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Abstract 

 

 Using FT spectra (unapodized resolution ~ 0.0056 cm−1)) of nitrous oxide 

isotopologue 15N2
16O, the line positions and intensities have been measured for 511 lines of 8 

cold and one hot bands lying between 5800 and 7600 cm−1. A multispectrum fitting procedure 

has been used to retrieve line parameters from 5 experimental spectra recorded at different 

pressures. An absolute wavenumber calibration has been performed using acetylene line 

positions around 6500 cm−1 and water line positions in the 7100-7300 cm−1 region. The 

average absolute accuracy of the line parameters obtained in this work has been estimated to 

be ± 0.0005 cm−1 for the line positions, 2-5% for the line intensities depending on the 

transitions. For each studied band, the vibrational transition dipole moment squared value and 

the empirical Herman-Wallis coefficients have been adjusted. Moreover the line positions 

measured in this work and those collected from the literature allowed the global fitting of the 

effective Hamiltonian parameters for this isotopologue.  
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1. Introduction 

The nitrous oxide is a minor constituent of the earth atmosphere but it plays an 

essential role in the physical and chemical processes. The isotopologue 15N2
16O of nitrous 

oxide has a very small natural abundance (0.0013%), but the line parameters of this 

isotopologue can be useful for having a better accuracy of the atmospheric spectra simulation 

and also for developing theoretical models describing the influence of the isotopic substitution 

on the spectral line parameters. 

To our knowledge only two works [1,2] are available in the literature for the line 

positions measurements of this isotopic species. No works have been found in the literature 

concerning the line intensity measurements. This explains why spectroscopic databases as 

HITRAN [3] or GEISA [4] do not contain any line parameters of 15N2
16O. 

In the present work, 511 lines of 9 bands, namely the 3ν3, ν2+3ν3-ν2, ν1+3ν3, 

2ν1+2ν3, 3ν1+ν3, 4ν1+ν3I, 4ν1+ν3II, 5ν1I and 5ν1III bands, have been studied between 5800 

and 7600 cm−1 for the 15N15N16O isotopologue. The line positions, intensities, self-broadening 

and self-shifting coefficients have been measured using a multispectrum fitting procedure [5] 

applied to five experimental spectra recorded at different pressures of 15N2
16O. In this paper 

we publish only the line positions and line intensities. For each studied band, the vibrational 

transition dipole moment squared and empirical Herman-Wallis coefficients have been 

obtained. Using the measured line positions of this work and those from the literature, the 

global fitting of the effective Hamiltonian parameters has been performed.  

The experimental procedure and the methodology of the analysis are presented in 

Sections 2 and 3 respectively. The Section 4 is devoted to the analysis and the modelling of 

the spectral line parameters. In Section 5 the results of the global fitting of the effective 

Hamiltonian parameters are presented. 

 

2. Experimental procedure  

 To record the spectra, the rapid scan Bruker IFS 120 HR interferometer of the LADIR 

(Paris) has been used. The unapodized spectral resolution used for each spectrum was equal to 

5.6 10−3 cm−1 (1/2∆max) that corresponds to a maximal optical path difference ∆max of 90 cm. 

The interferometer was equipped with a CaF2 beam splitter, an InGaAs detector, a Tungsten 

source, and no optical filter in order to cover the whole 5500 - 9000 cm–1 spectral region. Five 

spectra have been recorded at room temperature with various gas pressures; experimental 
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conditions are summarized in Table 1. The whole optical path was under vacuum and a 

multipass cell of one meter base length was used for a total absorption path of 2015 ± 1 cm. 

The cell was equipped with KCl windows. The commercial gas sample has been furnished by 

Campro Scientific Gmbh, the given isotopic assay is: 99.9% of 15N, 0.1% of 14N and 98.3% 

of 16O, 0.1% of 17O and 1.6% of 18O.  The stated purity of the sample of N2O is 99.1%.  Using 

these specifications, the partial pressure of the various isotopologues can be calculated for 

each spectrum (the partial pressures of the more abundant isotopologues are given as 

percentage of the total pressure in Table 1). The temperature of the gas in the cell was 

monitored with the help of four platinum probes at different places in the cell. The accuracy 

of the averaged temperature is estimated to be ± 1 K (this accuracy takes into account small 

temperature gradients inside the cell).  The pressure of the gas was measured with a capacitive 

MKS Baratron manometer with an accuracy equal to ± 1%. For each spectrum, a total of 300 

scans have been recorded and individually transformed using the Fourier transform procedure 

included in the Bruker software OPUS package [6], selecting a Mertz phase error correction 

[7,8].  The final spectrum is then the result of the co-addition of the 300 spectra.  

 

3. Line parameter measurements 

 In this study, the line assignment has been performed on the basis of the predictions 

performed using global effective Hamiltonian for 15N2
16O isotopologue obtained in Ref. [9]. 

The wavenumber calibration has been performed using 12C2H2 transitions around 

6500 cm−1 and H2
16O transitions between 7100-7350 cm−1 (these two gases are present in the 

sample as impurities). The reference values of the line positions have been taken from the 

HITRAN 2004 database [3]. Using the values of the line intensities of Ref. [3], the partial 

pressures of 12C2H2 and H2
16O have been determined in each spectrum (see Table 1). For the 

wavenumber calibration, the quantity ε = (νHITRAN – νthis work)/νHITRAN has been calculated 

individually in each spectrum for 35 isolated lines of H2O and 10 isolated lines of 12C2H2. 

The uncertainties of these reference lines vary from 0.0001 cm-1 to 0.001 cm-1. The plot of ε 
for each line versus pressure demonstrates its linear dependence on pressure (see Fig.1). 

