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Sulfuryl fluoride (SO2F2) is a radiatively active industrial
chemical released into the atmosphere in significant (ktonne/
year) quantities. The potential for SO2F2 to contribute to radiative
forcing of climate change needs to be assessed. Long path
length FTIR/smog chamber techniques were used to investigate
the kinetics of the gas-phase reactions of Cl atoms, OH
radicals, and O3 with SO2F2, in 700 Torr total pressure of air or
N2 at 296 ( 1 K. Upper limits of k(Cl + SO2F2) < 9 × 10-19,
k(OH + SO2F2) < 1.7 × 10-14 and k(O3 + SO2F2) < 5.5 × 10-24

cm3 molecule-1 s-1 were determined. Reaction with Cl
atoms, OH radicals, or O3 does not provide an efficient removal
mechanism for SO2F2. The infrared spectrum of SO2F2 is
reported and a radiative efficiency of 0.196 W m-2 ppbv-1

was calculated. Historic production data estimates are presented
which provide an upper limit for expected atmospheric
concentrations. The radiative forcing of climate change
associated with emissions of SO2F2 depends critically on the
atmospheric lifetime of SO2F2. Further research is urgently needed
to define the magnitude of potential nonatmospheric sinks.

1. Introduction

Sulfuryl fluoride, SO2F2, is a widely used insecticide/roden-
ticide for whole-structure fumigation. It is typically assumed
that essentially 100% of SO2F2 is emitted to the atmosphere
after use (1). Substantial production of SO2F2 has taken place
since it was first marketed in the U.S. in the early 1960s The
annual average global production since 2000 is estimated to
be 2.9 × 106 kg year-1 (1). At the present time the only available
data concerning atmospheric concentrations of SO2F2 come
from the work by Mühle et al. (2) who reported measurements
of SO2F2 in the remote troposphere. We are informed by
these workers that their analytical procedure is being
recalibrated, and the reported mixing ratios are likely to be
revised (3). The revised data are not available at the present

time and the atmospheric concentration of SO2F2 is unclear.
With the Montreal Protocol mandated phase-out of methyl
bromide, SO2F2 usage and associated emission rates may
increase, reflecting a widening range of fumigation applica-
tions (e.g., crops and seed fumigations, soil sterilization).

The fate of SO2F2 in the environment is uncertain. SO2F2

is a gas with a vapor pressure of 16 atm at 20 °C. Upper limits
to the atmospheric lifetime of 4.5 (4) and 14 (2) years have
been suggested, but a laboratory study by Dillon et al. (5)
found that the kinetics of the suggested atmospheric removal
processes do not support the atmospheric lifetime estimates
above. A recent experimental and theoretical study by
Papadimitriou et al. (6) also supports an extended atmo-
spheric lifetime for SO2F2.

To assess the possible contribution of SO2F2 to the radiative
forcing of climate change, improved understanding of the
atmospheric fate of SO2F2 is needed. This work focuses on
the kinetics of the homogeneous gas-phase reactions with
the title oxidants: OH radicals, Cl atoms, and ozone. The
atmospheric chemistry of SO2F2 is discussed with respect to
the atmospheric lifetime, and the global warming potential
for SO2F2.

2. Experimental Section
Experiments were performed in a 140 L Pyrex reactor
interfaced to a Mattson Sirius 100 FTIR spectrometer (7).
The reactor was surrounded by 22 fluorescent blacklamps
(GE F40T12BLB) which were used to photochemically initiate
the experiments. Chlorine atoms were produced by photolysis
of molecular chlorine.

Cl2 +hvfCl+Cl (1)

OH radicals were produced by photolysis of CH3ONO in the
presence of NO in air.

CH3ONO+hνfCH3O+NO (2)

CH3O+O2fHO2 +HCHO (3)

HO2 +NOfOH+NO2 (4)

Relative rate techniques were used to measure the rate
constant of interest relative to a reference reaction whose
rate constant has been established. The relative rate method
is a well established technique for measuring the reactivity
of Cl atoms and OH radicals with organic compounds (8).
Kinetic data are derived by monitoring the loss of SO2F2

relative to one or more reference compounds. The decays of
SO2F2 and the reference are then plotted using the following
expression:

Ln([reactant]0

[reactant]t
)) kreactant

kreference
Ln([reference]0

[reference]t
)

where [reactant]0, [reactant]t, [reference]0, and [reference]t

are the concentrations of SO2F2 and the reference compound
at times “0” and “t”, and kreactant and kreference are the rate
constants for reactions of Cl atoms or OH radicals with the
SO2F2 and the reference compound. Plots of Ln([reactant]0/
[reactant]t) versus Ln([reference]0/[reference]t) should be
linear, pass through the origin, and have a slope of kreactant/
kreference.

