by the
cxpn.mon Dy(AP) <exp| —0.055(A—308) ]/(5.5+9.2x 10 "N) where A is measured in nm and N is the number density in molecule
cm %, Atmospheris loss rate calculations using these results show that the primary loss process for both MVK and MACR is the reaction

with OH radicals throughout the troposphere.

© 1997 Elsevier Science S.A.
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1. Intreoduction

Isoprene (CH,CHC(CH,;)CH.) is the most abundant non-
methane hydrocarbon (NMHC) emitted into the troposphere.
The primary source of atmospheric isoprene is emission from
trees. The atmospheric oxidation of isopreae. through its reac-
tions with OH radiculs, O;, or NO,, plays an important role
in the production of ozone in both urban and rural areas [ 1,2].

formation of free radicals, PAN { peroxyacetyl nitrate). and
ozone. There have been several studics of the OH reaction
rate coefficients with MVK and MACR [6-9].

OH + CH;C({O)CHCH, (MVK) — products (1)
OH + CH,C(CH;)CHO (MACR) — products (2)

Cox et al. | 8]. Edney et al. [9]. and Atkinson et al. [ 7] used
relative rate techniques to study reactions (1) and (2) at

The impact of is emissions requires an under
of the fate of not only isoprene but also its reaction products
Methyl vinyl ketone (MVK, CH,C(O)CHCH,) and meth-
acrolein (MACR, CH,C(CH,)CHO) have been observed in
both field and laboratory studies as major products in the
oxidation of isoprene {3-5].

The oxidation of MVK and MACR through either reaction
with OH or UV photolysis in the atmosphere leads to the

! Some of the results described here were presented at an SPIE meeting
in Berlin. Germany. 1992,
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room temp . Kleindienst et al. {6] used a flash photol-
ysis resonance fuorescence technique to study reactions (1}
and (2} at 298. 350, and 424 K. The reported room temper-
ature values for reaction (1) are in reasonable agreement,
within 25%, and fall into the range (1.5-2) X 107" e’
molecule ™' s~ . The reported room temperature values for
reaction (2) have about the same Ievel of agreement with
values in the range (3—4) X 107 "' cm’ molzcule ™ 's™ . The
limited amount of temperature dependent data restricts the
accuracy of extrapolations to the lower temperatures found
in the troposphere. Thereft overa
wider temp range are d

The UV absorption specira of MVK and MACR have been
reported in several studies [ 10-12]. The agreement among
these studies is reasonably good with both molecules having
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relatively weak, <10~ em® molecule ', continuous bands
centered near 330 nm. Although the absorption cross-sections
are relatively small. the high solar flux in this wavelength
range leads 10 a short atmospheric photolysis lifetime pro-
vided the photolysis quantum yield is unity. Raberand Moort-
gat {10} have recently measured the photolysis quantum
yields for MVK and MACR to be significantly less than one.
They report upper limits of 0.03 and 0.05 for the quantum
yields for MACR and MVK. respectively. Even with these
smali quantum yields, photolysis would be a significant loss
process in the atmosphere. Therefore, better absolute limits
and the wavelength dependence of the quantum yields are
required to critically evaluate this atmospheric loss process.
In this paper, we report the OH reaction rate cocfficients
with MVK and MACR as a function of temperature and the
UV absorption cross sections and photolysis quantum yields
of MVK and MACR. The improved accuracy of these meas-
ables amore g ive evaluation of the atmos-
pheric loss processes of MVK and MACR.

2. Experimental section

The experimental apparatus and techniques used to study
the OH kinetics and UV absorption spectra of MVK and
MACR have been described in detail in previous publications
[13,14). Therefore, only a brief description is given below.
The technigues used to study the photolysis quantum yields
are given in detail in a separate section.

2.1. OH kinetic measurements

The rate coefficients for the reaction of OH with MVK and
MACR, were measured over the temperature runge 232--378
K using the technique of pulsed laser photolysis—pulsed laser
induced fluorescence (PP-PLIF). The apparatus consists of
a pyrex reactor (150 cm® internal volume), a pulsed laser for
the OH source and a pulsed laser induced fluorescence
detection method for OH.

