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The uptake of dimethyl malonate and dimethyl succinate on aqueous surfaces was measured between 266
and 279 K, using the droplet train technique coupled with mass spectrometric detection. The uptake coefficients
y were found to be independent of the aqueous phase composition and of tHeyjgiascontact times. In
addition, the uptake coefficients and the derived mass accommodation coefficiestieow a negative
temperature dependence in the temperature ranges studied. The mass accommodations decrease from 7.8
102to0 5.0 x 1072 and from 4.5x 1072 to 2.3 x 102 for dimethyl malonate and succinate, respectively.
These results are used to discuss the incorporation of oxygenated volatile organic compounds (VOCS) into
the liquid using the nucleation theory. Henry’'s law constants of both compounds were directly measured
between 283 and 298 K using a dynamic equilibrium system. Their values exponentially decrease when
temperature increases, from (2.600.30) x 10* to (0.404+ 0.05) x 10* and from (1.204 0.10) x 10*to

(0.30+ 0.03) x 10* for dimethyl malonate and succinate, respectively (in units of M&nThe partitioning

of both dibasic esters between gas and aqueous phases and the corresponding atmospheric lifetimes have
then been derived.

Introduction oxaloacetate, and methoxy formylperoxynitrate. The yields of
these products were (0.340.07), (0.45+ 0.11), (0.31+ 0.06),
(0.18+ 0.04), and (0.03t 0.01), respectively.

Dibasic esters and their oxidation products are potentially very

Dibasic esters are oxygenated organic compounds of the
diester type with the general formula @PIC(O)(CH),C(O)-
OCH; wereniis an integer. Dibasic esters are usually a mixture . .
of methyl esters of short chain aliphatic acids and are used toSOIL.JIDIe in cloud droplets Wher% ghey can react \.N'th several
replace established solvents with high volatility such as acetoner{’ld'ca,IS such as OH Npor SO Up_take coefﬂuen_ts and
or methylene chloride. They are already used as rubber and resirﬁe.n.rys law coe_fhments are needed in orde_r to estimate the
cleaning agents and as solvents for inks, plasticizers, handeffICIenCy of their upta.ke. by water d.roplet.s in order to more
cleaners, textile lubricants, paint strippers, and so forth. Dibasic completely assess their impact on air quality.

esters are recyclable by vacuum distillation and evaporate m;rl]or:gltsé \gl?crjk’divn:?atkzerzﬁcgiﬁiléebco\?vglt(grer;itrso ?Ltg'?\/eé?ﬁ]e
slowly. Their use may reduce the evaporative emissions of Y y P

volatile organic compounds (VOCs) in the atmosphere. temperatures range 26@79 K. We also directly Qetermlned
S o L their Henry law constants for temperatures ranging from 283
Although exhibiting low toxicity, dibasic esters may play a to 298 K. To our knowledge, all these measurements are the
significant role in photochemical pollution by contributing to : g,

the formation of tropospheric ozone and other photooxidants. first to be reported for these compounds.

When released into the atmosphere, these VOCs can underg

photochemical transformations initiated by OH radicals or can

be taken up by cloud droplets. This last process may represent Uptake Measurements.The uptake rate of a trace gas by a

a very efficient loss process if the dibasic esters have high liquid is a multistep process that can be related to fundamental

Henry’s law coefficient§>10° M atm~1). By analogy with the properties of the gas, of the interface, or of the condensed phase

case of acetates, reactions with theN@dical or with ozoné such as the mass accommodation coefficenthe solubility,

as well as photolysfcan be considered as slow loss processes or the reactivity. The rate at which a trace gas molecule may

for the dibasic esters. These compounds should not be adsorbede transferred into the condensed phase can be obtained from

on atmospheric particles due to their relatively high vapor the kinetic theory of gases. The net fldx.;of a trace gas into

pressure estimated between 0.5 and 1 Torr at 298 K. a surface is expressed in terms of a measured uptake coefficient
The kinetics of OH reaction with dimethyl succinate=t 2) y as

and two other dibasic esters have previously been investi¢ated.

