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I. irn~~rria~
This program addressed the prthlen of developing a safe and storable

fluorine source for the operation of chanical or electrical discharge

lasers. The laser research camiinity recognized iinnediately the hazards

associated with the use of elenental fluorine even in a “controlled”

laboratory research envircunent. The hazards of handling and using

elenental fluorine are such that operational use of the meterial is not

feasible. Thus, the developnent of laser systens that enploy fluorine

requires the developnent of alternate fluorine sources . The reasons for

the use of fluorine center around ~~~ very attractive characteristics.

The reaction of fluorine atans with de teri~rn is very exotherird.c result-

ing in a large anoint of energy potentially available as laser radiation.

Secondly, the DF laser radiation I. of such a isvelength to be efficiently

tranenitted through the atncsphere.

• The ulticate goal of this pr~~ am is. to achieve a deuterium fluoride

(a’) lasing dea~nstration etploying the xenon difluoride-deuteritin

(>~~2-D2) systen. The lnfoxmetion that iss to be gained fran s~rh a

dea~,nstratj cn isa threefo1d~ S’Iiat the spectral transitions isre, whether

a chain reaction coc~mred, and thirdly, whether ]asing could be achieved

• using the reactants Xml2 and D2.

~~ goals were to be echieved through a corprehenaive and systematic

approach to the apectr~~iotanetzy and chenietry associated with the

generation of the fluorine atczne and their reaction with deuteriun in

the 
~~~~~ 

systen media. This information isa to be gained through three

pi~aae. of technical effort. Th. first ~-Iiase is. ccu&ned with the

1
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spectral characteristics of XeF2 in preperation for the photodissociation

studies . This phase was acca~~lished through a thorough literature search

plus the collection of experimental data to irrefutably establish the

spectral characteristics of XeF2. The second phase was to address the

kinetics and mechaniete for the photodissociation of XeF2. Again, this

was acccxplished through a thorough literature search plus the necessary

experimental research to establish the photodissociation mechani~n and

kinetics of XeF2. The third phase was the determination of the reaction

kinetics for the reaction of XeF2 with deuteritin in the gas phase via

photo initiation.

Because of manpcwer limitations and an a~~arent decrease in interest

by the Air Force Weapons laboratory (AFWL) in the XeF2-D2 systen, work

on the program was terminated prior to achieving the utlilMte goal of a

XeF2-D2 lasing denonstration. The ~x~rpose of this report is to susna-

rize the work acccmplished on the program to date.
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II. B~CK~~~3~)

The only significant research that has been conducted in this area

was performed at the Air Force !~ cket Pro~ailsion laboratory and published

in the final report entitled “Chenical laser Solid Fuels Program” ,

M’RPL-TR-76-821. The overall thjective of this Air Force Rocket Propulsion

laboratory/Air Force Weapons Laboratory interlaboratory program ~~s to

dercnstrate the feasibility of using solid propellant gas generators to

supply the reactants for deuteriurn fluoride chenical lasers. Several

solid fluorine sources were investigated, during this program ircluding

XeF2. The work on Xe?2 was not pursued due to time constraints associated

with thoroughly characterizing the XeF2 solid propellant systen (Xe?2
oxidizer and fuel) , the relatively lc~ fluorine yield per unit weight

of the propellant formulation, and the high n~lecular weight of the 
-

resulting product gases of this propellant systan upon cathistion .

The program described here dealt with a totally different fluorine

systen in conoept. The approach addressed in this study did not employ

the canbistion of the Xe?2 oxidizer with a solid fuel to produce fluorine

atans, but rather, produces fluorine atans by partial photodissociation

of the Xe?2 directly. It was theorized that the reaction with D2 nay

contixue via a chain mechanien involving the undissociated XeF2 . This

would eliminate the large loss of fluorine through reaction with the

propellant fuel resulting in a nir h greater efficierx~y ‘~i fluorine produo-

tion.

4
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III. CHF74IC~L P~ND PHYSICAL P1~DPERTIFS OF XE~~~ DIPLUORfl)E

Xenon difluoride is an attractive solid fluorine source. It pos-

sesses the inherent storabi lity and simplicity of solids plus eliminati ng

the handl ing ha zards associated with elenental fluorine . Xenon difluoride

is a stable crystalline canpound which can be stored indefinitely in

nickel or nonel vessels or in thoroughly dried pyrex or silica containers2 .

Exposure to the atiTosphere results only in the slow loss of the XeF2
through sublimation (awcoxiina tely 0.4 to 0.5 KPa vapor pr essure at roan

tenperature, heat of sublixi~ tions of 2.9 KJA~ole2 ) or reaction with the

athospheric moisture to produce hydrogen fluoride and xenon. The average

bond energy fran equilibrium constant data is 7.4 KJ ’/nole2 and the heat of

fon~ation is 6.2 KJ /uole at 25°C2 .

xenon difluoride can be handled much more easily than elenenta l

fluorine . Also, the equil ibrium vapor pressure of Xe?
2 can be used to

readily control the quantity of Xe?2 in the vapor phase by controlling

the te~~erature of the sample container. The relatively low Xe-F bond

energy indicates that fluorine atans can be readily produced by supply-

ing the proper energy for phot odissociati on. Such . characteristics are

very attractive for laser systens. Also, the other reaction product,

xenon, is a very slow deactivator of vibrationa lly excited DF1. A dis-

advantage of the presenoe of xenon is its high atanic weight resulting

in low efficienoies of fluorine atan production per unit weight of Xe?2
and the slow kinetics of mixing due to the xaicn1 The expense associ-

ated with the use of xenon caiço~~~s appears to be prohibitive. However,

a thorough analysis of the situation indicates that the use ~f lcwer

4
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grades of xenon (other than research grade) , which contains other noble

gas carpc*inds that will not readil y react with fluorine, drastically

reduces the actual cost of the Xe?2 to more reasonable values. ‘
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IV. X~N~~ D~~~LX)RIDE SP~~TRAL S’IUDI~~
As stated in the introduction, the purpose of the Xe?

2 
spectral

studies was to irrefutably establish the spectral characteristics of

XeF2 in the gas phase in preparation for the photodissociation studies .

A thorough search of the literature indicated that very little work2 had

been devoted to studies of the spectral characteristics of Xe?2 in the

spectral region of interest (2000 to 2500 ~ ) and no recent work has been

corcerned with this spectral region. Statanents made in the literature 2

suggested that more deta iled, high resolution studies were needed to

better establish the spectral characteri stics of 
~~~~ 

