
HAL Id: hal-02340436
https://hal.science/hal-02340436

Submitted on 30 Oct 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Self and N2 collisional broadening of rovibrational lines
in the ν6 band of methyl iodide (12CH3I) at room

temperature: The J and K dependence
Y. Attafi, A. Ben Ben Hassen, H. Aroui, F. Kwabia Tchana, L. Manceron, D.

Doizi, J. Vander Vander Auwera, A. Perrin

To cite this version:
Y. Attafi, A. Ben Ben Hassen, H. Aroui, F. Kwabia Tchana, L. Manceron, et al.. Self and N2 collisional
broadening of rovibrational lines in the ν6 band of methyl iodide (12CH3I) at room temperature: The
J and K dependence. Journal of Quantitative Spectroscopy and Radiative Transfer, 2019, 231, pp.1-8.
�10.1016/j.jqsrt.2019.04.017�. �hal-02340436�

https://hal.science/hal-02340436
https://hal.archives-ouvertes.fr


Self and N2 collisional broadening of rovibrational lines in the ν6  

band of methyl iodide (
12

CH3I) at room temperature:                                     

The J and K dependence
 

 

Y. Attafi,
a,b

 A. Ben Hassen,
b
 H. Aroui,

b
 F. Kwabia Tchana,

a*
 L. Manceron,

c,d
 D. Doizi,

e
           

J. Vander Auwera,
f
 A. Perrin

g
 

 

a 
Laboratoire Interuniversitaire des Systèmes Atmosphériques (LISA), UMR CNRS 7583, 

Université Paris Est Créteil et Université Paris Diderot, Institut Pierre Simon Laplace, 61 

avenue du Général de Gaulle, F-94010 Créteil Cedex, France. 

b 
Laboratoire de Spectroscopie et Dynamique Moléculaire, Université de Tunis, Ecole 

Nationale Supérieure d’Ingénieurs de Tunis, 5 Av Taha Hussein, 1008 Tunis, Tunisia. 

c 
Ligne AILES, Synchrotron SOLEIL, L’Orme des Merisiers, St-Aubin BP48, F-91192 Gif-

sur-Yvette Cedex, France. 

d 
Sorbonne Université, CNRS, MONARIS, UMR 8233, 4 place Jussieu, F-75005 Paris,France

 

e 
DEN-Service d’Etude du Comportement des Radionucléides (SECR), CEA, Université 

Paris-Saclay, F-91191 Gif-sur-Yvette, France 

f 
Service de Chimie Quantique et Photophysique, C.P. 160/09, Université Libre de Bruxelles, 

50 avenue F.D. Roosevelt, B-1050 Brussels, Belgium. 

g 
Laboratoire de Météorologie Dynamique/IPSL, UMR CNRS 8539, Ecole Polytechnique, 

Université Paris-Saclay, RD36, F-91128 PALAISEAU Cedex, France. 

 

Nb of figures: 8 

Nb of Tables: 4 

*Corresponding author: Fridolin Kwabia Tchana, fridolin.kwabia@lisa.u-pec.fr 

 

 

  

mailto:fridolin.kwabia@lisa.u-pec.fr


2 

 

 

2 

Abstract 

Following our recent study devoted to measurements of intensities of rovibrational 

lines in the ν6 band of methyl iodide (
12

CH3I) centered at 892.918 cm
–1

, room temperature 

infrared spectra of methyl iodide 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 hundred and forty six N2-broadening coefficients 

of methyl iodide rovibrational lines have been measured in the 824–951 cm
–1

 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
–1

atm
–1

 and the N2-

broadening coefficients range from 0.0723 to 0.1481 cm
–1

atm
–1

 at 295 K. The average 

accuracy on the measured self- and N2-broadening coefficients was estimated to 3%. 

Comparisons with measurements reported in the literature for the ν5 band of CH3I shows a 

satisfactory agreement with average differences of 7% and 4% for the self- and N2-broadening 

coefficients, respectively. The J and K rotational dependences of these coefficients have been 

observed and using an empirical polynomial expansion, the rotational K dependence was 

modeled. On average, the empirical expression reproduces the measured self- and N2-

broadening coefficients to within 3% and 4%, respectively. The data obtained in the present 

work represent a significant contribution to the determination of broadening coefficients of 

CH3I 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 CH3I.  