The temperature of the reactor was regulated to | K by
circulating a fluid from a thermostated bath through its jacket.
The temperature of the gas stream flowing through the reactor
was measured with a retractable thermocouple in the volume
defined by the intersection of the photolysis and the probe
laser beams. The temperature of the gases was the same as
the temperature of the circulating fluid. The lower limit of
the temperature range for kinetic measurements was deter-
mined by the vapor pressure of the OH precursor, H,0-.

OH radicals were produced by pulsed photolysis of H,O,
at either 248 nm (KrF laser) or 266 nm ( fourth harmonic of
Nd:YAG laser) where the OH quantum yield is two [[5].
The initizl OH concentration was varied during the measure-
ments by a factor of 4 by changing the H,O, concentration
and/or the photolysis laser fluence (1.4-12.5 mJ cm™?
pulse ). The absorption cross-sections of MVK and MACR
at 248 nmare <2.5X 107" em® molecule ™' and at 266 nm

are <5% 107 %' ¢m® molecule ', The ratio of [H.0.] to
[MVK] or [MACR| was typically between 0.1 and !. The
absorption cross-sections of H,O. at 248 and 266 nm are
9% 10" and 7 10~ cm* molecule "', respectively [ 16].
Therefore, the radical concentrations generated from MVK
or MACR photolysis were at least ten times smaller than that
of OH, assuming a quantum yield for MVK and MACR
photolysis of one ( see discussion section}. The kinc.ic results
were independent of the photolysis wavelength used.

The OH signal was measured using pulsed laser induced
fluorescence as a function of the time delay between the
photolysis and probe laser pulses. The OH temporal profiles
were measured under pseudo first order conditions, [MVK]
or {MACR] > 10°[ OH].,. such that:

|OH],/[OH],=exp( —k'D) 3)

where k° = k[ reactant | + &, and 4, is the first-order rate coef-
ficient (s~ ') for the loss of OH in the absence of the reactant.
The large {reactant}/[OH] ratios used also minimizes the
effect of OH reaction with reaction products. Linear least-
squares analysis of the In[OH] versus ¢ data were used to
determine 4’. The values of &, were obtuined by the linear
least-squares analysis of & at various reactant concentrations.

The concentrations of MVK and MACR flowing through
the reuctor were measured via absorption at 213.86 nm (Zn
lamp) in 25 cm long absorption cells located before and after
the reactor, The concentrations measured before the reactor
were found to be within 1-2% of those measured after the
reactor at all temperatures.

The rate coefticients for the reactions of OH with MVK
and MACR are relatively large, >10 "' cm® molecule '
s ', so that OH reaction with minor impurities do not make
a significant contribution to the measured values of & and &,.
The largest impurity in the samples is hydroquinone which
is used as a stabilizer. However. hydroquinone has a negli-
gible vapor pressure and was separated from the samples by
vacuum distillation.

2.2. UV absorption cross-section medasurements

The collimated output of a 30W D, lamp was passed
through a 25.3 cm long absorption cell and focused onto the
entrance slit of a 0.25 m spectrometer with a 1024 clement
diode array detector. The wavelength of the spectrometer was
calibrated using a Hg pen ray lamp. The estimated uncertainty
in the wavelength was 0.2 nm. The resolution was ~0.5 nm.
The cross-sections were measured over the range 190420
nm. M at wavelengths longer than 250 nm used
a longpass cut-oft filter mounted between the light source
and absorption cell to eliminate photolysis of MVK and
MACR in the absorption cell during the spectrum measure-
ment. Without optical filtering, obsarvable decreases in the
MVK and MACR and the formation of other absorbing spe-
cies were detccted on the time scale of minutes. Measure-
ments were made over the temperature range of 250-298 K.
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Spectra were measured by summing 100 scans, each scan
consisting of a 50 ms exposure of the diode array, The ref-
erence specuiam (I,) was recorded with the absorption cell
purged with He. The MVK or MACR sample was introduced

() is the absorption cross-section of the compound (cm®
molecule™ "), P(A) is the quantum yield, and F is the faser
fluence per pulse (photons cm ). The fraction of the MVK

into the cell and a second spectrum (1) was recorded. Absorp-
ticn cross-sections were obtained via:

a(A) = —In{I(A)/L,(MD) /LN 4)

where o(A) is the UV absorption cross-section (cm® mole-
cule ~') at wavelength A, L is the pathlength in cm, and N is
the number density of the absorber in molecule cm ™.

