N

N

Study of the heterogeneous reaction of O3 with
CH3SCHS3 using the wetted-wall flowtube technique
M. Barcellos da Rosa, W. Behnke, C. Zetzsch

» To cite this version:

M. Barcellos da Rosa, W. Behnke, C. Zetzsch. Study of the heterogeneous reaction of O3 with
CH3SCHS3 using the wetted-wall flowtube technique. Atmospheric Chemistry and Physics, 2003, 3
(5), pp.-1665-1673. hal-00295341

HAL Id: hal-00295341
https://hal.science/hal-00295341
Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00295341
https://hal.archives-ouvertes.fr

Atmos. Chem. Phys., 3, 1665-1673, 2003 T 4 -*

www.atmos-chem-phys.org/acp/3/1665/ € Atmospheric

Chemistry
and Physics

Study of the heterogeneous reaction of @with CH 3SCHs; using the
wetted-wall flowtube technique

M. Barcellos da Rosa, W. Behnke!, and C. Zetzsch

IFraunhofer-Institutiir Toxikologie und Experimentelle Medizin, Nikolai-Fuchs-Str. 1, 30625 Hannover, Germany
2University of Bayreuth, Building: BIDK, Dr.-Hans-Frisch-Str. 1-3, 95448 Bayreuth, Germany

Received: 6 February 2003 — Published in Atmos. Chem. Phys. Discuss.: 14 April 2003
Revised: 6 July 2003 — Accepted: 2 September 2003 — Published: 10 October 2003

Abstract. This work presents the heterogeneous kinet-the expected influence on solubility and agueous-phase dif-
ics of the reaction of CEBSCHs (dimethyl sulphide, DMS)  fusion coefficient of both gases there was no significant effect
with Oz (ozone) in aqueous solutions of different ionic of ionic strength ork!/, that was determined for 0.1M Nacl,
strengths (0, 0.1 and 1.0M NaCl) using the wetted-wallleading tok’! + Ak (1BM~1s™1) =324 1.0 at 288K,
flowtube (WWFT) technique. Henry’s law coefficients of 1.7+0.5 at 282K and 1:80.4 at 276 K, and for 1.0M NacCl,
DMS on pure water and on different concentrations of NaClleading to 3.21.0 at 288K, 1.3:0.4 at 282K and 120.4
(0.1M - 4.0M) in the WWFT from UV spectrophotomet- at 276 K, where the error limits are estimated from the output
ric measurements of DMS in the gas phase, using a numeisf the model calculations, taking the variability of individual
ical transport model of phase exchange, were determineduns at various DMS levels into account.

to be H+o(Matm™1) = 2.16+0.5 at 274.4K, 1.4%0.3
at 283.4K, 0.720.2 at 291K, 0.5%0.1 at 303.4K and
0.33+0.1 at 313.4K on water, on 1.0M NaCl to be H
= 1.57£0.4 at 275.7K, 0.80.2 at 291K and on 4.0M 1 Introduction

NaCl to be H = 0.440.1 at 275.7K and 0.150.04

at 291K, showing a significant effect of ionic strength, The atmospheric oxidation of dimethyl sulphide (DMS)
wu, on the solubility of DMS according to the equation plays an important role in nature considering the climatic
In(H/M atm~1)=40617~1—0.052|#—50.9u7 1-14.0. At  consequences of the cloud-forming products of this oxida-
concentrations of DM&q) above 5@&M, UV spectropho-  tion for the global radiation budget with a large contribution
tometry of both Qgag and DMSqag enables us to observe of heterogeneous reactions in the lower atmosphere and also
simultaneously the reactive uptake of ©n DMS solution  in terms of acid deposition, formation of marine aerosol and
and the gas-liquid equilibration of DMS along the WWFT. in the Earth’s energy balance (Bandy et al., 1996; Charl-
The uptake coefficienty (gamma), of @ on agueous solu- son et al., 1987; Chin et al., 1996; Neubauer et al., 1996;
tions of DMS, varying between 1 and 13076, showed a  Sciare et al., 2000). The dynamics of the ocean mixed-layer
square root-dependence on the aqueous DMS concentratidas known to influence sea-to-air exchange of DMS at high lat-
(as expected for diffusive penetration into the surface film,itudes; seawater concentrations and the vertical distribution
where the reaction takes place in aqueous solution). Thef DMS are required to distinguish the impact of the hetero-
uptake coefficient was smaller on NaCl solution in accordgeneous chemistry from meteorological effects (Jodwalis et
with the lower solubility of Q. The heterogeneous reac- al., 2000).

