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KINETIC CROSS SECTIONS FOR ELECTRON~ATOM
AND ELECTRON-MOLECULE COLLISIONS®
H., H., Michels
United Aircruft keecearch Laboratories,
East Hartford, Coun. 06108

Practical computational technig re under development for calcu-
lating the kinetic cross sections for collisions between electrons,
neutral atoms and molecules, The initial phases of this investigation
were directed toward the development of analytic methods useful for
describing both elastic and inelastic electron-atom collisions. A noa-
arbitrary (minimum norm) method was formulatedi and a computer program fer
implementing this method is now in the final check-out stage. Parr of
this years effort was devoted to the development of accurate and efficient
procedures for evaluating the integrals needed for expansion caiculations
of electren-atom scattering.2 Preliminary results have bzen ootained for
e-H, and e-He and e-0. Further studies will involve an analysis of the
accuracy of this minimum norm technique in comparison with other analytic
expansions for the scattering wavefunction and with close-~coupling numeri-
cal results.

Some studies of collisinnal excitation of molecules by electron

impact have been initiated this past year. Iu particular, we have begun

® Project AF-AFOSR-AF49 (638)-1711.

! F. E. Harris & H. H. Michels, Phys. Rev. Letters 22, 1036 (1969).

2 F. E. Harris & H. H. Michels, J. { mp. Phys. 4, 579 (1969).




N

an analysis of the photo- and collisional detachment of electrons from
02~: The dominant features of the cross section for this reaction are

connected with the Franck-Condon transition probabilities between the
ground zﬁg state of 02~ and excited vibrational states of 0,. Ab

initio studies are now in progress to determine the electronic structure

and properties of O2

in order to assess the strength of these molecular
transitions. In addition, a preliminary study of dissociative-recombi-
nation reactions has been undertaken. A model has been developed which
should permit calculation of the temperature dependence of the product
distribution for these reactions. This information is normally not avail-
able from experiments but is needed for a more complete understanding of

the kinetics governing the relaxation of high-temperature gases. Future

studies will involve detailed calculations with this kinetic model.




INTERMOLECULAR POTENTIAL ENERGIES BY A MOLECULAR BEAM
*
SCATTERING METHOD

Erhard W. Rothe

Research Institute for Engineering Sciences

Wayne State University
Detroiz, Michigan 48202

Last summer we moved the molecular beam apparatus from
San Diego tou Detroit and, after an induction period, started
anew. Accordingly, two types of werk cre discussed: &) experi-
ments done in San Diego, but whose arulysis was done here

and b) experiments performed here.

The San Diego experiments were intermolecular potential-
energy determinations using glory-scattering from polyatomics.
These have now been analyzed, and three papers will appear soon.
In two of these we describe the experiments,1 and in the other

we oJormulate a theoretical framework.

The experiments in Detroit are planned to investigate
ionizing "harpoon-type" collisions of neutrals, in the energy
range of 1-5C eV. We previously published the results of a
preliminary study.4 Because we had a deadline for moving the
laboratory, some "stop-gap" measures were required to complete
a basic measurement. These improvisations5 did this job well,
but their use precluded the observation of other phenomena that
would have been very interesting. We are now working with a

more versatile experimental arrangement.

* Grant AFOSR 69-1799
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REFERENCES :
l. E.W. Rothe and R.K.B. Helbing, J. Chem. Phys. 53, (scheduled

for August 1, 1970 issue).

E.W. Rothe and R.K.B. Helbing, J. Chem. Phys. 53, (scheduled

for September 15, 1970 issue).

R.K.B. Helbing, J. Chem. Phys. 53, (scheduled for August 1,
1970 issue).

R.K.B. Heiving and E.W. Rothe, J. Chem. Phys. 51, 1607 (1969).

"There is one scientist renowned for his masterful improvisa-
tions, but some think even he went too far when he published
that he had cle2ned out his apparatuc by pushing a cat through

it !", from E. Bright Wilson, Jr., An Introduction to Scien-

tific Research (McGraw-Hill, New York 1952) p. 72.




