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: INTRODUCTION

Continued fundamental studies are orooosed on both the formation ano properries
of new ﬁaterials for highfenergy, gas—phase lasers. As originally proposed,'l
sttention will be focussed mainly (but'not.wholly) on systems which have bound
excited states but unoound ground statesrlll, An important class of such
.excimer/exciplex systems has a van der Waals dimer/oligomer‘as its ground state.
In the original proposal for this work a new method for the preparation of
exciﬁers and exciplexes was presented in which van-der Waals complexes are: y
formed as 1ntermediates. Systems under srudy include the excited states ‘of

(2]

dimers, oxides and halides of inert gases..

~ The assumption underlying our choice of systems:rs‘that high-energy gas lasers
will operate at highlpressures-' Tﬁe‘ﬁain purpose of a laser is to generate
large numbers of coherent photons. Consequently, it-is.necessary to study both
primary and secondary photo-processes operating'in laser systems.[3], It is the
object of this research to probe theirelatire rates of electron pumping of
excited-state manifolds and, ultimately, the preferentially pumped vibronic
states'within_each manifold; Reactive quenching of emission as well as

: collision; and non;collision-induced intersystem crossing will also.be con-
sidered. (Colllslon-induced crossing is particularly interesting in that an
understanding of th1s process is not only important in such systems as rare-gas
oxide lasers, but also to our understanding of the application of the Transition

(41,

State and RRKM theories to systems such as N20 which exhibit such crossing.

While the original proposal focussed on the kinetics of excimer formation and
on the study of reactive and radiative lifetimes, it 1s proposed to expand ‘the
scope of our work to include another source of depletion of excimer concentra-

tionsE  namely, resonant self-absorption of laser emissions. This process,



ﬁa ticularly at high pressures, could lead to a serious loss of excimers (and

photons) through the production of more-highly—excited (perhaps Rydberg)

states.
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II: THE LOW-PRESSURE APPROACH

L
Although our laser candidates will be used at very high pressures, the rapid
collisional quenching present at those pressures complicates ‘the study of
excitation processes and radiative lifetimes. Instead of going to high pres-
sures,.the approach being taken is to use the low.temperatures obtained in a

Afree—jet expansion to produce a high steady-state concentration of~van der Waals
dimer or oligomer. These are to be excited by ‘low-energy resonant eiectron |
bombardment to yield excimers or exciplexes, probably in excited vibrotational
states., The formation mechanism is thus: |
1) A+B L, AB - (in free jet expansion)

(2) Aﬁ.+ e-l-g—+ AB +e -1 (e -1 beam excitation)

Invthese reactions, A might be a noble gas atom while B could be another noble
gas atom, an oxygen atom or a halogen atom.. The procedure is based upon the
known ability to form dimers and oligomers in the first steps of condensation

‘1in a'jet expansion.[S] It assumes that excitation by electron bombardment is a

vertical" process. Once formed, an excimer can suffer a number of fates, as

represented by the following paths for excimer depletion

e

(3) AB* + M é-ﬁ-A + B+ M (reactive quenching)
(4) AB# '£~+ A+ B+ hv (radiative dissociation)

(5) AB* + M*§—+ AB* + M (collisional de—excitation to the vibrotationally
: - unexcited excimer AB%*) R ‘

6) ap’ %2 . A 4B+ hv

tob, AB** (resonant self.absorption)

hv + AB
In addition, the vihrotationally unexcited AB* can itself undergo reactive
quenching, radiative dissociation and resonant self absorption. The total

mechanism embodied in the above equations is shoyn'schematically in Figure 1.
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The use of resonant, low-energy electron pumping is not contingent on the
production of a species in the expansion. Consequently, the same apparatus can
be used to study excited states of stable species. It is planned to study the

collisional and reactive lifetimes of excited-state free radicals, in particular

. CO*, CO.* and CS*.

2

The gxperimenté proposed are difficult. But they also have a reasonable prob-

ability for yielding much-needed - fundamental experimental data on tﬁe spectra,

lifetimes and reactivity of a wide class of materials. The experimental and
fheoretical tools for these studies are being assembled at thié time. The
system being built is shown schematically in Figure 2. This proposal tedﬁestskA

funds to complete the preparations and to execute these experiments.
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"Excitztion Electron Beam E] or E] Analytical Electron Beam Ez; Electron Multiplier EH;
Time-of-Flight Mass Aralyzer TOF. Wote: Distances LO’ L] and L2 are variable.
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v B \;. : . II1I: DIMER & .OLICOMER FORMATION STUDIES

