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Abstract

The kinetic isotope effects in the reactions of CH3Cl, 13CH3Cl and CD3Cl with
OH radicals and Cl atoms were studied in relative rate experiments at 298±2 K
and 1013±10 mbar. The reactions were carried out in a smog chamber using
long path FTIR detection and the spectroscopic data analyzed employing a non-5

linear least squares spectral fitting method using measured high-resolution infrared
spectra as well as absorption cross sections from the HITRAN database. The
reaction rates of 13CH3Cl and CD3Cl with OH and Cl were determined relative
to CH3Cl as: kOH+CH3Cl/kOH+13CH3Cl=1.059±0.008, kOH+CH3Cl/kOH+CD3Cl=3.9±0.4,
kCl+CH3Cl/kCl+13CH3Cl=1.070±0.010 and kCl+CH3Cl/kCl+CD3Cl=4.91±0.07. The uncer-10

tainties given are 2σ from the statistical analyses and do not include possible sys-
tematic errors. The unusually large 13C kinetic isotope effect in the OH reaction of
CH3Cl has important implications for the global emission inventory of CH3Cl.

1. Introduction

Chloromethane is the most abundant atmospheric halocarbon with a burden of around15

5 Tg nearly all of which is thought to be of natural origin (Khalil and Rasmussen, 1999).
Chloromethane is also the only significant natural source of chlorine to the stratosphere
(Keene et al., 1999). The global average tropospheric concentration is around 600 pptv
(Khalil and Rasmussen, 1999), and with a lifetime with respect to loss by reaction with

OH around 1.4 years (kOH=2.4×10−12 e1250/T , kOH(298)=3.6×10−14 cm3 molecules−1
20

s−1) (Sander et al., 2003), the quantified sources can only account for about half of
the emissions required to balance the known sinks (Khalil and Rasmussen, 1999).
The current understanding of the global budget of CH3Cl is thus unsatisfactory. Until
a few years ago it was thought that most of the global emissions of chloromethane
came from the oceans. However, this source can only account for at most 0.5 Tg25

yr−1 (Khalil et al., 1999). Other known and significant sources include 0.9 Tg yr−1
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from biomass burning (Lobert et al., 1999), 0.17 Tg yr−1 emission from coastal salt
marshes (Rhew et al., 2000), 0.15 Tg yr−1 from wood-rotting fungi (Watling and Harper,
1998), and 0.16 Tg yr−1 from coal combustion, incineration and industrial processes
(McCulloch et al., 1999). Evidence was recently presented that abiotic conversion of
chloride to chloromethane occurs readily in dead plant material and that this source, not5

yet quantified, may amount to as much as 2.5 Tg yr−1 on a global scale (Hamilton et al.,
2003). A more detailed description of the sources of chloromethane in the environment
is given by Keppler et al. (2005).

The main quantified removal processes from the troposphere are reaction by OH
radicals (3.7±0.9 Tg yr−1) and transport to the stratosphere (0.2 Tg yr−1). Estimates10

of uptake by soil and subsequent degradation by microorganisms are highly uncertain
ranging from 0.2 Tg yr−1 (Khalil and Rasmussen, 1999) to 1.6 Tg yr−1 (Harper and
Hamilton, 2003). Finally, reaction with Cl atoms in the marine boundary layer may
remove as much as 0.4 Tg yr−1 (Khalil and Rasmussen, 1999).

Stable isotope analysis gives an additional handle to resolve the apparent discrep-15

ancy in the source-sink relationship. For chloromethane the global average of the 13C
isotope ratio is δ13C=−36.2±0.3‰ (Thompson et al., 2002) – that is, tropospheric
chloromethane is highly depleted in 13C. In this communication we present the first
results from kinetic studies of the isotopic fractionation in the atmospheric OH radical
and Cl atom loss processes of chloromethane.20

2. Experimental

2.1. Reference spectra

FTIR spectra with 0.01 cm−1 resolution were recorded with a Bruker IFS 120 FTIR
instrument equipped with a liquid N2 cooled InSb semiconductor detector, a KBr
beam splitter and a 4000–1800 cm−1 band pass filter. To achieve an acceptable sig-25

nal/noise ratio in the resultant spectra 128 scans were co-added. The partial pressures
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of chloromethane isotopologues were in the range 10–30 mbar and the cell (10 cm,
CaF2 windows) was filled to 1013 mbar with synthetic air (Air Liquide, 99.998%).

