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I. Introduction 

The evolution of the chemical composition of the Earth’s atmosphere caused by human activities 

is a very complex problem. In recent years, significant impacts of climate change have been 

observed. Understanding of the global warming due to anthropogenic emissions is now a major 

scientific task. It is now established that climate change is due to emission of greenhouse gases and 

that the chemical composition of the atmosphere is a main factor which affects the Earth’s climate 

[14]. 

Optical techniques associated with molecular spectroscopy are among the most effective methods 

in studying the Earth’s atmosphere like those of other planets. Comparisons between the measured 

and calculated spectra enable to retrieve information about the absorbing species present in the 

atmosphere. For this, a theoretical model is used to describe the spectral profile of the molecular 

absorption transition. So far, in most available studies, the Voigt profile (Vp) [61] is widely-used 

to model the spectral shape of isolated lines (i.e. lines not affected by collisional line-mixing). The 

Vp is a convolution a Gaussian and a Lorentzian profiles taking into account, respectively, two 

broadening mechanisms: the first resulted from the thermal agility of the molecules (the Doppler 

broadening) and the second, induced by intermolecular collisions (the Lorentzian broadening)[37]. 

The Vp can be written in term of the complex probability function for [45] which many effective 

computer algorithms for its calculation have been proposed [17, 30, 31, 39, 41, 56]. Based on this 

profile, the spectroscopic parameters (line intensities, positions, pressure broadenings and shiftings 

...) in wide spectral ranges for different molecules are now well known and listed in the various 

spectroscopic databases such as HITRAN [59, 60] or GEISA [53]. 

 

 

 

Figure 1a. Measurement spectra of CO2 in air 

and the fit residuals by using Single spectrum 

fits for the R(24) transitions for Voigt profile 

[96] 

Figure 1b. An in situ absorption spectrum of 

tropospheric H2O measured by SDLA and the 

difference between the measured and calculated 

spectrum using the Vp. 
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The accuracy of the calculation of the absorption of solar radiation by atmospheric gases, 

or of their emission depends on the quality of the line parameters available in these databases. It is 

therefore necessary to determine with precision line parameters of the molecules of interest. An 

overall review results provided by different studies [4, 6, 10-21] show that there are significant 

differences. As for the used spectral profile, it has been shown that the Vp leads to significant 

difference with the measured spectra [10-13, 46-51, 96]. These differences are generally much 

greater than the uncertainty of laboratory measurements (Figure 1a) [96] and clearly above the 

uncertainty of certain remote sensing experiments (Figure 1b) [19]. More reliable approaches 

beyond the Vp are therefore essential to better meet the expectations of applications. 

In fact, the Vp does not take into account two effects which can affect the spectral shape: 

(i) The velocity changes induced by intermolecular collisions, leading to the so-called Dicke 

narrowing effect [55] and (ii) the speed dependences of the collisional broadening and shifting [15, 

16]. The former is generally modeled using the soft collision model (Galatry profile, Gp [5]) or the 

hard collision model (Rautian profile, Rp [49, 63]), in which velocity changes are characterized by 

the frequency of velocity changing collisions (often obtained as an empirical parameter). For the 

speed dependences of collisional broadening and shifting, a quadratic dependence in absolute speed 

[15, 16] or a power law in relative velocity (also called a hypergeometric law, [27, 54]) is often 

used. For each of these approaches, other empirical parameters are then added to describe the speed 

dependences of collisional parameters. However, experimental results showed limitations of the 

Rp, Gp and Speed dependence Voigt profile (SDVp) in describing the molecular absorption spectra 

[20]. Indeed, in the binary collisions regime [43], collisional parameters must linearly depend on 

the gas pressure. However, it is shown that that the frequency of velocity changing collision (e.g. 

Fig. 2a) [20] or the speed dependent coefficients of the collisional parameters (e.g. Figure 2b) [51] 

are non linear with pressure for Rp or SDVp. 

 

 

 

 

Fig. 2a. Pressure dependence of the Dicke 

narrowing parameter for the R(20) line of CO2, 

obtained  from line by line fitting procedure of 

measured spectra (black squares) using the HC 

model. 

Fig. 2b. Air pressure dependence of the speed 

dependence parameter 2 for the (606  505) 

transition of water vapor obtained with the SDVp 

from line by line fitting procedure of measured 

spectra. 
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In 2013, a model that enables a very accurate description of the shapes of absorption lines 

was proposed (i.e. The Hartmann-Tran profile, HTp, [25,36, 47-51]) for high resolution 

spectroscopy. This model takes into account several refined processes contributing to the line 

shape: the Dicke narrowing effect, speed dependences of collisional parameters and the correlation 

between velocity and rotational-states changes collisions. Comparisons with laboratory spectra 

have shown that the HTp enables a description of observed line shapes with an accuracy of a few 

0.1%. This model was then recommended by the International Union of Pure and Applied 

Chemistry (IUPAC), as the reference one to be used in spectroscopic and remote sensing studies. 

Before the HTp can be used for remote sensing, spectroscopic database must be completed with 

the relevant parameters. Even when limited to key species and regions (eg those retained for the 

remote sensing of greenhouse gases) this is a huge task which cannot be fulfilled rapidly by new 

laboratory measurements only. The latter are not only difficult to perform with a sufficient accuracy 

but also lengthy and costly since spectra must be recorded and analyzed for many lines in broad 

pressure ranges.  

 

This thesis is devoted to accurate predictions of molecular line shapes for atmospheric pressure and 

temperature conditions for several greenhouse gases such as CO2, N2O, CH3Cl and H2O. Based on 

the simultaneous use of first principle calculations and a limited number of measurements together 

with results of direct predictions by requantized molecular dynamics simulations (rCMDS), this 

work also focus on the strategy to generate parameters of the HTp for high precision remote 

sensing. 

 

II. Requantized Classical molecular dynamics simulation for CO2-N2/O2/air; N2O and 

analysis procedure 

In this part of the thesis, by using rCMDS, one can simulate the time evolution of a very large 

number of molecules from an intermolecular potential. The auto-correlation function of the dipole 

moment, responsible for the optical transition can thus be calculated. The Fourier-Laplace 

transform of this auto-correlation function directly yields the corresponding absorption spectrum. 

This method was applied to predict lineshape parameters for N2/O2/air-broadened CO2 lines. The 

rCMDS-calculated spectra of CO2 in N2/O2 were fitted with the speed dependent Nelkin–Ghatak 

(sdNG) profile in order to retrieve the collisional line broadening coefficient, its speed dependence, 

the Dicke narrowing and the first order line-mixing parameters. The predicted parameters were 

then compared with those determined from high quality measurements [69] showing very good 

agreement, even for the high-order line shape parameters [70]. rCMDS are thus a complementary 

tool for line-shape studies provided that an accurate intermolecular potential is available. 