As'indicated above, dimers and oligomers for these'studiesAwill be formed in a
,free-jetdexpansion. Because of this, a major experimental task has been the
'development of a nozzle-source cluster beam. Design equations and'criteria

were developed and were reported in our first quarterly progress report |
(March,'l976),[6] One additional equation should be added, that for the maximum

7y oo

flow angle of the Prandtl-Mayer expansion:

An important result of the development of'the deeign criteria was the recognition
_that jet geometry is virtually independent of conditions in the stagnation
chamber but 1is determined principally by system pumping speeds.[6]p This led to
the decision to develop a pul sed cluster beam system. Although thlS approach '
added the mechanical design of a pulsed nozzle to our problems, it did add an
important new control parameter.. More-to-the p01nt, variation of stagnation
chamber conditions has been given real meaning in terms of.the control of cluster

(8l

size.

In addition to the variation of the pulsed-nozzle duty cycle, the concentrations
of selected oligomers will also be optimized by controlling the following

[97

parameters:

Skimmer-to-nozzle distance (Lo),
Orifice diameter (D),
_Stagnation pressure (po),

'Stagnation temperature (Tg).



R, o

_ Beam composition will be monitored with a modulated-beam mass.spectrometer;
'Dimers and higher oligomers which form in the initial expansion can be monitored
as a function of the phases of modulated species arriving at the mass spectro-

meter. Beam modulation with lock-in detection willlalso help to eliminate
problems of high baekground pressure in the excitation and mass-analysis
chambers. The modulated—beam spectrometer is being builtAin—house. (But see

section VIl of this proposal).

Mass spectrometry of cluster beams is in its infancy. The problem is the lack
of any standards for cluster sizeidistributions. The combined use of
retardinngotential ion energy analysis and of mass analysis in an alternate-
cycle beam—monitoring system should provide a new standard for size-distribution
| measurements. Consequently, it is proposed to add a retarding;potential .
analyzer to our apparatus in line w1th the molecular beam but downstream of the
-mass spectrometer electron beam. The.combined'oeam monitoring technique'
represents an important improvement over the originally proposed simple.mass

analysis; it should be most valuable in our study of heteronuclear excimer

systems.

III. 1: Inert-Gas Dimers -

The formation of inert gas dimers will involve the free expansion of a single-

: component/two-component ‘gas to obtain homonuclear/heteronuclear dimers.

I1I. 2: Inert—Gas Oxides

Ground-state van der Waals complexes of inert gas oxides can be made in

expansions of inert gas and oxygen atom mixtures. Oxygen atoms have been

[10]

produced by thermal dissociation in a tubular iridium oven; 90% dissociation,

for example, has been obtained at 2300K.




-
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The originally planned commercial oven'is no longer available at a reasonable
price. Consequently, a dissociation oven is under design. It will be either a
modification of an available Knudsen cell or an iridium version of a tubular

(11}

platinum oven reported in the literature.

At‘the beginning of tnis nork our attention was directed to the Xeb systeim.

Of particular interest was where the potential energy curves arising from O( P)
intersect the 1' Z curve.‘ Preliminary calculations of the Xe-0 potentials ‘were
performed which showed no indication that intersection occurs within several

kT of the well minimum of the 1'2 curveﬂF;?J Although refined calculations
may not changeAthis qualitative result, genon oxide is certalnlvaorthy of |
further study. It is planned to carry out some AB~initio calculations on this
system to obtain more-meaninéful potentials. (See section YW.2), Experimental

(131

values for some of the well-depths are available.

ITI. 3: Inert-Gas Halides

Just as for the oxides, ground-state van der Waals complexes of inert-gas

halides.can be made in expansions of inert gas - halogen atom mixtures.
Halogen atoms can also be produced by thermal dlssociation. At 2000K, for
example, the degree of dissociation is 51. 84, 854 and 98% for C12, Br2 and 12,
respectively. Rare-gas halide excimers might have considerable potential as
bound-free ultraviolet systems.[lal Just recently, good theoretical potential
energy curves for states of some of the rare—gas'fluoridesAhave become

available.[lsl

III. 4: Diatom-Rare Gas Atom Complexes
It is planned to study the properties of complexes of diatomic molecules and

radicals with rare-gas atoms. The general approach wlll be to consider

.diatomics which are known to exhibit visible or ultraviolet lasing and to study

the effects of bonding these species to rare-gas atoms. In effect, we will
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experimentally probe the perturbing effect of such bonding on the lifetimes.

