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Absolute Rate Constants for the Reactions of Cl Atoms with a Series of Esters
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Absolute rate coefficient measurements have been carried out for the Cl atom reaction with a series of esters,
at room temperature (298 2 K) and in the pressure range-160 Torr, using the laser photolysisesonance
fluorescence technique. The rate coefficients obtained (in units dinmiecule® s72) are as follows: methyl
formate (1.83% 0.21) x 10712, ethyl formate (1.34: 0.15) x 107%, n-propyl formate (5.63+ 0.65) x

1071, n-butyl formate (1.41& 0.17) x 10719 methyl acetate (2.8% 0.35) x 1012, ethyl acetate (2.0%

0.25) x 107, n-propyl acetate (7.76= 0.92) x 1071, n-butyl acetate (1.74: 0.20) x 10719, isopropyl

acetate (2.68t 0.34) x 10711, isobutyl acetate (1.08 0.13) x 10719, tert-butyl acetate (2.42 0.28) x

101, secbutyl acetate (9.1 1.0) x 1014 methyl propionate (1.98 0.26) x 10, methyl butyrate (8.6

+ 0.9) x 107, methyl valerate (1.7 0.2) x 107%° and methyl caproate (2.72 0.32) x 1071 The

results are discussed in terms of structtmeactivity relationship.

Introduction We report herein room-temperature rate coefficients for the
reactions of Cl with the following esters: methyl formate, ethyl
formate,n-propyl formate n-butyl formate, methyl acetate, ethyl
|acetate,n-propyl acetate n-butyl acetate, isopropyl acetate,
isobutyl acetatesecbutyl acetatetert-butyl acetate, methyl
propionate, methyl butyrate, methyl valerate, and methyl ca-
proate. The present work also aims at extending the kinetic
database to be used to develop structueactivity relationships
‘for Cl reaction with VOCs, especially for oxygenated ones.

The atmospheric degradation of most organic compounds is
initiated by reaction with OH radicals.However, chlorine atom
reaction with organic compounds is now considered of potentia
importance in the marine troposphere where significant chlorine
atom concentrations may be present [e.g., ref6]2 The major
source of chlorine atoms would be heterogeneous processes 0
NaCl contained in sea salt particles [e.g., refs 7 and 8]. Besides
the reaction of volatile organic compounds (VOCs), especially
oxygenated ones, with Cl atoms is currently used instead of
the OH reaction to initiate the atmospheric oxidation of those
compounds in smog chambers experiments. In general, Cland The experimental technique of pulsed laser photolysis
OH have similar modes of attack in their reactions with organic resonance fluorescence (PERF) was used in this study.
compounds, and CI generally reacts much more rapidly than Details of the technique and a description of the apparatus have
OH does, making in some cases reaction time more compatiblebeen given previousl? Therefore, only the information
with the time constants of the smog chamber experiments.  necessary to understand this work is presented here.

