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Following our recent study devoted to measurements of intensities of rovibrational lines in the vg band
of methyl iodide ('2CH3l) centered at 892.918 cm~!, room temperature infrared spectra of methyl io-
dide diluted in nitrogen at fourteen total pressures between 20 and 300 hPa have been recorded using
the Fourier transform spectrometer Bruker IF125HR located at the LISA facility in Créteil. Three hun-
dred and forty six N,-broadening coefficients of methyl iodide rovibrational lines have been measured in
the 824-951 cm~! spectral range using mono-spectrum non-linear least squares fitting of Voigt profiles.
Pressure-induced line shifts were not needed to fit the spectra to the noise level and line mixing effects
could be neglected. Six hundred and eight self-broadening coefficients have also been measured in the
same spectral range using the pure methyl iodide spectra recorded in our previous work. The measured
self-broadening coefficients range from 0.1460 to 0.3786 cm~! atm~! and the N,-broadening coefficients
range from 0.0723 to 0.1481 cm~! atm~' at 295K. The average accuracy on the measured self- and
N,-broadening coefficients was estimated to 3%. Comparisons with measurements reported in the litera-
ture for the vs band of CHsl shows a satisfactory agreement with average differences of 7% and 4% for
the self- and N,-broadening coefficients, respectively. The J and K rotational dependences of these coeffi-
cients have been observed and the latter modeled using an empirical polynomial expansion. On average,
the empirical expression reproduces the measured self- and N,-broadening coefficients to within 3% and
4%, respectively. The data obtained in the present work represent a significant contribution to the de-
termination of broadening coefficients of CH;I and complement the list of line positions and intensities
generated in our previous work, thus providing useful spectroscopic information for atmospheric remote
sensing and industrial detection of CH3l.

© 2019 Published by Elsevier Ltd.

1. Introduction

mospheric and astrophysical spectra and the reliability of the re-
trieved concentrations and temperature profiles however strongly

Remote sensing is a valuable tool for detecting and monitoring
the composition of the Earth’s atmosphere as well as for probing
the molecular content of interstellar clouds or the atmospheres of
solar and extra-solar objects [1-8]. The successful analysis of at-
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depend on the accuracy of available spectroscopic parameters, such
as the positions, intensities, and pressure broadening and shifting
coefficients of spectral lines. Spectroscopic information measured
in the laboratory is collected into a number of databases, such as
HITRAN [9] and GEISA [10], continuously updated in terms of ac-
curacy of the line parameters, molecular species and spectral cov-
erage.
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Fig. 1. The upper panel presents a small part of the spectrum of the vg band of
CHsl perturbed by N, (spectrum 4 in Table 1; open circles) overlaid by the corre-
sponding best-fit calculated spectrum (solid line) obtained with a source aperture
diameter of 2 mm, a maximum optical path difference of 150 cm and a Voigt profile.
The lower panel shows the percent differences between the observed and calculated
spectra.

Methyl iodide (CHsl), the molecule of interest in the present
work, is essentially absent from common spectroscopic databases,
despite its atmospheric importance. Indeed, CHsl is emitted in the
atmosphere by marine algae and photolyzed with a lifetime of the
order of a week. It is a source of I atoms involved in the ozone de-
struction cycles in the upper troposphere and in the lower strato-
sphere [11]. Methyl iodide is also of nuclear interest. In nuclear
power plants, it is mainly produced in the containment by the
reaction of iodine with organic coatings of the enclosure under
ionizing radiation. In the case of a severe nuclear accident, iodine
fission products represent the major part of the released radioac-
tivity and are of high concern due to the affinity of iodine with
the thyroid. It is therefore crucial to monitor the release of iodine
compounds into the atmosphere, as part of the nuclear safety and
radio-protection. To the best of our knowledge, there is up to now
no infrared detection of these species in the atmosphere from a
satellite instrument. The rather strong vg band of CHsl, located at
892.918 cm~!, coinciding with the 11 um transparency window in
the atmosphere [12-14], could be a good candidate for such detec-
tion.

