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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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ABSTRACT

The temperature dependence of the near ultraviolet region ol the

absorption spectra of F. and XeF. was determined to 100 ¢ in fluorinated

2 2

nickel cells with calcium fluoride windows. That of XeFu was determined
to‘ESOOC. This spectral information was used to study'the kin%tips of

the formation of XbFé and XeFu in the same temperature regions and in

the same. temperature regions and in the same nickel cells.
Experimental conditions were chosen to cause the reactions to ter-
minate at Xefévor Xth as = desired. With a total pressure of reactants

in the 10 to 40 mm range and Xe to F2 ratios of 10 or more the reaction

Xe + F2 —aXeFé.occurred. Under these conditions the reaction was zero

-

order in Xe and first order in F, over the temperature range 190 to LO0°C.

With'tétal reactant pressures of 10 to 20 mm.and F2 to Xe ratios of 16 or
: : , )

more ‘the reaction Xe + 2F2~% XeFu occurred with XeF2 ag an intermediate.

" Under these conditions in the temperature range 190 to 25O°CAthe formation

of XeFé:was zero order in F2 and first order in Xe, just the opposite of the

results above. The formation of XeF) was zero order in-Fgrand ijSt order

'ig-XeFé‘f_

In all cases studied the reaction rates were independent of the con-
- centration of inert gas which was argon but were reduced by an increased .
volume to surface ratio. Hence the reactions were heterogeneous, even.

though they were very reproducible. The activation energies were uniformly

.
e
A
i
=
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low ranglng from 12.8 to 15, 7 kcal/mole in this study compared with lO 2

kcal/mole reported by Baker and Fox, who studied the formation of XeFé on A
' nlckel w1res with the higher Xe and Fé pressures of BOU mm each (Nature 'f
20k, 466 (1964) ). It was found that the ma,nometer oil, C1(CF CFC1)5C1

acted as‘a.poison for the fluorinated nickel catalyst reducing all ob -
servedireection_raies by_more‘than an order of magnitudé.

Armechanism involving adsorption and dissociation ekoé on the NiF2
sqrface is proposed;' It &ields the zero order reaction rate depeﬁdehce
_en both reactdnts observed by Baker and Fox,reaeh of the three rate err
.pressiens.ebtained experimentaliy in this study, and predicts'that‘e rate_
exﬁreeeion first order in both Xe and F2 should be ebserved at very low
o pressﬁres of both Xe and Fé. Itvalso indicatee that the observed decrease
.in the aetivatiQn energy of the rate constants with increased Fs preesures.

\

- is to be expected.

Bt oy
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The prablém was to determine the kinetics of the
formetion of Xenon diflﬁeride and xenon tetrafluoride by
observing the chenge in absorption of near ultraviolet
11ght.‘ To accomplish the kinetlcs study it was hecesaary
to make a prior inveétigatlon’of the temperature depend~
ence of the spectra of fluorine, xenon difluoride and
xenon tetraflupride in the near ultraviolet‘raglono

Exéept‘for very}reaent work a éomprehensive review

of fluorine-xenon chemistry may be found in references

1 and 2. The portion of the literabure pertinent to this

work is outlined here. Further détaila are discussed in 1

the appropriate sections.

‘The reactions Xe + F, === XeF 1e3, XeF, + F, ==~

2

'X@Fu103’6 and XeFu + F2 =~ XeF 1,06 have been:réported

| 6 | |
as well as the equilibrium constantsls? shown in Table I.

These equilibrium constants were aleo'shoﬁn'lh Figures
18 and 1b since several of the temperatures used in the
kinetic ‘studies were between those listed in Table I.

It should be noted that the constants from references 1

" and 7 are more reliable than preliminary ones reported

by the samé-authorm.8 Values of AR® and AS® caleulated

from these equilibrium constants using thé iélatiahs
OF = RTInK, 1n(K,/K,) = (AH®/R)(1/T,-1/T,), and
AgO-a'(AH°-ﬁE°)/T.agrea reagonably well with those deter-

mined by other mesns as shown in Table II. Hence, thé

. equllibrium obnstanta are consldered reliable. Hdwaver,'__”



Table 1

Bquilibriun Constents for the Xenon-Fluorine System®

Reactien - | S ~ Temperature ox
. 298.15 523.15 . 573.15 623.15 673.15
 Xe + F, = XeF, 1.23x 1003 879z 10  1.02 x 10%  1.67 x 103 3.59 x 102
| XeP, + F, = XeF,  1.37 x 120'1 1.3 x 103 1.55 x 102 27.2 . b.86
| XeF, + P, = XeF, 8.6 x 105 - 0.98% 0.211  0.0558 0.0182

® Units are in atmospheres. This table ¥as takenm direetly frem J. G. Malm, H. Selig,
J. Jortner, and 8. A, Rice, The Chemistry of Xenon, Chem. Rev. 65, 199 (1965).




Equilibrium Constant (atm.”1)
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Figure 1a. Equilibrium Constants
for the Xenon Fluorides :
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Equilibrium Constant (atm.al)
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Figure 1b. Equilibrium Constants
for the Xenon Fluorides ’
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Tmable IIX

Enthaelpy and Entropy of Peormabion
of the Xenon ?lu@rlde Conpounds

XoF, XeP), XeF
-26,8% 52,60  a71.9®
-27° -8 9P
-57.6°  -82.9°
MQ ' 0583&
e
A D : ' &

(%%%goﬁag.> azﬁ,géa

8,

b.

G

d.

6o

Calculated from equilibrium constents in Table I.
L. Stein and F.L. Plurien, Hpble-Gas O

University of Chiomge
Do 144,
Caloulated from bond energles in Tadle IXl.

B. w$1na®e@x, En E. Woaver, and C. P. Knop,;

» Do 50,

Je G Malm, H. &@11?1 Jo J@rtn@r, and 8. Aa aiaa,~

Chem. Rev, m

s Univergity of Chicago Press, |

\n



to minimize dependence on these numbers they wére used
only to determine the appropriate pressures to cause the
| reactions Xe + FQ;::ﬁ:XeFZ and Xe + 2?2 ::ﬁIXan to go
to completionn Bond energies of these materials, used in
calculating some of the numbers in Table II, are shown in
Table III, |
The‘temperature rela%iens of the vap@rvpressures9 of
xenon diflueride and of xenon tetraflueride are'shownvln
Figure 2. These, of course, fix the upper limits for the
pressuresg of the zencon compouhds in the spectral-ahd
kinetic studieso | B

Informati@n is avallable for the ultraviolat absorpn

.tion of fluoringsio -1k 15-17
16,18

¥enon difluoride, and xenon

at room temperaturs. A graphical

N

tétrafiuoridels’
summary of,fhié 1hformatien may be seen in Figure 3.
Xenon 1is tranéparent in the near ultraviolet region. No
quantitative date are available-far-ﬁhe absorption of
xenon hexafluoride, but it has been deacribed1°19

strong at 3300 % with e half width of 580 2 ana very
intense below 2750 2. A very limited amount of data on

the temperature dependence of the abserption coefficients”

® Abgor tion co ffici@nt i defined in this rep@rt as
In(I9/1 /Lc° = intensity with vacuum, I = intensity
with C; = congentration in moles/cc, L = 1ength in cn,
and 1ln = natural 1ogar1thm

6.

¢




Table III

Bond Energies of Fluorine and the Xenon Fluorides

269-273 (1964},

Chem. Rev. 65, 199 %1965)
8. R. Gunn and 8. M. Williamson, Noble-Ga

'~ Bond BEnergy . Reaction

(kxcal./mole)
482 . XeF) = XeF, + F
15t | _ XeFy = XeF, + F
5% XeF, = XeF + F
1 _' XeF = Xe + F
I TR S : " F,= F +F
31.3° (évérage) v Xer = Xe + 2F
30 (average) - XeFy, = Xe + 4F
32.8° (average) XeF) = Xe o+ bF
32.3°% (average) "1XeF6 = Xe + 6F
& H. 8. Johnston and R, Woolfolk, J. Ch@m.'Phys.-ﬁly

‘Ro N. Doescher, J. Chem. Phys. 20, 330 (1952).