To assess the importance of the chemical degradation of The reaction cell is constructed of Pyrex and has an internal
VOCs through reaction with Cl atoms and to investigate the volume of about 200 cfa The radiation { ~ 135 nm) from a
atmospheric Cl atom initiated oxidation of VOCs in smog microwave-driven lamp, through which He containing a low
chamber experiments to mimic OH-initiated oxidation, reliable concentration of GI(0.2—0.3%) was flowed, was used to excite
reaction rate coefficient data are needed for the reactions of Clthe resonance fluorescence from Cl in the cell. The lamp was
atoms with VOCs. Several studies have been carried outsituated perpendicular to the photolysis laser beam. A,CaF
recently on Cl atom reaction with hydrocarbons (alkanes, window was placed between the lamp and the cell. Chlorine
alkenes, dialkenes) [e.g., refs-94]. Studies of Cl reaction  atoms were produced by photolyzing,Git 355 nm using a
with oxygenated VOCs have dealt with alcohols, ethers, pulsed, frequency-tripled, Nd:YAG laser. The resonance fluo-
aldehydes and ketones [e.g., ref 15 and references therein]. Forescence radiation was collected af 20 both the resonance
Cl atom reaction with esters, which is the subject of the present lamp and photolysis laser beam by two G##ses and imaged
work, no data have been reported so far except relative rateonto the photocathode of a solar blind photomultiplier tube. The
data for the CH methyl formate reactioff Esters represent regions between the two lenses and between the last lens and
an important class of oxygenated VOCs, which are used as foodthe photomultiplier were evacuated.
flavorings and in perfumes. They are also present in some fruits ~ Signals were obtained using photon-counting techniques in
and can be then emitted to the atmosphere naturally. They areconjunction with multichannel scaling. The fluorescence signal
also formed as intermediate species during the troposphericfrom the PMT was processed by a digitizer and sent to an
degradation reactions of volatile organic compounds such asEG&G multichannel scaler to collect the time-resolved signal.
ethers [e.g., refs 1721]. The multichannel scaler was coupled to a microcomputer for
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tracted from the postphotolysis signal to obtain the temporal atoms in the absence of the estédg; represents the diffusion
profiles of the Cl atom concentrations. The Cl temporal profiles rate of Cl atoms out of the detection zone and reaction with
following 5000-40000 laser pulses were coadded to enhance background impuritiesk is the rate coefficient for the reaction
the signal-to-noise ratio. The detection limit for Cl atoms of Cl atoms with the ester. Yet, preliminary experiments
defined asS+v/B = 1, (whereS is the signal andB the showed that the CI decays in the presence of the esters were
background) was around-8 10° atoms cm? for 1 s integration biexponential. This behavior was attributed to regeneration of
time. Cl via the secondary reaction:
To avoid accumulation of photolysis or reaction products,
the experiments were carried out under slow flow conditions. R" + Cl,—R"Cl + CI
The linear flow velocity through the cell was in the range4
cm s, and the repetition rate of the photolysis laser was 10 Where R’ is the radical formed in the initial reaction &1 RC-
Hz. Esters and Glwere flowed from 10 L bulbs containing  (O)OR. To make this secondary reaction negligible, an oxygen
dilute mixtures in helium. Concentrations of the different gases concentration up to X 10'° molecules cm® was added to the
in the cell were calculated from measurements of the appropriatereaction mixture. The chlorine atom decays were then mo-
mass flow rates and total pressure. For each ester, two differentnoexponential, showing that the radical Racts predominantly
mixtures (ester/He) were used to determine the rate coefficient.with Oz and not with C4 under these experimental conditions
The chemicals had the following purities: He (UHP certified ([Cl2] = (3—5) x 10" molecules cm®). This observation is
to >99.9995%, Alphagaz), the carrier gas, was passed from tankconsistent with the rate ratikr'+0,[O2]/Kr"+c1»[Cl2] higher
to cell through a liquid nitrogen trap. £(99.8%, UCAR)was  than 20, which can be estimated with2QCl;] = 2 x 10,
degassed several times at 77 K before usewas certifiedto ~ and takingkr+o,/Kr"+ci, = 0.1. The estimation for the latter
>99.995% (Alphagaz). Methyl formate-@9%) ethyl formate  ratio (Kr'+o,/Kr"+ci,) = 0.1) is based on existing data for
(>98%),n-butyl acetate ¥ 99%), isopropyl acetate=(©99.5%), KcHico + oplKeraco + cr = 0.1F2 and kcrsocoyoch + 0y
and isobutyl acetate (99%) were from Flukepropyl formate KcHsocoyoch + cl;) = 0.524
(~98.7%),n-butyl formate ¢97%), methyl acetate (99%), ethyl On the other hand, the addition of @ecreased the detection
acetate (99.8%)n-propyl acetate (99%)secbutyl acetate sensitivity of Cl atoms, @being an efficient quencher and
(=99%), tert-butyl acetate ¥ 99%), methyl prioponate (99%), absorber of the fluorescence of Cl atoms. Thus, the concentra-
methyl butyrate (99%), methyl valerate (99%), and methyl tion of added @ was limited to~1 x 10" molecules cm?3.
caproate (99%) were from Aldrich. These compounds were Few experiments were performed with JO~ 2 x 10
further purified by repeated freezpump—-thaw cycles and molecules cm? for a limited range of ester concentrations, and
fractional distillation before use between the liquid nitrogen the obtained rate coefficients for Gt ester reactions were
temperature aneg-10°C. The different mixtures (ester/He) were ~ similar to those obtained with [~ 1 x 10'® molecules cm?.

systematically analyzed with a GC/FID/MS. Then, this latter concentration was considered to be suitable to
prevent the R + Cl, reaction without decreasing too much the
Results and Discussion detection sensitivity of Cl atoms.

