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Relative rate techniques were used to study the kinetics of the reactions of Cl atoms and OH radicals with
ethylene glycol diacetate, GB(O)O(CH,),OC(O)CH;, in 700 Torr of N/O, diluent at 296 K. The rate
constants measured wek€Cl + CH;C(O)O(CH),OC(O)CH) = (5.7 + 1.1) x 10°*? and k(OH +
CH3;C(0O)O(CH,),0C(0O)CH;) = (2.36 £ 0.34) x 10 *? cn® molecule* s %. Product studies of the Cl atom
initiated oxidation of ethylene glycol diacetatethe absence of N@ 700 Torr of Q/N; diluent at 296 K
show the primary products to be @GE{O)OC(O)CHOC(O)CH;, CH;C(O)OC(O)H, and CKC(O)OH. Product
studies of the Cl atom initiated oxidation of ethylene glycol diaceitatde presence of N 700 Torr of
O2/N; diluent at 296 K show the primary products to be £0O)OC(O)H and CHC(O)OH. The CHC-
(O)OCH.0Oe radical is formed during the Cl atom initiated oxidation of ethylene glycol diacetate, and two
loss mechanisms were identified: reaction witht® give CHC(O)OC(O)H andux-ester rearrangement to
give CH;C(O)OH and HC(O) radicals. The reaction of &ZHO)OCHO,e with NO gives chemically activated
CH3C(O)OCHOe. radicals which are more likely to undergo decomposition viadhester rearrangement
than CHC(O)OCHOe radicals produced in the peroxy radical self-reaction.

1. Introduction bons and high affinity for water. However, glycerine can be
ransformed into compounds with more suitable blending
roperties. For example, acylation using acetic acid, propionic

acid, or longer chain acids provides molecules which are more

Energy security and climate change concerns have prompte
increased interest in alternative transportation fuels derived from

biogenic sourcek:3 The principal biofuels under consideration
are methyl esters of long chain fatty acids (e.g.,3(@HHy)7-
CH=CH(CH,)7C(O)OCH; from oleic acid and @H3;C(O)-
OCH; from palmitic acid) for blending in diesel fuel and
alcohols (e.g., €Hs0OH, GsH;OH, and GHgOH) for blending

in gasoline. Biodiesel has an energy density which is similar to
that of petroleum diesel and so provides similar fuel economy.
Biodiesel is made via a relatively simple transesterification

process from triglycerides.
During biodiesel production, glycerine (GBIHCH(OH)CH-

soluble in hydrocarbon solvents like diesel fuel and less soluble
in water. Prior to the use of such acylated glyercine derivatives,
information on their atmospheric chemistry is required. In this
study we investigate the atmospheric fate of ethylene glycol
diacetate, CHC(O)O(CH,),OC(O)CH;, as a model compound

for such acylated glycerine molecules. Ethylene glycol diacetate
was chosen as a model because its vapor pressure is greater
than, but its chemistry is expected to be similar to, the analogous
acylated glycerine derivatives.

OH, propane-1,2,3-triol) is formed in significant quantities as o Experimental Section

a coproduct. One of the technical hurdles facing the biodiesel

industry is finding commercially attractive uses for glycerine.
One possible use for this material is to convert it into a
compound for blending with diesel fuel. Glycerine is not a viable
blending component because of its low solubility in hydrocar-

* Corresponding author e-mail: mhurley3@ford.com.
T Deceased.

The experiments were performed in a 140-L Pyrex reactor in-
terfaced to a Mattson Sirus 100 FTIR spectrometer. The reactor
was surrounded by 22 fluorescent blacklamps (GE F15T8-BL)
which were used to photochemically initiate the experiments. Chl-
orine atoms were produced by photolysis of molecular chlorine.

Cl, + v —Cl+Cl 1)
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Figure 2. Decay of CHC(O)O(CH,).OC(O)CH; versus GH, (dia-
monds) and €H; (circles) in the presence of OH radicals in 700 Torr

of air with (closed symbols) and without (open symbols) added NO at
296+ 1 K.
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Figure 1. Decay of CHC(O)O(CH).OC(O)CH; versus GHsCI

(circles) and CHCI (diamonds) in the presence of Cl atoms in 700
Torr of either air (filled symbols) or N(open symbols) at 29& 1 K.

o©
o
Ln { [CH,C(O)O(CH,),0C(O)CH], / [CH,C(O)O(CH,),0C(0)CH, }

Ln { [CH,C(O)O(CH,),0C(O)CH], / [CH,C(O)O(CH,),0C(0)CH, }

OH radicals were produced by photolysis of £&MNO in the

presence of NO in air anhydride reference spectrum. Other reagents were obtained

from commercial sources. Experiments were conducted in 700

CH,ONO + hy — CH,0e + NO ) Torr total pressure of &N diluent at 296+ 1 K. Concentra-
tions of reactants and products were monitored by FTIR
CH,0e + O, — HO, + HCHO (3) spectroscopy. IR spectra were derived from 32 coadded inter-
ferograms with a spectral resolution of 0.25 dmand an
HO, + NO— OH + NO, (4) analytical path length of 27 m.

