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Abstract

Nitric acid (HNOs3) plays an important role in the Earth’s atmosphere as a reservoir molecule of NO, species. It has a strong infrared
signature at 11 pm which is one of the most commonly used for the infrared retrieval of this species in the atmosphere since this spectral
region coincides with an atmospheric window. It is therefore essential to have high quality spectral parameters in this spectral region. For
the H'*NO; (main) isotopic species, the 11 um bands were already the subject of numerous extensive studies which involve not only the vs
and 2vy cold bands but also the first hot bands. The present work is the first high resolution Fourier transform analysis of the 11 pm
bands for H'*NOs, which is the second most abundant isotopomer of nitric acid [a = 0.00365(7)]. In this way, the analysis of the vs
and 2vy cold bands centered at 871.0955 and 893.4518 cm ™! was performed, and as for H'*NOs, these bands are significantly perturbed
since rather strong resonances couple the 5' and 97 rotational levels. The theoretical model that we used to compute the line positions and
line intensities is directly issued from the one which we used recently for H"“NO, [A. Perrin, J. Orphal, J.-M. Flaud, S. Klee, G. Mellau,
H. Mider, D. Walbrodt, M. Winnewisser, J. Mol. Spectrosc. 228 (2004) 375-391]. Actually, for the H'*NOj line positions, the Hamil-
tonian matrix accounts for the rather strong Fermi and the weaker Coriolis interactions linking the 5' <= 9% rotational levels. Using this
model which accounts correctly for the strong mixing of the 5' and 9% upper state energy levels, the vs and 2v, line intensities for H'>NO,
were satisfactorily computed using the vs and 2v, transition moment operators achieved previously for the '*N (main) isotopic species. In
this way, the transfer of intensities from the vs fundamental (and presumably strong) band to the 2vg overtone (and presumably weak)
band could be explained for H'*’NOj as it was done previously for the '*N (main) isotopic species. Finally, the position of the H'>NO,
vs + vo — vo hot band was identified at 875.245 cm™".
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction acid have been the subject of numerous spectroscopic stud-
ies (see [2,3] and references therein).

Nitric acid (HNO3;) plays an important role as a “‘reser-

voir”” molecule for both the NO, (nitrogen oxides) and
HO, (hydrogen oxides) species in the stratosphere [1].
These radicals are potentially active contributors to the
ozone destruction in the stratosphere through catalytic
reactions. For this reason, various isotopic species of nitric

* Corresponding author. Fax: +33 145171564.
E-mail address: Perrin@lisa.univ-paris12.fr (A. Perrin).

0022-2852/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.jms.2006.02.005

1.1. The H”N'°0; isotopic species of nitric acid

As far as the H'>N'0; isotopic species is concerned, a
preliminary set of rotational and centrifugal constants for
the ground vibrational state were achieved by Cox et al.
[4] by combining results achieved during the analysis of
microwave spectra of nitric acid performed within the
ground vibrational state (v = 0) for eight different isotopic
species, namely: H'*N'®O5 ([5-9] and references therein),
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Table 1
Vibrational energies, rotational, and interacting constants for the ground state and for the {5',9%} Vibrational states of H'>NO,