° J. G. Melm, H. Seli Jortner, and S. A. Rices.

Univeraity of Chicago Press, Chicago, 1
133, _ _

Cg@@gundge
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- Flgure 2. Vapor Pressures
of the Xenon Fluorides
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_ ' 10
16 are also avall-

3

14

of fluorine and xenon difluoride

able. Infrared spectr& for xenon difluorids and xenon

20 20

tetrafluoride” and Raman sgpectra for xenon tetrafluoride

21-23 are availlsble. The geometrleszo’z4 of

and fluorine
these molecules are known and the frequencies aasigned?“
to.the corresponding normal modes. The relation betﬁeen
these frequenciesvand geometries and‘the taﬁperature depend-
ence of the near ultraviolet spectra is’dlscuasedvon pp. 22-
35, The free radical XeF has been reportedl $25-" 7 with -
absorption bands at 3300 % ana 2500 8. 1Its bond energy
has been @&timatadza to ﬁe 11 keal./mole and from this
informatloﬁ it was considered ¢to be an important apebiea
in ghock tube exparlments.29 o

Very cualitative kinetic infarﬁation hag been given.
in aynthesis studiés in nickel centainérs, Xenon diflue

oride has been'synthesiz@ai’B’Bo

in & loop by oircul&ﬁing
- fluorinéﬂand xendn through a section heated to 400°¢ énd
freezing the product at -50°C in another pertion. “The
reaction ré@uired eight hours to reach completion. Howe
ever, since the reactants were in the hot zone for e
very small fraction of the time the reaction rate mﬁstH
have beén'far faster than 1ndicatéd. Thévreactiona_-

s Xe + 2F + F2 <%~XeF

Xe + F2.<__Xe£" b

> > XeF# and XaF2

were monitored in thls loop by following the 1nfrared'
abgorption. Theae studies indicated that the readtion_-

rate éf_xenon and fluorine ;ncreased'with témperaturag'“

“$




el

partial pressure of fluorine, and partial presaura‘of

-3 atm. ranon and about 60 atm. of fluarlne_(pregsures-

- meagured at reaction temperature) at 300°C in 16 hours.®

11

' xenon, - They also imdicated that the reaction rate of

xenon difluoride and fluorine increased with temperature,

‘with partial pressure of fluorine and with partiel pressure

of xenon difluoride. It was further observed that in mix-
tures of xenon and fluorine xenon difluoride was first
formed and then the xenon tetrafluoride appeared. This
indicates that xenon difluoride is not by passed in the
formation of the tetrafluoride. This conclusion is strength-
by the observation mentloned ébove that freezing out xenon
difluoride at -50°C 1mmed1ét¢1y after 1t is formed pre-
vents the production of xenon tetrafluoride. |
Xenon tetraflucride-haa_been'synthesiied“ frah a

mixtui@ of 1.06 atmospheres of'xanén and 9.6-atmospheres .
of fiu@rine (pressures measured at room temperature)vby |
heatlhg to 400°C. The reaction was complete 1n;che hour.

At ﬁhe gomewhat lower pressures of 1 atmosphere of xanon

| and 5 atmospheres of fludrxne (pressures measured at

400°C) the remotion was also complete in one hour.1’5’6
In a flow method with a 4:1 molar ratio of fluorine to

xenon in a nickel tube at 300°C and a residence tlme of

 one mlnute 1n the hot zone the yleld of xenan tetra-kl

fluoride was 100 percent 1, 31

Xenen hexafluoride forms from & mixture of about



: ‘ 12
Other workers uging pressures of 25 to 500 atmospheres

at 227°C pioduced xenon hexafluoride in 1 to ten daysejz‘
fhe only reported quantitative kinetics study33 wes
made with & cold gilica vessel containing electriéally
heated wires of nickel, copper, aluminum, and platinum.
The reactions were followed by monitoring the preésnfe
with an all«metal bellows manometer. The fluorine pres-
sure was about 300 mm Hg with 1nitia1 fluérine to xenon
ratios in the range 0.8 to 2.0. The temperature range
was 180 to 40093; The.reaction was of zero order until
about half of the material had reacted if the wall tem-
pera;ure was e78@C. »ﬁnder these conditions the actl-
vation energy waé io.M'Kcal./moie, end the pre-eiponen-

1 cm52,>a

' tial factor was about 102! molecules sec.”
number which is eaﬁparible to the collision freqﬁencY'of_
theVXehon'with the nickel wire. BHRates weré lower and zero
order conditions held for a.mﬁch gmaller extent of the
reactléﬁlif the'ﬁessel_wall was at OQC‘suggésting'prodé
uct interference. Heating xenon and fluorine in the -
silica vessel without hot metal produced no reaction at
all.  Repeat1ng the hot wire experiments with copper;

aluminum, and platinum producéd'no reaction in the rahge‘

180 to 400°C. At slightly higher temperatures xenon and =~

fluorine reacted if copper or aluminum was used. At‘510°c
the platinum reacted with fluorine. It waas oconcluded that

the reaction between xenon and fluorine was catalyzed by

o

e




& nickel surface and to a lesser extent by

aluminum surfaces. These results indicate
of homogeneous xenon-fluorine reactions in

range 180 to 400°C was undetectably small.

13
copper and

that thé rate

the temperature
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A block diegram of the apparatus used may be seen
in Figure 4. The hot cell consisted of a fluorinated
nickel tube 146 om long and 1.59 cm inside diameter
with single crystal CaFZB“ windows sealed to the nickel
with Viton>? (alse called Fluorel Rubber) o-rings., The
important properties of calcium flueride for this study
were resistanoé te fluerine asnd rluarides._reaistanea'te }
atmosphere, stabllity at elevated taﬁperaturas,’ana trang-
migsion of thé near ultraviolet radiation. The tube was
heated with three 1000 watt resistance heaters, one near
the ﬁldp@int and one at each end near the wihdawa.v This:
unit was used to 250°C. ebove which three heating units
were ingufficient to preducs & reasonably flat temperature
distribution. Por the higher temperatures a cell using
8ix 576 watt heating elements was used. This cell also
was 1&6 cmrleng but its inside diameter was 6.28 am al-_
lowing an evaluation of the effect of surface to vmlumé
ratie. The windéw regien ef this furnace could be water
or air cooled. These furnaces, insulated with foam mica,
required several hours to reach thermal steady state.
Primarily beoause of ﬁhis high heat §apaeity th¢ tempef-
ature was sufficiently stable ever the peried of one hour
or less required for the reactions that no temperature

regulating system was necessary.

The ultravielet source was & Bausch & Lomb air éo@led_"
36

?deutsrium arc lamp with a fused quasrtz condenser system.
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This was followed by a double monochromator consisting 16

- of two Bausch & Lomb 2700 grooves per mm gratingsBé

necessary to reduce the scattering from a single unit.

Scattaring from a2 single unit wag noticed by a distihgﬁ

 hwave_1ength independent taill on the reSponse curve

(Pigure 5, curve C) at wave lengths near ZBOO‘X where -

~ the socattered light gave a more 1ntense responee than the

frequency paesed by the_grating. This tail was extremely
pronounced if the 1P28 was replaced byva'931A multiplier
phototube37'which 1e 1698 pensitive'to the higher fre-
quencies pagsed by the grating but réapongiVe to the
lower fréqﬁenoies from scatterihg (Figure‘s,‘curve D).
The indicatlons of reduced scattering»with the double

monochromator unit were the narrowing of the response

- curve, the sbsence of the.scattering tail, and the com-
‘plete abgenoce. of response with misaligned'gratings. An

" additional advantage of the double monachromator was

the reduction of the reciprocal linear dispersion from

. 32vg/mm to 16 ﬁ/mm. The monochrOmatorzunit was calli- :
.ibrated by~1ccat1ng the easily assignable Hgflines38 at
2536.52 %, 2967.28 &, 2893.60 & and 3341,48 &. The

gource used was & low pressure General Electric Germi-

_cidal Lamp No. GWT4. It was found that 18 R should be
' added to the monochromator readings. This explains why

most of the wave lengths tabulated later in this report

end in the unlikely numbers 18 and 68. The'monochromator

output wes focused by a Bausch & Lombd Quartz Fluorite
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Wave Length (R)

I T ! T
A Double Monochromator, Vacuum, 1P28
B Double Monochromator, Fluorine, 1P28
C S8ingle Monochromator, Vacuum, 1P28
D Single Monochromator, Vacuum, 931A
103 - _
Ce>»/ A D—»
102 - B -~
P SHNEY Y U B T N e
- 2000 - 3000 4000

-Figure 5. Response Cur#ee of Apparatus
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o 36 _ , 18
Achromatic condenser., -

The detector was a 1P28 multiplier phototube39 OpEer=~
ated at 1000 volta. The slgnal was amplified by a JB-5

Lock-in Amplifieér manufactured by the Princeton Applied

'~ Research Corporation. The AC signal was generated by chop-

ping the light beam at 26 2/3 pulses per second. This was

a convenient rate which avoided the sluggish low frequency

renge of the Lock-in Amplifier and 60 cyocle multiples.

