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TLL. SIMMMARY ARD NMTGHLICH PSS
A.  Objactive

The statce of the carth's uppar atmosphere under disturbed
conditions is of considerable importance for a varicty of military
applications ranging from artificial matal releases to high-
altitude nuclear explosions, In this context, we have been devel-
oping new techniques for determining the structure of mﬁtal
oxide molecules and for memitoring their production kineties.
Emphasis has been placed on those properties that control the
infrared emizsion of metal oxides.tﬁpt are of épecial interest

Lo ARPA,
B. Experimental Program

Two related but distinct experimental methods have been
employed .to investigate metal oxides: (1) crossed--beam chemi lu-
minescénce; and (2) laser-induced fluorescénce of reaction
products, In the former, a beam of metal.atoms traverses a scat-

tering chamber filled with oxidizer gas wherc. it reacts to



pProduce olmctrouicallyunxcitcd product:s,  he chemiluminescence
is then analyzed spectroscopically so “hat the internal-stcate
distribution ¢f the netal oxide product can be detexmined. 1n

the latteor, a beam of metal atoms collide with a beam of oxidizer

&

gas to form the metal oxide product that is vibxationaliy and
rotationally excited but electronically unexcited, Simultaneously
the output of a Pulsed, tunable dye laser is swept in frequency.
Whenever, the dye laser frequency coincides vwith an absorption line
of the metal cxide mnolecule, the nolecnle is excited to'fluoresce,
and the fluorescent éignal provides a leasure of the initial
(v",a") populstion of the freshly formod metal oxide product,

The crossed-heam chewiluminescenc: apparatus, called
LABSTAR, has been deseribed previously..l'2 .Briefly, a metal
beam is formed by effusion from a molybdenum oven heated with a
three-phase molybdenuna-~wire resistance winding. A series of heat
shields and a water-cooled copper shield surround the oven and
provide part of the colimation of the beam, Alternatively, the
metal §6urce in LABSTAR is a crucible placed inside a resis;ance—
heated graphite cylinder. Although this pefmitted much higher
temperatures, the limited capacity of the crucible prevented

extended rmns. All work on the group IJA metals wasg carried out
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vith the molybdenum oven; all work on aluminum used a stainless
gteel crueible placed inside the graphite heating elonent.

In both cases, the oven source igs dififerentially pumped,
A Granville-Phillips filwm-thickness monitor is used to measure
the beam £lux, Typical heam intensities in the reaction region
are 101" atoms/sec.

The gas source is commercial O,, WO,, or N,O. In the case
of ozone studies, a Welsbach ozinatoxr is used to generate the ozone
that is trapped on silica gel.

For spectroscopic work we use either a £-m SPEX 1702 spec-
trometer or a l-m Interactive Technoloyy Inc, spectrometer,
A cooled S8-20 photomultiplier in conjunctiog with a Keithley 417
picoammeter drives a Leeds and Northrup strip-chart recorder which
provides a record of the chemiluminescont spectrum.

In the laser-induced fluorescence studies of reacéion pro-

3 the same LABSTAR configuration is used with the addition

ducts,
of two arms to permit the laser beam to intersect the recaction
region, The laser is a modified AVCO dial—q—lihe laser in which
a pulsed nitrogen laser pumps an organic dye solution. We have
placed a beam expander in the dye laser cavity. Th addition

we use an eschelle grating (3600 lines/im) opérated in eighth

order. With this seltup we obtain a narrowing of the dye laser
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outpul Iram 20 § bo 0.2 1.

Phe metal oxide fluovescencse is detected with gated electronies
using a Keithley fast botear integrator. A delay of apout 20
nsee is applicd to the ovcning of the gate Lo remove cffcetively
scabtered laser light. The gote is maintained open several exedted-
state lifetimes. Alternatively, by using a narnow gate width,
the mebal oxide radiative decay is followed as a function of time,
The latter mode permits the excited-state lifetime of the mectal

oxide molecule to he measured,

C. Results to bate

Crosscd-Beam Chemiluminesconce:
(1) Ba -+ NO, yields the BaO A ~X band system (Sec Fig.l)

from which a lower limit to the BaO dissociation is
D2 (Ba0) > 5.74 eV

(2) ' Ba + N,O has a visible band system the same as
Ba+0,. Arguments are presented that these are triplet bands
(See Fig. 2)

(3) "he reactions of group IIA metals with NO,, N 0, and
2 2
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0, proceed wich little or no activation onergy.