Taking into account that the same experimental set up was used to record all spectra this 

calibration factor ε has to be the same (ε0) for all lines at zero pressure. Averaging ε0 over all 

45 transitions it has been found 0ε =1.15×10–6 with 1 SD = 2×10–8 (see Fig.1). This value 

was used for the calibration of all spectra. Considering the dispersion of the calibration factor 
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and the uncertainties of the reference lines the accuracy of the wavenumber calibration was 

estimated to be about 5×10–4 cm–1.  

 Concerning the apparatus function, its calculation [10] has been performed 

numerically by the Fourier transform of the optical weighting function of the interferogram, 

due to the throughput, truncated at the maximum optical path difference. The treatment of the 

apparatus function is the same as what has been done in Refs. [10-12]. An effective radius of 

the aperture has been obtained from the fit of 36 isolated lines. The fitted values vary from 

spectra to spectra between 0.59 and 0.72 mm. These values of the effective radius of the 

aperture with nominal value of the focal length (418 mm) have been used for the calculation 

of the apparatus function in each spectrum. 

 Line parameters have been retrieved using a multispectrum procedure [5] that adjusts a 

calculated spectrum simultaneously to each laboratory spectrum. In this way, line positions, 

line intensities, self- broadening and -shifting coefficients have been directly retrieved from 

the simultaneous fit of the five experimental spectra. 

At 296 K in the spectral domain 5800-7600 cm–1 the Doppler half-width at half-

maximum (HWHM) is between 0.005 and 0.007 cm-1 for 15N2
16O. The half-width at half-

maximum of the apparatus function is mainly due to the limitation of the optical path 

difference and is equal to 0.003 cm-1. Since the values of the self-broadening coefficients of 

the principal isotope are about 0.1 cm–1atm–1, the collisional half-width at half-maximum 

(equal to the product: self-broadening coefficient × partial pressure of 15N2
16O) was supposed 

to be between 0.0008 and 0.004 cm–1 depending on the experimental conditions (see Table 1). 

Therefore, in the case of the highest experimental pressures, the collisional width leads to non 

negligible contribution in the line profile and can be measured for the strongest lines. The 

background was modeled by the second order polynomial that has been fitted for each line 

and each spectrum. A Voigt profile has been used in all fits. Since the spectra are recorded at 

temperatures slightly different from 296 K, a temperature conversion of the line intensities 

has been done neglecting the temperature dependence of the total partition function. The weak 

temperature effect on the broadening and shifting coefficients has been neglected because the 

temperatures were very close to 296 K. Note that the broadening contribution of the other 

isotopologues of N2O and impurities was taken into account by assuming that their 

broadening coefficients were the same as the 15N15N16O self-broadening coefficients.  

 

4. Results 
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 The parameters of 511 lines belonging to 8 cold bands and one hot band lying between 

5800 and 7600 cm−1 have been found using a multispectrum fitting procedure [5]. The 

position, intensity, half-width and self-shift coefficients of each line have been adjusted 

simultaneously in the five spectra. In the case of the strongest 3ν3 band, the line parameters 

have been obtained with small statistic uncertainty and small residuals between simulated and 

observed spectra. Slightly worse results have been obtained for 3ν1+ν3, 3ν1+ν3, 5ν1I and 

5ν1III bands. The uncertainty of the measured line parameters have been estimated to be 

about 5×10-4 cm-1 for the line positions, 2-5% for the line intensities depending on the 

intensity value. The complete set of the line parameters measured in this work is available as 

Supplementary Materials. In Tables 2-4 we present line positions and line intensities for three 

strongest bands 3ν3, 3ν1+ν3, and 5ν1I. The line intensities are given for 296 K and for 

pure 15N2
16O isotopologue. 

 

4.1. Spectroscopic constants  

 In addition to the global modeling of the line positions which is presented in Section 5 

the spectroscopic constants , ,v v vG B D  and vH  appearing in the equation 

( ) ( ) ( )2 3
( ) 1 1 1v v v v vE J G B J J D J J H J J= + + − + + +         (1) 

for the rotational energy levels of a given vibrational state have been obtained in this paper for 

all observed bands. They are given in Table 5. The spectroscopic constants of the ground state 

have been fitted simultaneously with the spectroscopic constants of the upper state to the line 

positions of the 3ν3 band.  

 

4.2. Vibrational transition dipole moment squared, and Herman-Wallis factor 

In this section, the empirical treatment of the measured line intensities is presented. 

From each line intensity S(T0), obtained from the multispectrum fitting procedure, in 

cm⋅molecule−1 at the standard temperature T0 = 296 K, the transition dipole moment squared 

|R|2, in D2 (1 debye = 3.33546 × 10−30 C⋅m) has been deduced using the following equation:  

 

 S(T0) = (1/4πε0) (8π3/3hc) [ν0/Q(T0)] |R|2 L(J,ℓ) exp(−hcE"/kT0) [1−exp(−hcν0/kT0)], (2) 
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where 1/4πε0 = 10−36 erg⋅cm3⋅D−2; h is Planck's constant equal to 6.6260755 × 10−27 erg⋅s 

(1 erg =  10−7 J); c is vacuum speed of light equal to 2.99792458 × 1010 cm⋅s−1; ν0 is the 

transition wavenumber in cm−1; Q(T0) is the total partition function at temperature T0; L(J,ℓ) 

is the Hönl-London factor, J being the rotational quantum number of the lower state of the 

transition and λ is the quantum number of its projection on the molecular axis; E" , in cm−1, is 

the energy of the lower level; k is Boltzmann's constant equal to 1.380658 × 10−16 erg⋅K−1.  

