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ABSTMCT

As another approach to establishing the mechanism of the chemi-

luminescent reaction between oxygen atoms and nitric oxide, the effect

of pressure on the spectrum.hasbeen investigated. The oxygen atoms

were generated by a microwave discharge, and mixed with nitric oxide in

a two-stage system where the pressure could be varied from 1.0 to 0.005

torr. The spectra were obtained with a resolution of about 30 8 with a

grating monochromator. A calibrated tungsten lamp was used to correct

the data for the response of the optical system. In order to compare

spectra obtained at different pressures with one another, each was

arbitrarily normalized to 1.0 at its peak near 63OO ~.

wards

Spectra obtained at pressures below 0.5 torr all show a shift to-

the blue; the magnitude of the shift is roughly proportional to

the decrease in pressure below 0.5 torr. This shift is almost identical

with that observed in the fluorescence of N02. Adding either argon or

sulfur hexafluoride to the mixture at low pressures does not change the

spectrum but at around 1 torr, SF causes a shift similar to a
6

decrease in pressure.

These results are shown to be consistent with a multi-step

mechanism involving the formation, stabilization, quenching, and

vibrational de-excitation of one excited electronic state.
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INTRODUCTION

The mechanism of the chemiluminescent reaction between nitric

oxide and oxygen atoms has been the subject of controversy for some

tim~-41 The two principal conflicting theories are a direct two-body

recombinationmechanism, and a more complicated three-body

recombinationwith quenching. The former theory -predictsthat the

chemiluminescentintensity should always depend linearly on the square

of the total pressure, independent of the presence and of the pressure

of any inert gas. The latter theory predicts, among other results,

that at some sufficientlylow pressure, the ratio I/p2 (I = intensity,

P = Pressure) shotid show a fall-off with pressure, and that at a

sufficientlylow pressure, the intensity should show a linear

dependence on the cube of the pressure. Most of the experimental work

has consisted of attempts to determine this pressure dependence

directly, which is difficult, and most of the controversy has centered

over the interpretationof the results.

An investigationof the pressure dependence

the chemiluminescenceappeared to be a different

of the spectmm

way of studying

of

this

reaction. Such a dependence has been sought twice previously, in each

case incidental to another experiment. Fontijn, Meyer, and Schiff5

reported that there was no change in the spectral distribution down to

0.1 torr. Doherty and Jonathan6 likewise found no change down to

0.1 torr when observing the spectrum with a grating monochromator.

Additionally they did experimentsusing sharp cut-aff filters at

pressures of o.01 and 0.1 torr, and did not observe any change. We

felt that it would be desirable to try again at pressures below 0.1

torr, and with improved resolution.

An extra incentive was provided by the results of Myers, Silver,
7and Kauflnan, who observed a change with pressure in the fluorescent

spectmm of NO
2“

If no such change could be observed in the

* References are listed on page 27.
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chemiluminescent spectrum, it would be evidence that at least two

excited states of N02 were significantly concerned in the mechanism

of the reaction between O and NO.

8
Since this work was completed, Jonathan and Petty have published

a paper in which they report a new determination of the pressure

dependence of the chemiluminescence. They have directly and unambigu-

ously observed the change in order from second to third.

10



l?JCPERIMENTAL

A conventional flow system (Figure 1) was used for the production

of O atoms by a microwave discharge in flowing oxygen at pressures

9 a trace of nitrogenbetween O.~ and 3 torr. In our earlier work

was added to the discharge to improve the yield of O atoms, which in

turn increased the signal-to-noiseratio of the measurements. Later,

when the sensitivity of the apparatus was increased, the use of

nitrogen was eliminated.

A small mount of this mixture was introduced into a second flow

system by permitting it to effuse through a hole drilled in a Teflon

plug ● Depending on the pressure needed, hole diameters between 0.5 and

3 mmwere used. This second flow system, which served as the obser-
-4

vation tube, could be separately pumped down to 10 torr. This

arrangement permitted observation of the chemiluminescenceover an

extremely wide range of pressures without having to pay any attention

to the discharge; also, it permitted the same ratio of O to NO to be

maintained over a series of experiments, which was a convenience

although no special use was made of it.

