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Abstract. The kinetic isotope effects in the reactions 2003). The current understanding of the global budget of
of CHsCl, 18CHsCl and CICl with OH radicals and CHsCl is thus unsatisfactory. Until a few years ago it was
Cl atoms were studied in relative rate experiments atthought that most of the global emissions of chloromethane
298+2K and 101310mbar. The reactions were carried came from the oceans. However, this source can only ac-
out in a smog chamber using long path FTIR detectioncount for at most 0.5 Tgyr® (Khalil et al., 1999). Other
and the spectroscopic data analyzed employing a non-linegknown and significant sources include 0.9 Tgyrfrom
least squares spectral fitting method using measured higtbiomass burning (Lobert et al., 1999), 0.17 TgYyemission
resolution infrared spectra as well as absorption cross sedrom coastal salt marshes (Rhew et al., 2000), 0.15 Tgyr
tions from the HITRAN database. The reaction rates offrom wood-rotting fungi (Watling and Harper, 1998), and
13CH;Cl and CIxCl with OH and Cl were determined rel- 0.16 Tgyr ! from coal combustion, incineration and indus-
ative to CHCI as: kon+cHaclkoH+13cH3cF1.059:0.008, trial processes (McCulloch et al., 1999). Evidence was
kon+cHzclkon+cpac=3.910.4, kcji-cHacrkcl+-13cHacl recently presented that abiotic conversion of chloride to
=1.07G£0.010 andkcjscHaclkcl+cpaci=4.91+0.07. The  chloromethane occurs readily in dead plant material and that
uncertainties given ares2from the statistical analyses and this source, not yet quantified, may amount to as much as
do not include possible systematic errors. The unexpectedi2.5 Tgyr! on a global scale (Hamilton et al., 2003). A more
large13C kinetic isotope effect in the OH reaction of GEl detailed description of the sources of chloromethane in the
has important implications for the global emission inventory environment is given by Keppler et al. (2005).

of CH3Cl.

The main quantified removal processes from the tropo-
sphere are reaction by OH radicals @09 Tgyr?) and
1 Introduction transport to the stratosphere (0.2 Tg¥r Estimates of

uptake by soil and subsequent degradation by microorgan-

Chloromethane is the most abundant atmospheric halocaisms are highly uncertain ranging from 0.2 Tgyr(Khalil
bon with a burden of around 5Tg nearly all of which is and Rasmussen, 1999) to 1.6 Tgy(Harper and Hamilton,
thought to be of natural origin (Khalil and Rasmussen, 2003). Finally, reaction with Cl atoms in the marine bound-
1999). Chloromethane is also the only significant naturalary layer may remove as much as 0.4 Tgly(Khalil and
source of chlorine to the stratosphere (Keene et al., 1999)Rasmussen, 1999).
The global average tropospheric concentration is around
600 pptv (Khalil and Rasmussen, 1999), and with a life- ) o -
time with respect to loss by reaction with OH around 1.4 Stable isotope analysis gives an additional handle to re-
years kon=2.4x10"12 2507 | k,,(298)=3.6<10~ 14 ¢ so!ve the apparent discrepancy in the source—smk_relatmn—
molecules?s1) (Sander et al., 2003), the quantified ship. F(_)r phloromethane the global average of @ iso-
sources can only account for about 3/4 of the emissiondOP€ ratio is§13C=—36.2+0.3%» (Thompson et al., 2002) —

required to balance the known sinks (Montzka and Fraserthatis, tropospheric chloromethane is highly depletedd
In this communication we present the first results from ki-
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2 Experimental NOy <100 ppbv) at 29&2 K and 101310 mbar. The tem-
perature was monitored on the chamber wall and it remained
2.1 Reference spectra constant for the duration of the experiments. Each of the OH

) ) ] and Cl experiments was carried out several times for different
FTIR spectra with 0.01 cm' resolution were recorded with  mixtures of chloromethane isotopologues: 4TH#CD5C
a Bruker IFS 120 FTIR instrument equipped with aliquil N g cryCl+13CHSCI.

cooled InSb semiconductor detector, a KBr beam splitter and

a 4000-1800 cm! band pass filter. To achieve an acceptable Unwanted loss of reactants via photolysis, dark chemistry
signal/noise ratio in the resultant spectra 128 scans were cand heterogeneous reactions may give raise to systematic er-
added. The partial pressures of chloromethane isotopologue®srs in the relative rate experiments. The UV absorption

were in the range 10-30 mbar and the cell (10cm,G@R-  cross section of chloromethane is less than6-24cm?
dows) was filled to 1013 mbar with synthetic air (Air Lig- molecule® at wavelengths above 236nm (Sander et al.,
uide, 99.998%). 2003) and no direct photolysis in the reactor was detected.