For the parallel bands (∆λ = 0), which are studied in this paper, the Hönl-London factors 

are given by: 

 L(J,λ) = (J+1+λ)(J+1−λ)/(J+1)   (R-branch), (3) 

 L(J, λ) = (J+λ)(J−λ)/J   (P-branch). (4) 

 For linear molecule the rotational dependence of the transition dipole moment squared 

can be expressed by the well known expansion: 

 2 2
0 ( )R R F m= , (5) 

where |R0|2 is the vibrational transition dipole moment squared. F(m) is the empirical 

Herman-Wallis factor which can be expressed for P and R branches as following: 
 

 22
21 )1()( mAmAmF RPRPRP ++= , (6) 

where RPA1  and RPA2  are the Herman-Wallis coefficients. 

 For each band, the vibrational transition dipole moment squared and the Herman-

Wallis coefficients have been fitted to the observed line intensities. These parameters are 

given in Table 5 for the 9 bands studied in this work. For the 3ν3, 3ν1 + ν3, and 5ν1I bands, 

the line intensities measurements together with the calculated intensities using parameters of 

Table 5 and Eqs. [2-6] are given respectively in Tables 2-4. In Figs.2-3, the plot of the 

transition dipole moment squared versus rotational quantum number m is given respectively 

for the two bands 5ν1I and 5ν1III.  

 

5. Global fitting of 15N2
16O line positions 

 The measured line positions obtained in this work have been used to improve the 

parameters of the polyad model of effective Hamiltonian obtained recently in Ref. [9] for 



 8 

the 15N2
16O isotopologue.  The clustering in the case of nitrous oxide molecule arises due to 

the following approximate relations among the harmonic frequencies [14] 

 3 1 22 4 .ω ω ω≈ ≈     (7) 

As a result, the vibrational states are grouped into vibrational polyads with the pseudo 

quantum number P:  

 1 2 32 4P V V V= + + .     (8) 

The effective Hamiltonian within the framework of the polyad model takes into account two 

types of accidental resonance interactions: anharmonic resonance interactions and anharmonic 

+-type resonance interactions [15,16]. The matrix elements of this effective Hamiltonian in 

the basis of the eigenfunctions of harmonic oscillators and rigid rotor operators are given in 

Ref. [17].  

 The effective Hamiltonian parameters have been determined by a least-squares fitting 

program [18] using the measured line positions of this work as well as other line positions 

collected from Refs. [1,2]. The initial values of the effective Hamiltonian parameters were 

taken from Ref. [9]. The aim of the fitting procedure was to minimize the weighted standard 

deviation defined according to the usual formula 

 
( ) 2

1
/

N
obs calc
i i i

i

N n

ν ν ε
χ =

 − 
=

−

∑
 ,   (9) 

where obs
iν and calc

iν  are the observed and calculated line positions, iε  is the experimental 

uncertainty of the obs
iν , N is the number of the fitted line positions, and n is the number of the 

adjusted parameters. To describe the quality of a fit, two additional statistics characteristics 

have been used: the root mean squares of the residuals of the fit (RMS) and the root mean 

squares of residuals for a given experimental source. The RMS is defined according to the 

usual equation 

 
( )2

1

N
obs calc
i i

iRMS
N

ν ν
=

−
=
∑

, (10) 

where N is the number of the fitted line positions  in the first case and the number of the line 

positions of a given source in the second case. 
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 In Table 6 we present the characteristics of the input data. Note that used in the fit the 

line list of Ref. [2] contains the calculated line positions. Those calculations were performed 

using the spectroscopic parameters Gv, Bv, Dv and Hv obtained in the result of the fittings of 

the observed line positions. This is the reason why for the weighting we have taken the value 

equal to 0.0001 cm-1 as uncertainty of the discussing data though the author has declared 

slightly low uncertainty of his data. Using 61 adjustable parameters we have managed to 

reproduce 2162 line positions with global RMS = 0.0012 cm-1 and a weighted standard 

deviation χ = 0.83. This statistics shows that the observed line positions are reproduced within 

their experimental uncertainties. The residuals of the global fit are presented in Fig. 6.  The 

fitted set of effective Hamiltonian parameters is given in Table 7. No evidence of any 

interpolyad resonance interaction has been observed for the treated 15N2
16O line positions.  

  

 

6. Conclusion 

 In this work, the line positions and absolute line intensities of 511 lines belonging to 8 

cold bands and one hot band of rare isotopic species 15N2
16O of nitrous oxide molecule have 

been measured. These bands are belonging to the 5800-7600 cm-1 spectral region. The 

measured line positions of this work together with those collected from the literature have 

been used to improve the set of the effective Hamiltonian parameters of 15N15N16O 

isotopologue recently published in Ref. [9]. The measured line intensities have been modeled 

for each band using a semi-empirical approach involving vibrational transition dipole moment 

squared and Herman-Wallis coefficients. The full set of measured line parameters is available 

as Supplementary Materials. 
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Captions of tables 

Table 1.  Experimental conditions and characteristics of the recorded spectra. 

Table 2. Line parameters obtained for the 3ν3 band of 15N2
16Oa. 

Table 3. Line parameters obtained for the 3ν1 + ν3 band of 15N2
16Oa. 

Table 4.  Line parameters obtained for the 5ν1I band of 15N2
16Oa. 

Table 5.  Summary of vibrational transition dipole moments squared and Herman-Wallis 

coefficients obtained for the 9 bands of 15N2
16O. 

Table 6. Experimental data and statistics of the global fit of 15N2
16O line positions. 

Table 7. Effective Hamiltonian parameters for the 15N2
16O isotopologue. 

 

Captions of figures 

Fig. 1. Average values jε  (full squares) versus the total pressure of spectrum j.  The solid line 

represents the linear fit of the jε  values versus the pressure. 

Fig. 2.  Experimental (full squares) and calculated (solid line) values of the transition dipole 

moment squared of the 5ν1I band of 15N2
16O. The calculated values of |R|2 are obtained using 

the parameters given in Table 6 and Eqs. [5-6]. 