Furthermore, the calculations were performed relatively easily for various temperature conditions, 

which is not always possible for laboratory measurements. It was demonstrated in a series of papers 

that rCMDS are capable to reproduce various collisional effects affecting the absorption spectrum 

of different molecular systems [69–75]. 
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1. Re-quantized classical molecular dynamics simulations 

CMDSs were used to perform for the CO2–N2 and CO2–O2 system using equations described 

in [82]. All the molecules are considered as rigid rotors.  

 The used intermolecular potential 

A site-site functional form with Coulombic and atom-atom contributions was used to 

describe the interaction potential between CO2 and N2/O2 molecules. For this, the molecular 

geometries and the charges and sites were taken from [73] and [74] for CO2 and N2/O2, 

respectively. The atom-atom contribution was calculated as a 12-6 Lennard-Jones potential 

whose parameters were deduced using usual combination laws [83] and parameters for 

CO2– CO2 [74] and N2–N2 [73]; O2– O2 [73] interactions. The latter were successfully used 

to predict non-Voigt effects on the line shapes of pure CO2 [71] and H2O–N2 [85]; O2 in 

air (e.g. [89]). Note that all the effects of vibrational motion were disregarded in the 

calculations.  

 Temperature and pressure range 

Calculations were made for the various temperatures of 200 K, 250 K, 296 K at 1 atm for 

CO2–N2 and 200 K, 250 K, 296 K and 350 K  for CO2–O2 mixtures with 50% of CO2 

 Facilities 

Using the IBM Blue Gene/P computer of the Institut du Dévéloppement et des Ressources 

en Informatique Scientifique, the facilities of the faculty of physics at Hanoi National 

University of Education.  

 Re-quantized classical molecular dynamics simulations  

Since only CO2– N2/O2 interactions were taken into account, this is equivalent to a mixture 

of CO2 infinitely diluted in 0.5 atm of N2 [84]/O2. For each temperature, a total number of 

about 3-6 × 108 molecules were considered. With a large number of molecules were 

considered in this type of calculation, a high signal-to-noise ratio of the calculated spectra 

can be obtained. The molecules were treated in parallel in more than thirty thousand boxes, 

each containing 20 000 molecules. The molecules were initialized in the boxes as follows: 

For each molecule, the center-of mass position was randomly chosen with the constraint 

that molecules should be separated from each other by distances of at least 9 Å. This ensures 

that no situation involving pairs of unphysically strongly interacting molecules is generated. 

This condition thus imposes the use of a temporization time in the calculations, which is 

about 20 ps. Translational and angular speeds verifying the Maxwell-Boltzmann 

distribution were initialized. Random center-of-mass velocity vector and molecular axis 

orientation were attributed. The parameters (center-of-mass position, velocity, angular 

momentum, and molecular orientation) describing the classical state of each molecule were 

then computed for each time step (up to 900 ps). A requantization procedure, as done in 

[72] for pure CO2, was applied to the classical rotation of the molecules. Specifically, for 

a molecule of rotational angular momentum 𝜔, we find the (even) integer J for which ℏ𝐽/𝐼, 

where I is the moment of inertia and is the closest to 𝜔. This corresponds to matching the 

classical rotational frequency with the quantum position of the P branch lines. Once J is 
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found, 𝜔 is requantized by applying the change 𝜔 = ℏ𝐽/𝐼, while its orientation is kept 

unchanged. This P branch requantization implies that the calculated R branch spectrum will 

be the exact symmetric of the P branch. The auto-correlation function of the dipole moment, 

assumed along the molecular axis (as the case for the asymmetric stretching absorption 

bands of CO2, for instance), was then calculated during the rCMDS. The Doppler effect 

associated with the translational motion was taken into account in this auto correlation 

function  [72]. For each temperature, eight values of the Doppler width Γ𝐷  (e.g., ranging 

from 0.002 cm-1 to 0.3 cm-1 at room temperature) were used in the calculations. This 

provided a large set of values of the ratio Γ𝐿/Γ𝐷 (e.g., from about 0.08 to 13, at room 

temperature, Γ𝐿 being the Lorentz width), covering a range from the near purely Doppler to 

collision-dominant regimes. Note that since all the effects of vibrational motion were 

disregarded in our rCMDS, this corresponds to eight calculations at eight values of pressure 

with a unique Doppler width. Finally, the normalized absorption coefficient was obtained 

as the Fourier-Laplace transform of the auto correlation function of the dipole moment. The 

spectra were thus calculated without the use of any adjustable parameter. Note that our 

rCMDSs do not take into account the dephasing of the dipole, which is associated with the 

fact that the effects of intermolecular interactions for molecules in the upper and lower 

states of the optical transitions are different. Consequently, the calculated spectra do not 

show any pressure shift. 

The results obtained for CO2/N2 and those for CO2/O2 will be used to deduce the air-

broadened CO2 line-shape parameters and their temperature dependences. 

 

2. Analysis procedure 

Spectra calculated by rCMDS for each temperature were fit with were fit with the speed-dependent 

Nelkin– Ghatak (sdNG) profile including the first-order line mixing [75]. Within this approach, the 

absorption coefficient versus wavenumber σ (cm-1) is expressed as [67,76] 

                                            𝛼(𝜎) ≈
𝑆

𝜋
[Re{𝐼𝐻𝑇(𝜎)} + 𝑌 Im{𝐼𝐻𝑇(𝜎)}].                                          (1) 

In Eq. (1), Y = Pζ is the first-order line-mixing parameter, where ζ is the pressure-normalized 

coefficient, which accounts for the coupling between the considered line and other lines. S is the 

line area. The area-normalized line shape, 𝐼𝐻𝑇(𝜎), is, in general, a function of eight parameters, 

[67,76] i.e., 

                                           𝐼𝐻𝑇(𝜎) = 𝑓(𝜎 − 𝜎0, 𝛤𝐷 , 𝛤0, 𝛤2, 𝛥0, 𝛥2, 𝜈𝑣𝑐, 𝜂)                                      (2) 

with 0 being the unperturbed position of the line. The HT model takes into account four main 

processes affecting the shape of an isolated line in the binary-collision regime [76,90] The first one 

is the Doppler broadening, taken into account through the Doppler width 𝛤𝐷. The second effect is 

the collision-induced velocity changes (VC) (Dicke narrowing), which are described through the 

hard-collision model [71,86]  in terms of the rate of velocity-changing collisions νVC (or the Dicke 

narrowing frequency). This model also takes into account the speed dependences of the collisional 

half-width Γ(v) and shift ∆(v), modeled by the quadratic law [87 ,91], given by 𝛤(𝑣) + 𝑖𝛥(𝑣) =

𝛤0 + 𝑖𝛥0 + (𝛤2 + 𝑖𝛥2)[(𝑣 �̃�⁄ )2 − 3 2⁄ ] in which �̃� = √2𝑘𝐵𝑇 𝑚⁄  is the most probable speed for an 
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absorbing molecule of mass m. Finally, the temporal correlation between velocity-changing and 

internal-state-changing collisions is accounted for through the correlation parameter 𝜂. The line 

parameters of the HT profile vary simply with the total pressure 𝑃: 𝜎0,  and 𝜂 are constant while 

𝜈𝑣𝑐, 𝛤0, 𝛤2, 𝛥0 and 𝛥2 are proportional to 𝑃 (with the corresponding pressure-normalized 

coefficients:  𝛾0 = 𝛤0/𝑃, 𝛾2 = 𝛤2/𝑃, 𝛽 = 𝜈𝑣𝑐/𝑃, 𝛿0 = 𝛥0/𝑃 and 𝛿2 = 𝛥2/𝑃). 