In smog chamber experiments it is important to check for

Relative rate techniques were used to measure the ratethe unwanted loss of reactants and products via photolysis, dark
constant of interest relative to a reference reaction whose ratechemistry, and heterogeneous reactions. Control experiments
constant has been established previously. The relative rateWere performed in which (i) mixtures of reactants (excep) Cl
method is a well-established technique for measuring the Were subjected to UV irradiation for :20 min and (ii) product
reactivity of Cl atoms and OH radicals with organic com- Mixtures obtained after the UV irradiation of reactant mixtures
poundst Kinetic data are derived by monitoring the loss of Were allowed to stand in the dark in the chamber for 20 min.
CH3C(0)O(CH,),OC(O)CH; relative to one or more reference There was no ot_;servable Ioss_, of reactants or products, suggest-
compounds. The decays of @E{0)O(CH,),OC(0)CH; and the ing that photolysis, dark chemistry, and heterogeneous reactions

reference are then plotted using the expression are not significant complications in the present work. Unless
stated otherwise, quoted uncertainties are two standard devia-
([reactanta) K eactant ([reference& 0 tions from least-squares regressions.
[reactant]]  Keference [referenc 3 Results
where [reactang] [reactant] [reference], and [referencejare 3.1. Relative Rate Study ok(Cl + CH3C(O)O(CH3),0C-

the concentrations of GIE€(O)O(CH).,OC(O)CH; and the (O)CHs3). The kinetics of reaction 5 were measured relative to
reference compound at times “0” antd,‘and Kreactan@nNdKreference those of reactions 6 and 7:
are the rate constants for reactions of Cl atoms or OH radicals

with the CHC(O)O(CH),0C(0)CH; and the reference com- Cl + CH,C(O)O(CH),0C(O)CH, — products  (5)
pound. Plots of Ln([reactanf]reactant) versus Ln([referenceg]
[reference) should be linear, pass through the origin, and have Cl 4 CH,Cl — products (6)
a slope ofkreactantKreference

CH3ONO was synthesized by the dropwise addition of Cl + C,HsCl — products @)
concentrated sulfuric acid to a saturated solution of NaMO
methanoP Acetoxyacetic acetic anhydride, @E{O)OC(O)CH- Reaction mixtures consisted of 9.6 mTorr of CHC(O)O-

OC(O)CH;, was prepared from acetoxyacetyl chloride (Aldrich) (CH,),OC(O)CH;, 88—103 mTorr C}, and 14.730.1 mTorr

and sodium acetate in tetrahydrofuran as described by Schijfof either GHsCl or CHsCl in a total of 700 Torr air or M The

and Steven8.Acetoxyacetic acetic anhydride was purified by observed loss of C¥(O)O(CH,),OC(O)CH; versus those of
repeated bulb-to-bulb vacuum transfers. The sample of acetoxy-the reference compounds is plotted in Figure 1. Linear least-
acetic acetic anhydride contained acetic anhydride which could squares analysis of the data in Figure 1 gikgks = 10.9+

not be removed, possibly due to the formation of an azeotropic 1.1 andks/k; = 0.77 & 0.08. Usingks = 4.8 x 10713 7andk;
mixture. The presence of the acetic anhydride impurity, together = 8.04 x 10712 8 givesks = (5.2 4+ 0.5) x 10712 and (6.2+

with the low vapor pressure of acetoxyacetic acetic anhydride, 0.6) x 10712 cm?® molecule* s71. Indistinguishable values of
prevented an absolute calibration of the acetoxyacetic aceticks are obtained using the two different references. We choose
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Figure 3. IR spectra obtained before (A) and after (B) a 15 s irradiation
of 3.9 mTorr of CHC(O)O(CH,),OC(O)CH; and 92 mTorr of Glin

