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a b s t r a c t

We present the third part of the investigation of the high sensitivity absorption spectrum of nitrous oxide
by CW-Cavity Ring Down Spectroscopy near 1.5 lm. In the two first contributions (A. Liu, et al., J. Mol.
Spectrosc. 244 (2007) 33–47 and A. Liu, et al., J. Mol. Spectrosc. 244 (2007) 48–62) devoted to the
5905–6833 cm�1 region, more than 9000 line positions of five isotopologues (14N2

16O, 15N14N16O,
14N15N16O, 14N2

17O and 14N2
18O), were rovibrationally assigned to a total of 115 bands, most of them

being newly detected. The achieved sensitivity (amin�3 � 10�10 cm�1) allowed for the detection of lines
with intensity weaker than 2 � 10�29 cm/molecule. In this contribution, the investigated region was
extended up to 7066 cm�1. The analysis based on the predictions of the effective Hamiltonian model
has allowed assigning about 1500 transitions to 17, 1, 2 and 1 bands of the 14N2

16O, 14N15N16O,
15N14N16O and 14N2

18O isotopologues, respectively. Eleven of these 21 bands are newly reported, while
the observations of the transitions are extended to higher J values for most of the others. The band by
band analysis has allowed reproducing the measured line positions within the experimental uncertainty
(about 1 � 10�3 cm�1) and determining the corresponding spectroscopic parameters. A detailed analysis
of the rovibrational perturbations affecting three bands of 14N2

16O is presented.
� 2008 Elsevier Inc. All rights reserved.
1. Introduction

This work is a continuation of our previous studies of the
absorption spectrum of nitrous oxide by high sensitivity CW-Cav-
ity Ring Down Spectroscopy (CW-CRDS) [1,2] near 1.5 lm. We
have developed a fibered CW-CRDS spectrometer using Distributed
Feed-Back (DFB) diode lasers dedicated to the characterization of
this important atmospheric window of transparency. 40 DFB diode
lasers were purchased in order to cover continuously the 5905–
6833 cm�1 region. Thanks to the high sensitivity achieved (noise
equivalent absorption amin�3 � 10�10 cm�1), more than 9000 tran-
sitions belonging to a total of 115 bands of five isotopologues were
rovibrationally assigned on the basis of the predictions of the glo-
bal effective Hamiltonian models [3–6].

In this third contribution, the recordings were extended up to
7066 cm�1 thanks to nine additional DFB lasers. About 1500 tran-
sitions due to 17, 1, 2 and 1 bands for the 14N2

16O, 14N15N16O,
15N14N16O and 14N2

18O isotopologues, respectively, were identified
in these new spectra. Note that the HITRAN [7] notation will be
used along the paper, for the four isotopologues contributing to
the spectrum: 14N2

16O: 446, 14N15N16O: 456, 15N14N16O: 546 and
14N2

18O: 448. Eleven of these 21 bands are newly reported, while
ll rights reserved.
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the observation of additional transitions of previously analyzed
bands has yielded a refined determination of their spectroscopic
parameters. The band by band rovibrational assignment and fit
are presented in Section 3 which also includes the detailed analysis
of the rovibrational perturbations affecting three bands of 14N2

16O.
2. Experiment

The reader is referred to Refs. [1,8–11] for the description of our
fibered DFB diode laser CW-CRDS spectrometer. The 6828–
7066 cm�1 region was covered with the help of nine newly pur-
chased fibered DFB diode lasers, each of them having a typical tun-
ing range of 30 cm�1. About 70 min are needed for a complete
temperature scan from �10 to 65 �C. The considered spectral re-
gion is approaching the upper energy limit of the high reflectivity
region of the used mirror set. In consequence, the typical ringdown
time decreases from 60 ls at 6400 cm�1 to 36 ls at 7050 cm�1.
Consequently, the noise equivalent absorption coefficient increases
from amin�2 � 10�10 cm�1 near 6400 cm�1 up to amin�1 �
10�9 cm�1 near 7050 cm�1. Fig. 1 illustrates the 4 to 5 decades dy-
namic range on the intensity scale achieved with our set up: absorp-
tion coefficient ranging from amin�10�5 cm�1 down to the noise
level at 3 � 10�10 cm�1 can be measured from a single spectrum.