Chenieal Reaections by Crossed Beams¥

VeAcuilanti, G,Liuti, F.Vecchiocattivi and G.G.Volpil

Dinartinento di Chimica dell?Universiti di Perugia-06100 Perugia

(Italy)

As an approach toward the investigation of reactive col~
lisions, which recuires both ths overcoming of exverimental
intensity vproblens and the understanding of the dynamies of
elastic and inelastiec collisions, two apparatuses are presea-
tly being uced at the University of Perugia, The first one is
desisned for the study of elastic scatitering between atoms and
sinple moleeuwies, under eonditions of velocity selected atonic
beans, Studies of collisions of rare gas atoms with several mo-
lecules are under way; they give information about the inter-
molecular forees nertinent to these systems. An intense atomic
hydrogsen beam source kas also been developed, and will be used
in the near future,

The secord apparatus unites the techniocue of crossed beans
to the cpectroscopie observation cf the emission of excited
gpeeles produced by the collisien. In particviar, an alkali
ion beam is erossed with an alkali atom beam 2t energies varic-
ble in the range ifrom a few eV to a few ¥eV, The clcetronic ex-
civation iron the conversion of energy from traslationzl to in-

ternal is measured by optical methods,

*
Werk sponsored in part under Contract EOAR F61052-66-C-0063,
presented at the 1llth AFOSR lleeting on Xinetie c¢f Energy Con-
version, September 3 awyd 4, 1970, Atlanta, Ga.
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PROPERTIES OF ENERGETIC IONS TRAPPED IN
SOLIDS: PHOTOCONDUCTIVITY IN v-IRRADIATED
ALKALINE ICE

Project AF-AFOSR-70-1852A

Ignatz Eisele and Larry Kevan
Department of Chemistry, Wayne State University,

Detroit, Michigan 48202

ABSTRACT

Ionizing radiation produces ions which can often be trapped or stored in
suitable solid matrices. The energy associated with these trapped ions can
be released by optical or thermal excitation, In this study optical excitation
leading to photczonduction is examined. Electrons produced by v-irradiation
can be trapped with 80-909% efficiency in glassy alkaline ice 10 M NaQH) at
770K. These trapped electrons are characterized by EPR and optical ab-
sorption spectra. Bleaching in the optical band produces photoconduction.
The photocurrent shows no activated temperature dependence between 4
and 77 K and under certain conditions to 1300K, and the wavelength depen-
dence of the photocurrent coincides with the absorption band. These results
show that no stable boun. excited state exists for the trapped electron in
the polar alkaline ice matrix, The relation of this result to the importance
of short range interactions in electron binding is discussed. Detailed stud-
ies of photoconduction at temperatures above 90°K show that radiation-pro-
duced shallow traps for electrons are formed. These traps have an average
depth of 0.048 eV and appear to be associated with a lattice distortion crea-
ed by the presence of O . Both ohmic and superohmic currents are found
under certain conditions. The superohmic current is interpreted as due

to a voltage dependent lifetime of conduction baru electrons.
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NONEQUILIBRIUM CCMBUSTION PRODUCTS?

R. F. Sawyer, Associate Protfessor
M. C. Branch, Research Assistant

University of California
Department of Mechanical Engineering
Thermal Systems Division
Berkeley, California gh720
The identification of nonequilibrium combustion products, the nature
of their chemical kinetics, and their effect on propellant performance
have been objectives of tnis investigation. Earlier work has focused
upon (1) the identification of nonequilibrium combustion products based
upon rocket combustor studiss at the Air Force Rocket Propulsion
Laboratcry, (2) the mathematical modeling of simplified gas phase combus-
tion processes and the numerical techniques for the solution of these
models, and (3) the prediction of the effect of nonequilibrium com: ~tion

products upon propellant performance.

The development of a flow rzactor technique for extrecting global
rate data through point sampling was undertaken. Initial, demonstration
experiments on methane oxidation were conducted in a moderate temperature
(to l3OOOK) flow reactor. Sample collection was through a water cooled,
aerodynamic quenching probe with low pressure transfer to a time-of'-flight
mass spectrometer. Statistical data analysis techniques for rate calcula-
tions and the systematic extraction of concentration dependency (orders),
temperature dependency (overall activetion energy), and r..ce constants

bave been developed.