Uncertainties in the d optical pathlength. temper-
ature, pressure, and absorbance contribute to the overall
uncertainty in the measured absorption cross-sections. The
pathlength, temperature, and pressure measurements cach are
uncertain by ~ 1%. The baseline fluctuations were <0.1%,
as determined by measuring 1,(A) before filling and after
pumping out the absorption cell. The precision of the meas-
urements was + 2% RMS. We estimate the absolute uncer-
tainty to be +5% RMS (20) at the peak of the spectra
increasing to 15% in the wings.

The absorption cross-sections of MVK and MACR were
also measured to be {6.6+0.35) X 107" em? molecule ™'
and (2.214£0.11) X 10~ "7 cm* molecule ™. respectively at
the 213.86 nm Zn line. The quoted uncertainties are 2o and
include estimated systematic emors, The absorption cross-
sections were measured using a Zn pen ray lamp, eithera 100
or 2 cm long absorption celt. and 2 photodiode detector with
a 214 nm bandpass filter. These cross-sections were used in
monitoring the MVK and MACR concentrations in the OH
kinetic For these 5. the MVK
and MACR samples were introduced into the absorption cell
cither by slowly flowing through the absorption cell (MVK/
He mixture. 6 s residence time ) or using static fills (MACR).
All cross-section measurements obeyed Beer's law.

2.3. Photolysis quantum yield measurements

The photolysis quantum yields of MVK and MACR were
measured at 298 K using pulsed laser photolysis at 308 ( XeCl
excimer laser), 337 (N, laser), and 351 ( XeF excimer laser)
nm. The lasers were operated at 10 Hz. Photolysis was per-
formed in a small volume Pyrex cell (i.d.. 0.8 cm: length. 27
cm) with quantz windows. The photolysis beam passed along
the length of the cell and irradiated the total volume of the
cell uniformly. The laser fluence was monitored at the exit of
the cell with a thermopile. The laser fluence was varied over
the range 6-140 mJ cm 2 pulse = '.

The loss of MVK or MACR was measured following the
photolysis using gas chromatographic (GC) analysis with a
non-polar capillary column (DB-5). Due to the small absorp-
tion cross-sections of MVK and MACR, ~ (4-7) X 10~
cm? molecule ™', and small quantum yields (see below) at
the photolysis wavelengths, the loss of MVK or MACR per
pulse was small, <10~ The fraction of MVK or MACR
photolyzed per pulse is given by a(A)-dXA)-F, where

le remaining after one photolysis pulse is:
{MVK] //[MVK}i=1—a(A)-B(A) - F (5)

where [ MVK], is the concentration following photolysis and
[MVK], is the initial concentration. For n photolysis pulses
we have:

[MVKL/IMVK]o=(1-0(A} @A) -F)" (63
For small fractional photolysis this is approximated by:
In([MVK],/[MVK])) = —n-0(A) B(A) F (7)

Therefore, a plot of In({MVK],/[MVK],) vs. a yields a
slope equal to or(A) - P(A) - F from which the quantum yiclds
can be obtained using the known MVK absorption cross-
section and the measured laser fluence.

The q yield were made in the fol-
lowing manner. The cell was filled with the sample in the
concentration range 10'°-10'" molecule cm ™. The tota!
pressure in the cell was brought up to either 25 or 650 Torr
with synthetic air (25% O, and 75% N,). The sample was
then photolyzed for a measured number of laser shots while
monitoring the laser energy transmitted through the cell. After
photolysis, a small fraction of the mixture was taken out and
the concentration of the phololyte was measured. The
seqguence of photolysis and concentration measurements was
repeated six to eight times for each sample.

The laser fluence was calibrated at eack of the photolysis
wavelengths using NO, as a reference. The NO, photolysis
quantum yield in this wavelength region is one. However, the
O atom produced in the photolysis reacts with NO, making
the effective quantum yield for loss of NO; equal to 2. NO,
was added to the cell { ~3x 10" molecule cm ™) and
diluted with 50 Torr He. The NO, loss was monitored by UV
absarption at 366 nm (o(A) =5.7 % 10™" cm?® molecule ™"
[16}) using a Hg pen ray lamp and monochromator/PMT.
The NO, cross-sections at the photolysis wavelengths were
taken from DeMore et al. [ 16). The calibrations were carried
out at laser fluences of less than 4 mJ cm ~2 pulse ~'. It was
assumed that the laser energy meter was linear up to the
energies used for the MVK and MACR photolysis
measurements.

