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INTRODUCTION:

‘The object of this work is.the developmerit of a system for the

formation of excimers from their van der Waals ground- states.
Low temperatures obtainable in a free-jet expansion will be used

to produce high steady—state COncentratfons of van der Waals-

-dimers or oligomers. These will, in tnrn, be:excited by lgy}N

energy réesonant electron bombardment to yield excimers and |

exciplexes. The mechanism is-.as follows:

1

A + B —— B - _ ' (in free‘expansion)
-1 2. .09

— AB + e ' (e1ectron beam ekcitation)

3 -(co]]isiona] de-excitation)

‘It is proposed to prepare and study ‘homo- and’ heteronuc]ear noble-

— e

——————— e
o o

gas excimers as we]] as exc1mers of noble- gas halides and oxides.
. N e e oy ) ) WM*’“ I

- The experjmental‘system for'these studies is shown schematica]]y in

Figure 1. Nh11e the f1rst quarter of this grant involved. the

evolution of de51gn cr1ter1a, the: second quarter has been devoted '
© to the detai]ed design and acquisition of system components

“In add1t10n, ca1cu1at10ns of expected ground -state van der- waals

dlmer concentrat1ons have been comp]eted The feas1b111ty of

using tuned Jasers for resonant upward optical transitions
of ‘excimers has also been studied.
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I1: THE STATUS OF THE - APPARATUS.

_For purposes of design, the exper1menta1 system was considered

to be composed of twenty-three blocks whlch are labeled A-W in

the Block Diagram, Figure 2. The status of each of these

subsystems is as follows:

A

. Gases

Quant1t1es of 0cs, Xe Ne, Ar, co, 02 and N2 are -

now on hand

REGULATORS

With the except1on of one adaptor, regu]ators are

available for a]] the above gases.

GAS INLET SYSTEM

A1l major components are on order or are in the lab.

NOZZLE INLET

-;This will be a solenoid-operated pulsed nozzle source.- The

nozzle design is in our machine shop; the expansion orifices

are to be delivered (Engelhard Industries) by the end of June.

‘A coolant system to control the temperature of this-étagnation

source is to be obtained from Federal Excess Propefty.

The'solenoid and,its power supply must be designed or

ordered.

DISSOCIATION OVEN

We are considering the conversion of a Knudsen Cell oven inlet’
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~ to this application.” The commercially available oven is too

expensive,

DISSOCIATION OVEN POWER SUPPLY

We are 1ooking‘into the modification of a Knudsen Inlet

power supply for thisiappTicatidn.

: _JET EXPANSION CHAMBER

Al principa]~components are either on hand or on order,

.Fabrication of this system is-undefway.

MOLECULAR-BEAM FORMATION CHAMBER '

Same ‘status as item G.

:._SUPPORT FRAMES

These are' required for'Blocks G, H and M. Same status as

item G.

:”_BEAM MODULATION CHAMBER

Same status as item G.

CHOPPER CONTROLS

" Major componénts are on order. Detailed circuits need to.

~ be designed.

BEAM EXCITATION CHAMBER

Under fabrication .in our machine shop.



MONOCHROMATOR

This block was: descrlbed in the Quarter]y Progress Report
| €00- 2810 2 of 29 Feb., 1976 Delivery has not yet occurred

but the supp11er has promised a mid- June arr1va1.

MONQCHROMATOR.VACUUM SYSTEM‘

Major components have beenAassembled or ordered.

. _PHOTON DETECTION ‘SYSTEM

‘Same status as Block M.

:  EXCITATION ELECTRON GUN

- Now under deéign.

P ELECTRONFGUN CONTROLS
A11 .electronics except‘one majer power supply has been .
ordered. - Our electronics shop will speeify this unit after

~ circuits for excimer lifetime studies have been designed.

. MASS SPECTROMETER

We still have not dec1ded which of two opt1ons (T1me of- F11ght
. or Quqdrupo]e) will be. exerc1sed A TOF has been obtained from
EPA as Federal Excess Property while a quadrupoTelis on loan

~ from NASA.