In this work, we used a (multi-fitting) procedure in which the spectra of the same line, calculated 

for various Doppler width values, were simultaneously adjusted. In the fits, the Doppler widths 

were fixed to values used in the simulations. For each line, the area S, the position σ0, and a linear 

base line were adjusted individually, while the line-shape parameters were constrained to be the 

same for all spectra. The pressure-shifting coefficients δ0 and δ2 were fixed to zero since no pressure 

shift was taken into account in our CMDS. Several tests showed that we cannot retrieve all the 

remaining parameters of the HT profile. This is probably due to the limited signal-to-noise ratio of 

the rCMDS-calculated spectra (i.e., from 500 to 5000, depending on the line and on the considered 

Doppler width). We therefore chose to fix the correlation parameter to zero (η = 0), and the HT 

profile thus corresponds to the sdNG (speed dependence Nelkin–Ghatak) [88] limit. Note that this 

approximation can be safely used for systems for which the frequency of velocity-changing 

collisions (characterized by the Dicke narrowing parameter) is much smaller than that of the 

internal-state changing collisions (represented by the line-broadening coefficient). For each line, 

the line broadening coefficient γ0, its speed dependence component γ2, the Dicke narrowing 

parameter β, and the first-order line-mixing coefficient ζ were retrieved for each temperature. Their 

temperature dependences were then represented, as also done in the experiment [40] by the usual 

power law  

                                              𝐴(𝑇) = 𝐴(𝑇0)(
𝑇0
𝑇

)𝑛                                                                           (3) 

with T0 = 296K – the reference temperature, and 𝐴(𝑇) is either 𝛾0, 𝛾2, 𝛽 or 𝜁 and n the temperature 

dependence exponent. From the values of A(T) obtained at 200 K; 250K and 296K (350K for O2), 

the temperature exponent nA was obtained for each line.   

 

All the simulations and calculations have been done for CO2 and N2O deluted in N2, O2 and air 

with various conditions in temperature and pressure as shown in Table 1. 

 

 Temperature 

ranges 

Pressure Analysis method  

Multi-fitting using 

various models:  

Available 

parameters 

CO2-N2 200, 250, 296K 1 atm with 

50% of CO2 

- Voigt profiles 

- speed-dependent Voigt 

(no Dicke narrowing 

effect) 

- Nelkin–Ghatak (no 

speed dependence 

effect): NG 

- Line-shape 

parameter: γ0, 

γ2, β, ξ 

- Temperature 

dependence 

paramteters 

CO2-O2 200, 250, 296, 350K 

CO2-air 200, 250, 296K 
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- speed dependent 

Nelkin–Ghatak: sdNG 

N2O-air 200, 250, 296K 1 atm with 

50% of N2O 

- quadratic speed-

dependent Voigt + first  

order line mixing 

- Voigt profiles 

- speed-dependent Voigt 

(no Dicke narrowing 

effect) 

- speed dependent 

Nelkin–Ghatak: sdNG 

Table 1: Information of molecular systems have been consisdered 
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3. Results and discussions 

3.1 rCMDS-calculated spectra 

The examples of the spectra of some P lines, calculated by rCMDS at various T, and for various 

Doppler widths are shown in Fig. 3 (CO2 in N2),  Fig. 4 (CO2 in O2),  together with the residuals 

obtained from their multi-fits with sdNG and some simplified models (the speed-dependent Voigt-

sdV (no Dicke narrowing effect), the Nelkin–Ghatak-NG (no speed dependence effect) and the 

widely used Voigt-V profiles). For all the used line profiles, line-mixing effect was taken into 

account.  These show that the sdNG profile leads to very good fits (within 0.1%) of the rCMDS-

calculated spectra, the remaining residuals are mostly due to numerical noises of the calculations 

and not to the used line shape. For comparison, fit residuals obtained with the Voigt profile are also 

presented where large signatures (up to 2-3%) can be observed. 

 
Fig. 3: Example of rCMDS-calculated spectra of N2-broadened CO2 (top panel) and the corresponding 

residual obtained from multi-fits of these spectra with the sdNG profile (middle panel) and with the usual 

Voigt profile (lowest panel). The example given here is for the P(10) line, calculated at T=200 K, PN2=0.5 

atm. From the left to the right, the Doppler width is 0.0023, 0.0046, 0.0091, 0.0274, 0.0382, 0.0764, 0.1145 

and 0.2291 cm-1. 
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Fig. 4: rCMDS-calculated spectra for the P(10) and P(20) lines of CO2 broadened by O2 at 200 K and 296 

K, respectively and for different ГL/ГD ratios, the O2 pressure being 0.5 atm. In the lower panels are the fit 

residuals obtained from multi-fitting these spectra with the Voigt (V), the Nelkin-Ghatak (NG), the speed-

dependent Voigt (sdV) and the speed-dependent Nelkin-Ghatak (sdNG) profiles. Line-mixing effect was 

taken into account using the first-order approximation. 

 

Tests were also made with the Hartmann-Tran profile [47,35] in which the correlation between 

velocity changes and internal state changes is also taken into account. However, the results show 

no improvement with respect to the sdNG profile. The sdNG model is thus retained for the analysis 

of the simulated spectra. 

 

3.2 The line-shape paramters and their temperature dependences 

Line-shape parameters for N2/O2/air-broadened CO2 lines, deduced from rCMDS-calculated 

spectra. γ0, γ2, β are in cm-1/atm and ζ in atm-1. Unc is the total uncertainty 

(1σ), in units of the last quoted digit. 
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Line 𝛾0 unc 𝛾2 unc 𝛽 Unc 𝜁 unc 𝑛𝛾0
 unc 𝑛𝛾2