700 Torr air. (C) shows the IR product spectrum. (E) shows the product

spectrum after the subtraction of features due ta@B)OC(O)H. (G)
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Figure 4. Formation of CHC(O)OC(O)H (circles), CKC(O)OH
(diamonds), and C¥C(O)OC(O)CHOC(O)CH; (triangles) versus the
loss of CHC(O)O(CH,).OC(O)CH; following the UV irradiation of
mixtures of CHC(O)O(CH,),OC(O)CH; and C} in the presence of
either 5 (closed symbols) or 700 Tore @pen symbols) in 700 Torr
total pressure made up with,Ns appropriate. The lines are least-
squares linear fits to the data.

extremes of the determinations; therefdtg= (2.36 + 0.34)

x 1072 cm?® molecule s7L. While there have been no previous
measurements oks, O’'Donnell et al*! have reported rate
coefficients for reactions of OH radicals with a series of related
alkoxy esters. They repok(OH+CH3;C(O)O(CH),0OCHs) =
(7.83+ 0.31) x 1072 andk(OH+CH3C(O)O(CHy),0CHs) =
(1.2140.29) x 10~ cm® molecule* s71 at 298 K. Consistent
with the available data concerning the reactivity of ethers and
esters, CHC(O)O(CH),OC(O)CH; is approximately 3 times
less reactive than G&€(0)O(CH,),OCH; reflecting the fact that
—OCH; is more activating than the OC(O)CH; group.

shows the product spectrum after the subtraction of features due to 3-3- Structure—Activity Relationships. The kinetic results

CHsC(0)OC(O)H and CHC(O)OH.

to cite a final value which is the average of the individual
determinations together with error limits which encompass the
extremes of the determinations; therefdege= (5.7 + 1.1) x
1012 cm® moleculet s,

3.2. Relative Rate Study ok(OH + CH3C(O)O(CH32),0C-
(O)CHg3). The kinetics of reaction 8 were measured relative to
reactions 9 and 10:

OH + CH,C(O)O(CH,),OC(O)CH, — products  (8)
OH + C,H, — products 9)
OH + C,H, — products (20)

Initial reaction mixtures consisted of :&.5 mTorr of
CH3C(0O)O(CH,),0C(O)CH;, 0—19 mTorr of NO, 95-102
mTorr CHtONO, and 7.2-11.5 mTorr of either gH4 or C;H»
in 700 Torr total pressure of air diluent. Figure 2 shows the
loss of CHC(O)O(CH),OC(O)CH; plotted versus loss of the
reference compounds. Linear least-squares analysis kitkgs
= 0.28+ 0.03 andkglk;g = 2.7 £ 0.3. Usingkg = 8.7 x 10712
9 andkyp = 8.45 x 10713 10we derivekg = (2.44 £ 0.26) x
1012 and (2.28+ 0.26) x 1012 Indistinguishable values of

can be compared with the rate coefficients predicted using the
structure-activity relationship (SAR) approach developed by
Atkinson and co-worker&14 The SAR method provides a
means of calculating the rate of reaction of the OH radical with
a large number of organic compounds. Calculation of the
H-atom abstraction rate from -€H bonds is based on the
estimated—CHs;, —CH,—, and >CH— group rate constants,
where the group rate constant is influenced by the nature of the
o substituent groups. Agreement with experimental values is
generally good, except in cases where long-range effects require
consideration off substituent groups. Using the group rate
constants and substituent factors recommended by Kwok and
Atkinson13 the rate constant for reaction 8 is calculated to be
ke(SAR) = 3.9 x 1012 cm® molecule® s~1. Mellouki et al®
reviewed the kinetics and mechanisms of the oxidation of
oxygenated organic compounds and have proposed group rate
constants for ester GHx = 1,2,3) groups that depend on
whether the Ck group is on the acyl or alkoxy group of the
ester and whether the Glgroup is in thex, S, y, or 6 position.
Using the appropriate group rate constants, this approach gives
a value ofkg = 3.0 x 10712 cm® molecule® s1. Using the
group rate constants from Mellouki et’&8lwe conclude that

7% of OH atom attack occurs at the termiralHs; group, while

93% of OH atom attack occurs at the bridgir@H,— groups.
Mellouki et al'® also discuss the reactivity of bridgingCH,—

ks are obtained using the two different references. We choosegroups in difunctional oxygenated compounds. They cite

to cite a final value which is the average of the individual
determinations together with error limits which encompass the

examples where the reactivity of the bridgingCH,— groups
is the same as expected frensubstituents and examples where
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Figure 5. Diagram of the chlorine initiated oxidation of ethylene glycol diacetate in the absence of NO.

