
-T-""'—'-—- 

> 

AD-765   347 

GAS-PHASE   OXIDATION   OF   ALUMINUM   ATOMS 

Richard   N.    Zare 

Columbia   University 

Prepared for: 

Army Research Of f ice- Durham 
Advanced Research Projects Agency 

30 April 1973 

DISTRIBUTED BY: 

National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 
5285 Port Royal Road, Springfield Va. 22i51 

i «Ml ■IMMM Mini nun i   «.i ■m^MMMHai  nlmmm ■ ^^J^_mMu^„Aj^„ .._ iiii..n«^ii in    umitti 



"■■•wMw«MiviampHnMpnv^v«Hn«mmwiiiBi.     m^mmm ■ j*iiivin.uqmv^pmP(M«*ii!B^pilcnMMi'i ■  mwn i .«III»»IIII>II ipiwpjii.»«JIW    nu n ■ijj^BP'r»'««" 

FINAL REPORT 

May 1, 1972 - April 30, 1973 

w 
CD 

ARPA Order Number 1482 Am. 5 
Program Element Code 62301 D 

Name of Grantee: 
Columbia University 
New York, New York 1002 7 

Grant Number: 
DA-ARO-D-31-124-72-G174 

Amount of Grant: $ 35,280 

Principal Investigator 
Prof. Richard N. Zare 

(212) 280-2017 

Short Title of Work 
GAS-PHASE OXIDATION OF ALUMINUM ATOMS 

Sponsored by 
Advanced Research Projects Agency 
ARPA Order Number 1482 Am. 5 

Disclaimer 

The views and conclusions contained in this document are 
those of the author and should not be interpreted as necessarily 
representing the official policies, either expressed or impl-ed 
of the Advanced Research Projects Agency of the U.S. Governr.ent' 

Approved for public release;  distribution unlimited 
R«produced by 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

U S Department of Commnc» 
SpringfieM VA 721 )| 

mini iniiiMni ■fcilinir^iii^iMMIItiMrtMtrllMliilinlMtiMaitMiaiiri-iMi«.. -      - ■—■   ■-  



imiiM iiapniiiuii   iimiK^amnMWiMJ IUIUIIUIIU ■■ ni»i«j«M«iiiiu«wi^i^wwwiWBW>wii» unm II*»»IWBHI ■■i^pafVPmPiP'i«"i   III.II*.JII.»)IHIUUIJ iimnuwiiinuiiikji UIIJ 

Table  of Contents 

A. Summary 1 

B. Chemiluminescent reactions involving aluminum 3 

C. Laser-Induced fluorescence as a molecular beam 
detector 3 

l). Unfinished work and future plans.. 5 

E. References 7 

WIII ii miMiiMimüaiiiiTMiMi   ■ —        — —in   iiiiiiiiMümi^ii 



i_ ■iiMPwiwwwwüiM "wpwwmppp W" n ■ i »BPiiBiPWiW1 '  i iiBiimwiiwuiMiiii.iiw.iipi wm 

A, Sununary 

During the course of this grant we have accomplished the 

following tasks: 

1) We have studied the chemiluminescent reaction Al + 0, -» 

A10* + 02 and based o.i an analysis of the observed A10 BaD - 

X2E blue green band system we have placed a lower bound on D0
0 (A10) 

of 5.13 i 0.05 eV and have suggested that the actual value of 

D° (AID) will be only at most a few tenths of an eV higher. 

2) We have developed a new technique for detecting reaction 

products using laser-induced fluorescence and we have applied 

this technique to study the ground state BaO molecules formed 

in the reaction 

Ba + 0a -» BaO + 0 

for which we have deduced an approximate vibrational temperature 

for the newly formed BaO products. 

3) We have designed, constructed, assembled, and tested 

a new metal oven capable of producing beams of aluminum atoms 

so that the reaction 

Al + 02 -» A10 + 0 

can be studied under single-collision conditions using lasf.r- 

induced fluorescence as an AlO detector. 
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B.  Chemiluminescent reactions involving aluminum 