An extermal reference slignal was generated by chopping a
tungsten lamp light beam which impingad on & silicon 301ar
Cell (81020@E8P&). The seme unlt was used to chop ﬁhe
reference light and the ultraviolet radiation thus insuring
that these frequencies wereialways 1dentiéa1; The ampli-
fied signal was recorded by & Rectiriter fectilinear |

recording milliammeter msnufactured by Texas Instruments

‘Inéorperated, The response curve for thie éyatem may be

seen in Figure 5. Curve A represents the evacuated system.

" Curve B represents the system with 20mm of fluorine. The

~ shoulder near 2500 % drope out as the xenon fluorides are

produced by reaction in the cell. The signal to nolse
ratia for this system wag about ten to one 1n the typical
case (Pigure 6) and fraquently much higher.

| The pres@ur®s were meagsured with a Monel Heliceid
gage‘manufactured by the American Chain & Cable Company

and by a maqemeter“constructad of fluorinated pyrex and
. N , _ ,



— prefluorination

— of nickel reaction

A Xe = T cell. o
1 Ay = 30 mn. Hg of F, |
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Figure 6.

Typical Response Curvé for

the Reactlion of Xenon and Fluorine in

Excess Xenon
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the KelF alkene ', Cl-(CF,-CFC1).Cl. The halogenated

alkane was supplied by Minnesota gining and Manufacturing
Company. This menometer oll was quite inert to xemon and
fluorine, but reacted readily with the xenon fluorides
producing a yellow solution in the o0il and a colorleas

28 thgt xenon tetra-

gas. It has been previously reported
fluoride reacts with Kel-F wax releasing ohlorine. The
menometer was connected to the sﬁatnlééa steel system by
the following sequ&naeé pyrex.tcloopper seal. copper to
brass weld, brass to stainless steel Viton o-ring seal.

4o

The oil density was reported = te be 1.93. The density

of the sample used in this apparatus was determined to be

1.922. An advantage of this manometer 1iquid, in additien

to inertness, was the seven fold increase in sensitivity

over mercury. Disadvantagea were the wettiﬁg of the pyrex

by the oil and & vapor pressure of about fifty mlcrons.

It was found that gome fresh eampiea of this material

required several hours of outgasing under vacuum before

' use. The room temperature gas handling system was con-

gstructed of atalnless steel, copper, and brass and ﬁhor-
oughly fluorinated. The exhaust system contained a
sodium chloride in steinless steel reactor. Samples

,cantaiﬁlng excess fluorine were pumped over the sgodium

‘chloride at 100°C, The fluorine was abgorbed by reactién

and the chlorine produced was removed by freezing in a

pyrex trap at 11@uld nitrogen temperatures.
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HMATERIALS

The flﬁarime, xenan, and argon were obtained from -
. Matheeon Compény.» The fluorine was about 98 percent
pure. Ml The majar impurity was hydrogan fZLum:'ft.de“’2 which
was removed by pessing the fluorine through a aadium fluo-
ride t;ap also supplled by Matheson Company. Thexlack‘of
stching in the diy pyrex'manémeter was an indlcationvthat
the method was successful. The argon and xXenon were used
directly from the cylinders. The supplier claimedui that
| ”G@ld‘Labei" argon contalned less than 10 parts per ﬁillicn'
1mpur1t1es and that "Regearch Grade* Xenon contained approxk-
mately 50 parta per million impurities mOSt of which was |
krypton. The Xenon difluoride and xenon tetrafluor;de were -
- gynthesiszed in the hot cell by using fluorine snd xenon at
-appreprléte'presguree oalgulatad frcm'published eqﬁ111br1um

conatants. !
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fluorine.

SPECT

Elugfing

Fluorine hag e broad continuous absérpticn'produced
by the allowed trénsition from the 12; ground electronio
state to the unbound excited ' Tl electronic state which
dissociates to Pa and ZPé (Figure 7) atomlc
21 &3’ The temperature dependence of the
speotrum is produced by the changing'p@pulatimns of.the
vibrational. energy states in the ground electrenic state.
The energy difference‘b@tweén the vibrational states is
known to. be 892 sm'1 from the Bamen spectrum 22, 23 ~In

the tamperature region where the graund vibratimnal

state and first excited vibrat&onal state_are-the only

~ ones significantly populated {(gee Table IV) the temper-

ature dependence of the maximum can be celculated simply

from ground state depletion. This prevides & convenient

check on the methed since this number is also determined

_éxpérimentally. It 18 listed in the literature for'é,
100°¢ range'as—@,djiﬁldeg.la detérmined in this work
for a 227°C range to be -0.032%/deg. and calculated to
be -0. 031%/deg. In the range 256'to QOOQC the second
exclted atate 1s alse @f 1mportance. Tha experxmantal
results may be sean 1n Flgure 8 and Table v.

It 1@ stated in the literature th&t Beer's law waa
14

followed in. the range 50 to 760 mm.” ' This work ah@ws o

that Beer's law ie alae followad in the range 5 te 25 mm

as may be geen in Flgure 9 and Table VI.

22
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‘Table IV

Thermal Excitation of Fluorine

Tmyembure g o o - Percent in State ’
°c) ©~ Growmd  First Bxeited Second Excited

o (n=0) | m=1 - la=2)
23 %8 o .3 0.0
250 91.5 S 7.8 - 0.7
hoo - 85.5 12,6 1.9

e



Absorption Coefficient (cm.z/méle.)
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| | | I
o = 23°C
2 - V = 250°C ~
Iy o 0= 400°C
10 gy
6 -
. |
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103 H
8 |- —
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2000 3000 - 4000

_ wave.Length_(X)v S
Figure 8. ' Fluorine Spectra
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. Abserptibn Coefflcients* of Fluorine

Wave Length

R

2318
2418
2518
- 2618
2718
2818
2918
3018
3118
3218
3318
3418
3518
3618
3718
3818
3918
4018

# See Fdotnbta, p. 6.

Table V

23%¢

- 0 442

0.611
0.822
1,02
1.20
1,26
1.32
1.24
1.08
0.920
0.751
0.586

.' 00’451 -

0.311

0,143
0.0963

'Absorptlon Coefficlehts
(cmz/mele) X 10‘“
 oo®c

250%¢

0.466
0.678

0.855

1,047
1.189
1.183
1.190

1.195
1.052
 0.928

0.761

0.576

0.496

| 0.386
0.236‘_

0.141
- 0.104

0,418

0.648

0.802
0.899

0.996

1.145

26

1.113

1.008
0.938

0.589

. 0.872
0.713

0.245

© 0,187
0.148

0.312



Waﬁe Length 2918'3

HIH '
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Temperature = 23°C

f'ln.  5 o i._v ' e o - .1‘_‘ g L e . 
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o ?lguré'9, Beer's Law Plot for Fluorine
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Table VI

