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Abstract

Gaseous iodomethane (CH3I) is naturally emitted into the atmosphere by biological activity in the oceans and during 

a severe accident (SA) of a nuclear power plant. In this later case, a part of radioactive iodine as 131I, may be released. 

Improving the knowledge of the CH3I transport and reactivity in the atmosphere is important since they are strongly 
linked to first, the cycle of ozone and second to the dispersion of radioactive CH3I with potential radiological 

consequences on both environment and human health. Here, the interaction process of CH3I with NaCl as surrogate 

of atmospheric aerosols was investigated at ambient air conditions by using Diffuse Reflectance Fourier Transform 

Spectroscopy (DRIFTS). The DRIFTS spectra of NaCl clearly evidenced CH3I adsorption on the NaCl particle surface. A 
part of CH3I ((1.68± 0.85) x 1014 molecule.mg-1NaCl) was found to be strongly bonded to NaCl since no desorption was 

observed. The CH3I adsorption on NaCl surface presented a 1st order kinetics relative to its gas phase concentration. 

The uptake coefficient was determined to be in the order of 10-11. These results show a low probability of CH3I to be 

taken up by halide-containing aerosols. These data are crucial for completing the iodine atmospheric chemical 
scheme.

1. Introduction
Gaseous organic iodine species (CH3I, 127I) are naturally emitted at trace level (maximum at 2000 ppt) into the 

atmosphere over oceans through the algae and phytoplankton activities 1,2. Iodine has a strong interest in the 

atmospheric chemistry field. Over the last four decades, numerous experimental and theoretical works have been 

carried out on the quantification of iodine forms (gaseous or particulate) in the troposphere, on the identification 

of natural sources of iodine and finally on its reactivity, with the aim of better understanding the iodine cycle and 

its interaction with other compounds present in the troposphere 3,4. In that atmospheric context, many gas phase 

mechanisms of iodine have been developed and a large database of the iodine cycle data is now available 1-6. 

However, the interaction of gaseous iodine compounds with atmospheric aerosols and its resulting speciation are 

not well documented, yet. Indeed, only few laboratory studies have investigated the interaction of iodinated species 

with atmospheric aerosols surrogates. For instance, it was found that HOI can react with NaCl and NaBr to form ICl 
or IBr in gaseous phase in the 5-25 °C temperature range 7. The measured steady state uptake coefficient was 

determined to be in the order of 10-2. Similarly, uptake of CH3I 8 and C2H5I 9 by commercial soot film and carbon 

thin film, respectively, was determined to be in the order of 10-2 at 25°C. Most of the studies imply that iodine 

species are highly reactive and may interact with the other species (gas or particles) present in the atmosphere to 
evolve in gaseous or particulate form. However, neither uptake processes nor influence of condensed phase on 

gaseous iodine reactivity, were unravelled.

Following a severe accident on a nuclear reactor as Three Mile Island (USA, 1978), Chernobyl (Ukraine, 1986), and 
more recently Fukushima (Japan, 2011), iodine radioactive -isotopes (as 131I, half-life of 8.02 days) produced by the 
fuel fission, may be released into the atmosphere mainly under gaseous (mainly I2 and RI - R = alkyl group/chain 
type CH3I) or aerosol (CsI) forms 10,11. Particularly, gaseous CH3I is mainly a product of the reaction between I2 and 
carbon-based materials such as epoxy paints existing in the nuclear reactor building. Among released iodine species, 
CH3I is the most challenging to be filtrated by the current mitigation systems (such as metallic filters, aqueous 
scrubbers, or sand bed filters) 12-14. Radioactive isotopes of iodine (as 131I) are highly toxic to human health due to 
its easy and almost irreversible transport to the human thyroid gland, where it can locally induce cancer 15,16. Indeed, 
after the accident of Chernobyl and Fukushima, near field activity concentrations of 131I in air was found to be 
750,000 Bq.m3 (~0.03 ppt) and 5600 Bq.m3 (~0.0002 ppt), respectively 17. Previous study have shown that 131I was 
dispersed to a long distances i.e., >3000 km in the atmosphere after Chernobyl and Fukushima severe nuclear 
accidents17. Moreover, it should be noted that local meteorological conditions can cause a great variability in activity 
concentrations in environmental media and can result in locations further away being higher in concentration than 
closer locations 17-20. With this intention, the French Institute of Radioprotection and Nuclear Safety (IRSN) has
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developed spécifie simulation software's (C3X plateform) which is capable of reproducing the release and dispersion 
of the radionuclides in the atmosphere 21-23. However, one potential problem with such simulation tool is that the 
transport of 131-Iodine products following an accident is currently modelled without considering the 
physical/chemical evolution of iodine in the atmosphere, i.e. the gas phase evolution or interaction with 
atmospheric aerosols even if recent works 24 focused on organic reactivity in the field of nuclear accident.
To the best of our knowledge, there is no literature report about the uptake coefficient of methyl halides (CH3Br, 