To prepare for this possible future detection, we recently carried
out detailed studies concerning the line positions and intensities
of the strong vg band [15,16], which resulted in a list of line posi-
tions and intensities of CH3I at 11 pm. This molecule was the sub-
ject of numerous microwave and infrared studies focused on the
ground and various excited states, and several combination bands
(see [15,16 and references therein] for an exhaustive review on the
spectroscopic parameters of CHsl). To the best of our knowledge,
only two studies dealt with the measurement of line broaden-
ing coefficients [17,18]. Self-broadening parameters of 6 hyperfine
components of the (J=10— 9, KI = 9) rotational transitions in the
vg = 1 excited vibrational state were accurately measured using
Doppler-free double-resonance spectroscopy [17], and room tem-
perature self-, N,- and O,-broadening coefficients were measured
for over 100 lines in five Q-branches of the vs perpendicular band
at 7pm using diode laser absorption spectroscopy [18].

The measurements reported here provide the first extensive
data set that can be used for modeling pressure broadening co-
efficients of CHs3l. This work focuses on the self and N, collisional

Table 1

Pressures of CH3I and N, used to record the spectra. The numbers pro-
vided between parentheses are the uncertainties, estimated to be equal
to 0.5% of the measured pressure. All the spectra correspond to the av-
erage of 1380 interferograms.

# CHsl pressure (hPa) N, pressure (hPa)
S1 0.267 (1) 20.00 (10)
S2 0.333 (2) 33.33 (17)
S3 0.667 (3) 53.33 (27)
S4 0.835 (4) 67.42 (34)
S5 1.000 (5) 80.09 (40)
S6 1.169 (6) 93.37 (47)
S7 1332 (7) 106.66 (53)
S8 1.667 (8) 132.86 (66)
S9 2.000 (10) 160.3 (8)
S10 2.333 (12) 186.9 (9)
S11 2.664 (13) 213.6 (1.1)
S12 3.001 (15) 240.2 (1.2)
S13 3.333 (17) 266.6 (1.3)
S14 3.665 (18) 293.3 (1.5)

broadening of rovibrational lines in the vg band of CH3l at room
temperature. The self-broadening coefficients have been measured
using the pure methyl iodide spectra recorded in our previous
work [16]. The N, collisional broadening coefficients were retrieved
from fourteen high resolution Fourier transform spectra recorded
at a temperature of 295 K. An empirical model was then developed
to reproduce within experimental accuracy the large set of mea-
sured broadening coefficients covering various J and K values.

Section 2 details the experimental setup and conditions used to
record the spectra. The measurements of self and N, broadening
coefficients are described in Section 3. The empirical model devel-
oped to calculate self and N, collisional broadening parameters of
CH3l and comparisons of the present measurements with litera-
ture data are described in Section 4. Conclusions and remark are
provided in Section 5.

2. Experimental details

Fourteen absorption spectra of methyl iodide diluted in nitro-
gen have been recorded in the range from 500 to 1450 cm~! using
the high-resolution Bruker IFS125HR FTS located at the LISA facil-
ity in Créteil (France). The instrument was equipped with a silicon
carbide Globar source, a KBr/Ge beamsplitter and a liquid nitrogen
cooled HgCdTe (MCT) detector. An optical filter with a bandpass
of 500-1450 cm~! was used to improve the signal-to-noise ratio.
The FTS was continuously evacuated below 3 x 104 hPa by a tur-
bomolecular pump to minimize absorption by atmospheric gases.
The diameter of the entrance aperture of the spectrometer was set
to 2 mm to maximize the intensity of infrared radiation falling onto
the MCT detector without saturation or loss of spectral resolution.
Interferograms were recorded with a 40 kHz scanner frequency and
a maximum optical path difference (MOPD) of 150 cm. According
to the Bruker definition (resolution = 0.9/MOPD), this corresponds
to a resolution of 0.006 cm~1.