~

(reactive. and radiative) of the lasing excited states of the diatom. Two

candidates have been selected for initial study N2 and CN; the latter will

. be obtained yia the dissociation of cyanogen. The complexes will be formed in

expansions of binary mixtures of the diatomic species and selected rare gases.

The use of van der Waals molecules as photochemical prototypes has now been
recognized. For example, the fluorescence exc1tation spectrum of HeI2 has been

studied and the energy distribution in the photodissoc1ation products of HeI2

"has been discussed.[ 6] But this species has a relatively long-lived excited

state (10-7 sec) so that reactive quenching at the pressures used provided the-

dominant kinetics.

Supplementlng the experimental work,.AB-initio calculations_of’the potential
energy surfaces of several atom—diatom (and diatom—diatom)‘systems are planned.

These will employeither configuration interaction or spin-projected unrestricted

Hartree-Fock theory with good basis functions.[17] The - latter theory has
already been found to provide a useful alternative to configuration-interaction

treatments for the calculation of electronic spectra. Initially, the NeN2 and

NeCN systems willﬁbe investigated.'
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4 IV: CALCULATED DIMER CONCENTRATIONS

Feasibility calculations in the original proposal for this work were based upon
the properties of Argon. . Since the success of our experiments depends so much
on the validity of our estimates of obtained dimer concentration, it was con-
sidered important to refine our calculations on Argon and to extend the results
to the other homo- and heteronuclear noble—gas diatomics; The quantity
computed was the mole—fraction—per—unit-number-density as a function of the
absolute (transverse) translational temperature in the beam. Following Stogryn
and Hirschfelder, we assumed a Lennard-Jones (6-12) potential.[ 8] The calcul—v

ations made use of conservative choices of experimental Lennard—Jones para-

meters. Prelimlnary calculations which ignored the contributions of metastably-

bound double molecules were presented in our second quarterly progress report.llg]

X -

Refined calculations Wuich include metastable contrlbutions to the dimer mole
 fraction have now been completed and the results are shown in Figures 3, 4, and
5. As a guide, we note that in our system Ty will freeze at about 10K but

that transverse temperature T, will go lower. The results tend to confirm the
rough estimates made in the original proposal and we note thatvhomo- and hetero—
nuclear dimers (and so-excimers) of Xe, Kr and Ar should be most easily studied.

(201

The results of these calculations will be. presented at an ACS regional meeting.



o — . T ~ . ” P i P _ | ]
T AR B e e e e
| S ; ! _ i T T O S SO LU N SO
| S G SRR U O -“ SR ..L. R DRSPS DIV PRI SUMRIRT RS RS SRS S L - S S
- 1 | P T R
W F T S ...;.”;I.” . ' les wrmmbene =i T H - - ——— . - llu. ‘I . .
[ _ |.| . . - . : . L “ A .
: B . : : R : : . _
. e e .... Le- .r e e ORI DI U JEDSUENINS SOV MU S MEPRpP A -— e ] PR QU U — - ——r —
_ . F_. o i ) L B o
B eI . l.l.. —— R O : R lw.ll ———————— 0 .
: > S TN WS s DU AUV ORI
e e TN C JE b L ettt — ; ; ! —
e ey L — R : o — — - _
. : |
]
4

B e

e e e B
. i . . o
R - I . e . - e e SR
“ . ; - : S :
- . -
! ” m : ! 3 lf _ i IS S
[ AU SOOI SRS AU (UG SUE SR ULy S
A B LTt T T ; | _ I
. ‘ _ P : Y ol -
o a e : i - - : RSN, SET—
o m T W : o
i ! e [ S VRS SR SEPIRINE SRS B S e
i « | ot ﬁ ) .
[ oL L | P | . P S SN I

HONI ¥3d G X S
<A NI :
.lu<-0~v“ Mn..«ﬂ €ns HMIHYA MAVHD NIDTIIO G- -OVE DZ



— PR " . .