2.2. Relative rate experiments

The kinetic study was carried out by the relative rate method in a static gas mixture,
in which the removal of the reacting species is measured simultaneously as a func-5

tion of reaction time. Consider two simultaneous bimolecular reactions with the rate
coefficients kA and kB:

A + X
kA−→ products (1)

B + X
kB−→ products (2)

Assuming that there are no other loss processes than these reactions and that there10

are no other processes producing the reactants, the following relation is valid:

ln
{

[A]0
[A]t

}
=

kA

kB
ln
{

[B]0
[B]t

}
(3)

where [A]0 , [A]t , [B]0 and [B]t denote the concentrations of the compounds A and B
at times zero and t, respectively. A plot of ln([A]0/[A]t) vs. ln([B]0/[B]t) will thus give the
relative reaction rate coefficient α=kA/kB as the slope, or in terms of the fractionation15

constant, ε, of the loss process: ε=(α−1)×1000‰.
The experiments were carried out in a 250 L electropolished stainless steel smog

chamber equipped with a White type multiple reflection mirror system with a 120 m op-
tical path length for rovibrationally resolved infrared spectroscopy. The infrared spectra
were recorded with Bruker IFS 88 and IFS 66v FTIR instruments equipped with a liquid20

nitrogen cooled InSb detector. As a standard 128 scans were co-added at a nominal
resolution of 0.125 cm−1 and Fourier transformed using boxcar apodization. Periods of
data collection (ca. 10 min.) were alternated with UV photolysis (see below) and a wait-
ing period of 2 min. until 40–60% of the initial CH3Cl was consumed. For a given gas
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mixture the entire experiment typically lasted 1–2 h for the Cl atom reactions and 4–6 h
for the OH radical reactions. The reaction chamber was equipped with UV photolysis
lamps mounted in a quartz tube inside the chamber, and all experiments were carried
out in synthetic air (AGA 99.999% purity; CH4, CO and NOx<100 ppbv) at 298±2 K and
1013±10 mbar. The temperature was monitored on the chamber wall and it remained5

constant for the duration of the experiments. Each of the OH and Cl experiments
was carried out several times for different mixtures of chloromethane isotopologues:
CH3Cl+CD3Cl and CH3Cl+13CH3Cl.

2.3. Data analysis

The experimental spectra were analysed using a global non-linear least squares spec-10

tral fitting procedure, NLM (Griffith, 1996). The spectral features used in the analyses
were the C-H stretching bands in the 2825–3100 cm−1 region and the C-D stretching
bands in the 2025–2260 cm−1 region. The spectral data needed for the fitting proce-
dure were taken from the HITRAN database (HCl, H2O, N2O, CO, CO2, CH4 and the
ν2 band of O3); for CH3Cl, 13CH3Cl, CD3Cl and the overtone/combinations bands of15

O3 (for which HITRAN does not yet include data for the isotopologues) experimental
high-resolution IR spectra were used.

The analysis of the FTIR spectra produced accurate values for the relative change in
concentrations. The data from independent experiments were analysed according to
Eq. (3) using a weighted least squares procedure which includes uncertainties in both20

reactant concentrations (York, 1966); the uncertainties in the reactant concentrations
were taken as the standard deviations from the least squares fitting of the experimental
infrared spectra. The analyses were carried out in two steps: (i) data from the individual
experiments were fitted to a straight line with no constraints imposed. If there was no
statistical significance to the intercept 6=0, the first data point (t = zero) was taken out25

and the remaining (n–1) data points were then fitted jointly with data from the other
experiments to a straight line forced through the origin. If a dataset showed a statistical
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significant intercept 6= 0, the dataset was disregarded (the experiment was repeated).

2.4. Chemicals and radical production

CH3Cl (>99.5%, Aldrich), 13CH3Cl (99 atom % 13C, ISOTEC Inc.) and CD3Cl (99.5
atom % D, ISOTEC Inc.) were used as received without further purification. Typical
volume fractions of the chloromethane isotopologues were 3–4 ppm.5

Hydroxyl radicals were generated by photolysis of ozone/H2 mixtures; typical vol-
ume fractions of H2 (AGA 4.5) and ozone were 2×103 ppm and 300 ppm, respectively.
Ozone was produced from O2 (AGA 4.5) by using a MK II Ozone generator from BOC
that converts approximately 5% of the oxygen gas flow to ozone. The photodissociation
of ozone was accomplished by a Philips TUV 30W lamp (λmax∼254 nm) mounted in a10

quartz tube in the smog chamber; photolysis was done in time intervals of 1–30 min.