Cavalli et al also identified and quantified the products o = lmﬂny (1)

generated by the atmospheric oxidation of dimethyl succinate et 4

in the presence of N They identified succinic formic

anhydride, monomethyl succinate, carbon monoxide, dimethyl Where lLis the trace gas average thermal velocityis the
uptake coefficient (which takes into account all processes

*To whom correspondence should be addressed. E-mail: slecalve@ Potentially affecting the uptake rate), ané the number density
illite.u-strasbg.fr. of the trace gas.
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To measure uptake rates, we used the droplet train technique Dilution air (Q; = 0.5 - 1 L/min)
which has already been described elsewRérand therefore, Flow
we will only provide a brief summary of its principles of [ controller v
operation. The uptake coefficient is determined by measuring Flow
the decrease of the gas-phase concentration of the trace specie controller >IN > — >
due to its exposure to a monodisperse train of droplets. These a Front Back
latter are generated by a vibrating orifice (#fh diameter), ) cartridge  cartridge
leading to droplet diameters of about 1461. The apparatus, I Q= 020 L '
GC analysis

where the contact between both phases takes place, is a verticall] g
aligned flow tube. The interaction time between the gas and |
the droplets can be changed from 0 to 20 ms either by moving Microporous
the inner injector (up to 20 cm) or by changing the surface | — tnbe
; - (160 % 0.8 cm) ——
exposed by the droplet train {®@.2 cn®). In this latter case, T, |
the change in surface of the droplet is achieved by changing : ) o )
the frequency of the vibrating orifice. Since the uptake process g:?;crﬁ 1H§§:‘e,21;\?vf tctl)en(:{:rirsnI;:gu;mrgtji?nsﬁttehrz ‘:Z;d ggﬁg%@i
is directly related to the total surfaSexposed by the droplets, text). 1¥he ten):perature is measured with two thermocouij)emﬂf .
any change\Sin this surface results in a change of the trace
gas densityAn at the exit ports of the flow tube. By considering
the kinetic gas theory, the overall uptake coefficigntascan
then be obtained by measuring the fractional change of the
dibasic ester concentration in the gas phase as a function of th
total droplet surface area, at a given temperature:

Aqueous solution
of the compound

<+ water (0.5L)

(Supelco) which was purified before use. At least 98% of dibasic
ester was trapped in the first cartridge. For each experiment,
up to 48 h was necessary to accumulate enough dibasic ester in
Ghe cartridges.

After sampling, the compound was extracted by passing 20
4F, n mL of methanol through the trap. Pure air was used to push
Yimeas— TAS In(n — An) (2) mej[hanol through the caytndge, ensuring that no.methanoll stayed

inside. 1uL of the solution obtained was then injected into a

whereF is the carrier gas volume flow rate amdand f1 — gas chromatograph (ThermoFinnigan 2000) equipped with a

An) are respectively the trace gas density at the inlet and outletl@me ionization detector (FID), a sptisplitless injector in order
ports of the interaction chamber. to increase the sensitivity, and a 30 m long and 0.25 mm i.d.

The uptake coefficientyeascan be determined as a function capill?ry column (Permabond CW 20M). The column was kept
of the gas/liquid contact time, composition of the liquid used &t40°C for 2 min and was then brought to a final temperature

to produce the droplets, or total pressure, which was in the range®f 140 °C at a rate of 20°C/min. Helium (UHP certified to
15—25 Torr. These last measurements are necessary to decouplé 99-9995% from Alphagas) was used as carrier gas (1 mL/
the overall process into individual steps. An important aspect Min) while air (Alphagas,>99.99%, 350 mL/min) and 4

of this technique is the careful control of the partial pressure of 9enerated from a UHP hydrogen generator (Nitrox, UHP-60H)
water in the flow tube, since it controls the surface temperature &t & rate of 35 mL/min were used for the FID. The injector and
of the droplets through evaporative coolidherefore, the detector were respectively maintained at 250 and 3Ddor
carrier gas (helium) is always saturated with water vapor, at a all the analyses.

given temperature, before entering the flow tube. The gas-phase concentrations of dibasic esters were quanti-

The gas stream coming out of the flow tube was analyzed tatively determined from calibration curves. Known concentra-
using a differentially pumped mass quadruple spectrometer tions of dibasic ester were prepared in methanol, apd df
Pfeiffer Vacuum QMS with an ionization energy of 60 eV. The this standard solution was then injected into the GC in order to
signal was averaged ové s inorder to increase the signal- plot a curve of concentration versus GC peak area. The
to-noise ratio. Dimethyl malonate and succinate were respec-calibration curves were linear in the concentration range used
tively monitored at 101 amu (GOC(O)CHC(O)") and 115 in this study, and the correlation coefficients were greater than
amu (CHOC(0)GH4C(O)). In addition, HO and an inert ~ 0.90.
tracer Sk were respectively monitored at 18 {B") amu and Each aqueous solution was made from Milli-Q water (18 M
89 (SK*) amu during the course of the experiments in order to cm). Dimethyl malonate (98%) and dimethyl succinate (98%)
detect any potential perturbations in gas-phase concentrationswere purchased from Aldrich and Fluka, respectively, and were

Henry’s Law Constants. Henry’s law constants for dimethyl ~ used without further purification.
malonate and dimethyl succinate were measured using a
dynamic equilibrium system shown in Figure 1, which is similar Results and Discussion
to those used in recent studiés!?