:_MASS SPEC VACUUM SYSTEM

~ Same status as Block N.




: “GAS RECOVERY SYSTEM

Major bomponents have been ‘assembled or ordered but

-detailed design of this system remains -to be done.

INLET-SYSTEM VACUUM- SYSTEM

Same status as.Block N.

MODULATION ELECTRONICS = - -

"A phase-lock amplifier and current pfobélhave been .

ordered.

'DATA HANDLING & STORAGE

"Scopeé,,Scope cameras, recorders, a Biomation buffer memory and

~ paper tape punch data logger are available from other projects.



III:

CALCULATED DIMER CONCENTRATIONS

. as tabluated by Kim and Gordon.

Feas1b111ty ca]cu]atlons in the orlglnal proposa] for this work were’’

- . based upon’ the propertles of Argon. Since the success of -our

“experiments depends so much on the validity of our estimates of

‘ obtalned dimer concentratlon, it was.considered important to refine. o

. our calcu]at1ons on Argon and to extend the resuTts to the other

homo- and heteronuc]ear noble- gas dlatom1cs

N

. —

The principal quantity to be computed'is the mole fraction of
‘dimers in the cluster beam. Since this quantity is directly -
proportional to gas density, it was decided to determine the mole- -

'fraction—per-unit—number-densfty as a function of the absolute _

3 (transverse) trans]at1ona1 temperature of the beam. This can be

computed from the second virial coefficient with an assumed

intermolecular potential. Fol]owing‘Stogryn and_Hirsehfelder(]), we

- ‘assumed a Lennard-Jones (6412) potential. To obtain conservative

estimates without making detailed quantum corrections, we ignored

-,the contributions of metastably-bound double molecules to the

dimer mole fraction. The Lennard-Jones parameters used are given

~in Table I; They are conservative choices of Experimental results

(2)

Resu]ts of our ca1cu1at10ns are glven in F1gure 3, 4 and 5. As a
gu1de we note that in our system Ty will freeze at about 10 K but
that transverse temperature T, will go lTower. Insofar as our

original estimates of mole fraction were based on Arz,'we-note'that
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A‘-_;homO—'and heteronuclear dimers (and so excimers) of Xe, Kr and

Ar should be most easily studied.

" 1. D. E. Strogryn & J. 0. Hirschfelder, J.. Chem. Phys. 31,
1531 (1959). o -
2. Y. Kim'and R. Gordon, J. Chem. Phys. 61, 1 (1974). -
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TABLE 'I: . LENNARD-JONES PARAMETERS*

‘Based on conservative choice of |
experimental values.

DIMER

o [10° cm]

€ [10‘]2

REFERENCES*

He-He

2.65

23.5

e

. Farrar et. al. ‘
J. Chem. Phys. 56, 5801 (1972)

Ne-He;

23

2.64

o

"

. Konowa]dw et. al. - L
J. Chem. Phys. 57, 4375 (1972)

.. Van Heijningen et. al.
Physica (UTR) 37, 1 (1968)

-Ar—HeA.ﬁ<

34

2.98

[

X

. Konowalow et; a1.
J. Chem. Phys. 87, 4375 (1972)

. Van Heijningén et. al. =
Physica (UTR) 38, 1 (1968)

Kr=He

33

el

. Van Heijningen et. al.

~Physica (UTR) 38, 1 (1968)

Xe-He

50

0 3.32,

o)

. Van Heijningen et. al.

" “Physica (UTR) 38, T (1968)

Ne-Né

63

2,73

o

. Siska et. al. -
J. Chem. Phys. 55, 5762 (1971)

AréNe'

- 3.08

80

=

S

J.