O3 + hν(λ ∼ 254 nm) → O(1D) + O2 (4)

O(1D) + H2 → OH + H (5)

H + O3 → OH + O2 (6)

This OH production scheme produces not only OH radicals in the ground-state but15

also in excited vibrational states (Aker and Sloan, 1986; Huang et al., 1986; Streit
et al., 1976). The collision quenching rate coefficients of OH by N2 and O2 are of
the order of 10−15 and 10−13 cm3 molecule−1 s−1, respectively (D’Ottone et al., 2004).
However, the mixing ratios of O2 and N2 are five orders of magnitude larger than those
of the chloromethane isotopologues, and one may therefore safely assume that the20

latter react exclusively with OH in the vibrational ground state.
The chlorine atoms were generated by photolysis of Cl2 using Philips TLD-08 fluo-

rescence lamps (λmax∼350 nm). In this wavelength region the Cl atoms produced were
in the ground state (see later). The Cl2 was a standard laboratory grade compound
(AGA 2.8) and was purified by two freeze-pump-thaw cycles prior to use. Typical vol-25

ume fractions were 10–20 ppm Cl2.
3878
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The experiments were carried out under low NOx conditions (NOx<100 pptv) and
according to previous product studies (Bilde et al., 1999; Catoire et al., 1994; Kaiser
and Wallington, 1994; Niki et al., 1980; Sanhueza and Heicklen, 1975; Wallington et
al., 1995) the Cl initiated oxidation of CH3Cl will, under the present reaction conditions,
essentially proceed via Reactions (7–12)5

Cl + CH3Cl → CH2Cl + HCl (7)

CH2Cl + O2 → CH2ClO2 (8)

CH2ClO2 + CH2ClO2 → CH2ClO + CH2ClO + O2 (9a)

→ HC(O)Cl + CH2ClOH + O2 (9b)10

CH2ClO2 + HO2 → HC(O)Cl + H2O + O2 (10a)

→ CH2ClOOH + O2 (10b)

CH2ClO + M → HCO + HCl + M (11)15

CH2ClO + O2 → HC(O)Cl + HO2 (12)

During the Cl atom reaction with CH3Cl OH radicals will eventually be generated from
the HO2 radicals and thereby influence the kinetics. We therefore modelled the reac-
tions in the static reactor using FACSIMILE (MCPA Software Ltd) to find the optimum
starting conditions. The basic model of our reactor, given as supporting information,20

consists of around 200 equations describing Ox, HOx, NOx, FOx, ClOx, BrOx and CH4-
related “background” reactions in the chamber; the rate coefficient data have been
taken from the latest JPL (Sander et al., 2003) and IUPAC (Atkinson, 2004) kinetic
data evaluations (the photolysis rates of photo-labile constituents were determined ex-
perimentally in our laboratory). In addition we included the reactions describing the25

Cl and OH initiated oxidation of CH3Cl as indicated by Reactions (7–12) and the sub-
sequent degradation reaction reactions of HC(O)Cl (Libuda et al., 1990). Using 5 ppm
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CH3Cl and 10 ppm Cl2 as starting conditions, the model indicated that the loss of CH3Cl
due to reactions with OH radicals was less than 1‰ of the total loss. The model also
predicted that the concentration of HC(O)Cl formed could be as high as 0.5 ppm; the
absorption lines of this molecule could therefore interfere with the analyses of the C-
H/C-D stretching regions of the spectrum. We therefore also carried out experiments5

using the Philips TUV 30W lamp (λmax∼253.7 nm) which will photolyse HC(O)Cl. At this
wavelength Cl atoms can be formed in the excited spin-orbit state 2P1/2, which is ca.

882 cm−1 above the ground state 2P3/2. The quenching rate coefficients of Cl(2P1/2)

by O2 and N2 are of the order of 10−13 and 10−15 cm3 molecule−1 s−1 (Tyndall et al.,
1995). However, one may safely assume that only Cl(2P3/2) will react with CH3Cl since10

the mixing ratios of O2 and N2 are five orders of magnitude larger than that of CH3Cl.
The formation of HC(O)Cl can in principle also affect the kinetic study of the CH3Cl

reaction with OH since Cl atoms are released in the degradation of HC(O)Cl (either
through photolysis of HC(O)Cl or reaction with OH and decomposition of the ClCO
radical). The FACSIMILE model indicated that the loss of CH3Cl due to reactions15

with Cl atoms is at most 1‰ because the Cl atoms are effectively scavenged by the
presence of 2×103 ppm H2 in the reaction chamber.