tion of Og(gag With DMS,jig) was evaluated from the observa-  As pointed out by Gershenzon et al. (2001), when com-
tions of the second order rate constarit | for the homoge- paring the gas-phase reactions of OH with DMS~ 2.6 -
neous aqueous reaction @) + DMSjig) using a numerical  10° M~1s-1 Atkinson et al., 1997) and of NQwith DMS
model of radial diffusion and reactive penetration, leadingto(x = 85. 10° M—1s~1, Atkinson et al., 1997) with the re-

k' £ Ak (inunits of IEM~ts71) = 414+1.2at291.0K,  action of @ with DMS (k ~ 5.0- 1?M~1s~1, Atkinson et
2.15£0.65 at 283.4K and 1:B80.5 at 274.4K. Aside from 3|, 1997), the latter gas-phase reaction is far too slow to be

atmospherically significant. The same reaction
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Table 1. Aqueous molar absorptivities and absorption cross section @@ DMS

Molecule yinm eM~lem1and working range
o/ cm? molecule™?
Os(liquid) 258 3006 3-15uM
Os3(gas 254 114.10717®) (0.2 - 50) - 101*moleccm—3
CH3SCHgjiquidy 205 160067 0.15-13@M

CH3SCHygag 202  142.10°17@ (03— 10) - 10" moleccm3

(@) yon Gunten and Oliveras, 1998) Atkinson et al., 1997;
(©) Adewuyi and Carmichael, 1986% Hearn et al., 1990.

is extremely fast in the aqueous phase, 3 td®M-1s1 in terms of DMS reaction with HOCI and HOBr in the pro-
(Lee and Zhou, 1994; Gershenzon et al., 2001), leading taluction of sulphate in the sea-salt aerosol (Vogt et al., 1996).
DMSO as a first stable intermediate. Studies on the oxida- The formation of methanesulphonic acid (MSA) in the
tion of DMS in the troposphere (Barone et al., 1996) sug-coastal Antarctic boundary layer due to the oxidation of
gest that the combination of the reactions of DMS with OH DMS by OH has been measured (Jefferson et al., 1998),
and NG could be predominating channels for the consump-indicating that MSA is formed in an atmospheric buffer
tion of DMS in the atmosphere, agreeing with recent studiedayer above the boundary layer, followed by condensation
(Falbe-Hansen et al., 2000), which suggest that the reactionsf gas phase MSA on aerosols and transport back to the
of DMSO with CI and with NQ@ are also important. How- boundary layer. Heterogeneous aqueous-phase reactions of
ever, typical mixing ratios and the obtained rate constantDMSO, CHsSO;H (MSIA) and MSA contribute to the ox-
indicate that the reaction with OH should be at least two or-idation of DMS and decrease the yield of §@hat is the
ders of magnitude faster than with N@r CI. In addition, relatively long-lived gaseous precursor o$0y in the ma-

the interaction between sulphur and halogen chemistry hasine boundary layer and increases the yield of non-sea-salt
been discussed in recent studies, where DMS has been fourslilphate, nss-Sp(Campolongo et al.,, 1999). The reac-
to react with the BrO radical, indicating that BrO could be tions of DMS with O, and other peroxides in water are
another important sink for DMS in the marine atmosphere,slow (Amels et al., 1997) but the kinetics and mechanism of
forming readily soluble dimethyl sulphoxide (DMSO) by the DMSO+OH (=4.5 - 10® M~1s71) in aqueous phase have