CH3Cl, CH3I) by atmospheric aerosols. Hence, to date, the heterogeneous reactivity of CH3I in the atmosphere is not 

fully accounted by the atmospheric community, nor in the field of nuclear safety. This is worrisome because the 

simulated atmospheric dispersion of radioactive isotopes of iodine 20,25,26 may be quite different from the actual one 

due to the different possible fates of iodine within the Earth's atmosphere.

Thus, in this study interest was brought on gaseous CH3I interaction with atmospheric aerosols, which may affect 
the chemical form of iodine in the atmosphere and thus, their atmospheric fate and dispersion. Studying sea salt 

aerosols is particularly significant since first, CH3I is naturally emitted by ocean surface and second, sea salt particles 

are well known as reactive surfaces for heterogeneous and multiphase chemical reactions for both inorganic and 

organic gases27,28

In this work, the adsorption of CH3I on sea salt particle surrogates (NaCl, KBr and NaI) were investigated by using the 

diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) technique. Solid sodium chloride as the main 

sea salt component was firstly considered (NaCl). Then after potassium bromide (KBr) and sodium iodide (NaI) were 

used in the view of investigating the influence of halide atom on the interaction process. The evolution of FTIR 

spectra of CH3I in interaction with solids was followed as function of time. The capability of desorption of CH3I from 

salts was also explored. Considering the importance of this interaction on the dispersion of gaseous CH3I in the 

atmosphere, the uptake coefficient was determined. Owing to the adsorption process of CH3I on sea salt particle 

surrogates investigated here, the knowledge on the fate and dispersion of CH3I in the atmosphere could be further 

completed.

2. Materials and methods
2.1 Chemicals

Methyl iodide 1000 ppm (0.1% CH3I, 99.9% Ar) and Argon (99.99% pure) gas bottles were provided from commercial 

cylinders Air product and Air liquid, respectively. The gases were used without any further purification. For the 

experiments, commercial powdered solids were used: sodium chloride (NaCl, 99.99%, ALFA AESAR), potassium 

bromide (KBr, 99+%, SIGMA ALDRICH) and sodium iodide (NaI, 99+%, ACROS).
Before each experiment, the salt sample was manually grinded and then preheated for a minimum of 4 hours at 600 

°C to remove water and pre-adsorbed species (impurities) on the powder surface. The granulometry of the grinded 

powders was estimated by mechanical sieving on a series of 4 grids allowing to sort out the granulometry from 300 

pm down to less than 50 pm. For NaCl, the particles with size ranges 300-100 pm, 100-60 pm, 60 -50 pm, and <50 

pm accounted for 32%, 26%, 39% and 3% in mass, respectively. A similar granulometry distribution was found for 

NaI and KBr grinded salt powders.

The Specific surface area of grinded NaCl was determined on a Nitrogen sorption Micromeritics ASAP 2010 analyzer 
by using the Brunauer-Emmett-Teller (BET) method. The BET surface area was found to be low (0.26 m2.g-1), in the 

same order of magnitude as BET surface area previously determined for NaCl powder (0.68 m2.g-1) 29. The BET 

surface area of NaI and KBr was assumed to be close to that of NaCl. The low BET surface area indicated that these 

solids were non-porous and that the available surface area was very low for colliding with trace gas phase species.

2.2 In Situ Diffuse Reflectance Fourier Transform Spectroscopy (DRIFTS) experiments

The continuous, in situ, monitoring of-solids was performed in a DRIFTS cell (Harrick, Praying Mantis™ High 

Temperature Reaction Chambers, 24V, HVC-DRP-4) with an interior volume of 15.78 ml equipped with Zinc selenide 

(ZnSe) windows. The DRIFTS cell was housed in an FTIR-spectrometer (Nicolet 6700 - Thermo Optek) equipped with 

a high sensitivity deuterated triglycine sulfate (DTGS) detector. The cell can be temperature controlled in the 23-400 

°C range. The Cell temperature was monitored by a K-type thermocouple. The relative humidity (RH) and 

temperature were continuously measured using a RH/T° sensor (SHT75 Sensirion) placed on the line before the 

DRIFTS cell.