The N, and CH3l samples were purchased from Sigma Aldrich
with stated purities of 99.99% and 99%, respectively. No fur-
ther sample purifications were done. The absorption cell has a
base path length of 20cm and was adjusted for 28 transits in
the present experiment, yielding an absorption path length of
5649+ 11cm. The path length includes the distance between
the surface of the field mirror and the windows of the cell
(2x2.45cm). The spectra were recorded at a stabilized room
temperature of 295 + 1K. The sample pressure in the cell was
measured using calibrated MKS Baratron capacitance manome-
ters models 628D (2 and 10Torr full scale) and 627D (100 and
1000 Torr full scale), characterized by a stated reading accuracy of
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Fig. 2. Evolution with pressure of the N,-collisional halfwidth of the RR(9,3,A;),
RR(25,3,A1) and RR(34,6,A;) lines in the vs band of CH3l perturbed by N,. The slope
of the best-fit lines represent the Np-broadening coefficients yy,. The displayed er-
ror bars are twice the uncertainties of measurement.

0.12%. Considering the uncertainty arising from small variations of
the pressure during the recording of the interferograms (~0.35%),
we estimated the measurement uncertainty on the pressure to be
equal to 0.5%.

The following procedure was used for the measurements.
A background spectrum was first recorded at a resolution of
0.01 cm~! while the cell was being continuously evacuated. The
cell was then filled with CHsl at a given pressure, followed by
the perturbing gas leading to a series of 14 total pressures. One
CH3I/N, spectrum was recorded for each CHsl filling. Transmit-
tance spectra were finally generated from the ratio of the sam-
ple spectra with the background spectrum. The fourteen pres-
sures chosen and the number of interferograms recorded and aver-
aged to yield the corresponding spectra are listed in Table 1. For
the Fourier transform, a Mertz-phase correction with a 1 cm~!
phase resolution, a zero-filling factor of 2 and no apodization (box-
car option) were applied to the averaged interferograms. The root
mean square (RMS) S/M in the ratioed spectra is around 300.
The spectra were calibrated by matching the measured positions
of about 30 lines of residual CO, observed therein to reference
wavenumbers available in HITRAN2016 [9] with a RMS deviation
of 0.00028 cm~1,

3. Retrieval of the broadening coefficients and uncertainty
analysis

3.1. Retrieval of self-broadening coefficients

The self-broadening parameters of rovibrational lines of methyl
iodide were retrieved during our line intensities study, from si-
multaneous fits of the pure methyl iodide spectra recorded in our
previous work [16] using a multi-spectrum least squares fitting
algorithm, developed in Brussels [19,20]. This program adjusts
spectroscopic (e.g. line positions, intensities and widths) and
spectrum-specific (e.g. baseline) parameters to best-fit synthetic
spectra to the observed spectra using a Levenberg-Marquardt
non-linear least squares fitting procedure. Line intensities and
self-broadening coefficients were retrieved simultaneously. The
self-shift coefficients of all the lines were set to zero as signatures
characteristic of self-shift were not be observed. Details on these
measurements can be found in our previous work [16], in which
the measured self-broadening coefficients were however not re-
ported. We report 608 of these self-broadening coefficients in the
present work, measured for lines having an absorption between 20
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Fig. 3. Comparison between various sources of relative uncertainty on the mea-
sured N,-broadening coefficients of 3 selected lines: RR(34,6), RR(25,3) and RR(9,3).

and 80%. As example, the results obtained for a few transitions are
provided in Table 2. The whole set of measurements is given as
supplementary material. The measured self-broadening coefficients
range from 0.1460 to 0.3786 cm~! atm~! at 295K.

3.2. Retrieval of nitrogen-broadening coefficients and uncertainty
analysis

The CHs3lI/N; collisional half widths were measured using a
mono-spectrum non-linear least squares fitting program, already
used and described in previous works [21-26]. Briefly, the mea-
surements involved the adjustment of a calculated spectrum to
the observed spectrum using a non-linear least squares fitting pro-
cedure. Each calculated spectrum was computed as the convolu-
tion of a Voigt-type transmission spectrum with an instrument line
shape function, which included the effects of the finite maximum
optical path difference and of the finite source aperture diameter
of the interferometer [27]. In the present work, no deviation from
this instrument line shape model was observed using the nomi-
nal aperture diameter of 2 mm. The background in each spectrum
was represented by a polynomial expansion up to the second or-
der (a constant or an affine function was however found sufficient
in most cases), and the profile of the lines was modeled using a
Voigt function with Gaussian width always held fixed to the value
calculated for the Doppler broadening. Line mixing effects could be
neglected. The measurements were carried out on small spectral
intervals, ranging from 0.1 to 0.5 cm~! and containing one to sev-
eral lines. An example of the fitting procedure is shown in Fig. 1.
The absence of signatures out of the spectral noise in the residuals
suggests that the Voigt profile is adequate to fit the observed lines.