reaction cycle: been recently discussed (Bardouki et al., 2002), indicating
that this reaction of DMSO could also influence particle
BrO + (CHz3)2S — Br 4+ (CH3)2SO (R2) growth processes. DMSO is therefore an important but indi-
rect source of nss-Sn the marine atmosphere through het-
Br+ O3 — BrO+ O, (R3) erogeneous processes, as proposed by various authors (Koga
and Tanaka, 1993; Barnes et al., 1994; Arsene et al., 2001).
This cycle corresponds to the net gas-phase reaction The present study reinvestigates Henry’s law coefficient and
the heterogeneous reaction of DMS with ozone by employ-
(CHg)2S+ O3 — (CH3)2SO+ Oz (R4)  ingthe wetted-wall flowtube technique (WWFT, described in

detail by Danckwerts, 1970) under experimental conditions

destroying ozone and recycling BrO to Br, (see Toumi, 1994;g|evant to marine boundary layer (low temperature and high
Bedjanian et al., 1996; Ingham et al., 1999; von Glasow,gg|injty).

2001; Ballesteros et al.,, 2001). The contributions of the

agueous-phase reaction of DMS with @nd the gas-phase

reaction of BrO with DMS to the global sulphur cycle have 2  Experimental and data evaluation

been thoroughly considered in the recent model calculations

by Boucher et al. (2003). DMS (99%) and NaCl (99%) Aldrich were used as received.
The tropospheric reaction DMS + CI has been also dis-Ozone was produced by photolysis of @ purified air at

cussed (Chen et al., 2000), however the contribution of thisl85 nm using a mercury low-pressure lamp (Penray). The so-

reaction to the atmospheric oxidation of DMS is not clear lutions were prepared in bidistilled water made from deion-

since the model calculations show a very small difference beized water. The concentrations os@nd DMS in aque-

tween the contribution of this reaction compared to reactionous and gas phase were obtained using the reference data

(R2) (von Glasow et al., 2002). Another link of the chem- (aqueous molar absorptivities and gaseous absorption cross-

istry between sulphur and halogen has been also suggestegctions) in Table 1. The concentration of gaseogsva@s

Atmos. Chem. Phys., 3, 1665-1673, 2003 www.atmos-chem-phys.org/acp/3/1665/
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determined from UV spectra by a spectrophotometer (Kon- ) ) ) ) ) )

tron Uvikon 860 for the reaction of ©with DMS in NaCl " 025 . ‘ ‘ ‘ ‘
solution) or by an @-analyzer/generator, employing UV ab- DM, /0cm
sorption at the 254 nm Hg line (Dasibi model 1009-CP, for i 0.20 inflow (ref spectra) -
the reaction of @with DMS in pure HO), where the analyt- 8 015 |
ical error for the Dasibi analyser was estimated teH2eppb. N B
Both concentrations of DMS, in aqueous and gaseous phase, (' 2 0.10 '
were measured by the UV spectrophotometer at a resolu- = < auiflow
tion of 2nm in quartz cells at=1cm (liquid sample of .9.1 Ie 4
1 mM stock solutions, diluted for the kinetic experiments) = | L
and/=10 cm (gas phase, flow condition&}=200-320 nm. g b o 2407
= N
2.1 Henry’s law coefficient of DMS - i \%interpolated consumption of DMS ]
- \\ .
The Henry’s law coefficient of DMS was determined from e _ . A
the equilibration of DMyag With water and various aque- I \“Q-<lg~"fi'fa' model calculation i
ous solutions of NaCl (0.1, 1 and 4 M) at several tempera- o8- g.__0
tures and contact times with the liquid film in the WWFT . 5 1*0 1*5 2*0 2*5 3*0 s
(see Danckwerts, 1970; Behnke et al., 1997), as shown in
Fig. 1 (curve A) at 274.4K for water (where 400 ml of a tis

1 mM stock solution of DMS in a bubbler served as reser-

voir of DMSgag, passing the air through this solution di- Fig. 1. Equilibration of DMS (gas) with water at 274.4 K at several
rectly into the WWFT). The flowtube, which was made of contact timegA) that correspond to gas-liquid interaction lengths
Duran glass, had an inner diameter of 0.6 cm with a movableof 0, 2, 4, 6, 8, 10, 15, 20, 40, 60, 80, 100, 120 and 140cm and the
inlet (by 140 cm) to vary the contact time. The movable gasabsorptlon spect_r(aB) of the inflow (green dashed curves) and the
inlet and outlet of the flowtube were made of PTFE tubing °Utflow (blue solid curves).

