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ENERGY DEPENDENCE OF REACTIONS O+ WITH N,, O,—I
DRIFT TUBE MEASUREMENTS
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Abstract—Rate constants for O+ + Oy — O+ 4+ O, (1) and O+ + Ny — NO* + N, (2) have
been measured with the drift tube technique, using ground state O+ jons. The energy variation
for (1) is slight from 0-07 eV (2 X 10~ cm?® sec™) to 0-2 eV (3 X 10~ cm?® sec~?) but it rises
almost linear with energy to 9 x 10° cm® sec™* at 20 eV. The rate for (2) rises almost linear
with energy from 7 X 10-2cm?® sec™* at 0-07 ¢V to 3 x 10-1° cm®sec? at 10 eV.

In discussing the theory of the F-region of the atmosphere it is necessary to know the
rate coefficients for those reactions which convert atomic ions into molecular ions. Because
of the constitution of the atmosphere the two most important reactions of this type are

Ot 4 0,— 0,7+ 0 (€))
and
Ot + N, - NO* 4+ N 2

These two reactions have been measured near room temperature by a number of
workers."=® The F-region of the ionosphere, however, has temperatures varying from
about 750°K near sunspot minimum to about 1200°K near sunspot maximum.“-® During
magnetic storms the temperature of the F-region may rise even higher. Temperatures as
high as 2500°K have been reported.®

Recently Kaneko, Megill and Hasted” have reported a technique for measuring the
rates for reactions such as (1) and (2) in the energy region of interest. The system consists
of an ion source, followed by a mass selector, which injects ions into a differentially pumped
drift tube. The drift tube contains the reactant gas and (if needed) a buffer gas. The energy
of the ions is controlled by adjusting the electric field in the drift tube. The ions are sampled
at an exit aperture at the back of the drift tube, mass analysed and counted. From the ratio
of the count rates and knowledge of the gas partial pressures and drift field it is possible to
calculate both the rate for the conversion process and the mean energy of the ions. A more
detailed account of the analysis is available in Ref. 7.

At the time the original experiment was performed, it was discovered that the input ion
beam contained an unspecified number of excited ions. However, rates for reaction (1)
were obtained and published.” Reliable values for reaction (2) were unavailable because
of the competing and apparently fast charge exchange between excited O and N,.

The equipment described in Ref. 7 has been modified by substituting an ion source in
which the energy of the ionizing electrons can be controlled and narrowed, so that a beam
of ground state ions is assured.
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Fi6, 1. IMPACT ENERGY DEFENDENCE OF RATE FOR OF + O, — O, + O,
Points with error bars are afterglow measurements described in Part I of this paper. Broken
line represents afterglow measurements of Ref. 12. Open square is Ref. 3, and full square

Ref. 13
Dirift technique
Gas total pressures and Ion source
proportions of O, Electron energy

(torr) (¢ &v) Symbol
0-90 0-92 260 0]
0-70 091 265 0]
070 091 273 ®
0-90 092 335 A
0-66 0-92 310 A

In addition a quadrupole mass spectrometer has been substituted for the ion sampling
radio-frequency mass spectrometer, allowing higher mass resolution. A more detailed
description of the modifications will be available in connection with the reporting of
experimental results not primarily of aeronomic interest.

The temperature variation of rate for reaction (1) is shown in Fig. 1. This rate was
reported in Ref. 7 but the measurements have been repeated with ground state ions;
additional data from Part II of this paper are also displayed. The rate is virtually independ-
ent of energy over an appreciable range.

An experiment to measure the rate for reaction (2) has been performed using the
equipment briefly described above. The energy variation of rate is shown in Fig. 2. Errors
and comparison with previous measurements are discussed in Part II of this paper. Ascan
be seen, the rate is roughly proportional to energy above 300°K. This means that even for
the lowest F-region temperatures the appropriate rate is at least twice that measured for
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FIG. 2. IMPACT ENERGY DEPENDENCE OF RATE FOR O+ + N, — NO* + N.
Points with error bars are afterglow measurements described in Part II of this paper. Open
square is Ref. 3 and full square Ref. 13.

Drift technique
Gas total pressures and Ion source
proportions of N, electron energy

(torr) (%) V) Symbol
0-85 1-01 252 O
0-79 219 255 o}
079 2:19 350 A
0-85 1-01 250 A

room temperatures. In addition, since there is a considerable diurnal variation in tempera-
ture, a similar diurnal variation in the appropriate rate will occur.

These results are of importance to F-region theory since they show that a considerable
diurnal variation of recombination rate can be expected because of temperature changes
in the atmosphere. This effect is additional to that due to excited oxygen ion production in
the daytime!” and to effects caused by increasing the vibrational temperature of the N,®-#)

These measurements will be of special importance in discussing recombination processes
above the auroral zone where electric fields of some magnitude may be present.’® In
addition, if the theoretical model for red arcs presented by Megill and Carleton? is correct,
recombination will be greatly enhanced, especially at the beginning of the event, because
of the greatly increased ion energy.
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Pesome—HoncranTs ckopoctu i O+ + Oy — Ogt + O, (1) m O+ 4 Uy — 1O+ 4+ 1, (2)
OBLIM MBMepeHH TeXHUKOR Apeitdosoit TpyOKu ¢ nCIonbsoBanmeM HOHOB O+ B OCHOBHOM
cocrofgHMH. Bapmanuda sHeprum Aiaa (1)—=mee Gonbire oT 0,07 9B.(2 X 10~ cM® cex™)
mo 0,2 sB. (3 X 10-1' ¢m® cer™!), HO OHA BO3PACTAeT MOYTH JIMHEAPHO ¢ 3Heprueit Ko
9 x 10-1° cm? cex—! Ha 20 aB. CHOpPOCTE [I7IA (2) BOBpACTaeT IOYTHA JHHEAPHO C SHepruei
oT 7 X 10-12 cM® cex—1 Ha 0,07 3B. 10 3 X 10~ cm® cek—* Ha 10 3B.