Although the spectra of the CH3I/N, mixtures have been
recorded with at most 1.3% of CHsl, we subtracted the self-
broadening contributions to deduce reliable N,-broadening coeffi-
cients according to the equation:

Yo = VYN, X Py, =Y, toral — Vsely X Pems1 (M

where y . is the Ny-collisional halfwidth, y ¢ is the total colli-
sional halfwidth, and Pey,jand Py, are the CHsl and N, partial pres-
sures, respectively. yy,is the N-broadening coefficient and y g is
the self-broadening coefficient. The evolution with the N, pres-
sure of the N,-collisional halfwidth y . measured for the RR(9,3,A;),
RR(25,3,A;) and RR(34,6,A;) lines of the vg band of CHsl is shown
in Fig. 2. The fitted straight lines show the linear dependence of
the collisional halfwidths with pressure. The N,-broadening coef-
ficients (in cm~'atm~!) can be derived from the slopes of these
lines.
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Measured and calculated self- and N,-broadening coefficients of few transitions of the vg band of CHsl. The whole set of measurements
is provided as supplementary material.

(a) (b) (0 (d) (e) (f) (g (h) ()
839.24799 16 -4 E 17 -5 E 0.3579 + 0.0101 03463 3.2 0.1234 + 0.0037 0.1221 11
841.64068 39 -2 A2 40 Al 0.2484 + 0.0062  0.2362 49 0.0985 + 0.0029  0.1015 -3.0
844.96767 33 -2 A2 34 Al 0.2873 + 0.0072 0.2841 11 0.1012 £ 0.0027 0.1036 -2.4
847.23064 30 -4 E 30 -5 E 0.3123 £ 0.0081 0.3103 0.6 0.0723 + 0.0019 0.0717 0.9
849.25216 11 3 E 12 4 E 0.3133 + 0.0079 0.3188 —-1.8 0.1225 + 0.0032 0.1200 2.0
85233340 5 3 E 6 4 E 0.2434 + 0.0071 0.2402 13 0.1144 + 0.0033 0.1231 -76
854.52759 32 3 E 32 4 E 0.3036 + 0.0077  0.2948 29 0.1059 + 0.0033 0.1007 49
858.78192 7 -2 Al 8 3 A2 03046 + 0.0077 02853 6.3 0.1238 £ 0.0033 0.1275 -3.0
861.22863 31 0 E 32 1 E 0.3220 + 0.0082  0.2985 73 0.1164 + 0.0029 0.1153 0.9
862.09850 30 -2 A2 30 3 Al 0.2913 + 0.0072 0.3104 —-6.6  0.0930 + 0.0026  0.0907 2.5
865.81530 8 -1 E 9 -2 E 0.2974 £ 0.0077 02986 04  0.1275 £ 0.0035 0.1262 1.0
872.50018 20 -2 Al 19 3 A2 03394 +0.0085 0.3489 -2.8 0.1122 + 0.0027 0.1125 -03
876.28938 46 O E 46 1 E 0.1867 + 0.0053 02029 -87  0.1130 + 0.0033 0.1078 4.6
881.11869 8 1 Al 9 0 A2 0.2915 + 0.0074 0.3028 -39  0.1297 £ 0.0032 0.1280 13
884.06066 46 -2 A2 45 3 Al 0.2101 + 0.0058 0.2035 31 0.1031 £ 0.0035 0.0993 3.7
889.47803 41 -1 E 40 -2 E 0.2470 + 0.0064  0.2375 3.8 0.0983 + 0.0026  0.1043 —6.1
894.03977 34 O E 33 1 E 0.2866 =+ 0.0073 02939 -25 0.1022 + 0.0028 0.0992 29