CH3ONO was synthesized by the dropwise addition of
concentrated sulfuric acid to a saturated solution of NaNO2

in methanol. SO2F2 was provided by Dow AgroSciences at a
purity of 99.8%. Other reagents were obtained from com-
mercial sources. Experiments were conducted in 700 Torr
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total pressure of air or N2 diluent at 296(2 K. Concentrations
of reactants and products were monitored by FTIR spec-
troscopy. IR spectra were derived from 32 coadded inter-
ferograms with a spectral resolution of 0.25 cm-1 and an
analytical path length of 27.1 m. To check for unwanted loss
of reactants and reference compounds via heterogeneous
reactions, reaction mixtures were left to stand in the chamber
for 60 min. There was no observable (<1%) loss of any of the
reactants or products in the present work.

3. Results
3.1. Kinetics of the Cl+SO2F2 Reaction. The rate of reaction
(5) was measured relative to reaction (6):

Cl+ SO2F2fproducts (5)

Cl+CH3CF3fproducts (6)

Reaction mixtures consisted of 1.76 mTorr of SO2F2, 1.5- 3.2
mTorr CH3CF3, and 500 mTorr Cl2 in 700 Torr of nitrogen
diluent. Irradiation of the reaction mixtures for 2-50 min
resulted in losses of CH3CF3 of 8-52%. The corresponding
loss of SO2F2 was less than 1%. A loss of 52% CH3CF3 together
with an upper limit of 1% for the loss of SO2F2 gives an upper
limit for the rate constant ratio of k5/k6 < 0.014. Using k6 )
3.2 × 10-17 (9) gives k5 < 4.5 × 10-19 cm3 molecule-1 s-1.
Recognizing the factor of 2 uncertainty in k6 (9) leads to k5

< 9 × 10-19 cm3 molecule-1 s-1. This upper limit is consistent
with k7 < 5 × 10-17 cm3 molecule-1 s-1 recently reported by
Papadimitriou et al. (6).

3.2. Kinetics of the OH + SO2F2 Reaction. The rate of
reaction 7 was measured relative to reaction 8:

OH+ SO2F2fproducts (7)

OH+C2H2fproducts (8)

Reaction mixtures consisted of 1.47-1.76 mTorr of SO2F2,
0.74-2.94 mTorr C2H2, 100 mTorr CH3ONO, and 0-25 mTorr
NO in 700 Torr of air diluent. Irradiation of the reaction
mixtures for 1-45 min resulted in losses of C2H2 of 6-40%.
The corresponding loss of SO2F2 was less than 1%. A loss of
40% C2H2 together with an upper limit of 1% for the loss of
SO2F2 gives an upper limit for the rate constant ratio of k7/k8

< 0.02. Using k8 ) 8.5 × 10-13 (10) gives k7 < 1.7 × 10-14 cm3

molecule-1 s-1. This result is consistent with the upper limit
of k7 < 1 × 10-15 reported by Dillon et al. (5), and k7 < 1 ×
10-16 cm3 molecule-1 s-1 reported by Papadimitriou et al.
(6).

3.3. Kinetics of the O3 + SO2F2 Reaction. The kinetics of
reaction 9 were studied by observing the decay of SO2F2 when
exposed to ozone in the reaction chamber.

SO2F2+O3fproducts (9)

The reaction mixture consisted of 1.76 mTorr SO2F2 and 2250
mTorr O3 in 700 Torr of air diluent. The loss of SO2F2 was
expected to follow pseudo first order kinetics. After 7 h of
exposure to ozone in the chamber, the loss of SO2F2 was less
than 1%. A 1% loss of SO2F2 over 7 h corresponds to a pseudo
first order rate constant of 4.0 × 10-7 s-1. Combining the
pseudo first order rate constant with the ozone concentration
gives an upper limit of k9 < 5.5 × 10-24 cm3 molecule-1 s-1.
This result is consistent with the upper limit of k9 < 1 × 10-23

cm3 molecule-1 s-1 reported by Dillon et al. (5).
3.4. IR Spectrum of SO2F2. The IR spectrum of SO2F2 is

shown in Figure 1. SO2F2 has IR features at 849.1, 887.0, 1270.9,
and 1504.3 cm-1 with peak IR cross sections of 2.76 × 10-18,
7.56 × 10-18, 4.13 × 10-18, and 9.28 × 10-18 cm2 molecule-1,
respectively. The integrated cross sections for the IR absorp-
tion bands of SO2F2 are 5.81 × 10-17 (810-920 cm-1), 2.62 ×
10-17 (1220-1310 cm-1), and 4.32 × 10-17 cm molecule-1

