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The absorption spectrum of N2O in the region 9100–9500 cm–1 was studied using 
a highly sensitive intracavity laser spectrometer based on a neodymium glass laser. The 
threshold sensitivity and spectral resolution of the spectrometer are 10–8 cm–1 and 
0.08 cm–1, respectively. Two vibrational-rotational bands centered at 9219 and 
9295 cm–1 were recorded; these bands are formed by transitions to the Fermi-resonance 
polyad 4002. The spectroscopic constants of the high vibrational-rotational states of 
nitrous oxide were determined. 

 
 

Nitrous oxide is a minor component of the 
atmosphere, so that it is necessary to study its absorption 
spectrum in order to solve different atmospheric-optical 
problems. The absorption spectra of the asymmetric 
linear molecule N2O have been studied in detail in the 
IR region of the spectrum. The band centers, the band 
intensities, and the rotational constants of the 
vibrational states, which make it possible to reproduce 
with an error of less than 0.01 cm–1 the energy spectrum 
of N2O in the region 580–5000 cm–1, are stored in a 
spectral-data bank.1 Nitrous oxide was studied in the 
region 1800–8000 cm–1 using a high-resolution Fourier 
spectrometer with a resolution of 5  10–3 cm–1; 51 
bands of the main isotope 14N2

16O, (Ref. 2) as well as 
233 bands of the isotopes 15N2

16O, 14N2
18O, 14N15N16O, 

and 15N14N16O (Refs. 3 and 4) were recorded and the 
rotational structure of the bands was analyzed. 

To determine the force field of the molecule it is 
especially important to determine the spectroscopic 
constants of the vibrational states at high frequencies. 
However nitrous oxide was studied in the photographic 
region 8000–12000 cm–1 only in 1950 using a 
diffraction spectrograph with a resolution of 0.1 cm–1 
and a 4500 m path length in the cell.5 In this work the 
absorption spectrum of N2O in the region 
9100–9500 m–1 was recorded using a highly sensitive 
intracavity laser spectrometer. 

The intracavity spectrometer is described in detail 
in Ref. 6. The threshold sensitivity of the spectrometer 
to absorption was equal to 10–8 cm–1 and the spectral 
resolution was  0.08 cm–1. 

Nitrous oxide was prepared by heating ammonium 
nitrate in a vacuum up to a temperature of 200°C: 
 

 
 

The gas was not dried, and it contained water 
vapor; the absorption lines of H2O were employed as 
references, relative to which the positions of the 
centers of the lines of N2O were determined with an 
error of 0.03 cm–1. The parallel band 41 + 3 
centered at 0 = 9295 cm–1 was recorded in the 

spectrum of nitrous oxide (P = 200 torr); the positions 
of the centers of the lines in this band were measured 
with a higher accuracy than in Ref. 5. In addition, a 
previously not observed band centered at 
0 = 9219 cm–1 as well as a band at 9295 cm–1, owing 
to transitions to the Fermi resonance polyad (4002), 
were recorded. The centers of the lines in the bands are 
presented in Table I. 
 

TABLE I. The position of the centers of the 
absorption lines of N2O, cm–1 
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TABLE I (continued) 
 

 

 

The rotational constant of the bands were 
determined with the help of the method of combination 
differences. The combination differences found for the 
lower states 2F(J) = R(J –1) – P(J + 1) agree well 
with the combination differences of the 000 states,1 and 
therefore the bands recorded at 9219 cm–1 and 
9295 cm–1 are determined by transitions from the 
ground state. Using the values of J calculated by 
L. Teffo (private communication) the centers of the 
measured bands agree well with the energies of the levels 
in the polyad (9218.7 cm–1 and 9296.1 cm–1 
respectively). 

The spectroscopic constants of the upper 
vibrational states were determined with the help of the 
combination sums 
 

 
 

where 0 is the center of the band; J is the rotational 
quantum number; and, Â, D, Â and D are the 
rotational constants of the lower and upper vibrational 
states, respectively.  

Table II gives the spectroscopic constants of the 
recorded bands and their confidence intervals,  

obtained by the method of least squares; the values of 
Â and D are taken from Ref. 1. 
 
TABLE II. The spectroscopic constants of N2O, cm–1 
 

 
 

The information obtained will make it possible to 
determine more accurately the force field of the 
molecule and therefore to improve the accuracy of the 
calculation of the absorption by nitrous oxide at high 
frequencies. 
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