: BN " s L C 3
R e e D i Rt e et et S R e LR TRy Jepes g b ey B WU SRR SRS o —'! . e — e = e e — e+ =) 3 .— — -
JRE S 8 i : Vv ! Lo

PSR TN R ST SSNOND SR CUNY SN S S Y AN UG WS S S U S TN (VRS SN SR N
T TYTT 1-r T T A R B St T 1 - : M i
' : . | ' N ¢ ' ! H ' H ! : .
e it Ll SN ISR PUL S T . S SO EE WOV S U R S - Lo b
i y * : :

; L . “ : . —i .-
e e e TN UDIY U SR S S _Izlf . A SN VN NS AV V- SRS S
. P . by ; P
; — i T : -
! 4 i | : | P i —W
. \ . ' ) i
— e ——— e ca r - - e-—— Ll -4 L_' !.n.Tl. _ - .l" - aege { e o J..!uallll.nvl..'. e e
: : i w o i P : Do :
; R s e e - B e e e e e
: i t ! ! ¢
- o — R liw. ——p— - U i e ! ———————n - o e I|-1I'._ |Ivilll.|ﬂ||_ —— e —— ——— e e [ -
~ | ' H J T ' H : i !
et Pl 1 - ' i ! _ : . i
T T e g 2 e e . A B S - r =]
H ! i
'

H i '
I TTTTTTTTT
e e e
i N +

.. -0 e b ]
) : .“ !
i . P
4 e e ke
I A
' \
. .|al|.||rll.ll..l| S

P S ‘nlul.ll..||l '\NI 4vlll.|.|lli -

‘V'SN NI 3AQYW . . . HONI 8439 S XS
‘0 NISZ1310 3N39N3 . ' H3dVde HMAVYHD N3IDZLIEO S-OPvE “ON




i B w i +
LDV S IV SN SUNPEEUI PN UL U
. o
] H
N B I Iil'llwl»l-.ll' —rm T -_
L i i i
—— 2 At e T
N S ) R N SN PRI S

: —

-
T

| T T
R R
_ 1 e

WENNIGE VNG QUGG N S

i | : i m
SV SN S S i } . PN DS
‘ i _ : : ! T i ! : i
: ; . : Q
m RN PR N T
I.Ilml _l — ﬂ H N : ] |-.|.IM. - lntll.!.;l I!I.*
¢ . i ' : : { . i
R ; ! S SOOI NI SO S -
1 ' ! T - t =t > |.u _
N . ' AT
f— I.u. 'Qllhllwl — - - e emal am - ” M —— -
i _ N [ [
I|I»|||4||L||l.' : R B e e & ot e i 4
! ! N a
- ps -
! ! _ _ .

| - . ~ R
i X AR
— [ _
P L] LTS B
b i 4 .

V'SR Nt IGYN . HONI ¥43d S XS A
‘0D N39Z:110 IN3IONI H3dVd HaVHO N3IODZAIIO G-OPrE ‘ON °




S o 15 -

o RERIE

-V: "FORMATION & STUDY OF EXCIMERS & EXCIPLEXEQ

V.1: FORMATION

Excimers and-excipléxes.will bé produced by low;énergy (typically lb e&) reson-
ant electron-beam pumping. Because eleétronébeam excitation is a vertical or
Frgnck—bondon process, it is important that there'exist vibrotatidnal levels

" near the dissociation iimit in tﬁe excited species AB¢ at the internucleér con-
figuration of the ground-state van der Waals comélex. (See Figure i.) The
éxistence ofvsuch leveiS~near dissociation is, however; reasénable; Fof example,
Li and Stwalley founa such-stapés in the spectruﬁ of Mg2 aﬁ internucleaf separ-
ations of-lo'angstroms; for these stétes,>the difference befween tﬁe ﬁotential'b

energy surface and the dissociation limit is about 0.050 eV. We note: that thé
- ' (21)

‘ ‘ A ok
potential well depth for excimers like Xe2 is about an electron volt.

The formation rate of AB# is given by

| | arast] _ o,
(8) ) . : dt - k[AB]ne’ 4 .
where n, is the number of electrons 'in the volume of intersection of the dimer

o,cm3/elec;

18

and electron beams. Rate constant k takes a value of about 3.6 x 10-1
trbn/second {f the electron excitation cross section'is assumed to be 2x10
cm” for 10 eV electrons. For the production of Xe2 , Wwe 8 oulA orm in

excess of 109 excimers per second.

If we éssume a radiative lifetime for AB* of ;bout 20 NSEC, a beam velocity cor-
‘responding fo ihe expansion terminal Mach number, and a reaéonablé valué for the
de-excitation cross section, then it is found.that less than one percént of our

excimers will be vibrotationally excited.(23).We should note, however, that a

20 nsec lifetime is probably too short fdrka high—energy laser material. Parﬁ

of the objective of our research will be to find bound-free systems with longer

radiative lifetimes. - R
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V.2. STUDIES OF EXCIMER/EXCIPLEX SYSTEMS.
_'A very large number of systems can be studied. These will include the
excimers of homo- and heteronuclear inert-gas dimers, of ihert-gas-dxides

and of inert-gas halides as well as the atom-diatom exciplexes of systems

such as A'Nz, A+CN and A'C12, where A is a rare-gas atom.

