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SUMMARY

1. "Reactions of the Group II A metals (except Be) and of
aluminum have~been"carriedmou5‘with O; under single-collision

conditionsf\\ln the case of the Group II A metals, the spectra
\

are quite compﬂex in appearance and include previously iden-
] ) .

tified singleﬁLsinglet transitions terminuting on what is sup-

‘posed to belthe ground state of the metal oxide molecule, and

unanalyzed’ triplet-triplet trarsitions which may terminate on
ra

the actuél ground state of the MO molecule.

e
2, \‘Reactlon of Sr + 02 ylelq,both vacuum UV emission

as well as emission in the visjble(red);\ The emitter is ten-
tatively identified as tho Sro, (strontium peroxide) molecule

e

which is believed to result from™~ two—body radiative recombina-

tion. ~ @W&
w3 “*The distribution of vibrational-rotational levels
a : RNEY '

(v", J") populated in the oxidation of metalsmmay exert a large

\o

Vi
. B

influence on their subsequent radlatlve and/or reactlve fate =

We have crossed Ba with 0, and observed the (v“, J") populatlon*

distribution. of the newly-formed BaO product, us1ng the new

technlque of laser—lnduced fluorescence.
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reaction, Ba + O,, is discussed in the light of these findings.

The radiative lifetime of the BaO A 12 state has been measured

and found to be 350 50 nsec.

M
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I. M+ O3 CHEMILUMINESCENCE

A. Al +O3

Preliminary investications have been carried out on the
AlO emission bands obtained from the crossing of aluminum atoms
and ozone beams. Evidence has been found for the formation of
AlO in the first excited A state (the blue-green band system)
and, to some extent, in the second excited B state. From a study
of these spectra a lower limit on the AlO ground stateldisso-
ciation energy may be placed, Instigaticﬂ of Al atom reactions

with other oxidizer gases is now in progress.

B, Ca + O3

Spectra corresponding to transitions involving the X 1%

and the B 2 and C ¥% states have been tentatively identified.

The A% - X % transition also appears in chemiluminescence.

A complicated region of the spectrum similar to that found in
BaO and Sr0 is believed to correspond to a triplet-triplet
transition in.Ca0. This suspicion is supported by L. Brewer

and J. Wang's recent matrix isolation work (unpublisﬁéd),pﬁi,ﬁ'

Ca0 showing that some of these unidentified bands-are séepg;n=
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absorption, implying that the ground state is not the X iy
state in CaO. The band observed at the short wavelength limit
of the C 3% - X ¥y spectrum is assigned to the (2, 1) band.
This places a lower limit of 4.64 eV on the dissociation energy

of the Ca0O X 1y state.

C. Sr + O3

The chemiluminescence spectrum froﬁ the reaction Sr + O3
begins at approximately 3,800 i becomes very strong from 5,000
to 6,000 i, and extends with decreasing intensity far into the
red. The 1ineer O3 pressure dependence and Sr beam flux depen-
.dence indicate that SrO is the emitter, i.e. the chemilumin-
escence is due to the direct reaction ér + 03 % Sro* + 03.
With the assumption that at the threshold fcrlchemiluminescence
the tctal energy of the reaction goes into internal energylof_
the SrO molecule and the further assumption that the electroﬁ;
ically excited Sr0O radiates to the ground state of Sro, wemget
a lower limit for the dissociation energy of SrO 2 4 25 eV The*:f

chemiluminescence spectra taken with 1ow resolutlon“(ZO L)tshow;f
in the short wave length region, a falrly regular structure w1th
approx1mate1y 100 % spacing, but above 5 200 L thls_ tructqre

becomes more irragular. Yet it seems;to be;duefto_viﬁratibnql



transitions. With 2 } resolution, definitely red, degraded
band heads become apparent (in the region 4,600 - 5,30014%). '
An attempt to identify these heads with the well known also red
degraded heads of the blue system B T - X 1F [P, C. Mahanti,
Phys. Rev. 42, 609 (1932); I. Kovdcs and A. Budé, Ann. Phys.~}
(Leipzig) 6, 17 (1953)] was not successful. Obviously, the
chemiluminescence is due to another Sr0O transition which hés

not been identified before.

D. Ba + O3
The Ba + 03 chemiluminescence begins at approxiﬁatély'_,“‘
3,350} (450 } below the corresponding Ba + sz.chemi;ﬁmigésgéncej.J;,f
A comparison of the Ba + O3 and Ba + N2O chemilgmiﬁégceﬂéé shpﬁ§f"h
that both reactions give rise to the same gﬁé@i;uﬁiﬁééééﬁééi;ﬁA? .
spectra. Spectra taken with 0.5 1} resolut%ép?aééee inégﬁﬁhﬁﬁgiﬁgfzh

tion of the maxima, only the intensitiesféié“diﬁféﬁenf;”*Excéﬁﬁ'>:¢Tnf“

for the fact that the Ba + 03,chemiluminesﬂénCefééﬁﬁhi

small fraction corresponding'to“the‘BdQFAn 




X '%  spectrum [ A. Lagerqgvist, E. Lind,.andAR. F. Barrow, Proc,
Phys. Soc. A 63, 1132 (1950); 1. Kovacs and A. Lagerqv1st

Arkiv Fisik 2, 411 (1950)], but unfortunately, even the relatlve

positions of these perturblng states is unknown
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Sr + 0y

Previous and concurrent work has indicated that the dis-
sociation energy of strontium oxide is definitely less than
that of 03 ( £5.0 eV for Sro vs. 5.1 eV for 0,) ., and therefore,
the reaction of strontium atoms and oxygen molecules is unlikely
to yield SrO molecules. We have, however, noted and measured
light emission from the reaction ‘

Sr + 0y Sro2

where we believe SrO, to be the only possible reaction product.
The spectrum observed occurs inlthe region above 6,000 ) and
has been tentatively assigned as a progression in the O-Ol
stretching and Sr-0-0 bending mode for the ground states.’
The reaction is found to be first order in both metal flux and
oxygen gas pressure implying the formation of Sro, via a quite
unusual two body radiative association process. 'Thé p;&gég%g-':
structure of Sro, is : s Lt

siB* (0,07

since one of the characteristic featureé{°£Eth?¥5missiOnTbapd§f
is an 1,180 cm™! separation indicative of 0,7.

