
VUV Photoabsorption Cross Sections of 15NH3

With radiation from the high-flux beam line at spectral resolution of 0.02 nm, we measured photoab-
sorption cross sections of gaseous 15NH3 in the spectral region of 140-226 nm with temperature at about
298 K. The oscillator strengths of 15NH3 for the transition A←X in the range 165-220 nm and for the
transition B←X in the range 144-165 nm are evaluated to be 0.0858 and 0.0124, respectively. Absorption
bands in the A←X system of 15NH3 are red-shifted from those of 14NH3 , in contrast to blue shifts for four
deuterated variants of 14NH3.

Gas Phase and Molecular Science

11

The ratio 14N/15N of nitrogen isotopes is of great scientific
interest because of its relevance to their formation during the
evolution of the galaxy. Despite difficulties besetting a definitive
determination of 14N/15N, this ratio was observed to vary over a
range up to 10 for diverse astrophysical environments. Such
nitrogen fractionation for nitrogen-bearing species covers values
of 14N/15N over a large range, varying from ~100 in the Large
Magellanic Cloud (LMC), ~ 273 in the terrestrial atmosphere, 300-
400 in the local interstellar medium (ISM), ~435 in Jupiter's
atmosphere, and 500-1000 near the galactic center. These
observations of nitrogen isotopic ratios have yielded conflicting
results that are referred to as the nitrogen puzzle.

To explain the gradient of the 14N/15N ratio from a large
value 1000 near the galactic center to 300-400 near the position
of the Sun, it has been suggested that nitrogen was formed
through nuclear synthesis in the interior of stars via CNO cycles
in p and capture reactions. This interpretation is generally con-
sistent with the tendency of 14N/15N values observed in the
galaxy, but such a scenario requires further evaluation. The argu-
ment of the 14N/15N ratio is based mostly on the determination
of nitrogen isotopic species in the gaseous phase. For instance,
the composite infrared spectrometer (CIRS) on the Cassini space-
craft remotely measured unique global infrared spectral maps of
14NH3 and 15NH3 in the atmosphere of Jupiter and evaluated the
ratio 14N/15N to be 448±62. This determination is definitive and
conclusive for the present nitrogen isotopic ratio, but an inter-
pretation to achieve the present value from the past should
include the photochemical model of ammonia in these planets.
As is well known, because of photo-induced fractionation
(PHIFE) by the sun, the variation in rates of dissociation for iso-
topic variants is significant in Mars (Cheng et al. 1999), Jupiter
(Lee et al. 2001), Venus (Bahou et al. 2001), and comets (Cheng et
al. 2002). We accordingly expect this PHIFE to be a common
process in planetary atmospheres throughout the solar system
and PHIFE is expected to provide the key to understand the his-
tory and evolution of the planets. A similar scheme should be
applicable to interpret distributions of 14NH3 and 15NH3 in
Jupiter. The differences in VUV absorption cross sections
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