Provision was made for the introduction of oxygen or other gases

at a place in the observation section just below the Teflon plug,

which acted as a fine adjustment on the pressure. A stopcock near the

pump was the coarse adjustment.

The radiation from the observation tube emerged from a quartz

window at one end, went through a 50 Hz chopping wheel into a 3/4

meter Ebert-Fastie type recording monochromator (Leeds and Northrup),

and then onto a photomultiplier. The slits on the monochromator were

made from copper shim stock, and were 3 mm wide. The spectral

resolution was about 30 ~. The photomultipliersused earlier were

side-window 9-stage types with either S-4 or near S-20 responses.

For all of the results reported here, however, an end-on 14.stage

photomultiplier (EMI 9558-Q) with an S-2O response was used.

11
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This tube was mounted in a holder (Pacific Photometric Instruments)

that permitted the use of Dry Ice for cooling. As originally furnished,

this holder had to be loaded with Dry Ice from the front end, which

meant remounting the tube every time. Since a charge of Dry Ice

lasted about 2 hours, a run often had to be interrupted to renew the

coolant. To avoid this, the glass vacuum jacket originally supplied

with the tube holder was discarded and replaced with a Styrafoam liner

that was carved to make a tight fit; then a hole was cut through the

side of the holder so that Dry Ice could be loaded through the side

without disturbing the phototube.

The output of the photomultiplier went to a lock-in amplifier

with a separate high input-impedancepre-amplifier module (Princeton

Applied Research Corporation model HR-8 with type A pre-amp). The pre-

amplifier was designed to be operated remotely from the main chassis

so that the cable connection between it and the photomultiplier could

be kept as short as possible. This turned out to be a bad arrangement

because the pre-amp could not be shielded sufficiently from the noise

generated by the microwave discharge. The pre-amp was therefore kept

inside the main chassis and placed about 1.5 m away. The connection

to the phototube was made by coaxial cable (ConsolidatedRG-580); no

significantpick-up problem was encountered with it. The required

phase reference signal was generated by a separate light and a photo-

transistor. The amplifier contained its own detector and filter

circuits; the usual mode of operation was with a filter time constant

of 1 sec and roll-off of 12 db/decade. The output from this stage

went to a conventional strip-chart recorder.

In order to determine the relative response of the combined

monochromator-photomultipliercombination, two 1000-watt quartz-iodine

tungsten lamps were obtained. One of them was calibrated and

certified for emissivity by Eppley Laboratories; the other one was

used as our working standard lamp. Periodically it would be compared

13



with the certified lamp using exactly the equipment just described.

Both lamps were run at the recommended settings.- 8.3 amps at 110 v

AC*. Since it was essential that the high voltage to the photo.

multiplier be the same for a spectral scan as for a calibration scan,

the radiation from these lanps had to be strongly attenuated to

protect the photocathode from overloading. After considerable trial

and error, a filter consisting of three pieces of stainless steel
10

screening with holes of approximately 0.53 mm square, a neutral

density filter of D . 0.6 (Bausch and Lomb), and a piece of tracing

paper (Keuffel and Esser’s “&l_barene”)were used. Tracing paper is

not a widely used optical filter, but we found it to be useful for

attenuating and diffusing the light. Diffusion was desirable because

with it, the placement of the standard lamp was no longer critical.

Frosted glass is generally recommended for this purpose; we found

that the tracing paper had a relatively more constant absorbance than
**

any piece of frosted glass we tested. Two of the wire screens were

rotated 45° relative to each other to minimize Moir< effects and were

tied together; the third one was placed about a meter away. The

absorbance of each element of this filter combination were measured

in a recording spectrophotometer(Cary, model 14) and then added.

The over-all absorbance varied smoothly from 4.9 at 3800 ~ to 4.69 at

8000 ~. The metal screens were kept in place permanently in the

optical path of the lamp. The tracing paper was placed in front of the

monochromator slit just before each calibration scan; and the neutral

density filter was placed in front of the lamp for the calibration

scan only from 42OO ~ up.

* We wish to thank Mr J R. Hickey of Eppley Laboratories for advice
on the use of these”l~s.