 unc 𝑛𝛽 unc 𝑛𝜁  unc 

P2 0.0778 3.8 0.0063 3.2 0.0018 3.3 -0.0124 14.5 0.732 1.6 0.441 196 1.940 730 0.436 57 

P4 0.0742 3.7 0.0073 3.7 -0.0011 2.4 -0.0105 12.6 0.726 4.6 0.333 312 3.508 1571 0.603 49 

P6 0.0720 3.6 0.0068 3.4 0.0000 1.7 -0.0077 14.1 0.722 3.6 0.667 292 0.983 1413 0.675 80 

P8 0.0704 3.5 0.0068 3.4 0.0004 1.5 -0.0056 14.5 0.725 2.8 0.767 231 -1.651 2305 0.562 41 

P10 0.0690 3.5 0.0062 3.1 0.0010 1.7 -0.0038 12.5 0.724 3.5 0.757 230 0.011 1156 0.558 71 

P12 0.0678 3.4 0.0063 3.1 0.0008 1.3 -0.0024 14.0 0.720 3.0 0.497 104 1.282 804 -0.375 124 

P14 0.0666 3.3 0.0057 2.8 0.0021 2.3 -0.0005 17.0 0.730 2.6 0.901 235 -0.817 943 -6.247 2281 

P16 0.0657 3.3 0.0056 2.8 0.0020 2.4 0.0005 14.5 0.726 2.3 0.522 71 0.899 314 3.503 306 

P18 0.0647 3.2 0.0051 2.5 0.0029 3.0 0.0016 12.5 0.730 3.7 0.716 106 0.184 308 2.865 192 

P20 0.0640 3.2 0.0049 2.5 0.0028 2.9 0.0028 13.8 0.734 3.4 0.662 39 0.103 293 2.151 143 

P22 0.0633 3.2 0.0048 2.4 0.0028 2.9 0.0036 5.6 0.739 1.7 0.685 166 0.009 660 1.894 125 

P24 0.0626 3.1 0.0046 2.3 0.0030 3.1 0.0045 6.5 0.741 5.3 0.477 87 0.779 283 1.609 153 

P26 0.0621 3.1 0.0049 2.5 0.0018 2.1 0.0062 8.2 0.749 5.1 0.619 231 0.735 623 1.752 168 

P28 0.0615 3.1 0.0041 2.1 0.0035 3.6 0.0066 8.6 0.756 4.5 0.640 83 0.172 251 1.440 40 

P30 0.0611 3.1 0.0043 2.2 0.0026 2.9 0.0070 9.1 0.757 4.8 0.551 158 0.866 362 1.478 124 

P32 0.0606 3.0 0.0040 2.0 0.0036 3.8 0.0078 9.8 0.760 3.6 0.690 113 0.401 399 1.173 65 

P34 0.0602 3.0 0.0037 1.9 0.0036 3.8 0.0078 9.8 0.766 7.4 0.843 75 -0.489 358 1.505 80 

P36 0.0597 2.9 0.0037 1.9 0.0033 3.6 0.0083 10.4 0.771 5.7 1.156 131 -0.971 447 1.038 136 

P38 0.0594 2.9 0.0044 2.2 0.0015 2.4 0.0092 11.3 0.763 4.2 0.253 266 0.976 1339 1.322 113 

P40 0.0589 2.9 0.0030 1.6 0.0049 5.2 0.0092 18.1 0.777 4.0 0.883 137 0.020 295 0.942 88 

P42 0.0585 2.9 0.0034 1.7 0.0037 4.1 0.0103 12.4 0.773 3.1 0.927 156 -0.751 797 1.146 110 

P44 0.0582 2.9 0.0031 1.7 0.0046 5.0 0.0094 11.5 0.768 4.1 0.405 568 1.476 1608 1.003 175 

P46 0.0577 2.9 0.0034 1.7 0.0034 4.1 0.0113 13.5 0.768 4.0 -0.083 1131   0.999 186 

P48 0.0573 2.9 0.0032 1.7 0.0040 4.8 0.0094 11.6 0.778 5.9 0.335 368 0.158 993 1.293 267 

P50 0.0570 2.9 0.0031 1.7 0.0053 6.2 0.0109 13.1 0.786 18.4 0.863 942 0.224 3603 1.249 175 

Table 2: Line-shape parameters for O2-broadened CO2 lines, deduced from rCMDS-calculated spectra. 𝛾0,𝛾2,𝛽 are in cm-1/atm and 𝜁 in atm-

1.Unc is for the total uncertainty (1𝜎), in units of the last quoted digit.    
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Line 𝛾0 unc 𝛾2 unc 𝛽 unc 𝜁 unc 𝑛𝛾0
 unc 𝑛𝛾2

 unc 𝑛𝛽 unc 𝑛𝜁  unc 

P2 0.0883 4.4 0.0071 3.5 0.0007 0.7 -0.0144 21.7 0.738 0.5 0.484 49.5 3.989 366 0.824 111 

P4 0.0838 4.2 0.0068 3.4 0.0012 1.2 -0.0132 19.8 0.732 4.3 0.515 1.0 2.367 30 0.662 219 

P6 0.0815 4.1 0.0071 3.5 0.0006 0.6 -0.0103 15.5 0.726 2.0 0.374 98.3 2.683 656 0.664 62 

P8 0.0798 4.0 0.0069 3.5 0.0014 1.3 -0.0076 11.4 0.718 1.1 0.406 0.5 1.996 594 0.513 243 

P10 0.0783 3.9 0.0071 3.5 0.0011 1.0 -0.0048 14.0 0.719 4.9 0.472 96.8 1.501 515 0.676 342 

P12 0.0769 3.8 0.0067 3.3 0.0017 1.7 -0.0026 16.0 0.720 2.5 0.532 51.6 1.151 308 -0.031 1408 

P14 0.0757 3.8 0.0064 3.2 0.0024 2.4 -0.0014 15.0 0.724 3.0 0.694 123.3 0.259 716 -1.725 680 

P16 0.0748 3.7 0.0065 3.2 0.0017 1.7 -0.0000 12.0 0.719 1.9 0.403 24.9 1.851 285 6.236 549 

P18 0.0739 3.7 0.0060 3.0 0.0029 2.8 0.0016 9.0 0.722 2.2 0.532 88.5 0.984 519 2.304 423 

P20 0.0731 3.7 0.0059 3.0 0.0028 2.8 0.0023 8.0 0.721 4.4 0.476 54.5 0.992 48 2.729 157 

P22 0.0724 3.6 0.0061 3.1 0.0022 2.2 0.0041 6.2 0.723 3.7 0.458 17.9 0.997 192 1.870 182 

P24 0.0717 3.6 0.0055 2.8 0.0035 3.5 0.0050 7.5 0.728 2.0 0.542 94.1 0.406 294 2.033 107 

P26 0.0711 3.6 0.0056 2.8 0.0028 2.7 0.0064 9.7 0.733 5.4 0.664 25.3 -0.070 228 1.629 67 

P28 0.0704 3.5 0.0050 2.5 0.0039 3.9 0.0070 10.5 0.738 5.3 0.627 16.5 0.365 92 1.566 40 

P30 0.0700 3.5 0.0054 2.7 0.0030 2.9 0.0077 11.6 0.737 6.0 0.595 21.6 0.383 189 1.544 76 

P32 0.0695 3.5 0.0052 2.6 0.0033 3.2 0.0088 13.2 0.732 1.9 0.412 186.2 1.026 874 1.376 44 

P34 0.0690 3.5 0.0053 2.7 0.0025 2.4 0.0092 13.8 0.745 6.6 0.510 65.9 0.650 349 1.540 111 

P36 0.0684 3.4 0.0048 2.4 0.0035 3.4 0.0088 13.2 0.744 1.0 0.549 118.9 0.535 432 1.549 32 

P38 0.0680 3.4 0.0051 2.5 0.0023 2.2 0.0093 14.0 0.740 2.2 0.334 85.5 1.352 411 1.404 349 

P40 0.0676 3.4 0.0048 2.4 0.0033 3.2 0.0102 15.4 0.744 0.5 0.514 78.9 0.372 656 1.218 205 

P42 0.0670 3.4 0.0042 2.1 0.0047 4.7 0.0113 16.9 0.756 5.9 0.954 72.6 -1.170 526 1.313 394 

P44 0.0667 3.3 0.0046 2.3 0.0033 3.2 0.0108 16.3 0.730 4.4 0.214 147.1 1.798 282 0.955 368 

P46 0.0661 3.3 0.0043 2.1 0.0033 3.3 0.0105 15.8 0.734 5.8 -0.319 347.0 3.393 473 1.882 131 

P48 0.0659 3.3 0.0047 2.3 0.0023 2.2 0.0111 16.7 0.743 11.7 0.409 9.8 1.389 39 1.306 424 

P50 0.0655 3.3 0.0044 2.2 0.0036 3.5 0.0108 16.4 0.726 5.9 0.924 180.8 0.231 998 2.822 475 

 