Fig. 3.  Experimental (full squares) and calculated (solid line) values of the transition dipole 

moment squared of the 5ν1III band of 15N2
16O. The calculated values of |R|2 are obtained 

using the parameters given in Table 6 and Eqs. [5-6]. 

Fig. 4. Residuals of the global fit of 15N2
16O line positions. 
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Table 1.  Experimental conditions and characteristics of the recorded spectra. 
 
_____________________________________________________________________ 
Unapodized apparatus function 
Maximum optical path difference  90 cm 
Resolution                           ~  0.0056 cm−1 
Effective iris radius                 0.59 – 0.72 mm 
Collimator focal length 418 mm 
_____________________________________________________________________ 
Absorbing sample 
Percentages of the total pressure for the various molecules: 
15N 

15N 
16       97.2%   15N 

15N 
18     1.6% others N2O isotopologues   ~ 0.1%  

15N 
15N 

17    ~ 0.1% 15N 
14N 

16 ~ 0.1%  impurities (N2, O2 H2O, C2H2 ...) 0.9% 
_____________________________________________________________________ 
Experimental conditions 
SNR ~ 100 
Absorption path                           2015 cm 
________________________________________________________________________ 
       Total pressure   Temperature     Partial pressure     Partial pressure      jε

b           Reffc    

        (×10-2atm)a              (K)             C2H2(×10-6atm)     H2O(×10-5atm)   (×10-6)      (mm)   
________________________________________________________________________ 
1 0.828 298.0 2.8 1.6 1.17(1) 0.72(4) 
2 1.35 298.2 4.1 1.8 1.19(2) 0.69(4) 
3 2.30 298.4 6.4 2.1 1.27(3) 0.68(3) 
4 3.21 298.1 8.3 2.4 1.28(4) 0.61(2) 
5 4.31 298.6 6.3 2.6 1.31(6) 0.59(1) 
________________________________________________________________________ 
 a 1 atm = 1013 mbar = 1013 hPa. 
 b Wavenumber calibration factor for spectrum j (see text in Section 3). 
c Average effective radius of the aperture for spectrum j (see text in Section 3).
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Table 2.  Line parameters obtained for the 33ν  band of 15N2
16Oa. 

___________________________________________________ 
Line Position Sobs Scalc % 2

obs
R   

____________________________________________________ 
P42     6329.11794  2.60E-24  2.62E-24  -0.54  1.937E-06 
P41     6330.72321  3.01E-24  3.01E-24  -0.13  1.943E-06 
P39     6333.87577  3.94E-24  3.93E-24   0.13  1.944E-06 
P38     6335.42302  4.48E-24  4.46E-24   0.41  1.947E-06 
P37     6336.95100  5.02E-24  5.04E-24  -0.45  1.929E-06 
P36     6338.45970  5.66E-24  5.67E-24  -0.23  1.931E-06 
P35     6339.94900  6.36E-24  6.35E-24   0.15  1.936E-06 
P34     6341.41897  7.07E-24  7.07E-24   0.08  1.933E-06 
P33     6342.86962  7.84E-24  7.84E-24   0.08  1.931E-06 
P32     6344.30094  8.64E-24  8.64E-24  -0.06  1.927E-06 
P31     6345.71288  9.52E-24  9.49E-24   0.26  1.931E-06 
P29     6348.47871  1.13E-23  1.13E-23   0.10  1.924E-06 
P27     6351.16700  1.32E-23  1.31E-23   0.77  1.933E-06 
P26     6352.48215  1.40E-23  1.40E-23  -0.19  1.913E-06 
P23     6356.31118  1.66E-23  1.66E-23   0.12  1.914E-06 
P22     6357.54874  1.74E-23  1.74E-23   0.28  1.915E-06 
P21     6358.76694  1.82E-23  1.81E-23   0.34  1.914E-06 
P20     6359.96568  1.87E-23  1.87E-23   0.11  1.908E-06 
P19     6361.14503  1.92E-23  1.92E-23   0.13  1.907E-06 
P17     6363.44545  1.99E-23  1.99E-23   0.11  1.903E-06 
P16     6364.56654  2.00E-23  2.00E-23   0.05  1.900E-06 
P15     6365.66820  1.99E-23  1.99E-23   0.03  1.898E-06 
P14     6366.75042  1.97E-23  1.97E-23  -0.06  1.895E-06 
P13     6367.81316  1.94E-23  1.93E-23   0.63  1.906E-06 
P12     6368.85656  1.88E-23  1.88E-23   0.08  1.894E-06 
P11     6369.88045  1.80E-23  1.80E-23  -0.22  1.887E-06 
P10     6370.88487  1.71E-23  1.71E-23  -0.27  1.885E-06 
P 8     6372.83544  1.48E-23  1.47E-23   0.28  1.892E-06 
P 6     6374.70805  1.16E-23  1.17E-23  -0.38  1.876E-06 
P 5     6375.61519  9.94E-24  9.97E-24  -0.35  1.875E-06 
P 4     6376.50287  8.12E-24  8.13E-24  -0.12  1.878E-06 
P 3     6377.37097  6.16E-24  6.19E-24  -0.43  1.871E-06 
P 2     6378.21962  4.15E-24  4.17E-24  -0.59  1.867E-06 
P 1     6379.04881  2.09E-24  2.10E-24  -0.42  1.868E-06 
 