 

 

 

Keywords: methyl iodide; CH3I; high-resolution Fourier transform spectroscopy; self- 

and N2-broadening coefficients; J and K dependence 
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1. Introduction 

 

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 atmospheric and 

astrophysical spectra and the reliability of the retrieved concentrations and temperature 

profiles however strongly 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 laboratories is collected into a number of databases, 

such as HITRAN [9] and GEISA [10], continuously updated in terms of accuracy of the line 

parameters, molecular species and spectral coverage. 

Methyl iodide (CH3I), the molecule of interest in the present work, is essentially 

absent from common spectroscopic databases, despite its atmospheric importance. Indeed, 

CH3I 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 destruction cycles in the upper 

troposphere and in the lower stratosphere [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 radioactivity 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 ν6 band of CH3I, 

located at 892.918 cm
–1

, coinciding with the 11 µm transparency window in the atmosphere 

[12–14], could be a good candidate for such detection. 

To prepare for this possible future detection, we recently carried out detailed studies 

concerning the line positions and intensities of the strong ν6 band [15,16], which resulted in a 

list of line positions and intensities of CH3I at 11 µm. This molecule was the subject 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 CH3I). To the best of our knowledge, only two studies 

dealt with the measurement of line broadening coefficients [17,18]. Self-broadening 
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parameters of 6 hyperfine components of the (J  = 10 → 9, Kl = 9) rotational transitions in the 

v6 = 1 excited vibrational state were accurately measured using Doppler-free double-

resonance spectroscopy [17], and room temperature self-, N2- and O2-broadening coefficients 

were measured for over 100 lines in five Q-branches of the ν5 perpendicular band at 7 µm 

using diode laser absorption spectroscopy [18]. 

   The measurements reported here provide the first extensive data set that can be used 

for modelling pressure broadening coefficients of CH3I. This work focuses on the self and N2 

collisional broadening of rovibrational lines in the ν6 band of CH3I at room temperature. The 

self-broadening coefficients have been measured using the pure methyl iodide spectra 

recorded in our previous work [16]. The N2 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 measured 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 N2 broadening coefficients are described in Section 3. The 

empirical model developed to calculate self and N2 collisional broadening parameters of CH3I 

and comparisons of the present measurements with literature 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 nitrogen have been recorded in 

the range from 500 to 1450 cm
–1

 using the high-resolution Bruker IFS125HR FTS located at 

the LISA facility 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
–1 

was used to improve the signal-to-noise 

ratio. The FTS was continuously evacuated below 3×10
-4 

hPa by a turbomolecular 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

.  
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The N2 and CH3I samples were purchased from Sigma Aldrich with stated purities of 

99.99% and 99%, respectively. No further sample purifications were done. The absorption 

cell has a base path length of 20 cm and was adjusted for 28 transits in the present experiment, 

yielding an absorption path length of 564.9 ± 1.1 cm. The path length value takes into account 

the distance between the surface of the field mirror and the windows of the cell (2 × 2.45 cm). 

The spectra were recorded at a stabilized room temperature of 295 ± 1 K. The sample pressure 

in the cell was measured using calibrated MKS Baratron capacitance manometers models 

628D (2 and 10 Torr full scale) and 627D (100 and 1000 Torr full scale), characterized by a 

stated reading accuracy of 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
–1

 while the cell was being continuously evacuated. 

The cell was then filled with CH3I at a given pressure, followed by the perturbing gas leading 

to a series of 14 total pressures. One CH3I/N2 spectrum was recorded for each CH3I filling. 

Transmittance spectra were finally generated from the ratio of the sample spectra with the 

background spectrum. The fourteen pressures chosen and the number of interferograms 

recorded and averaged to yield the corresponding spectra are listed in Table 1. For the Fourier 

transform, a Mertz-phase correction with a 1 cm
–1

 phase resolution, a zero-filling factor of 2 

and no apodization (boxcar option) were applied to the averaged interferograms. The root 

mean square (RMS) S/N in the ratioed spectra is around 300. The spectra were calibrated by 

matching the measured positions of about 30 lines of residual CO2 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 simultaneous 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, 
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intensities and widths) and spectrum-specific (e.g. baseline) parameters to best-fit of synthetic 

spectra to the observed spectra using a Levenberg-Marquardt non-linear least squares fitting 

procedure. The self-shift coefficients of all the lines were set to zero and were not needed to 

fit the spectra to the noise level. Line intensities and self-broadening coefficients were 

therefore retrieved simultaneously. Details on these measurements can be found in our 

previous work [16] where the self-broadening coefficients were not reported. Taking into 

account the lines with an absorption between 20 and 80%, we reported in the present work 

608 self-broadening coefficients. 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
–1

atm
–1

 at 295 K. 