. Van Heijningen et. é]..
Physica (UTR) 38, 1 (1968)

. Kestin et. al.
J. Chem. Phys. 53, 3773 (1970)

Parson et, al. :
J. Chem, . Phys. §§,’2123 (1970)




Table I (Continued)
S B 12 -
DIMER ) "o (10 -~ cml e 10" ergy| - - . REFERENCES
‘R. Van Heijningen et. al.
Physica (UTR) 38, 1 (1968)
Kr-Ne 3.16° 80 J. Parson et. al. -
. < : ©J. Chem. Phys. 53, 2123 (1970) .
J; Kestin et. a]; o . :
~J. Chem. Phys. 56, 4086 (1972)
R. Van Heijningen et. al.
1. , " Physica (UTR? 38, 1 (1968)
| xe=Ne 79 3.44 o
' o J. Parson et. al. . :
J. Chem. Phys. 53, 2123 (1970)
Ar-Ar- 195 3.32 ~ J. Parson et. al. |
S | J. Chem. Phys. 56, 1511 (1972)
J. Kestin et. al.
| B J. Chem. Phys. 53, 3773 (1970)
Kr-Ay 214 3.41 .
: ‘ J. Parson, et. .al. :
J. Chem. Phys. 53, 3755 (1970)
'R.‘Van Heijnfngen et. al. 4
o L o Physica (UTR) 38, 1 (1968)-
Xe-Ar 236 3.60 - -
’ - 'J. Parson et. al. _
Jd. Chem, Phys. §§3 3755 (1970) °
Kr=Kr 270 - 3.48 D. Konowalow et. al.
: J. Chem. Phys, 57, 4375 (1972)
Xe-Kr 223 - 3.82. 'R. Van Heijningen et. al.
: : : Physica (UTR) 38, 1 (1968)
. J. KestinAet. a1.
o -J. Chem. Phys. 56, 4119 (1972).
Xe-Xe - 342 3.85 G. Davis - L
B. Davis ‘ '
B.J. Chem. Phys. 57, 5098 (1972).

Based on a 1iterature §8uarch reported by Y. Kim and R. Gordon, ‘J.. Chem.

Phys

s 1 (1974)

1]
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UPWARD-BOUND  TRANSLTIONS .-

The original proposal focussed onthe kinetics of excimer formation
A . . ' - A

and on the study of the reactive and radiative Tifetimes of these

species. Recent conversations with Hoff (of ERDA) and with Mies

. and Krauss (of NBS) have dlrected our attentlon to. another source of the

depletlon of excimer concentratlon in the exc1mer ster/ name]y,

- resonant se]f—absorptlon of 1aser em1551ons This process, parti-

cularly at high pressures, could lead to.a serlous loss of excimers -
through the production of more- -highly-excited (perhaps Rydberg)-
states. To study this’ process, the fo]10w1ng additional exper1ment

is proposed

s —
SN

A tuned UV-Visible laser would be employed to study the resonant“

‘ absOrption of excimers. 'Upward optical transitions induced by

“the laser could be monitored by the emfssion’from.the moreehigh]y-

excited states formed in the process. As we see below, this experi- -

ment is-made feasible only because of the extremelyklarge resonant -

absorption crOss,sectjonsufor;visibTe light.

If © is the radiative lifetime of thezexcimers produced in our

experiment, then the number Ni'of excimers present after a time t is -

()

given by:

o a' o

N fdt— {1 - exp ( —-—)} r.

+

where '%%— ‘is the steady-state rate of production'of excimers.

This rate will be about 107 excimers per second. If;r is taken to be




(2)

(3

(@) -

(5)

_ ]6.‘ :

20 nsec, then

W s 200 - e -5y

let P be the number.of photons required to excite every excimer by

" resonant absorption. Then

where "A 1is the area of the-targét.moleCular beam (0.01 cmz)

and °RES~iS the‘resonant absorption_crdss section. The latter

'quantity is proportional to the square of the'wave]ength.of

the resonant transition. For a Breit4Wigwmer1fneshape, '

5

9RES f 0.477'>\0

|  Téking' A, - to be 5000 Angstroms, we find that

P ;? 4 x~108 {1 - exp %e} N 1.6x]08 photons.

‘This éorresands to a 1asekIPOWér of 64 mw. Commercial tuned flash-1lamp- '

 -excited lasers are évai]ab]é which are capable of 3 kw peak power at

90 mw average power. ' (Chrométix mode CMX-4)f

'The experimentaljapparatUS-has'been désigned:to allow the addition

of an excitation laser beam.
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