Our attack on the problems outlined in the'ihtroductory section I will in-

volve five basic classes of measurements.

A: Visible-Vacuum Ultrav;olet Spectra
The visible to vacuum ultravioiet régipns:of the spectrum wiil be_‘
monitored for easch species studied. These emission‘épectré.should ﬂelp
to charac;erize the wavelengths for potential new lasef'materialg.
Phqton—counting will be employed whén sensitivity ?edhires.‘ Low-

preséure studies should yield well-resolved line spectfa.(z’ls):‘

B: Electron-Excitation Cross Sections

Steady-state emission intensity measgred a;-verylldw‘backgroundApres—
sureé in the excita;ion chamber can be dsed to deduce cfoss seFtions
for -electron-beam fofmatioq oflexcimers gnd exciplexes. The pumping '
'eléctron-beam current will be monitored while ﬁhe dimer cohcen;?ation
is obtained with the mass-spectrometer. ~Froﬁ'these data, the rate

constant (and so the cross section) for the reaction

1 ¥ 1

(9) AB+ e~ — AB + e

can be found. In addition, the dependence of this cross section on
electron excitation energy can also be determined. It may be necessary
to extrapolate measured cross sections to zero background pressure condi-

tions in these studies. Absolute cross-sections will bhave large uncer=-

tainties, but relative cross-sections should be much more accurately

determined;




Total reactive cross sections for the collisional de-excitation and
collisional dissbciation of.excimers can be obtained, once the cross
sections for formation of excimers have been determined. Under thg
cdnditions of steady-state excimer formation, the data on reactive cross
sections will be found by the simple p?ocess of varying the pressure

as well as fhe composition of the backgfound gas in the excitation

chamber. Again, it is relative cross sections which can be obtained

.Reactive Cross Sections
with the greatest accuracy.
D: Lifetimes

The éffecté of the Qériation in background pfessuré3on emiss;on spectra
will provide a first probe of lifefimes.' It is hopéa'tﬁat somé of the’
new excimer/excipléx systeﬁs to be'étudied Qill have lifetimes of the
order of colliéiqn times. Actual lifetimes ﬁiil be measured in relaxa-
tion studies with pulsed electron-beam exqi;ation'féllowed by (va;iﬁbly)
time-delayed photon couqting. Newly available electron-bombardment-
semiconductor deviceé(24) (Watkins—Johnson Corp) allow the géneration

of very fast-risetime, high-energy pulses for the measurement of life-

" times shorter than 3 nsec. With an ability to measure lifetimes to 2 nsec, .

kinetic complexities can be probed. For example, the existence of two

different lifetimes (5 and 40 nsec, respectively) for the singlet and

the triplet manifolds of rare-gas excimers might be directly confirmed.(zs)

Although Ar, is an example of a bound-bound excimeric system, it should

2
provide a good system with which to develop our delayed-photon-counting

and lifetime measurement techniques. The lifetime measurements are the

most difficult experiments we have proposed.

e e e e e e e e e e ———r o2 e s rovesemy <
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E: " Resonant Self Absorption

For high-pressure lasers, resonant self-absorption of laser emission
could lead to a serious loss of excimers through the formation of more-
highly-excited states. To study this process, the following experi- .

ment is proposed. A tuned UV-Visible laser will be employed. Upward-

‘bound optical transitions induced by the laser (which would be tuned

to the excimer system's lasing frgquency) will be monitored by the

emission from the more-highly excited states formed in the process.

As was ﬁoted in our secopd progress report,(lg) tﬂis experiment is

feasible only because of the extremely large resonant-absorption cross
sections for visible light. The measurement of upward-bound resonant
absorption cross sections would be complicated in the event that the minima
iﬁ the.poteﬁtial wells of the excimer and van der Waals dimer occuf at

the same internuclear separation. Even this unusual case could be dis-

covered by laser excitation studies of the ground-state dimer.