2.3.1. Materials

UHP He ( >99.9999%) and UHP N, (99.999%) buffer
gases were used in the kinetic measurements. H,0, was puri-
fied to ~90% by bubbling He through the sample for several
days. The MVK and MACR samples had a manuf: ]
stated purity of >99%. The samples were vacuum distilled
10 remove the hydroquinone stabilizer prior to making up
gas mixtures. The pressures in the absorption cells and reac-
tion cell were measured using either 10, 100, or 1000 Toer
capacitance manometers.
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3. Results and discussion

The results obtained for the rate coefficient .oeasurements
of reactions (1) and (2), the UV absorption cross-sections,
and the photolysis quantum yields are presented separately
below.

3.1. OH rate coefficients

3.1.1. OH+ CH,C(O)JCHCH, (k,)
The measured values of &, and the experimental condmons

obtained Arrhenius parameters are given in Table 2. The
results from the previous studies are also given in Table 2 for
comparison. Kleindeinst et al. [6] measured &, at two tem-
peratures above 298 K and their individual values are in good
agreement with those measured here. The differences
between our Arrhenius parameters and those reported by
Kleindeinst et al. are due to a combination of the scatter in
their measurements and the limited number of temperatures
used in their study. The differences become the largest when
extrapolated to the lowest temp s of the tropospt

~200K. 0ur value, &, (200 K}, is a factor of 1.5 Jarger thdn

s

of the measurements are given in Table 1. k; was
between 232 and 378 K in He and N, at total pressures
between 16 and 100 Torr. The total gas pressure was found
to have no effect on the measured value of &,. Our 298 K
value, 203X 10" cm® molecule "' s~ ', is in good agree-
ment with those measured by Kleindienst et al. [6] using the
flash photolysis—resonance fluorescence technique and
Atkinson et al. {7} using the relative rate technique
(OH + prapene; reference reaction) and in reasonable »¢ ce-
ment with the duta of Cox et al. [8] who used the velauve
rate technique (OH + ethene; reference reaction) with pho-
tolysis of HONO as the OH source. The variation of &, with
temperature is shown in the Arrhenius form in Fig. 1 along

that obf d using the Klei et al. {6] parameters.

3.1.2. OH+HC(Q)CH(CH,)CH, (k»)

The values of k. obtained by us and the coaditions of the
measurements are given in Table 3. H,O, photolysis at 266
nm was the only OH source used in these measurements. The
rate coefficients were found 1o be independent of the total
pressure varied between 20 and 300 Torr. The photolysis laser
fluence, and hence the initial |OH|,,, was varied by a factor
of 4. These variations had no effect on the measured values
of ko. Our 298 K value, 2.79% 10~ "' cm* molecule ™' s~ ', is
in good ag with those d by Kleindienst et al.
{6] and Atkinson et al. [ 7] but 30% lower than that reported

with the weighted linear least-sq fit of this data. The by Edney et al. [9]. The rate coefficients are shown in the

Table |

Summary of exy 1 di and the d values of &, OH+CH,C(O)CH = CH, IMVK) — products

T K420 18071 IMVK]| range ¢ 104} Buiter pus/ pressure [H.0:1/1OH,, (10"/10")

{K) (em' molecule s 'y (molecule em ') (Torm) (molecule cm ™ )

378 1.35+0.12 0.87-8.92 N/ 10 13.6/6
1.36£0.12 1.28-125 N/ 100 13472
128 +0.08 1.02-9.69 N/ 106 141710

354 1.66£0.12 [.19-10.3 He/35 0075
1.51 £0.03 235951 He/16 34.6/8
164000 L33-100 He/ 100 29.4/7