Beer's Law Data for Fluorine at 2918 2

1°/1

17.0
6.40
3.92

2,55
sk

1.34

1.16

Pressure of’ Fluorine

 (mm Hg)
25.2
17.3
'12;8
8.9
4.3
3.0
1.7

28



Aenon Dgfluﬁ;;ga
The ultraviolet gpectrum of Xenon difluoride at room
temperature has beén reported in the literature. 517
In the near ultraviolet region there 1s a broad absorption‘
band (Figure 10) which peaks at 2330 8. This has been
agslgned to a.symmetry forbidden transition which borrows |
intensity from the 1580 & band by vibfonic coupling in-
volving the T[,vibrations of‘thé linear xenon difluoride.
- 3ince the TTfraquency af xenon difluoride 15 low (213 cm~1)
a relatively high temperature dependence is expected.
From the 11tarature experlmental information up to 120°c. 
yields an increaaa of 0.12 _ .Ohﬁ/deg. Theory predicts |
'0.3%/deg. Thus a large lnorease in inténsity is 6baerved
ﬁut'les@'than predicted. Thie ls the e@Mmon;exﬁériﬁental
result“S‘aS and 18 expected to continue at higher temper-
ature, | | | - |
At more elevated temperatures dissociation
: (KeF == Xe + F,) and reaction (ZXeFé
xenon difluoride may ocour. Thus a ten to one mixture of

"“*‘Xe + XeFu) of

. xenon and Xenon difluoride respectively was uaed to nesasure

>the absorption 3pectrum since both of these raactlons can be '

uﬁ;Lﬂinhibited by excess xenon which 1s transparent 1n the near

_ultraviolet reg;on. The resulta may be seen in Figure 10

=

and Table VII. The temperature dependence was 0.11%/&95.
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Absorption Coclficient (cr,z/mole)

30

6 | 7 1
- 0 = 400°c —
o = 250°C
V = 190°C | |
L += 23°C (Ref. 15-17) -
C10%] | S - - R - .
2200 ' 2600 B 3000

Wave Length (R)
Figure 10. Xenon Difluoride .Spectra"_



. Table VII

Absorption Coefficients® of Xemon leluéride

Wave Length
)-8

2318
2368
| 2#18::_ |
2518
2618
2718
2768
2818
2868
2918

* See Footnote, p. 6.

190°¢

1.60

1.26

0,83
0.49

31

Abgorption Coeffiolents

(om?/mole) x 1()"'5

250%

1.65
1.85
1.78
1.50
0.990
0,580
0.450
| 0.370
0.278
10.195

hoo®c

.2;43 v

2,09
$i55 
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Xenon Tgtga{lgorggg

The ultraviolet apeotrum of xenon tetrafluoride at room
teﬁperature hasg bean reported in the literature.15'16 18
In the near ultrévialeﬁ reglon there is a broad absorption
band which peaks at 2280 ] (Flgure_il) which has been
assigned %o a spin forbidden transition whioch borrows
intensity from the 1580 f vand by spin orbit coupling.

In additien there is a shoulder on the above bioad'band
near 2580 £ which was assigned to & aymmetry forbidden
‘transitian which borrows 1nténslty from the 1325 & band
by vibronic coupling involving the 221 cm°1-b1u and the
291 om™1 8o vibrations of the aquaré planar xenon tétraQ'
fluoride;,vCQnsequentiy this shoulder is‘éxpeétéd'to show
a greater temparature'dependencevthan the 2286 X peak;

| At elevated temperatures dissociation CXeFu XeF2+F2)
can @ccur.1 To inhibit this reaction a ten to one mixture
of flucrin@'and,xenon_tetrafluorlda respectively was uaed
while measuring the absorption spactxum. Fluorine itself
absérbs in this regibn but does not serieusly interfere
because the absarptién ceefficianta'ef the xanan-tetia-
 £1@@r1da“ranges from'ten'ta one hun&red times that of
vfluerine. The experimental results may be seeu 1n Figure

11 end Table VIII. -
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Figure 11. 'Xenon-Tetrafluoride Spectré“
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Table VIII

Absorption Cdefficlents* of Xenon Tetrafluoride

Wave Length - Absorption Coefficlentél
B . . o -(cmz/mole) x 10~6

190°¢ | 250°¢C

2318 . 0.95
2n18 o T N
2518 - - 0.53 . 0.55
2618 o2 0.45
268 o7 0.8
2868 - o 0.3

* See Footnote, p. 6.
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uorine: gheoretlcal Analysis .

The continuous absorption of chlorine49’5o has
been treated theoretically in detaii.u9’5i’52 These
pabers pro%idé a2 model for a simiiarvanalysis which is
in progr93353 fof the fluorine spectra. The method con-
glsts of an epproximation of the uhbound‘electron;c state
botential function and the electric moment of fluorine‘
from measured absorption coefficients at room temperature.
This information can dbe used;to célculgte partial absorp~
‘tion coefficients for 1ndividual excited vibrational
}‘states and hence the total absorption coefficients of

fluorine at elevated temperatures.
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Mechenical O 1

- The prooe@ure used for the kinetlc experiments first
involved adjusting the temperature distribution by varying
the voltage applled to the various heating elements until
a uniform temﬁarature;distribution wae obtalned., For
temperaturag up to 25@06 window cooling was unneeessar&.
The'Viton_o—rings‘wera gtable in air or vacuum}to 250°c.
They were also gstable @t this temperature for extended
periods with low pressure fluoriﬁa‘(<1/20 atm,. ), but
finally_becéme_flattened, lost their reéilienge, and
' partially deteriorated fdrming a graphite-like powder.
At mOreAeleVated temperétures the window regi@n was water
- cooled. Thisvproduced & 6.35 cm region on aach end of
the reaction cell which was at lower ﬁaﬁperaturas than
the central.rémaining"IBBQB cm, thus requiring end
corrections which will be discussed later. After thermal
'-,aﬁéaay state had been reached theasystem,was fluorinated
until no further decrease in pressure was noticed on the
manometer..‘The gases were mixed at the deéired'pressure
in a 1,750 cc steinless steel tank. Immadiatély befqre
ekpanding the gas mixture into the reaction céllg the
':; éell;ﬁaé ggainvfluérinated’as may be geen in Figureé 6
and 12, This procedure was eesential to obtain reproQ

ducible data. EHven so, the first run of a series fre-

quently had to be discarded because of obvious reactor
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‘Figure 12. Typical Pair of Response -
- Curves for the Reactlion of Xenon and.
Fluorine in Excess Fluorine
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fluorination. After the cell was properly sessoned

" as described the‘gas mixture was expanded into the hot
cell. The gas flow required from one to_two seconds
after which_thevvaives on both sides of the’cell were
immedlately.closedﬂend the'pressure was read on either
the oll manometer or the Monel Helicoid gage, Pressure
readings were avoided duringbthe reactien period to pfe»
' vent the expoeure'ofethe hot gasee to cold_surfaces°
The'tiansmission wasg automatically recofded during the
run which wae continued until no further change was

observed.

Absence of Xenon Heggfluoride

Of the three compounds Xenon difluoride, xenon
‘tetrafluoride, and xenon hexafluoride previously mentioned
 'it ls believed that the xenon heyafluoride did not form
durin& these experiments even though the equilibrium |
- constants would suggest it might. One reason is that
' eﬁen under_the tens to hundreds of etmospheres{used in

“its gynthesis sixteen hours®

to ten daye3? of remction
v‘time were required. A second reason for doubting the :
ﬁfesenCe of xenon hexafluofidelis that'thevxenoh,hexa—
fluoride absorbs strongly*1% below 2750 R while both
ienon difluoridel>=17 and zenon tetrafiueride15v}6'18
are weak absorbers. Consequently significant amounts of

xenon hexafluoride wouid have caused the system to become

‘opaque in the 2500 & region where most of the experiments




| | | 39
. Wwere made. A third somewhat weaker reason is that
the conditions under which pure xanen'tetrafluoride-ia

1,46 indicate that a large fraction of Xenon

syﬁtheaizad
hexafluoride should have formed if equilibrium had been

obtained. The pressures used in the xenon tetrafluoride
syntheses were much higher than those used in the exper1~
ments-in this report and the time peri@d weg abaut-the

- same. Further evidence indieating the absence of ienon

hexafluoride will be presented later.