** Details on this point will be published separately.
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The spectra were obtained using the first order of the grating in

the monochromator. Theoretically it was possible that second order

spectra (correspondingto the wave length range from 1800 ~ to 4000 f)

were also being recorded. Although this was quite unlikely, a few runs

were carried out with a 43OO 8 sharp

to remove any second-order spectra.

this filter in place.

cut-off filter in front of the slit

No difference was observed with

A typical run consisted of a scan of the working standard lamp,

followed by a scan of the chemiluminescence. The scanning speed was

usually 50 $1/min. With the recorder running at25 mm/min, a spectrum

covered about 2.1 m of paper. Since the filter circuit time constant

was never set greater than 1 see, a faster scan could probably have

been used. The only disadvantage of the slow scanning speed was that

a typical run required over an hour, during which time there was always

a slow drift in intensity at constant wavelength. This drift arose

from a combination of many factors, like changing line voltage, etc.

Rather than fight it, a side-window photomultiplier was placed at the

opposite end of the observation tube where it could view the glow along

the length. Experiments showed that there was an exact linear relation

between the reading of this monitor phototube and the reading of the9558

tube at any wavelength. The monitor phototube current was recorded

separately,and the scan data were corrected accordingly. This

correctionwas never more than 10%; more usually it was 4 - 5%.

The records for both calibration and chemiluminescence scans were

digitized by hand at intervals of 25 ~ (or, infrequently, 10 ~). The

numbers were recorded on punched cards and then processed in batches by

an electronic computer. The monitor correction mentioned above was

applied by hand while the data were being digitized; all other

corrections, and the comparison with the standard lamp, were made by

the computer program. Occasionally a smooth line was drawn by eye

through the chart records before reading them; usually, however, they

were read as recorded.

15



The reproducibility of the data was about ~% from month to month,

but it is much more difficult to estimate their accuracy. It seems

reasonable to claim A 5% accuracy for relative intensities within a

run; nothing can be said about absolute intensities.

RESULTS

In order to permit a comparison between a spectrum at 1 torr and

one at 0.005 torr, some arithmetical manipulation must be carried out

on the data. Although the essential results will not be much affected

by whatever operation is chosen, the details of the comparison will be

affected. The method finally adopted is similar to that used by

Fontijn, Meyer, and Schif2 ; it is based on the fact that the spectra

all show a peak in the neighborhood of 63OO ~. Each spectrum ~s

normalized to 1 at its peak. This normalization is both convenient and

arbitrary; a more rational normalization would require more detailed

knowledge of the concentrations of O and NO, and of the concentration

dependence of the glow.

Figure 2 shows the principal result of this work. The spectrum

remains essentially unaffected down to a pressure around 0.5 torr.

Below this pressure, a gradual shift towards the blue is observed.

The magnitude of this shift is roughly proportional to the decrease

in pressure below 0.5 torr, but no attempt was made to investigate

this dependency quantitatively.

The “pressure” noted in the Figure is the total pressure of the

observation tube; additions of either argon, helium, or sulfur hexa-

fluoride at low pressures affected the spectrum in just the same way

as addition of oxygen, neither more nor less. Around 1 torr~ howevers

where further addition of oxygen did not affect the spectrum, replace-

ment of part of the oxygen flowing through the side tube with a

different gas did cause a change in the spectrum similar to a decrease

in pressure -- a relative increase towards the blue end of the

spectrum. This is shown in Fiwre 3*

16
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As a further check on our results, we also prepared atomic oxygen

by passing nitrogen alone through the discharge, and then mixing it

with nitric oxide. The reaction

N+NO . O+N2

results in the formation of atomic oxygen free of molecular oxygen

(but possibly containing excited nitrogen molecules). Figure 4 shows

that the effect of pressure on the O + NO spectrum is essentially

identical to the effect noted when atomic O was prepared by a micro.

wave discharge in molecular oxygen.

Figure 5 shows a comparison of our data with those of Fontijn,
5Meyer, and Schiff . In general the comparison is good, both curves

being within 10% of each other at the worst.