the reactivity is enhanced, suggesting the effect of long-rangeloss of CHC(O)O(CH),OC(O)CH; for experiments in the
activation. The experimental value determined in this wgk, presence of either 5 or 700 Torr o @t 700 Torr total pressure

= (2.364 0.34) x 10 2cm® molecule® s71, is consistent with made up with N as appropriate. The linearity of the data
the SAR estimates of both Kwok and Atkingéand Mellouki suggests that secondary loss or formation of these products is
et all5 Finally, Notario et al® extended the SAR approach to not important under these conditions. The yields ofsC{D)-

the reaction of Cl atoms with a series of esters. Using the OC(O)H and CHC(O)OH clearly depend on the,@oncentra-

modified SAR approach of Notario et ¥l.gives ks(SAR) = tion, while the yield of CHC(O)OC(O)CHOC(O)CH; is

5.0 x 1072 cm® molecule’® s71, which is consistent with the  independent of @concentration.

experimental value determined in this wokk,= (5.7 + 1.1) A diagram of the reaction pathways for the Cl atom initiated

x 10712 cm?® molecule? s71. oxidation of ethylene glycol diacetate in the absence of, SO
3.4. Products of the CI Atom Initiated Oxidation of CH3C- given in Figure 5. Reaction of G&(O)OCHCH,OC(O)CH;

(O)O(CH3),0C(0O)CH3 in the Absence of NO.The Cl atom with Cl atoms can occur via two channels.

initiated oxidation of ethylene glycol diacetate in the absence

of NO was investigated by irradiating mixtures containings2 CH,;C(O)OCH,CH,0C(O)CH; + Cl —

700 Torr of Q/N, diluent. Reaction mixtures were subjected 8 2
to 5—7 successive irradiations of80 s duration. Figure 3
shows spectra acquired before (A) and after (B) a 15 s irradiation CH,C(O)OCHCH,OC(O)CH, + Cl —

of 4.1 mTorr CHC(O)O(CH,),0C(0)CH; and 91.7 mTorr Gl +CH,C(O)OCH,CH,0C(O)CH, + HCI (11b)

in 700 Torr of air. The consumption of GB(O)O(CH,),OC-

(O)CH; was 41%. Panel (C) shows the product spectrum  We have no direct measure of the relative importance of the
obtained by subtracting G&(0)O(CH,).OC(O)CH; features two channels; however, in studies of the Cl and OH initiated
from panel B. Comparison of panel (C) with the reference oxidation of acetates;"2° H atom abstraction from the G8-
spectrum in panel (D) shows that acetic formic anhydride, (O) group was found to be of minor importance. Reaction 11a
CH3C(O)OC(O)H, is an important product. Panel (E) shows the is expected to be the dominant channel, and the observed
result of subtracting CkC(O)OC(O)H features from panel (C).  products are consistent with this assumption. Reaction 11a
Comparison of panel (E) with the reference spectrum in panel followed by reaction with @results in the formation of alkyl

(F) shows that acetic acid, GH(O)OH, is a product. Panel  peroxy radicals.

(G) is the result of subtracting GB(O)OH features from panel

(E). Comparison of panel (G) with the reference spectrum in CH,C(O)OC¢)HCH,0C(O)CH, + O, —

panel (H) shows that Ci€(O)OC(O)CHOC(O)CH; is a

product. Figure 4 shows the formation of products versus the CH,C(C)OCHOOHCH,OC(0)CH, (12)
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In the absence of NO, reaction of @E{O)OCHOGCH,-
OC(O)CH; with other peroxy radicals results in the formation
of alkoxy radicals

CH,C(O)OCHOGCH,OC(O)CH, + ROO» —
CH,C(0)OCHGCH,OC(O)CH, + RO» + O, (13)

Self-reaction of CHC(O)OCHOGCH,0OC(O)CH; radicals
to give molecular products is also a possibility.

2 CH,C(0)OCHOGCH,0C(0)CH, —
CH,C(0)OC(0)CHOC(O)CH, +
CH,C(O)OCHOHCHOC(O)CH, (14)

The alkoxy radicals formed in reaction 13 can react with O
to form acetoxyacetic acetic anhydride and HO

CH,C(O)OCHOCH,0C(0O)CH,+ O, —~
CH,C(0O)OC(0O)CHOC(O)CH, + HO, (15)
Tuazon et al’ first reported, and othefs 20 have confirmed,
that alkoxy radicals of the form RC(O)OCHR can undergo

a rapid rearrangement and decompositioreéter rearrange-
ment) to form RC(O)OH and 'R Oe.

