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“This report covers the research conducted under the AFwhesupported

poction of our program of studics of atomic coilision processes occurring in

atmospheric gases, . The remainder of the proyram {8 reported under ARPA Order
No. 125 (Awd. 11), Cantract NONR=2584(00) with the Office of Naval Research.

1. [Iropesed Re carch Program and Schedules

Undes Supplemental Agceement No. 1 (S,A. #1) the termination date
Por foacarch condueted uader the present conteact has been extended to
February 14, 1967, The incecase in man-¢ffort outlined in 5,A, ¢1 will not
utilise the full-time ciforts of the scientific personnel for the entire
contract extension period., TFor purposcs of continuity we plan to utilize
sciceatific «tfort on this contcact at the normal {fulle-time rate until the
labor-effor: requirements have been fulfilled, On this basis the active
contract period will ¢nd in September or October 1966,

The names, classifications and time assignments of the scientific
pervonnel working onm this contrioct are as follows:

D£. W, R, Kasner, Senfor Physicist, full time

Dr. J. L. Moruzzi; Senior Physicist, full time

Dr. A, V, Phelps; ‘dvisory Physicist, one-quarter time,

A. Electran-Positive lon Recombination

Lie
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The temperature dependent studies of clectron-positive ion recom=
bination in atmospheric gascs will be cont.nucd during the contract extension.
During the first phase of this contract the studies of the temperature

dependent recombination of N * ions #ith elcctrons were completed., In order

to make similar ncasutc-cn;azxn uxygen At is necessacy to modily the
experinental system so that it will operate in a single pulsc mode, It is
estimated that approsimately J monihis of the contract extension period will be
required for the coupletion of these modifications and cthe subsc¢quent testing
of the apparatus. Electron-positive fon recombination studies will then be
conducted in gas mixtures vhefc the predominant lon species are those found in
the fonosphere, for example, 02’ and N0+ . These studies will be continued
throughout the remainder of the active contract period, This work will be
carried out by Or. W, H, Kasner, Senior Physicist, with technician support

as required,
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B. Attachment and Uetachment in o-oz Mixtures

The experimental studies directed toward the mecasurement of

attachment and associative detachment rates in mixtures of atomic and
molecular oxygen will continue during the contract extension period,

Year the end of the first phase ol this contract a reaction consistent with
associative detachment in 0»02 mixtures was observed., In this next period
caperiments will be performed to determine what neutral species, see section
i1. B, ere invoelved in this reaction, If this is successful then it (s

hoped to be able to determine a rate for this reaction. The mass spectrometer
wiil then be attached to the flow tube in order to ldentify the negative fon
species involved, This work will be carried out by Drs, J, L. Moruzzi,

somior Physicist and A, V., Phelps, Advisory Physlclet, with techniclan support

- a8 required,

C. Theoretical Studies

The theoretical studies conducted under the contract extension
wiil be vestricted to the analysis of the experimental data obiained in the

studien outiined in sectiona I, A and 1. B,

11. Report on Progress During Curren: Reporting eriod

A. EZlectron-Positive lon Recombination

The major portion of the present report period has becen spent testing
the operation of the system following the change over to the single pulse mode
of operation, As indicated in the last report the single pulse observation
technique {s being used in the recombination studies in Oz-ue mixtures in
an effort to reduce the negative fon effects to a minimum, When first using
the single pulse technique it was observed that the discharge did .ot "f/re"
consistently at the beginning of the microwave power pulse, This malfunction
wits overcome by creating o small de discharge between two pointed tungeten
wires located near the cavity wall., This discharge is of #2 50u sec
dutation and is coincident with the beginning of the microwave power pulse.
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After the change-over had been completed, it secemed advisable to
check out the system b conducting some further studies of Nz-uc gas mixtures.
The initial tests iauicated good agreement, within 4%, between the room
temperature recombination coefficients for Nz+ ions and electrons obtained
via the single pulse and recurrent modes of operation, Furtaer tests con-
ducted after the system had been idle for a few weeks scemed to show
tather poor recombination control of the aftecglow, {.e., the reciprocal of
the electron density did not increase linearly with time, when the single
pulse wode was us.d, Some preliminary aftergiow studies (n Oz-ﬂc gas
mixtures nave been made using both the single pulse and recurrent modes of
operation., These studies also show poor recombination control of the after-
glow, Various tests are now belng conducted in an attempt to explain the

apparcot degradation of the system, No specific conclusions can be made at

the present time,

B. Attachment and Detachment in 0-02 Mixtures

Using the glass-aluminum flow tube, destruction oi negative oxygen
fons has been observed when the atomic oxygen discharge source is operating.
Unfortunately, this source also produces excited molecular oxygen and
possibly heats the ncutral oxygen to temperatures sufficiently high to cause
collisional detachment. Ground state atomic oxygen can be produced without
the simultaneous production of excited molecular states by titrating atomic
nitrogen with an equimolar amount of NO,

N + NO — '2 +0.

This techniques has been used in our flow system, llowever, chemi-ionization,
as & result of the following reactions,

» +
I2 +N 40 = .2 +NO +e
- +
N #N N0 > N, +N0 +e

* * +
'2 + NO g lz +NO +e




pioduces a high background signal level in the detachrent recion which
masks the detached clectron signal,

Attempts to reduce the chemi=tonization signal have been unsuccuesse
ful and it may be nccessary to produce "pure” atomic oxygen by thermal
decomposition of ozone. However before attempting to usc this technique
efforts will be made to measure a vate coefficient for the asociative
detachment reaction using a buffer gas and the oxygen discharge as the
source of atomic oxygen.

The mass sypectrometer is ready to be coupled (o the flow system
at any convenient time. During some tests performed with the mass spec-
tromcter in mixtures of (0-0 ﬂz—oz and No-oz reactions consistent with

2
associative detachment were observed, i.e.,

“ #0 —= o, + e

"2 +0 me 1120 + e .

NO +0° —»> NO, + e,

0 10

the respective apparent rates veing 7.2 x 10722, 7.5 x 10" and 2 x 10°

in units of cn’sec.‘.

IIT1. Meetings, Trips, etc,
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A. V. Phelfs W. H, Kasner
Principal Investigators
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