v=0° 5! 92
(a) Vibrational energies and rotational constants for the ground state and for the {5',9°} interacting states (in cm™")
Ey 875.04957(12) 889.49765(19)
A 0.43404236840 0.43379503(220) 0.43366964(250)
B 0.40350995087 0.40334096(150) 0.39809288(250)
C 0.20881569943 0.20793592(140) 0.20844020(140)
Axx 108 0.2447850 0.04558(440) 0.36749(840)
Ayxx 10° —0.1500385 0.10690(500) —0.30963(900)
Ayx 10° 0.29691311 0.253050(730) 0.31616(130)
Sxx10° 0.24998841 0.35216(150) 0.18423(310)
5,108 0.12617436 0.1046358(360) 0.135351(670)
Hy x 1012 4.05124 b b
Hpyx 1012 ~3.71103 b b
Hypx 10'2 0.92060 b b
H,;x 10" —0.02979 b b
hgx 10" 1.727495 b b
s x 1012 0.04203 b b
hyx 10 —0.2712 b b
Lgx10'° —1.2862 b b
Lyggsx 10 1.1641 b b
Ixx 10 —0.06411 o o
Iy % 10 0.26642 b b
Lyxex 101 —0.16598 b b
Fermi Coriolis
(b) Interaction constants for the {5, 9%} interacting states (in cm™')
Fy 8.530188808° G, 0¢
Fy —1.622252(640) x 1074 Cy. 4.720(120) x 10~
F. —1.0137(200) x 10~* Cy-.- 1.5600(820) x 1077
F,, —1.2732(120) x 10~*

The quoted errors are one standard deviation.
& From [11].
® Fixed to the ground state value [11].
¢ Fixed to the value of [21] during the present calculation (see text).
9 Fixed to zero (see text).

D'"N'%03 [4,5], H'°N'®05 [5], H'®*O'N'"0, [10], cis-
H'°0MN'"0'0  [10],  rrans-H'®O™N'0'%0  [10],
D'*N'®05 [10], and cis-H'®*O'>N'®0'°0 [10]. More recent-
ly, using an extended set of millimeter wave measurements
performed for H'N'O5 at the Jet Propulsion Laboratory
and at Ohio State University, precise ground state param-
eters were obtained for H'>N'®05 in [11]. These parame-
ters, which are given in the first column of Table 1, were
achieved using a Watson type Hamiltonian written with
an A-type reduction and in the I' representation [12].

The vibrational spectrum of H'’N'¢0; was investigated
in detail at low resolution [13]. At high resolution, only the
vg (O-H torsion), v; (O-NO, bend), v¢ (O-NO, stretch), vg
(out of plane NO, bend) [14], and v, (NO, a-stretch) [15]
fundamental bands were the subject of extensive studies.
The present analysis describes the first analysis of the vs
and 2vy interacting cold bands of H'>NO; in the 11 ym
spectral region.

1.2. The 11 um spectral region
At 11 um, nitric acid exhibits, in a rather clear atmo-

spheric window, a strong signature which is commonly
used for the remote sensing of this species both from satel-

lites or balloons [16-19] or from the ground [20]. As far as the
H'"NO; (main) isotopic species is concerned, the 11 pm
spectral region has been the subject numerous recent studies.
For example, the vs and 2vg cold bands located at 879.10755
and 896.44675 cm ™!, respectively, were investigated in detail
by Fourier transform spectroscopy ([21-23] and references
therein). In addition, rotational transitions in vs and 2vg were
measured using centimeter, millimeter, and submillimetter
techniques [21,24-26]. Finally, the first hot bands
vs + v — vg [27] and 3vg — vg [28,29] located at 885.425 and
830.6 cm ™, respectively, were investigated in detail.

Because H'°N'®0; is the second most abundant isoto-
pomer of nitric acid [« = 0.00364(7) calculated from the iso-
topic abundances of 'H, "N and 'O quoted in [30]], it is
interesting to study it to have a complete description of
the infrared spectrum of nitric acid at 11 um. Therefore,
the first goal of the present work is to perform the first high
resolution study of the vs and 2ve cold bands of H’NO,
using a Fourier transform spectrum and to generate a set
of accurate line positions and line intensities for this isoto-
pic variant for the atmospheric applications. In addition, it
is important to confirm the quality of the theoretical model
which was used for H'*N'°0; [21] for accounting the reso-
nances for the 5' and 97 interacting energy levels.
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For the present analysis, we used a FTS spectrum which
was recorded at Ottawa for the 11 um bands of the
H'°NO; species. The model which was used in the present
study for the line position and line intensity calculations for
the vs and 2vg bands is based mainly on the one used in [21]
for the H'NOj; species for the same interacting bands.
Therefore, it is necessary to summarize the main scope of
this previous '*N study.

