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A technician prepares to relesase a neoprene balioon that will
carry an instrument aloft to measure the vertical distribution
of ozone in the stratosphere. Information will also be obtained
on atmospheric pressure, temperature, and humidity

“Temperature Variations in the Atmosphere at
Altitudes Below 110 Km.
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Source: “U.S. Standard Atmosphere, 1962, U.S. Government Printing Of-
fice, Washington, D.C., 1962.
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troposphere -

Species Typzcal M oIe F racuon*
H,O 10-3 10"

Ne 1.82 x 1073

CH, 1.5 x 1076

Kr 1.14 x 10~¢

O, 10-8

N,O 2 x 1077

H, 5x 1077

CO 6 x 1078-2 x 1077
Xe 8.7 x 10”8

NO + NO, S x 1071°-2 x 108

© * Mole fraction = mixing ratio, or ‘volume
mixing ratio’; chemists generally prefer the
former term, physicists the latter.

length éz. Hence
' —0P =6z-p-g

or in the limit 6z — 0
dP/dz = —pg | (1.5)

where g is the acceleration due to gravity and p is the gas dens1ty For air
we can use the perfect gas equation

PV = nRT (1.6)
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" Fig. 1.2 Representative concentration profiles of neutral species in the atmosphere.
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FIG. 7 D-region positive ion chemistry.

where n =0,1,2 and X = N,,CO,. The weakly bound association com-
plexes thus formed would then undergo a series of fast switching reactions,

NO*-nH,O'N, + CO, = NO*-nH,0-CO, + N, (15)
NO*-nH,0-CO, + H,0 - NO"*-(n + 1)H,O + CO, (16)

that would greatly accelerate each hydration step and hence the eventual
production of the water cluster ions. These reaction paths are shown in
the lower part of Fig. 7. However, the verification of this scheme in the
laboratory or the detection of the key ions in the atmosphere has presented
a formidable experimental problem, since the intermediate NO*-nH,0O-X
ions are extremely fragile. |

Arnold and Krankowsky (1974, 1977a) have had considerable success
in solving the problem of sampling such weakly bound cluster ions in rocket-
borne mass spectrometers. As a result, some key ions in this reaction scheme
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For this reason, the conversion of NO* ions to the observed water cluster
ions is extremely sensitive to temperature, and the D-region positive ion
composition will, therefore, manifest strong seasonal, latitudinal, and even
‘-regular variations as a result of variations in the atmospheric temperature.
..a0reover, electron—ion recombination coefficients for these weakly bound
cluster ions may be considerably larger than those for the unclustered NO*
and Q, " ions, which may explain, at least in part, the strong variations in
the electron density that are observed at about 80 km (Arnold and
Krankowsky, 1977a; Reid, 1977). While many of the details still await
laboratory verification, the reaction scheme shown in Fig. 7 has been shown
(Reid, 1977) to qualitatively solve the long-standing D-region problem of
the conversion of the primary NO™ ions into the observed water cluster ions.

IV. D-REGION NEGATIVE ION CHEMISTRY

In contrast to the D-region positive ion chemistry, where in situ measure-
ments discovered the unexpected water cluster ions, the negative ion chem-
istry of the D-region has been derived predominately from laboratory
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FIG. 9 Reaction scheme for D-region negative ion chemistry.
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The negative ion chemistry of the stratosphere and troposphere 1s even
more speculative than the positive ion chemistry of these regions. In addition
to there being few measurements of the trace neutrals involved, there are no
negative ion composition data. Furthermore, the D-region measurements,
from which one could draw guidance, are relatively sparse and somewhat
ambiguous at present, as pointed out in Section IV. Thus, our present under-
standing of the negative ion processes in the lower atmosphere stems entirely
from laboratory studies. [See Notes added in proof, (e).]

The approach here has been to start with the D-region negative ion
chemistry given in Fig. 9 and modify it to be in accord with the expected
differences in neutral composition of the two regions. These considerations
fall into two classes. First, to look for possible alternatives to the chemistry
that leads to the NO; ~ ions and second, to consider whether these ions would
react with trace neutral species that are suspected in the lower atmosphere to
form even more stable ions.

The first necessary modification of the D-region scheme is to disregard the
reactions of atomic oxygen. whose concentration below 50 km is negligible
in comparison to that of O,. In addition, NO will no longer play a role.

o!. " 03 . coz
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4
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04" 0 O/ lop om0 % ooy a0
l HNO, » Nios J HNOS J
e NO,. HNGy, N,0, [ . 0,
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///
\\ NO, Hzo /0;‘//
\\ PR
NN o]
0,+M H,0 - : HNO,
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FIG. 17 Stratospheric and tropospheric negative ion chemistry.
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