In the absénce of xenon hexafluoride the following
'eduations apply. The symbols usad,baiowuand throughout-
 ,the_rest of this report:are def%hed;lh_Table IX, = Conaser-
vation of mass ylelds: ’

Cl

+ Gy 420, = c§
Gy + G, f ¢, = €
and the optical abaorption‘glves:

a,C

815 7 azcz + au°4 = (1/L)1n(I°/I)

‘,/3131 + &202 + abﬂu = (1/L)1n(I°/I)

~ The pfime~1nd1cataa a second wave 1ength.' Wave lengths
_ suitable for these experiments are those for which all
"of the speclies, excepting xenon,vabsorb strongly. It is

also desirable for sensitivity that the slope of the



Table IX
Definition of Symbols

a = Absorption Coefficient (cn /mole)
- (bee Footnote P. é)

i

Concentration (moles/cc)

Intensity

= Length (cm)

" OPH O

ft

‘Presaure (atm.)

Subscripts:
o =VXehoh
1 = Fluorine

2 = Xenon'D1f1uor1dé

4 = Xenon Tetrafluoride
Sgpgzggrlgtgz

- o = Inltial

qo= F1nal or eQuilibrium'

= Algebraic exponent

40
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absorpbioﬁ coefficient veraus}wave length function of
one differs in sign from that of the other two. From
Figure 3 it can be seen that 2500 R and 2750 % it these
re@uiramanta. FPigure 5‘ourve A 1ndicateevthat the appa-
ratus is algo sensitive in this region. Hence these wave

lengths (2518 R and 2768 R after calibration) were those

most frequently used.

8ince the ultrav1alet light is bélng ﬁséd to follow}
thermal reactlona one must be certain that photoohemieal
_reaotiens are neh OOcurring. Beusch & Lomb data sheets
1nd1oate that the combination of the Deuterium Lamp and
Vaingle monochromator produce a maximum of 32 microwatts
at a slit width of 3 mm. The szecond monochromator, the
smaller slit width used, the Quartg Fluoriﬁe Condenser,
end the calcium fluoride window will strongly reduce this -
nﬁmber. Thus the rate at which photons enter the reaction :
cell can be shown to be less than 5 x 109 photons per
second. This is gix orders of magnltude less than
VWeeks}and Matheson usedho in photochemlecal astudies of

o xenonéfluorlﬁeireactions. Thus no detectabie phdtolysis= .

";"13 prected under these experimental conditlans. To

further confirm this conclusion semples slmilar to those-:ﬁ
' used at elevated temperatures were exposed to the ultra-
violet light at room temperature for several hours. No

reaction was detected.,



- Optical effects from reactions of impurities in '

the reagents from reactions of ailr from undetected leaks
with the reegents, or from reaction with the tanks was
checked experimentally. It was found that the following
materials or mixtures at room temperature, 250°C and 400°C
gave no indication of reactlon. |
1. Fresh fluorinee |
2. -Fluérine stored several days in a stainless steel tank.
3. PFluorine mixed‘with undried:aif. |
Thls sequence was repeated for xenon, argbn, rlﬁorine
and argon, and xenon and argon. These experlmeﬁts did
not eliminate the poéslbility of an impurity from fluorine
reacting'with én impurity from xenon, However, the purity
level of "Research Grade" xenon makes this possibility
remote. - |
Optical effects from the vapor of the menometer oil
were also considered.“The'ﬁransmission of the cell was'
checked from 2318 to 4018 & with the manometer in and out
‘of the system. No optical éfféct was noticed at any wave
length. The ménometer wag down stream from the. reaction
‘cell (see Figure 4) which avoided punping the Kel-F vapor
- through the hot region. The cell was always flushed before
an experiment by the fluorinatlon.procedure énd waércut |
off from the manometer during reaction. |
Expandlng the gas mlxture into the cell was acconm-
panied by several temperature effects.. First there was

~cooling of the gas in the mixing tank.whiéh'further_reduced




1ts presgsure. This,.hww&Verg d1d not change the

- ratio of the gases preéent. Hence, the measurement of
the préssure after the ges was added to the cell avoided
errors, due to cgoling, 1nlthe determination of initlal
vconcantratlans. The uge, for inastance, of volume ratlos
was quite uns&tiﬂfactery here. This c@oling wag lmmedi-
ately followed_by r&pld heating in the reaction 6611,'
8ince the relative heat capaclty'of tha'gag and cell wall |

6 cooling of the cell by the

was in the renge of 105 or 10
gas was of no significance. Heating of the gas by}the

" cell in the case of fluorlhe gpectral measurehents ét
-pressures as high as 10~ -1 atmoapherea wag faster than the
reaponse time of the apparatus which varied between 0. 3
‘and i.o_seaond. The lower value was the response time

of the recorder while the hlgh'value.wae producéd by
»‘vfiltera in the amplifier.

o Aslde from heat effectas of sample manipulatian the
reacbien 1tself oan alter the tamperature of the
system.5“’55 It can be shown from relations given in
these references that internal heating of the gas by v‘
homogeneousdreae81an 18 <1°C. On the other hand for a
‘heteroweneous reaction the large heat sink provided by
‘the nickel pipe should avoid large temperature- effecta
:‘since<:5 oalories were released in a several minuta
fperlod. o | |

| Expansion of the nickel cell was 6 mm frem room

temperature to 400°C. This was less than 0.5 percent of

43



. i
ﬁhe'length and was neglected.
Water cooling of the window prbducad effects some
of ﬁhich were important. Since gas molecules may diffuse
between the window and the hot region in a matter of one o
or two minutes and convection willkalso ecour complete |
mixing is assumed. However, the preésure of tha xenon
difluoride or xenon tatrafluoride 6ou1d'not be allowed '
to exceed_lta vapor pressure at room temperature (géa
Figure 2). _Além gases concentréted.in the’coéler énds'
and abaorbed_radiation more strongly per unit'pdth'length
than the hot gases. This was by far the largeétvend_
effect and required a‘correction of as much 33 11% to
be’ made on some of the experimental values of 1n(I°/1)
at the highest tempemturea, |
Since the maximum temperature effect on the absbr§e '
tion ocoefficients was about 20% and the.oooléd end regions
made up about 9% of the path length the maximum value of
‘this end effect was about 2%. This wae neglected. The
residence time of the reactants in the hot cell was
reduced by about 1%. Thisralso wes neglected., .For
' temperatures of 250°C or less the windews were uncooled.

_ and end effects were not 1mpartant..
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THE REACTION OF XENON AND FLUORINE IN EXCESS XENON

The gagcﬁ;on Xg:+Ag2———4»X§§22 Generel] Considerations
- The equilibrium conatants in Table 1 and Figures la

and 1b were used'to calculate concentrations of xenon and
‘ flﬁorine'whlch will lead to the formatlion of sufficient
xenon difluoride to be followed easily by optlcaiﬂmeans,
bﬁt‘with,too little xenon tetrafluoride to be seen.
Typlcal starting values for this condition are‘about'one
mm of fluorine and ten or more mm of xenon. The reaction
goes to completion within limits of detection.

. Undei\tﬁasa conditions the equations on page 39
simplify tos |

| O

Cl’ v+ €
; o
Co + 02 = Co

2,Cy + 8,C, = (1/L)1n(1°%/1)

jOnly one wave length was necegsary here and 1t'ﬂas'usually

2518 .  The equations lead to:
a, = (1/cg°'1;.)1n(x°/1 )®= (1/¢SL)1n(1°/1)%

whiéh.a;lows a détermination_of-az er'eanh~exparimeht._s,.

and.t®: 'x

= e/ - é’icg> (a,-a,)"1



= cgacz
D
Co = CO"'C2

The XeF fres radical which is known to exist and
* which may aebsorb near 2500 & could interfere with these
caleulatlons if its concentration were high enough.
Reference 29 indicates that itz oono&ntratloh ls abeuﬁ'
three orders of magnitude lowar than that af xenon |
difluoride at temperatures near 400°C. However, since
' absorption caafficients for XeF are unknown and ceuld be
mere than three,orders of magnitud@ higher than these
of Xenon difluoride Optical effects of XeF might be
imp@rtant. Duplicate experiments at different.wave_lengths
were made to determine 1ts effect. One such comparison at
250°C may be seen in Table IXa. Experiments 16 and 17 are .
dupllcatés.except’that thé wavevlength was changed from
v2518 to 2618 R. A similar set of axﬁerimants‘were cone -
"ducted at 406“0. No effect indicéting XeF interference
was feund._ ' | | | |

A typical responge curve may be seen 1n Figure 6.
A typical get of eoncentrati@ns versus time are shewn 1n

o Figure 13 and Appendix Table IA.