&project AF-AFOSR-1256-67




A high tempereture flow reactor is being developed which allows
for the addition of a reactant gas tc an argon stream heeted by a 75 kw
plasma arc. The teated argon, at a bulk temperature of 2500-30000K
flows through a water cooled plenum cnamber where diluent argon is added
and relaxation of electronically excited state is faciiitated. The zas
stream then converges through a water cooled, stainless steel nozzle into
a section for addition of reactant gas at from 1 to 10 percent of the bulx
argon flow. The high velocity reactant stream enters the argon stream
radially to promote turbulent mixing and uniform radial temperatire and
composition profiles. The mixed gas stream then flows through a zirconia
reactor duct of inner diameter 3.17 cm and at & bulk temperature between
1600 and 2lOOOK. Regulation of argon flow rate provides control of flow
velocity and hence reaction time scale. Gas tempeirature is controlled

by the power tc the plasma arc.

A Greyrad model G-13 calorimetric sampling probe will be used for
simultaneous sample extraction and gas temperature determ.nation. The
sampled gas ‘s analyzed with a Bendix time-of-flight mass spectiometer.
Operation of the flow reactor is in the turbulent regime at cimospheric
pressure. 'the overall reactor length of 45 cm and flow velocities up to

100 m/sec give reaction times in the millisecond range.

The kinetic interpretation of reacting systems coutaining nitrogen and
hydrogen is hampered by the lack of experimental data on homceeneous
decompositicn of ammonia. This problem relates directly to the performance
of hydrazine, both as a moncpropellant and as a fuel in combination with
an oxidizer. The overall reaction kinetics of the thermal decomposition
of ammonia is planned as the initial study using the high temperatuire flow

reactor.




it g

COMRUSTION KINETICS OF TETRAFLUOROETHYLENE?
T. . Adams, D. M. lieston and R. A. Matula
Thernal and Fluid Sciences
Drexel University
Philadelpiia, Pennsylvania 19104

The therral dissociation of carbonyl fluoride (CFZO) in

excess arson, CF29 L oFO + F, was studied bhehind both incident
and reflected shock waves. Prelirinary kinetic data have been
obtained in the ternerature and total tressure reanges 2500-3200°K
and 2.5-14 atmospheres. Dissociaticn rates of carbonyl fluoride
were followed by ronitoring infrared emission from its £.15 micron
fundanental band, and the effect of optical depth on kinetic
measurerients s discussed. The reaction was found to be unimolecular,
and the nressure and temperature denendence of the CF20 dissociation
rate constant were analyzed by hcth the Lindemann and the Rice-
Nanspercer-Kassel uninolecular theory of reaction rates. The high
nressure rate constant was found to be represented by

k= (9.66 + 0.09) x g exp (- 2%2%2 ) sec”]
u

anz the pressure derendence of the ohserved rate constant was found
to be given by ©

146257 | x e X dx

[ TR i T -
2 P w57,

vhere T is in °K and P is in atmospheres. These preliminary results

fal
kopg = 8-85 x 19%xp (-

are coroared to the results of previous investicators.

The spectral ahsorption coefficient and integrated intensity
of the 1942 cm'] fundarmentel band of CF?O as & function of pressure
and tenperature has been studied during-the past year. The experi=
mental data have been obtained in the pressure and temperature

d
Grant AF-AFOSP-68-1606C
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rances 1 to 760 torr and 300 to 65CK respectively. Since CF20

can be well represented as an oblate symmetric top molecule,

theoretical expressions for enerqy level peopulations and

transition morients can be obtained, and hence the dependence

of snectral absorntion coefficient on wave number can be

predictec. /A computer nrogram has heen developed to predict

the spectral ahsorntion coefficient versus wave number and

temperature for the CF,0 fundamental. If account is taken of the

fact that the 1042 cr.'.'“I band is overlapped by a moderately weak

overtone hand at 1907 cm'] and a very weak cormbination band at

2610 cm'], the theoretical and exrerimental values can be compared.
In the temperature range of 300 to 650°K, comparison

between theorv and experirent is excellent, and hence the theoretical

rodel can be used to evaluate the spectral absorption coefficient

of the 1942 cm'] band versus wave number at temperatures of interest

in fluorocarbon combustion studies.
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DECOMPOSITION KINET'CS OF THE ROCKET OXIDIZER AMMONIUM PERCHLORATE®