0
i
'
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radiative association is correlated with a probable\electron

jump mechanism. The formation of Sr5+—025' brings to mind the
possibility that emission of vacuum ultraviolet radiation occurs,
since the heat of formation for the process (1) is ~ 6.7 eV.

Tentative measurements have indicated that this is indeed the

case, confirming the probable formation of the SrO, molecule. -

1. 2. Rolfe, J. Chemical Physics, 40, 1664 (1964) .

2. I. I. Vol'vov, Peroxide, Superoxides, and Ozonides ot
Alkali and Alkaline Earth Metals, Plenum Press, New York, 1966
.pg. 66.
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' induceq fluorescence, A feasibility study was then Presented
for the protdtype system Ba + Oy % BaO + O‘in which it was con-

: sluded that this tschniqus was sufficiently Sensitive to detect
the v distribution of the Bao Products, if pot the (v», gv)

distribution, itself,

ment, and a few weeks ago, we carried out the first expe;iméntal
studies along the lines Proposed, Usin§ the LABSTAR appafatus,zv

a beam of barium atopg traverses 3 Scattering chamber containing

Oz molecules, Simultaneously, the output of an AVco Dial=AéLihé d

dye laser is passeq through the reaction_éonetthsltpeFQ§§e=7

length of the aye laser is scéﬁhédftthefBébﬂmOIscuiegis:e#gitsd.

to the (v, J') level whenever thsJlaset,wuuélengfhggpiﬁgides

with an alloweq y» J" « v JfftraﬁsitipnﬁihuthngﬁXﬁb§§q~s¥Stém;y

This is detecteg by viewing the;fiﬁbré$¢§né¢faﬁﬁr
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the laser beam using a ebmbination of a sharp cutoff Corning
filter (which blocks the laser wavzlength) and a fast-response
photomultiplier. Because ‘he laser is pulsed, i.e. because the
laser is off most of the time, gated detection electronics is
employed. For this purpose, we used a Princeton Applied Research
Boxcar Integrator, on loan to us from Dr. Howard Schlossberg,
AFCRL. The boxcar is triggered by the laser pulse. The variable
gate (window) is maintained open from the start pulee to about
five times the BaO radiative lifetime. Because thelboxcar is

an analog device its use permits many single shots to be aver-
aged together. The dye laser is pumped, in turn, by a nitroven-

pulsed laser. Consequently, the duration of the dye laser pulre

is less than 10 nsec. Thus, provided the radiative lifetime of‘
the A state of BaO exceeds 10 nsec, it can be measured by using
the boxcar with its narrow gate-window to observe, directly,
the exponential decay. This was done.

Figure 1 shows a portion of the vibrationai structure in

’

a fast scan whereas Figure 2 shows the resolved rotatlonal struc-

ture of a single band in a slow scan. In the latter,.the a551gn-"

ment is that of Lagerqvist et al. l 'A prellmlnary?analy51s of

Figs. 1 and 2 allows a temperature of about Tv“— 1 500 K

to be assigned to the v1brat10na1 dlstrlbutlon and T , Sod’K
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to the rotatibnal distribution of the BaO product if a Boltzmann
distribution is assumed.
Several other groupsz"6 have also investigated the reaction
Ba + 0, , BaO + 0
using crossed beams. Based on the BaO dissociation energy of
5.74 eV which we determined’ and on the 0, dissociation energy
of 5.08 eV, the above reaction is exothermic by about 0.66 eV,

This excess energy of reaction must appear as translational energy

and as internal energy of the products. Based on their angular

distribution studies, Batalli - Cosmovici and Michel concluded

that most of the exoergicity is found in the internal states of

- the products. Our direct measurement of the population of indi-

vidual (v", J") levels of BaO contradicts the work of Batalli-

Cosmovici and Michel. Recently, Hexrschbach and Loesch have re-
peated Batalli - Cosmovici and Michel's angular distribution
measurements with quite different resﬁlfs. Herschbach and Loesch
concluded form the double-pesked angular distribution of reac-.
tively scattered BaO that at leasp‘aé higher collision.eneféies.
(0.3 - 0.7 eV) a collision comple# is formed; 0ur7measurem;nt of
the (v', J") population distribution is consistent with.the
formation of a collision complex and prqyides3éiréé%ﬂinfof@;tiép

about the nature of this reaction process. 'Q_mpre glaboggtét'-5~f*
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investigation is in progress.,

As mentioned, the use of the boxcar integrator also gives
us the opportunity to measure the BaO lifetime directly. Our
first rough lifetime measurements for v' = 3,4,5,... give a
value 350 * 50 nsec, which is somewhat larger than the values

reported recently by Johnson. 8
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FIGURE CAPTIONS

Fast scan giving the vibrational distribution of the
BaO product. The relative energy of the reaction
partners is 0.05 e¢V. The Ba atom density is 5 X 102 cm~3;

the 0, pressure is about 1073 torr.

Slow scan giving the rotational distribution of the .
v" = O vibrational level. The experimental conditions
are the same as for Fig. 1. Those two lines marked

by an asterisk are a known perturbation.
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