Table 3: The same as Table 2 but for air-broadened CO2.



12 
 

All the calculated line-shape parameters including  𝛾0, 𝛾2, 𝛽 or 𝜁 and their temperature dependence 

exponent n  also were compared with other experiment data as shown in some Figures below. 

 Line broadening coefficients and their temperature dependences 

 
Fig. 5: Comparison between line broadening coefficients deduced from fit of rCMDS-calculated 

spectra (present study-PS, black squares) with the HT profile and those of [52] (blue triangles), 

obtained from fits of FTS measurements with the same profile. In the lower and upper layers are 

results at 296 K and 200 K, respectively. 

 

Figure 5 shows comparisons between the N2-broadening coefficient, 𝛾0, of CO2 lines obtained 

from our calculations and those retrieved from experimental spectra [52] versus the rotational 

quantum number |𝑚| (𝑚 = −𝐽  and 𝑚 = 𝐽 + 1 for P and R branches lines, respectively, with 𝐽  

the rotational quantum number of the lower level of the line), for 200 K and 296 K. For lines with 

|𝑚| greater than 40, due to their weak signal-to-noise ratio, it was impossible to fit the rCMDS-

calculated spectra with the sdNG profile. As mentioned in the previous section, the values at a 

given temperature were obtained directly from fits of rCMDS-spectra calculated at the same 

temperature. The uncertainties of the rCMDS-predicted values are not reported here since it is 

almost impossible to accurately determine them. Indeed, this would require the determination of 

those due to the used intermolecular potential, to the numerical approaches used in the rCMDS, to 

the retrieval of the parameters searched for in the fits. For the experimental data, the values of 

𝛾0(296 𝐾) and the corresponding uncertainties were directly taken from the supplementary data 

of [52] while 𝛾0(200 𝐾) were calculated using the power law [Eq. (3)] with the temperature 

exponents, 𝑛𝛾0
, also given in the supplementary data of [52]. As can be seen in Fig. 3a, our CMDS-

deduced 𝛾0 are in very good agreement with the experimental ones, for both temperature 

conditions. The averaged differences are 0.9 (±0.6) % and 1.1 (±0.8) % at 200 K and 296 K, 

respectively. 
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The retrieved broadening coefficients for O2-broadened CO2 lines are presented in the right part 

of Fig. 6 versus the rotational quantum number |𝑚| (𝑚 = −𝐽 for P branch lines, 𝐽 being the 

rotational quantum number of the lower level of the line) for the four considered temperatures. 

Due to their weak signal-to-noise ratio, broadening coefficient for lines with |𝑚| greater than 60 

could not be determined. Several studies in the literature were devoted to the measurements of the 

O2-broadening coefficients of CO2 lines (see [77] and references therein). Most of them employed 

the Voigt profile to model the measured spectra, except [77] and [78]. In [77], the speed-dependent 

Voigt profile was used to retrieve the O2-broadened CO2 line-shape parameters in the 

3001300001 and 3001200001 bands from high-resolution FTS spectra of CO2 lines. Hikida 

and Yamada [78] used the Galatry profile to determine O2-broadening coefficients for ten CO2 

lines in the 3001300001 band from diode laser measurements. It is well known that using the 

Voigt profile leads to smaller retrieved line broadening coefficients with respect to more refined 

line-shape models. Therefore, only [77] and [78] are retained here for comparison with our 

predicted results (left part of Fig. 6), both the measured and calculated values were obtained at 

room temperature. As can be observed, our predicted values are in rather good agreement with 

measured results, with an average difference of about 2%, a very satisfying result for a classical 

method.   

 

 
Fig. 6: Left panel: O2-broadening coefficients of CO2 lines deduced from fits of rCMDS-calculated spectra 

at 296 K (black circles) with the sdNG profile and comparison with measured values of [77] (olive and dark 

yellow triangles for the 3001200001 and 3001300001 bands, respectively) and [78] (red triangles) 

Right panel: rCMDS-predicted broadening coefficients of CO2 in O2 at 200, 250, 296 and 350 K. 
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 The predicted broadening coefficients for CO2/O2 at 200, 250 and 296 K are then combined 

with those of CO2/N2 at the same temperature conditions to deduce the air-broadening coefficients 

using 𝛾0
𝑎𝑖𝑟(𝑇) = 0.79𝛾0

𝑁2(𝑇) + 0.21𝛾0
𝑂2(𝑇). Figure 7 shows the obtained air-broadening 

coefficients for the three considered temperatures and their comparison with data of [65], [68] and 

of [66,56]. In those studies, air-broadening coefficients were determined from fits of measured 

spectra using the sdNG [68], the partially-correlated speed-dependent Nelkin-Ghatak (pcsdNG) 

[65] and the sdV [66,56] profiles. We can reasonably compare values of 𝛾0 obtained with these 

various speed-dependent profiles since, as demonstrated in [95], the differences between values of 

𝛾0 obtained with these speed-dependent profiles are very small, below 1%. In [68] only the R(16) 

line of the 3001300001 band was measured but for various temperatures. Values of 𝛾0 for 36 

lines in the 3001200001 band were measured in [65] at room temperature. In [66], lines of 

various vibrational bands in the 2.06 m spectral region were measured at various temperatures, 

only parameters of the most intense band (2001300001) being shown here. Finally, [56] was 

devoted to the (3001300001) band of CO2. Values of [68] and [66,56] at 250 and 200 K were 

deduced from the coefficients given at room temperature and the temperature dependence 

exponents. As shown in Fig. 7, a very good agreement between our predictions and these data can 

be observed. Most of the measured data are in good agreement with the predictions, except for 

values at low |𝑚| where the difference between our prediction and measured values of [66] can be 

up to 5%. These results confirms the quality of predictions using requantized CMDS and the 

associated intermolecular potential. 

 
Fig.7: Air-broadening coefficients predicted by rCMDS at 296, 250 and 200 K. Results of [68], [65], and 

[66,56], obtained from fits of measured spectra with respectively, the sdNG, pcsdNG and sdV profiles, are 

also displayed for comparison. 