1.3. The vs and 2vg bands for the H"*NO; main isotopic
species

In [21], the line positions and line intensities parameters
for vs and 2vg were determined from a least squares fit on a
large set of experimental data which were either collected
in the literature or achieved during the study. These data
involve 5' and 97 infrared energy levels and vs and 2veline
intensities obtained from the analyses of Fourier transform
infrared spectra [21-23] together with a large set of rota-
tional transitions in the 5' and 97 vibrational states mea-
sured by centimeter, millimeter, and submillimeter wave
techniques [21,24-26]. The theoretical models which were
used to calculate the vs and 2vg line positions and intensi-
ties account for the very strong resonances which perturb
these bands. Actually, the 5' and 9% wavefunctions are
strongly mixed because of these resonances. This is evi-
denced by the intensity pattern which was observed at
11 pm for H'NOs5, since the overtone (and presumably
weak) 2vo band is almost as strong as the fundamental
(presumably strong) vs band with an intensity ratio of
Int(2ve)/Int(vs) ~ 0.73. This strong mixing of the wave-
functions is also confirmed by the observed torsional
splittings, which affect both the 9% and 5' energy levels
[21,24-26]. The vy mode (torsion of the OH bond relative
to the NO, moiety) is a large amplitude motion which
induces splittings of the energy levels. These large amplitude
splittings were easily observed by millimeter wave tech-
niques for the rotational transitions in the 9> state (as it
was expected) and also (surprisingly enough) for rotational
transitions in the 5'state (which corresponds to the low
amplitude NO, in plane bending mode). Actually, the aver-
age ratio of the observed torsional splitting in the 5' and 9°
excited states ~35 MHz/50 MHz is equal to the band inten-
sity ratio of 2vg and vs5 bands proving that both the transfer
of band intensity from vs to 2vg and of the torsional splitting
from 97 to 5' have their common origin in a strong mixing
of the 5' and 9% wavefunctions [21,24-26].

1.3.1. Line positions

The form of the Hamiltonian matrix which was used
for H'*NO; in [21,26] is described in details in Table 2
of [21]. Due to symmetry considerations, both Fermi-
and C-type Coriolis resonances are to be considered in
the 5' <= 9 off-diagonal vibrational operators. The res-
onances between the 5' and 97 energy levels are indeed
very strong, and the rotational operators for both the
v=>5" and v=9? vibrational diagonal blocks include

Table 2

Hamiltonian matrix for the {5',9%} interacting vibrational states of HNO;
51 92

51 H5,5 C.C

9 Hyos=F+C Hogy.99

v-diagonal operators: Rotational operator (Watson’s type Hamiltonian,
A-type, I' reduction).

Hyy = Ey+ A2 + BoJ, + CoJ} — Ay Jt — A TP — AL*
=202 = {2

v-off-diagonal operators: Hyg s = F + C (Fermi and Coriolis).

F=Fo+F P +FJ +F,J}

Xy’

C = CyiJy + Co{J 1, J:} + Creo {21, J: 1 ),
with c.c. = complex conjugate; {A, B} = AB+ BA; ny = Jf — J;.

non-orthorhombic terms' in addition to Watson-type
operators written in an I' representation with an A-type
reduction [12]. Finally, the large amplitude torsional split-
tings for both the 5' and 9° energy levels were accounted
for by the inclusion, in the 9 vibrational block only, of a
torsional operator written within the frame of the IAM
(Internal Axis System) approach [31,32].