The “dark” loss rate coefficient of chloromethane in purified
2.2 Relative rate experiments air in the reactor was determined to beI0~"s~1, corre-

o . ) sponding to a lifetime more than 90 days. For two real-
The kinetic study was carried out by the relative rate methodstic reaction mixtures (20 ppm &l respectively 2000 ppm

in a static gas mixture, in which the removal of the reacting, and 200 ppm @in 1013 hPa purified air) the lifetime of
species is measured simultaneously as a function of reactiopy|gromethane was determined to be more than 30, respec-
time. Consider two simultaneous bimolecular reactions withgjyely 20 days. With these “dark” loss rate coefficients, the
the rate coefficientéa andka: systematic error due to “dark” loss is less than the statistical
error of the least squares analyses.

A + X 2% products 1)
k
B+ X —> products (2) 2.3 Data analysis

Assuming that there are no other loss processes than these

reactions and that there are no other processes producing the ) i
reactants, the following relation is valid: The experimental spectra were analysed using a global non-

linear least squares spectral fitting procedure, NLM (Giriffith,
n {[Ai} _ka N {@} 3 1996). The spectral features used in the analyses were the C-
Al | ks [B]: H stretching bands in the 2825-3100chregion and the C-

] D stretching bands in the 2025-2260chregion. The spec-
where [Al , [A]: , [B]o and [B} denote the concentrations 5| qata needed for the fitting procedure were taken from the
of the compounds A and B at times zero andespectively.  1TRAN database (HCI, BD, N;O, CO, CQ, CH, and the
A plot of In([A] o/[A];) vs. In([Blo/[B];) will thus give the v band of @); for CHCl, 13CH;CI, CDsCl and the over-
relative reaction rate coefficient=k4/kp as the slope, orin  igne/combinations bands ofQfor which HITRAN does not
terms of the fractionation constant, of the loss process: yet include data for the isotopologues) experimental high-

8:(0‘_1)X1090%°- _ _ resolution IR spectra were used.
The experiments were carried out in a 250 L electropol-

ished stainless steel smog chamber equipped with a White The analysis of the FTIR spectra produced accurate val-
type multiple reflection mirror system with a 120 m opti- ues for the relative change in concentrations. The data from
cal path length for rovibrationally resolved infrared spec- independent experiments were analysed according to Eq. (3)
troscopy. The infrared spectra were recorded with Brukerusing a weighted least squares procedure which includes un-
IFS 88 and IFS 66v FTIR instruments equipped with a liquid certainties in both reactant concentrations (York, 1966); the
nitrogen cooled InSb detector. As a standard 128 scans wernencertainties in the reactant concentrations were taken as the
co-added at a nominal resolution of 0.125¢mand Fourier  standard deviations from the least squares fitting of the ex-
transformed using boxcar apodization. Periods of data colperimental infrared spectra. The analyses were carried out in
lection (ca. 10 min.) were alternated with UV photolysis (seetwo steps: (i) data from the individual experiments were fit-
below) and a waiting period of 2 min until 40—60% of the ini- ted to a straight line with no constraints imposed. If there was
tial CH3Cl was consumed. For a given gas mixture the entireno statistical significance to the intercep0, the first data
experiment typically lasted 1-2 h for the Cl atom reactionspoint (t=zero) was taken out and the remaining (n-1) data
and 4-6 h for the OH radical reactions. The reaction cham-points were then fitted jointly with data from the other exper-
ber was equipped with UV photolysis lamps mounted in aiments to a straight line forced through the origin. If a dataset
quartz tube inside the chamber, and all experiments were cashowed a statistical significant intercepd, the dataset was
ried out in synthetic air (AGA 99.999% purity; GHCO and  disregarded (the experiment was repeated).
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2.4 Chemicals and radical production CHCIO+ M — HCO+ HCI+ M (12)

