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I. DINTRCDUCTION

This Final Scientific Report 1s submitted for administrative reasons
only, because the work continues as an AFOSR Grant No. 5-34503, but was
started as a contract No. FU9620-79-C-0155 which, after a two-months',
no—cost extension for July and August 1980, terminated on 31 August 1980.
This report will therefore be unusually brief, since it covers the wvery
initial planning and building stages of a major, exciting project. Further-
more, its early progress was delayed by late delivery of a high power,
high repetition rate CO2 laser (Lumonix, “lodel 820) required for the
generation of radical species, and by the late arrival of the postdoc~-

toral research associate, Dr. Jay B. Jeffries who will carry out much of
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the planned experimental work. . - * f
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--Fortunately, a parallel reseaféh in&estigatiOn on collisional relaxa-
tion of highly excited HCljand HF, formerly supported by the Advanced
Research Projects Administration, and of great scientific research and
development interest to AFOSR was able to be continued with modest sup-
port from this contract and has provided valuable information on relaxation
rate measurements for HC1 (v = 1 to 7) colliding with a large number of
other molecules and some preliminary rate measurements for HF (v = 1 to
7). The present report will therefore be subdivided into two sectlions
dealing with these two toples, but it must be kept in mind that that this

is essentially a progress report covering the initial l4-months building- wor

I
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IT. DESIGN CF REACTION FLOW SYEﬂﬁﬁiﬂfTTH MULTTPHOTON LASER DISSOCIATION

RADICAL SOURCE

Becuase of the above mentioned delays of laser delivery (April 1980)
and Dr. Jeffries's arrival (August 1980), the building of our flow reactor
has also been delayed, but all major components are now on hand. A large
Roots Blower (Leybold Heraeus, Model RO2400) backed by a rotary pump
(Heraeus E225) formerly used in ion-molecule reaction studiesl_3 is used
to provide the required pumping velocity. A smaller pump is used when
large flow velocities are not required, since the large pumping system is
also used to pump the vibrational relaxation apparatus (Section III below).

The flow tube allows the facile placement or removal of a liner tube
of 2 to 3 cm i.d. whose inner surface can be treated or coated to inhibit
surface reaction or recombination of the radicals generated along a side-
arm by IR laser dissociation. The partly dissociated radical precursor
stream enters either through a fixed upstream port as shown in the original
proposal and reproduced here (see Figure 1) or through a movable, coaxial
injector tube that permits the variation of radical-to-detector transit
time without major changes in other f. ow parameters. The flow tube is
also fitted with a thin, movable injector tube (o.d. ~3 mm) and with up-
stream ports for the introduction of inert diluent gases and of stable
reactants, as well as with microwave discharge cavities placed on fixed
and/or movable injector tubes for the purpose of introducing atom or
simple radical species. The length of and flcw velocity in the laser
dissociation tube are so chosen as to provide a "slug" of radicals of
sulfizient length and repetition rate to minimize the problem of axial

diffusion. The tube and liner are surrounded by a heating/cooling




enclosure to allow operation over the 200-600 K range initially and later
probably to about 1000 K.

The detection of radicals, precursors, and other species is accan-
plished by mass spectraretry using the available quadrupole mass filter
assembl},rl_3 but including an efficient electron impact ionizer
(Extranuclear Laboratories, Inc., Model 041-1) and control (Extranuclear
Laboratories, Inc., Model 020-2) operating near threshold and also
making use of time-of-flight techniques to discriminate against stable
precursor molecules. Additionally, it is hoped that a photoionization
lamp emitting, say, the Kr resonance line (123.6 nm) will be used with
its mildly focussed beam traversing the electron impact lon source region
such that mass peaks can first be identified using the electron impact
ion source, but then monitored by photoionization making use of the low
ionization potential of the radical species.

In the detection cell, upstream of the molecular beam sampling inlet
to the mass spectrometer, there are ports and windows for laser-induced
fluorescence detection of radicals using a Lambda Physics Nitrogen and
Dye Laser (Models M1000 and FL2000) with doubling and controlled scanning
capabilities. These lasers are now on order and will be delivered within
one to two months. There will be further ports for u.v. and vacuum u.v.
discharge resonance lamps and a 0.3 meter monochromator (McPherson, Model
218) is available for the detection of atomic specles. Detection limits
in this versatile, state-of-the-art flow reactor apparatus are expected
to be =lO9 cm—3 for mass spectrameter analysis (possibly lower for photo-
ionization where background signals are very low), about 107 en™3 for

7

v.u.v. resonance fluorescence of atomic species, and about 10° for laser




induced fluorescence of radicals with strong transitions in the visible

or near u.v.