3. Results

Figure 1 shows the obtained FT-IR spectra of a CH3Cl and 13CH3Cl in the CH stretch-
ing region. The fundamental ν1(A1) parallel band is situated around 2968 cm−1, the20

ν4(E) perpendicular band around 3039 cm−1, and the 2ν5(A1+E) overtone around
2879 cm−1. Although the 12C-13C isotopic shifts are small for the three bands (around
−4, −9 and −5 cm−1, respectively) the rotational fine structures of the fundamentals
are sufficiently different that isotopic mixtures can be quantified from infrared spectra
of mixtures containing O3 obtained at a spectral resolution of 0.125 cm−1. The CD25

stretching modes of CD3Cl are not shown but are found around 2160 cm−1 (ν1(A1))
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and 2285 cm−1 (ν4(E)), and CD3Cl is easily quantified in mixtures with N2O, CO2, CO
and O3.

3.1. Cl atom reactions

Two sets of photolysis experiments were performed: (i) photolysis at λmax∼350 nm and
(ii) photolysis at λmax∼254 nm. The results from these experiments were not signifi-5

cantly different. This suggests that either the wall loss of HC(O)Cl in our chamber is
larger than that reported by Libuda et al. (1990), or that the absorption lines of HC(O)Cl
are too weak to affect our spectral analyses (a rough estimate from the IR spectrum of
Libuda et al. predicts that 0.5 ppm of HC(O)Cl in our system should have an absorption
of 2×10−3 in the C-H stretching region, which is in the noise level). An example of the10

FT-IR spectra obtained from the study of the 12CH3Cl/13CH3Cl reaction with Cl atoms
and the result from a non-linear least squares spectral fit using data from the HITRAN
database and high-resolution spectra of the reactants is shown in Fig. 2, while Fig. 3
shows a plot of ln{[12CH3Cl]0/[12CH3Cl]t} vs. ln{[13CH3Cl]0/[13CH3Cl]t} during the re-
action with Cl atoms; analysis of data from five independent experiments according to15

Eq. (3) gives k(Cl+12CH3Cl)/k(Cl+13CH3Cl)=1.070±0.010 (Table 1), where the error
quoted in the relative rate corresponds to the 2σ error of the statistical analysis only.

The infrared spectrum of the CD stretching region during an experiment with
Cl atom reaction with CH3Cl and CD3Cl is shown in Fig. 4. The ν4(E) mode at
2285 cm−1 is partly overlapped by the strongly absorbing ν3(Σ+

g ) mode of CO2 around20

2349 cm−1 and this part of the spectrum was therefore not included in the spectral fit-
ting. The decays of CH3Cl and CD3Cl during the reaction with Cl atoms are shown
in Fig. 5 in the form of ln{[CH3Cl]0/[CH3Cl]t} vs. ln{[CD3Cl]0/[CD3Cl]t} from which
k(Cl+CH3Cl)/k(Cl+CD3Cl)=4.91±0.07 (Table 1) was derived from data of 2 indepen-
dent experiments.25
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3.2. OH radical reactions

Numerous experiments were carried out with OH reactions with 12CH3Cl and 13CH3Cl.
Because the reaction is slow, kOH(298 K)=3.6×10−14 cm3 molecule−1 s−1 (Sander et
al., 2003), rather high initial ozone concentrations are needed to achieve a reasonable
degree of reaction. This, on the other hand, makes the spectral analyses more de-5

manding. Figure 6 shows the spectrum of a reaction mixture containing ca. 2.5 ppm
of each of 12CH3Cl and 13CH3Cl, and ca. 600 ppm O3 (and 1000 ppm H2) in purified
air. The spectrum is dominated by 4 ozone bands (ν1+2ν3, 3ν3, ν1 + ν2 + ν3, ν2+2ν3)
of which the 3ν3 band at 3046 cm−1 obscures the ν4(E) perpendicular bands and over-
laps the ν1(A1) parallel bands of the 12CH3Cl and 13CH3Cl. However, all spectral details10

can be accounted for as the residual of the spectral fitting shows. Figure 7 summarizes
the results of the kinetic data from 4 independent experiments from which we extract
k(OH+12CH3Cl)/k(OH+13CH3Cl)=1.059±0.008.