The self-shift coefficients of all the lines were set to zero 

3.2. Retrieval of nitrogen-broadening coefficients and uncertainty analysis 

 

The CH3I/N2 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 measurements involved the adjustment of a calculated spectrum to the observed spectrum 

using a non-linear least squares fitting procedure. Each calculated spectrum was computed as 

the convolution of a monochromatic 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 nominal aperture diameter of 2 

mm. The background in each spectrum was represented by a polynomial expansion up to the 

second order (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. Pressure-induced line shifts 

were not needed to fit the spectra to the noise level and line mixing effects could be neglected. 

The measurements were carried out on small spectral intervals, ranging from 0.1 to 0.5 cm
–1

 

and containing one to several 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. 
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Although the spectra of the CH3I/N2 mixtures have been recorded with at most 1.3 % 

of CH3I, we subtracted the self-broadening contributions to deduce reliable N2-broadening 

coefficients according to the equation:  

PP ICHselftotalCNNC 322 ,
                                                          (1) 

where c  is the N2-collisional halfwidth, totalc,  is the total collisional halfwidth, and ICHP 3

and 2NP  are the CH3I and N2 partial pressures, respectively. 2N is the N2-broadening 

coefficient and self
 
is the self-broadening coefficient. Evolution with pressure of the N2-

collisional halfwidth c  for the 
R
R(9,3,A2), 

R
R(25,3,A1) and 

R
R(34,6,A1) lines in the ν6 band 

of CH3I perturbed by N2 is shown in Fig. 2. The fitted straight lines show the linear 

dependence of the collisional halfwidths with pressure. The N2-broadening coefficients (in 

cm
–1

atm
–1

) can be derived from the slopes of these lines. 

Examination of the residuals of the fits shows that they are generally less than 1% (see 

Figure 1). However, to estimate the accuracy of the measured broadening coefficients requires 

considering the uncertainties on the physical parameters, contributions from possible 

systematic errors [28] as well as the uncertainties derived from the fits, taken as the standard 

deviation. The various sources of error considered in the present work and their associated 

uncertainties expressed relative to the broadening coefficients are given in Fig. 3 for 3 

selected lines, representative of the 346 measured lines, i.e. 
R
R(34,6), 

R
R(25,3) and 

R
R(9,3). 

Figure 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 estimate of 2% 

is an arbitrary, but conservative value. For each transition, we then calculated an overall 

uncertainty based on the uncertainty of the individual experimental parameters, i.e. εsi (sample 

purity), εt (temperature), εp (pressure), εpl (pathlength), εfit (standard deviation from fit) and 

εsys (systematic errors), assuming that these uncertainties are uncorrelated: 

 222222
sysfitplptsi    (2) 

Using this equation and the experimental relative uncertainties involved, the estimated overall 

uncertainty (estimated accuracy) for each of the 346 N2-broadening coefficients measured was 

calculated. On average, the estimated accuracy on the reported N2-broadening coefficients is 

equal to 3%. In our analysis, we did not apply any temperature corrections to the measured 
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broadening coefficients. Hence, the N2-broadening coefficients listed in the supplementary 

material correspond to the temperature of 295 ± 1 K at which the spectra were recorded. The 

measured N2-broadening coefficients range from 0.0723 to 0.1481 cm
–1

atm
–1

 at 295 K. A few 

transitions are collected in Table 2, together with their absolute uncertainty. 