 

 

0 10 20 30 40 50 60

0.08

0.09

0.10

0.11

0.12

0.07

0.08

0.09

0.10

0.06

0.07

0.08

0.09

200 K

m

 0
 (

c
m

-1
/a

tm
)

250 K

 rCMDS  Devi2016

 Ghysels2017  Long2015

 Benner2016

296 K



15 
 

 
Fig. 8: The temperature exponent parameter for the broadening coefficient of N2-broadened CO2 lines, 

predicted from rCMDS and comparison with measured values of [52] 
 

Figure 8 shows the comparison between the temperature exponent 𝑛𝛾0
 deduced from rCMDs 

calculations and the experimental values [52]. As can be observed, for |𝑚| > 20, the predicted 

values of 𝑛𝛾0
 is smaller than the experimental value while it is larger for |𝑚| < 20. The “non-

smooth” behavior of rCMDS-deduced 𝑛𝛾0
 with |𝑚| is probably due to the limited signal-to-noise 

ratio of the calculated spectra but also to the limited values of temperature considered in the 

calculations (i.e. at 200 and 296 K only). They also give an idea about the uncertainty of your 

predicted values. Overall, the average difference between the rCMDS-deduced values and those 

of [52] is 2.9 (±1.5) %. Starting from the same values of the line-broadening coefficient 𝛾0 at 

reference temperature (i.e. 296 K), this difference in 𝑛𝛾0
 corresponds to a mean difference of about 

1 % on the values of 𝛾0 at 200 K, for instance. 
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The temperature dependences for O2- and air-broadening coefficients are determined using the 

usual power law. The obtained results are displayed in Fig. 9, together with data for CO2/air of 

[68] and [66,56] but also those given in the 2016 edition of the HITRAN database [79]. For 

completeness, experimental values of [69] for N2-broadened CO2 lines in the 3 band, obtained 

with the use of the sdNG profile, are also reported. For the predicted values, error bars obtained 

from the standard uncertainty of the fits (1) for the temperature exponents are also displayed. As 

can be seen on Fig. 9, our predicted values for O2 and air-broadening are quite close to each other, 

the maximum difference being for high |𝑚|. For air-broadening, all the plotted data including the 

predicted ones are in good agreement, within 7-8%. This demonstrates that rCMDS can be fully 

used to predict the temperature dependences of the broadening coefficients for molecular systems 

such as CO2. The rCMDS predicted values of 𝛾0(296 𝐾) and 𝑛𝛾0
 are listed in Table 2 and 3 for 

O2- and air-broadening, respectively. 

 

 
Fig. 9: The temperature exponents of O2- (black circles) and air-broadening (olive circles) coefficients of 

CO2, deduced from rCMDS vs |m| and comparison with those for CO2 in air of [66] (purple diamonds), 

[68] (green triangles), [56] (olive triangles) and [79] (blue triangles) and for CO2 in N2 of [69] (red 

triangles). 
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 The speed dependence of the line width and its temperature dependence  

 

The rCMDS-predicted values for the speed dependence parameters 𝛾2 are plotted in Fig. 10a for 

the two considered temperatures. Experimental values of [52] are also reported. As can be 

observed, a very good agreement between the predicted and experimental values of 𝛾2 is obtained. 

Their average difference is only 5 and 10 % at 296 K and 200 K, respectively. This is the first time 

that this high-order line-shape parameter is predicted from purely theoretical calculations with this 

precision. From the values of 𝛾2 obtained at 200 K and 296 K, we then computed the temperature 

exponent 𝑛𝛾2
 [see Eq .(3)] which are plotted in Fig. 10b, together with those deduced from 

measured spectra [52]. As can be seen, the theoretical and experimental results are in rather good 

agreement, with mean values (averaged over all the considered rotational quantum numbers) of 

0.51 and 0.46, respectively. Again, recall that the part of the line-to-line variations of the predicted 

parameters is not physically meaningful and results from the noise on the calculated spectra, as 

obvious for 𝑛𝛾2
. 

  
Fig. 10: Comparison between the speed dependence parameter 𝛾2 (left panel) and the temperature 

dependence (right panel), predicted from rCMDS and the experimental values of [52] of CO2-N2 
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As for 𝛾0, the temperature dependences for 𝛾2 are also modeled by the power law. From values of 

𝛾2 predicted by rCMDS at various temperatures, 𝑛𝛾2
 for O2- and air-broadening are thus deduced 

and plotted in Fig. 11, together with their statistical uncertainty obtained from the fits. For 

comparison, the rCMDS-predicted values for 𝑛𝛾0
 (see Fig. 9) are also displayed. For O2-

broadening, the values of 𝑛𝛾2
 are determined with large uncertainty and randomly vary between 

the 0.05-1.2 range. For air-broadening, the variation with |𝑚| of 𝑛𝛾2
 is much less random. It is 

clearly shown that for CO2 in air, the temperature dependence of 𝛾2 is weaker than that of 𝛾0, 

which is consistent with the observation of [69] for CO2 in N2. This difference with Eq. (3) shows 

the limit of the phenomenological quadratic speed dependence and probably also of the power law 

for the temperature dependence. These models should thus be considered as effective with 

different temperature dependences for 𝛾0 and 𝛾2. 

 
Fig. 11. The temperature exponents of the speed dependence parameters, nγ2

, for O2- (red circles) and air-

broadened (black circles) CO2. nγ0
 are also displayed for comparison. The plotted error bars correspond to 

the uncertainty (1σ) obtained from the fits of the temperature exponents. 
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 The Dicke narrowing parameter and its temperature dependence  

 

The rCMDS-predicted Dicke narrowing parameters obtained at 200 K and 296 K are presented in 

Fig. 9a, together with the experimental values of [52] while the corresponding temperature 

exponents are plotted in Fig. 9b. As can be observed in Fig. 12a, the same rotational dependence 

(i.e. 𝛽 increases with increasing rotational quantum number) is observed for the experimental and 

rCMDS-predicted values of 𝛽. However, our calculated  values are much smaller than those of 

[52]. In the considered pressure range, the impact of this parameter on the measured spectra is 

much smaller than that of other parameters such as 𝛾0, 𝛾2 or 𝜁. This explains that the relative 

experimental uncertainty of this parameter is much larger than that of the other parameters (see 

also Fig. 12 of [52]). We can assume that the uncertainty on the rCMDS-predicted parameters is 

more or less on the same order as for the experimental values [52] due to similar signal-to-noise 

ratios of the measured and calculated spectra. Within these uncertainties, the measured and 

rCMDS-predicted values of 𝛽 (as well as the temperature dependence exponents) are rather in 

good agreement. 

  
Fig. 12: The same as figure 10 but for the Dicke narrowing coefficient 𝛽. 