E. E. Petersen
Department of Chemical Engineering
University of California, Berkeley

Amrmonium perchlorate (AP) is one of the most common oxi-
dizers used in solid propellants; yet relatively little can be
agreed upon concerning the controlling mechanism in solid pro-
pellant combustion. In such a propellant powdered AP is mixed
with fuel, catalyst, and plasticizer, all of which severely
complicate the description of the burning process; hence a
simpler system was sought for a more fundamental study. In
light of these experimental considerations, large single crys-
tals of pure and doped AP have been grown from saturated aqueous
solution and were used in this study of AP deflagration and de-
flagration limits.

Deflagration experiments at low and high ambient single
crystal temperatures has emphasized the effects on burning be-
havior of AP due to addition of small amounts of catalyst. These
experiments suggest the desireability of studying the effect of
catalysts and catalyst compositions in order to control the
deflagration and deflagration limits of oxidizers in propellant
formulations. Such data also may be useful in the future for
writing specifications on AP used in propellants.

An accurate technique for studying deflagration and deflag-

ration limits has been developed. By imposing a temperature

dproject AF-AFOSR - 68 - 1458.




gradient on a single crystal or pellet and arranging the lowest

temperature to a value below the deflagr:tion limit, the crystal
extinguishes during the process. This simple concept has per-
mitted the accurate determination of the deflagration pressure
limits as a function of ambient crystal temperatures by a
quenching experiment. Therefore, the measurements are no

longer dependent upon the magnitude of the ignition stimulus
strength as was true for previous measurements. This technique
may be utilized to study pure and doped crystals.

The deflagration limit data above provide an opportunity
to test a unified theory of ignition and deflagration because
at the low pressure deflagration limit the ignition process
coincides with the deflagration process. Accordingly a unified
theory of ignition and deflagration using these data is nearly
complete which predicts the magnitude of the deflagration limit.
Alsc the tineory is the mcst effective way of ascertaining
infermation on the effects of catalysts on the deflagration

process.
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THE XKINETICS COF THE THERLAL DECOMFOSITION OF F20
by
Jd.Czarnowski and H.J.Schumacher

The kinetics of F20 decomposition was reinvestigated in
a static system between 230 and 310°C and a pressure range
from 10 to 750 torr using vessels of lig, A1 or quarz (up to
290°C). The "mixing" and "inlet" time of the gases was of
the order cf 1C sec,

No induction period could be cobserved., All added gases
increassed the rate of decomposition. Comparing egqual pres-
sures, the efficiencies of F2 and He were almost the 3ame.

for the heat of activation a value of 36,9 * 0,5 kcal
was obtained.

The second order constants corresponding to the decom-
position of pure F20 snowed a small trend tc decrease with
increassing pressure, Experiuents in vessels with great v/s
values will be made in order to prove if this effect is real
cnd belongs to the homogenous reaction.

A series of experiments was executed to find out, if
the bimolecular reaction between 20F radicals leads directly
to the formation of F, and O, or to the formation of O2 and

2 2
2F. However, we could not yet come to a tinite conclusion.
THE KINETICS OF THE THERIIAL REACTION BETWEEN SFSOF and CO
by
h.d.Colussi and H.J.Schumacher

The reaction between SF_OF and CO was investigated in a

5

quarz vessel vetween 11C0° and 150°C, It is a homogenous chain

reaction, SF6 and 002 being formed in eguimolecular amounts.,

SF,OF 4 €OQurz_ SE . CO,




hit o

The rate follows the equation

, diShi _ k IsR.OF 1% |coi®
db
Oxygen inhibits uhe rzaction.