Each 30 cm�1 wide spectrum recorded with one DFB laser was
calibrated independently on the basis of the wavelength values
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Fig. 1. CW-CRDS spectrum of natural nitrous oxide near 6855 cm�1 showing the
band head of the 2002e–0000e centered at 6868.55 cm�1. The sample pressure was
40.0 Torr. Four successive enlargements of the CW-CRDS spectrum illustrates the
high dynamics achieved by the CW-CRDS spectrometer allowing for the measure-
ment of absorption coefficient differing by four orders of magnitude (from 10�5

cm�1 to the noise level at about 3.1 � 10�10 cm�1).
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provided by the Michelson-type wavemeter (Burleigh WA-1650,
60 MHz resolution and 100 MHz accuracy at this wavelength).
The calibration was further refined by stretching the whole spec-
trum in order to match accurate positions of reference lines. The
studied region corresponds to a strong absorption region of H2O
and many H2O transitions are observed in our spectra. Their line
positions as provided by the HITRAN database were used for cali-
bration. The typical uncertainty on the line positions is
1 � 10�3 cm�1 as confirmed by the typical values of the (ob-
s.�calc.) rms deviations obtained in the fit of the spectroscopic
parameters (see below).

The spectra were recorded at different pressures ranging from
10 to 40 Torr. The observed line profile is then mostly a Gaussian
function fixed by the Doppler broadening (FWHM �
11 � 10�3 cm�1 at 296 K).
3. Rovibrational analysis

The N2O vibrational pattern has a polyad structure resulting
from the approximate relations x3 � 2x1 � 4x2 between the har-
monic frequencies. The observed transitions were assigned on the
basis of the predictions of the effective rovibrational Hamiltonian
[3–6] which is a polyad model. The mixing between the V1l2V2V3

states being important for many levels in our region, the vibra-
tional states are preferably labeled using the triplet
{P = 2V1 + V2 + 4V3, l2, i} where the index i increases with the
energy.

In the studied region, all but one band correspond to a DP = 12
variation of the polyad quantum number, the R–P hot band of
14N2

16O at 7076.508 cm�1 corresponding to DP = 13. The vibra-
tional assignments and fractions respective to the normal mode
basis states are listed in Table 1 for the bands of 14N2

16O,
14N15N16O, 15N14N16O and 14N2

18O analyzed in the 6833–
7066 cm�1 region. The strongest band at 6868.55 cm�1 corre-
sponds to the excitation of the (1206) state – (2002) in normal
mode notation. It is the only band included in the HITRAN database
[7] in our region (see Fig. 2). The R–R band reaching the (12010)
state has a comparable band strength but it is centered at
7137.1270 cm�1 in the case of 14N2

16O i.e. above the upper limit
of our energy region. Then only high J values in the P branch could
be observed for this band. Thanks to the isotopic shift to lower
energies, the whole rotational structure of this band could be ob-
served in the case of the 456, 546 and 448 isotopologues. It is inter-
esting to note that the isotopic substitution leads to important
changes in the expansion of the (12010) state in the normal mode
basis (Table 1). The sensitivity of the interaction scheme to isotopic
substitution is such that the dominant vibrational normal state is
(240 1) in the case of 546 but (400 1) for the other three
isotopologues.

The standard expression of the vibration–rotation energy levels
was used for the fit of the spectroscopic parameters:

FvðJÞ ¼ Gv þ Bv JðJ þ 1Þ � Dv J2ðJ þ 1Þ2 þ Hv J3ðJ þ 1Þ3; ð1Þ

where Gv is the vibrational term value, Bv is the rotational constant,
Dv and Hv are centrifugal distortion constants. The spectroscopic
parameters were fitted directly to the observed wavenumbers, the
lower state rotational constants (given in Refs. [1,2]) being con-
strained to their literature values [12].