' Vagigble‘Dggeggggcg
The dependence of the reaction rate on an inert gas .
| ﬁas qhecked with argon. One set of résults at7190°C'aré-

gshown in Table IXa, experiments 1-4. No effect was




Table IXa

 Rate Constants

Experiment Ta&fefﬁtﬁre Furnace . Initial . ‘v | Constants
Nuaber : e Diameter ~~ Pressures
(°a)  (em) -~ (mm Hg) (sec™l) x 103_’
: E F, Xe A? X, k,
4B 190 1.59 1.04 9,21 0 2.8
2 190 1.59 1.12 9.17 125 2.9
3 ) - 190 1.59 1.00 v 99 19 295 303 :
5 190 1.59 1.03 20.1 125 2.9
6 190 1.59 1.07 29.9 127 3.2
g® 250 6.28 10.2 = 0.593 O 10.2
9 250 6.28 10.1 0.581 148 o 9.Z
10 250 6.28 10.0 0.590 300 , 10.
11 250 6.28 9.9 0.579 398 9.8
12 250 6.28 . 13.1 0.591 149 10.1
13 . 250 ' 6.28 15.9 0.58% 18 9.6
ik 250 - 6.28 19.8 0.573 151 10.3

T

B0



‘Table IXa (Contd.)

‘Rate Constants

. Experiment Temperature  Furnace . Initial o Constants
Number D . Diameter ' Pregsures
ey {em) - {wm Hg) = (sec~1) x 107
’ . - : ‘ . LA
~ Fp Xe Ay Kk, K
15¢ C 250 - 6.28  10.2 - 0.585 150 10.1
174 250 6.28 1.05  13.2 16 2.1
a Wave Length for 1~-7 and 16 was‘2518vg.

© yave Lengths for 8-1% were 2518 and 2768 8.
C wWave Lengths increased to 2618 and 2868 %,
9 Wave Length increased to 2618 &,

agh
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Figure 13 Typlcal Set of Concentration

Curves for the Reactlion of Xenon and Fluorine
in Excess Xenon
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:«noticaable, Similar experiments were also made at

- 250°C and 400°C to further confirm this behavior. Hence

argon was'used in subgequent experiments to provide a

higher pressure which aided gas flow by pro&iding.higher 1

pressure

The
behavior
Apbendix

" The

‘¥enon as

differentials.
reaction rate was first order in fluorine. This
may be seen for a typical case in Figure 14 and

Table 1A.

reaction rate was zero order with regpect to

demonstrated by experiments 2,5-7 at 190°C in

Téble'Ixé;"Similar experiments were also made at 2509¢

and 400°C to confirm this behavior. The constants from

experiménté 1-7 were averaged end entered in Table X

under the 190°C, small furnace heading, Thus the rate

expression under these conditions was dc,/dt = k

The

201 .
geometric surface to volume ratio differed by =

factor of four between the two furnaces, The reaction |

ratevwas

Jlower by a factor of thirteen at 250°C in the

larger furnace. - Hence the reaction was heterogeneous.

An Arrhenius plot for these reaction rate constants

et various temperatures is shown in Figure 15. The acti-

: vatlon’energies and the pre~exponential factors are shown

_ih Table

XI.
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' Tamperéture

(°c)

190
. 225;
250
290
330
400

Table X

50

Rate Qonstants

e . LFP
3.0
9.8
23 1.8
h,3
12
38

Constents

(aec.'l) x 10°

ky Ky
. 8F - LF SF LF
30 2.0 10  0.68
w72 6.2 25 1.8
w150 10 w50 3.2

SF = amali Furnace, 1.59 cm diameter._.
= Large Furnace, 6.28 cm diameter.
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| T
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| 10%/1

Figure 15. Arrhenius Flots for the Rate Constants |




.Table XI

‘Activation Energles ahd

Pre«exponential Factors

- "Activation - ‘Pre-exponential -
Bnergy = - - PFactor _

| (kqal./mdle)_ - '(éec?‘l)‘x lo’h'>tv
w3 o0.22
BT 2 U
1302 . A
12.8 . 0.048

13, T 2.

& LF = Large Furnace, 6.28 cm dlameter.
° 8F = Small Furnace, 1.59 cm diameter.

-Associated
with:. :

SF

SF

- SF



EACTION OF XENON WITH FLUORINE
IN EXCESS FLUQRINE |

The Resction Xe + 2F, —>XolF 3
& 4

The equilibrium constants in Tﬁbl@ I and Figures ia
and 1b along with the assumption that xemon hexafluoride
1a_absént3 may be used to calculaté'ccncentratloné of
xenan'and flu@rlné which will lead ﬁe tﬁe formation of
xengn.tetraflueride with an inaigniflcént final émmuntvof
,xananldifluoridaa Initial pressures @f'O'é mm. of xenon -
and ten or WOTe wm. of fluorine satisfied this requirew
ment and alao pr@vlded oanc@ntratione of fluorine0 xanon'
difluoride and xenon tetrafluarida which could be fol-

ldwed}éptlcallyo The optical requirement was twofold.
| ﬂone of thé thrae'materlals s Tluorine, xenon difluoride,
'@r_xenoﬁ_tatrafluaride, must be preaent'in t@Q.small.a
concentration to be detected for any.extendéd timé nor _‘
Hmay any-@ne'be’presént in such & high conoehtraiiah that -
the systam be opaque. | |

Under these conditiong the full set of aquationw
on page 39 must be used. They lead to the fellqwing _

golutiones

53

- (1/L)1n(1°/1)°°-a1c€§](I/Cgb) since the experiment
- o

\

v
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is designed to produce little xenon dlfluoride in

the final mixture. Thie allows a2 determination of a“
',and a& for each axperlment.

Further:

Cy = 'Eal-’-az)/.a] [ (&;_/L)ln(Ie/I) - '(ai/L)ln(IQ/i )j

.

(3/4) Eﬁc‘i - (1/L>1n(x°/13'

2= E/(sl--azj -[:alc? - (1»/L)1n(I°/I}) - ‘231"%’@_ .
C n‘cg~czfc“ '

= Cg-Cé~2Gu
R whareé

3= (aja,eny) mna
A = (ag-a,)(ajay-a.8,) - (208,-a,)B

_As with the reaction téminating with zenon difluo- -
.rlde:the poasibility of other species being préaént_mnat.
 be oéhwidaréd. :lh this case xenon hezéflﬁqfide was of
particular §oncern.being favored by the axoeés fluorine.
Duplicate experiments were made with two different pairs
_of wave lengths to investigate this possibility., The
‘ wévg length pairs were 2518, 2768 and 2§18, 2868 K,f;



No effect was found ag may be seen by comparing, in 52
Table IXa, experiments 9 and 15 which differ enly in the
wave length uged. This is a further confirmation of the
absence of xenon hexaflueride formation previously dis-
cussed (pp. 38 and 39) under these experimental conditiens.
A typical Bet of response ocurves may be seen in

Pilgure 12. A typlical set of concentretions versus time

is shown in Pigure 16 and Teble XXVIIA of the Appendix.