(1455-1540 cm-1). As discussed elsewhere (11), we estimate
the uncertainty on our integrated cross-section measure-
ments to be (5%. The integrated cross sections are in
excellent agreement with the measurements by Dillon et al.
(5) of 5.67 × 10-17 (810-920 cm-1), 2.50 × 10-17 (1220-1310
cm-1), and 4.00 × 10-17 cm molecule-1 (1455-1540 cm-1).
Papadimitriou et al. (6) have very recently reported band
strengths of 5.84 × 10-17 (800.8-927.6 cm-1), 2.61 × 10-17

(1211.1-1321.5 cm-1), and 4.17 × 10-17 cm molecule-1

(1448.8-1542.3 cm-1) which are also consistent with the
measurements presented herein.

4. Environmental Implications of Atmospheric Chemistry
The motivation for the present work was to improve our
understanding of the atmospheric chemistry of SO2F2 and to
access its potential to contribute to radiative forcing of climate
change. There was no discernible reaction of SO2F2 with OH
radicals, Cl atoms,or O3. The upper limits for the rate
constants for reactions of SO2F2 with OH radicals, Cl
atoms,and O3 derived in the present work are listed in Table
1. Our results are consistent with the upper limits reported
recently Dillon et al. (5) for reactions with OH and O3, and
Papadimitriou et al. (6) for reactions with OH and Cl. As
indicated in Table 1, chlorine atoms and O3 are not present
in the atmosphere in sufficient quantities to impact the
lifetime of SO2F2. Using the upper limit of k(OH+SO2F2) <
1 × 10-16 cm3 molecule-1 s-1 (6) and a global weighted-average
OH concentration of 1.0 × 106 molecules cm-3 (12) leads to
a lifetime of SO2F2 with respect to reaction with OH radicals
of >300 years.

Sulfuryl fluoride does not undergo photolysis in the actinic
region of solar radiation and is not expected to undergo wet
(rain-out) or dry deposition to any appreciable extent (5).
Dissolution in ocean water followed by hydroxide ion
catalyzed hydrolysis has been proposed as a dominant sink
in the environment (13, 14). Wetted-wall flow tube experi-
ments by Dillon et al. (5) suggested a negligible uptake
coefficient of 6-9 × 10-8 (depending on pH) and no
irreversible loss processes were observed. Dillon et al. (5)
estimated that uptake/loss of SO2F2 to oceans accounts for
only ∼0.5% of annual emissions. However, a more detailed
treatment of the ocean loss process, including air-sea
exchange with the oceanic mixed layer indicates a more
significant sink, leading to a lifetime with respect to ocean
uptake of approximately 40 years (6).

We have not been able to discern any atmospheric loss
mechanism for SO2F2 in the troposphere or stratosphere.
SO2F2 does not absorb sunlight present in the troposphere
or stratosphere but does absorb at 121.6 nm (Lyman-R) and
is likely to be lost via photolysis and possibly reaction with
electrons in the mesosphere. The absorption cross section
of SO2F2 at 121.6 nm is similar to that of SF5CF3 which has
an atmospheric lifetime of approximately 650-950 years with
respect to photolysis and reaction with electrons in the
mesosphere (15).

FIGURE 1. IR spectrum of SO2F2 in 700 Torr of air at 296 ( 1 K.
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Historical production data provide insight into the
expected magnitude and temporal trends of atmospheric
concentration, and ultimately the atmospheric lifetime of
SO2F2. Estimated historical global production data for SO2F2

are given in Figure 2 (1). The estimated global production
from 1960 to 2007 totals 61147 tons of SO2F2. If SO2F2 had
no loss mechanism and assuming that all SO2F2 produced
has been emitted into the atmosphere and remained there
indefinitely, one would expect an atmospheric concentration
of the order of 3.5 ppt. By comparison, if we assume an
atmospheric lifetime of approximately 10 years, one would
expect the atmospheric abundance to be on the order of 1
ppt. As mentioned in the introduction, the analytical
procedure used by Mühle et al. (2) is being recalibrated and
there is considerable uncertainty in the atmospheric mixing
ratio of SO2F2 (3). It is interesting that while neither we, nor
Dillon et al. (5), have been able to observe any significant
atmospheric loss mechanism for SO2F2 in our laboratory
experiments, the preliminary field measurements by Mühle
et al. (2) do suggest that there is a significant loss mechanism.
It is worth noting that the laboratory experiments have
focused on abiotic loss mechanisms. SO2F2 is a biologically
active compound and is used as insecticide/rodenticide. It
seems reasonable to speculate that there may be one or more
biotic processes (e.g., removal by biota in soils or vegetation)
which serve as sinks for SO2F2 (16). Further research in this
area is needed but is beyond the scope of the present work.