3.1. The 14N2
16O isotopologue

The seventeen bands of the 14N2
16O isotopologue which were

analyzed are presented in Fig. 2 which includes the overview com-
parison with the HITRAN database [7]. HITRAN2004 database is
based on the SISAM.N2O line list established by Toth [12]. In the
6833–7066 cm�1 region, it provides 58 lines for nitrous oxide
while we could assign 1324 transitions. Eight of the reported bands
are newly observed. In the case of the four bands centered below
6860 cm�1, only P lines could be observed in our previous CW-
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Fig. 2. Overview of the spectrum of the main isotopologue, 14N2
16O, of nitrous oxide between 5905 and 7066 cm�1. Note the logarithmic scale adopted for the line intensities.

Upper panel: HITRAN database [7]. Lower panel: Bands observed by CW-CRDS as predicted by the polyad model of effective Hamiltonian [4,16]. The crosses correspond to the
bands previously reported in Refs. [1,2] while the open squares correspond to the present work.
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CRDS spectra below 6833 cm�1 [1,2]. The present recordings allow
observing their R branches. This is interesting as three of these
bands are affected by perturbations (see below).

The spectroscopic parameters retrieved from the fit of the line
positions are listed in Table 2. The rms values of the (obs.�calc.)
deviations are generally on the order of 1.5 � 10�3 cm�1 which is
consistent with the uncertainty on the line positions. The observed
and calculated line positions are provided as Supplementary mate-
rial attached to this paper.

We have reviewed and included in Table 2, the band parameters
previously reported in the literature. The previous investigations
were performed by Fourier Transform Spectroscopy by Toth
(absorption path length up to 422 meters [12]), Weirauch et al.
[13] (up to 48.2 m path length) and Wang et al. [14] (105 m path
length). Our CW-CRDS spectra allowed increasing to higher J values
the transitions observed in the rotational structure of the previ-
ously reported bands. Note that a few of the upper levels presently
detected, were previously observed as upper states of other bands
lying in different spectral regions. The corresponding bands and
reference have been indicated in the last column of Table 2, exclud-
ing the CW-CRDS results of Refs. [1,2].

As discussed in Refs [1,2], the 3002–0200 band at 6830.45 cm�1

and the 0911–0110 and 2112–0110 bands at 6852.63 and
6854.16 cm�1 respectively, are perturbed by intrapolyad anhar-
monic resonance interaction (The matrix elements of the respec-
tive resonance interaction operators are given in Ref. [2]). As only
part of the respective P branches could be observed in the record-
ings of Refs. [1,2], only a partial analysis was possible at that time.
The complete spectral coverage of these bands allows a deeper
investigation of these perturbations.



Table 1
Vibrational assignment and corresponding fractions respective to the basis states for the bands of 14N2

16O, 14N15N16O, 15N14N16O and 14N2
18O analyzed in the CW-CRDS spectra

between 6800 and 7066 cm�1.

DP Banda (Pl2 i)b DGv (cm�1) Basis statesc %Fractiond

446 cold bands
12 2002e–0000e (1206) 6868.5501 (200 2)/(1202) 71/21
12 0801e–0000e (1207) 6882.6922 (080 1)/(240 1)/(320 1) 40/34/22
12 0821e–0000e (12212) 6891.7531 (082 1)/(242 1)/(322 1) 41/39/18
12 3201e–0000e (1208) 7024.0937 (320 1)/(160 1)/(080 1) 37/23/22
12 0(12)00e–0000e (1209) 7029.8422 (0120 0)/(360 0)/(440 0)/(1100 0) 27/27/21/17
12 3221e–0000e (12215) 7036.9676 (322 1)/(162 1)/(082 1) 30/18/16
12 4001e–0000e (12010) 7137.1270 (400 1)/(240 1)/(160 1) 46/21/21