Figure 8 shows the spectral region used for analyzing the removal of CD3Cl from
the reactor by OH radicals. Although the ν4(E) band is overlapped by the ν3 band of15

13CO2, the 2ν5(A1+E) band is completely covered by the ν1 + ν3 band of O3, and the
ν1(A1) band of CD3Cl is overlapped by the ν1 + ν3 band of O3 as well as by vibration-
rotation lines of the N2O ν3 band and of the CO fundamental, all spectral details
are accounted for. However, the CD3Cl+OH reaction is rather slow (9.2×10−15 cm3

molecule−1 s−1, this work) and only around 10% of the initial amount of CD3Cl re-20

acted during the experiments. We have therefore only been able to determine the
relative rate of reaction with an uncertainty of 10% from 4 independent experiments;
k(OH+CH3Cl)/k(OH+CD3Cl)=3.9±0.4 (Table 1).
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4. Conclusions

The kinetic isotope effects in the Cl atom and OH radical reactions with chloromethane
should be compared to those of the analogue 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; Feilberg et al., 2005a; Gierczak et al., 1997; Mat-5

sumi et al., 1997; Saueressig et al., 1995, 1996, 2001; Tyler et al., 2000; Wallington
and Hurley, 1992) – Table 1 includes the latest results. The 13C KIE in the Cl reaction
of chloromethane is nearly the same as in methane, 1.058 (Feilberg et al., 2005a).
In contrast, the 13C KIE in the OH reaction is more than 1 order of magnitude larger
than observed for methane, 1.0039 (Saueressig et al., 2001). Also the KIE’s of the10

CD3Cl differs significantly from those of fully deuterated methane. Especially the high
value for the 13C KIE in the OH reaction is on its own somewhat surprising. We have,
however, recently obtained similar values of the KIEs in the Cl atom and OH radical re-
actions with CH3Br (Nikitine et al., 20051), CH2Cl2 (Iannetta et al., 20052) and CH3OH
(Feilberg et al., 2005b3), and suggest that it is the 13C KIE of the OH reaction with15

methane that is unusually small rather than the 13C KIE of the OH radical reaction
with chloromethane being ‘surprisingly’ large. Preliminary variational transition state
calculations also support this view (Sellevåg et al., 20054).

1Nikitine, T., Bache-Andreassen, L., D’Anna, B., and Nielsen, C. J.: Kinetic isotope effects
in the gas phase reactions of OH and Cl with CH3Br, CD3Br and 13CH3Br, J. Chem. Phys., to
be published, 2005.

2Iannetta, C., Gola, A. A., Bache-Andreassen, L., and Nielsen, C. J.: Kinetic isotope effects
in the gas phase reactions of OH and Cl with CH2Cl2, CHDCl2, CD2Cl2 and 13CH2Cl2, J. Chem.
Phys., to be published, 2005.

3Feilberg, K. L., Johnson, M. S., and Nielsen, C. J.: 13C, 18O and D fractionation effects in
the reactions of methanol with Cl and OH radicals, J. Chem. Phys., A, submitted, 2005b.

4Sellevåg, S. R., Nyman, G., and Nielsen, C. J.: Study of the carbon-13 and deuterium
kinetic isotope effects in the Cl and OH reactions of CH4 and CH3Cl, J. Phys. Chem. A,
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Only half of the chloromethane needed to balance the known sinks have so far been
quantified by field measurements (Khalil and Rasmussen, 1999). The 13C fractionation
in the OH reaction with chloromethane can be used to constrain the budget and to
narrow down the possible source(s). Tropospheric chloromethane is highly depleted in
13C with a global average of the of δ13C=−36.2±0.3‰ (Thompson et al., 2002) and an5

OH fractionation of ε13C=59±8‰ requires a large and extremely depleted 13C source.
This is discussed in detail by Keppler et al. (2005).