For each experiment, a known mass of powdered salts (close to 145 mg for each experiment) was placed in the 

crucible (6.3 mm internal diameter and 3.18 mm high) of the DRIFTS cell without using a packing device. The DRIFTS
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cell was purged with argon at 23°C for 10 minutes to remove as much as possible H2O and gaseous impurities. Solid 

powder was taken as the background spectrum under Ar flow of 108 mL.min-1.

Four series of experiments were conducted as described below:

(1) NaCl was exposed continuously to an Argon/CH3I flow (108 mL.min-1) with a CH3I concentration of 1000 ppm 

during 5 hours (named Exposure phase). Then after, the Ar/CH3I flow was stopped, the DRIFTS cell was closed and 

desorption of sorbed species was monitored for 1 hour (named Spontaneous desorption phase). An additional step 

in dynamic condition consisted in flowing pure Ar (108 mL.min-1) up to 1 hour (named Induced desorption phase). 

Experiments were performed under ambient conditions (% RH=20%) at 23 °C and 1 atm. Each experiment was 

repeated three times.
Although not atmospherically relevant, the excess of CH3I regarding the solid i.e. the concentration of 1000 ppm 

was chosen in a first approach for our experiments in order to ensure the detection of reaction species if any. The 

influence of CH3I concentration on uptake coefficient is explored in the following.

(2) Desorption process was thermally activated by increasing the temperature up to 350 °C under Ar flow (named 
activated desorption phase). In this view, NaCl was firstly exposed to Ar/CH3I flow (108 mL.min-1, CH3I 1000 ppm) 

for 1 hour under % RH=20% at 23°C and 1 atm (Exposure phase). In a second step, the DRIFTS cell was closed and 

spontaneous desorption was monitored for 4 hours. In a last step, desorption was monitored in dynamic conditions 

under Ar flow (108 mL.min-1) for 1 hour still at 23 °C (Induced desorption phase). Finally, the temperature was 

gradually increased up to 100, 200 and finally 350 °C under the same Ar flow (named activated desorption phase). 

A heating rate of 3 K.min-1 was applied with a dwell of 15 minutes at each target temperature.

(3) The third series of experiments aimed to investigate the influence of CH3I gas phase concentration on the CH3I 

sorption process on NaCl under % RH=20% at 23°C and 1 atm. Similar to the first series of experiments, NaCl was 

exposed to a continuous flow of CH3I of 500 and 200 ppm maintained at 108 mL.min-1 for 5 hours. No spontaneous, 

induced or activated desorption phases were applied in this scenario.

(4) Finally, the four series of experiments considered the nature of the halide salts (NaI and KBr) on CH3I sorption 

compared to NaCl. Experiments were limited to the exposure phase (CH3I at 1000 ppm in argon for a total flow of 
108 ml/min at 23°C) and for a test duration of 1 hour.

Experimental conditions of the series of experiments performed in this study were summarized in Table S1 in 

supporting information.

For the whole experiments, the infrared spectra were recorded as a function of time in the spectral range from 4000 
to 600 cm-1 with a resolution of 8 cm-1. Each spectrum was an average of 200 scans featuring a spectral sampling 

frequency of 7-8 spectra/hour. Note that the C-I stretching mode at 572 cm-1 cannot be observed because ZnSe 

window cuts the spectrum between 16000-600 cm-1. The background subtraction was achieved by the Omnic 

software for each spectrum. The baseline was corrected by linear interpolation model using Omnic software. The 
DRIFTS spectra were reported as log (1/R^) (pseudo-absorbance), where R is the diffuse reflected signal. Note that 

this pseudo-absorbance gives a better linear representation of DRIFTS band intensity against the adsorbate surface 

concentrations than that given by Kubelka-Munk function for poorly absorbing adsorbates 30. A band decomposition 

of the overlapped bands was accomplished by Gaussian function multiple band with Levenberg-Marquardt 

mathematical model using FityK software 31. Absolute uncertainty of the band area in the 1400-1000 cm-1 was found 

between ~ 0.03 to 0.37 arbitrary units at 95% confidence level.

2.3 Analysis of solids

After each DRIFT experiments, the total amount of iodine (I) adsorbed on NaCl was determined by Inductively 
Coupled Plasma Mass Spectrometer (ICP-MS, 810 MS VARIAN). The detection limit of 3 pg.L-1 was determined for 

iodine element 32. Two thirds of the NaCl powder samples were dissolved instantly after exposure to 5 hours of 
continuous CH3I flow (1000 ppm, 108mL.min-1), by NaOH (0.1 mol.L-1) for analysis. The total amount of iodine (I) 

adsorbed on NaCl could be thus determined.