CH,C(O)OCHOCH,0C(0)CH, —
CH,C(O)OH+ «OCCH,0C(O)CH, (16)

The alkoxy radicals formed in reaction 13 can also decompose

via C—C bond cleavage.

CH,C(O)OCHOCH,0C(0)CH, —
CH.C(O)OC(O)H+ «CH,0C(0)CH, (17)

The fate of CHC(O)OGHy; is discussed in detail in a paper

on the atmospheric oxidation mechanism of methyl acetate by

Christensen et dB It was concluded that C¥(O)OGH,
radicals add @and then react with other R®radicals to form
CH3C(O)OCHOe radicals.

CH,C(O)OGH, + O, — CH,C(O)OCHOO.  (18)
CH,C(0)OCH,00» + RO, — CH,C(0)OCH,0e 1)
1

There are two competing loss mechanisms forsC{D)-
OCH,Oe radicals: reaction with @anda-ester rearrangement.

CH,C(0)OCH,0s + O, — CH,C(O)OC(O)H+ HO,» (20)

CH,C(O)OCH,Oe — CH,C(O)OH+ HCOe  (21)
Yields of CH,C(O)OC(O)H and CHC(O)OH observed from
the Cl initiated oxidation of CEC(O)OCHCH,OC(O)CH; in
the absence of NO are shown in Figure 6 as a function ¢gf [O
The yield of CHC(O)OC(O)H increases, while the yield of

CH3;C(O)OH decreases with increasing oxygen concentration.

The yield of CHC(O)OC(O)CHOC(O)CH; is independent of

oxygen concentration. The simplest explanation for these results

is that CHC(O)OCHCH,OC(O)CH; reacts with CI in the
presence of @to form the alkyl peroxy radicals GI&(O)-
OCHOGCH,OC(O)CH;, via reactions 11a and 12. The yield
of CH3C(O)OC(O)CHOC(O)CH; is independent of @con-
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Figure 6. Yields of CHC(O)OC(O)H (circles), CBC(O)OH (dia-
monds), CHC(O)OC(O)CHOC(O)CH; (triangles down), and the
combined yield of CHC(O)OC(O)H and CHC(O)OH (triangles up)
versus the @ partial pressure following the UV irradiation of
CH3C(O)O(CH,).,OC(O)CH/CI/N,/O, mixtures at 700 Torr total
pressure and 296 1 K. Curves are the least-squares fits of expressions
Il and Ill to the data. See text for details.

rate constant ratick;s/k;7. The fact that we observe significant
amounts of CHC(O)OC(O)H and CHC(O)OH suggests that
reaction 15 is not very important. The independence of the
CH3;C(0O)OC(O)CHOC(O)CH yields on [Q] is consistent with

the molecular channel of the self-reaction, reaction 14, being
responsible for the anhydride formation. The molecular channel
of the self-reaction of CEC(O)OCHOGCH,OC(O)CH; radi-

cals, reaction 14, produces an alcohol,;CHD)OCHOHCH-
OC(O)CH;, along with acetoxyacetic acetic anhydride. While
there are residual features in the product spectrum when the IR
features of the identified products are subtracted, there are no
features that are characteristic of an alcohol, such as an OH
feature at 36083800 cnt. It is possible that this feature is
weak; however, it is also possible that the alcohol is reactive
and is quickly consumed by reaction with Cl atoms. The
remaining CHC(O)OCHOGCH,OC(O)CH; radicals react with
RO, to give alkoxy radicals, CEC(O)OCHOCH,OC(O)CH:.

As seen in Figure 6, the yield of GB(O)OH is small at high
[O4], suggesting thata-ester rearrangement of GE(O)-
OCHOCH,0OC(O)CH;, reaction 16, is not very important. The
alkoxy radical decomposes to form gE{O)OC(O)H andCH,-
OC(O)CH;, reaction 17. The alkyl peroxy radical, @E{O)OCH-

OO, is formed via reaction 18. Of the GB(O)OCHOO.
radicals formed, some will react to form GE(O)OC(O)H via
channels that are independent af@ncentration, reactions 22
and 23, while the balance will react with R@ form CHC-
(O)OCH,Os radicals, reaction 19. The fate of GE{O)OCHOe
radicals is either reaction with Qor a-ester rearrangement,
reactions 20 and 21.