Actually it proved that, among the parameters appear-
ing in the 5' <= 97 off -diagonal in v blocks of the Hamil-
tonian matrix (see Table 2) F, which is involved at the zero
order in the expansion of the Fermi operator, has a major
responsibility for the overall observed strong mixing
between the 5! and 9% wavefunctions of H'*NO;. This F,
parameter is difficult to determine from a least squares fit
calculation performed using only the set of infrared 5'
and 9 energy levels since Fj is strongly correlated with
the Es and Eyy vibrational energies. On the other hand,
the Fy, parameter could be accurately determined from
the set 2vo and vs rotational transitions of H'*NO; mea-
sured by millimeter and submillimeter wave techniques
[21,24-26], when using the Hamiltonian model described
in [21,26] which accounts for the transfer of the torsional
splittings from the 97 to the 5' energy levels. In this way,
the value which was determined in [26], and later on con-
firmed in [21] is:

Fo = 8.530188808(620) cm ™' (in [21]). (1)

1.3.2. Line intensities

The vs and 2vy line intensities were computed using the
theoretical approach given in [33,34]. In this way the indi-
vidual line intensity [in cm~'/(molecule cm—2)] is written as

8m3y hev hcE s
A — ) [ _ _ RB
K dmte3hcZ(T) < exP( kT>> eXp< % ) A
(2)

! These non-orthorhombic terms (in {J,,J.} ...) which are symmetry
allowed (xz is the molecular plane) are usually removed for Cs-type
molecules by rotational contact transformations leading to an A-type (or
S-type) Watson type reduced Hamiltonian [12].
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where A and B are respectively the lower and upper levels
of the transition, v = (Eg — Ea)/hc is the wavenumber of
the transition and Z(7) is the total partition function. In
this expression, RSis the square of the matrix element of
the transformed transition moment operator fi,:

RE = |(v,J' K., K, |1y ], 0,0 K"K, (3)
where f, is the transformed dipole moment operator
[33,34], which is expanded as

1y = 100 1, (5] + 10) (9 (4)
where the 5 and 99 superscripts are quoted for vs and 2vo,
respectively.

For symmetry reasons both A- and B-type transitions
can in principle be observed for vs and 2vg, and up to the
first order, the vs and 2vg transition moment operators
can be written as:

=0+ 001,

P1y=0.” 1 + 0, (%)
where ¢, and ¢. stand for the direction cosines ¢, and
¢z-, respectively. Actually, only three transition moment

constants u!, u!, and *u!, namely:

‘ul =0.250132(320)D,

Pl = —0.007375(230)D, il = 0.03068(200)D (6)

were necessary to reproduce the whole set of extensive line
intensities measured for H'*NO; in [22]. In this way, the
line intensity calculations lead to the observed ratio
(Int(2ve)/Int(vs) ~ 0.73) for the 2vg and vs total band inten-
sities. Since *u! is about 10 times larger than both *y! and
#u!, the bulk of the line intensities for the 2vy band is bor-
rowed from the vs band through the strong mixing of the 5

1.0

0.5 1

0.0}

Transmittance

and 9% wavefunctions which was accounted for during the
energy levels calculation.

2. Experimental data

The Fourier transform spectrum of H'°N'°O; was
recorded with a modified [35] Bomem D8.002 spectrometer
located at Ottawa. A maximum optical path difference
(MOPD) of 443 cm was used, which gives an instrument
line shape (ILS) function, without apodization, of about
0.0014 cm™'. The detector was a Cu:Ge photo-conductive
device operated at 4 K. Radiation reaching the detector
was limited with cooled longwave pass filters. The
H'>N'®0; isotopic sample (which was purchased from
ISOTEC Inc.) was contained in a 30 cm glass and stainless
steel multi-pass cell (f/4) set for 28 transits. The spectrum
was recorded in the 670-950 cm ™' region. Filter cut-on
was at 7.88 um (1270 cm ™ '). The beam splitter was germa-
nium on a KBr substrate. The spectrum was calibrated by
introducing 0.01 Torr of OCS. The sample pressure was
about 0.04 Torr. A total of 165 scans were co-added for
an observation time of about 20 h.