 
 
 
 
 
 

0 5 10 15 20 25 30 35 40

0

2

4

6

8

10

12

0 5 10 15 20 25 30 35 40

0

2

4

6

8

10

12
296 K

200 K

PS

Experimental value of [52]

1
0

3
 

 (
c
m

-1
/a

tm
)

m

(a)

0 5 10 15 20 25 30 35 40

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

n


m

(b)



20 
 

The retrieved Dicke narrowing parameters, 𝛽, for all the considered temperatures are presented in 

the left panel of Fig. 13 for both CO2/O2 and CO2/air. Recall that results for CO2 in air were 

determined from results for CO2/O2 and for CO2/N2. It is well known that the Dicke narrowing 

coefficient strongly depends on the line-shape model used to fit the measured/simulated spectra. 

For the same line, values obtained with the Nelkin-Ghatak, the speed-dependent Nelkin-Ghatak 

and the partially-correlated speed-dependent Nelkin-Ghatak profiles could be completely 

different. To the best of our knowledge, there is no available data for 𝛽, obtained with the sdNG 

profile for O2- and air-broadened CO2, except [68] in which no value of 𝛽 can be found. The 

rCMDS-predicted values of 𝛽 (left panel of Fig. 13) are rather small compared to those of 𝛾0 and 

𝛾2. In fact, as can be observed in Fig. 4, including the Dicke narrowing effect improves only 

slightly the fit residuals. The determined values are small and largely influenced by the signal to 

noise ratio of the calculated spectra. The 1𝜎 combined uncertainty for 𝛽 is about 10-20%. As a 

consequence, the deduced temperature dependence of the Dicke narrowing parameter, 𝑛𝛽, is 

associated with large error bars (right panel of Fig. 13). The values of 𝑛𝛽 from [69], determined 

from fits of measured spectra with the sdNG profile, but for CO2/N2 are also reported here for 

comparison. 

 
 

 
Fig. 13: Left panel: the rCMDS-predicted Dicke narrowing parameters for O2 and air-broadened 

CO2 for all the considered temperatures.  

Right panel: the deduced temperature exponents of the Dicke narrowing parameters for O2- and 

air-broadened CO2 lines and comparison with measurement-deduced values of [69] for CO2/N2.
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 The first-order line-mixing parameter and its temperature dependence  

 

The comparison between the rCMDS-predicted first-order line-mixing parameters and the 

experimental values [52] for T = 200 and 296 K is shown in Fig. 14a while the corresponding 

temperature dependence exponents are compared in Fig. 12b. As shown in Fig. 14a, a very good 

agreement between the rCMDS-predicted and experimental values of 𝜁 is observed for the two 

temperatures. Note that, in the requantization procedure used in our CMDS, we did not take into 

account the centrifugal distortion effect. Therefore, in the resulting rCMDS spectra, the successive 

P(J) lines are equally spaced which is not the case in the true 3 band of CO2. This problem can be 

corrected by imposing directly the true rotational line positions, taken from a spectroscopic 

database [79], as done in [93]. However, Fig. 14a shows that, although the relative line positions 

of rCMDS calculated spectra are slightly different of the true ones, the first-order line-mixing 

parameters [75] (which depend on the relative line positions) predicted are in very good agreement 

with measured values. Fig. 14b shows that the temperature dependence exponents predicted are 

also in good agreement with the experimental values [52] 

  
Fig. 14: The same as figure 10 but for the first-order line-mixing parameter 𝜁. 
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Line-mixing effect in CO2 spectra is of great importance for applications such as atmospheric 

remote sensing studies (see [37,80] for instance). Various studies were devoted to the calculations 

and/or measurements of either the first-order line-mixing coefficients or the off-diagonal elements 

of the relaxation matrix for CO2 (e.g. [65,66,67,56,80]. The rCMDS predicted first-order line-

mixing parameters, 𝜁, for O2-broadened CO2 for the four considered temperatures are plotted in 

the left part of Fig. 15. For air-broadened CO2, the values of 𝜁 were determined as a combination 

of those for O2- and N2-broadening are shown in the right part of Fig. 15. Our predicted values are 

compared with measured values of [81] for the 3001200001 and 3001300001 bands, obtained 

with the sdV profile and with those of [65] for the 3001200001 band, with the pcsdNG profile. 

The first-order line-mixing parameters deduced from the modeled relaxation matrix of [80] at 296 

and 200 K for the 𝜈3 band are also displayed for comparison. For |𝑚| ≤ 30 a very good agreement 

with the measured values is observed while for higher values of |𝑚|, the rCMDS-predicted values 

are larger than the measured and calculated values. Note that the difference with measured values 

cannot be explained by the difference in the used line profiles since it was observed that the first-

order line-mixing parameter does not significantly depend on the line shape (see [94,81] for 

instance). A possible source of difference could be our requantization scheme. In fact, in the 

requantization procedure used in our CMDS, we did not take into account the centrifugal distortion 

effect. As a result, the successive 𝑃(𝐽) line are equally spaced in the rCMDS-calculated spectra, 

which is not the case for a vibrational band of CO2. 

 

Fig.15: Left panel: first-order line-mixing parameters predicted from rCMDS for O2-broadened CO2 at 200, 250, 

296 and 350 K. 

Right panel: air-broadened first-order line-mixing parameters for CO2, calculated from the present rCMDS-

predicted values for CO2/O2 and those of CO2/N2 [70] at 200, 250 and 296 K. Measured values for CO2 in air of 

[81] for the 3001200001 (dark cyan) and 3001300001 (dark yellow) bands, obtained with the sdV profile 

and those of [65] for the (3001200001) band, with the pcsdNG profile are reported for comparison. Values 

deduced from the modeled relaxation matrix of [80] for the ν3 band at 296 and 200 K are also displayed. 
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The temperature dependence of the rCMDS-predicted 𝜁 is presented in Fig. 16 for both CO2/O2 

and CO2/air. The plotted error bar is the uncertainty due to the fit of the temperature exponents 

which take the uncertainty of 𝜁(𝑇) into account. As can be observed, there is no significant 

difference between 𝑛𝜁 for O2- and air-broadening and they are in good agreement with the 

experimental values of [69] for CO2 in N2 

 

Fig.16: The temperature dependences of the first-order line-mixing parameters predicted by rCMDS for 

CO2/O2 and CO2/air. Values of [69] for CO2/N2 are also displayed for comparison 

 

For the  calculations with N2O in air:  

The same method was used to deduce all the predicted line-shape parameters and their temperature 

dependence. Classical molecular dynamics simulations (CMDS) were performed at 1 atm and 

three temperatures 200, 250 and 296 K for N2O-air mixtures with 50% of air, which contains 80% 

of N2 and 20% of O2 molecules. In which, for the rCMDS, only interactions between N2O and N2, 

N2O and O2 were authorized in the calculations. This is equivalent of simulating a system in which 

N2O molecules are highly diluted in 0.5 atm of air. The molecules are considered as rigid rotors. 

A site-site functional form with Coulombic and atom-atom contributions was used to represent the 

interaction potentials between N2O and N2, and N2O and O2 molecules. The molecular geometries 

and the charges and sites were taken from [92] for N2O and from [73] for N2 and O2 molecules. 