Clean dry air (Alphagasz99.99%) was passed through a ~ Representative plots of I{(n — An)) as a function of¢[AS
microporous PTFE membrane tube (160 cm length.8 cm 4F4 are shown in Figure 2 for the uptake of dimethyl malonate
i.d., Sumitomo Corporation) at a highly controlled mass flow and succinate on pure water at 274 and 275 K, respectively.
rate (0.2-0.4 L/min). The tube was immersed in about 0.6 L From eq 2, one can see that the slope of each curve gives the
of a diluted aqueous solution containing approximateky 103 uptake coefficientymeas Of the compound at the studied
M of the dibasic esters so that phase equilibrium was achieved,temperature. The same procedure was applied for the temper-
for the dissolved compound, at the gas/water interface alongature ranges 266278 K and 268-279 K for dimethyl malonate
the inner surface of the tube. At the exit of the reactor, the gas and succinate, respectively. The corresponding results are shown
phase which contains the diesters at equilibrium concentrationin Tables 1 and 2.
was then diluted using additional dry clean air (915L/min). The uptake rate of a trace gas by a liquid is known to be a
The compound present in the gas phase was trapped using twdunction of several processes which include gas-phase diffusion,
cartridges connected in series and filled with an XAD2 resin mass accommodation, solubility, and reactivity in the liquid
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TABLE 1: Uptake Coefficients and Mass Accommodation a) 0,14
Coefficients of Dimethyl Malonate — Summary of )
Experimental Conditions oqp | Dimethyl malonate at 274 K
T (K) 107 x Y meas 107 x Y diff 1% x a
266.2 5.3+:0.6 22.0 6.9-1.1 0,10 -
267.9 4.9+ 0.6 21.2 6.4 1.0 =
268.2 5.7+ 0.6 21.4 7.81.1 S oo
268.6 5.0+ 0.9 21.0 6.6+ 1.6 £
270.5 5.6+:0.3 20.6 7.4 05 £
270.6 4.0+05 20.5 5.3+ 0.6 e 0061
271.6 4.7+1.0 20.2 6.1+ 1.7
272.8 5.6+ 0.9 21.6 7.5-1.6 0,04 -
273.0 4.2+0.6 19.9 4.9 0.8
274.% 4.9+0.5 195 6.6+ 0.9 0.02 |
274.3 4.8+ 0.2 19.1 6.4-0.3 ’
275.7 4.3£0.3 18.8 5.5:0.6 *
277.3 4.2+0.3 18.2 55:05 0,00 T T T * T
278.3 4.3+ 0.3 17.7 574 0.2 0,0 0.5 1.0 15 2,0 25 3.0
! Experiments carried out using 0.1 M NaOH solution. <c>ASlaFg
TABLE 2: Uptake Coefficients and Mass Accommodation b) 0,10
Coefficients of Dimethyl Succinate— Summary of
Experimental Conditions.
T (K) 10% X Ymeas 10 X yai 1P x o 0,08 - Dimethyl succinate at 275K
267.9 3.3:0.7 22.4 3.9-1.0
268.4 3.8+0.8 23.3 4511 0.06
269.3 3.1+:0.5 23.7 35:11 =
270.2 25+09 22.7 2811 s
271.3 3.4+:0.3 22.3 4.0+ 0.4 £
273.3 3.0+£1.2 225 3.41.6 £ 0047
273.5 2.9+05 20.1 3.40.7 £
273.9 2.1+0.4 21.3 2.3:05
275.0 3.1+£0.2 20.3 3.7£0.3 0,02 -
275.9 28+0.1 19.8 3.2£0.2
278.3 2305 18.8 2.4 0.6
278.7 2.8+ 0.2 18.5 3.3 0.3 0.00 ‘ . . . .
279.4 2.6+05 17.6 3.0 0.6 00 05 1.0 15 20 25 30
1 Experiments carried out using 0.1 M NaOH solution. <c>AS/4Fg