(outer diameter 0.6 cm, inner diameter 0.4 cm). A switchable

valve at the exit of the bubbler was used to alternatively mon- ) ) o ]

itor the level of DMSgag at the inlet or at the outlet of the lated consumption (circles in Fig. 1A) and a numerical model
WWET. The WWET and the valve were connected via Teflon @lculation describing the radial diffusive exchange of DMS
tubing to a 10 cm absorption cell in the spectrophotometer td?€tween the gas-phase and the aqueous film using the soft-
observe the concentrations of DMS involved in the equilib- Waré Package FACSIMILE (AEA Technology, 1994; dashed
rium DMS(gas < DMS(sg from the spectra. The aqueous CUTV€) are included for comparison.

flow was controlled by a peristaltic pump and was adjusted

to match the linear flow velocity of the gas. In the initial 2-2 Heterogeneous kinetics

runs the pump caused a major loss of 80% of the DMS from

the solution by permeation through its silicone rubber tubingThe WWFT technique was used to determine the uptake co-
until replaced by Tygon tubing, which was found to be per- efficient, y (the fraction of gas/liquid collisions that are ef-
meation resistant enough. Using an air flow of 70 ml/min fective in the uptake and/or chemical transformation; Han-
and an aqueous flow of 3ml/min the measurements wer&on, 1997; Katrib et al., 2001), thus simulating chemical het-
started after an equilibration time in excess of 10 min. Sub-€rogeneous processes of the atmosphere experimentally in
Sequenﬂy the absorption of DMS was monitored in the out-the Iaboratory, as discussed in detail in our previous work
flow of the WWFT at contact lengths of up to 140cm (var- (Behnke et al., 1997; Frenzel, 1997; Frenzel et al., 1998).
ied every 6 min), alternatively monitoring the corresponding The heterogeneous aqueous-phase reactionzghOwith
absorption of DMS in the inflow each 6 min in the mean- DMSaq Was studied by measuring the uptake afgay on

time (allowing 3 min for the equilibration each). Since the various concentrations of DMg, at different temperatures.
inflow level of DMS was observed to decrease exponentiallyThe loss of @ in air (flow again~70 ml/min) was measured
with a lifetime of about 1 h, the values corresponding to thealong the vertically aligned WWFT, the walls of which were
WWFT measurements were interpolated accordingly. Theconferred by the film of slowly flowing solutions of DMS
interpolation was obtained using the interpolate function of (flow rate again~3.0mimirt). As shown in Fig. 2, the
the software package SIGMAPLOT, version 4.1, 1997, thatdata analysis can be approximated by the assumption that
performs a linear interpolation on a set af §) (time, ab-  the uptake rate is first order with respect to the gas phase
sorbance (at 202 nm)) pairs defined by an range of time angoncentration of the reacting species, i.e.

of absorbance. Absorption spectra of the outflow and the in-

flow are shown in the inset of Fig. 1 (curves B). The interpo- C/Co = expl—kgast] D

www.atmos-chem-phys.org/acp/3/1665/ Atmos. Chem. Phys., 3, 1665-1673, 2003
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’ 0.05 ~ ; ‘ ‘ w w
_~«~._‘_[P_Ms(aq)] [DMS(gas)]140cm 0,0l h,=0cm
LN 0.04 (925) i
0.19uM 8
. c |
-y 3003
1.90uM | 5
~. B n 0.02 -
m ]
O 475uM 0.01
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Fig. 3. Simultaneous spectral characterisation of the uptake of
Os3(gag 0" DMS;jig) and the liquid-gas equilibration of DMS along
Fig. 2. Exponential decay of g(initial concentration 80 ppb) mon-  the flowtube reactor. The spectra are displayed for contact lengths
itored by the ozone analyser (symbols) on various concentrations 0é6f 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 50, 100 and 140 cm.
DMS in comparison with a model calculation (curves).