3. Analysis

Fig. 1 gives an overview of the 11 um region for
H'>N'60;. From this figure, it is clear that the 2vy band
is about four times weaker than the vs band (for
H'“N'®05 the 2vy band is almost as strong as vs).

According to symmetry considerations, both the vs and
2vg bands are hybrid (with both A- and B-type compo-
nents). In fact, for the "N (main) isotopic species, only
A-type transitions were observed for vs, whether the 2vq
band is mainly an A-type band with only a rather weak

AN

+y =
VS V9 VQ

T T T
840 860

T T T T T
880 900 920

Wavenumber in cm”

Fig. 1. Overview of the 11 um region for H'>NO;. The vs cold band (at 871.0955 cm™") is significantly stronger than the 2v, cold band (at 893.4517 cm™").
In addition, the sharp Q branch of the vs+ vy — vo can hardly be identified at 875.245 cm™".
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Fig. 2. The Q branch of the vs band around 871.0955 cm™!. Upper trace: line by line calculation. Lower trace: observed spectrum.
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Fig. 3. Part of the Q branch of the 2v, band at 925.6 cm™!. Upper trace: line by line calculation. Lower trace: observed spectrum. The quoted assignments

are for 2Q-type transitions with K',=J' — K'. and K'. = 0.

B-type component. In the case of H'>’N'°0O; only A-type
transitions were observed for both vs and 2vg. For A-type
transitions, the strongest lines involve [J, K,, K] rotational
levels with K, <« K.~ J in the P and R branches while in
the Q branches mainly transitions with K. < K, ~ J are
observable. However, as it can be seen on Figs. 2 and 3
for the vs and 2vy bands, respectively, these Q branches
are largely congested making the assignments rather
difficult.

This analysis was performed in two steps.

First we follow the rather regular series of lines involv-
ing low K, values in the P and R branches and the
assignments were checked by ground states combination
differences calculated using the lower state rotational con-
stants gathered in the first column of Table 1 [11]. At a giv-
en level of the assignments the analysis was complicated
because of the existence of local resonances. For example,
the rotational energy levels in K. =22 (respectively in
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Fig. 4. Portion of the P branch of the vs band in the 853.4 cm ™' region. Upper trace: line by line calculation. Lower trace: observed spectrum. For this
portion of the vs P branch, the J' and K’, upper state rotational quantum numbers are indicated for a series of unresolved doublets (K, =J — K, and
K,=J — K.+ 1). These vs transitions are grouped in a cluster corresponding to (2J — K. = 39). Due to the existence of local vibration rotation resonances
linking the rotational levels of the upper 5' vibrational state (for K’. = 25) with those of 9° (for K’. = 27), the K’, ordering is somehow perturbed for
K'.=25. Accordingly, the “forbidden” 2vy [32,7-33s¢] transition appears at 853.7401 cm ™.

K, =123, 24, and 25) of the 5' vibrational state are strongly
interacting with those in K. = 24 (respectively in K. = 25,
26, and 27) of the 97 vibrational state, giving rise to a local
crossing of the series occurring for J =45 (respectively
J =41, 37, and 32). An example of such resonances is given
in Fig. 4. Therefore, the assignments were pursued using
the predictions of a theoretical model which accounts for
the observed resonances in the system of {5',9%} interact-
ing states and which will be described in the next section.

In total, more than 5500 lines were assigned for the vs
and 2vy bands. They were added to the ground state energy
levels leading to the determination of 1453 and 691 energy
levels for the 5' and 97 vibrational states, respectively, and
the maximum J and K, values are J=66 and K,=31.
Finally, the value achieved for the vs band center
(871.0955cm™ ') is in good agreement with the value
870.8 cm ' achieved at low resolution in [13].