- . Figure 2. Typical plots of In(/(n — An)) versus[GAS4Fy for (a)
phase. Each of these processes may introduce a resistace ( dimethyl malonate and (b) dimethyl succinate on pure water at 274

0, ysas andymn) to the mass transfer from the gas phgse in'lto and 275 K, respectively. According to eq 2, the slope is the uptake
the aqueous phase, and then the overall rate of uptake is obtainegoefficienty. The error bars are given at the & 5% level.
by summing up all these resistances accordirg to

contact time, which means that the resistance related to aqueous
1_ 1 n 1 i 1 _ (6[d 1.1 phase saturation can also be neglected. With these observations,
y - Var O VearT Vimx - 80, 2 « it is possible to conclude that, under our experimental conditions,
the uptake rate of dimethyl malonate and succinate on water
(e 2 -1 ) e
- [£ + VK (3) droplets is controlled solely by gas diffusiopgf) and mass
4HRT,/D, Vat accommodationd). Therefore, the uptake coefficient may be

described according to

In this equationdes is the effective droplet diameter which takes
into account the fact that a droplet train may not be considered 1 1 1 [eldg
as a sum of individual droplets (note however that its value is B
very close to the real diametér) is the Henry’s law constant, Vmeas Vi 9
Ris the perfect gas constaritjs the droplets’ temperaturBg
and D, are the gas and aqueous phase diffusion coefficients,
respectivelyt is the gas/liquid contact time, ards the first-
order rate constant for a given reaction in the liquid phase.

The hydrolysis reaction of dibasic esters might be catalyze
by OH anions. However, one can note from our results that the
presence of NaOH has no influence on the observed uptake rates 1 _1_1 (5)
(see Tables 1 and 2). Indeed, hydrolysis is a very slow process Vmeas Yair &
characterized by a lifetime greater than several days while the
gas/liquid interaction time in our experiments is very short. With in which the raw data (Iead are corrected for gas-phase
the uptake coefficients being independent of the aqueous phasaliffusion. Therefore, eq 5 allows the direct determination of
composition, it is therefore possible to neglect the resistancethe mass accommodation coefficiamt Note that, under our
related to an eventual aqueous phase reaction. In the same waygxperimental conditions, the correction toyddasdue to gas
the uptake coefficients are independent of the vapor/liquid diffusion is less than 10%.

=
-

1,1
2" *)

where the term-/, accounts for the distortion of the Boltzmann
collision rate? The gas-phase diffusion coefficienBgf needed
have been estimated by the method of Reid ét al.

d Equation 4 may also be rewritten as follows:
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a) 0,12 a)
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Figure 3. Plot of the mass accommodatiorof (a) dimethyl malonate T (K1)

and (b) dimetohyl succinate versus temperature. The error bars are givergig re 4. Plot of Ino/(1 — o)) versus 1T (a) for dimethyl malonate
at the 2r £ 5% level. and (b) for dimethyl succinate. The slope of such a plot 8HmeadR,
and the intercept iASneadR. The error bars are given at the 2 5%

Tables 1 and 2 summarize the valueygas vdit, anda as level.

a function of temperature. The quoted errors faeasand o
were derived from the least-squares analysis and the estimated| ,ster sizeN*, representing the minimum value &f leading
systematic error of 5%. As expected, the mass accommodation,y efficient incorporation in the liquid®6
values,a, obtained decrease from 0.077 to 0.050 for dimethyl
malonate when the temperature increases from 266 to 278 K . 23
and from 0.045 to 0.023 for dimethyl succinate when the AH —10(N* = 1)+ 7.53(\* " — 1) —
temperature increases from 268 to 279 K (Figure 3). This 0.1 x 10 (kcal |vr1) (7
negative temperature dependencexd$ a general feature for
the masg accommodation process of soluble nonreactingAS, .= —13(N* — 1) — 19(N* — 1) + 9.216\1*2/3 -1)-
gases>t 1, -1

To explain the negative temperature dependenceo.of 0.1x 13 (calM~K™) (8)
characterizing the interfacial transport, Davidovits et5dF ] )
developed a model suggesting that the gas uptake proceeds via Using these two equations, the calculal¢dvalues are 1.6

the growth of critical clusters containifg* molecules. They and 1.7 for dimethyl malonate and succinate, respectively. Note
proposed the following equation: that these noninteger values represent an average number of

molecules in a critical cluster or aggregates in the interfacial

meas”