3. Results and discussion
To investigate the influence of the interaction of CH3I with sea salt surrogates on the dispersion of CH3I in the 

atmosphere, the following sections examine: (1) the sorption process of CH3I on NaCl, (2) the evolution of adsorbed 

CH3I on NaCl over time, (3) the kinetics of adsorption process of CH3I on NaCl and the influence of temperature, 

concentration and nature of halide salts on this process and finally (4) the uptake coefficient determination.
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3.1 Spectroscopic évaluation of the adsorption of CH3I on NaCl at 23 °C and %RH=20%

A représentative spectrum of NaCl exposed to CH3I during 5 hours and recorded in the mid IR région (4000-600 cm- 
is shown in Figure 1. Three typical regions assigned to CH3 stretching, CH3 deformation and CH3 rocking were 

observed (Figure 1). The detailed description of the CH3 stretching (3050-2800 cm-1) and CH3 deformation (1500­

900 cm-1) for a proper assignment is given below. In the CH3 rocking (900-700 cm-1) spectral region the bands 

observed were not resolved enough to be properly assigned.

Figure 1 Typical DRIFTS spectra in mid IR spectral range [4000-600 cm-1] of NaCl exposed to 5 hours of CH3I flow (108mL.min-1, 
1000 ppm) at 23°C and 1 atm. (The two negative broad bands around 3500 cm-1 and 1600 cm-1 are related to H2O peaks derived 
from the baseline correction).

In the CH3 stretching region (3050-2800 cm-1) shown in Figure 2(a), bands at 3018, 2993, 2981, 2961, 2855 and 2847 

cm'1 were observed. Overlapped bands in the 2961 cm'1 region were decomposed using Gaussian function into two 

bands at 2961 and 2953 cm-1 (Figure 2(c)). The IR bands observed at 2981, 2953, and 2847 cm-1 were assigned to 

the characteristic bands of CH3I in gas phase (see bands marked in green in the Figure 2(a)) as described in the 

literature 33,34. The bands at 2981, 2953 and 2847 cm-1 were attributed to the CH3 asymmetric stretching, CH3 

symmetric stretching and overtone modes of CH3I in gas phase, respectively. Gaseous CH3I remaining near the NaCl 

surface were detected by DRIFTS measurement. Based on the IR bands observed for CH3I adsorbed on titanium 
oxide 33 and silver zeolites 34, the bands observed at 3018, 2961 and 2855 cm-1 (marked in blue in Figure 2(a)) were 

assigned as characteristic bands for CH3I adsorbed on NaCl. The frequencies were attributed to CH3 asymmetric 

stretching, symmetric and overtones modes of adsorbed CH3I, respectively. This is consistent with a blue shift of the 

CH3 asymmetric stretching (37 cm-1), symmetric stretching (8 cm-1) and asymmetric overtone (8 cm-1) modes of CH3I 
related to gaseous species. Additionally, a low intensity band at 2993 cm-1 was observed and can be also attributed 

to the interaction of CH3I with NaCl. Actually, compared to CH3I adsorbed on Si 35 and Cu 36 surfaces, the stretching 

mode of CH3 varied between 3080 and 2909 cm-1. Thus, 2993 cm-1 can be tentatively attributed to the CH3 stretching 

of adsorbed CH3I. The observation of two bands i.e. at 2993 and 2961 cm-1 for the same CH3 stretching mode might 

be explained with different geometrical adsorbed structures of CH3I on NaCl surface.
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Figure 2 DRIFTS spectra of NaCl exposed to 5 hours of CH3I (lOSmL.mirr1, 1000 ppm) continuous flow at 23°C and 1 atm (a) in the 3050-2800 cm-1 
(b) in the 1500-900 cm-1 (c) in the 2963-2935 cm-1 (d) in the 1305-1160 cm-1 IR spectral range. Bands was decomposed with Gaussian function using 
FityK software. Blue bands are CH3I adsorbed on NaCl and green bands are CH3I in gas phase near the NaCl surface.

In the CH3 deformation region (1500-900 cm-1), bands at 1477, 1458, 1262, 1244, 1073 and 1024 cm-1 were observed (Figure 2(b)). 