4. Line positions calculations
4.1. Hamiltonian matrix

The theoretical model which was used in the present
study for H'°NOj5 is somehow deduced from the one used
previously for H'*NOj5 in [21]. Actually, the energy levels
calculation for the {5',9} interacting states must account
for the strong Fermi resonances together with somehow
weaker C-type Coriolis perturbations. Therefore, the
Hamiltonian matrix used in this work to compute the 5
and 97 energy levels takes the general form which is given
in Table 2.

e The HROT rotational operator: For each of the 5' and
9% states, the HR°T rotational operators includes Wat-
son’s operator written in an I representation with a
A-type reduction [12]. On the other hand, and contrary
to H!'*NO;, where these terms had to be considered for
both the 5' and 92 vibrational blocks, it was unneces-
sary to include non-orthorhombic terms” in the v-diag-
onal blocks. This is because, except in case of local
resonances between the 5' and 9% energy levels, the
overall mixing of the 5' and 9% wavefunctions is signif-
icantly weaker for H'’NO; than it was for H'*NO;.
This is evidenced on Fig. 1 which gives an overview
of the 11 pm region for H'>NOj since it is clear in this
case that the 2vo band is significantly weaker than the
Vs one.

The operators off-diagonal in v: Due to symmetry con-
siderations, both Fermi- and C-Coriolis type resonances
are to be considered in the off- diagonal operators Hog s.

4.2. Results

The least squares fit involves 2144 upper state infrared
energy levels. The fit was very satisfactory as can be seen
from the statistical analyses given in Table 3 and the
obtained standard deviation 0.56x 10 %cm™' for the
infrared levels. The corresponding Hamiltonian constants
are given in Table 1 together with their uncertainties. It is
worth noticing that these statistical uncertainties do not
account for systematic errors. In particular it is estimated
that the accuracy on the band centers is not better than
0.0003 cm ™.
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Table 3
Statistical analysis of the results of the infrared energy level calculation
s! 9?
Number of levels 1453 691
0<3<05%x10 3 cm ™! 89.2% 65.9%
05<3<1.5x10 em™! 8.8% 27.5%
1.5<9<3.5x10 > cm™! 2.0% 6.6%
Standard deviation (107> cm ™) 0.56

0= |E0bs - Ecalc‘-

Since there exists no microwave measurements of rota-
tional transitions within the 5' and 97 states of H'°>NO;,
the Fy parameter involved at zero order in the expansion
of the Fermi-type off diagonal in v operator could not be
determined in the present study and was therefore main-
tained at its value achieved for H'*NO; [see Eq. (1)]. In
addition and as for the '*N (main) isotopic species, the
parameter involved at the first order in the expansion of
the Coriolis operator (in iJ,) could not be determined from
the least squares fit and was maintained at zero. It is impor-
tant to underline that the rotational constants and centrif-
ugal parameters achieved for the 5' and 9 vibrational
states are purely effective with poor physical meaning. This
is evident for example when examining the values achieved
for the Ax parameter for the 5' and the 97 vibrational states
which are six times weaker and two times stronger, respec-
tively, than the ground state value.

Also important pieces of information which may or
may not be obtained from a least squares fit calculation

are the absolute signs of the parameters. As usual the
signs of all the parameters appearing in the 5' and 9°
rotational Hamiltonians (i.e., the Watson A-type expan-
sions) of the two states under study are obtained from
the fit. In addition, the signs of the higher order con-
stants appearing in the Fermi (respectively Coriolis)
operator are determined only relative to those of the
lower order constant, namely Fy (respectively C,.). Actu-
ally, from the discussion performed in [21] it is clear
that the absolute sign of F, and C,. cannot be achieved
from the present least squares fit, and consequently the
signs of the parameters which are given in Table 1 were
fixed according to the convention given in [21] for
H'“NO;:

Fo>0, C.>0. (7)

5. Line intensities

As to our knowledge, no experimental data concerning
line intensities are presently available for the H'>N'0j iso-
topic species at 11 pum. Therefore the present line intensity
calculations were performed using the transition moment
constants (see Eq. (6)) which were achieved for the
H'"N'0; isotopic species in [21].