R 0     6380.64883  2.10E-24  2.11E-24  -0.30  1.868E-06 
R 1     6381.41950  4.17E-24  4.20E-24  -0.66  1.860E-06 
R 2     6382.17082  6.19E-24  6.24E-24  -0.79  1.856E-06 
R 3     6382.90251  8.20E-24  8.22E-24  -0.20  1.865E-06 
R 4     6383.61478  1.01E-23  1.01E-23  -0.34  1.861E-06 
R 5     6384.30746  1.19E-23  1.19E-23  -0.27  1.861E-06 
R 6     6384.98064  1.35E-23  1.35E-23   0.14  1.868E-06 
R 7     6385.63431  1.50E-23  1.50E-23  -0.09  1.862E-06 
R 8     6386.26843  1.64E-23  1.64E-23  -0.06  1.861E-06 
R 9     6386.88302  1.76E-23  1.76E-23   0.03  1.861E-06 
R10     6387.47809  1.85E-23  1.86E-23  -0.18  1.856E-06 
R11     6388.05361  1.94E-23  1.94E-23   0.04  1.859E-06 
R12     6388.60962  2.00E-23  2.00E-23   0.22  1.861E-06 
R13     6389.14607  2.05E-23  2.05E-23   0.45  1.864E-06 
R14     6389.66298  2.08E-23  2.07E-23   0.42  1.862E-06 
R15     6390.16034  2.09E-23  2.08E-23   0.41  1.861E-06 
R16     6390.63811  2.09E-23  2.08E-23   0.36  1.859E-06 
R17     6391.09634  2.06E-23  2.06E-23   0.14  1.854E-06 
R18     6391.53500  2.02E-23  2.02E-23  -0.09  1.848E-06 
R19     6391.95410  1.97E-23  1.97E-23  -0.14  1.846E-06 
R20     6392.35369  1.91E-23  1.91E-23  -0.09  1.846E-06 
R21     6392.73366  1.85E-23  1.84E-23   0.12  1.849E-06 
R22     6393.09407  1.77E-23  1.77E-23   0.13  1.848E-06 
R23     6393.43493  1.69E-23  1.68E-23   0.59  1.855E-06 
R24     6393.75622  1.61E-23  1.60E-23   0.79  1.858E-06 
R25     6394.05786  1.51E-23  1.50E-23   0.67  1.854E-06 
R26     6394.33996  1.42E-23  1.41E-23   0.62  1.852E-06 
R27     6394.60245  1.32E-23  1.31E-23   0.87  1.856E-06 
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Table 2.  (continued) 
___________________________________________________ 
Line Position Sobs Scalc % 2

obs
R   

____________________________________________________ 
 
R28     6394.84534  1.23E-23  1.22E-23   0.82  1.854E-06 
R29     6395.06869  1.13E-23  1.12E-23   0.39  1.845E-06 
R30     6395.27235  1.03E-23  1.03E-23  -0.43  1.829E-06 
R31     6395.45645  9.37E-24  9.41E-24  -0.46  1.827E-06 
R32     6395.62097  8.51E-24  8.55E-24  -0.53  1.825E-06 
R33     6395.76585  7.66E-24  7.74E-24  -0.96  1.816E-06 
R34     6395.89127  6.95E-24  6.96E-24  -0.22  1.829E-06 
R35     6395.99695  6.18E-24  6.24E-24  -0.97  1.814E-06 
__________________________________________________________ 
a  The position column contains the measured line position in cm–1.   
Sobs is the measured line intensity in cm⋅molecule–1, for pure 15N2

16O  
at 296 K, and Scalc is that calculated with Herman-Wallis coefficients  
from Table 5.  % is the percentage ratio 100 × (Sobs - Scalc) / Sobs. |R|2obs  
is the transition dipole moment squared in D2 (1 D = 3.33546×10–30 C⋅m). 
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Table 3.  Line parameters obtained for the 1 33ν ν+  band of 15N2
16Oa. 

____________________________________________________ 
Line Position Sobs Scalc % 2

obs
R   

____________________________________________________ 
 
P29     5819.33288  1.08E-23  1.08E-23  -0.47  2.004E-06 
P28     5820.60055  1.17E-23  1.17E-23  -0.16  2.013E-06 
P27     5821.85155  1.26E-23  1.26E-23  -0.37  2.012E-06 
P25     5824.30513  1.44E-23  1.45E-23  -0.55  2.014E-06 
P21     5829.01720  1.79E-23  1.77E-23   0.99  2.055E-06 
P17     5833.46918  1.96E-23  1.96E-23   0.21  2.048E-06 
P16     5834.54130  2.00E-23  1.97E-23   1.62  2.079E-06 
P15     5835.59718  1.97E-23  1.97E-23  -0.09  2.046E-06 
P14     5836.63647  1.96E-23  1.95E-23   0.54  2.061E-06 
P13     5837.65955  1.93E-23  1.92E-23   0.63  2.065E-06 
P12     5838.66634  1.89E-23  1.87E-23   1.11  2.076E-06 
P11     5839.65682  1.80E-23  1.80E-23   0.05  2.056E-06 
P10     5840.63022  1.69E-23  1.71E-23  -1.12  2.034E-06 
P 9     5841.58818  1.60E-23  1.60E-23  -0.15  2.055E-06 
P 8     5842.52940  1.48E-23  1.47E-23   0.44  2.069E-06 
P 7     5843.45388  1.33E-23  1.33E-23  -0.36  2.054E-06 
P 6     5844.36247  1.16E-23  1.17E-23  -0.80  2.047E-06 
P 5     5845.25414  9.88E-24  1.00E-23  -1.52  2.033E-06 
P 4     5846.12991  8.17E-24  8.19E-24  -0.19  2.062E-06 
P 3     5846.98855  6.19E-24  6.24E-24  -0.81  2.051E-06 
 