AH RT (k' Dag)Y/?
whereCg andC are the respective concentrations at the en- (c)
trance and outlet of the flow tubeis the average gas contact 12 . .
time andk,,; is the first-order loss rate constant from the gasWhere(c) = (8RT /= M)~/ andk" is the first-order loss rate
to the liquid phase. For small uptake coefficients, the rateconstant of @ in the agueous phase. - N
constantk,,,, obtained from such a semilogarithmic plotis ~ Figure 2 shows the uptake og@monitored by the Dasibi
correlated to the uptake coefficient, using the plug flow 9as analyser) on various solutions of DMS at 274.4K. The
assumption (that is appropriate here due to the adjusted varoints represent the experimental measurements and the lines

3

locity of the film surface): are the results from a numerical model calculation (see be-
low). For the Henry’s law coefficient and the diffusion coef-
keas = v - (€}/2riube (2) ficient of Oz the following data given by Kosak-Channing

) and Helz (1983)H = 1.1 - 10~2exp((2300K) - (1/T —
where(c) is the average molecular speed of the gasrand 1/To)] M atm (whereTp = 298 K) and the dependence on
is the flowtube radiusr{,;e = 3.0mm). The thickness of ionic strengthy, given by the equation

the aqueous film was less than 0.1 mm under our experimen-

tal conditions (Danckwerts, 1970). The molecular transportin(H /M atm™1)

gas — liquid involves gas-phase diffusion and mass ac- — 229771 — 2.659. — 6880uT L — 1219 (4)

commodation ¢, the fraction of collisions with the surface

that can lead to incorporation into the bulk liquid; Schwartz, gand D,;(DMS) = 20 - 10 2exp(—2178K/T)cmPs 1

1986; Hanson, 1997) and the Henry’s law coefficient (Her-(Saltzman et al., 1993) and D,,(03)=11

rmann et al., 2000). In this study it is considered thad y, 102exp(—1896K/T)cnés 1 (Johnson and Davis,

due to the low uptake coefficient ofsQ/=(1-15) - 10°®)  1996) mentioned by Gershenzon et al. (2001) were used.

measured on the liquid film of DMS. At a molar concentration of 1 M NaCl the viscosity is 9.5%
The uptake coefficienty, of Oz for reactive penetration higher than for pure water (CRC Handbook, 1981-1982),

into the liquid depends on the solubility of the gas, i.e. implying a correspondingly lower diffusion coefficient

Henry’s law constant/7, the temperaturel’, and the diffu-  in 1M NaCl according to the Stokes-Einstein equation.

sion coefficient of @, D, in aqueous phase. Neglecting the The loss rate constant in the solutidl,, depends on the

resistance of mass accommodation (i.e. assumingtkafl,  concentration of the dissolved DMS, [DMS], according to

as implied by the observation ef > 0.002 by Utter et al.,  the equation

1992) and assuming fast gas transport, low solubility and fast

reaction in the liquid phase (Finlayson-Pitts and Pitts, 1999)’ = '/ . [DMS], (5)

the uptake coefficient is given by the equation ) .
wherek!! is the rate constant for the aqueous-phase reaction

_molecules reacted in the liquid layer
Y = Molecules colliding with the liquid layer (CH3)2S+ O3 — (CH3)2SO+ O2 (R1)

Atmos. Chem. Phys., 3, 1665-1673, 2003 www.atmos-chem-phys.org/acp/3/1665/
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Table 2. Henry's law coefficient obtained for DMS in this work — f f f f —
using the wwft technique H,0
this work
Lovelock etal, 1972 H/@
[NaC]/M  T/K  Hzo/M-atm? - seawater> ’i water
‘14 © oM. Nacl)_|
— I T | m
(pure HO) g;g: iigg 3 brayjazny at al. 1983~ Dacey etal., 1984 ] :
. . . = - L u
291 0.2:0.2 D D:iz%de Bruyn et al,, 1995 ]
303.4 0.6:0.1 g | 7 Tseawlater yin o and Weimar, 1965 ]
3134 0.30.1 T 1.0M NaCl
10 2757 1804 [ (hsworh @ 4.0M NaCl ]
201 0.8:0.1 (this work)
313 0.3t0.2 0.1 } t t t t f
40 275.7 0.401 3.2 3.3 3.4 35 3.6 3.7
’ 201 0.2:0.05 1000/T /K™