CH,CIO + O — HC(O)CI 4+ HO 12
CHaCl (>99.5%, Aldrich), 13CHsCl (99 atom % 13C, 2CI0 + Oz = HC(O)Cl + HO, (12)

ISOTEC Inc.) and CBCI (99.5 atom % D, ISOTEC Inc.) pyring the CI atom reaction with G4€| OH radicals will
were used as received without further purification. Typical eventually be generated from the H@dicals and thereby
volume fractions of the chloromethane isotopologues wergpflyence the kinetics. We therefore modelled the reactions
34 ppm. in the static reactor using FACSIMILE (MCPA Software Ltd)
Hydroxyl radicals were generated by photolysis of tg find the optimum starting conditions. The basic model
ozone/k mixtures; typical volume fractions of HAGA  of our reactor, given as supporting information, consists of
4.5) and ozone werex210° ppm and 300 ppm, respectively. around 200 equations describing,®10y, NOy, FO, CIOy,
Ozone was produced from>QJAGA 4.5) by using a MK Bro, and CH-related “background” reactions in the cham-
Il Ozone generator from BOC that converts approximatelyper: the rate coefficient data have been taken from the lat-
5% of the oxygen gas flow to ozone. The photodissocia-gst JpL (Sander et al., 2003) and IUPAC (Atkinson, 2004)
tion of ozone was accomplished by a Philips TUV 30W lamp yinetic data evaluations (the photolysis rates of photo-labile
(Amax~254 nm) mounted in a quartz tube in the smog cham-constituents were determined experimentally in our labora-

ber; photolysis was done in time intervals of 1-30 min. tory). In addition we included the reactions describing the
O3 + hv(x ~ 254 nm) — O('D) + O, (4) Cl gnd OH initiated oxidation of CkCl as indic;ated by'Re-

actions (7—12) and the subsequent degradation reaction reac-
O(D) + Hy, - OH+H (5) tions of HC(O)CI (Libuda et al., 1990). Using 5 ppm &l

and 10 ppm G as starting conditions, the model indicated
that the loss of CKICI due to reactions with OH radicals was

This OH production scheme produces not only OH radicalsless than 1%. of the total loss. The model also predicted that

in the ground-state but also in excited vibrational states (Akellhg con(_:eﬂtratil;m of .HC(l.O)CI f?rrr?_ed c?uld Ibe aslglighh as
and Sloan, 1986; Huang et al., 1986; Streit et al., 1976). The * ppm; the absorption lines of this molecule could there-

collision quenching rate coefficients of OH by Bind G are ore interfere with the analyses of the C-H/C-D stretching
of the order of 1025 and 1023 ¢m® molecule L s-1, respec- regions of the spectrum. We therefore also carried out exper-

tively (D’Ottone et al., 2004). However, the mixing ratios iments using the Philips TUV 30W lamp.gax~253.7 nm)
of O, and N are five orders of magnitude larger than thosewhlch will photolyse HC(O)CI. At this wavelength Cl atoms

of the chloromethane isotopologues, and one ma therefor&a" be formed in the excited spin-orbit Sta&i/z’ which _is
polog y ca. 882 cm! above the ground staf®s,. The quenching

safely assume that the latter react exclusively with OH in the .
vibrational ground state rate coefficients of C?(Pl/z) by O, and N> are of the order of
' 10713 and 165 cm?® molecule’® s~1 (Tyndall et al., 1995).

The chlorine atoms were generated by photolysis of Cl However, one may safely assume that onlyzeég ) will re
using Philips TLD-08 fluorescence lampsmax~350 nm). : 2 i
g P o ) act with CH;Cl since the mixing ratios of @and N> are five

In this wavelength region the Cl atoms produced were in .
g g P orders of magnitude larger than that of ¢H.

the ground state (see later). The,@tas a standard labo- ? ) o

ratory grade compound (AGA 2.8) and was purified by two Thg formation of HC(O)CI can in prlnuple. also affect the

freeze-pump-thaw cycles prior to use. Typical volume frac- Kinetic study of the CHCI reaction with OH since Cl atoms
are released in the degradation of HC(O)CI (either through

tions were 10-20 ppm gl _ . . ;
The experiments were carried out under low ;N@n- photolysis of HC(O)CI or reaction with OH and decomposi-

ditions (NO,<100 pptv) and according to previous product tion of the CICO radical). The FAC.SIMILI_E model |nd|c§ted
studies (Bilde et al., 1999; Catoire et al., 1994; Kaiser andthat the loss of CECI due to reactions with Cl atoms is at
Wallington, 1994; Niki et al., 1980: Sanhueza and Heicklen, MOSt 1% because the Cl atoms are effectively scavenged by
1975; Wallington et al., 1995) the Cl initiated oxidation of the presence of 210° ppm H, in the reaction chamber.
CHsClwill, under the present reaction conditions, essentially
proceed via Reactions (7-12)