Based on the literature 33,34 the bands at 1477 and 1262 cm-1 were assigned to the CH3 asymmetric and symmetric deformations 

of gaseous CH3I which was consistent with the frequencies reported for the CH3 stretching region of gaseous CH3I. Based on 

previous study 33, the band at 1458 cm'1 (Figure 2(b)) was attributed to the CH3 asymmetric deformation of adsorbed CH3I. In this 
spectral region, the band centered at 1244 cm-1 evidenced some shoulders; the decomposition of this band and the fitting 

procedure using Gaussian function allowed to extract the additional bands at 1275, 1220 and 1183 cm-1 (see Figure 2(d)). Similar 

shoulder were clearly observed in previous works although they were not assigned 33,34. As previously reported 31-3733-39, the CH3 

symmetric deformation of the CH3I can shift (red and blue shift) from 1190 cm-1 to 1250 cm-1 depending on the type of solid or on 

the orientation of the crystallographic planes of single metallic solids. This strongly suggest that the bond geometries of the 

adsorbed CH3I on NaCl are a key for understanding adsorption of CH3I on salts and their subsequent reactivity which can highly 

affect the observed vibrational modes.
In addition, two intense bands at 1073 and 1024 cm-1 were observed (Figure 2(b)). These bands were not reported in the literature 

for CH3I molecules adsorbed on surfaces. Based on their band wavenumbers they can be assigned to CH2I2 40-42, CH3OH 34 or CH3Cl 
43-45. The hypothesis of formation of such species on NaCl was discarded because experimental conditions required to form such 

species were drastically different in term of temperature or surfaces, compared to the conditions used in our experiments. The 
SN2 halide substitution at NaCl surface suggested by Gu et al., 45 in a theoretical study was not consistent with our results obtained 

with NaI surface. Indeed, the exposure of NaI to CH3I conducted with similar experimental conditions, yielded to the same FTIR 
spectrum with new bands at 1073 and 1024 cm-1 (Figure S1). In consequence, a non-described adsorption geometry of CH3I at the 

surface was hypothesized.
These intense bands in the CH3 deformation region at 1073 and 1024 cm-1 (Figure 2(b)) were strongly red shifted compared to the 

CH3 deformation band of free CH3 at 1262 cm-1 with values at -189 and -238 cm-1, respectively. These latter suggest a strong 
interaction of CH3I with NaCl surface. It was reported 37-39, that with low coverage, CH3I adsorbed on single metallic surface was of 

C3 symmetry. However, with higher coverages a geometrical rearrangement occurs until C-I bond becomes aligned with the surface 

maintaining C3v symmetry in binding to the surface. In contrary to powdered sample, a single crystal sample has a continuous, 

unbroken and free of defects lattice. Additional Density Functional Theory calculations (See Supporting Information) of CH3I 

monomer has shown that iodomethane dipole moment was oriented toward carbon atom, which leads to a partial negative 

Mulliken's charge for carbon atom and partial positive Mulliken's charge for hydrogen and iodine atoms as shown in Figure 3. 

Assuming that CH3I was adsorbed on NaCl with a C3v configuration as shown in Figure 3, then we may expect an attraction of 
hydrogen atoms toward chloride atoms at the surface of NaCl due to charge difference. The observation of two bands for this
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configuration probably reflects the non-equivalent hydrogen atoms attached to the Cl on NaCl surface. Moreover, the 

electronegativity of chloride atom is higher than iodine atom, which might reveal a strongest interaction of hydrogen atom with 

iodine ion (weakest ionic bonding). Thus, one would expect more than one geometrical orientation of adsorbed CH3I with 

powdered NaCl sample. This highly reflects the observation of more than one band for CH3 symmetric deformation and symmetric 

stretching modes of adsorbed CH3I on halide salts. Thus, the new intense bands were assigned to the unique C3v geometrical 
adsorption of CH3I that occurs specifically with halide salt surfaces. This geometry was not described in the literature.

Figure 3 Scheme of CH3I monomer adsorption on NaCl and Mulliken charge distribution calculated with DFT performed using wB97XD/aug-cc- pVTZ-PP level of theory.

Experimental wavenumbers observed from the interaction of CH3I on halide salts (NaCl, NaI and KBr) and respective assignments 
were summarized in Table 1.

Table 1 Tentative assignment of the observed IR absorption bands in cm-1 of CH3I in gas (g) and adsorbed (ads) on the surface of halide salts (NaCl, NaI and 
KBr) under %RH=20% at 23°C and 1 atm.