The experimental conditions and the measured values of the
rate coefficientk;—kjg are listed in Table 1. All experiments
were performed at a total pressure of 15 and 60 Torr. The

The rate coefficients for the studied reactions have been
measured at (29& 2) K:

Cl + RC(O)OR — products k diffusion rate of Cl out of the detection zonlkf) was around
35 s1 for the experiments carried out at 60 Torr and around
The rate coefficients were numbered as follolgHC(O)OCH), 55 sl for those at 15 Torr. Plots ok(— kyi) versus the ester
ko(HC(O)OCHCHg), ks(HC(O)O(CHy)2CHs), ka(HC(O)O(CH)s- concentrations are shown in Figure 1. In all cases the data show
CHj), ks(CHsC(O)OCH), kg(CHsC(O)OCHCHy), k(CHsC(O)O- a good linearity. The measured pseudo-first-order rate constant
(CH,)2CHs), kg(CH3C(O)O(CH)3CHg), ko(CH3sC(O)OCH(CH),), (k') for a particular experiment was obtained from the slope of

kio(CH3C(O)OCH.CH(CHg),), ki1(CH3C(O)OC(CH)3), ki a In [CI] vst plot. Values for the rate coefficient&)(were
(CH3C(O)OCH(CH)C;Hs), ki3(CH3CH2C(O)OCH), ki4(CHs- then derived from the least-squares fit of the straight lines of
(CH,),C(O)OCH), kis(CH3(CH,)3C(O)OCH), and kig(CHs- (k' — kqir) vs [ester] plots. The quoted errors foare Zr from
(CH,)4C(O)OCH). the least-squares analysis. Our final results are obtained from
The reactions were studied under pseudo-first-order conditionsthe combination of the results obtained at 15 and 60 Torr since
using a large excess of the esters over Cl atoms. Typically, no pressure dependence of the rate coefficients was observed

the initial Cl atom concentration, [Gl]was around 5< 10 in this pressure range, as shown in Table 1. The quoted errors
atoms cm?3. With a reaction mixture containing £ kester (RC- in the final results are @ from the statistical analysis and
(O)OR), and helium, the temporal profile of Cl atoms is estimated additional uncertainty of 10%.

governed by the following processes: The only comparison that could be made with previous work

is for methyl formate. Using a relative rate technique, Wall-
ington et al. reported a value for the rate coefficidat= (1.4

+ 0.1) x 102 cm® molecule® s71.26 This value is ca. 25%
lower than the result obtained in this work. To our knowledge,
Under these conditions and in the absence of secondarythere are no other published data for the reactions of Cl atoms

reactions, the Cl atom concentration profile should follow a With the other esters.

Cl + ester— products k
Cl — loss by diffusion Kais

simple exponential rate law: These data first show a much lower reactivity of HC(O)-
OCHs (ky = 1.83 x 10712 cm?® molecule! s71) and CHC(0)-
[CI], = [CI], exp(K't) with k' = K[ester]+ kg OCH;z (ks = 2.85 x 10712 ¢cm?® molecule’! s™1) compared to

the other esters for which the rate constants range from:.34
wherek' is the pseudo-first-order rate constant and [ester] is 10711 (HC(O)OCHCHjz) to 2.73 x 10710 cm?® molecule’® s71
the ester concentratiorkgi is the first-order decay rate of CI  (CsH1:C(O)OCH). The lowest rate constants are obtained for
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TABLE 1: Summary of Experimental Conditions and the Obtained Rate Coefficients for the Reaction of Cl with Esters at