The experimental system has been designed to allow laser excitation studies

either in the molecular beam or directly in the free-jet expansion. The

‘tuned laser must deliver 64 MW of power for successful execution of these -

experiments.(lg) Commercial tuned flash-lamp excited lasers are avail-
able which are capable.of 3 kw peak power at 90 MW average power, and

which can operate at pulse repetition rates as high as 30 pulses per

‘second. (Chromatrix CMX—&).
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VI: KINETIC STUDIES WITH EXCITED-STATE BEAMS

As mentioned in section II, a species need not be produced in the expansion
for it to be resonantly pumpéd by our.low—enérgy beam. A number of studies
of reactions of beéms of metastables with a background gas mixture may be
possibie. For these e#periments, the excitation glectron beam (Ei in Figﬁre
2) will be posifioned.to produce metastable species in a beam EEEQE to its
impingement on ; controlled background gas. In this case, the expansion may
be tailored to minimize the productidn of associative complexes. Although
the backgroﬁnd pressures can now be considerably higher (than in the abovef
described experiments), the.concentrations of beém ﬁetastables will Be less-

quantitatively known.

VI. 1: Metastable Rare-Gas Reactions

(26)

Metastable states of heavy rare-gas atomé aét both physically and chemigally
much like alkali atoms. Consequently, reactions gf these species can be used
to préduce chemically a numﬁer of bound-free emission systems. For éxample,
in reactions such as

A* + RX » AX* + ...

A%+ CS > ASK + ...

A*-+ OCS+ AX* + ....

A% + CO,> A + c02¥"
we can produce excimers of rare-gas halides and sulfides by reactions of

metastable rare-gas atoms on backgrounds of organic halides (RX), carbon

mono-~-sulfide, carbonyl sulfide, etc.

V. 2: Metastable Oxygen Atom Reactions

Oxygen atoms in the ground 3P state can be selectively pumped to their 1D and

et FA Wy s me P samshaaba s G imrmenee arin b o
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‘lsvstates in a pure (thermally dissociated) oxygen beam. These can be
reacted with background rare—gas mixtures. Such beam—gas reactions should
complement the more quantitative experiments described in Section II and

should contribute to our understanding of collisionally-induced intersystem

crossing.

VI. 3: Excited-State Free Radical Molecules

Free radical exciplex systems such as CS%*, co* aed COzf eoeld also.be
produced by electron bombardmene‘of a nozzle beam of the stable ground-

state species. These can, in turn, be made to iﬁpinge enva background gas of
controlled composition. Of immediate interest would be the reactive and
collisional lifetimes of the exciplexes as revealed by the quenching of

their emissions.
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VII: THE STATUS OF OUR APPARATUS

To éate, we have been gathering or building the apbaratus necessary for the
successful execution of the proposed research. To a very great extent, then,
the status of our research is directly mirrored in the status of the develop-

ment of our tools.

VII.1l: EXPERIMENTAL SYSTEMS

The experimental apparatus can, for the purposes of design and development, be
con51dered to consist of some twenty five major subsystems which are labeled
A through Y on the Block Diagram 1n,F1gure 6. The 1nterrelationships among

these subsystems are also shown in that figure.-’

The following subsystems are completed at this time:

A, B, K, M, 0, Q, V.

The following subsystems will be completed Sy the end of thé first year of
shis contract (by Dec. i, 1976):

¢, D, G, H, I, J, L,

N, P, R, S, T, U, W. : o ‘ - '*
Tws of these subsystems are required for the newly proposed experiments des-
cribed above:

X. Retarding Potential Analyzer

Y. Flash-Excited Tunable UV-Visible Laser,

Remaining systems E and F should be completed in the first quarter of the second

contract year. Three of the subunits scheduled for completion in this first

year require additional discussion.

T. Rare-Gas Recovery System

This system may require ongoing modification, depending upon which:

gas mixtures will be expanded.

R VR N



P. gxcitation Electron Gun

Actually two guns are involﬁed; One, built éf céthodé*ray—tube compon-
ents and suitable for the steady-state expéfiments, will be completed in
- this first contract year. The second, which requires very fast response
times fof the lifetime studies has not yet been designed. It will pro-

(27)

bably be patterned after a gun reported in the recent literature.

R. Mass Spectrometer

Two wérking options have been kept open for this important part of our
beam analysis system:.  Time-of-Flight or Quadrupole mass analysis. One

of thésé has now been eliminatedﬂ

A Model 12 TOF mass spectrometer was obtained under a Loan Contract from EPA-
Cincinnati and was later dedicated to this contract through an Excess Property
transfer. This system is now a functioning mass spectrometer. It has a sensi-

tivity around 0.1 amp per torr and a unit mass resolution of about 300.

Our quadrupole option is based on a loan from NASA-Langley Research Center of
a Varian RGA of uncertain vintage and model number. Unmodified, this unit can

1 torr in a mass range from 10 to 250 amu.