Cl 4+ CH3Cl — CH,CI + HCI @)

CH,Cl + Oy — CH,CIO, (8) Figure 1 _shows the obtain(_ed FT—IR spectra ofCHand
13CH5CI in the CH stretching region. The fundamental
perpendicular band around 3039¢h and the 25(A1+E)

— HC(O)Cl + CHCIOH + 02 (9b)  ertone around 2879 cmh. Although the2C-13C isotopic
shifts are small for the three bands (around, —9 and

CH2CIOz + HO2 — HC(O)Cl + H20 + O (10a)  _s5cnr?l, respectively) the rotational fine structures of the

— CH2CIOOH + O2 (10b) fundamentals are sufficiently different that isotopic mixtures

H+ 03 — OH+ O, (6)

3 Results
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0.3 0.7
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Fig. 1. FT-IR spectra in the CH stretching region of a &H
and l?’CH3CI showing the fundamental; parallel band around
2960cntl, the vy perpendicular band around 3040Th as
well as the 25 overtone around 2875 cm. Spectral resolution:
0.01cnrl.

Fig. 3. Decays of 2CH3Cl and 13CH3zCI during reaction
with Cl atoms at 1013 mbar and 298K plotted in the form of
In{[12CH3Cl]o/[*2CH3Cl];} vs. In{[13CH3Cllo/[13CHsCI];}. 60
data points from 5 independent experiments (colour coded) were
fitted to givek,;=1.07Gt0.010 (&). Error bars assigned the indi-
vidual data points correspond te from the spectral analyses.

1.0 it vt O ‘ i

| % T
08 W/N in our chamber is larger than that reported by Libuda et
al. (1990), or that the absorption lines of HC(O)CI are too

3 weak to affect our spectral analyses (a rough estimate from
§ 0.6+ * the IR spectrum of Libuda et al. predicts that 0.5 ppm of
E HC(O)Cl in our system should have an absorption:of2 3

§ 0.4 * . * in the C-H stretching region, which is in the noise level).

An example of the FT-IR spectra obtained from the study
of the 12CH3CI/A3CHsCI reaction with Cl atoms and the

024 X . * result from a non-linear least squares spectral fit using data
« o from the HITRAN database and high-resolution spectra of
00 E——S the reactants is shown in Fig. 2, while Fig. 3 shows a plot of
3100 3050 3000 2950 2900 2850 In{[lZCH3CI]0/[1ZCH3CI],} VS. |n{[l3CH3C|]o/[13CH3C|]t}
Wavenumber /cm* during the reaction with Cl atoms; analysis of data from

_ _ _ five independent experiments according to Eq. (3) gives
Fig. 123 FT-IR spectrum qf the CH stret_chlng region of a &H k(CI+12CH3C|)/k(CI+13CH30|):1.O7G.I:0.010 (Table 1),
and - C.H3C_| mixture during reaction with Cl atoms. Total pho- ‘where the error quoted in the relative rate corresponds to the
tolysis time: 2min. Compounds included in the spectral analysis: - .
12CH,Cl, 13CHgCl, Ho0 and HCI. (*) Bands due to HCI. 20 error of the statistical analysis only.

’ ' The infrared spectrum of the CD stretching region dur-
ing an experiment with ClI atom reaction with GQEl
can be quantified from infrared spectra of mixtures con-2nd CD&?'_ is shown in Fig. 4.  Thevs(E) mode at
taining O obtained at a spectral resolution of 0.125¢m 2285 cem’ s partly overlapped by the strongly absorb-
The CD stretching modes of GDI are not shown but are N9 v3(X;) mode of CQ around 2349 cm- and this part
found around 2160 cnt (v1(A1)) and 2285cm? (n(E)),  ©Of the spectrum was therefore not included in the spec-
and CIxCl is easily quantified in mixtures with 20, CO,,  (ral fitting. The decays of C¢Cl and CI3Cl during the

