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SUMMARY 

1. "Reactions of the Group II A metals (except Be) and of 

aluminum have-been-carried out with O3 under single-collision 

conditions^ \In the case of the Group II A metals, the spectra 

are quite comp|Lex in appearance and include previously iden- 
j 

tified singlet-singlet transitions terminating on what is sup- 

posed to be the ground state of the metal oxide molecule, and 

unanalyzeca triplet-triplet transitions which may terminate on 

the actual ground state of the MO molecule. 

2. 'Reaction of Sr + Q2  yiel(^ both vacuum UV emission 

as well as emission in the visible (red) I., The emitter is ten- 
7 ) 

tatively identified as the SrC^ (strontium peroxide) molecule 

which is believed to result from two-body radiative recombina- 

tion.    Sä OVY^ N 

Xv^". 3.^-The distribution of vibrational-rotatiqnal levels 

A ^v"' J") populated in the oxidation of'metalsjiilay exert a large 

•js    influence on their subsequent radiative and/or reactive fateT 

We have crossed Ba with O2 and observed the (v", J") population 

distribution, of the newly-formed BaO product, using the new 

technique of laser-induced fluorescence.  The-natutie of the 

;V;V;i 
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reaction, Ba + 02, is discussed in the light of these findings. 

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

and found to be 350 ± 50 nsec. 
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I.  M + 03 CHEMILUMINESCENCE 

A.  Al + O3 

Preliminary investigations have been carried out on the 

A10 emission bands obtained from the crossing of aluminum atoms 

and ozone beams.  Evidence has been found for the formation of 

A10 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 A10 ground state disso- 

ciation energy may be placed.  Instigaticn of Al atom reactions 

with other oxidizer gases is now in progress. 

B.  Ca + 0 

Spectra corresponding to transitions involving the X^E 

and the B ITT and C ^ states have been tentatively identified. 

The A 15 - X is transition also appears in chemiluminescence. 

A complicated region of the spectrum similar to that found in 

BaO and SrO is believed to correspond to a triplet-triplet 

transition in CaO. This suspicion is supported by L. Brewer 

and j. Wang's recent matrix isolation work (unpublished) on 

CaO showing that some of these unidentified bands are seen in 

;-7:-;^:-f;S^:|SVv^S-:K>^::. 
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absorption, implying that the ground state is not the X ig 

state in CaO.  The band observed at the short wavelength limit 

of the C 1E - X 1S spectrum is assigned to the (2, 1) band. 

This places a lo^er limit of 4.64 eV on the dissociation energy 

of the CaO X ij] state. 

C.  Sr + 03 

The chemiluminescence spectrum from the reaction Sr + Oo 

begins at approximately 3,800 I,  becomes very strong from 5,000 

to 6,000 k,   and extends with decreasing intensity far into the 

red.  The linear 03 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 Sr + 0, -► SrO* + O2. 

With the assumption that at the threshold for chemiluminescence 

the tc tal energy of the reaction goes into internal energy of 

the SrO molecule and the further assumption that the electron- 

ically excited SrO radiates to the ground state of SrO, we get 

a lower limit for the dissociation energy of SrO : 4.25 eV. The 

chemiluminescence spectra taken with low resolution (20 A) show, 

in the short wave length region, a fairly regular structure with 

approximately 100 1 spacing, but above 5,200 Jl this structure 

becomes more irragular. Yet it seems to be due to vibrational 

■ ■ ■    ::^v-. ■ :. ... '■ >iK:S»>i;V 
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transitions.  With 2 I   resolution, definitely red, degraded 

band heads become apparent (in the region 4,600 - 5,300 A). 

An attempt to identify these heads with the well known also red 

degraded heads of the blue system B 1TT - x 1S [P. C. Mahanti, 

Phys. Rev. 42, 609 (1932); I. Kovacs and A. Bud<5, Ann. Phys. " 

(Leipzig) 6, 17 (1953)] was not successful.  Obviously, the 

chemiluminescence is due to another SrO transition which has 

not been identified before. 

« ■ .  ■  ■      ■■■,■. 

■   i .  ■■ 

D.  Ba + O3 

The Ba + 03 chemiluminescence begins at approximately 

3,350 A (450 1 below the corresponding Ba + N20 chemiluminescence) 

A comparison of the Ba + O3 and Ba + N2O chemiluminescence shows 

that both reactions give rise to the same chemiluminescence  ■ 

spectra.  Spectra taken with 0.5 1 resolution agree in the posi- 

tion of the maxima, only the intensities are different. Except 

for the fact that the Ba + O3 chemiluminescence contains a very 

small fraction corresponding to the B^p A XS - X ^2 transition, 

the chemiluminescence spectrum is very,comjE>Hcated. The main 

part of the Ba + 03 and Ba + N2O chemiluminescence is vbrylikeiy 

to be due to an excited BaO triplet state, ^is is supported 

by the fact that many perturbations were found in the BaO A,*S.-^ 

■.  :':x:'^^C:::::,.^ ::.^yJ:::'   '.    :■.   ..    .   ■:'^ ^v/.iL:.> ■ , ■: 
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X ^  spectrum [ A. Lagerqvist, E. Lind, and R. F. Barrow, Proc, 

Phys. Soc. A 63, 1132 (1950); I. Koväcs and A. Lagerqvist, 

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

positions of these perturbing states is unknown. 
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II.  M + 02 CHEMILUMINESCENCE 

Sr + O2 

Previous and concurrent work has indicated that the dis- 

sociation energy of strontium oxide is definitely less than 

that of O2 ( <5.0 eV for SrO vs. 5.1 eV for 02), 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 + O2 ■> Sr02 

where we believe SrC^ to be the only possible reaction product. 