897.07293 37 5 E 38 4 E 0.2567 + 0.0074 0.2518 19 0.0972 + 0.0027 0.0976 -0.4
899.19219 51 -3 E 51 -2 E 0.1502 + 0.0040 0.1602 —-6.7 0.0908 + 0.0024 0.0935 -3.0
901.71089 17 2 E 16 1 E 0.3576 + 0.0089 0.3518 1.6 0.1253 + 0.0038 0.1198 4.4
903.77255 39 1 A2 38 0 Al 0.2570 + 0.0065 0.2558 0.5 0.1100 £ 0.0031 0.1075 2.3
907.12091 47 1 A2 46 O Al 0.2057 + 0.0052 0.2037 1.0 0.1086 + 0.0028 0.1084 0.2
911.25395 38 2 E 37 1 E 0.2532 + 0.0064 0.2629 -3.8  0.0947 + 0.0025  0.0973 -2.7
913.72387 260 -3 E 25 -2 E 0.3688 + 0.0091 03493 53 0.1016 + 0.0027 0.1114 -9.6
915.10727 47 2 E 46 1 E 0.1963 + 0.0055 02029 -34  0.1027 + 0.0026 0.1078 -5.0
917.43978 17 4 A2 16 3 Al 0.3484 + 0.0086  0.3474 0.3 0.1112 + 0.0031 0.1130 -16
921.66848 44 -3 E 43 -2 E 0.2012 + 0.0053 02200 -93  0.1023 + 0.0030 0.1036 -13
923.50244 13 5 E 12 4 E 0.3418 + 0.0095 0.3188 6.7 0.1152 + 0.0030 0.1200 —-4.2
925.66545 35 4 A2 34 3 Al 0.2861 + 0.0071 0.2841 0.7 0.1053 + 0.0027 0.1036 1.6
929.11717 8 -6 E 7 -5 E 0.2574 + 0.0065 0.2414 6.2 0.1179 + 0.0031 0.1154 21
935.30843 21 -6 E 20 -5 E 0.3516 + 0.0087 0.3538 -0.6  0.1092 £ 0.0030 0.1113 -19
939.62470 13 7 A2 12 6 Al 0.3085 + 0.0076  0.3066 0.6 0.1219 + 0.0034 0.1188 2.5
948.41621 32 7 A2 31 6 Al 0.3004 + 0.0074 03029 -0.8 0.0820 £+ 0.0023  0.0916 -11.7
949.74788 35 7 A2 34 6 Al 0.2798 + 0.0069  0.2739 2.1 0.1010 + 0.0025 0.0985 25
951.06367 38 7 A2 37 6 Al 0.2507 + 0.0062  0.2510 —-0.1 0.0932 £ 0.0026  0.0962 3.2

(a) Line position (in cm~1).

(b) Upper state quantum numbers J, (K x ¢) product, Sym. J and K are the rotational quantum numbers and Sym stands for A1, A2 and
E symmetry. ¢ is the quantum number associated to the vibrational angular momentum.
(c) Lower state quantum numbers J, (K x ¢) product, Sym.
(d) Measured self-broadening coefficients () mea in cm~! atm~1); uncertainties are calculated using Eq. (2).
(e) Self-broadening coefficients (¥ e in cm~! atm~!) calculated using Eq. (3) and the values of the coefficients involved listed in

Table 3.

(f) Differences [(¥mea — Vcaic) | Ymea] x 100 between the measured y mea and calculated y . self-broadening coefficients.
(g) Measured N,-broadening coefficients (¥ mea in cm~! atm~'); uncertainties are calculated using Eq. (2).
(h) Ny-broadening coefficients (¥ cyc in cm~! atm~!) calculated using Eq. (3) and the values of the coefficients involved listed in

Table 3.

(i) Differences [(¥mea — Ycaic) | ¥mea] x 100 between the measured y mea and calculated y ., Ny-broadening coefficients.