The atom-atom contribution was calculated as a 12-6 Lennard-Jones potential whose parameters 

were calculated using the Lorentz-Berthelot combination rules and parameters of N2O-N2O [92] 

and N2-N2 and O2-O2 [73] interactions. The obtained spectra were then fitted with the quadratic 

speed-dependent Voigt profile including the first-order line mixing using a multi-spectrum fitting 

procedure. Comparisons with values determined from room temperature high-precision 

measurements in the 3 band of N2O with the same profile [97] showed that our retrieved line 

broadening coefficients are overestimated by about 5%. The ratio between the measured and 

predicted line broadening coefficients were thus used to empirically correct the rCMDS-calculated 

auto-correlation functions and thus the corresponding absorption spectra. These latter were then 

fitted with the Voigt, speed-dependent Voigt and speed-dependent Nelkin-Ghatak profiles, 
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associated with the first-order line-mixing approximation, providing the corresponding line-shape 

parameters for lines up to 𝐽′′ ≤ 60. The temperature dependences of various line-shape parameters 

were also deduced. The results show a very good agreement with available experimental data for 

all the considered parameters. 
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III. Conclusions 

In the first two years (from 9/2018 to 12/2020), under the careful guide of the two 

supervisors, I have studied acquired different skills in the study of infrared molecular 

spectroscopy: using a rCMDS to simulate spectra of CO2 and N2O diluted in O2, N2 with various 

conditions of pressure and temperature and analysing the simulated data with different line-shape 

models. 

As a result, spectra of the up to 50 transitions of each molecule have been simulated. Line-

shape parameters were deduced by fitting the simulated spectra with the quadratic speed-

dependent Nelkin– Ghatak profile and also by using other different line-shape models: Voigt, 

quadratic speed dependent Voigt and Hartmann-Tran (HT) profiles. The collisional broadening 

coefficient, its speed dependence, the Dicke narrowing and the first-order line-mixing parameters 

were retrieved using a multi-spectrum fitting procedure. The temperature dependences of these 

parameters were obtained using the usual single power law. The obtained parameters for CO2/O2 

were then combined with those of CO2/N2 to deduce parameters for CO2 in air. These results  also 

were compared with other measurented data. The good agreement residuals confirmed that rCMDS 

can be used as a powerful tool, complementary to high quality measurements, to address the 

precision and accuracy requirements of application such as atmospheric remote sensing as well as 

for populating spectroscopic databases with refined line-shape parameters. 

The results with N2O have been done and are being in the preparation of writing paper. 

 In the next part of this PhD project, the student will continue to improve rCMDS to simulate 

spectra of other molecules including CH3Cl and H2O perturbed by various collision partners at 

different pressures and at large range of temperature.  
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IV. Summary of scientific activities and future working plan 

1. Scientific working plan (for 3 years, from 2018 to 2021) 

Time Work 

5/2018-8/2018 - Study about rCMDS to simulate spectra of linear molecule such as CO2 

deluted in N2 

- Simulate the spectra of CO2 in N2 at 296K and other temperatures 

8/2018-10/2018 -Learning of a theoretical study about line-shape profiles: Voigt, Rautian, 

Galatry, speed dependence Voigt profiles, speed dependence N-K and HTr 

profile 

10/2018-12/2019 - Analysis of the measured data of CO2 diluted in N2 using these line-shape 

profiles 

- Preparing a paper: 

“Prediction of line shapes parameters and their temperature dependences 

for CO2- N2 using molecular dynamics simulations” 

01/2019-11/2019 - Simulate the spectra of CO2 in O2 at 296K and other temperatures 

- From the results of CO2 in N2 and CO2 in O2, deduce the results for CO2 in 

air 

- Preparing a paper: “Line-shape parameters and their temperature 

dependences predicted from molecular dynamics simulations for O2- and 

air-broadened CO2 lines” 

11/2019-12/2020 - Study about rCMDS to simulate spectra of N2O deluted in N2, O2 and air 

- Analysis of the measured data of N2O diluted in N2, O2 using these line-

shape profiles 

- Preparing a paper: 

“Prediction of line-shape parameters and their temperature dependences 

for air-broadened N2O linesusing requantized classical molecular 

dynamics simulations” 

  

1/2021-08/2021 - Using rCMDS to simulate CH3Cl and H2O 

- Writing the thesis 

09/2021-12/2021 - General analysis, conclusions and perspectives 

- Writing the thesis 

- Preparing to defend the thesis 
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2. Scientific activities (up to October 2020) 

 

1.  Vietnam School of Earth Observation 2018 – Recontres du Vietnam-USTH-CNES 

(2018) 

Poster: “Precise predictions of H2O line shapes over a wide pressure range 

using simulations corrected by a single measurement” 

2.  
The 10th internaltional conference on photonics and applications (ICPA-10) 

Poster: 

- “New intensity measurements of Carbon Dioxide in the 1.6m region” 

- “Model Keilson-Storer and the spectroscopic parameters in the near-

infrared of the pure water vapor with Hartmann-Tran profile” 

3.  Doctoral Day 2019-USTH 

Oral talk: “Precise modelling of the infrared spectra of carbon dioxide and  

of water vapor for atmospheric remote sensing” 

4.  HRMS 2019, 2019 - Dijon, France 

Poster: 

- “Precise predictions of H2O line shaps over a wide pressure range using 

simulations corrected by a single measurement” 

-  “Prediction of line shaphe parameters and their temperature dependences 

for CO2-air using molecular dynamics simulations” 

5.  
The 11th internaltional conference on photonics and applications (ICPA-11) 

Poster: “Prediction of air-broadened N2O lines using classical molecular dynamics 

simulations” 

 

3. Publication (up to October 2020) 

 

1. N.H. Ngo, H.T. Nguyen, H. Tran, Precise predictions of H2O line shapes over a wide pressure 

range using simulations corrected by a single measurement, Journal of Quantitative Spectroscopy 

& Radiative Transfer 207 (2018) 16–22. 

2. H. T. Nguyen, N. H. Ngo, and H. Tran.  Prediction of line shapes parameters and their 

temperature dependences for CO2-N2 using molecular dynamics simulations,  J. Chem. Phys. 149, 

224301 (2018) 

3. H. T. Nguyen, N. H. Ngo, and H. Tran.  Line-shape parameters and their temperature 

dependences predicted from molecular dynamics simulations for O2- and air-broadened 

CO2 lines, J. Chem. Phys. 242, 106729 (2020) 
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02 papers on ICPA-10 

 

1. Nguyen Thi Huyen Trang, Le Cong Tuong, Ngo Ngoc Hoa; Model Kelson-Storer and the 

spectroscopic paramters in the near-infrared of pure water vapor. Advances in Optics Photonics 

Spectroscopy and Applications X; 2019; 125 

2. Ngo Ngoc Hoa, P.Chelin, X. Landsheere, M. Schwell, Nguyen Thi Huyen Trang, Le Cong 

Tuong. New measurements of Carbon Dioxide absorption in the 1.6micrometer region. Advances 

in Optics Photonics Spectroscopy and Applications X; 2019; 25 
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