446 hot bands
12 3002e–0200e (1408) 6830.4520 (300 2)/(140 2) 35/33
12 2222e–0220e (14215) 6837.7374 (222 2)/(142 2) 49/37
12 0911e–0110e (1316) 6852.6332 (091 1)/(331 1)/(251 1) 37/30/24
12 2112e–0110e (1317) 6854.1609 (211 2)/(131 2) 57/31
12 3002e–0200e (1409) 6915.8210 (300 2)/(220 2) 50/29
12 4201e–0200e (14010) 6977.4184 (420 1)/(0100 1) 28/28
12 5001e–1000e (14012) 6991.4216 (500 1)/(180 1)/(420 1) 23/22/21
12 0911e–0110e (1318) 7000.6451 (091 1)/(331 1)/(411 1) 25/24/20
12 5001e–1000e (14014) 7091.4454 (500 1)/(260 1) 48/17
13 0203e–0110e (1401) 7076.5084 (020 3) 88

456 cold bands
12 2401e–0000e (12010) 7051.7752 (240 1)/(400 1)/(320 1) 34/30/18

546 cold bands
12 3201e–0000e (1208) 6957.8995 (320 1)/(080 1)/(160 1)/(400 1) 37/23/21/16
12 4001e–0000e (12010) 7065.5255 (400 1)/(160 1)/(240 1) 53/22/17

448 cold bands
12 4001e–0000e (12010) 7006.3390 (400 1)/(240 1) 60/26

a V1V2l2V3. According to the maximum value of the modulo of the expansion coefficients of the eigenfunction as obtained from the effective Hamiltonian model [4].
b Cluster labeling notation: (P ¼ 2V1 þ V2 þ 4V3; l2; i) for the upper state of the band; i is the order number within the cluster increasing with the energy.
c Only basis states with modulo of expansion coefficients larger than 0.4 are presented.
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The (1408) upper state (3002 in normal modes notation) of
the first band is perturbed by the (1407) dark state (3401 in nor-
mal modes notation). The two other bands have upper states,
namely (1316) and (1317), which are in strong interaction
around the energy levels crossing at J = 17. Fig. 3 shows the devi-
ation from their respective unperturbed positions as calculated
from the respective spectroscopic parameters of Table 2. The
resulting energy crossings are illustrated on the reduced energy
plots of Fig. 4 which represent the difference between the exper-
imental energy levels and the unperturbed energy levels of the
(1316) state obtained by using the spectroscopic parameters
listed in Table 2. In the fit of the spectroscopic parameters (Table
2), only J values above the energy crossing were used as input
data. It leads to effective values which should be used with cau-
tion. In particular, Fig. 3 shows that the energy levels of the
(1317) state calculated with these parameter values, deviate by
about 0.08 cm�1 for the low J transitions. In order to provide a
more accurate value of the band centre, we have performed a
separate fit of the band centre and main rotational constant by
using only low J values transitions. The corresponding values
are included in Table 2.

Finally, the P–P band at 7000.645 cm�1 was also found per-
turbed. While transitions with J values up to 60 were assigned
only those with J less than 20 could be reproduced using the
single band polynomial expansion Eq. (1). The (1318) upper le-
vel (0911 in normal mode notation) of this band is affected by
a strong Fermi interaction (x3 � 2x1) with the (1319) level
(4510 in normal mode notation). These two levels are very
close (the energy separation is predicted to be about 3 cm�1)
but there is no crossing for any J values. We draw the attention
of the readers to the fact that the (13 16) and (13 1 8) vibra-
tional states have the same 0911 labeling in the normal mode
notations.
3.2. The 456, 546 and 448 minor isotopologues

As mentioned above, the bands reaching the (12010) upper
state could be detected for these three minor isotopologues which
are in natural abundance in our sample (3.64 � 10�3 abundance
for 456 and 546; 1.98 � 10�3 for 448 [7]). In addition, we could
identify the 3201e–0000e band of the 546 isotopologue at
6957.90 cm�1. These observations are the highest energy bands
reported so far for the 546 and 448 isotopologues. In the case
of the 456 species, FTS spectra have been recently obtained by
Fourier Transform Spectroscopy in Hefei by using a sample with
a 97.4% isotopic enrichment and absorption path lengths up to
105 m [15]. 107 bands could be detected and analysed between
4000 and 9000 cm�1. The retrieved line positions were used as in-
put data for a global fit of the effective Hamiltonian parameters
[15]. The spectroscopic parameters relative to the minor isotopo-
logues are presented in Table 3. The 14N15N16O parameters values
obtained by Ni et al. [15] from a larger input data set are included
in this Table for comparison.