 

4. Calculated self and N2 collisional broadening parameters and discussion 

 

4.1. Empirical model 

We have fitted the measured self- and N2-broadening coefficients by an empirical 

polynomial expression as previously done for 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 measured broadening coefficients. Each 

set of broadening coefficients characterized by the same J value was fitted by the following 

polynomial expansion : 

                                                             
220)( KaaK JJJ                                                    (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 C3v-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 0

Ja  and 2

Ja  were determined through a least-squares fit 

of the experimental broadening coefficients. They are listed in Table 3. The calculated self- 

and N2-broadening coefficients (γcalc) corresponding to the measured values (γmea) are 

presented in Table 2, together with the differences between the measured and calculated 

values. A statistical 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 N2 broadening coefficients 

to within 3% and 4%, respectively. The latter range corresponds to the measurement 

uncertainty of the broadening coefficients. Figure 5 is plots of the J-dependence of the self 

broadening coefficients measured and calculated for all studied K values in the ν6 band of 

CH3I, while Figure 6 shows the J-dependence of the N2 broadening coefficients measured and 

calculated. Both figures show that the self and N2 broadening coefficients increase then 

decrease as J increases, exhibiting maxima around J = 22 and 4, respectively. 
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4.2. Comparison with previous work 

In our previous study on line positions [15], the hyperfine structure 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 observable: this means that the hyperfine splitting is smaller than the Doppler line width 

[16]. In the present work, the experimental conditions do not allow differentiating the 

hyperfine components. Therefore, we did not compare our self-broadening coefficients 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 ν5 fundamental band of CH3I [18]. Figure 7 compares the present results for 

the 
P
Q(J, 2) transitions in the ν6 band and the measurements reported in Ref. [18] for the same 

transitions in the ν5 band. The self-broadening coefficients reported for the ν5 band are larger 

(the average difference is about 7%) and their rotational dependence is different. A similar 

comparison of N2-broadening coefficients (Fig. 8) shows an overall good agreement 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 N2 broadening coefficients, similarly 

to what was observed for CH3X (X = Br, F) [25,29-30]. 

 

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 

N2-broadening coefficients for rovibrational lines in the ν6 band of methyl iodide, at room 

temperature. Self-broadening coefficients 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]. In both analyses, pressure-induced line shifts were 

not needed to fit the spectra down to the noise level and line mixing effects could be 

neglected. Self and N2 broadening coefficients have been obtained for large sets of J and K 

values, for which clear J and K dependences have been observed. The N2 broadening 

coefficients measured in the present work agree well with measurements reported in the 

literature for the ν5 band of methyl iodide, while some discrepancies 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 coefficients 
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constants ( 0

Ja  and 2

Ja ) for methyl iodide. The data obtained in the present work and given as 

supplementary material, represent a significant contribution to the determination of 

broadening coefficients of methyl iodide and thus completes the list of line positions and 

intensities 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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Figure 1 
 

The upper panel presents a small part of the spectrum of the ν6 band of CH3I perturbed by N2 

(spectrum 4 in Table 1; open circles) overlaid by the corresponding 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. 
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Figure 2 
 

Evolution with pressure of the N2-collisional halfwidth of the RR(9,3,A2), 
RR(25,3,A1) and RR(34,6,A1) 

lines in the ν6 band of CH3I perturbed by N2. The slope of the best-fit lines represent the N2-

broadening coefficients 2N . The displayed error bars are twice the uncertainties of measurement. 
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Figure 3 
 

Comparison between various sources of relative uncertainty on the measured N2-broadening 

coefficients of 3 selected lines: RR(34,6), RR(25,3) and RR(9,3). 
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Figure 4 
 

Shared description of the comparable broadening coefficients (measured and calculated by Eq. (3)) 

for sets of measurements corresponding to J = 6, 10, 35 and 40. The green up triangles (▲) and black 

squares (■) represent the measured N2- and self-broadening coefficients, respectively, and the blue 

down triangles (▼) and red squares (■) are the corresponding calculated N2- and self-broadening 

coefficients, respectively. 
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Figure 5 

 

J-dependence of the measured and calculated self-broadening coefficients for all studied K values in 

the ν6 band of CH3I. 
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Figure 6 

 

J-dependence of the measured and calculated N2-broadening coefficients for all studied K values in 

the ν6 band of CH3I. 
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Figure 7 

 

Comparison of room temperature self-broadening coefficients measured in this work for PQ(J, 2) 

transitions in the ν6 band of CH3I with results reported by Hoffman and Davies [18] for the ν5 band. 
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Figure 8 

 

Comparison of room temperature N2-broadening coefficients measured in this work for PQ(J, 4) 

transitions in the ν6 band of CH3I with results obtained by Hoffman and Davies [18] for the ν5 band. 

 