351 1.66-129 He/26 274713

134423 N/ 100 8.8/5

1.55 1() 12 2.15-12.5 N/ 100 25.2/15

323 1.86+0.13 1.85-12.6 N,/ 100 17617
1.7340.10 LUb-12Y N2/ 100 6.0/4

298 201 +007 0.80-19.7 N2/ 100 7.5/5
1.9910.12 1.0-20.6 N./50 8.7/6
2184030 184-8.79 N/ 100 21.2/9
2024002 1.62-9.81 N,/ 100 28.2/13
1.96 £ 0.08 1.84-21.2 N./100 8/7

Average 2034047

m 2.76+0.16 1.21-9.81 N,/ 100 26/14
2574009 225-219 N./100 135711

253 3082013 1.51-11.9 N/ 100 t2.1/8
3161048 1.82-12.0 N./100 17/8
2.8040.16° £75-11.6 N2/ 100 3874
28310.19" 1.62-7.84 A/ 100 5.1/2-8

235 3.651£0.34" 1.07-7.85 N./100 6.9/2

232 3864022 1.18-8.36 N/ 100 6.2/4

* Average 298 K value. Values measured over the vunge 295-299 K have buen comected using E/R= —612K.
* OH source: 248 nm photolysis of H,0,. All other measurements used 266 nm photulysis.

Quoted are the of the
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Table 2
Measurements of &, OH+CH.C(0)CH=CH, {tMVK) — products
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-1
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Fig. 1. Amhenius plots for OH +MVK. k. (0} and OH+ MACR. k.. ( O). The error bars are the 2o limits of the measurement prevision. The solid lnes are
the weighted least-squares fits to the data. Also shown are the values reported by Kliendienst et al. [6]. MVK (8) und MACR (A): Atkinson et al. [7] MVK
(V) and MACR (bowliz): Cox et al. {5]. MVK (@): Edney etal. |4]. MACR ( ).

k(298 K)x 10" AX 0 E/R+M(E/R) T Technique * Ref.
(cm®’ molecule 's ') (em molecute 's ') (K) Ky

1.69" - - 300 RR (ethene: 80x 107 '%4x 10717 184
1.7910.28 3485 —456+73 208-924 FP-RF f6l
2331018 - - 29942 RR (propene: 232X 107" 30x 107"} 7
2031017 2.67+045 —612+49 232-378 PP-PLIF This work
* RR. relative rate (refi lecule. rate used. currently d rate ¢ (e molecule 's ') FP-RF. Alash photolysis resonance
fluorescence; PP-PLIF, pulsed photolysis~pulsed laser induced fl

" Roum temperature values normalized to the ly ded | 24] keeule rate coeftici

Arrhenius form in Fig. 1. As in the case of k,. Kleindienst et
al. [6] are the only ones who have measured k. as a function
of temperature. They measured 4, at two temperatures above
298 K. Their Arrhenius parameters are smalier than those
measured here. As pointed out earlier, we did not see any loss
of MACR at any temperatures of this study. Therefore, our
lower values at 7> 298 K could not be due to a loss of MACR.
Further. our data fits nicely to the Arrhenius expression. The
reason for the discrepancy between the iwo studies is not
clear. Table 4 compares our values with the Arrhenius para-
meters and room temperature values reported in previous
studies.

Both MVK and MACR are unsaturated organic com-
pounds, and the reaction with OH is expected to proceed by

addition to the C=C double bond. In the case of MACR, the
abstraction of the aldehydic H atom is also a likely pathway.
Product studies of reactions ( 1) and (2) at room temperature
by Atkinson et al. [ 7] have shown the importance of these
difterent reaction channels. The conclusions from their stud-
ies are that for MVK. OH adds almost exclusively to the
terminal C atom. For MACR. OH adds 50% of the time and
abstracts the aldehydic H atom 50% of the time at 298 K. Of
the OH radicals which add, 80% add to the terminal C atom
and 20% add to the secondary C atom. Qur measured rate
coefficients for both MVK and MACR were found to be
independent of pressure, aver the range 20-300 Torr, at ali
the temperatures studied. Also the rate coefficients are well
represented by a simple Arthenius expression over the range
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Tuble 3

Summary of experimental conditions and the measured values of &; OH +CH,C(CH,)CHO (MACR) — products