CO and Q. reaction with Cl atoms are shown in Fig. 5 in the form
of In{[CH3CI]o/[CH3CI],} vs. In{[CD3Cl]o/[CD3ClI],} from
3.1 Clatom reactions whichk(CI+CHsCl)/k(CI+CD3Cl)=4.91+0.07 (Table 1) was

derived from data of 2 independent experiments. This
Two sets of photolysis experiments were performed: (i) pho-compares well with the result of Wallington and Hur-
tolysis atAmax~350 nm and (ii) photolysis a@tnax~254nm.  ley (1992) who measured the reaction of chlorine atoms
The results from these experiments were not significantlywith CD3Cl relative to methane from which a value of
different. This suggests that either the wall loss of HC(O)CI k(Cl+CHs3Cl)/k(CI+CD3Cl)=5.4+1.1 is obtained.

Atmos. Chem. Phys., 5, 2398402 2005 www.atmos-chem-phys.org/acp/5/2395/
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10 g prsmtvderodo e ]
m mmhﬂ’\ **CH,CI/CD,Cl reaction with Cl atoms
154 k =4.91+0.07 (20)
rel
0.9 - W\
c =
S o
& osd =
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S
074 £ 051
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Wavenumber /cm™ In{[CD,CI]/[CD,CI]}
Fig. 4. FT-IR spectrum of the CD stretching region oi%CH3CI Fig. 5. Decays of CHCI and CDxCl during reaction

and CB;Cl mixture during reaction with Cl atoms. The(A;) and  with Cl atoms at 1013mbar and 298K plotted in the form
2v5(A1+E) modes of CRCl are overlapped by the sharp vibration- |n{[12CHgCl|g/[12CH3CI];} vs. In{[CD3Cllo/[CDsCl];}. 26
rotation lines of the CO fundamental centred at 2143¢mThe data points from 2 experiments (colour coded) were fitted to
topmost curve is the residual of the spectral fitting. Compoundsk,e=4.91+0.07 (2). Error bars assigned the individual data points
included in the spectral analysis: gOl, H,O, HDO, CO and CQ. correspond to & from the spectral analyses.

Table 1. Kinetic isotope effects in the reactions of chloromethane -"Wmmﬂ A = :
and methane with Cl gtoms and OH radicals. 7 1 chCl
‘ “CHCI
kA/kB Cl OH 1 3\'3 i vl+v2+\'3
Ozone \)« L
CHgCI/A3CH3Cl  1.07G+0.010 1.052:0.008 ool VY, V2t 2y
CH3Cl/CD5CI 4.9140.07 3.9-0.4 '
] Reaction mixture
CHg/13CH, 1.058+0.002@  1.0039:0.0004® § o751
CH4/CH3D 1.459+0.006@  1.294+0.018) G
CHy/CH,D> 2.43+0.01@ 1.81+0.28© g os0d
CH4/CHD3 4.73+0.04@ 3.30+0.50(©
CHy/CDy 14.7£0.2@ 7.36+0.880© 0.25

T T T T
3100 3000 2900 2800

2700

Wavenumber /cm™

@ Feilberg et al. (2005)
0 saueressig et al. (2001)

© Gierczak et al. (1997) Fig. 6. FT-IR spectrum of the CH stretching region of a §& and

13CH3CI mixture during reaction with OH radicals. The reference
spectra of @, 12CH3Cl and13CHsCl as well as the residual of the

fit have been displaced for clarity. The topmost curve is the residual
of the spectral fitting. Compounds included in the spectral analysis:
12¢H5cl, 13CH5CI, HoO and HCl.

Numerous experiments were carried out on the reaction of

OH with 2CH3Cl and 13CH3CI. Because the reaction is

slow, koH(298 K)=3.6x10"*cm® molecule s1 (Sander  bands of the'?CH3Cl and 3CHzCl. However, all spectral

et al.,, 2003), rather high initial ozone concentrations aredetails can be accounted for as the residual of the spectral
needed to achieve a reasonable degree of reaction. This, diiting shows. Figure 7 summarizes the results of the kinetic
the other hand, makes the spectral analyses more demandingata from 4 independent experiments from which we extract
Figure 6 shows the spectrum of a reaction mixture contain(OH+?CH3Cl)/k(OH+3CHzCl)=1.05%+0.008.