Fig. 4. Henry’s law coefficients obtained in this work in comparison
with literature data.

For an improved interpretation of our data, we simulated
the observed concentrations in the WWFT by a numericalcomparison with the data of Fig. 2, obtained at the same
model, described by Behnke et al. (1997). The one dimeniemperature). At the higher temperatures this restriction was
sional model (cylindrical coordinates), written in the FAC- found to be negligible, and equilibrium was reached after 40—
SIMILE language (AEA Technology, 1994), includes radial 60 cm (9-14s). Another problem might be the interpolation
diffusion in the gas and liquid phase and chemical reactiongnethod required for considering the decrease of DMS in the
in the liquid phase. Axial diffusion is ignored, axial transport reservoir during the experiment and that the measurements
is described by progress in time. The lines in Fig. 2 from thewere taken only in the series of increasing contact lengths.
model calculation are almost straight lines since there was d his retarded equilibration is handled by the model calcu-
sufficient surplus of DMS over £in the runs with the ozone lation by adjusting the diffusion coefficient to lower values.
analyser. The strength of the model calculation is that it canT he Henry’s law coefficient of DMS was determined at dif-
also be used for cases with lower ratios of [DMSH]@ke ferent concentrations of NaCl, due to fact that NaCl is the
those displayed in Fig. 3, where DMS is almost completelymajor component of seasalt aerosol ([C+ 550 mM in sea-
consumed. At such concentrations of DMS up to 0.13 mMWwater; Jaenicke, 1988), and also because of the importance
(compare Table 1) it is possible to determine simultaneouslyof NaCl on a global scale (contributing about 60% of the nat-
the fast reaction that occurs in the surface of the liquid be-ural sources of aerosol particles and more than 40-60% to
tween @ and DMS and the liquid-gas equilibration of DMS the natural aerosol mass, Pruppacher and Klett, 1997). A de-
(Henry’s law coefficient) along the flow tube reactor by mon- termination of the Henry's law coefficient of DMS on high
itoring the spectra of both £(Fig. 3 curves A) and DMS  concentrations of NaCl (4.0 M NaCl) is of interest, consider-
(Fig. 3, curves B) using the UV spectrophotometer. ing that aerosols are usually solutions with molalities of NaCl
> 10mol/kg, therefore presenting very high ionic strengths
(Tang, 1997). Our data on Henry's law coefficient can be
3 Results and discussion described by Eq. (6):

In(H/Matm ) =a- T —b- P2 —c-p-T1=d (6)

with the parameterss = 4061+ 318;b» = 0.052+ 0.030;
The Henry’s law coefficients of DMS, determined on pure ¢ = 50.9 + 27.0 andd = 14.0 &+ 1.1, where the statisti-
water, 0.1 M and 1.0 M NaCl (in units of M atm), are sum-  cal error is specified at thedllevel and introducing a linear
marised in Table 2 and presented in Fig. 4 in comparison wititerm b - 1 instead ofb - 12 did not significantly improve
literature data (Sander, 1999). It should be noted that aftethe quality of the fit. Our results are much lower than the
completion of the measurements at 274.4 K we recognisedalue of Lovelock et al. and about 30% higher than those of
that the water flow had not remained constant for the wholeHine and Weimar, Przyani et al., Dacey et al., and de Bruyn
duration of the run but had been restricted by the Teflon tub-et al., confirming the dependence on molality observed by
ing of the movable inlet to decrease slightly (by up to 15%). Dacey et al. (1984) and de Bruyn et al. (1995) and confirm-
This restriction has been considered in the model calculatioring the temperature dependence of the literature data. Due
and explains why a steady state, indicating equilibration, isto the difficulties of handling the DMS solutions and deter-
not reached in the data set displayed in Fig. 1 (selected fomining the gaseous DMS levels (reference and after exposure