T k2 (10 ') [MACR| range (i0") Buffer gas/pressure [H,0:1/| OH], ¢ 10" /10'")
{K) (em® molecule 's ') (molecale cm ) tTorr) (molecule cm )
373 2264012 098-9.34 He/20 17/14
n 2141042 0.56-7.93 He/ 100 6.5/4
360 2.16+0.10 0.62-9.18 He/100 8/5
348 2314008 0.58-7.87 He/100 6.9/6
324 2560.10 0.75-8.50 He/ 100 163/11
23140.04 0.48-9.99 He/100 8.5/9
312 258+ 0.08 0.80-7.79 He/100 16.3/11
298 165006 1.05-9.74 N,/ 100 10.6/10
2931007 0.76-7.76 He/20 24.0/20
2851008 0.97-8.81 He/ 140 17/44
282+0.08 0.71-8.59 He/ 100 7.5/8
2693:0.14 0.82-9.06 He/300 6.2/73
Average 279+£0.12°
3 2974020 0.70-7.98 He/ 100 6.3/4
52 363%0.12 0.78-795 He/ 100 212714
31640.02 0.68-8.39 He/ 100 18/2
243 3.58 +0.20 0.88-8.73 He/ 100 18710
34 390+0.29 0.99-9.15 He/ 100 14.2/8
4 Average 298 K value. Values measured aver the range 285-299 K have been conected using E/R= - 379 K.
Quated are the precision of the
Table 4
Measurements of k; OH+ CH.C(CH.}CHO (MACR) — producis
k{298 K) x 10" A% 107 EIR+ A(E/R) T Technique * Ref.
(em® molecule Fs ') {em' malecule 's ') (K)y (K)
3143049 17.7 — 175452 300423 FP-RI 16}
3524028° - - 9942 RR (propene: 252X 10 30X 10 ') 171
443£035" - - 298 RR (propene: 2.65% 10 ' 3.0%x 10 'y 91
279+0.12 7731 0,65 379146 234-373 PP-PLIF This work
“ RR.refative rate (refe fecule. rate coefficient used. | i rate coefficient {em ' molecule 's ™ 'y): FP-RF, flash photolysis resonance
fluorescence: PP-PLIF. pulsed p ysis-~pulsed fuser induced 3
* Room values lized to the curremly ded 23] refy /! rate coetlici
8 of temperatures used in the present study. Therefore, the
addition channels for these bimolecular rate coefticients must
77 be at their high pressure limiting value.
«‘E‘ 6~
& 3.4.3. UV absorption spectra
‘e 5 The room temperature absorption spectra for both MVK
z und MACR are shown in Fig. 2 over the wavelength range
g 4 250-395 nm. Tables of the cross-sections at 1 nm intervals
8 are available from the authors. The absorption spectra of
§ 3 MVK and MACR are very similar in terms of the peak posi-
2 tions, absorption cross-sections, and band widths (FWHM).
© 29 This is expected because the molecular structures of these
two molecules are similar. The most prominent difference
' between the two spectra is the magnitude of the vibrational
R band structare which is superimposed on the coatinuum enve-
T T T T T T 1| 1 n i i H
250 225 200 a5 350 ars lope. The vibrational band siructure is ml.gch stronger in the
WAVELENGTH (nin) MACR spectrum than that of MVK. The vibrational progres-
Fig. 2. Absorption specira of MVK ( 1 and MACR ¢ ) at sion begins in the long wavelength tail of the spectrum and
298 K. extends to near 310 nm. The disappearance of the vibrational
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structure in the short wavelength region indicates a possible
threshold for the photodissociation or predissociation of the
excited state. The continuous nature of the spectrum at short
wavelength implies a purely dissociative transition. A
detailed analysis of the vibrational band structure has been
reported by Birge etal. [11.12].

Our cross-section measurements are in reasonable agree-
ment, ~ 10%, with those of Raber and Moortgat [ 10] (taken
from their Fig. 1). Raber and Moortgat report the peak
absorption of MACR to be slightly higher than that of MVK
by ~ 10%. Our measurements found the peak cross-sections
for these molecules to be almost identical with an average
value of ~7.2X 107" cm? molecule ™'. Our peak cross-
section values lie between the values reported by Raber and
Moortgat for MVK, ~65X107%" cm®, and MACR.
~7.5% 1072 cm?. These differences lie just outside of our
estimated uncertainties.