Experimental
wavenumber

(cm-1)

Assignement corresponding
species

3018 CH3 asymmetric stretching CH3I(ads)

2993 CH3 symmetric stretching CH3I(ads)

2981 CH3 asymmetric stretching CH3I(g)

2961 CH3 symmetric stretching CH3I(ads)

2953 CH3 symmetric stretching CH3I(g)

2855 CH3 overtone CH3I(ads)

2847 CH3 overtone CH3I(g)

1477 CH3 symmetric deformation CH3I(g)

1458 CH3 asymmetric deformation CH3I(ads)

1275 CH3 asymmetric deformation CH3I(ads)

1262 CH3 symmetric deformation CH3I(g)

1244 CH3 symmetric deformation CH3I(ads)

1220 CH3 symmetric deformation CH3I(ads)

1183 CH3 symmetric deformation CH3I(ads)

1073 CH3 symmetric deformation CH3I(ads)

1024 CH3 symmetric deformation CH3I(ads)

3.2. Time évolution of CH3I adsorption and desorption on NaCl

The time evolution of CH3I amount adsorbed or desorbed on NaCl surface was evaluated by following the sum of the band areas 

related to CH3I(ads) (i.e. bands at 1275, 1244, 1220, 1183, 1073 and 1024 cm-1 labelled as £CH3Iadsorbed in the followingj. Time 

evolution in the CH3I deformation region (1400-900 cm-1) is reported in Figure S2 for the CH3I exposure phase and in Figure S3 for 

the spontaneous and induced desorption phases for experiment series (1)

The evolution of band area of the band at 1262 cm-1 related to gaseous phase, is stable over time in both CH3I exposure and 

spontaneous desorption phases (Figure 4). The complete disappearance of the IR bands related to gaseous CH3I during Ar flow 
(Figure 4(a)) indicates the presence of gaseous CH3I near NaCl surface. The evolution of the bands related to adsorbed CH3I 

(SCH3Iadsorbed) is reported in Figure 4 (b). The SCH3Iadsorbed bands increases during the CH3I exposure phase to reach an apparent 

plateau with no apparent desorption in both spontaneous and induced desorption phases.
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Figure 4 Area of the (a) CH3I gaseous band and (b) SCHsiadsorbed bands as a function of time during CH3I exposure, spontaneous and induced 
desorption phases. Exposure phase denotes the continuous flow of 108 mL.min-1 of CH3I (1000 ppm) on NaCl. The spontaneous desorption phase 
denotes the static conditions after 5 hours of CH3I flow and induced desorption phase denotes the continuous pure Ar flow after the static 
condition.

In order to activate the desorption process (if any) of adsorbed CH3I, NaCl sample was heated until 350 °C, at a rate of 3K.min-1 , 

under argon flow (experiment series (2)). The heating step occurred at 23 °C after CH3I exposure, spontaneous and induced 

desorption phases which lasted for 1, 4 and 1 hour, respectively. Spectra were recorded at 100, 200 and 350 °C. The evolution of 

deformation band intensity during the heating steps did not show significant changes (see Figure S4 in SI). This result would indicate 

the non-desorbing capability of CH3I under different static, Ar flow and temperature conditions when adsorbed on NaCl surface.

3.3 Kinetic adsorption of CH3I on halide salts and influence of CH3I concentration

During the CH3I exposure phase, the evolution of the adsorption versus time is interpolated by a linear function and the rate (k) of 
methyl iodide adsorption can then be determined from the linear interpolation of the adsorption band area curve versus time. The 

average rate of adsorption (k) was determined for various concentration of CH3I (experiment series 3) and presented in Figure 5. 
The average rate of adsorptions were repeatable with values of k = (6.91±0.23) x10-3 arbitrary unit.min-1, (3.91±0.05) x10-3 arbitrary 

unit.min-1 and (1.54±0.06) x10-3 arbitrary unit.min-1 for initial concentration of 1000 ppm, 500 ppm, 200 ppm, respectively. These 

values clearly show that adsorption rate depends on the initial concentration with a decreasing by a factor 2 and 5 when the 

concentration decreases from 1000 ppm to 500 and 200 ppm, respectively. Assuming that this relation can be extrapolated to the 

low CH3I concentrations found in the atmosphere (i.e. atmospheric [CH3I]g maximum is 2000 ppt 46), a very low CH3I adsorption 

may be expected with an adsorption rate expected to be diminished by a factor 5 x 105.

7

A
re

a 
(a

rb
itr

ar
y 

un
it)



Figure 5 Area of the SCHsiadsorbed bands as a function of time during exposure phase of CH3I on NaCl. Exposure phase denotes the continuous flow 
of 108 mL.min-1 of 1000, 500 ppm and 200 ppm of CH3I in gas phase. k= rate constant (experiment series (4)).