(4) A high-renolution study (See Pig 3) of the w0
A=X bands shows tual the molecules are rolationally hotter when
they are vibrationally colder and vice versa,

(5) The Bao chnmiluminaﬁccncé of Ba 430, is slightly
polarized with the Lapsian cenfiguration, A theory is developed
concerning the partitioning of angular momentun into internal and
trinslational degrees of frecdom of {ho products that accounts
for the cuporimental obnervitions,

(6) The cross sections for Ba + RO, axe qdiho large
(= 165 [%) while Ba+N,0 ic less than gas kinetic,

(7) - sr deee not react with 0, to form Sr0 under thorm:.1l
conditions; however, evidence is found for two-body radiative

association

Sr+0, 4 5ro% -+ Sro. +hy

Two-body radiative association is found to provide the dominant
visible emission? in the reaction Ba + Ci, (See Flg; 4).

(8) The chemiluminescence reaclion AL+ Oy yields the
At0 B 25t - x 2yt blue~green bands. "This reaction is 50 QNO-.

thermic that several new band heads are identificd, in particular




the (17,130 ae 4393 L, Uw (17,14) at 4534 1, the (17,1%) at
4700 1, the (18,)14) ae 4304 J, the (186,19) al 4545 Le the
(18,16) oL 4716 4, the (13,9) at 4385 L, e (14,12) at 4674 §
e (15,13) ar 260t L, the (36,13) at 4523 [, and the (16,14)
at 4602 1, See Vig. H.
() Prom the highest v Jevels that are populated of the

A0 B stale, o lewer limit to the AL0 disrociation energy is do=

duead:

D2 IALO) > 5.1220.05 ¢V

o r‘ " .
with denonzld and innes’ reinterpretation® of Yyte's continuum
absorptien onset Lo give an uppar 1imit of DY (RL0) < 5.204
0.01 eV wa r.ccmmvmiﬁ the value

DS (HL0) = 5,15 20,05 eV .

(10) dhe L0 B -A branching dis at least an order of

magnitude weaker than the B-X transition,

Laser-induced Fluorescence of leaction Products:

(1) ‘he method is feasible (Sce Pig. 6). It

o

is possible tc learn aboul the (v*,a") AQistributijon of Ba0

formed in the roeaction Ba+0O,.



¢

(2)  1n the roaction Va4 0,, =ost of the
reselion excthernicity oges fnte rransdabins:g) energy rathor than
Into bnteras) encitalion, Ihis do epposile Lo Lhe conclusiens
reacied by Cosmoviel and Wiehel? from ihelr angilar disteibution
sewd ios,

(3) The vibrationss) distrilsition Collows a
Masveld=Todtlemsng disbribueion with a Lowperature of about
25097 K.

(4) %he 820 A state for v' > 3 has a radiative

lifetisze of 350 1 50 nsoe, in veasonable agrecnent with the recent

pedsurerants of J@?wm@n.@



13
REFERENC IS

ch. Ottinger and R. N. Zure, Chem, Phyn, lLotters 5, 243
(1970) .

C. D. Jenah, R, N, Zare, and Ch, Ottinger, J. Chem, Phys.
56, 263 (1972).

A. Schulte, U, W. Cruse, and R. N, Zare, "Laser-Induced
Fluorescence: A Method to Measure the Internal State Dis-
tribution of Reaction Products,” J. Chem. Phys. (accepted
for publication).

C. D. Jonah and R. N. Zare, Chem, Phys. Letters 9, 65
(1971).

J. K. McDonald and K, X, Innes, J. Mol. Spectry. 32, 501
(1969) .

J. L. Gole and R. N. Zare, “Determination of DS (ALO) from
Crossed-pBoeam Chemiluminescence of AL+ Q,," J. Chem. Phys.,
( accepted for publication).

C. Batalli-Cosmovici and K, V. Michel, Chem., Phys. Létters
11, 245 (1971).

—

S. E. Johnson, J. Chem. Phys. 55, 149 (1972),



14

FICURY CAVPIONS

PFig. 1, Cheni luminescent speectra. fThese spectra were taken
with the t-m Heathkit spectrometer.

Fig. 2.  Chemiluminescent spectyum of Ba +N,0 at 0,5 -}
speatral slitwidth showing its highly structured
na“*ure,

Fig. 3. Four (v',v") bands from the chemiluwminescent spectrum
of Ba+ RO, which show how the shading changes with
v'. 1In the (3,0) band the 5535 -} B; lige is‘present.

Fig. 4. Spectrum of chemiluminescence from the reaction Ba +
Cl,: The letlrr A represcnts the 6s6p 1pPO - (s 1g
Ba=-resonance line and the letter B represents the BaCl-
emigsion band'i (the 2J] = ?% green system). The feature-
lesrs emission from 2900 to 6000 R is assigned to
emission from an excited electronic state of BaCl,,

Fig. 5. A20 B 5 - x 23" chemiluminescent emissiop from the
reaction AL+ 0,. The band heads are designated,ﬁy
(v',v"), ‘

Fig. 6. The Ba0 fluorescence signal as a function of laser

wavelength: (a) fast scan showing vibrational
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(6) distribution; (h) slow scan showing rotational dis-
tribution of the (3,0) band, The asterisks mark a

perturbation.
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