Measurements of the absorption cross-sections were zlso
made at reduced temperatures over the range 250-298 K. The
peak cross-sections showed a small increase with decreasing
temperature. The peak cross-section of MVK increased by
< 2% at 250 K. The vibrational band features also became
slightly sharper at reduced temperature. Otherwise the shape
of the absorption band was relatively insensitive to temper-
ature. Therefore, the temperature dependence of the absorp-
tion spectrum is not cxpected to be important in the
atmosphere.

Both MVK and MACR show strerg absorption bands at
shorter wavelengths. The onset of these absorption bands is
slightly different for the two molecules. MACR shows
stronger absorption at 214 nm by more than a factor of 3. The
absorption cross-sections at 2 [4 nm are (6.6 +0.04) X 10~ ¥
cm?® and (2.21£0.03) X 107" em? for MVK and MACR
respectively. Fahr et al. | 17) have recently reported absorp-
tion cross-sections for MVK over the wavelength range 160—
260 nm. Their cross-section at 214 nm is in good agreement,
+10%, with our value. The short wavelength absorption
bands do not play an important role in the atmospheric
photolysis of MVK or MACR.

3.1.4. Photolysis quantum yields

The photolysis quantum yield was determined by moni-
toring the loss rate of the parent compound. A potential weak-
ness in this approach is the occurrence of unwanted secondary
reactions which could remove the parent compound. Te min-
imize secondary reactions, O, was added in large excess over
MVK and MACR. O, converted reactive radical species to
peroxy radicals (k. ~ 107" cm® molecule ™' s 7', Atkinson
[ 18] ). which are not expected to react with MVK or MACR
[ 19]. Therefore, the disappearance of the parent compound
in the presence of O, should be a good measure of the pho-
todissociation process. The invariance of the measured quan-
tum yields with laser repetition rate and a very small
dependence on laser fluence (see below) also support this
contention. Yet, conservatively, we report quantum yields as
upper limits.

Q yield were made using 308. 337,
and 351 nm photolysis at total pressures of 25 and 650 Torr
and! over a range of laser fluences. The results of these meas-
urements are summarized in Table 5. The measured quantum
yields increased a little with laser fluence. i.e. there was a
smatl contribution due to secondary chemistry. The measured
quantum yields were extrapolated to zero laser emergy fo
estimate the true quantum yield. ®,(A). For MACR. ®,(A)
was very small and, therefore, could not be accurately deter-
mined. No dependence on total p or photolysis wave-
length was observed. Therefore, we recommend a value of
B(MACR) <0.01 for dissociation of MACR at all wave-
lengths greater than 308 nm.

The quantum yields for MVK removal depend on both
wavelength and pressure. At 351 nm. the @,( A} values at 25
and 650 Torr were <0.01 with no measurable pressure
dependence. However, at 308 nm the ®,(A) values decreased
with increasing pressure; it was 0.16 at 25 Torr and 0.04 at
650 Torr. At 337 nm, ®,(A) varied slightly with pressure
and it was between the vilues observed at 308 and 351 nm.

For atmospheric model calculations, we have fit our limited
data to an expression where the quantum yield varies
inversely with pressure. Stern—Volmer type analysis, and
exp jally with wavel h beyond a threshold for
dissociation:

@y (LP) <expl -0.055(A—308)1/(5.5+9.2X 10 "N)
(8)

In the above expression A is in am and N is the number density
in molecuie cm ~*. This expression reproduces the experi-
mental data within the quoted uncertainties.

Raber and Moortgat [ 10] have reported MVK and MACR
photolysis quantum yields. They quote ¢<0.03 for MACR
and @< 0.05 for MVK at ! atm. They monitored the appear-
ance of products by longpath Fourier transform infrared spec-
wrometry (FTIR) following broadband photolysis. which did
not allow them to obtain wa gth dependent g
yields. Their quoted upper limits are consistent with our
results.