The rate order of adsorbed CH3I on NaCl determined from the slope of the bi-logarithmic plot of k rate versus the concentration 
of CH3I in gas phase 47-48 (see Figure S5 in SI) was estimated to be 0.84 ±0.05 indicating a first order rate for CH3I adsorption on 
NaCl.

Experiments with NaI and KBr salts were conducted by continuous flow of CH3I (108mL.min-1, 1000 ppm) for 1 hour and compared 

to the adsorption on NaCl salt (experiment series (4)). Adsorption rate were determined for one hour test duration (Figure 6). The 
k rate adsorption of CH3I on Nai and KBr are (3.10±0.87) x10-2 arbitrary unit.min-1 and (1.53±0.31) x10-2 arbitrary unit.min-1, 

respectively. Although k estimated for NaCl and KBr are similar, the adsorption is enhanced for Nai. Seemingly, the adsorption rate 
increased in the following order: NaCl = KBr < Nai. The change of adsorption rate with halide solid type indicates the influence of 

electronegativity on the adsorption of CH3I on halide particles. Indeed, regarding the Mulliken's charge distribution calculated for 

CH3i monomer (see § 3.1), a strongest interaction is expected with iodine compared to chlorine and bromine.

Figure 6 Area of the EC^Iadsorbed bands as a function of time during exposure phase of CH3I on NaCl, Nai and KBr. Exposure phase denotes the 
continuous flow of 108 mL.min-1 of CH3I (1000 ppm).

3.2 Détermination of uptake coefficients

The CH3I concentration on the solid was determined by ICP-MS assuming that the overall amount of adsorbed iodine is in CH3I 
form. The average concentration of iodine found in NaCl exposed to CH3I (1000 ppm) during 5h (test series (1)) amounts up to 

(1.68± 0.86) x 1014 molecule.mg-1Nacl (Table S3). Taking into account the total mass of NaCl involved in the experiment, the total 

amount of adsorbed CH3I (noted {CH3Iads}) can thus be determined. Comparing the total amount of injected gaseous CH3Ig during

8



the exposure phase to the total amount of adsorbed CHaUds on NaCl, it is found that only 3x10-3 % of initially injected methyl iodide 

was adsorbed on NaCl as shown in Table 2, indicating a very low residual amount of CH3I on NaCl.

Table 2 Calculation of %{CH3I} residual on NaCl for experiment series (1) 5h exposition of NaCl to 1000 ppm CH3I corresponds to 8.03 x1020 injected gaseous
CH3I molecules.

Test repeat Total amount of 
adsorbed CH3I {CH3W 

in molecules

% of CH3I residual on NaCl 
={CHaU}/ (CHal)g x 100

Repeat 1 (2.05 ± 0.16) x 1016 2.55 x 10-3 %

Repeat 2 (2.36 ± 0.19) x 1016 2.94 x 10-3 %

Repeat 3 (3.00 ± 0.24) x 1016 3.74 x 10-3 %

For a quantitative interpretation of the observed IR bands in terms of amount of methyl iodide taken up by NaCl, the area of the 

bands assigned to adsorbed methyl iodide was assumed to be proportional to the total amount of iodine taken up by NaCl (pseudo 

absorbance equation 30). Typical FTIR bands of adsorbed iodine were assumed to represent the overall amount of adsorbed CH3I 

determined by ICP-MS analysis (see experimental section). The band area of the SCH3Iadsorbed bands was therefore translated from 

arbitrary unit absorbance of the spectrum to the total amount of iodine taken up by NaCl by a conversion factor (eq. 1). Based on 

the experiment series (1), an average conversion factor (F) of (1.14 ± 0.37) x 1016 at 95% confidence level could be determined 

(Table S3).

F =
Total amount of iodine taken by total solid

Band area
[1]

The uptake coefficient, y, is defined as the ratio of the gas-surface collision rate to the total gas-surface collision rate 31,48,49. 

Saturation effect phase have been hardly reached after 5 hours of continuous CH3I exposure time (see Figure 4). Thus, the uptake 

in this work can be assumed as an average uptake during the 5 hours of CH3I exposure and was determining as follow:

d{CH3l} w 1
[2]y = x ■y dt Z

1
Z = - wA[CH3I]g [3]

w = [8RT/ (nM)]1/2 [4]

Where d{CH3I}/dt was the surface adsorption rate of CH3I on NaCl, [CH3I]g denoted the concentration of CH3I (molecule.m-3) in the 

gas phase under 5 hours of constant flow, w was the mean thermal velocity of CH3I (210 m.s-1) and A was the effective surface area 

(BET surface area x mass of NaCl).
The uptake values in the range of 10-11 were obtained under CH3I gaseous concentrations of 1000, 500 and 200 ppm (Table 3). 