R 1     5851.03745  4.28E-24  4.26E-24   0.44  2.082E-06 
R 2     5851.79756  6.31E-24  6.34E-24  -0.47  2.064E-06 
R 3     5852.54155  8.44E-24  8.36E-24   0.87  2.092E-06 
R 5     5853.97983  1.22E-23  1.21E-23   1.00  2.097E-06 
R 6     5854.67468  1.39E-23  1.38E-23   0.55  2.088E-06 
R 7     5855.35273  1.53E-23  1.54E-23  -0.35  2.070E-06 
R 8     5856.01427  1.66E-23  1.68E-23  -0.75  2.062E-06 
R 9     5856.65899  1.78E-23  1.80E-23  -1.03  2.057E-06 
R11     5857.90008  1.97E-23  1.99E-23  -0.76  2.063E-06 
R12     5858.49586  2.05E-23  2.05E-23   0.07  2.080E-06 
R13     5859.07507  2.10E-23  2.10E-23   0.06  2.080E-06 
R14     5859.63772  2.14E-23  2.13E-23   0.54  2.090E-06 
R15     5860.18389  2.16E-23  2.14E-23   0.81  2.096E-06 
R18     5861.72408  2.09E-23  2.08E-23   0.19  2.083E-06 
R19     5862.20459  2.03E-23  2.03E-23  -0.03  2.078E-06 
R20     5862.66861  1.97E-23  1.97E-23  -0.08  2.077E-06 
R23     5863.96202  1.74E-23  1.74E-23   0.29  2.083E-06 
R24     5864.36051  1.65E-23  1.65E-23   0.25  2.082E-06 
R27     5865.45686  1.36E-23  1.36E-23  -0.14  2.072E-06 
R29     5866.10579  1.16E-23  1.16E-23   0.01  2.074E-06 
R30     5866.40565  1.06E-23  1.07E-23  -0.24  2.067E-06 
R31     5866.68946  9.75E-24  9.74E-24   0.03  2.072E-06 
R34     5867.44211  7.20E-24  7.21E-24  -0.07  2.067E-06 
 
a  See footnote of Table 2 for the meaning of column headings.
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Table 4.  Line parameters obtained for the 15ν I band of 15N2
16Oa. 

____________________________________________________ 
Line Position Sobs Scalc % 2

obs
R   

____________________________________________________ 
 
P42     6136.21128  2.07E-25  2.07E-25   0.07  1.589E-07 
P41     6137.52969  2.34E-25  2.38E-25  -1.71  1.557E-07 
P40     6138.83637  2.77E-25  2.72E-25   1.81  1.609E-07 
P39     6140.12915  3.09E-25  3.09E-25  -0.26  1.571E-07 
P38     6141.40987  3.48E-25  3.51E-25  -0.61  1.562E-07 
P37     6142.67639  3.91E-25  3.96E-25  -1.13  1.550E-07 
P36     6143.93185  4.48E-25  4.44E-25   0.79  1.577E-07 
P35     6145.17410  4.96E-25  4.97E-25  -0.02  1.560E-07 
P34     6146.40252  5.47E-25  5.52E-25  -0.99  1.542E-07 
P33     6147.61883  6.12E-25  6.12E-25   0.11  1.556E-07 
P32     6148.82243  6.70E-25  6.74E-25  -0.57  1.543E-07 
P31     6150.01297  7.37E-25  7.39E-25  -0.38  1.543E-07 
P30     6151.19161  8.12E-25  8.07E-25   0.60  1.555E-07 
P29     6152.35793  8.80E-25  8.77E-25   0.37  1.549E-07 
P28     6153.51049  9.52E-25  9.47E-25   0.46  1.548E-07 
P27     6154.65106  1.02E-24  1.02E-24   0.35  1.544E-07 
P26     6155.77930  1.09E-24  1.09E-24   0.25  1.540E-07 
P25     6156.89500  1.16E-24  1.16E-24   0.19  1.537E-07 
P24     6157.99819  1.24E-24  1.23E-24   1.21  1.551E-07 
P23     6159.08887  1.30E-24  1.29E-24   0.69  1.541E-07 
P22     6160.16695  1.35E-24  1.35E-24   0.33  1.533E-07 
P20     6162.28676  1.46E-24  1.45E-24   0.71  1.536E-07 
P19     6163.32806  1.49E-24  1.49E-24   0.27  1.528E-07 
P18     6164.35672  1.52E-24  1.52E-24   0.18  1.526E-07 
P17     6165.37367  1.54E-24  1.54E-24   0.11  1.524E-07 
P16     6166.37785  1.56E-24  1.55E-24   0.62  1.531E-07 
P15     6167.37009  1.55E-24  1.55E-24   0.23  1.524E-07 
P14     6168.35007  1.54E-24  1.53E-24   0.41  1.526E-07 
P13     6169.31797  1.52E-24  1.50E-24   0.95  1.534E-07 
P12     6170.27310  1.45E-24  1.46E-24  -0.61  1.510E-07 
P11     6171.21673  1.41E-24  1.40E-24   0.29  1.523E-07 
P 9     6173.06649  1.24E-24  1.25E-24  -0.58  1.510E-07 
P 8     6173.97388  1.15E-24  1.15E-24   0.35  1.524E-07 
P 6     6175.75046  9.03E-25  9.14E-25  -1.23  1.501E-07 
P 5     6176.62094  7.69E-25  7.80E-25  -1.53  1.497E-07 
P 4     6177.47912  6.39E-25  6.37E-25   0.23  1.524E-07 
P 3     6178.32557  4.82E-25  4.86E-25  -0.85  1.509E-07 
P 2     6179.15964  3.23E-25  3.28E-25  -1.64  1.498E-07 
 