Room Temperature

[ester] (k £ 20)2
molecule P (Torr) no.ofruns (10%molecule cm®) K — kg (s79) (cm®*molecules™)
HC(O)OCH; (methyl formate) 15 6 (112428) (234-804)  (1.90+ 0.08)x 10712
60 16 (74-657) (17+1185)  (1.82+ 0.03)x 1072
ky=(1.83+ 0.21)x 10712
HC(O)OCHCH:; (ethyl formate) 15 5 (93353) (1254-4794)  (1.37+0.03)x 1071
60 13 (61-589) (840-7692)  (1.33£ 0.03)x 1071
ke = (1.34+ 0.15) x 1071
HC(0)O(CH)2CHs (n-propyl formate) 15 6 (2697) (1610-5697)  (5.874 0.09) x 101t
60 13 (15-147) (850-8319)  (5.58+ 0.09)x 1071
ks = (5.63+ 0.65) x 1071t
HC(O)O(CH)sCHs (n-butyl formate) 15 5 (6:31) (754-4391)  (1.40+ 0.04) x 1071
60 12 (9-57) (1081-8071)  (1.414 0.03)x 10710
ke=(1.41+ 0.17)x 10720
CHsC(O)OCH; (methyl acetate) 15 7 (65294) (213-885) (3.00£ 0.10)x 10712
60 15 (33-372) (99-1042)  (2.79 0.05)x 10712
ks = (2.85+ 0.35) x 10712
CHsC(O)OCHCH; (ethyl acetate) 15 6 (2178) (461-1626)  (2.11% 0.05)x 107
60 12 (19-196) (405-3763)  (1.99+ 0.06)x 10711
ks = (2.014+ 0.25)x 1071
CH3C(O)O(CH,).CHs (n-propy! acetate) 15 5 (318) (283-1344) (7.91+0.31)x 107
60 12 (5-32) (412-2421)  (7.73:0.15)x 1071
k; = (7.76+0.92) x 1071
CHsC(0)O(CHy)sCH;s (n-butyl acetate) 15 6 @7) (438-1274) (1.8 0.03)x 10710
60 13 (2-15) (473-2556)  (1.73£ 0.04)x 10710
ke = (1.744 0.20) x 10710
CH3C(O)OCH(CHy), (isopropyl acetate) 15 6 628) (201-745) (2.72+£0.12)x 10711
60 8 (4-34) (149-924)  (2.65k 0.09) x 1071
ko= (2.68+ 0.34)x 1071
CH;C(O)OCHCH(CH): (isobutyl acetate) 15 5 (313) (424-1314)  (1.06+ 0.03)x 10710
60 12 (2-17) (220-1834)  (1.09+ 0.03)x 10720
kio = (1.0840.13) x 10710
CHsC(O)OC(CHy); (tert-butyl acetate) 15 5 (631) (169-734)  (2.424+0.04)x 10
60 12 (2-42) (79-1034)  (2.42+£ 0.05)x 101
ky = (2.424 0.28) x 1071
CH3;C(O)OCH(CH)C,Hs (secbutyl acetate) 15 6 (311) (267-1002) (9.25+0.18)x 10
60 11 (2-13) (229-1194)  (9.02+ 0.14) x 10
k]_z = (9l:|: 10) x 1071
C2HsC(O)OCH; (methy! propionate) 15 8 (8104) (222-1962)  (1.96+ 0.07)x 1071
60 8 (9-99) (295-1905)  (1.994+ 0.08) x 1071t
ki = (1.984 0.26) x 101
C3H-C(0)OCH; (methyl butyrate) 15 15 224) (229-2071)  (8.57+ 0.16)x 10!
60 6 (3-41) (256-3454)  (8.614 0.11)x 1071
k14 = (86:': 09) X l(Tll
C4HsC(O)OCH; (methyl valerate) 15 6 (222) (515-4012)  (1.85k 0.04)x 10710
60 13 (3-38) (525-6000)  (1.66+ 0.06) x 1071
kis = (1.7 0.2) x 10710
CsH1,C(0)OCH; (methyl caproate) 15 5 211) (625-3053)  (2.69+ 0.06) x 10710
60 8 (3-16) (843-4334)  (2.73:0.07)x 10710

kig = (2.72+ 0.32) x 10710

a2 The quoted errors in the final results are fom the statistical analysis and estimated additional uncertainty of 10%.

the molecules HC(O)OC#hnd CHC(O)OCH;, which contain
an only H or carbon group (GHlin thea position, i.e., adjacent
to the—C(O)O— group. There is a deactivating effect of this
group on both H and CH H atom is much less reactive in
HC(O)OCH; than in aldehydesk(= 7.2 x 1071 cm? molecule™?