The results can be explained by the following mechanism:
1) SFCOF + CO = SF0 + COF-
) SEO +C0 = SFS + CO,
y SE° +SEDE = S5E& + SKO
w COF" +SKOF = COF, + SFO

5 SF + SF" = S,y
¢ dISEL -, dicol - ek (k/ k)2 15F;0F 1 1c01™
at at

q.-16%1 keal | qz28¢4keal; q20. g,= ukeal

In reactors of Cu and Ni the reaction is heterogenous,

leading in agreement with Cady to the formation of SOF4 and

THE PHOTOCHSLICAL rORLATION OF C1F, IN THE SYSTEM F. + C1F
by 3 2
E.A.San Romédn and  H.J.Schumacher
The reaction between F2 and ClF in ligh%t of 365m}1 has

been investigated between 30 and 50°C, If the excess of F,
over ClF is sufficiently high, F?/F01> 2, the guantum effi-
ciency,@, of ClF3 formation is l-,O lol/hy. Under this condi
tion@ 1s independent of temperature, pressure and the pre-
gsence of oxygen. It furthermwore does not nmatter, if the
lisht is absorbed by 'r‘2 or C1¥,

4 mechanism, which explains the results, is given.

Project AF-ArUSH 1446-68
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KINETICS OF FLUORINE COMPOUNDS®
THOMAS HOUSER
CHEMISTRY DEPARTMENT WESTERN MICHIGAN UNIVERSITY
KALAMAZ0O, MICHIGAN 49001

The kinetics of the pyrolysis of OF- hes been studied using a monel,
stirred-flow reactor. The experimental conditions employed in the study
were: temperatures cf 3%0 to U30°C, cne atmosphere total pressure, and 1
tc 10 mole per cent initial concentration of OF- with He as the diluent.
Under these conditions the unimolecular steps in the reaction would be in
the second-order pressure region with most of the collision activation
coming from the He; this results in these unimolecular steps appearing to
be first-order since the total pressure does not change during reaction.

It was found that at temperatures 330 to 385°C the rate was definitely
lower than first-crder with respect to initial concentration and sbout first-
order with respect to time. At 407 and 430°C the rate was about first-or-
der with respect to initizl concentration and appeared to be less than
first-order with respect to time. The addition of F- produced a small
inhibition of the rate. 1Increasing the surface area of the reactor by
about a factor of 2.5 changed the rate by only about 10% and did not change
the apparent order of the reaction. t was concluded that the reaction was
primarily hcomogeneous and that the observad low order did not result from
heterogeneity.

Based on the above observations, an equation of the following form ap-
peared reasonable for the initial rates.

1/,
ro = k{OFz)o + k(OFs)o /*

®Project AF-AFOSR-1201-67
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The change in order with respect to concentration with temperature could be
explained vy tne shift in relative size of the two terms. Values of the
first-order rate constant are described by the equation
k = 101°-° exp(-3k4,000/RT)sec ™t

A mechanism, the steady-state treatment of which produces a 1/2 order
term in OF, and an overall total pressure order of less than two, involves
the following steps:

OF + M— 0+ F+M (Propagaticn)
20F + M —» 05 + Fs + M (Ternination)

It is realized that other propagation-terminaticn steps are reasonable and
probably contribute to the reaction; however, the observed order is strong
evidence that the above steps are significant contributcrs to the overall
complex mechanism.

It is planned to study the rate of the reaction

F + OFp —> Fp + OF

using microwave discharge as a source of F atoms.

The kinetics of the Ho-OF, reaction have been studied in the same
system over a temperature range of 110-220°C. The reaction’s stoichiometry is

OF, + 3/2 Hpo —> 2HF + 1/2 Hx0 + 1/h 0p

The rate was strongly inhibited by O.. Experimental variation of OF,, Ho

and O, concentrations leads to & rate expression of the form

n
- k,(OF5)(Ho)
v = k (0F:) + K (0Fa){He) + T 7 v
it 1+ b(0z)/(0Fp)
where m and n could be 1 or 1,2 The first term represents the heterogereous

contribution to the rate.