- detect partial pressures to 5 X 10—1
It was decided to increase the mass range to 600 amu‘and the circuitry to do
this was rapidly developad. We now know, however, that unmodified this spectro-
meter has a-ﬁnit resolutién of only about 50!' Afﬁer modification (which in-

volves a change in RF operating frequency), the unit resolution would be unusable

in our studies (less thah.35).

!
. In order to meaningfully manipulate the cluster size distribution and so to opti-

mize the production of van der Waals dimer in our cluster beam, we will need a

unit mass resolution at.about 600 amu. This is based upon our desire to see com-
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plexes up to at least the tetramer; (134Xe4vhas a mass of 536 amu). Because

of this, funds are requested with which to obtain a quadrupole spectrometer with

A'ﬁhit resolution tb about 1000 amu.

VII.2: AB-INITIO PROGRAMS

To date, all theoretical work in support of this program has been provided by‘
VPI & SU. Two Fortran computer programs, "Caussian 70" and "Polyatom" have
been obtained from the Quantum Chemistry Program Exchange at Indiané University.
Thesé are now operating on our computer. They perform ab-initio SCF.molecular—
orbital calculations Vith Gaussian-type ofbi;als. An algbfithm has been writ-

' ten to perform spin projections(l7) of the'unrestricied Hartree-Fock wavefunc-
tions which these programs generate for open-shell systems. This algorithm has
' been completely implemented and interfaced with the "Gaussian 70" program; intér—
facing with the "Polyatom“ program.should be;compléted in Fhis fifst-§ear of .

the contract.

Although only semi—empirical.calCulatioﬁs have in the past been done with spin-
prdjection of unrestricted Hartree-Fock functions, the results are sufficiently
promising that we wish to perform some ab-initio calcuiations with this tech-

- nique. The only results obtained to date are for the gfound énd first excited
states of the N2 molécule (using the limited 4-31 G basis provided in the
"Gaussian 70" program). These results (see Table VII.2-1) are not Autstanding,
but they are promising and should be much improved when a better basis set is‘

" used. Some dévelopment of the present ab-initio programs is still required, how-
ever. In particular, it is necessary to modify the ppen—shell SCF subroutines

to allow the treatment of higher excited states. ‘ .

(28)
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It will be desirable at least to compére some of'out ab-initio calculations
for atom-diatom and diatom-diatom complexes with the results of large cohfigura-

tion-interaction treatments. We are currently seeking a large CI program

~which will operate on our computer.

TABLE VII.2-1

Calculated Results for N2 Molecule (R = 1.094 A;-4—3l G basis set)

State Calculated Energy
(au)
Ground (X) . =-108.7539%*
Unrestricted open shell (G - %) -108.4444
Projected Triplet 3m) . -108.4820
Projected Singlet ('m) -108.4238
Excitation Energies (ev)
Transition

Calculated Experimental ‘ ‘
7.398 8.1 - x =+ n
8.982 - -9.3 |- - A

* T. H. Dunning obtained -108.8967 au using a (9s, Sp).basis set contracted
to .(5s, 3p).(29)
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69 (1975). ' :

"Approximate Molecular-Orbital Studiez of Organic Positron and
Positronium Complexes™, W. J. Madia, J. C. Schug, A. L. Nichols,
and H. J. Ache, J. Phys. Chem., 78, 2682 (1974). B

"CNDO Study of Chlorine-Benzene Complex", J. C. Schug and K. A.
Levinson, Theor. Chim.- Acta 37, 269 (1975). - .

“"Calculation of Molecular Electronic Spectra by Projected-
Unrestricted Hartree-Fock Theory", J. C. Schug, B. H. Lengsfield,
and D. A. Brewer, Int. J. Quantum Chem. (in press).
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(B) Clayton D. Williams
Associate Professor of Physics

Education:

B.A., Rice University (1957)
Ph.D., Washington University, St. Louis (1961)

Appointments

1961 . Physics Department, Instructor, Washington University,
St. Louils -

1961-64 Physics Department, Assistant Professor, VPI & SU

1964- Physics Department, Associate Professor, VPI & SU

Publications

1. "Ground-State Energy of Liquid-Helium II", C. D. Williams and
E. Feenberg, Proceedings of the Midwest Conference on Theoretical
Physics, (West Lafayette, Indiana) p. 39 (1960). :

2. "Solutiou of the Initial-Value Transport Problem for Monoenergetic
Neutrons in Slab Geometry", R. L. Bowden and C. D. Williams,
J. Math. Phys. 5, 1527 (1964). A <

3. '"Temperature Degendence of the Nuclear Quadrupole Resonance
Frequency of 79Br in NaBrO, and KBrO3", R. F. Tipsword, J. T.
Allender, E. A. Stahl, Jr. and C. D. Williams, J. Chem. Phys.
49, 2464 (1968).