End products of MVK and MACR photolysis were meas-
ured using GC and GC/MS analysis. CO, and CO, the
expected major end products, were not measured. Cur anal-
ysis was limited to quantification of hydrocarbons and iden-
tification of oxygenated compounds. The major end products
observed in MACR photolysis were: methane, ethylene.
acetylene, allene and propyne. Minor products such as
formaldehyde, methanol, formic acid, acetic acid and hydroxy-
acetone were also observed. Propylene and dimethylketene
(DMK) were not observed. Major photelysis end products
in MVK photolysis were acetylene, propylenc and methanol,
with minor products being methane, ethane, ethylene, for-
maldehyde, acetone or propanal, formic acid, and acetic acid.

In general. the products we observed are consistent with
those in previous studies. Similar to the results of Raber and
Moortgat [ 10], we tind the major products of MVK photol-
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Tuble 5
MACR and MVK photolysis guantum yield data

Photelysis wavelength TFotal pressure Laser flucnce Pt20 @y 20
(am) (Torr) (mJem ‘pulse )
MACR
308 630 122 0.032£0.008
40 0.029 £0.002
56 0.01910.004 0.008 +0.60
26 0.01340.004
B 0.010+0.006
25 128 0.11£0.02
90 0.10£0.03
54 0.04£0.02 005 +£0.01
] 0.01£0.01
351 630 118 0013 04003
70 0.01 20002
28 0.006 £ 0.002 0.003 +0.002
10 0.006 £0.001
28 92 .03 £0.004
51 0.02£0.003
28 0006 £0.003 0.003 £0.004
8 (L008 £0.003
MVK
308 650 142 G033 £0.002
106 0,042 £ 0.006
72 1,026 +0.006 04 £0015
26 0.049 £ 0,008
8 0.036 +6.004
25 130 0.20+0.02
106 Q.18 £0.02
o8 018 £ 002 0.16 £0.015
R 0.18+0.02
A4 018 £0.02
6 0.15£002
337 650 3 GUO8 +0.003
25 3 043 £0.01
351 650 130 0.009 +0.002
L 0.007 +0.001
36 0.004 £ 0.0005 1003 £0.002
8 0.004 £ 0.00
2s 134 0.050£0.006
90 0.037 £0.006
48 (016 +0.003 0.01 £0.01
[} G015 £0.002
Uncertainties are ision only.

ysis to be propylene. acetylene and methanol. They concluded
the major primary photolysis products of MVK to be
CH;CHCH,+CO.

For MACR, propylene has been identitied as a major prod-
uct in previous studies but it was not observed here. Johnstone
and Sodeau [20] photolyzed MACR in an Ar matrix at wave-
lengths greater than 300 nm, and observed only small changes
in composition. They concluded MACR underwent only
trans—cis isomerization. Below 230 nm propene, DMK, and
DMM (dimethyimethylene) and CO were observed.

Fahr et al. [17] have recently studied the photolysis of
MVK at 193 nm. They observed a unit quantum yield for its
loss with the primary photelysis product being CH,CO. Pho-
telysis at 193 nam, however, probes a different electronic
transition than studied here.

4, Atmospheric implications

Kiretic parameters for reactions with OH., O;, NO; and the
quantum yicld for dissociation have been used to calculate
the atmospheric lifetimes of MVK and MACR. Fig. 3 shows
the simospheric loss rates as a function of altitude at 30°N
for MACR and MVK. The solar flux is diumnally averaged
for the summer with 300 Dobson units of O; with the OH
concentration calculated for these conditions [21]. The
MACR photolysis quantum yields were taken as 0.0! (our
upper limit) while the MVK quantum yields were calculated
using Eq. (8). Reactive loss of MACR and MVK with OH
is the dominant loss process for both MACR and MVK from
the boundary layer through the upper troposphere. Reaction
of MACR and MVK with O; or NO; does not contribute
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Fig. 3. Atmospheric loss rates constants of MACR and MVK as u functiua of altitude. The reuctive losses were calculated usi
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em’ molecule " s kyex = 1.2X 10 cm molecule s 11221 and {OH| calcwlated for summer at 30 N with the rate constants quoted in this work.

significantly [10.22]. Therefore. photolysis is not a signifi-
cant loss process for MACR and only a minor process for
MVK.

The tropospheric lifetimes of MACR and MVK fall in the
range 6-10 h. Therefore, these species are rapidly processed
in the troposphere on a local scale and do not impact on
regional scale chemistry directly. However, ihe oxidized
products formed from these species (i.c. PAN [23]) will
have a regional impact.
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