IITI. COLLISIONAL RELAXATION OF VIBRATIOMALLY EXCITED HC1 and HF (v = 1
to 7)

These measurements have as their aim to elucidate the systematics of
vibrational relaxation processes as function of v-level and of collision
partner over wide ranges of both parameters, i.e. for v=1 to 7 and for
a large number of added gases that are chosen to clarify the effects of
energy resonance, dipole moment, and Van der Waals forces. The infrared
chemiluminescence technique is used under steady~state conditions in a

fast flow reactor with helium carrier gas at 0.5 to 1 torr. The colli-
#

sions of HX" with He relax any non-thermal rotational distribution, but

leave the vibrational distribution entirely unrelaxed. Generating

# #

reactions such as H + ICl - HC1” + [, H+ Cl1, » HC1

2
HC1¢ + I, C1 + HBr ~» HCl# + Br are used to produce HCl# in different

+Cl, C1 + HI »

initial v-distributions. The reactions of H + F2 > HF# +Fand F + H2 -+
HF# + H are used for HF#. The chemiluminescence is monitored by a

liquid N2 cooled InSb detector using a circularly variable filter for

8 .3

spectral dispersion with a resultant detection limit of about 2 x 10" cm
for HC1 (v = 7) and somewhat better for HF#. The precursor speciles, say,
H and ICl, are rapidly mixed in the field of view of the detector and the
relaxation rates are measured by Stern-Volmer analysis in series of

experiments with increasing amounts of quencher gas added upstream to the
He flow. The H-atom (or Cl-atom) stream is square-wave modulated so that

the chemiluminescence signal is also modulated and background emission is
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suppressed. The reference process with which the relaxation is compared

is the very fast pumping rate out of the field of view, of order 103 to

lOu s~ and therefore one to two orders of magnitude larger than the

Finstein ccefficients, A ~ 30 to 100 s™1 used by other investigators.

Only stable, molecular quencher gases are used in this work, because
it is desired to be able to consider only stepwise, Av = 1 relaxation in
the interpretation of the data. The dynamic range of relaxation rate

conctants is oppreowimately three orders of magnitude, from 10713 to 10710

cm3 molecule~l s_l, where the lower limit is prescribed by the fact that
no more than a few percent of quencher gas can be added to the He flow
without changing the nature of the transport properties in the mixing
region whose constancy is assumed in the analysis.

A very large array of experimental results has been obtained for

#

HC1” which ranges are over diatomic (N,, CO, NO, HC1l, HF, DCl), triatomic

(CO,, NS0, NO,), and polyatomic (CHy, CH3F, CHBCl, CF.C1l, CF.C1,, CFCi

4 3 2772 3’
CF), SFS’ CHes C3H8’ and CquO) quenchers. Two large publications are
in preparation that summarize and interpret these results. Several
experimental checks and confirmations are still in progress. Therefore,
this is not the place to present a thorough discussion of our findings,
but a few highlights may be mentioned: For small molecules of low dipole
moment the quenching rate constants are higher for molecules with infrared
active vibrations and often obey Lambert-Salter type correlations, i.e.
) rises linearly with AE where ZQ
v,v-1
0-1 2nd AE 1is the vibrational

Q
Log(VZy 4 4

kinetic collisions to relax HC1' to HC1

is the number of gas

energy defect. For molecules such as CHu, this correlation seems to

break dovm no matter whether one uses the high C-H stretch or lower C-H




bend frequencies for AE. Rotational effects may play an important role

here, but the anaiysis is as yet incomplete. For relaxation by strongly

v=0

dipolar diatomics (HC1" ~, DC1l, HF) there is clear evidence that the

7 v=0 v=6 v=0
>

process is one of V » R, i.e. HC1' HC1 0 + HC1V™Y with the

+ HC1
large energy of the upper vibrational quantum being released as rotation
(and translation). Otherwise, vibrational energy resonance, i.e. small

AE, 1s important and qualitatively rationalizes why CFu and SF6 are very
#

inefficient quenchers of HC1'.

Initial results for HF# quenching by CO., are more extensive than and

2
compare favorably with laser excitation studies for v = 3 and U4 and show

marked increases of the quenching rate constant with v from v = 1 to 6.

Tor Q = CHu our early results are higher than those of Poole and Smith,u

5

but lower than a recent laser study” for v = 4. Data have also been

collected for Q = NO which is an efficient relaxer in spite of the large

2

energy defect (kQ =~ U4, 21, 39, 61, and 37 x 10712 om3 s for v = 3 to

7. Much more experimental work will, of course, be performed in order
to produce a large and reliable array of quencling rate parameters for

HF# in the continuation of this contract under our new AFOSR grant.
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