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A molecular beam tacility, which has been designed (o measire photochemies|
croas-sections, s been constructed at the Athens College science facility.
of this vacuun system into an operational photochemical instrument ias been performed with
signal processing eonsisting of hoth de and ac¢ technigues.
date on the vacuum ultruviolet photolysis of water vapor.
capacity (pr efvnhl} with differential pumping) is required to improve upon the background

Both nhage-sensitive detection and ion-counting techniques are recommended for

The integration

Of the experiments serformed to
it is apparent that a larger pumping
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I, INTRODUCTION

The deternanation of the photochamical cross~sections of singe
molecuiar gases and vapors 18 an 1important step in urmierstaudiny the compiex
processes i bOlar induved seactions, whether the reaction occurs on
Earti, Venus, a comet, or 1n an interstellar medium, The primary pro-
cepses are ump riant, if we are to determine what secondary reactions .nay
occur and vonsequently predict overall what cnemical products are tormed
as well as how rapidly the reactions proceed. ilence knowledge about ihe
initial photodissociative step is required if quantitative predictions are to
be made concerning the nature of such clouds (spacecraft, planstary, or
interstellar) and their formation,

The emphasis of this study has been directed toward resolving «
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problem originally occurring around spacecraft. The water vapor out-
gassing from most manned spaceflights has been very heavy and usually
surrounds the spacecraft with the water vapor and some ice crystals
forming a cloud. Spaceflight experiments which require no "atmosphere"
then have been deprived of their original intent as a space experiment with
no atmospheric effects. As cloud formation progresses it was felt that
spectroscopic measurements might be ured to determine the column
density of such a cloud and also to monitor the possibility of interferences
to certain low light level e::periments’ The nature of such measurements

and their utility as o raonitorirg tool will be presented later,
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The experumental approach used in this study has been to simulate o
spacecrait atmosphere {infrequent collisions, solar radiation, and moderate
molecular densities) composed chiefly of water vapor and irradiate the
molecules with vacuum ultraviolet radiation, The photodissociated molecules
can st forined in either vibrationally or elecironically excited sgpecies. The
ability to observe radiation from these excited species would be very useful
2% a volumn rensity monitor., Also the molecular emissions observed from
other planets and from other inter-galactic bodies may arise from similar

5

processes, More regearch is needed in order to understanc the nature of

these radiative processes, and their relationship to photochemical processes.



1. TECHNICAL DISCUSSION

In gencral, for any photochemical reaction the primary chenacal
provess roay bi: defined as the first chemucal step tollowing the act of
absorption of radiation, The excited mnolecule may lose this excess
cnerpy ja several different ways, however, the primary process oOf irlerest
to us is nv photodisdociative step. We can label the cross-section which
ieads to photodissociation «3 the photochemical cross~section, defined by

the relation

dna = ILynéang dx

where

ng = number density of species a

1, = light intensity

@3 = absorption cross-section

¢s. = quantum yield of dissociation
dx = interaction element

the competing processes, i.e., flnoresence, phosphoresence, and even
direct chemical reactions, do affect the value of $ . At low pressures or
in molecular beam experiments where the collision rate is low, direct
chemical reactions or energy transfer processes should not significantly

affect ¢ .

The quantum yield should be a varying quantity depending upon the

nature of the excited state which is populated by absorption of light at
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wavelengthh W, The usual deflimition 8 given by

"f) z auwunber of mmolecules dissociated

number of molecules abeorbing at A

and 1s thus labelled as the gua:”um yield for Jdissociation. Several workers
in the field make measureme: -~ at only one wavelength and assume that
the quantum yield remains the same throughout the electronic transition.
‘Thig 1k not always true since different vibronic states can lead to differeat

6
disaociative chunnels and also one cannot always be sure of the existence
of more than oue electronic transition in the same spectral region. The
nalure of the excited states in water vapor which lead to spectral absorp=

7

tion from 163, 0 - 123, 6 nm is not very well known and more information is

needed for this spectral region. Figure 1 illustrates the spactral cross~-

section for water vapor.

The radiative spectra of the dissociated species is important in
determining how the initial photon energy is distributed among the photolysis
products. Thus our efforts here were aimed also at the nature I the
spectral emissions from the hydroxyl radical. It has been documented7
that OH emission near 310, 0 nm occuxs if the electronic state near 130.0 nm
is populated, where the crossover point to this photodissociation channel
occurs is not known. It is fairly evident that one has to be able to
continuously scan the excitation energy to observe where this cross~
over energy occurs, It is also near this spectral region (123, 6 nm} that

8
Hj has been observed as a photolysis product. Measurements of this
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natuse are cequired il photodissocinied roducts (say of water vapor) are

to be used as column density monitors of clouds, etu, o
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I, EXPRRIMENTAL DETAILS

The experiments performed for this study were carried out on a
vacuum system specifically constructed for this project at Athens Coilege.
The experimental apparatus consisted of a vacuum chamber approximately
54 ¢ lonyg and 34 ¢cm in diameter, An Extranuclear qradrupole mass
vpectrometer was located inside the chamber parallel to the long dimension,
A copper tubing with 4 one inch 0, 5 mm diameter orifice for directing wne
water flux intu the chamber was located at the other end of the chamber.
The water flux has been directed toward the quadrupole (paraliel) as well
as perpendicular te the line extending out from the ionizer. The two
pusitions are labelled parallel and perpendicular in Table I. The main
chamber has been pumped through a liquid nitrogen baffle with an oil
diffusion pump rated at approximately 700 liters/second, giving an

overall pumping speed of about 500 liters/second.