—AG* region. Since the chemical structures of dimethyl malonate and
08 mea . . .
T—o_ ex RT (6) succinate are very similar, only small differences are observed
« for the N* values.
where the parameteG},.is the Gibbs free energy barrier Our results fAHmeas ASneas N¥) are in very good agreement

between the vapor phase and the critical cluster. The values forwith the theoretical values calculated using egs 7 and 8 and the
AHmeasand ASneascan be obtained by plotting la((1 — o)) experimental resn_JIts given, for_example, by Kolb etlabr by
versus 1T; the slope of such a plot isAHmeadR, and the our group!81®as is shown in Figure 5.

intercept provided SyeadR (Figure 4). The obtained values for We have shown, using the droplet train technique, that these
dimethyl malonate arAHmeas= (—3.1 £ 3.0) kcal moi? and compounds do not saturate the water droplets, which means that
ASheas= (—16.8+ 11.2) cal mot! K1, and those for dimethyl their solubility in water is quite large. However, in the absence
succinate arAHmeas= (—3.4 & 2.9) kcal mot! and ASneas= of saturation, the droplet train technique does not allow the
(—19.04 10.5) cal moft K%, determination of Henry’'s law constants. To estimate the

Using the classical nucleation theory, it is possible to link partitioning of dimethyl malonate and succinate between air and
the thermodynamic parametek$lmeasaNdASneasto the critical water droplets in the atmosphere, we have therefore used a
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Figure 5. Plot of AHmeasVersusASneas The data represented by black 3.3 3.4 3.5 3.6
circles correspond to the values AHeasand ASyeascalculated with -
N* values by applying egs 7 and 8. Our experimental results are 1000/T (K™")
represented as well. Figure 6. Plot of InH (M atm™2) versus the inverse of the temperature
. , . for dimethyl malonate and dimethyl succinate in the temperature range
TABLE 3: Henry's Law Constants as a Function of the 283-298 K. The error bars are given at the 2 5% level.

Temperature for Dimethyl Malonate Determined Using the

Dynamic Equilibrium System (see Figure 6) As expected, the values of H obtained for dimethyl malonate

T(K)g 10 x H (Matm™) and succinate are of the same order of magnitude, that is, (4.0
283.1 2.6+ 0.3 + 0.5) x 10® for dimethyl malonate and (34 0.3) x 10 for
285.1 2.1+0.23 dimethyl succinate at 298 K. For the same temperature, the
286.0 1.7+0.18 Henry’s law constants of these two dibasic esters are surprisingly
gg;i 1% g'g much higher than those corresponding to the acetate or
289 1 12t 0.2 propionate having only one ester functidth:= 8.7 or 7.8 for
290.1 0.8+ 0.09 methyl aceta®-22andH = 5.8 M atnt! for methyl propionat&
291.1 0.7+ 0.08 at 298 K.

292.6 0.9+01 The high values oH explain why no saturation effects were
ggg'i 8'951 8'36 observed while studying the incorporation kinetics of these

dibasic esters into the water droplets using the droplet train

298.1 0.4+ 0.05 . I . o
technique. Equilibrium is not reached under the conditions used
TABLE 4: Henry's Law Constants as a Function of the in our droplets train experiments, since the saturation term is
Temperature for Dimethyl Succinate Determined Using the smaller than 0.06 and then effectively negligible compared to
Dynamic Equilibrium System (see Figure 6) the diffusion and accommodation terms, which are greater than

T (K) 10 x H (M atm™) 3 (see eq 3).

283.15 1.2-0.1 The behavior of Henry’'s law constants as a function of

284.15 1.1+0.1 temperature can be conveniently expressed with a Van't Hoff

286.05 1.2£0.1 equation:

287.15 0.9 0.09

288.15 1.0+ 0.1

289.15 0.8:0.8 H=H° exr{i”w(l _ l)) (10)

290.15 0.6+ 0.05 R \T T°

292.15 0.5+ 0.05

292.65 0.5+ 0.05 whereAHsqy, is the solvation enthalpy (J mdi) andH° refers

295.15 0.4+ 0.03 to the standard conditiond{ = 298.15 K).