3.1 Henry's law coefficient of DMS

www.atmos-chem-phys.org/acp/3/1665/ Atmos. Chem. Phys., 3, 1665-1673, 2003



1670 M. Barcellos da Rosa et al.: Study of the heterogeneous reactioyvafftOCH3SCH;

Table 3. Second-order rate constantd{ + Ak!!) obtained in this work in comparison with literature data

This work Lee and Zhou (1994) Gershenzon et al. (2001)

[NaclM (k! £ AkIHYy1BM-1s1 T/K k1 718M1s1 T/K k1 /18M-1s1 T/K

0 4.1£1.2 291 6.1 298 11 300
2.15+0.65 283.4 3.3 288 8.6 293
1.8+0.5 274.4 1.9 278 5.9 283
51 274
0.1 3.2£1.0 288
1.7£0.5 282 - - - -
1.3+0.4 276
1.0 3.2:1.0 288
1.3t0.4 282 - - - -
1.2+0.4 276

in pure water in comparison with literature data and the re-

spective temperature dependence. It should be noted that
10 | ]L.\\ Gershenzon et al., 2001 our model calculation ignores the axial diffusion in the gas
- C TT—— _ ] phase that may become significant at the steep gradients at
o | N ‘]F "'\'\%\-\-\\.\.\ ] the very beginning of gas contact with the liquid film in the
= | LG{ e - ] tube. It should be noted that the gas-phase reaction of DMS
© L Zhou, 1994 \ R ] with Oz can be neglected under the experimental conditions
S ‘% S SSRag ) of Fig. 3, where the lifetime of gaseous DMS in the presence
E in H,0 \:\\i“\% of about 15 ppm of @is on the order of an hour, using the
X | this work< in 0.1M NaCl > :\% | value ofk ~ 5.0-10*M~1s1 recommended by Atkinson
¥ in 1.0M NaC 1 et al. (1997). Furthermore, our results in NaCl solution are
r ] lower than those in pure water, and this may partly be caused

; by an experimental problem with the smaller excess of DMS
3.3 3.4 3.5 3.6 3.7 of those measurements. Another point is, that in our initial

1000/T / K™ raw data on the uptake on NacCl solutions our values at 1 M

NaCl appeared to be about 10% lower than those on 0.1 M
Fig. 5. Temperature dependence of the reaction of DMS with ozoneNaCl. Then we considered the slightly lower diffusion coef-
in the aqueous phase observed in the present study (open symbolitients of the reactants in the saline solutions, known to be
in comparison with literature data (filled symbols) by Lee and Zhou jnversely proportional to the viscosity. At 20 the viscos-
(circles) and Gershenzon et al. (squares). Our data 'in pure Wate[ty of a 1M NaCl solution is 9.5% higher than that of pure
:i)r'nli‘:\él :ffégﬂﬁrrlﬁomhingule?%r;;%?(ﬂlgeiﬁhfm withinthe erronater (CRC Handbook, 1982), and the influence of salinity
of seawater on viscosity is known to be slightly smaller at

lower temperature (D’Ans-Lax, 1967). Considering this in-
fluence of a lower diffusion coefficient in 1 M NaCl as com-
pared to 0.1 M corrected the rate constants correspondingly
upwards and brought the two series with NaCl into much
getter agreement, as displayed in Fig. 5. The measurements
[n pure water were obtained with a lower level of Os-
Ing an ozone analyser for detection and may thus represent
more favourable conditions for the kinetic evaluation accord-
ing to pseudo-first order consumption of ozone in a surplus
of DMS. Taking our data altogether we obtain an Arrhenius
The rate constants determined by the WWFT in the presen@ctivation energy similar to that determined by Lee and Zhou
study are summarized in Table 3 in comparison with previ-(1994). Our attempts to determine the rate constant directly
ous data. Figure 5 shows a compilation of all rate constant$n solution by the stopped flow method turned out to be un-
k' obtained in this work for the reaction ofs@vith DMS ~ successful (similar to a statement in the paper by Lee and

to the water film) in an absorption cell connected via 2 m of
Teflon tubing and the short wavelength of 202 nm employed
for the detection of DMS (close to the short wavelength limit
of the spectrophotometer, see, Alebic-Juretic et al., 1991) thi
agreement with literature data must be considered as satisfa
tory.