s 1 at 298 K for Cl+ CH3CHO?%). CHjs groups in both HC-
(O)OCH; and CHC(O)OCH; are much less reactive than in
alkanes k = 5.9 x 10711 cm?® molecule’l st at 298 K for Cl

+ CyHe?d). The present lowks value for CHC(O)OCH;
confirms the strong deactivating effect of a carbonyl group
(—C=0) on CH; in the a position, as already observed with
acetone and peroxy acetyl nitrate= ((2.374 0.12) x 1071226
(1.69+ 0.32) x 1071215and (3.06+ 0.37) x 10-1227for Cl +
CH3C(O)CHg, andk < 2 x 10714 for Cl + CH3C(O)O,NO,,®

in units of cn® molecule! s71). The present result for G&-
(O)OCH; also shows the strong deactivating effect of the
C(O)O— group on CH in thea position in the ether end of the

molecule.

Considering the other studied esters, the obtained rate
coefficients increase from methyl formate rtiebutyl formate,
from methyl acetate ton-butyl acetate, and from methyl
propionate to methyl caproate. Similar increases of the rate
coefficient with the number of carbon atoms are also observed
for the reactions of Cl with aliphatic alkanes. For such reactions
considered as H-atom transfer reactions, struettgactivity
relationships have been establishéadsed on the structure
activity relationship (SAR) method developed by Atkingbn
for H-atom transfer reactions of the OH radical with a large
variety of saturated VOCs. In this work, the SAR method has
been tentatively applied to the reactions of Cl atoms with the
investigated esters. In the SAR (structdeetivity relationship)
method the calculation of the overall rate constant is based on
the estimation of—CHz;, —CH,—, and >CH— group rate
constants. These group rate constants depend only on the
identity of the substituents bonded to these groups (e.g, in
position): k(CHz—X) = KyimF(X); k(X—CH2—Y) = ksed(X)-
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Figure 1. Plots of K — kqir) Vs ester concentration at room temperature. The lines represent the linear least-squares fitting.

F(Y); KX—CH(Y)(2)) = ketF(X)F(Y)F(Z). These parameters  between calculated and experimental values is reasonable for
deduced from the existing kinetic database for alkanes are thethe largest esters, which have at least one carbon group in the
following at 298 K® korim = 3.32x 10711, keec= 8.34 x 1071, y position (i.e., adjacent to a group in tfieposition, which is
kiert = 6.09 x 1071 (in units of cn? molecule’* s71), F(—CHy) itself adjacent to a group in the position). In contrast, for
=1.00 and~(—CH,—) = F(>CH-) = F(>C<) = 0.79. These those that have one or several carbon groups only ingthe
parameters have been used in the present calculations. Theosition, the calculated rate constants are significantly higher
additional substituent factors specific of esters have beenthan the experimental ones. For instance, kh@/kexp ratios
determined as followsF(—CO) has been calculated from the are respectively 2.3, 1.6, and 3.3 fg(HC(O)OGHs), ke(CHsC-
rate constantk(Cl + CH;C(O)CHs) = 2.4 x 107%2 cm?® (O)OGHs), andk;1(CHsC(O)OC(CH)3). This seems to indi-
molecule® st F(—CO) = k(Cl + CH3C(O)CHg)/2Kpiim = cate that the C(O)© group also has a deactivating effect on
0.04;F(C(0)O-) has been derived by applying the SAR to the the carbon groups iff position, which is not accounted for in
reaction ClH CH3C(O)OCH; (ks = 2.85 x 107*2, this work): the SAR method. The substituent facf(C(O)OCH—) has
F(C(O)O-) = (ks — KprimF(—C(O))kprim) = 0.05. It can be  been derived fromk, to take into account such an effect:
noticed that the calculated SAR valuelgfCl + HC(O)OCH) F(C(O)OCH—) = (ko — ksef(C(O)O—)F(—CHa))/Kprim = 0.28.
using F(C(O)O—) = 0.05 is in excellent agreement with the  Assuming thatF(C(O)OCH—) = F(C(O)OCH<) = F(C(O)-
experimentak; value if a negligible reactivity of the H atom  OC<) the rate constants,—k, for formates ancks—ki2 have
of the acid end of the HC(O)OGHMolecule is assumed. This  been calculated by using this substituent factor instead of
assumption seems reasonable and has been made in the SAR(—CHZ—) = F(>CH-) = F(>C<) = 0.79 of the SAR
calculations for all the studied formates. method. The calculated rate constants reported in Table 2 show
The SAR calculatell;—kj;s using the above substituent factors a better agreement between calculated and experimental values
F(—CO) andrF(C(O)O-) are reported in Table 2, together with  for ko(HC(O)OGHs) indeed, but also foks(HC(O)O(CH).-
experimental values. For formates and acetates, the agreementHs), ko(CH;C(O)OCH(CH),), and k;1(CH3C(O)OC(CHy)s).
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TABLE 2: Rate Coefficients for Reactions of Cl Atoms with the Studied Esters: Comparison of the Experimental Values and
the Calculated Ones Using SAR Relationships