298.15 0.3+ 0.03 We have therefore determined experimentally the values of
technique that was developed by Dasgupta and Blomgich AHso for dimethyl malonate and succinate by representing In
allows direct determination of Henry’s law constants. H as a function of I (see Figure 6), with the slope being

The Henry's law constantsl (M atm1) were determined AHson. The values ofAHsy are represented in Figure 7 as a
according to the following equation: function of AHneasand were derived from uptake studies (see
nucleation theory abové§%24for a series of compounds
H= [X] including the two studied dibasic esters.

P_x ©) Itis very interesting to notice that an apparent negative linear
relationship exists between these two enthalpies. This does not

where [X] is the aqueous concentration of the studied com- mean that they are directly related but that they might be
pounds (M) andPx is its partial pressure (atm). governed by the same physical chemistry properties. The

The Henry's law constants which were determined for nucleation modép-6we used to try to understand the phenom-
dimethyl malonate and succinate in the temperature range 283 enon that takes place at the gas/liquid interface during the

298 K are given in Tables 3 and 4 with quoted errors obtained incorporation process shows that the facility of incorporation
by addition of 2 statistical errors and 5% systematic uncertain- of a molecule in the condensed phase depends on its capacity
ties. These later account mainly for the uncertainties associatedo participate to the nucleation phenomenon. This capacity

with the volume of methanol used for the extractions. should be directly related to the specific structure of the
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10 e
A Tdop 1 (12)
51 Y dift 8D, 2

wheredgrop is the diameter of droplets {450 xm) contained in

Eth I (b, Eth | . . . . ..
51 e thang oot @ tropospheric cloud$ and Dy is the diffusion coefficient of
Acetone (@) Methanol (b) dimethyl malonate and succinate in air.
. . e T dl
o Hy0p (b) The corresponding gas diffusion time scalgs can be

Acide formique (b)

AH g0y (kcal mol™)
s

15 1 N estimated from the values ¢f«, calculated as
Dimethyl succinate (a)
20 - _ 1 13
Dimethyl malonate (a) @ Tyiff — 1/ ( )
25 - ALCLAY gige
-30 i , , , , " whereA. is the condensed phase surface to gas volume ratio
16 14 12 10 -8 6 -4 2

(cm?/cmP). Using this equation, the calculated tropospheric

lifetimes for dgrop = 50 um andA; = 5 x 1074 ¥ at 298 K are

67 and 72 s for dimethyl malonate and succinate, respectively.
Mass accommodatiomf can also limit the rate of gas uptake.

he corresponding accommodation time scalgom can be

estimated as

molecule. It has been demonstrated that the critical cluster size 1
will be smaller with increasing capacity to form hydrogen bonds. Taccom— T, ———
The AHsoy values should be related to the same properties, 1,e[A
which is not surprising.

AH qeas (kcal mol™)

Figure 7. Plot of AHsn as a function of AHmeas for different
oxygenated compounds: (a) our results and (b) those of Nathanson etl_
al.

(14)

Taking the minimum values od for each compound, the
calculated accommodation time scale is 10 and 14 s for dimethyl
malonate and succinate, respectively. In regard to these lifetimes,

The atmospheric implications of this work can be inferred gas diffusion and mass accommodation appear to be really fast
from a comparison of the average lifetimesof dimethyl processes. Therefore,_ the up_talge of these compounds_ by
malonate and dimethyl succinate in the troposphere with respect‘rJ‘trm)Sph_erIC _droplets will not be limited by mass accommodation
to gas-phase removal by OH or other radicals, by photolysis, or gas diffusion. . S .
or removal by liquid water contained in clouds. The estimated At the thermodynamic equilibrium, the fraction of a nonre-

vapor pressure of dimethyl malonate and dimethyl succinate is actlve compound dissolved in typical cloud water droplks,

Atmospheric Implications

i 6
around 0.51 Torr; it is, therefore, suspected that these is given by
compounds are present in the gas phase in the atmosphere. HRTL,,
In the gas phase, the photolysisf esters and also their xaq:WRTLWC (15)

reactions with the N@radicat or ozoné are known to be slow

processes. The estimated tropospheric lifetimgsof dimethy whereR is the ideal gas constant, which is equal to 0.082 05 L
malonate and succinate with respect to reactions with OH gtm mol? K1, andLy is the dimensionless liquid water con-

radicals can be calculated using the following equation: tent of the cloud (4.2« 1077). Ly is related to the condensed
phase surface to gas volume ratio ftzm?) A by the following
Top = (; (11) equationt?
[OH]
Ko oL

'WC

A=—q (16)

wherekoy is the rate coefficient of gas oxidation by OH radicals
and [OH] is the radical concentration in the troposphere.