Work is continuing to better define the terms in the rate equaticn.
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a
CHEMICAL KINETICS OF FLUCRINE COMBUSTION SYSTEMS

Donald I. MacLean
Boston College
Chemistry Department
Chestnut Hill, Massachusetts 02167

~

ABSTRACT

Reactions of the systems Hy, + Fy, NH3 + F, and C,H, + F2
have been studied in low pressure diffusion flames by means of
visible-ultraviolet spectroscopy and time~cf-flight mass spec=
trometry. Two types of multidiffusion burners were developed,
the one employing fine copper capillaries arranged in a 3 cm
diameter circle, and the other aluminum slits in a 5 x 5 cm
array. A differentially pumped molecular beam sampling system
was constructed for the mass spectrometer,

Concerntration profiles have been measured for g, +F,
flames diluted with Argon, burning at a pressure of 6 mm Hg
on a multidiffusion burner. Under these conditions the £flame
is hypergolic. For a mixture containing 27% F, and 19.5% H,
at an overall flow rate of 41.2 cc/sec (at 1 atm. and room
temperature) a faint red glow is observed in the oxidation
zone of the flame but not in the burned gases. The main re-
action zone is about 8 mm thick. Fluorine atoms are detec-
table in the second half of the reaction zone; their concen-
tration increases steadily into tne burned gas, peaking at
about 15 mm above the burner. Under these conditions of ex-~
cess F, in the flame, H~atoms were too low in concentration
to be detested, due to the fast reaction H + F,. The flame
goes out below 13% (H2 + F2) in Argon at 10 torr pressure,

Although the NHy + F, system is hypergolic at atmospheric
pressure, it was not possible to ignite it at several centi-
meters Hg. The flame was finally ignited by substitution of
H, with NH3 in an H,~F, flame. The flame velocity of NH,-F

32
is substantially lower than that of H2—F2; also a certain in-
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hibitory effect of NH, on H,-F, flames was observed., At 2-3
torr the flame is dark green, at 6-10 torr yellow~green with

a purple rim at the top of the combustion zone., The main pro-
ducts of this flame are N, and HF. As intermediates NH, F and
NHF2 are formed, and in smaller amounts also NF3. Furthermore
the presence of N,F,, N H,, NF,, NH, and NH radicals has keen
determined. Hydrazine could not be detected as an intermedi-

ate,
0f interest for the study of fluorine reactions at

high temperature is the system acetylene-fluorine because of
the high exothermicity of the reaction and the consequent high
flame temperature,

The main reaction zone, appearing blue to the eye, has a
thickness of about 5 mm at a pressure of 5 mm Hg. The total
initial flow was 18 cc/sec at 1 atm, with an initial FZ/CZHZ
ratic of 3.,5. The main reaction products are CF, and HF, with
less than 10 mole percent CF, being formed. Of particular
interest is the large concentration of the radical CF, in the
burned gas, since this could be used for the study of some re-
actions of this active species. Intermediate radicals for
which only qualitative profiles have been measured as yet are
CF, and CF. Furthermore, a number of partially fluorinated
unsaturated hydrocarbons are formed in the main reaction zone
but disappear again in the burned gas. Among these are CZHF,
C,HF and CoH, Fye Also observed is C,H, which is known to be
formed in C,H,-C, flames. C,F, is also formed but in compara-
tively low concentration. No higher fluoro compounds than
C,F, could be detected.

Plans for the future include the measurement of tempera-
ture profiles for these flames and study of their stability
limits., Other fluorine-~containing systems will also ke in-

vestigated in flames anrd shock fronts,

@project AF-AFOSR 68-1523

—




v

e

-

19

CHEMICAL KINETICS OF SELECTED FLUORINE REACTIONS (1)
Joseph B. Levy
Department of Chemistry
The George Washington University
Washington, D. C. 20006
This program has begun as of September 1, 1970. Its goal is to add to
our knowledge of the chemistry of fluvorine and its compounds by investigating
the kinetics of some chemically-simple systems.

The systems of chief interest are fluorine-chlorine, fluorimne-chlorine

monofluoride and fluorine-xeron. The first has been studied thermally to

some extent (2, 3) and appears to be a chain reaction yielding mainly chlorine

monofluoride. In this program the plan is to study the photochemical system
in order to evaluate more carefully the energetics ef the chain-propagation
steps. The effect of oxygen on the system will also be studied to try to
learn more about the €100 and FOO species. The second system, which has not
been studied to date, will also be examined photochemically.