4. Discussion and conclusion

The difference between the line positions of the 446 isotopo-
logue measured in the CW-CRDS spectrum between 6800 and
7066 cm�1 and their values predicted by the effective rovibrational
Hamiltonian [4] are plotted in Fig. 5. The predictive ability of the
effective Hamiltonian model is good for this main isotopologue
since the majority of the residuals lies between �0.04 and
0.04 cm�1. In particular, the predictions proved to be fully satisfac-
tory to quantitatively account for the observed perturbations.
However, compared to our previous CW-CRDS results [1,2], it
seems that the deviations tend to increase with the energy, a num-
ber of values being on the order of ± 0.07 cm�1.



Table 2
Spectroscopic parameters (in cm�1) of the rovibrational bands of 14N2

16O assigned for the CW-CRDS spectra between 5906 and 6833 cm�1. The cold and hot bands are listed successively and ordered according to their DGv values. The
lower state constants were taken from Ref. [12] and are reproduced in Refs. [1,2].

DGv
a Type V1V2l2V3

b (Pl2 i) Gv Bv Dv � 107 Hv � 1012 observed lines n/Nc rms � 103 Previous reportsd

6830.45203(57) R–R perturbedf 3002e–0200e (1408) 7998.58433(57) 0.4095520(68) 0.46(16) [2.955393] P49/R39 30/64 1.4 3002e–0000eWe

6837.73740(42) D–D 2222e–0220e (14215) 8015.48207(42) 0.4103177(27) 1.501(38) 15.8(15) P38/R42 62/65 1.4
6837.73653(59) 2222e–0220f 8015.48120(59) 0.410347(22) 3.6(13) [0.095] Q12 8/8 0.8
6837.73883(36) 2222f–0220f 8015.48350(36) 0.4102954(25) 1.599(48) 5.7[22] P41/R39 59/65 1.2
6852.6332(40) P–P perturbedf 0911e–0110e (1316) 7441.4011(40) 0.4147763(79) 2.584(36) [-0.01714] P39/R38 22/47 1.2
6852.6290(53) 0911f–0110f 7441.3969(53) 0.417648(16) 2.36(15) -28.6(45) P44/R37 27/50 1.3
6854.1609(20) P–P perturbedf,g 2112e–0110e (1317) 7442.9287(20) 0.4090450(31) 1.758(15) 1.77(21) P64/R57 54/109 1.0 2112e–0110eWe

7443.00089(65)g 0.4092237(83)g

6854.1649(22) 2112f–0110f 7442.9328(22) 0.4100606(40) 1.729(22) 3.33(36) P61/R40 43/96 1.2
7443.00506(49)g 0.410185(10)g

6868.55007(16) R–R 2002e–0000e (1206) 6868.55007(16) 0.40862574(43) 1.6089(27) 0.712(44) P67/R59 119/122 0.8 2002e–1000eWa

2002e–0000eT 6868.54982(50) 0.40862919(96) 1.698(19) 5.89(85)
2002e–0000eWe 6868.55062(28) 0.4086257(14) 1.631(16) 1.76(48) 96/97 1.2
2002e–0000eL 6868.550165(89) 0.4086249(1) 1.60282(38) 0.608(62) P67/R35 99/99 0.5

6882.69219(23) R–R 0801e–0000e (1207) 6882.69219(23) 0.41604441(96) 5.8166(93) 31.60(25) P51/R52 88/96 0.9
0801e–0000eWa 6882.7117(16) 0.4159792(49) 4.985(28) R40 25/34 3.2