In a molecular beam apparatus, a thermal beam of aluminum 

atoms (»1700°K) traverses a scattering chamber containing ozone 

molecules {300oK), and the resultant visible chemiluminescence 

is recorded with a 1m scanning monochromator. The chemiluminescence 

spectrum consists of 'a) the A10 B
Z

1J    -  X2^4" blue-green band 

system for which we have assigned bands to the strongly structured 

features in the 4200-4900JI spectral region, and (b) a more 

intense but weakly structured continuum in the region 4500-8500A 

which appears to be emission from a polyatomic aluminum oxide, 

most likely, A102.  By identifying that up to the v
l=17 level 

of the B state is populated in this reaction, we are able to place 

a minimum value of 5.13 ± 0.05 eV on the AID bond energy i.e. 

the dissociation energy of the AlO ground state molecule.  By ac- 

cepting tae upper limit  of 5.20 eV deduced by MacDonald and 

Innes1 from Tyte's  shock tube absorption data, we recommend 

the value D° (AlO) = 5.15 -  0.05 eV.  This work has been published 

in the Journal of Chemical Physics.3 

C,  Laser-Induced fluorescence as a molecular beam detector 

Traditionally, molecular beam kinetic studies have relied 

on surface ionizers or electron-impact-ionizar-massfliters to 

detect the reaction products.  However, both these techniques 
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are "blind" to the internal state of excitation of the products. 

We have developed a new technique that overcomes this blindness 

by using light in the detection scheme.  Here, a tunable dye 

läser is scanned in wavelength and the fluorescence of the 

reaction products are detected.  Whenever the wavelength of the 

laser beam coincides with a molecular absorption line, cor- 

responding to a specific {v,J) -» (v'.J1) transition, those mole- 

cules in the (v,J) are excited and subsequently fluoresce.  By 

measuring the intensity of the fluorescence signal as a function 

of laser wavelength, it is possible to deduce the relative 

(v,J) population distribution from a knowledge of Franck-Condon 

factors and photomultiplier wavelength response factors. 

The first successful demonstration of this new molecular 

beam detector was the observation and analysis of the BaO 

ground state  (v,J) distribution resulting from the reaction 

Ba + 02 -♦ BaO + 0.  This work has been reported in the Journal 

of Chemical Physics.   Here it was shown that it was possible 

to resolve the rotational structure of fie BaO bands in a 

slow scan using a not very narrow (0.5)0 laser bandwidth. 

The vibrational distribution was found to fit moderately well 

a Boltzmann distribution of 2500°K, but the rotational distribution 

seemed much cooler.  Subsequent work (not published') has shown 

that the rotational distribution was collisionally relaxed at 

the high pressures used i,i the slow scan and that the 

rotational distribution is much hotter,  approximately 
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Comparable to the vibrational temperature.  The BaO A state 

lifetime was also measured.  Using a swept narrow sampling 

window, our first lifetime measurements give a value of 

5 
350 * 50 nsec, in reasonable agreement with Johnson. 

D.  Unfinished Work and Future Plans 

During the second half of this grant period, a major 

effort has been placed on generating in a reliable and controllable 

manner aluminum beams of useful fluxes.  We have succeeded in 

accomplishing this by using a boron nitride crucible placed inside 

a resistance-heated tantalum tube surrounded by tantalum heat 

shields.  This oven is very similar in design to that of Dagdigian, 

and Wharton.   Various crucible materials were tried.  Carbon proved 

to be porous; molybdenum and tantalum form amalgrams.  The chalky 

boron nitride container occasionally fractures but is not 

chemically attacked at the operating temperature of about 

1350°C.  The boron nitirde crucible normally lasts about 10 

hours.  A tapered stopper is used in order that the oven can 

be refileed between runs. 
« 

In addition, a new vacuum chamber has been fabricated for 

the forthcoming Al + 02 reaction studies.  This chamber has 

been designed with removable sides to enable easy access to the 

Al oven and to provide flexibility in the design o:: future 
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experiments.  The chamber is pumped by a 6" diffusion pumn. 

•This results in over a factor of ten increase in the differential 

pumping between the oven chamber and the reaction chamber over 

that previously obtained. Strong differential pumping ensures 

that the reaction does not occur within the oven chamber, such 

as on hot metal surfaces. 

The immediate future plans are to investigate the reaction 

Al + 03 -♦ A10 + u.  Attention will be directed to 1) the highest 

v" level populated in the reaction (from which a new estimate of 

the A10 ground state dissociation energy can be obtained)., 

2) the vibrational-rotational distribution (which bears  on 

the infrared emission from the species) and 3) the A10 B2L 

state radiative lifetime (which also bears on the importance of 

A10 as an infrared emitter). 

\ 
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