B0 “ e ‘°' FA _*‘Mz

~

The dependence of the reaction rate en en inert gas

. was checked with argon. Experiments 8-11 at 250°C in
Table IXs show no effect. This behavior waé further ocon-
firmed by snother set of similar experiments at 190°¢.
The reamction rate was first order in xenon. The
behéviar may be seen for s typical case in Flgure 17 and
Appénd:‘.x Table XAVIIA. |
 Experiments 9, 12-14 at 250°C in Table IXa indicate
no effect from increaged pressures of fluorine., This
behavior wag observed again at 190%¢ by another set of
similar éxpsrimenﬁs. Thus the rate expressicn was
dc,/at = ~kéce.f@x the initial reaction preducing xemon
difluoride. The constants from experiments 8—15.§ere'
averaged and entered into Table X under the 250°C, large
furnsce heading. .
. The geometric surface to volume ratio was varied, as

in the xenon difluoride terminating case, by a faoter of
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 Curves for the Reactlon of Xenon and
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four. The reaction rates were slower by a factor of

:flfteen in the larger furnace. Hence the reaction was
hetsrogeneous. | |

An Arrheniué pi@t for these reaction rate constants
at various temperatures is shown in Figure 15. The acti-
vation energies and the pre-exponential factors are shown

The Resotion XeF, + F ———>XeF |

| The raté of reaction of xenon difluoride and flucrine
may be calculated from the previous data for the formation
of xenon tetrafluoride from xenon and fluorine. This was
déne by assuming the following rate expression: -

gc“/dt - kucg

.Thus
R ko
6 (8) = ch;‘w)dt = kg (t)

4]

and
G (8)/ee) = K,

The gn(t)ﬂs'werevébtained,by graphicaI 1ntég?a61§h of
‘cz(t)_on plets like Figure 16. In Teble XII based on
Figure 16 and Appendix Table XXVIIA it may be'aaen;that
-k, 1s constant if n=1 indicating that 4Cy/dt = Kk, C,e

Argon and fluorine concentrations had no effeot on tha”

N



Table XII
The Bate Constant k,

Time  Cy(t) , g(t) , cg(t)/g(t)*

(min.) (m@leaéea) (mole mlna/ee) (min.*1)  (sec.” %
- (k&) ‘ (ka X 10 )

0 0.00 0.00
1 0,16 0.56 0.29 b,8
2 0.36 1.36 0.26 k.3
g 0.51 2.26 0.23 3.8
A - 0.67 3.21 0.21 3.5
5 0.81 4,16 0.19 3.2
6 1.00 5,06 0.20 3.3
? 1.09 5,83 0.19 3.2
- 8 1.20 6.46 0.19 3.2
9 1.30 7.01 0.19 3.2
10 . 10 ‘ 6 70“&’ 0.18 : 300
12 vio Z 8011} 0'018 3-0
14 1.6 8., 54 0.19 3.2
16 1.78 8.74 0.20 3.3
18 .1 78 8.7% 0.20 33
20 78 . 8080 90 20 3@3
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values of ku a8 shown in experiments 8-14 1n Table XXa,
but decreased surface to volume ratio caused the ku_valuem |
to drop as shown in Table X. The walues of kb in Table IXBI
were averaged and entered into Table X under the 250°C,
large fufnace headihg. The activation energiles and pre~

exponential factors are shown in Table XI.
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_ The catalytic msctivity éuddenly became very reduced
when the evacuated cell was 1nadvertant1y.coaled several
degrees centigrade below the temperature'éf the manemeterov
In}fact,'the remainlﬁgvreabtion may be homogeneous and

the catalytic activity destroyed altogether. Reactions
which previously required & half hour required about ten
hourg'arterlthis;eventg‘:It is believed that the manometer
qil,dirfuséd inte the reaction aellvférming a layer oﬁ.
the £1ﬁor1nated‘éurfaceiwhieh‘1nh1b1tad’the catalysié;

’ Effafts £o recover the catalyast by 400°¢ fiuorinatlang"
by flﬁshing_wibh fluorine at 400°C, and by oxildation of
the surface at 400°C for twenty four hours with undried
air followed By fluorinatlon failed. Furﬁher, theré

was no evidence af'fiumrine absofpt1on by ths surfacé
'.after:the éxpoéure to alr. This behavior is'analog@us';
to che'brommat;ion of ethylene’®, CoH, + Eré —-—-—%—CZHnBrZQ "
- which 1s catalyzed by a glass surface and which is almost
oompiaﬁely 1ﬁh1b1ted by 2 coating of paraffin wax. N
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 One experiment was made at 250°C with initial concen-
trations such that the final mixture ocontained all four
species. The final concentrations were calculated using
the equat;ahe on page 54, These were converted to pres-

sure and equilibrium oonstents defined asi
K, = BYERED ana ky = HP/EP D were caloulated. o

results are summariged in Table XIII. They are in close

agreament with those in Table I and further \ncrease ones.

 confidence in that set of constants.

e



Eguilibriun

P? _
= -
-
7 -
Py =
Kz‘ =
By =

Table XIII

Constant Data at 250°C
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. The differemntial ec;imblon followed with excess
 Zenon was 'drc,_l/df: = -«kzcl. This leads to:

st
+0 ‘ :

The curves in _Figfmre 13 were caloulated from these

equations using the apprépriate congtant from Table/Xa
i'he differential equations followed, with excess

fluori#a,' by the reactions Xe + F, _.l.‘.é_. XeF, and |

. 5, |

XeF, + F, ——» XeF,, are:

‘ . -
ch/ dt = .-kzca

dC,/dt = kyCo=ky,Cp
10/at = 1,0,
- and the solutions are

]

¢, = cge‘?zt 1f Gy = CQat t=0



c, = o K4t . ifC,=0att=0

Cy = Cg vll,@.ﬂ st v if Curé 0 at t = O_ o

¢y = G?*Cz‘zaa | 17 Gy = ] att=0

The curves in Figure 16 were calculated from these o
j_ _equatmna using the appropriate rate constants from
Table X.
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In general a surface reaction ocours in the follbwing
steps:57 =59 _
1. Diffusion of resactents to surface
2. Adsorption of reactants gt’surféce
3. Chémiaal reaction on the surface

b. Desorption of products from surface

5. Diffuslon of products away from aurfaoe.

,Steps 1 and 5 are usually rapid, especially at low pres-

gures. A4lso the rate constents for diffusion controlled
reactions ha#e a.temperature to thé one half pewef depend—‘
ence. ,IA the work reported here the rate constants fol-
lowed ﬁhe'Arrhentus relation. Stapa'é end j are included
in the mechanlam'described below. 'The producta-xehon‘ |
difluoride and xenon tetrafluoride are assumed to leave
the gurface immediately aftér formation. This iz equiva-
lent to assuming that step ¥ is very rapid. | |

If 1t is assumed that molecular fluorine adsorbed
on thevsurface of the fluorinated nickel ; that the molec-
ular fluorine dissoclated on the surface forming atomic

fluerine, and that the atomic fluorine reacted with gas

'phase Xenon and xenan difluorlde then the rate expreasions

observed by the author and those rep@rted33 by Baker and

Fox.mayvba derived. The chemical process may be summe-

'rized agt
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' “‘501(1" O)/ b as® o ,
g = %*?28 = > 2F, (1)
_ T , S _ 7 .
)t 86} bCFa
2 o .
- cC.C :
2F + Xe o Fs ~XeF_. - (2)
) e
, AR o 2 A _ .
. ac, cs. ‘-
. _ - '27Ps = , y

'Tha'symbels uaéd 1# this’Séctlen are daflned.in Tabies'IX
‘and XIV or 1n tha text. The rate expresaionm are derived
Vbelew and summarized in Table XV, |

The rate of adsorption onte the tlubrinat@d nickel

_ is'xéci(l- E»/M vhere « i8 a "sticking" ocefflcient;'ﬁ 1g
ﬁhe averagé vslaeity of flﬁarlne meleéules; Gi is'thg ,
concentration of fluorine in the gas phase and O 1s the
fraction of the sites which are occupied. The torm
'601/4 givag'the rate\éf collision per unit ares with the
surface. The term « (1- O) is the probability that a
'callisionxwill result in aﬁ adsorptlon; .The_rate of

ﬂas@rptlon ig p8O where s ig the ooncentration of

o fluorine on & saturated surface and § is the rate constant

for desgrption. The steedy state equations for the ad-
* gsorbed flupriné molecules and for the adsorbed fluorine

atoms are:




i

Table XIV
Definition of Symbols

fluorine molecules, gas phase

-flueorine melecules, surface

fluorine»atams.'surfaee

fluorine molecule concentration, gas phase,
moles per unit valume

fluorine molecule cencentration, surface,
moles per unit area

fluorine atom concentration, surface,
grar atoms per unit area

ratg congtant for the surface diasociatlon
of
28

rate constant for the surface reoambination

of F

rate conatant for the fluarination of xenon

rate c@natant for the fluerinatian of
xenon difluoride

67



Table XV

Derived Bate Expressions

Rate Bxpressions o L " Observed with
R | | S initisl Pressures
-~ {mm Bg)
R - - ®, Py
k=as o R © 380 300%
b

k, = «Tafb(y +a) o o 10 1

k) = csa/b = osK' o 0.6 10°
K, = dsa/b = sk’ o | 0.6 10°

2 5. G. Baker and P. G. Fox, Hature 204, 466 (196k).
| ® mnis report. |

ey
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ac, Jat = %aci(xme)«- §86-agd + BCH = 0 ()
4C, /ot = a88-BCE ~0CeChy = O - (5)