Supplementary material

Supplementary material is available under:
http://www.copernicus.org/EGU/acp/acpd/5/3873/acpd-5-3873-sp.pdf.10
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Table 1. Kinetic isotope effects in the reactions of chloromethane and methane with Cl atoms
and OH radicals.

kA/kB Cl OH

CH3Cl/13CH3Cl 1.070±0.010 1.059±0.008
CH3Cl/CD3Cl 4.91±0.07 3.9±0.4

CH4/13CH4 1.058±0.002 (a) 1.0039±0.0004 (b)

CH4/CH3D 1.459±0.006 (a) 1.294±0.018 (c)

CH4/CH2D2 2.43±0.01 (a) 1.81±0.28 (c)

CH4/CHD3 4.73±0.04 (a) 3.30±0.50 (c)

CH4/CD4 14.7±0.2 (a) 7.36±0.88 (c)

(a) Feilberg et al. (2005a)
(b) Saueressig et al. (2001)
(c) Gierczak et al. (1997)
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Fig. 1. FT-IR spectra in the CH stretching region of a CH3Cl and 13CH3Cl showing the funda-
mental ν1 parallel band around 2960 cm−1, the ν4 perpendicular band around 3040 cm−1, as
well as the 2ν5 overtone around 2875 cm−1. Spectral resolution: 0.01 cm−1.
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Fig. 2. FT-IR spectrum of the CH stretching region of a CH3Cl and 13CH3Cl mixture during
reaction with Cl atoms. Total photolysis time: 2 min. Compounds included in the spectral
analysis: 12CH3Cl, 13CH3Cl, H2O and HCl. (*) Bands due to HCl.
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Fig. 3. Decays of 12CH3Cl and 13CH3Cl during reaction with Cl atoms at 1013 mbar and 298 K
plotted in the form of ln{[12CH3Cl]0/[12CH3Cl]t} vs. ln{[13CH3Cl]0/[13CH3Cl]t}. 60 data points
from 5 independent experiments (colour coded) were fitted to give krel=1.070±0.010 (2σ).
Error bars assigned the individual data points correspond to 1σ from the spectral analyses.
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cm-1. The topmost curve is the residual of the spectral fitting. Compounds included in the 

spectral analysis: CD3Cl, H2O, HDO, CO and CO2. 
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Fig. 4. FT-IR spectrum of the CD stretching region of a 12CH3Cl and CD3Cl mixture during
reaction with Cl atoms. The ν1(A1) and 2ν5(A1+E) modes of CD3Cl are overlapped by the
sharp vibration-rotation lines of the CO fundamental centred at 2043 cm−1. The topmost curve
is the residual of the spectral fitting. Compounds included in the spectral analysis: CD3Cl, H2O,
HDO, CO and CO2.
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Fig. 5. Decays of CH3Cl and CD3Cl during reaction with Cl atoms at 1013 mbar and 298 K
plotted in the form ln{[12CH3Cl]0/[12CH3Cl]t} vs. ln{[CD3Cl]0/[CD3Cl]t}. 26 data points from
2 experiments (colour coded) were fitted to krel=4.91±0.07 (2σ). Error bars assigned the
individual data points correspond to 1σ from the spectral analyses.
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Fig. 6. FT-IR spectrum of the CH stretching region of a CH3Cl and 13CH3Cl mixture during
reaction with OH radicals. The reference spectra of O3, 12CH3Cl and 13CH3Cl 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: 12CH3Cl, 13CH3Cl, H2O and HCl.
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Fig. 7. Decays of CH3Cl and CD3Cl during reaction with OH radicals at 1013 mbar and 298 K
plotted in the form ln{[12CH3Cl]0/[12CH3Cl]t} vs. ln{[CD3Cl]0/[CD3Cl]t}. 58 data points from
4 independent experiments (colour coded) were fitted to krel=1.059±0.008 (2σ). Error bars
assigned the individual data points correspond to 1σ from the spectral analyses.
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Fig. 8. FT-IR spectrum of the CD stretching region of a CH3Cl and CD3Cl mixture during
reaction with OH radicals. The spectrum was analyzed in terms of CO2, CO, N2O, H2O and
O3 reference spectra from the HITRAN database and of the shown high resolution reference
spectrum of CD3Cl, which has been shifted for the sake of clarity.
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Fig. 9. Decays of CH3Cl and CD3Cl during reaction with OH radicals at 1013 mbar and 298 K
plotted in the form ln{[12CH3Cl]0/[12CH3Cl]t} vs. ln{[CD3Cl]0/[CD3Cl]t}. 28 data points from 4
experiments (colour coded) were fitted to krel=3.9±0.4 (2σ). Error bars assigned the individual
data points correspond to 1σ from the spectral analyses.
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