R 2     6183.14772  4.90E-25  4.94E-25  -0.87  1.516E-07 
R 3     6183.90806  6.49E-25  6.52E-25  -0.48  1.524E-07 
R 4     6184.65772  7.98E-25  8.04E-25  -0.71  1.522E-07 
R 5     6185.39464  9.30E-25  9.47E-25  -1.82  1.508E-07 
R 6     6186.11895  1.08E-24  1.08E-24  -0.34  1.532E-07 
R 7     6186.83132  1.21E-24  1.20E-24   0.30  1.544E-07 
R 8     6187.53132  1.32E-24  1.31E-24   0.45  1.549E-07 
R 9     6188.21906  1.42E-24  1.41E-24   0.79  1.557E-07 
R10     6188.89487  1.50E-24  1.50E-24   0.54  1.556E-07 
R11     6189.55829  1.56E-24  1.57E-24  -0.05  1.549E-07 
R12     6190.20951  1.64E-24  1.62E-24   1.08  1.570E-07 
R15     6192.08811  1.70E-24  1.70E-24  -0.21  1.560E-07 
R16     6192.68996  1.70E-24  1.70E-24  -0.10  1.565E-07 
R17     6193.27912  1.70E-24  1.69E-24   0.52  1.578E-07 
R18     6193.85571  1.68E-24  1.67E-24   0.75  1.586E-07 
R19     6194.42030  1.64E-24  1.63E-24   0.25  1.582E-07 
R20     6194.97190  1.60E-24  1.59E-24   0.43  1.589E-07 
R21     6195.51142  1.55E-24  1.54E-24   0.65  1.597E-07 
R22     6196.03760  1.47E-24  1.48E-24  -0.67  1.580E-07 
R23     6196.55181  1.42E-24  1.41E-24   0.22  1.599E-07 
R24     6197.05341  1.34E-24  1.34E-24   0.13  1.602E-07 
R25     6197.54154  1.26E-24  1.27E-24  -0.80  1.592E-07 
R26     6198.01791  1.19E-24  1.19E-24  -0.21  1.606E-07 
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Table 4.  (continued) 
____________________________________________________ 
Line Position Sobs Scalc % 2

obs
R   

____________________________________________________ 
 
R27     6198.48118  1.13E-24  1.12E-24   1.01  1.631E-07 
R28     6198.93171  1.03E-24  1.04E-24  -0.80  1.607E-07 
R29     6199.36904  9.74E-25  9.62E-25   1.13  1.644E-07 
R30     6199.79386  8.83E-25  8.87E-25  -0.41  1.624E-07 
R31     6200.20577  8.19E-25  8.13E-25   0.69  1.648E-07 
R33     6200.99083  6.80E-25  6.74E-25   0.82  1.662E-07 
R34     6201.36359  6.16E-25  6.09E-25   1.12  1.673E-07 
R35     6201.72304  5.50E-25  5.48E-25   0.26  1.665E-07 
R36     6202.07025  4.95E-25  4.91E-25   0.83  1.681E-07 
R37     6202.40357  4.30E-25  4.38E-25  -1.92  1.642E-07 
R40     6203.32450  2.97E-25  3.02E-25  -1.60  1.667E-07 
______________________________________________________________ 
a  See footnote of Table 2 for the meaning of column headings. 
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Table 5.  The spectroscopic constant of the observed in this work vibration energy levels. 
 
____________________________________________________________________ 
 Vibrational Ga B D H 
State symmetry  (×107) (×1012)
____________________________________________________________________ 
Ground Σ +  0. 0.4048599(3)b 1.635(2) 
ν2 Π + - 0.40497(3) 1.2(4) 
ν2 Π - - 0.40574(3) 1.3(5) 
3ν3 Σ + 6379.858640(9) 0.39511266(7) 1.625(1) 0.18(4) 
ν2+3ν3 Π + 6339.4670(6)c 0.39535(2) 1.2(4) 
ν2+3ν3 Π - 6339.4674(5)c 0.39607(3) 1.2(5) 
ν1+3ν3 Σ + 7568.25825(7) 0.3933787(3) 1.596(3) 
2ν1+2ν3 Σ +  6700.4416(1) 0.3949532(8) 1.556(9) 
3ν1+ν3 Σ + 5849.46732(4) 0.3966341(2) 1.463(2) 
4ν1+ν3I Σ + 6980.937(1) 0.397466(6) 2.35(8) 
4ν1+ν3II Σ + 7066.5216(1) 0.3952271(7) 1.237(7) 
5ν1I Σ + 6180.79113(7) 0.3987898(5) 2.241(7) 2.5(3) 
5ν1III Σ + 6259.03542(7) 0.3973491(5) 0.979(7) 3.9(3) 
____________________________________________________________________ 
a The values of spectroscopic constants and band centres are given in cm−1. 
bConfidence intervals (1 SD, in unit of the last quoted digit) are given between parenthesis. 
c For two states ν2+3ν3 the centers of the bands ν2+3ν3-ν2 are reported instead of G constant. 
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Table 5.  Summary of vibrational transition dipole moments squared and Herman-Wallis 
coefficients obtained for the 9 bands of 15N2

16O. 
___________________________________________________________________________ 
            Vibrational     Number of            |R0|2              A1