2CH,C(O)OCHO0» —
CH,C(0)OC(O)H+ CH,C(O)OCHOH + O, (22)

CH,C(O)OCH,00» + HO» —
CH4(0)OC(O)H+ H,0 + O, (23)

Christensen et df showed that, in the CI atom initiated
oxidation of methyl acetate, the dependence of the@B)-

centration, suggesting that reaction 15 is either very important OC(O)H and CHC(O)OH yields on [@] can be expressed in

or not very important for all [§] studied, depending on the

terms of the rate constant ratigyky;. The yields of CHC(O)-



2552 J. Phys. Chem. A, Vol. 111, No. 13, 2007

B B
H-C-C-0-C-C
H H

cl H O H OH
1 n 1 n 1
H-C-C-0-C-C-0-C-C-H

H

"o
-0-C-C-H —>
H Rxn 11a

Hurley et al.

(]

CI)H|:| H
-0-¢-¢-0-C-
H H

-0O-T
(@]

I(;)—
I
—

OO—C—O—C—(II—H
H

Rxn28 NO -#» NO;,

=0

T
|
o

-

Rxn 29 H

Rxn 30 L M
H

O

o ester
D —

Rxn 21

ju
|
o

Figure 7.

OC(O)H and CHC(O)OH are given by

0,
Y(CH,C(O)OC(O)H)= | Y'(RO) x |2 +A
k—z" [0,] +1
21 (”)
Y(CH,C(0)OH) = | Y'(RO) x 1 +B
[0 +1
2 ()

whereY'(ROs) is the yield of the CHC(O)OCHOe radical. The
termsA andB in the equations are required to account for the
formation of CHC(O)OC(O)H and CHC(O)OH via channels
that are independent of &oncentration. Christensen et!&l.

fit egs Il and 11l to their product data in the absence of NO and
determinedkog/k,; = 0.0054+ 0.0022 Torrl. The curves in
Figure 6 are least-squares fits of expressions Il and Il to the
data usingkg/kp1 = 0.00544 0.0022 Torr®. From the CHC-
(O)OC(O)H data in Figure 6 we derivé(ROs) = 0.58+ 0.06
andA = 0.81+ 0.04. From the CBC(O)OH data in Figure 6
we deriveY'(ROe) = 0.53+ 0.10 andB = 0.03+ 0.03. The
values of Y'(RO») derived from the CHC(O)OC(O)H and
CH3C(O)OH yields are consistent. Averaging the two determi-
nations ofY'(ROs) together with uncertainties that encompass
the individual measurements giv€$ROs) = 0.55+ 0.12. The
yield of CH;C(O)OH from Q independent channels is ef-

He o
0-G-0-C-C-H

Diagram of the chlorine initiated oxidation of ethylene glycol diacetate in the presence,of NO

yield of the CHC(O)OCHOCH,OC(O)CH; radicals,Y(ROs),

in the absence of NO. If decomposition is the sole fate of
CH3C(O)OCHOCH,0OC(O)CH; radicals angs is the fraction

of CH3C(O)OCHOOs radicals that react to form G&(0)-
OC(O)H via channels that are independent et@ncentration,
then the following equations apply.

Y(ROs) + (8 x Y(RO»)) =0.81£0.04 (V)
Y(RO») — (8 x Y(RO»)) = 0.55+ 0.12 V)

Solving these equations giv&$R0s) = 0.68+ 0.06 ands
=0.194 0.11. As discussed previously, the acetoxyacetic acetic
anhydride reference spectrum used in this work is uncalibrated;
however, the results presented here, together with carbon balance
considerations, suggest th{CH3;C(O)OC(O)CHOC(O)CH)
< 0.16 andY(CH3C(O)OCHOHCHOC(O)CH;) < 0.16 due to
the molecular channel of the GB(O)OCHOGCH,0OC(O)CH;
radical self-reaction, reaction 14. In this mechanistic analysis
we have assumed no contribution from the attack of Cl atoms
on the terminal-CHjs groups. If attack occurs on the terminal
—CHs; groups, it is conceivable that a series of oxidations,
followed by decomposition, would lead to formation of the
«CH,OC(O)CH; radical. However, if this channel was signifi-
cant, the values oY'(ROs) derived from fits of egs Il and Il
would not be in agreement.

Mauer et al.?! investigated the Cl atom initiated oxidation
of ethylene glycol diformate, HC(O)O(CGHOC(O)H, in the
absence of NQ They found that the alkoxy radical, HC(O)-
OCHOE)CH,OC(O)H, decomposes to form formic acid anhy-

fectively zero. These parameters can be used to determine thalride, HC(O)OC(O)H, an@dCH,OC(O)H. The fate ofCH,-
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OC(O)H is a competition between reaction with @ form
HC(O)OC(O)H andu-ester rearrangement to form HC(O)OH
and HC(O). In the absence of NQhe formic acid anhydride
and formic acid yields were 14# 29 mol % and 3% 8 mol
%, respectively.