4. '"Pressure and Temgerature Dependence of the Nuclear Quadrdpole
Frequency of Na?> in NaBrO3", C. J. Whidden, C. D. Williams and
R. F. Tipsword, J. Chem. Phys. 50, 507 (1969). :

5. "Asymmetry Parameters and the Temperature Dependence of the PQR
Frequencies of 1271 in SnI,", R. W. Ward, C. D. Williams and
R. F. Tipsword, J. Chem. Phys. 51, 823 (1969).

6. "Pure Nuclear Quadrupole Resonance in Superconducting and Normal
dhep 139LaMetal", W. M. Poteet, R. F. Tipsword and C. D. Williams,
Phys. Rev. Bl, 1265 (1970). ¢

7. "Pressure and Temperature Dependence of the Nuclear Quadrupole
Resonance of 798¢ in NaBr0.,", D. D. Early, R. F. Tipsword, and
C. D. Williams, J. Chem. PRys. 55, 460 (1971).

8. "Temgerature & Pressure Dependence of the NMR Transition Frequencies
of 27A1 in LiA1(Si0,)., Spodumene", S. F. Harley, C. D. Williams,
~and R. F. Tipsword,”J. Chem. Phys. 64, 4815 (1976).
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IX.3: OTHER INVESTIGATORS

(A) James A. Jacobs
Professor of Physics

{ Education

B.A., State University of Iowa, 1937
M.S., State University of Iowa, 1940
Ph.D., State University of Iowa, 1941

Appointments

(1942-45) Physics Department, Assistant Professor, State
University of Iowa: _
(1941-45) Physics Department, Technical Director, Phys. Engr.

' Dev. Proj., State University of Iowa :
(1945-60) Physics Department, Professor, State University of Iowa
(1960-73) Physics Department, Prof. and Chairman of Physic Dept.,

Virginia Polytechnic Institute and State University
(1973- ) Physics Department, Professor, Virginia Polytechnic
Institute and State University

Dr. Jacobs is acting as a consultant to this group on experimental
matters. ‘

(B) John C. Hassler ' : ,
Assistant Professor of Chemical Engineering

Education
‘ Ph.D. Chemistry, Kansas State Univ., 1966

Appointments

(1966-68) Research Associate of Prof. J. C. Polanyi, Univ. of
Toronto. o o o
(1968-71)- Research Associate of ‘Prof. P. D. Coleman; Univ. of
- ~ Illinois = . IR P
(1971-72) Assistant Professor, Electrical Engineering, Univ. of
: Illinois o :

(1972- ) Assistant Professor, Chemical Engineering, VPI & SU

Dr. Hassler's experience in spectroscopy and dye lasers, as
represented by over twenty publications, will be particularly -
useful in this portion of the proposed research. ‘
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X: FACILITIES

Although'the proposed work will be done in the Chemistry Building of VPI & SU,

the project will be supported by facilities anﬁ personnel from three. depart-
ments: ‘Chemistry, Cheﬁical Engineering and Physics. In these departments,
available fog this research, are very good Glassblowing, Machine, and
Electronics Shops, a "small computer" laboratory for on~line data pro-

cessing, as well as synthesis and analytical laboratories.

University-wide research facilities available include additional machine
and electronics shops and a computer center with'an IBM 370 system,

including two Model 158's.

in addition to providing machinists' time, the Physics Department has
‘contributed several large vacuum components (pumps and traps). To the
system described in this proposal, the foliowing equipment are avéilable
from the principal investigator's laboratories:-

CEC Vacuum Leak Detector

Bendix Model 12 TOF Mass Spectrometef'

Traﬁsistorized Electronics Package for TOF

4" dia Pyrex Shock Tube (with Mass Spec Detection)

3" dia Stainless Shock Tube

2" dia Aluminum Shock Tube (with IR Detection)

1" dia copper Shock Tube (with TOF Detection)

Beckmann DU Recording UV-Vis.Spectrometer

Pe:kin Elmer 301 Far-IR SPectrometer

CEC 21-620-A Trochoidal Mass Spectfbmeter
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Beckman GC-4 Gas Cﬁromatogfaph .
30-Channel Analog Computer Laboratory

Scopes, Recorders, Etc.
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The experimental sysfem is being assembled in a new laboratory which was

created from office space.

The lab has been air conditioned and pro-

vided with the usual services (water, pdwer, etc.).
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