RP           A2
RP          

    Centera           Band           symmetry      transitions      (in 10–6 D2)b    (in 10–4)     (in 10–5) 
___________________________________________________________________________ 
    6379.86 3ν3 Σ +  ←  Σ + 70 1.875(1)c -3.8(1) 0.18(5) 
    6339.47 ν2+3ν3-ν2 Π + ←   Π + 19 3.97(1) –2.4(8) 0 
    6339.47 ν2+3ν3-ν2 Π - ←   Π - 14 3.956(7) –2.2(4) 0.8(2) 
    7568.26 ν1+3ν3 Σ +  ←  Σ + 51 0.2418(1) -1.3(1) 0 
    6700.44 2ν1+2ν3 Σ +  ←  Σ + 42 0.0716(1) 2.7(3) -0.7(2) 
    5849.47 3ν1+ν3 Σ +  ←  Σ + 43 2.071(3) 2.5(3) -0.8(2) 
    6980.94 4ν1+ν3I Σ +  ←  Σ + 16 0.0388(1) 5.4(8) 0 
    7066.52 4ν1+ν3II Σ +  ←  Σ + 42 0.0784(2) 4.4(4) -1.7(3) 
    6180.79 5ν1I Σ +  ←  Σ + 72 0.1525(2) 4.3(2) 2.2(1) 
    6259.04 5ν1III Σ +  ←  Σ + 66 0.1570(2) 3.6(2) -2.31(8) 
___________________________________________________________________________ 
a Rough values of band centers (in cm−1) are reported only as a guide. 
b 1 debye = 3.33546 × 10–30 C⋅m. 
cConfidence intervals (1 SD, in unit of the last quoted digit) are given between parenthesis. 
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 Table 6. Experimental data and statistics of the global fit of 15N2
16O line positions. 

Reference Spectral domain 
in cm-1 Calibration factor а Accuracy 

(10-3 cm-1) Nfit
 b RMS c 

(10-3 cm-1) 
Amiot and 
Guelachvili [1] 

3631-6396 0.999999983 2.0 1277 1.50 

Toth [2] 1227-3415 1.000000000 0.1 374 0.08 
This work 5814-7582 1.000000000 0.5 435 0.51 
a Calibration factors are taken from Ref. [16] where they were derived in the result of the term values 
analysis performed for the principal isotopic species of nitrous oxide molecule. 
b Nfit is the number of the lines included in the fit. 
c A root mean squares of residuals for a given experimental source. 
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Table 7.  Effective Hamiltonian parameters for the 15N2
16O isotopologue. 

Diagonal vibrational parameters 
 

N Parameter Value (cm-1) Order N Parameter Value (cm-1) Order 
1 1ω  1280.527(25)   16 

133y  11.78(70)  10-2 
2 2ω  580.845(27)   17 

222y  4.236(79)  10-2 
3 3ω  2209.544(16)   18 223y  11.94(66)  10-2 
4 11x  -4.387(15)   19 233y  

0.161(78)  10-2 
5 12x  -4.270(35)   20 

333y  
-0.117(33)  10-2 

6 13x  -24.238(88)   21 
1y 

 
9.97(53)  10-2 

7 22x  0.204(15)   22 
2y 

 -2.328(47)  10-2 
8 23x  - 14.329(15)   23 

3y 
 17.84(68)  10-2 

9 33x  - 14.1060(30)   24 
1113z  -1.239(24)  10-2 

10 
汬x * -0.5611535980  25 

1123z  -7.96(62)  10-2 
11 

111y ** 0.0264922656 10-2 26 
1133z  4.72(16)  10-2 

12 
112y  2.82(57)  10-2 27 

1222z  -1.479(19)  10-2 
13 

113y  -35.82(59)  10-2 28 
1223z  -1.03(56)  10-2 

14 
122y ** 0.507836011  10-2 29 

1333z  0.692(38)  10-2 
15 123y  67.7(26)  10-2 30 

2333z  0.079(19)  10-2 

Diagonal rotational and vibrational-rotational parameters 
 

N Parameter Value (cm-1) Order N Parameter Value (cm-1) Order 
31 eB  0.40683211(46)   39 23γ  0.3438(17) 10-4 
32 1α  0.179982(37) 10-2 40 33γ  -0.03804(63) 10-4 
33 2α  -0.055123(42) 10-2 41  γ  * 0.04477235290 10-4 

34 3α   0.326540(17) 10-2 42 eD  0.16288(12) 10-6 

35 11γ  -0.0634(36) 10-4 43 1β  0.1411(47) 10-8 

36 12γ  0.616(11) 10-4 44 2β  0.0395(96) 10-8 

37 13γ  -0.311(14) 10-4 45 3β  -0.0546(15) 10-8 

38 22γ  -0.2837(22) 10-4     

 
Parameters of  - doubling matrix elements 

 
N Parameter Value (cm-1) Order N Parameter Value (cm-1) Order 
46 

eL  -0.19086(31) 10-3 49 
3L  0.3706(10) 10-5 

47 
1L  2.08(17) 10-5 50 

JL  1.43(98) 10-10 

48 
2L  -0.567(33) 10-5     

 
Parameters of Fermi interaction matrix element 

1 2 2 3 1 2 2 2 31 2effV V V J H V V V J− + + ∆    
 

N Parameter Value (cm-1) Order N Parameter Value (cm-1) Order 
51 

eF  -17.982(54)  57 
13F  1.55(43) 10-2 

52 
1F  0.2411(71)  58 

23F  0.50(36) 10-2 

53 
2F  0.1578(29)  59 

33F  2.76(53) 10-2 

54 
3F  0.345(26)  60 

jF  1.430(13) 10-4 

55 
11F  -0.406(94) 10-2 61 L

eF  0.113(14) 10-4 

56 
12F  0.139(27) 10-2     
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Table 7 (continued) 

 

 Parameters of Fermi interaction matrix element 
1 2 2 3 1 2 2 32 1effV V V J H V V V J− +   

 
N Parameter Value (cm-1) Order N Parameter Value (cm-1) Order 
62 (2)

eF  -10.66(36)  63 (2)
jF  1.002(48) 10-4 

 

 Parameters of anharmonic interaction matrix element 
1 2 2 3 1 2 2 31 2 1effV V V J H V V V J− − +   

 
N Parameter Value (cm-1) Order N Parameter Value (cm-1) Order 
64 (3)

eF  0.50(12)  65 (3)
jF  -0.472(48) 10-4 

a) Uncertainties in parentheses represent one standard deviation in units of the last quoted digit; * fixed to the value given in Ref.[15], 
** fixed. 
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