molecule reaction no. Kex? Kead® Keaid®d
HC(O)OCH 1 1.83x 10712 1.66x 10°%? 1.66x 10712
HC(O)OCHCH;s 2 1.34x 10°% 3.04x 1071 1.35x 10712
HC(0)O(CHy),CHs 3 5.63x 10711 9.63x 1071 5.29x 10°11
HC(0)O(CH):CHs 4 1.41x 10710 1.48x 10710 1.14x 10710
CH3;C(O)OCH; 5 2.85x 10712 2.99x 10712 2.99x 10°%?
CH3C(O)OCHCHjs 6 2.01x 1071 3.17x 10°% 1.48x 10712
CH:C(O)O(CH).CHs 7 7.76x 1071 9.76x 1071 5.42x 1071
CHsC(0)O(CH)sCHs 8 1.74x 10710 1.50x 10710 1.15x 10710
CHsC(O)OCH(CH), 9 2.68x 1071 5.68x 10711 2.30x 1071
CH3;C(O)OCHCH(CHg), 10 1.08x 10710 1.04x 10710 0.74x 10710
CH:C(O)OC(CH)s 11 2.42x 1071 8.00x 1071 2.92x 10711
CH3C(O)OCH(CH)C,Hs 12 9.08x 107 1.22x 10710 5.33x 10°%
C;HsC(O)OCH; 13 1.98x 10712 3.12x 10712 2.03x 101
C3H;C(O)OCH 14 8.60x 107 9.64x 10711 6.90x 107
C4HyC(O)OCH; 15 1.70x 10710 1.48x 1070 1.27x 1071°
CsH1,C(O)OCH; 16 2.72x 10710 2.0x 107 1.79x 10710

2In units of cn® molecule™ s72. ® Kyrim, Kseo kier, @and the substituent facto’(—CHs), F(—CH,—), F(>CH-), andF(>C<) are from ref 9;
F(—CO) andF(C(O)O-) are from this work (see textj.Same a$ except that the deactivating effect of the@(O)O—) group on the CKH(x =
0, 1, 2, 3) groups in thed position have been considered (see tekBor methyl esters same asexceptF(—CH,C(0)O) = 0.46 instead of
F(—CH,—) = 0.79.

TABLE 3: Rate Coefficients for the Reactions of Cl Atoms 9
with Esters Determined in This Work at Room Temperature
Compared with the Rate Coefficients for the Reactions of
OH Radicals with the Same Esterg®32 i Meth Caproate
k(OH)(l(rlZ cm? Methyl Vale'afe-r
reaction molecule!s™) kc)(107*2cm? Ty Acetate
ester no. [ref] molecule’! st 10 — m::'::;:‘:
HC(O)OCH; 1 0173 [29] 183 ,g n-Propyt Forma n-Propyl Acetate
HC(O)OCHCH; 2 0.852[29] 13.4 i
HC(O)O(CH)CHs 3 1.8[29] 56.3 5 . §—ssorom sosme
HC(O)O(CH)sCHs 4 3.54[29] 141 1 +
CH;C(O)OCH; 5 0.32[30] 2.85 g Ethyt Acetate
CH3C(O)OCHCHs 6 1.67 [30] 20.1 414
CH3C(0)O(CH)2CHs 7 3.42[30] 77.6
CH3C(O)O(CH,)sCHs 8 5.52 [30] 174
CH3C(O)OCH(CHy), 9 3.77 [31] 26.8
CHsC(O)OCHCH(CHs), 10 6.33[31] 108 1
CH3C(O)OC(CH)s 11 0.56 [31] 24.2
CHsC(O)OCH(CH)CHs 12 6.04 [31] 90.8
CH3CH,C(O)OCH; 13 0.83[32] 19.8 A2 — T 7T T T T T
CH3(CH,).C(O)OCH; 14 3.30[32] 86 13,0 125 12,0 1.5 1.0 105
CH3(CH,)sC(O)OCH; 15 4.83[32] 170 log k(OH + Ester)
CH3(CH,)4C(O)OCH; 16 7.15[32] 272