These values were much lower than those reported previously about the uptake coefficient of HOI, HOI/IONO2, ICl on halide salts 

50 and of CH3I on soot film 8 which was found to be in the order of 10-2 . This reflects the low colliding probability of CH3I with NaCl 

compared to the high affinity of CH3I for soot particles and to the reactivity of gaseous inorganic iodinated species (HOI, HOI/IONO2, 

ICl) with halide particles. Assuming that uptake coefficient is independent of gaseous methyl iodide concentration, we can expect 
a very low methyl iodide uptake (~10-11) on NaCl in atmospheric conditions i.e [CH3I]g = 2000 ppt or nuclear severe accident 

conditions.
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Table 3 Average uptake coefficient of CH3I on NaCl for an exposure phase duration of 5 hours and under %RH=20% at 23°C and 1 atm.

[CH3I] in ppm [CH3I] in
molecule.m-3

Rate of
collision in

molecule. s-1

Adsorption rate
in molecule. s-1

Yss

1000 2.48 x 1022 4.74 x 1022 1.31 x 1012 (2.76 ± 0.93) x 10-11

500 1.24 x 1022 2.37 x 1022 7.40 x 1011 (3.17 ± 1.05) x 10-11

200 4.96 x 1021 9.49 x 1021 2.92 x 1011 (3.07 ± 1.04) x 10-11

The uptake coefficients calculated for KBr and NaI are reported in Table 4. Obviously, the initial adsorption rate of CH3I was 

enhanced with NaI and its uptake coefficient is increasing by ~30 in comparison to NaCl and KBr. Once again, this trends (i.e. NaCl 

= KBr < NaI) reflects the influence of electronegativity on the CH3I-halide salt interaction process.

Table 4 Initial uptake coefficient of CH3I (1000 ppm) on NaCl, NaI and KBr for an exposure phase duration of 1 hour and under %RH=20% at 23°C and 1 atm. 
1000 ppm= 2.48 x 1022 molecule. m-3.

Salt [CH3I] in
molecule.m-3

Adsorption rate in
molecule.s-1

Yss

NaCl 2.48 x 1022 1.31 x 1012 (2.76 ± 0.93) x 10-11

NaI 2.48 x 1022 5.89 x 1012 (1.24 ± 0.81) x 10-10

KBr 2.48 x 1022 2.91 x 1012 (6.13 ± 3.18) x 10-11

4. Conclusion and environmental implications
The interaction of gaseous CH3I with NaCl as surrogates of atmospheric sea salt aerosols has been investigated at 23°C and 1 atm. 

CH3I adsorption was clearly observed at low humidity level NaCl (%RH=20% at 23°C). In addition to the adsorbed CH3I bands already 
referenced in the literature, the DRIFTS spectra revealed the presence of new strong vibrational bands at 1073 and 1024 cm-1. 

Owing to the inhomogeneity of the NaCl surface and to the time evolution of these bands, we assumed that these new bands were 

attributable to additional geometrical form of CH3I as C3v on NaCl surface described here for the first time. Further, CH3I molecules 

seems to be strongly bonded on NaCl solid since no desorption was observed even after heating the system. We have found that 

the interaction is strongly related to the electronegativity of the halide. The adsorption does not depend on the initial 

concentration of CH3I and the uptake coefficient reflecting the colliding probability with the surface is very low compared to 
inorganic iodine species. Indeed, the %{CH3I}residual sticks on solid NaCl was found to be 0.003%.

Though atmospheric and severe nuclear accident CH3I concentrations, are 10'5-10'9 lower than the concentrations used in this 
study experiments, a very low uptake on NaCl can be expected - at least of the same order (10-11). Thus, the influence of NaCl 

aerosols on the behaviour of gaseous CH3I can be considered as negligible. However, though in low amount, the irreversible 

character of adsorption makes it of particular importance for the dispersion of CH3I in the atmosphere. Considering the total 

concentration of atmospheric iodine measured in case of SA, e.g. 75x10-2 ppt and 50x10-4 ppt for Chernobyl and Fukushima11,17,25, 

respectively, a corresponding estimated amount of about 2.2x10-5 ppt and 1.5x10-7 ppt of CH3I would be expected to be 

transported by sea salt aerosols. Although these concentrations seem low, this point should be deeper examinated to evaluate 

any influence on the atmosphere and environment contamination.
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