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a b s t r a c t

Deep-UV spectra of 15N18O have been recorded using cavity ring-down spectroscopy in the 205–216 nm
region. The rotationally resolved spectra have been assigned for a first time as originating from the v00 = 0
X2Pr states toward v0 = 1 and 2 vibrationally excited levels in the upper A2R+ state. Nearly 400 individual
line positions have been identified and included in a fit using an effective Hamiltonian method. Accurate
ground state values as available from literature were used to derive rovibronic parameters for the
A2Rþðv¼1Þ and A2Rþðv¼2Þ levels. This results in the following values: T1 = 46 427.21(2) cm�1,
B1 = 1.79635(7) cm�1, D1 = 4.14(6) � 10�6 cm�1 and T2 = 48 636.04(2) cm�1, B2 = 1.78055(18) cm�1,
D2 = 5.8(3) � 10�6 cm�1.

� 2009 Elsevier Inc. All rights reserved.

1. Introduction

NO is definitely one of the best studied diatomics in the deep-
UV. This has several reasons. The strong NO absorption features
that correspond to an excitation of the electronic c-system
(A2R+ � X2Pr) are of atmospheric interest and are used to derive
NO column densities in the mesosphere. In addition, NO plays an
important role in the atmospheric ozone budget; as a direct reac-
tion product of N2O oxidation NO contributes both to the tropo-
spheric destruction of ozone and its photochemical formation
through smog. Furthermore, NO is one of the major polluting prod-
ucts in combustion and the c-system is suited for diagnostic tools
[1]. Nitric oxide is also interesting from a pure fundamental point
of view. Spectroscopic data of NO have been reported over the
years by many groups providing a rather complete set of vibronic,
rovibrational and pure rotational molecular parameters, for both
the main isotopologue 14N16O [2–14] and several nitric oxide isoto-
pologues xNyO, with x = 14, 15 and y = 16, 17, 18 [3,6–7,11–12,14–
20].

The present work has to be set within the latter context; it fo-
cuses on the analysis of so far unreported rovibronic transitions
of the heaviest chemically stable NO isotopologue—15N18O—in its
c-system. The analysis of the data benefits strongly from previous
work for this isotopologue. Accurate 15N18O ground state values
are available from a series of high resolution studies in the submil-
limeter and infrared [16,19] and rotationally resolved electronic

spectra have been reported in the anode glow of a two-column hol-
low-cathode discharge tube, yielding rovibronic parameters for the
A2Rþðv¼0Þ � X2Pr(v = 0,1,2,3) bands [12]. In the present work this set of
spectroscopic parameters is extended towards wavelengths deeper
in the UV-range for excited levels in the upper electronic state:
A2Rþðv¼1;2Þ � X2Pr(v = 0).

2. Experiment

The natural abundance of 15N is about 0.37% and of 18O about
0.20%, i.e. the natural abundance of the 15N18O is well below
10 ppm. Therefore, the experimental detection of 15N18O absorp-
tions is based upon a sensitive cavity ring-down detection scheme
of an isotopically enriched sample (99% 15N, 95% 18O) that is kept at
a stationary pressure of 2 mbar in a 48 cm long cell. Special mirror
holders are mounted on opposite sites of the cell for precision
alignment of plano-concave mirror sets (rcurv = 25 cm) with a typi-
cal reflectivity of R = 0.995 and covering the 200–220 nm regime.
Tunable laser radiation, generated by frequency-tripling the output
of a 10 Hz Nd:YAG pumped dye laser, running near 600 nm (Rho-
damine B), is focused into the cell after spatial filtering. The light
leaking out of the cavity is recorded by a photo-multiplier tube
and subsequently digitized by a 350 MHz oscilloscope. Typical de-
cay times amount to 300 ns and for each frequency value 50 decay
events are averaged before a data point is stored. The final band-
width of the UV-light is about 0.5 cm�1, sufficient to record many
of the transitions resolved. However, as the spectrum is rather
dense—as will be shown later—this does not prohibit spectral over-
laps or blending. An absolute frequency calibration is achieved
through a simultaneous I2-calibration. The accuracy in the absolute
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line position is estimated to be better than 0.1 cm�1. All measure-
ments have been performed at room temperature. Further experi-
mental details are available from Refs. [21–23].

3. Results

The 46 250–48 800 cm�1 region has been scanned for transi-
tions of the (v0, v00) = (1, 0) and (2, 0) bands and these are found in
the 46 280–46 800 and 48 488–48 760 cm�1 range, respectively.