Figure 2. Free energy plots log(Cl + ester)) vs log(OH + ester))

for the reactions of Cl and OH with the studied esters. The rate constants
For the largest esters the calculated values are somewhat lowefor the Cl reactions are from this work, those from the OH reactions

than the experimental ones. Then, a more extended databasare from refs 29-32.

is required for Cl+ formates and acetates reactions before

concluding about the existence of a deactivating effect of the Aschmann and Atkinson for Cl and OH reactions with alkahes.

C(O)O— group on the carbon groups in tifeposition in the The free energy plots for the studied esters, ko[ + ester))

esters, which is suggested in this paper. vs logk(OH + ester)) are reported in Figure 2. It can be shown
For the methyl esters, similar calculations have been carried that there is a linear correlation for formates and linear acetates

out (Table 2). The SAR calculation gives results in fair but not for the nonlinear acetates. An unweighted least-squares

agreement with the experimental data, even ifkgfC,HsC- analysis of the data for the formates and linear acetates yields

(O)OCHg), experimental and calculated values are better fitted the equation lod((Cl + ester))= (1.39 + 0.15)logk(OH +

by considering a deactivating effect 6fC(O)O on the CH ester))+ (5.86+ 1.80)

group in theg position (the fit is obtained foF(—CH,C(O)- This correlation may be used to estimate the reactivities at

OCHg) = 0.46). The calculated rate constants using this room temperature of the aliphatic esters toward Cl atoms from

substituent factor instead d&f(—CH,) = 0.79 gives similar the corresponding reactivities toward OH radicals within less

agreement with experimental values tau(CsH,C(O)OCH) than 50%.

but poorer agreement fégs(C4sHoC(O)OCH) andki(CsH11C- Concerning the atmospheric implication of the present work,

(O)OCHb). the Cl + ester reaction rates have to be compared with that of
The reactivity of Cl atoms with the studied esters can be the OH + ester reaction. The reactions of Cl with esters have

compared with the reactivity of OH radicals with the same high rate constants (in the rangex210712— 3 x 10719 cm?

esters. As can be seen in Table 3, the Cl and OH reaction ratemolecule’® s1 at 298 K) and the rate constant ratio for the

coefficients show similar trends with the number of carbon reactions of esters with Cl atoms and OH radicals is in the range,

atoms and the branching in the esters as was reported bykc/kon ~ 7—43. But, considering typical tropospheric con-
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centrations of Cl and OH of k 10° and 1 x 10° molecule ] (clr?) OI}S(_sorl,lgé(YD.zF;.;llggllquist, M.; Ljungsimg E.; Davidsson, Jnt.
—3 i i 3 i i . em. Kine A A .
cm =, r_e;pectlvely (i-e., [CIVIOH= 10°), the Cl reaction is (16) Wallington, T. J.; Hurley, M. D., Ball, J. C., Jenkin, M. Ehem.
a negllglble loss process of the esters compqreq .to the Othys_ Lett1993 211, 41,
reaction. The CI reaction would become a significant 10Ss  (17) Tuazon, E. C.; Carter, W. P. L.; Aschmann, S. M.; Atkinson, R.
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concentration ratios could be found (average [CIJ/[OH] ratio _ (18) Smith, D. F.; Kleindienst, T. E.; Hudgens, E. E.; Mclver, C. D

) s L Bufalini, J. J.Int. J. Chem. Kinet1991, 23, 907.
up to 10! has been estimated all over the morning in the surface u(?g;"Jipirn;_JM_(_:V\?gﬂing'tgit ?ng R3’u33 S. J.: Chang, TENziron.
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