Finally, Figure 6 shows a comparison of some of our results with

those of Myers, Silver, and Kaufman on the fluorescence of N02. In

order to make this comparison more effective, we have tried to correct

their data for instrumental response. The correction was obtained by

scanning the light from a 500-watt projection lamp with a flat

tungsten filament, determining the temperature of the filament with an

optical pyrometer, and then calculating the relative radiant output

from the lamp at different wave lengths from Planck’s equation and the

data of DeVos
11

on the emissivity of tungsten. Exactly the same

photomultiplierwas used. The over-all similarity between the two

spectra is quite marked. The rise in the fluorescence spectrum past

6000 ~ is probably an artifact based on the calibration procedure.

19
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DISCUSSION

Two mechanisms have been proposed for the chemiluminescent reaction

between NO and O. They are the straightforward2-body mechanism

NO+O~N02+hv (1)

and a three-body mechanism with quenching,

NO+O+M~NOj+M (2)

NO; +M+N02+M

NO; + NO
2
+ hv

(3)

(4)

In this scheme, NO; represents an excited electronic state of N02. There

has been considerable controversy about the nature and number of the

states involved. Myers, Silver, and Kaufman,7 and Douglas13 have pre-

sented strong arguments showing that only one state is involved, namely,

the state for which Neuberger and Duncan12 found a lifetime of 44

microseconds.

The close resemblance between our data for the effect of pressure on

the chemiluminescent spectrum, and the data of Myers et al.7 for the.—
effect of pressure on the fluorescence, constitutes still further evi-

dence that the same excited state is responsible for both phenomena.

Although many of tk details of this reaction can be explained

using th~ three-body mechanism of Eqn. (2), it is not adequate for the

interpretationof the present data since it does not provide any means

whereby the spectral distribution can vary with pressure.

F. Kaufman* has proposed a more complicated mechanism that is able

to explain the present results, and a number of others as well. This

mechanism supposes that there is a significant two-body reaction which

* F. Kaufman, private communication. We are indebted to Dr. Kaufman for
permitting us to use these
tion. Details will appear

results in advance of their
in J. Chem. Phys.

23
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[1
*

results in the formation of an intermediate complex, ONO . This
14

complex is the same one postulated by Herron and Klein to explain their

measurementsof the rate of isotopic exchange between O atoms and NO and

they estimated its lifetime to be approximately 10
-8

N02; sec. This

complex cam react in three different ways: It may dissociate back to O

and NO; it may be stabilized by collision with a third body, resulting

in the formation of NO:; or it may radiate and form ground state N02.

The NO; formed is vibrationally excited, and can undergo successive

stages of vibrational de-excitation. At each state there are the

possibilities that the molecule may either be quenched by collision, or

it may undergo a radiative transition to the ground state. The over-all

radiation is the sum of the emission from each step.

This theory predicts that the pressure dependence of the chemi-

luminescence should be second order at high pressure; that as the pres-

sure is decreased, this dependence should become third order, and then
Q

.—

second order again. Jonathan and Petty” have now reported the transi-

tion from second to third order, confirming the earlier report of

Kaufman and Kelso.
2

The present results can now be readily interpreted. At higher

pressures, say, above 0.1 torr, the rate of vibrational de-excitation

is at its maximum> and there is no pressure effect. As the pressure is

lowered, this rate falls off; as it does, there is an increase in the
(relative) number of molecules in the higher vibrational levels.

Obviously, their radiation lies more toward the blue end of the spectrum.

This explains the pressure shift that we have observed.

The dependence of the high-pressure spectrum on the nature of the

third body can be explained sfiilarly, except that nowit is the
relative effect of the third body on the electronic quenching that is

important. The more efficient the third body is as a quencher, the

fewer NO: there will be to radiate. But because the lifetime of the

complex II?]NO * is so short, it is not subject to quenching; therefore

its radiation will remain at a constant level, while that from NO;



decreases. Once again the remaining radiation will be more intense in

the blue region, as was observed.

This mechanism can easily be written down, and the corresponding

differential equations formulated. Owing to the large number of

unknown rate constants that would be involved, however, there is no

point in attempting to choose a set to fit the data. This effort will

become worthwhile only when information becomes available on the

relative rates of quenching and vibrational de-excitation for different

third bodies.