in the spectral

region fran 1000 through 3000 A. A recent , deta iled, high resolution

spectral study of Xe?2 has been reported 3 . Sime this study did not

address the spectral region fran 2000 to 3000 A, a detailed study of XeF2
in the gas phase throug~~~t this region was performed on the Carey 15.

Initial results indicated (Figure 1) significant f ine structure fran
22000 to 2600-A. A previous study based on individual measure~~ ts as

ccinFared to the present continuous scan experiment did not Bt~.jX~ t this

observation. The general shape of the absorption curves was v~~y

similar . The only noted differerce in seaple pr.çarati on ~~s t~~~erathre.

In the previously reported experiment2, the eai~ le iss heated to 22C In

the experiment reported here the saeple ~~s heated to a~jixacis~ tely IOO.C.

In an att e~~t to verify the existe~ e of the theerved fine structure and

determine its or igin, a series of ~ ç riments i~~e perfct~~1 in which

the parameters of te~~erathre, heating time, t~n~ of ‘~ ~~po~~~e, and

pressure ~~~e varied. Analysis of the r ults indic*tad sane w~)~~~n

6
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factor was causing the observed fine str.x~ture. Suspicion was focused

on the vac’.un grease used to seal the sanpie container. When the

vacu~n grease was not en~1oyed, no fii~e structure was observed . The

observed fine structure is believed to have been caused by a reaction

product of the Xe?2 or decanposition product of Xe?2 (F atan or Xe?)

arid the vacuum grease.

The data collected in thIs study supports that published by Jorther,

Wilson and IUce2. There is no eviderce to mx~gest that the interpreta-

tion given by these authors is incorrect in any respect . The verifica-

tion of this data conoluded the Xe?2 spectral studies .
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- V. P}3YIU)ISSOCIATICt~ S’IUDIFS

A 5~O watt UV lanç was poeitioned 48cm fran the test cavity. (When

positioned closer than 48cm the lanp was affected by the magnetic field

of the Electron Spin Resonarce Instrwnent.) A mtall an~*int of Xe?2 (less

than ig) was placed inside an ~SR tube. The ~~R tube was then placed

inside a quartz d~~~r. A strong PSR signal was obtained in the region

where normal organic radicals were observed , The light was then switohed

off arid on several times to correlate the UV light source with the radical

production, The ~~R signal did change with the light intensity, The

Xe?2 was rwoved fran the FSR tube and the E~R signal ranained the same .

Next, the ESR tube was rwov& and the ESR signal r neinad the same. It

- appears the ~SR signal was a result of the W light produci ng rad icals in

the qj ,iartz dewar. (The quartz d~’sr was already in place for use in the

thermal studies.)

The results of these photodissociation studies was that no radicals

were detected when solid 
~~~~~ 

was ir radiated with UV light .

II
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VI. TI~~~~L DISS0CIATI(~4 S’1UDTh~

Thermal dissociation studies were conducted while heat ing the sample

fran 23°C to 47°C, at 70°C, at 90°C , at 115°C, ar id at 140°C. Next the

sample was inserted into a preheated 152°C sample chanter . The sample

consisted of a~~~cucimately 0. 5g of Xe?2 contained in a quartz tube closed

off at about 3cm fran the bottan. This assured the proper positioning of

the sample . When the sample was re~v~red after testing at 152°C , the Xe?2
had liquified. A Varian V4502 Electron Spin Resonarce Instrument was

used to detec t any product radicals resulting fran therma l dissociation .

The instrument was operated near its sensitivity limit. No ra dicals were

detected on any of the studies .

No ra dicals due to thermal dissociation were detec ted when Xe?2 was

heated to 152°C . There is a possibili ty that radicals were formed in

quantities only detectable with a nore sensitive ESR instrument . Even

though the Xe?2 liquified it appeared to return to the original solid

crystalline Xe?2 upon cooling . No apparent thermal decanposition was

detected.

10
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VII. a~a.L1sIct~ A?I) ~~~~I~~I~ TI(~~
The ~~sctral studies °~ oonfi~~~~ the reported spectrum in the

literature. An tsianplainad fine structure aiperinçoeed on the Xe?2
absorption spectrun may have been ~ie to reaction of the with

vacuum grease in the cell .

No radicals ware detected with ~~R fran either heating Xe?2 or

!*~,to1ysis of with UV light. It appears that either thermal

initiation or pI~otoinitiation of an XeF2-D2 laser may not be possible .

Because of the negative results , nanpa’ler limitations, arid an

apparent decrease in interest in this syst~ n by AFWL, it is not advan-

tageous for FJSRL to continue ~~rk in this area . If AFWL interest were

to inorease again, further studies could- inolude an attaupt to react

with H2 or D2 and foUc~z the reaction. kinetics.
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