A one-metar vacuum spectrograph has been used as a monochromator
in order to isolate particular wavelengths for the photolysis #xperiments.
A hydrogen discharge lamp has been used as the vacuum ultraviolet light
source, Its emission spectrum is given in Figure II. The line structure
around 165, 0 nm is the most intense region and is a very good photochemical
light source, The 121, 6 nm is ;.130 a useful region. These two spectral
regions were used in our prelin.inary studies since more positive results

are to be expected for these regions,

-6-



Tite light beant and tue woler {lux ¢Ioss i an interaciion region
approximately ¢ centimeters trom the quadrupole 1onizer. The usual

experimental paramcters consisted vl & puoton flux of approximately

9
1614 photons/sec, The water tlux was calvuialed usiug the relationsiup
molecular = 1 i, 2f » Wt AL P molecules/ued,
flux K My

where

geometry of source

>
#

" area of source

Pz = pressure of source

M = imolecular weight of vapor
T, = temperature within source

Hence for water vapor at 298°K, K--1, pressure = 0,21 newtons/m®
(10"2‘ mm Hg) and a 0, 2 mm orifice we have been obtaining approximately

2.8 x 101° molecules/sec. A onc centimeter reaction volume then gives

3.

approximately 2 x 10}3 molecules/cm

Since water vapor has an absorption cross-section of approximately

18 cmz. at least J.O12 water molecules abscrb radiation, Assuming a

5x 107
quantum efficiency~~0,5 (which we have not proven yet) and isotropic
scattering then at least 4 x 107 fragments should scatter toward the mass
spectrometer to be detected, Thus we do not expect to see a very large
fragment current, From the above conditions, the ionizer efficiency will

dictate the overall signal.

-7-




A mumber of techniques tave heen applied an this work, The maia
variativns for the light source have be ooather (o use a puined light
source or Lo use a cw discharge, The putsed iignt scarce 18 richer .o
varuum ultraviolet radiation but gives a very low du signal, so we tried
i v lipht source uming de electronics and wimple phase-sensitive detecs
Liva,  Nu perceptible photulyzed species v ere detected using either
approaci, Oue major difficuity is that OH fragments can be former
vither by Dol rdang water molecules with electrons {(as the mass
spevi ruineter wuoes) as well as with photons of certain energies. In
order to decrease tne fragmentation of FH30 Ly electron impact, we
had te use very low cnerny electrons {~ 106 ev) and consequently a
tow clectron {lux., Hence we typically ran at 15 ev and 2 ma electron
filament ¢cusrent which gives an eleciron {lux approximately 10'6

amneres,

The typical background pressure with a water flux of 1013 molecules/sec
was 2,13 x 1075 newtons/m% (1 x 100 mm Hg), which was really too bigh
since the background OH (amu = 17} was then approximately 3 x Tt : AMmps,
The cw discharge also has been tried, but also with no success, The
effect of the light source was substantiated by the opening and closing
of the spectrograph shutter, In all the experiments reported here, there
was no perceptible change in the measured hydroxyl current which

correlated with vacuum ultraviolst radiation. The installation of a light

chopper between the incoming cw beam and the interaction region plus

-8-



phase«suennitive detection did not veem tu wegee  The measured hydroxyl
current dropped 10 nnthing although *he se geitivity of the experiments should
be cnough, Aaother approach which would have been tried 1i time had

rot run out was 1o use the photon counter and a pulsed lignt source. The
signal=to=noise ratio ray sl not be enouph 1f the background signal was
too high. A review of experimenta: arrangeinents and remarks about

their resuits 18 given in Table I, A number of runr were made in which

a gas chromatograph integrator was used to increasc the s.gnai~to-noise
rativ, Under the prevailing conditions above, there was no perceptibie

icrea: in the signal-to=nolse ratio.
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iV, ROCOMMENDATIONS FOR FUL UKW FANMEKRIMENTD

It s recominended that experimients of thus uature be continued w.th
the saie e phasis on the photochemacal Cresa-section, A 1ew modificas
tions 10 the pressnt photolysis system, woich is located at Athens College,
1s recommesided, The addaon of a4 vacuuin chamber aection, wtich
cuntains lhe interaction region and beam source, and is difiarentiately
pumped would alleviate the background problem, Tt is suggested that
a fa.ler pumpiny speed be used (i, e., 1400 liters per secon). Briaging
the Lackground pressure to 2, 31 x 108 newtons/ m 2109 mm Hygj wail
result in negligible background so that eith.r pnase sensitive detection
or i1on counting techniques are possible, The use of ion counting should
eliminate some of the signal-to~-noise problems, provided ihe background
is reduced, It is also recommended that some kind of choppinug mechanism
be retained sirce the phase sensitive detection is required for the signai

handling of the hydroxyl {photolyzed) to OH ({electron impact) ratio.

4 further consideration is to the nature of the excited electronic
state involved in the photodirsociated step, If polarized light were
used then one can interpret by the scattering angles what symmetries

10

arc involved in the excited state, There should be some consideration

for extending this approach to the vacuum ultraviolet,
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V. SUMMARY

A molecular beam system has been constructed at Athens College
for vheerving the photodissociation ¢f molecular compounds and for
determining their photochemical cross~sections., The researcin to date has
indicated the types of modifications aecussary to improve expe. nmentai
determinations., Our results with dc signal processing indicates that
the high background level is deleterious to measuring photolyzed f{ragment
currents. The ac techniques have more potential for observing only the

photolysis ¢vents, assuming that the background signal does not swamp

the detector,

It is recommended that future experiments inccrporate higher
pumping speeds and that the quadrupole chamber and the photolysis
chamber be pumped differentially. Both ac and ion counting techniques
should be investigated as both techniques maintain a high signal-to-noise
ratio, With a substantial decrease in the background signal then we
should also consider the possibility of using polarized light so that the

nature of the fragmenting states can be better defined.
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