Since this theory predicts that at a sufficiently low pressure,

the spectrum should become independent of the pressure, we attempted to

obtain data at pressures below 5 mtorr. The signal-to-noise ratio

dropped precipitously with the pressure, as was to be expected. The

detector of the lock-in amplifier had provision for increasing the

time constant of the filter in the output circuit up to 10 sec (and

even more, if an external capacitor were used). Using the 10-sec time

constant caused the recorder pen to become sufficiently sluggish to

distort the spectrum, so no further efforts were made in this way. We

then tried to record the spectrum statistically at a number of different

wave lengths. The wave length drive on the spectrometerwas turned

off, but the recorder was left running, so we were able to obtain a

value for the intensity at one wave length averaged over as long a time

as desired (within limits).

The results were quite disappointing in that the spectra obtained

did not at all resemble those obtained by continuous recording at

higher pressures. We believe that this difference is not real, but

the reason for it is not clear. It appears that there was background

emission that was not properly taken into account in reducing the data.

At the higher pressures, theoonly noticeable background emission had been

the oxygen emission at 7600 A. At these very low pressures, however

25



where the contribution of the chemiluminescence itself is so small, it

may be that there is some other weak contribution, not identified,

and not properly corrected for. Time did not permit us to pursue this

matte~= further.

Tests of this new model for the reaction between NO and O will

more readily be obtaine~ from a different kin~ of experiment.

ACKNOWLEDGEMENT

We Wish to thank Professor Frederick Kaufman of the University’ of

Pittsburgh for permitting us to use his work on the mechanism of tile

:-t.’action;and for much helpful advice throughout this project.

26



REFERENCES

1. I. M. Campbell and B. A. Thrush, Ann. Rev. Progr. Chem. (Chem.
SoC. London) 62, 17 (1965).

2. F. Kaufman and J. R. Kelso, Preprints of Proc. Symp..
Chemiluminesence (Durham) 1965.

3* D. Applebaum, P. Harteck, and R. R. Reeves, Photochem. Photobiol.
~, 1003 (1965).

4. R. R. Reeves, P. Harteck, and W. H. Chace, J. Chem. Phys. 41, 764,
(1965).

5. A. Fontijn, C. B.
(1964).

6. G. Doherty andN.

Meyer, and H. I. Schiff, J. Chem. Phys. 40, 64

Jonathan, Disc. Faraday Society 37, 764 (1964).

7. G. H. Myers, D. Silver, and F. Kaufman, J. Chem. Phys. 44, 718
(1966).

8. N. Jonathan and R. Petty, Trans. Faraday Sot. 64, 1240 (1968).

99 Eli Freedman and J. R. Kelso, Bull. Amer. Phys. Sot. 11, 453
(1966).

10. P. A. Newman and R. Binder, Rev. Sci. Inst. 32, 351 (1961).

11. J. C. De Vos, Physics 20, 690 (1954).

12. D. Neuberger and A. B. F. Duncan, J. Chem. Phys. 22, 1963 (1954).

13. A. E. Douglas, J. Chem. Phys. 45, 1007 (1966).

14● J. T. Herron and F. S. Klein, J. Chem. Phys. 40, 2731 (1964). See
also J. Chem. Phys. 41, 1285 (1964); 44, 3645~@6).

27



DISTRIBUTION LIST

No. of No. of

- Organization w Organization

20

1

1

1

1

1

1

1

1

Commander
Defense Documentation Center
ATTN : TIPCR
Cameron Station
Alexandria, Virginia 22314

Director of Defense Research
& Engineering (OSD)

ATTN: Dr. H. W. Schulz
Washington, D.C. 20301

Director
Institute for Defense Analyses
ATTN: RESD Tech Info Ofc
400 Army-Navy Drive
Arlington, Virginia 22202

Headquarters
Defense Atomic Support Agency
Washington, D.C. 20301

Commanding General
U.S. Army Materiel Command
ATTN: AMCRD-TE
Washington, D.C. 20315

Commanding General
U.S. Army Materiel Command
ATTN : AMCRD-TP
Washington, D.C. 20315

Commanding General
U.S. Army Materiel Command
ATTN: AMCRD-MT, Mr. Jersin
Washington, D.C. 20315

Commanding Officer
U.S. Army Edgewood Arsenal
ATTN: SMUEA-RB
Edgewood Arsenal, Maryland
21010

Commanding Officer
U.S. Army Frankford Arsenal
ATTN: SMUFA-L81OO
Philadelphia, Pennsylvania
19137 I