It is known that xenon and fluorine react photochemically to give xenon
difluoride at room temperature (4). The reaction kinetics of this system
will be studied to learn about the energetics of reactions of fluorine atoms

with xenon and xenon fluoride species (5, 6).

(1) AFOSR Grant No. 70-1939

(2) E. A. Fletcher and L. S. Ambes, Combust. Flame, 12, (2), 115 (1968).

(3) E. A. Fletcher and B. E. Dakneke, J. Am. Chem. Soc., 91, 1603 (1969).

(4) J. L. Weeks, C. L. Chernick and M. S. Matheson, J. Am. Chem. Soc., 84,
4612 (1962;.

(5) J. H. Holloway, Progress in Inorganic Chemistry, ed. by F. A. Cotton,
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Vol. 6, p. 241 (1964].

(6) H. S. Johnston and R. Woolfolk, J. Chem. Phys., 41, 269 (1964).
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VIreA™ AL RELAYATION OF CO2 WITH
SELECTED COLLISION PARTNERS*
Daniel J. Szery
United Aircraft Research Laboratories
Fast Hartford, Commecticut 06108

The vibrational relaxation times of CO-COp mixtures have been measured
as a function of temperature. 1In addition, the experimental data have been
further analyzed to obtain the rate of vibration-vibiation energy transfer
between CO,(001l) and CO(v=1).

The experimental technique ccnsists of time-resolved measurements of
the infrared from COp at h.3-/Land Co at h.Y/u,following shock-heating of
the gas mixt 're. The exponential time constant for the growth of the
emission signal is then related to the vibrational relaxation time of the
mixture. In addition, the emission intensity profile of the CO at 4.7/&.

can be used to calculate the rate of energy transfer between 002(001) and

€co(v=1). The following reactions must be considered

C0,(000) + M —> 002(010) + M (1)
C05(030) + M —» C0o(001) + M (2)
0(v=0) + M —>» CO(v=1l) + M (3)

002(001) + CO(V=O) — COQ(V=1) 4 CO(\r:l) + E = 206 Cm-l ()-l-)
Using literature values for the rates of (1), (2) and (3), the rate of

reaction (4) can be calculated.

¥Project AF-0SR-FL46£0-69-0100
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Results of experiments and analysis on reaction (4} will be presented
along with some new results on reasction (2). In addition, some work on

Y hCl-002 vibrational relaxation will be presented.
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LASER-INDUCED FLUORESCENCE OF METAL OxI1DES®

H. P. Broida
Physics Department, University of California
Santa Barbara, California 93106

Fluor~scence of Ba0O, MgO and PbO, excited by reveral lines of Ar+
laser and by a tunable dye laser pumped with a pulced nitrogen laser, has
been observed and spectra obtained between 400 and 1100 nm. Metal oxide
molecules were produced at low pressures by gas phase chemical reactions
at room temperatura between metal vapors in an inert gas bath and both
molecular and atom oxygen. Weak chemiluminescence was observed from
Ba0O and PbO.

The A 12 - X 12 system of BaC iras been most fully studied. Strongest
fluorescence using seven Ar+ laser lines was observed from v' = 8, j' = 49
excited by 488.0 nm 2nd v' = 7, j' = 3 and 7 excited by 496.5 nm. Transi-
tions from v' = 1-12 in the upper eiectronic state to v" = 0-17 in the
ground state have been carefully measured, and rotational and vibrational
constants for the lower electronic state have been ob:tained. Comparisons
between measured intensities and calculated Franck-Condon factors have
been made. A rotational perturbation in v' = 7 of the A 12 state was
found. Studies also were made of collisional energy transfer by varying
pressure from 0.4 to 40 Terr giving cross sections for electronic quench-
ing and for vibrational and rotational transfer by He of 0.25, 0.1 and

]
2 A" respectively. Lifetime and quenching measurements using the tunable

& Project AF-AFOSR-70-1851
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dye laser are being made for v' = 0-11 of the A state. Present results
o )
show that for v' =0, v = (3.8 + 0.4) 10 Z sec and Oy = g1 A%,

Strong fluorescenc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>