3.5. Products of the CI Atom Initiated Oxidation of CH3C-
(O)O(CH»),OC(0O)CHg3 in the Presence of NOThe Cl atom
initiated oxidation of ethylene glycol diacetate in the presence
of NO was investigated by irradiating mixtures containing-3.3
7.0 mTorr CHC(O)O(CH),0C(O)CH, 24—26 mTorr NO, and
88—100 mTorr Ch. The experiments were performed at a
constant total pressure of 700 Torg/N, diluent with the Q
partial pressure varied over the range-830 Torr. Reaction
mixtures were subjected to—4l2 successive irradiations of
5—120 s duration. A diagram of the reaction pathways for the
Cl atom initiated oxidation of ethylene glycol diacetate in the
presence of NQis given in Figure 7. In the presence of NO,
CH3C(O)OCHOCH,0OC(O)CH; radicals are formed by reac-
tions 11a and 12, followed by reaction 24.

CH,C(O)OCHOGCH,OC(O)CH, + NO —
CH,C(O)OCHOCH,OC(O)CH, + NO, (24)

In the presence of NQnitrites and nitrates may be formed
through the following reactions

CH,C(O)OCHOGCH,OC(O)CH, + NO —
CH,C(O)OCH(ONQ)CH,OC(O)CH, (25)

CH,C(0)OCHGCH,0C(O)CH, + NO —
CH,C(O)OCH(ONO)CHOC(O)CH, (26)

CH,C(O)OCHOBCH,OC(0)CH, + NO, —
CH,C(O)OCH(ONQ)CH,OC(O)CH, (27)

Consistent with the fact that the reactions of oxygenated
peroxy radicals with NO generally produce rather small yields

of organic nitrates, there was no evidence in the IR spectra for

the formation of nitrates. The formation of nitrites and nitrates

via reactions 26 and 27 in the present experiments was

suppressed by keeping [NOJAPO< 5 x 1074 In all experiments
CH;C(O)OC(O)H and CHC(O)OH were identified and quanti-

fied using calibrated reference spectra. Figure 8 shows the

observed yields of the products versus thg dOncentration.
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Figure 8. Yields of CHC(O)OC(O)H (circles), CEC(O)OH (dia-
monds), and the combined yield of @E{O)OC(O)H and ChC(O)-
OH (triangles) versus the fOpartial pressure following the UV
irradiation of NO/CHC(O)O(CH,),OC(O)CHy/CI,/N2/O, mixtures at
700 Torr total pressure and 296 1 K. Curves are the least-squares
fits of expressions Il and Ill to the data. See text for details.
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radicals, CHC(O)OCHOs", which either decompose via reac-
tion 29 or lose their excess internal energy through collision
with a third body, reaction 30. The thermalized £HO)-
OCH,0e radicals formed in reaction 30 either react with, O
reaction 20, or underga-ester rearrangement, reaction 21.

CH,C(O)OCHOO» + NO —
CH,C(O)OCHOs* + NO, (28)
CH,C(O)OCH,0s* — CH,C(O)OH+ HCO  (29)

CH,C(O)OCH0s* + M — CH,C(0)OCHOe + M(30)

CH,C(0)OCH,0s + O, — CH,C(0)OC(O)H+ HO,» (20)
CH,C(0O)OCH,Oe — CH,C(O)OH+ HCO»  (21)

The curves in Figure 8 are least-squares fits of expressions

The presence of NO is expected to suppress the self-reactionll and Ill to the data usingeokz1 = 0.0054+ 0.0022 Torr?.

of CH3;C(O)OCHOGCH,OC(O)CH; radicals, and, in fact,
formation of CHC(O)OC(O)CHOC(O)CH; was not observed.
As in the absence of NO, the yield of GE(O)OC(O)H
increased with increasing,@oncentration, while the yield of
CH3C(O)OH decreased.