Referring to [2] and more specifically to [12] where a detailed
description of the energy level scheme for the c-system of NO is gi-
ven, we expect to observe two sets of rovibronic transitions. These
start from the 2P1/2 component—R21ff, R11ee/Q21fe, Q11ef/P21ff and
P11ee—and the 2P3/2 component—R22ff, Q22fe/R12ee, Q12ef/P22ff, P12ee.
Here we use the identification of branches as shown in Fig. 2 of
Ref. [12]. As the experiment is performed at room temperature
both components are populated and the overall spectrum consists
of eight resolvable branches. The resolution in the present experi-
ment does not permit to resolve the q-doublet components associ-
ated with the spin-rotation interaction in the excited state, as was
done in Doppler-free excitation studies for the A2Rþðv¼0Þ state [24]
and the A2Rþðv¼1Þ state [25] of the main isotopologue. Fig. 1 shows
a scan in the band head region of the P12ee branch for the
A2Rþðv¼2Þ � X2Pr(v = 0) band. This is a relatively clean region of the
spectrum where transitions due to other isotopic species are very
weak. From the figure it also becomes clear that higher rotational
transitions are blended by lower J-values.

The vacuum wavenumbers for all sub-bands are summarized in
Tables 1a, 1b and 2a, 2b for the A2Rþðv¼1Þ � X2Pr(v = 0) and
A2Rþðv¼2Þ � X2Pr(v = 0), respectively. The assignment for transitions
starting from X = 1/2 and 3/2 is indicated separately in the tables.
In total nearly 400 transitions (from both bands) have been in-
cluded in a least squares analysis of a 2R–2P transition. For the
2P ground state we have adopted the effective Hamiltonian as de-
scribed in the analysis of the infrared spectrum by Amiot et al.
[7,16]. In the fit we have fixed the molecular constants for the
X2P ground state of 15N18O ground state constants to accurate val-
ues as available from literature. In three papers [12,16,19] consis-
tent and nearly coinciding sets of constants have been published.
We have adopted the values derived from the infrared spectrum
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Fig. 1. The P12ee band head region of the A2Rþðv¼2Þ � X2Pr(v = 0) band.

Table 1a
List with rovibronic transitions in the A2Rþðv¼1Þ � X2Pr(v = 0) band for X = 1/2. All values are in [cm�1]. An index b indicates that the transition is blended; bh refers to overlapping
lines in a bandhead.

J P11ee Q11ef/P21ff R11ee/Q21fe R21ff

Observed o-c Observed o-c Observed o-c Observed o-c

0.5 46 427.37b 0.17 46 430.95 0.15
1.5 46 422.57 �0.06 46 426.13bh �0.07 46 433.44 0.04 46 444.17b 0.00
2.5 46 426.13bh 0.40 46 436.62 0.08 46 450.77b �0.12
3.5 46 415.05b �0.03 46 426.13bh 0.32 46 440.48 0.26 46 458.04 �0.11
4.5 46 411.89b �0.21 46 426.13bh �0.29 46 444.17b �0.26 46 465.91 �0.04
5.5 46 409.85b 0.18 46 427.37b �0.20 46 449.20 0.02 46 474.28b 0.00
6.5 46 407.60b �0.17 46 429.19 �0.06 46 454.46 0.00 46 483.09b �0.05
7.5 46 406.36b �0.05 46 431.71b 0.25 46 460.33b 0.05 46 492.55 0.01
8.5 46 405.55bh �0.03 46 434.40 0.19 46 466.71 0.08 46 502.22 �0.25
9.5 46 405.55bh 0.27 46 437.54 0.04 46 512.85 �0.09

10.5 46 405.55bh 0.03 46 441.62 0.30 46 480.97 0.04 46 524.15b 0.22
11.5 46 406.36b 0.06 46 445.75 0.08 46 488.95 0.08 46 535.57 0.11
12.5 46 407.60b 0.00 46 450.77 0.22 46 497.27 �0.08 46 547.44 �0.07
13.5 46 409.32 �0.12 46 455.91 �0.06 46 506.55 0.19 46 560.01 �0.09
14.5 46 411.89b 0.08 46 461.98 0.06 46 516.02 0.12 46 573.21 0.00
15.5 46 415.05b 0.33 46 468.46 0.07 46 526.16 0.20 46 586.99 0.14
16.5 46 418.16 0.01 46 475.40 0.00 46 536.56 0.00 46 601.04b 0.03
17.5 46 422.13 0.02 46 483.09 0.16 46 615.69 �0.01
18.5 46 491.07 0.07 46 559.33 0.01
19.5 46 431.71 0.08 46 499.45 �0.14 46 571.48 �0.02 46 646.60 �0.06
20.5 46 508.79 0.09 46 584.16 �0.03 46 662.92 0.00
21.5 46 443.31 0.05 46 518.52 0.17 46 597.60 0.19 46 679.74 0.04
22.5 46 449.85 �0.01 46 528.35 �0.17 46 611.19 0.04 46 696.74 �0.27
23.5 46 457.04b 0.05 46 625.25 �0.17 46 714.75 �0.08
24.5 46 464.65 0.00 46 550.35 �0.08 46 733.05 �0.12
25.5 46 472.63 �0.21 46 751.89 �0.14
26.5 46 481.40 �0.14 46 574.31b �0.12 46 771.25 �0.16
27.5 46 490.63 �0.15 46 587.67 0.45 46 791.54 0.23
28.5
29.5 46 510.98b 0.17 46 614.18b �0.17
30.5 46 521.45 �0.17 46 628.48 �0.22
31.5 46 643.58 0.01
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