The spectrum observed occurs in the region above 6,000 1 and 

has been tentatively assigned as a progression in the 0-0 

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 Sr02 via a quite 

unusual two body radiative association process.  The probable 

structure of SrOj is 

SJ&-  (O2)6" 

since one of the characteristic features of the emission bands 

is an 1,180 cm"-1- separation indicative of Oj".  Hence, the 
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radiative association is correlated with a probable electron 

jump mechanism.  The formation of Sr^-02
5- brings to mind the 

possibility that emission of vacuum ultraviolet radiation occurs, 
2 

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 Sr02 molecule:  * 

1.  J. Rolfe, J. Chemical Physics, 40, 1664 (1964), 
2*  II Vol'vov, Peroxide. Superoxides, and Ozonides of 

Alkali aAd Alkaline Earth Metals, Plenum Press, New York, 1966 
-pg. 66. 
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A NEW METHOD ^SW^T^ZTs^T^r- 
TATES 0P REACTION PRODUCTS 

In the Semi-»-l technical report. June 3^  n 
31st, 1970, we proposea ^ 

ne ^«^ - -=^sr 

a b„  . 0f ",etal at™'S CM) With 3 bea", 0f 02 ■"Oleculas ana observe ..  Mn 
Wlth 

ve the M0 Products by laser 
induced fluorescence  a <=  -,. -nee. A feasibil.ty study was 

£0r the P-^Pe syste. Ba + 0, . Bao + o • 
eluded that th-  ■     -     2  ^^""^hitwascon- 

osd that this technique „as sufficiently 
»e v" district • ^"«tiy sensrtive to detect 

drstrrbutron of the BaO products if ,„. ^  , 

distribution, itself. '   , 

During the last year Wo v year, we have assembled the n^* 
"ent, and a few weeks .a necessary equip. 

eeks a50' we carried out the fir«*, 
studies along the line. experimental y ^ne lines proposed. ricH„„ 4.v 
a beam of bariun . 0Sln9 the "^TAR apparatus, 

or oanum atoms traverses a o« • , 

02 »decules  Slmult 
rin9 ^^ 0°nta^ 

1-. Slmultaneo«sly. the output of an AVCO Dial-A Li 
dye las^r ^e ~   , "lai-Ar-Lxne 

" Passed throng the reaction zone  As th6 
1-ngth of the dye laser is fi As the „ave- 
tothe(v. ,,,  7 " ^^ th^— is exoited 

with am " ^ "^ —* ^-es with an allowed v" j" ^ v. T, ,.   . 
ü -♦ v J transition in the A-x h*n* 

This is detected hv , • system. ; 
tected by vxewxng the fluorescence at riaht . i 

at right angles to 

;:f 
^v:i'il§ilSi^^^^il?i^§-     ■;Sl 
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the laser beam using a combination of a sharp cutoff Corning 

filter (which blocks the laser wavelength) and a fast-response 

photomultiplier.  Because v.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 pulse to about 

five times the BaO radiative lifetime.  Because the boxcar is 

an analog device its use permits many single shots to be aver- 

aged together. The dye laser is pumped, in turn, by a nitroyen- 

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

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 vibrational structure in 

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

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

ment is that of Lagerqvist et al.1 A preliminary analysis of 

Figs. 1 and 2 allows a temperature of about Tv = 1,500
0K 

to be assigned to the vibrational distribution and Tr = 50CPK 

, / .' :;'   .  . ' ... ,.:.,.,.. ::.. .:,.   . ':-/ . .v '■ ■■;■ 
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to the rotational distribution of the BaO product if a Boltzmann 

distribution is assumed. 

Several other groups2"6 have also investigated the reaction 

Ba + O2 _» BaO + 0 

using crossed beams.  Based on the BaO dissociation energy of 

5.74 ev which we determined7 and on the 02 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, Herschbach and Loesch have re- 

peated Batalli - Cosmovici and Michel's angular distribution 

measurements with quite different results. Herschbach and Loesch 

concluded form the double-peeked angular distribution of reac- 

tively scattered BaO that at least at higher collision energies 

(0.3 - 0.7 eV) a collision complex is formed. Our measurement of 

the (v«, j") population distribution is consistent with the 

formation of a collision complex and provides direct information 

about the nature of this reaction process. A more elaborate 
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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 

Fig.  1. Fast scan giving the vibrational distribution of the 

BaO product.  The relative energy of the reaction 

partners is 0.05 eV.  The Ba atom density is 5 X 109 cm"3; 

_3 
the Oj pressure is about 10  torr. 

Fig.  2. Slow scan giving the rotational distribution of the 

v" =.0 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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