1

1

1

1

1

3

3

1

29

Commanding Officer
U.S. Army Picatinny Arsenal
ATTN : SMUPA-VA6
Dover, New Jersey 07801

Commanding Officer
U.S. Army White Sands Missile

Range
ATTN : Tech Lib
New Mexico 88002

Chief of Staff
ATTN : CSAVCS-W-TIS
Department of the Army
Washington, D.C. 20310

Commanding Officer
U.S. Army Research Office (Durham)
ATTN : Lib
Box CM, Duke Station
Durham, North Carolina 27706

Commanding Officer
U.S. Army Mobility Equipment

Research & Development Center
ATTN : Tech Docu Cen, Bldg 315
Fort Belvoir, Virginia 22060

Commander
U.S. Naval Air Systems Command
ATTN : AIR-604
Washington, D.C. 20360

Commander
U.S. Navy Ordnance Systems
Command

ATTN: ORD-9132
Washington, D.C. 20360

Commander
U.S. Naval Ordnance Laboratory
ATTN: Lib, Code 730
Silver Spring, Maryland 20910



DISTRIBUTION LIST

No. of No. of

1

2

1

1

2

2

1

1

1

Organization

Commander
U.S. Naval Weapons Center
Corona Laboratories
ATTN: Code 2034
Corona, California 91720

Commander
U.S. Naval Weapons Center
ATTN: Code 753, Tech Lib

Code 45
China Lake, California 93555

Commanding Officer
U.S. Naval Ordnance Station
ATTN: Tech Lib
Indian Head, Maryland 20640

Director
U.S. Naval Research Laboratory

ATTN : Code 6130
Washington, D.C. 20390

Q21sss Organization

HQ us~ (AFRDD; AFCSA.MI)
Washington, D.C. 20330

AFSC (SCS; SCTS)
Andrews AFB
Washington, D.C. 20331

AFML (MAYA)
Wright-Patterson AFB
Ohio 45433

ADTC (ADBPS-12)
Eglin AFB, Florida
32542

Director
U.S. Bureau of Mines
ATTN: Rpt Lib, Explo Rsch Lab
48OO Forbes Street
Pittsburgh, Pennsylvania 15213

1

1

1

1

1

1

2

Director
NASA Scientific and Technical

Information Facility
ATTN : SAK/DL
P.O. Box 33
College Park, Maryland 20740

Director
Jet Propulsion Laboratory
48OO Oak Grove Drive
Pasadena, California 91103

Aerojet-General Corporation
ATTN: Li”b
P.o. Box 296
Azusa, California 91703

Aerospace Corporation
ATTN: Lib Docu
P.O. BOX 95085
Los Angeles, California 90045

Atlantic Research Corporation
ATTN: Scty Ofc for Lib
Shirley Highway & Edsall Road
Alexandria, Virginia 22314

Chemical Propulsion Information
Agency

Applied Physics Laboratory
8621 Georgia Avenue
Silver Spring, Maryland 20910

AVCO
Everett Research Laboratory
ATTN: Dr. Lee A. Young

Dr. Kurt Wray
2385 Revere Beach Parkway
Everett, Massachusetts 02049

30



No. of

w Organization

DISTRIBUTION LIST

1 Duro-Test Corporation
Engineering Department
ATTN : Dr. Joel Shurgan
2321 Kennedy Boulevard
North Bergen, New Jersey 07047

1 Hercules Powder Company
Allegheny Ballistics
Laboratory

ATTN: Lib
P.O. Box 210
Cumberland, Maryland 21501

1 Lockheed Propulsion Company
ATTN: Lib
P.O. Box 111
Redlands, California 92374

1 Rocketdyne
ATTN: Lib Dept 596-306
6633 Canoga Avenue
Canoga Park, California 91304

1 TRW Systems Group
ATTN: Tech Lib
One Space Park
Redondo Park, California 90278

1 Cornell University
Department of Chemistry
ATTN: Prof S. Bauer
Ithaca, New York 14850

No. of

- Organization

1 Geneva College
Department of Physics
ATTN : Prof Charles Fuget
Beaver Falls, Pennsylvania 15010

1 University of Delaware
Department of Chemical

Engineering
ATTN : Prof Jon Olson
Newark, Delaware 19711

1 University of Florida
Department of Chemistry
ATTN: Prof G. H. Myers
Gainesville, Florida 32603

1 The Johns Hopkins University
Department of Chemistry
ATTN: Prof D. Robinson
34th and Charles Streets
Baltimore, Maryland 21218