ing ca. 2.5 ppm of each dfCHsCl and 13CHsCl, and ca. Figure 8 shows the spectral region used for analyzing the
600 ppm Q (and 1000 ppm b) in purified air. The spectrum removal of C3CI from the reactor by OH radicals. Al-

is dominated by 4 ozone bands;€2v3, 3vs, vi+vo+vs, though the4(E) band is overlapped by thg band of3CO,
v2+2v3) of which the 33 band at 3046 cm* obscures the the 25(A1+E) band is completely covered by the+vs
v4(E) perpendicular bands and overlaps théA1) parallel band of @, and thev1(A1) band of CI3CI is overlapped

3.2 OH radical reactions

www.atmos-chem-phys.org/acp/5/2395/ Atmos. Chem. Phys., 5, 23932005
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Fig. 7. Decays of CHCI and CB;Cl during reaction with  Fig. 9. Decays of CHCI and CB;Cl during reaction with
OH radicals at 1013mbar and 298K plotted in the form OH radicals at 1013mbar and 298K plotted in the form
In{[12CH3CI]o/[12CH3ClI];} vs. IN[CD3Cl]o/[CD3CI];}. 58 data  In{[12CH3Cl]o/[12CH3CI];} vs. In{[CD3Cl]o/[CD3Cll;}. 28
points from 4 independent experiments (colour coded) were fitteddata points from 4 experiments (colour coded) were fitted to
to krej=1.059:0.008 (2). Error bars assigned the individual data k;.;=3.9£0.4 (). Error bars assigned the individual data points
points correspond todlfrom the spectral analyses. correspond to & from the spectral analyses.

. g CDCl 4 Conclusions
] Residual of fit |
iy L L Mm’mw n’ Y ‘

The kinetic isotope effects in the Cl atom and OH radical
reactions with chloromethane should be compared to those
of the analogous reactions of methane which has been the
subject of numerous studies (Boone et al., 2001; Chiltz et
al., 1963; Clyne and Walker, 1973; Crowley et al., 1999;
Davidson et al., 1987; DeMore, 1993; Dunlop and Tully,
1993; Feilberg et al., 2005; Gierczak et al., 1997; Gordon
and Mulac, 1975; Matsumi et al., 1997; Saueressig et al.,
1995, 1996, 2001; Tyler et al., 2000; Wallington and Hur-
ley, 1992) — Table 1 includes the latest results. F@KIE

in the CI reaction of chloromethane is nearly the same as
in methane, 1.058 (Feilberg et al., 2005). In contrast, the
Fig. 8. FT-IR spectrum of the CD stretching region of a 8 and '3C KIE in the OH reaction is more than 1 order of magn!—
CDsCl mixture during reaction with OH radicals. The spectrum tude larger than observed for methane, 1.0039 (Saueressig et
was analyzed in terms of GQCO, N,O, H,O and G reference al., 2001) Also the KIE’s of the CQEI differs Significantly
spectra from the HITRAN database and of the shown high resolufrom those of fully deuterated methane. Especially the high
tion reference spectrum of GEI, which has been shifted for the value for the'3C KIE in the OH reaction is on its own some-
sake of clarity. what surprising. We have, however, recently obtained simi-
lar values of the KIEs in the Cl atom and OH radical reac-
tions with CHsBr (Nikitine et all), CH,Cl, (lannetta et af)

1.0

0.8

CO
0.6 4

Tranmittance

044V,

0.2

0.0 : . r : . . . : .
2250 2200 2150 2100 2050

Wavenumber /cm™

by the vi+v3 band of QG as well as by vibration-rotation

lines of the I\_QO v3 band and of the CO fundamental, all INikitine, T., Bache-Andreassen, L., D'Anna, B., and Nielsen,

spectral details are accounted for. However, the CIBOH C 3 Kinetic i ﬁ in th h i fo d
o her slow (9:210-15 i molecule L s~ 2, this - J.: Kinetic isotope effects in the gas phase reactions of OH an

reaction Is rat _m ' Cl with CHgBr, CD3Br and 13CHgBr, J. Phys. Chem. A, to be

work) and only around 10% of the initial amount of gCl submitted. 2005.

reacted during the experiments. We have therefore only 2j3nnetta, C., Gola, A. A., Bache-Andreassen, L., and Nielsen,
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