Examination of the percent differences between the observed
and best-fit calculated spectra (for example shown in the lower
panel of Fig. 1) shows that they are generally less than 1%. How-
ever, estimation the accuracy of the measured broadening coeffi-
cients requires considering the uncertainties on all physical param-
eters, contributions from possible systematic errors [28] together
with the standard deviation of the fits. These various sources of
error and their associated uncertainties expressed relative to the
broadening coefficients are given in Fig. 3 for 3 selected lines, rep-
resentative of the 346 measured lines, ie. RR(34,6), ®R(25,3) and
RR(9,3). Fig. 3 shows that systematic errors are the main sources of
error. The dominant contributions to systematic errors arise from
the location of the full-scale photometric level, channeling, as well
as electronic and detector nonlinearities [28]. The reported esti-
mate of 2% is an arbitrary, but conservative value. For each tran-
sition, we then estimated the accuracy of the 346 measured Nj-
broadening coefficients from the uncertainties on the individual
experimental parameters, i.e. &5 (sample purity), &; (temperature),
ep (pressure), &, (pathlength), e, (standard deviation from fit)
and &sys (systematic errors), assuming that these uncertainties are

uncorrelated:

— 2 2 2 2 2 2
& = \/851- + & H&p + &y + Epy T Eqs (2)

On average, the estimated accuracy on the reported N,-
broadening coefficients is equal to 3%. In our analysis, we did not
apply any temperature corrections to the measured broadening co-
efficients. Hence, the N,-broadening coefficients listed in the sup-
plementary material correspond to the temperature of 295 + 1K
at which the spectra were recorded. The measured N,-broadening
coefficients range from 0.0723 to 0.1481 cm~! atm~! at 295K. A
few transitions are collected in Table 2, together with their abso-
lute uncertainty.

4. Calculated self and N, collisional broadening parameters
and discussion

4.1. Empirical model

We have fitted the measured self- and N,-broadening coeffi-
cients to an empirical polynomial expression as previously done for
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Fig. 4. Examples of fits to Eq. (3) of the self- and N,-broadening coefficients for sets of measurements corresponding to J=6, 10, 35 and 40. The green up (4A) and blue
down (v) triangles are the measured and corresponding calculated N,-broadening coefficients, respectively, and the black () and red (M) squares represent the measured

and calculated self-broadening coefficients, respectively.

CH3Br [25,29], CH3F [30] and CH3Cl [31-33]. Such a work requires
a great amount of accurate measurements. For methyl iodide, this
is the first time that an empirical model is used to adjust the mea-
sured broadening coefficients. Each set of broadening coefficients
characterized by the same ] value was fitted to the following poly-
nomial expansion:

Y (K) = a) + q/K? (3)

Examples of these fits are given in Fig. 4 for transitions with
J=6, 10, 35 and 40. As has been observed in numerous studies
dealing with C3,-symmetry molecules [25,29-33], the broadening
coefficients decrease with K. This decrease is more significant at
low J than at high J values. The best-fit coefficients a;’ and a]2 were
determined through a least-squares fit of the experimental broad-
ening coefficients. They are listed in Table 3. The calculated self-
and N,-broadening coefficients (y ) corresponding to the mea-
sured values (ymea) are presented in Table 2, together with the
differences between the measured and calculated values. A statisti-
cal analysis of these differences (Table 4) shows that the fit is very
good because at least 87% of the broadening coefficients fall within
7% of the measured values. On average, the empirical expression
reproduces the measured self and N, broadening coefficients to
within 3% and 4%, respectively. The latter range corresponds to
the measurement uncertainty of the broadening coefficients. Figs. 5
and 6 are plots of the J-dependence of the self and N, broadening
coefficients, respectively, measured and calculated for all studied K

Self-broadening coefficients (cm'1 atm'1)

0.10 T T T T T
0 10 20 30 40 50 60

J

Fig. 5. J-dependence of the measured and calculated self-broadening coefficients
for all studied K values in the vg band of CH3l.

values in the vg band of CHsl. Fig. 5 shows that the self-broadening
coefficients increase then decrease as J increases, exhibiting a max-
imum near /=22, while the N,-broadening coefficients decrease
with increasing J.