6891.7531(21) D–R 0821e–0000e (12212) 6891.7531(21) 0.4163320(45) -0.161(22) [-0.016529] P40/R40 27/33 1.3
6915.82102(36) R–R 3002e–0200e (1409) 8083.95332(36) 0.4071832(18) 1.314(17) [2.955393] P29/R32 46/51 1.1 3002e–0000eWe

6977.41838(85) R–R 4201e–0200e (14010) 8145.55068(85) 0.4146268(69) 10.33(13) 185.4(69) P38/R34 48/56 2.1 4201e–0000eWe 4201e–0000eWa

6991.42161(49) R–R 5001e–1000e (14012) 8276.32495(49) 0.4115886(30) 3.380(43) 10.2(16) P44/R31 60/63 1.5
7000.64514(32) P–P Perturbedf 0911e–0110e (1318) 7589.41301(32) 0.4131889(84) 7.48(54) 146(97) P60/R49 30/97 0.5
7000.64540(54) 0911f–0110f 7589.41327(54) 0.4156904(96) 9.54(32) [-0.01766] P59/R52 31/93 1.3

0911–0110Wa P32/R28 48/77 3.15
7024.09370(34) R–R 3201e–0000e (1208) 7024.09370(34) 0.41362463(98) 3.7214(65) 11.77(11) P67/R63 118/127 1.5

3201e–0000eWe 7024.09258(38) 0.4136385(19) 3.909(23) 17.89(73) 87/93 1.5
7029.84224(54) R–R 0(12)000e–0000e (1209) 7029.84224(54) 0.4198878(46) 12.753(95) 155.4(53) P36/R30 38/40 1.2
7036.9676(95) D–R 3221e–0000eh (12215) 7036.9676(95) 0.414992(35) 8.53(37) 219(12) P40 18/22 1.7
7076.5085(14) R–P 0203e–0110eh (1401) 7665.2764(14) 0.4097734(44) 2.386(29) [-0.01714] P38 13/14 1.2 0203e–0000eWe 0203e–0000eO 0203e–0200eT

7091.4454(60) R–R 5001e–1000eh (14014) 8376.3488(60) 0.408931(12) 2.026(56) [0.146666] P40 11/12 1.3 5001e–0000eWe

7137.126973(74) R–R 4001e–0000ee (12010) 7137.126973(74) 0.41096972(22) 2.3455(14) 2.541(23) P56/R35 76/76 0.3
4001e–0000eWe 7137.12818(21) 0.41096866(91) 2.3353(89) 23.0(24) 98/100 0.9
3201e–0000eT 7137.12706(29) 0.41096848(32) 2.3071(19)

Notes: The lower state constants and those appearing between square brackets were held fixed at the values of Ref. [12]. The uncertainties are given in parenthesis in the unit of the last quoted digit. Except for our previous
observations [1,2], when a given band has been previously analyzed, the corresponding spectroscopic parameters are given in italics for comparison: TToth [12], WaWang et al. [14], WeWeirauch et al. [13], OOshika et al. [17].