3.2 Kinetic measurements
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Zhou), the reaction being too rapid to monitor the decay offor an understanding of the possible chemical and physical
Oz in the presence of a surplus of DMS required for pseudo-effects on this heterogeneous system and why enormous an-
first-order evaluation. With approximately equal concentra-nual variations of the concentration of DMS are observed on
tions of DMS and @ around 5« M the absorption of ozone, the marine surface.

after a dead-time for mixing of about 1 ms, disappeared with
a lifetime of about 5 ms at 275 K. This corresponds to about _
0.5-10° M~1s~1 and confirms the rapid reaction in homoge- 5 Conclusions

heous aqueous solution. A measurement of the rate constalh,q correct understanding and simulation of the tropospheric

by a hc')mog'eneous meth.od would clearly b.e desirable in Or'heterogeneous agueous- phase reactions and of the molecular
der to identify and quantify a surface reaction or salt effect

as/ liquid equilibrium (Henry’s law quantification) are fun-
on the rate constant. 9 a q ( y q )

L ) o ) damentals for the use in global model calculations and for
Considering the slightly larger solubility of DMS obtained atmospheric chemistry. The heterogeneous aqueous phase

from the gas-phase observations of our study might indicat‘?eaction of @ with DMS is considered as an exception, be-

an underestimated loss of DMS from our system (by PEME+ause the gas phase reactions are normally fast compared to

ation, e.g.). Such an underestimated loss would decrease thga same reaction in aqueous phase. As observed in this work
observed.rate constants correspondingly. ) and in agreement with previous work (Lee and Zhou, 1994;
According to Gershenzon et al. (2001),.the mechanlsm OfGershenzon et al., 2001), the reaction of @th DMS in
the heterogeneous aqueous-phase reactiors oW DMS  5460us phase is shown to be a factor of about one million
can be interpreted mainly in terms of two complementary ¢agter than in gas phase, motivating this experimental study.
chemical factors: the chemical attack of the nucleophilic S on, o suppose that the heterogeneous reaction may interfere in
the electrophile @and the participation of the solvent (act- he getermination of gaseous DMSO in field measurements
ing as a polar adduct), facilitating the formation of DMSO. by denuders at high ozone levels and suggest that it consti-
In contrast to DMS, DMSO(CH3),S"—O"] presents a po-  ytes 3 significant night-time sink of DMS, producing DMSO
larised S-O bond, where DMSO acts (or is attacked) as an Oy, the marine atmosphere where DMSO is further oxidised to
based nucleophile (or an S-based electrophile respectlvely)HZSO4_
depending of course on the reaction partner. Another aspect of this work is that the experimental set-up
and concept presented are completely different from other
work (-bubbler-type gas-liquid reactor; Lee and Zhou, 1994;
and horizontal bubble train apparatus; Gershenzon et al.,
. S 2001), supplementing in this case the understanding of an
The chemistry and the transport/equilibration of DMS from important tropospheric reaction with this complementary and

gas to liquid phase represent an interesting subject for the UNersatile technique (WWFT). A quantification of the Henry’s

dergtanding of the tropospheric hleter'ogeneous regctipns "aw coefficient is also useful because of its impact (Crutzen
volving the aqueous phase, considering that the kinetics Oand Lawrence, 2000) on precipitation scavenging during the

DMS can be seen as a key r_eact|on N comparison Wltqransport of trace gases and implications on the meteorology
other reactants, such as the radicalssNOH, BrO and Cl, 8nd global changes

since it is an exceptionally fast aqueous-phase reaction an
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