1 Massachusetts Institute of
Technology

ATTN: Dr. F. Klein
Room 6-127

Cambridge, Massachusetts 02139

1 University of Pennsylvania
Department of Chemistry
ATTN: Dr. William R. Brennen
Philadelphia, Pennsylvania 19104

1 University of Pittsburgh
Department of Chemistry
ATTN: Prof F. Kaufman
Pittsburgh, Pennsylvania 15213

Aberdeen Proving Ground

Ch, Tech Lib
Air Force Ln Ofc
Marine Corps Ln Ofc
Navy Ln Ofc
CDC Ln Ofc

31



I

_Unclassified—

.

Security Classification

DOCUMENT CONTROL DATA - R & D
(Security cIas siflcmtiom of title, body of ●bstract ●nd )ndextn& annotation must be ●ntered when the ovorall report Is c la~aifled)

ORIGINATING ACTIVITY (Corporate ●uthor) 2a. REPORT SECURITY CLASSIFICATION

U.S. Army Aberdeen Research and Development Center Unclassified
Ballistic Research Laboratories 2b. GR9LIP

Aberdeen Proving Ground, Maryland
1.REPORT TITLE

THE EFFECT OF PRESSURE ON THE CHEMILUMINESCENT SPECTRUM OF OXYGEN ATOMS AND
NITRIC OXIDE

—— .
4. DESCRIPTIVE NO TES{WPO of ropoftandincfualve date.)

6. Au T HO R(S ) (fVr8t name, middle ‘dthf,hotname)
— ——. . . —

Eli Freedman and John R. Kelso

). REPORT DATE
.. —

1?*. TOTAL hO. OF PAGES 17b. NO. OF REFS

March 1969 31 I 14
Da.CONTRACT OR GRANT NO. SM. Ot?l Gltd-MTOP’S 3EPOF?T NUUBER($)

I

b. PROJECT NO. RD’T&E1TO611O2B13A

c.

I Report No. 1430

t==- ‘–ob oTtt ER REPORT NO(5) (Any othor numbers that msy be ~si#Iod

d. I
10. DISTRIBUTION STATEMENT

.-

This document has been approved for public release and sale; its distribution
is unlimited.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY 4CT1VITY —

I U.S. Army Materiel Command
Washington, D. C.

As another approach to establishing the mechanism of the chemiluminescent
reaction between oxygen atoms and nitric oxide, the effect of pressure on the spectrum
has been investigated. The oxygen atoms were generated by a microwave discharge, and
mixed with nitric oxide in a two-stage system where the pressure could be varied from
1.0 to 0.005 torr. The spectra were obtained with a resolution of about 30 ~ with a
grating monochromator. A calibrated tungsten lamp was used to correct the data for
the response of the optical system. In order to compare spectra obtained at different
pressures with each other, each was arbitrarily normalized to 1.0 at its peak near
63008.

Spectra obtained at pressures below 0.5 torr all show a shift towardsthe blue;
the magnitudeof the shift is rov.ghlyproportionalto the decreasein pressurebelow
0.5 torr. This shift is almost identicalwith that observed in the fluorescenceof
NO . Adding eitherargon or sulfurhexafluorideto the mixtureat low pressuresdoes
no? changethe spectrumbut at around 1 torr, SF causesa shift similarto a
decreasein pressure. 6

These results are shown to be consistent with a multi-step mechanism involving
the formation, stabilization, quenching,and vibrational de-excitation of one excited
electronic state.

3D 8%5’..1473nSPLACES00 PHM 1478. 1 JAN U. WDWCM 1,
OBSOLRTS PO* A-v uS=.

Unclassified
&culi&clSsoification



Security Classification

4.
KEY WORDS G’

ROLE

Chemiluminescent
Oxygen Atoms
Nitric Oxide

WT ROLR WT

LINK C

ROLE WT

?3ecwMY Classification