a Difference between the upper and lower vibrational term values.
b Normal mode labeling according to the maximum value of the modulo of the expansion coefficients of an eigenfunction.
c n: number of transitions included in the fit; N: number of assigned rotational transitions.
d Previous observations of the upper level through a different band.
e For this band, the set of the CRDS line positions used for the fit of the rovibrational parameters was completed by line positions provided by the HITRAN database [7] (as indicated in the Supplementary material).
f Bands perturbed by intrapolyad anharmonic interaction (see Text). The fitted values of the parameters should be considered with caution as only part of the rotational levels was used as input data of the fit.
g Gv and Bv values were obtained by fitting the transition wavenumbers corresponding to low J values in order to determine a more accurate value of the centre of this perturbed band (see Text and Fig. 3).
h The fitted values of the parameters of these bands should be considered with caution as only part of the rotational levels of the P branch was used as input data of the fit.
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Fig. 4. Reduced energy plot for the (1316) and (1317) interacting states. For the e
and f components of these two states, the difference between the experimental
energy levels and the unperturbed energy levels of the (1316) state are plotted. The
unperturbed energy levels of the (1316) state were obtained by using the
spectroscopic parameters listed in Table 2. The upper and lower panels are relative
to the f and e sub bands of the (1316)–(111) P–P hot band at 6852.63 cm�1,
respectively. For each Jup value, the values of the energy level obtained from the
R(Jup�1) and P(Jup+1) transitions are plotted. The open triangles and circles
correspond to levels with a dominant character of the (1317) and (1316) state,
respectively.
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The high sensitivity and the high dynamics of our CW-CRDS
spectrometer have allowed observing 21 bands, 11 of them being
newly reported, while the observations of the transitions were ex-
tended to higher J values for most of the others. The 1324 transi-
tions which have been presently rovibrationally assigned
together with the transitions reported in our preceding reports
[1,2], lead to a set of about 10,500 transitions belonging to a total
Table 3
Spectroscopic parameters (in cm�1) of 14N15N16O, 15N14N16O and 14N2

18O rovibrational ban

Gv Type V1V2l2V3
a (Pl2 i) Bv

14N15N16O 7051.77518(87) R–R 1601e–0000e (12010) 0.41114
7051.77452(94) R–R 1601e–0000eNi (12010) 0.411145

15N14N16O 6957.89949(37) R–R 3201e–0000e (1208) 0.39964
7065.52553(36) R–R 4001e–0000e (12010) 0.39714

14N2
18O 7006.33901(45) R–R 4001e–0000e (12010) 0.38783

Notes: The ground state constants were held fixed at the values of Ref. [12]. The uncerta
band of 14N15N16O has been previously analyzed from FTS spectrum obtained with 97.4%
italics for comparison: NiNi et al. [15].

a Normal mode labeling according to the maximum value of the modulo of the expan
b n: number of transitions included in the fit; N: number of assigned rotational transi
of 132 bands of five isotopologues of nitrous oxide identified in the
whole 5905–7066 cm�1 spectral region. Compared to the HITRAN
database which provides 841 transitions in the same region, all
due to the main 446 isotopologue, the improvement is particularly
significative allowing for a much better knowledge of the spectros-
copy of nitrous oxide in the 1.5 lm atmospheric window.

The density of the N2O lines measured in our spectrum is about
10 lines/cm�1. This spectral congestion made the assignment pro-
cess very laborious, in particular in the present spectral region
ds analyzed in the CW-CRDS spectrum of nitrous oxide between 6800 and 7066 cm�1.

Dv � 107 Hv � 1012 observed lines n/Nb rms � 103

47(86) 2.60(18) P22/R19 24/26 1.2
08(47) 2.5633(55) 3.71(17) P49/R47 92/95 0.39

36(24) 3.058(36) 6.2(15) P43/R37 63/67 1.2
45(23) 2.092(31) 2.6(11) P45 35/37 1.0
91(37) 1.822(68) 13.1(34) P36/R36 51/53 1.3

inties are given in parenthesis in the unit of the last quoted digit. The 1601e–0000e
enrichment in 14N15N16O. The corresponding spectroscopic parameters are given in

sion coefficients of an eigenfunction.
tions.
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predicted by the effective rovibrational Hamiltonian [4].
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where absorption lines due to H2O present as an impurity are
superimposed to bands of five N2O isotopologues including many
hot bands, some of them having a lower state energy as high as
2300 cm�1 [1,2]. In spite of our careful analysis, about one quarter
of the observed transitions has been left unassigned. Most of them
are weak lines with line strength values smaller than 5 � 10�26 cm/
molecule. We exclude that a high fraction of these unassigned lines
is due to unidentified impurities. As the present measurements
have evidenced significant deviations between the observations
and the predictions of the effective Hamiltonian model, they will
help to refine its parameters values which, in turn will help to fur-
ther decrease the fraction of unassigned transitions.
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