Using the vibrational energies, and the rotational, and
coupling constants given in Table 1 for the upper resonat-
ing {5',9%} states and for the ground state, together with
the transition moment constants given in Eq. (6) we have
generated a comprehensive list of line positions and inten-
sities for the {vs,2ve} interacting bands. The calculations

v, (R branch)
2,0 -
1,5 4
] 7 Calc
3 d,5 8
c 8 Q db
T 1,0 9dg 0,7 10 d,8
-"é ' d,10
(72}
c 4
i
'_
0,5 4
Obs
00 - B
v5+v9 Vo
T T T T T
875,0 875,2 8754

. _1
Wavenumber in cm

Fig. 5. Part of the spectrum in the 875 cm ™' region. Upper trace: line by line calculation. Lower trace: observed spectrum. The J' k. quoted assignments
are given for the upper levels of vs A-type transitions (where d stands for degenerate transitions with K, =J — K. and K, =J — K.+1). The narrow Q

branch structure from the vs + v — vo hot band appears clearly at 875.245 cm

-1
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were performed at 296 K for a “pure” isotopic sample of
H'>N'O; using an intensity cutoff of 0.1 x 10~*cm~!/
(molecule cm~?), maximum values of 70 for J and 54 for
K,, maximum lower and upper energies of 2500 cm ™' and
3500 cm ™!, respectively. For this calculation, we used the
following partition function:

Zin(296 K) = 1.30416, Z,,(296 K)
= 27196 and therefore Z(296 K)
= 35468. (8)

In this way, 49,331 lines were computed in the frequency
range 813.6 to 934.0 cm ™', and the total band intensities
(i.e., the sum of the individual line intensities at 296 K) ob-
tained are Sto((vs) = 1.41 x 1077 cm™!/(molecule cm?)
and Stoi(2v9) = 0.322 x 107" cm™!/(molecule cm ).

Fig. 1 gives an overview of the 11 pm region and it is
clear that there is a good overall agreement between the
observed and calculated spectra both for the vs and 2vy
bands. Actually, when using for the H'>NOj isotopic spe-
cies for the Fy parameter the value see Eq. (1) which was
achieved previously for H'*NOs, the transfer of intensity
from vs to 2ve is significantly weaker for '°N than it was
for "N: in fact, the calculated intensity ratio between the
2v¢ and vs bands intensity is (Int(2vy)/Int(vs)) ~ 0.23 for
H'>NO; instead of ~0.73 for H'*NO;. This is because
the 5' and 97 vibrational states are more distant in energy
for °N (Es— Egpo=144479cm™") than for "N
(Es — Fo9 = 3.0984 cm ™).

Figs. 2 and 3 give overviews of the Q branches for the v
and 2vg bands, respectively. Fig. 4 gives an example of a
local resonance which involves near J = 32 the K. = 25 ser-
ies of the 5' energy levels with those in K. = 27 of 9%: in this
case also, the agreement between the observed and calcu-
lated spectra is satisfactory.

Finally, the present calculation does not account for the
hot bands but it was possible to identify the vs+ vg — vg
band at 875.244 cm ™' (see Fig. 5). As for the "N species
[26] it exhibits a narrow Q branch structure, and the upper
5'9! vibrational state for the H'>’NO; isotopic species is
estimated at 1453.716 cm™".

6. Conclusion

Using new Fourier transform spectra recorded in Otta-
wa, the first analysis of the vs and 2ve bands of H'>NO;
has been performed. The theoretical models which were
used to calculate the line positions and intensities account
for the very strong resonances (Fermi and Coriolis), which
perturb the 5' and 97 rotational levels using a model which
is directly derived from the one used previously for
H'"NO;. In this way, it proved possible to generate a sig-
nificantly improved list of line positions and intensities
for the vs and 2vy bands of HNOj;. We hope that these
results will lead to improve the atmospheric HNO;
retrievals.
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