As great uncertainty remains in the atmospheric lifetime
for SO2F2, it is informative at this point to estimate the global
warming potential of SO2F2 for a range of potential atmo-

spheric lifetimes. Using the method outlined by Pinnock et
al. (11), the IR spectrum of SO2F2 shown in Figure 1 and the
IR spectrum of CFC-11 (17) we calculate instantaneous
forcings for SO2F2 and CFC-11 of 0.196 and 0.26 W m-2 ppb-1,
respectively. Values of the halocarbon global warming
potential, HGWP (18), for SO2F2 (relative to CFC-11) can then
be estimated using expression II:

HGWPSO2F2
) ( IFSO2F2

IFCFC-11
)(τSO2F2

MCFC-11

τCFC-11MSO2F2
)

( 1- exp(-t ⁄ τSO2F2
)

1- exp(-t ⁄ τCFC-11)) (II)

where IFSO2F2, IFCFC-11, MSO2F2, MCFC-11, τSO2F2, and τCFC-11 are
the instantaneous forcings, molecular weights, and atmo-
spheric lifetimes of SO2F2 and CFC-11, and t is the time
horizon over which the forcing is integrated. We assume
τCFC-11 ) 45 years (19). For the purposes of illustrating the
potential order of magnitude contribution of SO2F2 to radiative
forcing of climate change we have considered a range of
atmospheric lifetimes for SO2F2 of 1-100 years (centered on
the value of 10 years discussed above and varied by an order
of magnitude). The GWP for SO2F2 relative to CO2 is estimated
by multiplying the HGWP values for 20, 100, and 500 year
time horizons by factors of 6730, 4750, and 1620, respectively
(19). Figure 3 shows the GWP of SO2F2 for 20, 100, and 500
year time horizons plotted as a function of the atmospheric
lifetime of SO2F2. As illustrated in Figure 3, the uncertainty
in the atmospheric lifetime of SO2F2 leads to considerable
uncertainty in its GWP (120-7600 for a 100 year time horizon).
The fact that we, Dillon et al. (5), and Papadimitriou et al.
(6) have been not able to identify any significant atmospheric

TABLE 1. Rate Constants (Units of cm3 molecule-1 s-1) for the reactions of Cl, OH, and O3 with SO2F2
a

bimolecular reaction rate constants k7(OH + SO2F2) k5(Cl + SO2F2) k9(O3 + SO2F2)

Dillon et al. (5) <1 × 10-15 <1 × 10-23

Papadimitriou et al. (6) <1 × 10-16 * <5 × 10-17 <1 × 10-23

present work <1.7 × 10-14 <9 × 10-19 * <5.5 × 10-24 *

atmospheric lifetime (years) >300 >107 >5000
a Atmospheric lifetimes (years) are estimated for the individual removal processes using the rate constants marked with

* and a global average oxidant concentrations of [OH])1 × 106 molecule cm-3 (12), [Cl] ) 1 × 103 molecule cm-3 (20), and
[O3] ) 35 ppb (20).

FIGURE 2. Historic production estimates for SO2F2. The Dow
Chemical 1960-1975 production values are estimated by linear
interpolation from the start of production (1960) to the first
production data available (1976). Dow Chemical production
values from 1975 onward have been provided by the
manufacturer. Emission values for 3M locations are from the
U.S. EPA Toxic Release Inventory (21). Production values for
Linhai Liming, Longkou, Solvay, and Fluorochemika are
estimates only and have not been verified by the individual
companies (1).

FIGURE 3. Global warming potential for SO2F2 as a function of
atmospheric lifetime.
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sink for SO2F2 underscores the need for improved docu-
mentation of emission rates, atmospheric abundance trends,
and potential oceanic or terrestrial sinks for this compound.
While SO2F2 appears to be long-lived in the atmosphere,
further work is needed to better define the atmospheric
lifetime of SO2F2.
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