Table 3
Best-fit coefficients a?
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and aj2 (in cm~! atm~

1) involved in Eq. (3) used to

reproduce the measured self- and N,-broadening parameters of the vg band

of CHsl.
Self N,

I 9 af q af
4 02874(130) —0.00587(105)  0.1656(101)  —0.00574(98)
5 02839(79)  —0.00362(49) 01372(71)  —0.00208(43)
6  02813(38)  —0.00257(21) 01432(43)  —0.00126(21)
7 02907(35)  —0.00197(20) 0.1313(30)  —0.00064(14)
8§  02999(42)  —0.00162(22) 01335(42)  —0.00067(12)
9  03028(37)  —0.00105(22) 01280(21)  —0.00046(6)
10 03227(48)  —0.00160(29) 0.1287(24)  —0.00039(7)
11 03246(31)  —0.00097(18) 01251(34)  —0.00042(8)
12 03286(82)  —0.00061(11) 01209(34)  —0.000059(14)
13 0.3368(45) —0.00065(12) 0.1175(33) —0.00023(3)
14 03436(44)  —0.00042(7) 01197(37)  —0.00019(4)
15 03501(57)  —0.00048(9) - -
16 03524(33)  —0.00055(11) 01206(24)  —0.00084(14)
17 03482(45)  -0.000075(14)  01433(59)  —0.00085(12)
18 03699(67)  —0.00128(23) 01370(69)  —0.00154(27)
19 03494(39)  —0.000055(11)  0.1190(15)  —0.00072(14)
20 03591(43)  —0.00021(4) 01159(22)  —0.00018(4)
21 03540(45)  —0.00026(5) 01108(54)  —0.00116(18)
22 03565(48)  —0.00010(2) 0.1131(15) ~0.000079(12)
23 0.3626(34) —0.00076(16) 0.1145(43) —0.00054(7)
24 03594(18)  —0.00066(8) 01172(36)  —0.00035(7)
25  03518(42)  —0.00062(12) 01126(47)  —0.00029(5)
26 0.3438(22) —0.00051(11) 0.1061(16) —0.000076(10)
27 0.3375(29) —0.00028(6) 0.1096(47) —0.00011(2)
28 03297(41)  —0.00034(6) 01088(40)  —0.00020(4)
29 03203(40)  —0.00017(3) 01088(53)  —0.00055(8)
30 03105(53)  —0.0000054(11)  0.1014(35)  —0.00119(25)
31 03176(60)  —0.00041(8) 01107(79)  —0.00053(7)
32 02988(36)  —0.00025(5) 01163(38)  —0.00097(18)
33 0.2941(31) —0.00020(4) 0.0997(23) —0.00051(6)
34 02875(32)  —0.00038(8) 01053(17)  —0.00019(2)
35  02813(38)  —0.00075(15) 01033(20)  —0.00034(6)
36  02713(46)  —0.00036(7) 0.0964(53)  —0.00061(8)
37  02633(46)  —0.00034(6) 0.0973(18)  —0.000032(4)
38 02558(33)  —0.00025(4) 01075(23)  —0.00062(8)
39 0.2446(29)  —0.00016(3) 01012(49)  —0.00037(6)
40 02386(44)  —0.00026(4) 0.1065(21)  —0.00055(6)
41 02286(34)  —0.000078(14)  0.0935(36)  —0.000098(12)
42 02219(49)  —0.00019(4) 0.0932(42)  —0.00016(2)
43 0.2219(46) —0.00046(8) 0.1062(39) —0.00065(10)
44 02120(31)  —0.00054(10) 01063(54)  —0.00162(29)
45 0.2070(67)  —0.00039(7) 0.1014(17) ~0.0002(4)
46 02037(67)  —0.00082(15) 01084(30)  —0.00062(13)
47 01852(41)  —0.00014(2) 0.0938(34)  —0.00019(3)
48 01848(102)  —0.00107(23) 0.0977(38)  —0.00016(4)
49 0.1729(51) ~0.00018(4) 0.0911(27)  —0.00074(16)
50 0.1681(41) —0.0000075(11) 0.0846(36) —0.00046(6)
51 01690(65)  —0.00220(39) 01001(30)  —0.00164(26)
52 0.1676(2) -0.00034(4) - -
53 0.1491(12)  -0.000077(14) - -

Note: Numbers between parentheses are the uncertainties (1 o) in the units
of the last quoted digit. For each J value, the number of broadening coeffi-
cients used in the fit ranges between 4 and 18 for the self-broadening coef-
ficients and between 4 and 12 for N,-broadening coefficients.