As discussed in the previous section, {LLHO)OCHGCH,-
OC(O)CH; radicals formed in reaction 24 will decompose via
C—C bond cleavage

CH,C(0)OCHGCH,0C(0)CH, —
CH,C(O)OC(O)H+ «CH,OC(O)CH, (17)

The «CH,OC(O)CH; radicals will add Q to give the
corresponding peroxy radicals.
CH,;C(O)OGH, + O, —~ CH,C(O)OCHOOs (18)

Christensen et df observed that the reaction of GE{O)-
OCH,O0s with NO, reaction 28, produces excited alkoxy

From the CHC(O)OC(O)H data in Figure 8 we deriv&(ROs)

= 0.80+ 0.20 andA = 0.84+ 0.11. From the CKC(O)OH
data in Figure 8 we deriv&’'(ROs) = 0.58 + 0.06 andB =
0.13 £ 0.03. Averaging the two determinations ¥f(ROe)
together with uncertainties that encompass the individual
measurements(ROs) = 0.69 &+ 0.30. These parameters can
be used to determine the yield of @&{O)OCHGCH,OC(O)-
CHs radicals,Y(ROs), in the presence of NO. If decomposition
is the sole fate of CEC(O)OCHOCH,OC(O)CH; radicals,

is the fraction of CHC(O)OCHOO. radicals that react to form
CH3C(O)OC(O)H via channels that are independent of O
concentration ang is the fraction of CHC(O)OCHOe radicals
that undergo prompt-ester rearrangement, then the following
equations apply

Y(RO») + (8 x Y(RO)) = 0.84+ 0.11

Y(ROs) — (B x Y(RO»)) — (y x Y(RO»)) =
0.69+ 0.30 (VII)

(V1)
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y x Y(RO») = 0.134+ 0.03 (VI
Solving these equations giv&§ROs) = 0.83+ 0.16,5 =
0.02 + 0.02, andy = 0.16 4+ 0.05. Christensen et &.
determined that, in the presence of NO, the fraction o§CH
(O)OCHpe radicals which react to form G&€(O)OC(O)H via
processes that are not dependent on theddcentration was
0.04+ 0.04 and that the yield of alkoxy radicals which undergo
prompt rearrangement to form GE(O)OH is 0.20+ 0.08. The
fit of the curves to the data in Figure 8 demonstrate that the
fate of the CHC(O)OCHOe radical formed during the ClI
initiated oxidation of ethylene glycol diacetate in the presence
of NO is consistent with the fate of the GE(O)OCHOe. radical
determined by Christensen et'&lin the Cl initiated oxidation
of methyl acetate in the presence of NO.

Mauer et aP! investigated the Cl atom initiated oxidation of
ethylene glycol diformate, HC(O)O(GHOC(O)H, in the
presence of NQ They found that the alkoxy radical, HC(O)-
OCHOE)CH,0C(O)H, decomposes to form formic acid anhy-
dride, HC(O)OC(O)H andCH,OC(O)H. The fate 0sCH,OC-
(O)H is reaction with @ to form HC(O)OC(O)H andx-ester
rearrangement to form HC(O)OH and kO). In the presence
of NOy, the molar yields of formic acid anhydride and formic
acid were 173+ 34% and 45+ 9%, respectively. Evidence
was also found for a chemically activated alkoxy radical effect.

4. Implications for Atmospheric Chemistry. The present

work improves our understanding of the atmospheric chemistry Ni

of ethylene glycol diacetate, GB(O)O(CH),OC(O)CH. ClI
atoms and OH radicals react with @E{O)O(CH,),OC(O)CH;
with rate constants of (5. 1.1) x 10-*2and (2.36+ 0.34) x
102 cm® molecule’® s71, respectively. The value d&(OH +
CH3C(O)O(CH,),0C(0O)CH;) can be used to provide an esti-
mate of the atmospheric lifetime of GE(O)O(CH,),OC(O)-
CHs. Using a global weighted-average OH concentration of 1.0
x 10° molecules cm® 22 leads to an estimated lifetime of
CH3C(0O)O(CH,),OC(0O)CH; with respect to reaction with OH

radicals of 4.9 days. The approximate nature of this atmospheric
lifetime estimate should be stressed; the average daily concen

tration of OH radicals in the atmosphere varies significantly

with both location and season. The value above is an estimate

of the global average lifetime; local lifetime may be different.
The major atmospheric oxidation products of ethylene glycol
diacetate (CHC(O)OC(O)CHOC(O)CHs;, CH3C(O)OC(O)H,

and CHC(O)OH) are oxygenated organic compounds which

are expected to be relatively unreactive toward further gas-phase

oxidation reaction3® We conclude that ethylene glycol diacetate

Hurley et al.

has a modest kinetic reactivity and a low mechanistic reactivity
and appears likely to have a low photochemical ozone creation
potential.

Modeling studies are required to provide a precise quantifica-
tion of the photochemical ozone creation potential but are
beyond the scope of the present work.
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