At 298 K, the rate coefficient of OH reaction toward dimethyl
malonate can be estimated to be 510713 from the SAR
method?® while that corresponding to the reaction with dimethyl
succinate can be estimated as 1650712, which is the average

By using this last equation and assuming that dibasic esters
do not react in the aqueous phase, the fractions of dimethyl
malonate and succinate in the atmospheric agueous phase are
approximately 4x 1072 and 3x 1072, respectively, at 298 K.

o - - ' ; At 283 K, which corresponds to the average temperature in
of two existing values in the literatute (in units of cnt tropospheric clouds, these fractions increase to 0.20 and 0.11.
molecule* s™1). Assuming an average OH concentration df 10 The quite large fractions of dissolved dimethyl malonate and
molecule cm?, tropospheric lifetimes of 12 and 7 days in the  gyccinate calculated above imply that wet deposition can be an
gas phase are estimated for dimethyl malonate and succinateefficient process for the removal of these dibasic esters from
respectively. the atmosphere. It is possible to estimate the removal rate by

In tropospheric clouds the mass accommodation coefficient assuming a first-order loss mechanism. In the absence of reaction
is a rate determining parameter for gas/droplet mass transportin the aqueous phase and assuming a fast equilibrium between
if o is less than 10213 For larger values ofx, which is the gas and liquid, the first-order removal constant by wet deposi-
case here, the rate of uptake can be limited by gas-phasetion, kyg, is given by’
diffusion or by constraints imposed by Henry’s law solubility,
possibly modified by aqueous chemistry. _ REexp(-77)

Gas-phase diffusiony(iz) can limit the rate of gas uptake, d Z {( 1 )+ L }

X wC

and this limitation is calculated as HRT]
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whereR; is the assumed annual rainfall rate (1 m/ye&ris an

J. Phys. Chem. A, Vol. 107, No. 51, 200B1439

(8) Schweitzer, F.; Mirabel, P.; George, €. Phys. Chem. A998

enhancement factor due to droplet evaporation (assumed to be-02 3942.

1.33),zis a characteristic height for clouds (assumed to be 3.5 §

(9) Worsnop, D. R.; Zahniser, M. S.; Kolb, C. E.; Gardner, J. A.; Jayne,
.; Watson, L. R.; van Doren, J. M.; Davidovits,JPPhys. Chenl989

km), andZx is the scale height for the species (assumed to be 93 1159.

2.2 kn?9). The annual rainfall varies considerably from one

(10) Shepson, P. B.; Mackay, E.; Muthuramu,Bfwiron. Sci. Technol.

environment to another, but the assumptions made here enablé996 30, 3618.

us to estimate an average time scale for this removal process al D

Treves, K.; Shragina, L.; Rudich, Environ. Sci. Technol200Q
4, 1997

283 K. On the basis of these assumptions, the wet deposition 12) éautier, C.: Le CalyeS.: Mirabel, P Atmos. Emiron. 2003 37,
lifetime is about 6 and 11 days for dimethyl malonate and 2347.

succinate, respectively. Moreover, the loss of dibasic esters by

(13) Kolb, C. E.; Worsnop, D. R.; Zahniser, M. S.; Davidovits, P.;

the heterogeneous process may be accelerated by reactions iﬁanson' D. R.; Ravishankara, A. R.; Keyser, L. F.; Leu, M. T.; Williams,

the aqueous phase.

R.; Molina, M. J.; Tolbert, M. A. Laboratory Studies of Atmospheric
Heterogeneous Chemistry. lAdvanced Series in Physical Chemistry

Comparing the lifetimes of dimethyl malonate and succinate Barker, J. R., Ed.; World Scientific: Singapore, 1995; Vol. 3, p 771.

in the troposphere with respect to gas-phase removal by OH
radicals and removal by liquid water contained in the atmo-

(14) Reid, R. C.; Prausnitz, J. M.; Poling, B. Bhe properties of gases
and liquids 4th ed.; McGraw-Hill: New York, 1987.
(15) Davidovits, P.; Jayne, J. T.; Duan, S. X.; Worsnop, D. R.; Zahniser,

spheric clouds shows that there is a real competition betweeny, °s™"koib, c. E.J. Phys. Chem1991 95, 6337.

these two loss processes.
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