Table 4

Statistical analysis of the fit to Eq. (3) of the measured self and N, broadening

coefficients of the vg band of CH3l (8 = | Ymea — Ycalc | | ¥ mea x 100).

CHsl broadener gas

N, broadener gas

Number of lines used in the fit 608

.lmﬂX 53
Kmax 7
0% <8 < 4% 76%
4% <8 < 8% 20%
8% <& < 15% 4%

346
51

6
55%
32%
13%
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Fig. 6. J-dependence of the measured and calculated N,-broadening coefficients for
all studied K values in the vg band of CH;l.
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Fig. 7. Comparison of room temperature self-broadening coefficients measured in
this work for "Q(J, 2) transitions in the vg band of CHsl with results reported by
Hoffman and Davies [18] for the vs band.

4.2. Comparison with previous work

In our previous study on line positions [15], the hyperfine struc-
ture had to be accounted for during the analysis and energy level
calculation. For the line intensity measurements, we had carefully
selected the transitions for which the hyperfine structure is not ob-
servable: this means that the hyperfine splitting is smaller than
the Doppler line width [16]. In the present work, the experimen-
tal conditions do not allow differentiating the hyperfine compo-
nents. Therefore, we did not compare our self-broadening coeffi-
cients with those of Belli et al. [17]. We therefore compared the
self-broadening coefficients measured in this work with the only
data available in the literature, i.e. the self-broadening coefficients
reported for the vs fundamental band of CHsl [18]. Fig. 7 com-
pares the present results for the "Q(J, 2) transitions in the vg band
and the measurements reported in Ref. [18] for the same transi-
tions in the vs band. The self-broadening coefficients reported for
the vs band are larger (the average difference is about 7%) and
their rotational dependence is different. A similar comparison of
N,-broadening coefficients (Fig. 8) shows an overall good agree-
ment with the results of Ref. [18], with an average difference of
about 4%. The latter comparison tend to indicate the absence of a
vibrational dependence of the N, broadening coefficients, similarly
to what was observed for CH3X (X=Br, F) [25,29,30].
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Fig. 8. Comparison of room temperature N,-broadening coefficients measured in
this work for Q(J, 4) transitions in the vg band of CHsl with results obtained by
Hoffman and Davies [18] for the vs band.

5. Conclusion

Mono-spectrum analyses of high-resolution Fourier transform
spectra of methyl iodide diluted in nitrogen at total pressures
in the range 20-300 hPa resulted in the determination of N,-
broadening coefficients for rovibrational lines in the vg band
of methyl iodide, at room temperature. Self-broadening coeffi-
cients have also been measured at room temperature using multi-
spectrum analyses of high-resolution Fourier transform spectra of
pure methyl iodide recorded in one of our previous work [16].
Pressure-induced line shifts were not needed to fit the spectra
down to the noise level in the multi-spectrum analysis carried out
in Ref. [16] and line mixing effects could be neglected in both anal-
yses. Self and N, broadening coefficients have been obtained for
large sets of J and K values, for which clear J and K dependences
have been observed. The N, broadening coefficients measured in
the present work agree well with measurements reported in the
literature for the vs band of methyl iodide, while some discrep-
ancies are observed for the self-broadening coefficients. Empirical
polynomial expression have been used to model the rotational K
dependence of the broadening coefficients, leading to accurate co-
efficients (af and ajz) for methyl iodide. The measured and calcu-
lated self and N, broadening coefficients obtained in the present
work and in Ref. [16] are provided as supplementary material, to-
gether with the assignment of the corresponding transitions. The
data obtained in the present work represent a significant contri-
bution to the determination of broadening coefficients of methyl
iodide and thus completes the list of line positions and intensi-
ties generated in our previous work [16], useful for atmospheric
remote sensing and industrial detection of methyl iodide. It will
be necessary to complete them with experimental determination
of broadening coefficients at temperatures observed in the Earth’s
atmosphere.
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