Equati@n;.(ﬁh may be gblved.far 0 yielding:

¥

0= (b+oc)ch, N (3
Bouations (4) and (5) may be added and terms collected
providing the relationt

. | = | ' - P - ‘ (n
«5Cy= [«ocl + w] 9~0C, 2 = 0 | (7)
4 3 | - -

, subseituting for © using Bouation (6) yialdas

—

-_

| ;;écla. [qéol +.§s] (v + cco)m% 2 =0 (8)

aa

L

The rate of production of xenon difluoride is:

dC,/dt = oCp Gy | R o __(9.)._‘
: If the concentration squarad of fluorine atoms on the
surface from HEguation (8) 1s gubstituted into Equation :

(9). terms rearranged and expanded the result is:
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- ac,

ccxéaaclcofu

dﬁ} | by 8 + (9$_8 + cas)c0 + bfgéci + °3&§Coci_ v . (19)

This expression has four limits each of which is physically
signiflcant, If the concentrations of xenon and rluoriné

are decreased without limit
dcz/dt = gu(oaclce/hb$ o AT ’(11)

c§;+;~%»0; ¢, — 0

1

s

If the concentrations of xenon'apd’fluorlne»are 1§dréasédf o

without limit
dc,/at = as o (12)

C,——=®, Cr——>=00

va—thejcdnoeﬁtration qf ienon'increasea withquh limit

. and the concentration of fluorine decreases without limit
dCy/at = |o\ G/l | C N €57

If.thsicancentration of xenon'decreases_wlthouﬁ limit -

;whilé'the'oonoentratian of fluorine inoreases without
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dc,/dt = (cas/v)C, : o (1)
Co —> 0 ‘Cl‘———~>~am
The rates of adsorption and desorption of fluorine can

not be equal u@d@r the kinetic situation, but under

eQuillbriumvcondit;ons these rates will be equai and

| o6C, (126)/4 = 380

801v1ng this exprasaion for 6 one obtains the Langmuir
180 therm. 57~ 59

0 = (b’ﬁCi/lW 8)

1+ (LoC,/4g 8)

For the low pressure proportional region

0 =30, /bR s

The concentration of fiuorine'molecules on the gurface

im:

Cyp =80

and.thus the equilibrium'constant'for low5preasure f1uor1ne e

s
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K = Cp/C, =wc/h%

Algo the aqullibrium constant for fluorine molecule
dissociation is equal to the ratio of constentz for dis-

sociation and recombinatien
K' = a/b

Now the rate expreassion at the 1@& pressure llmit.v

Bquation (11), may be expressed ast

dC,/dt = oKK'C,C,

-Fo: the rate constant at high fluorine end iew xenoh
1imit Equation (14) becomes : |

ac,/dt = esk'G,

The othar two cases, Equations 12 and 13, do not contain .
.equilibrium constants.
" The exparimenta of Baker and Pox, > describad on

Pp. 1213 er this repert, were perrermed with about 300 mm

~_each of fluorine and xencn.' They foundvreactions of zero
order with respect to each component. Hence Enﬁatlon (12)_
must apply under these conditions and-their_rate congtant

k must equal as. This implies that the high pressure

1imit was achieved and that ¢ Y&C,C,/4 is much greater than

be + (ég 8 + cas)C, + bs(‘écl/lb.




"The results found in this work with much lower prese

sures indicate that the term containing €,C, 18 no

longer dominant. The two sets of conditions under which
' the present study was made were one mm of fluerine with

ten mm of xenon and ten mm of fluorine with 0.6 mm of

Xenon. The ratio @f eoncentration& and ooncentration

product frcm the conditiana of Beker and Fex33 to thoae : |

of this work were:

cC c. v C

10 1 - _ o : K -
9 x 103 300 30 (Excess xenon)
15 x 10t 30 | 500  (Excess fluorine)

w1th ohanges ag large as these it is not surprieing that
kY previausly dominant term mey become insignificant. In
: addltiou the experlmental resulbs of Baker and-Fox33 were

- Zero order only until halt or less of the materlal had

reaoted indicating that a relatively snall reductian in
pressure ghanged_the appropriate rate expression. The

rate expressions found in this work were:

“aezfat é 3261 .(Egcgag xgnén)  A | ‘ (15}_
_ac,/cm = kyC,  (Bxcess fluorine) -~ (16)

'jThese would 1mply that both the quadratic term

o ¥8C,C /# and the constant term bg 8 in Equation (10)

were negligible in comparison to terms linear in

70¢c
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concentrations, (cp s + cas)C, and bc&éci.

' The rate expression then becomes:

4C,/dt = colasdy Go/k o | (17)

(cg 8 + oas)co + bc*écllh

However, as may be seen in Teble IXa, the range ef
Pressures studied'in this work was rather nairow a8~
pecially in the cese of excess fluorine where equi-
1librium and transparency placed lower and uppei 11&1;@
respeétively on the pressures allbwed. One may argue'
that”th35£eaulbs indicated only that the exberiméntéi_
érdera were about“zero and ebout one in the appropriate
expressions. This implies that the terms b$ s and
esxacocl/u may be relatively unimpartant rather'ﬁh&n |
n'egngibla".' In any oase Equation (17) is, at least, a
good approximation te the rate expression'ﬁiﬁh the
reactant preﬂéures used in this work. The rate expreseioﬁs
(15) and (16) above indicate that the dominance of the two
' terms in the deﬁpminator of Equation (17) shifted within
~the range of Conditionsvstudied. This aituation may bg

rationslized by rearrsnging (17) ae followst

dCy/dt = X CasCy

(c8 8 + cag)C, + QE<5.

_C1
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Now the ratio GG/CI, which is equal tq'the ratio of

~ pressures, changed from 10 or more mm of xenon/1 mm

fluorine to 0.6 mm of xenon/10 or more ms flusrine. This

 change in ratio had a minimum value of 167 which was
sufficlent to produce the two limiting Equatiens (13) end

(1) end identify the experimental rate constants as:

'}*z = (XBa/b)/(G +8) sy
and
k, = cas/b = WK'V | | | ’(19)  |

| Far the'ﬁeaction Fz + XeF2-—+~XeFu"the XQnan'
difluoride replaces the xenon in the previous discussion,
the xenon tetrafluoride r@placés the xenon difluoride and

@#enta on the surface remsain the same, Hence the fluori-

nation of xenon and of xenon difluoride have parallel

mechanimﬁs and'tha previouarderivations may be repeated

givihg'the following resulta:

4C,/dt = 4 8asCyC, /4 o (200
bg:s_f (dgs 8 + d.aa)(‘:rz» + bf_éci + @-%aeigz
S St
| ¢ —>0, C, —>0 |



'dcu/dt = as o - (22)

if G, —>o0, C, >

ac,/dt = (xsa/k)C/(§ +a) (23)

~ and | o
dcu/db = (das/b)c o (2m)

if €, >0, ,cl-—fﬁ>oo'

The'expériﬂentai rate expression observed with the initial -

»Lenon pr@ssure ef 0.6 mm Hg and ten or more mm Hg of

»fluorine Was
acu/at = 0, P R (25)

This oorreapondm to the derived expraasion (2#) which
1dent1f1as ku as daa/b which may also be expreased &s
daK . From Table X it may be seen that the ratio of k
to kj, is sbout three. Since the enthalpy and entropy

- changes for these reactions are nearly the same (see

B ATable II) and parallel reaction machanisme are followed

1t seems that the major factor oauslng ku to be less _ ‘

than k 13 the different geometries of the moleculea of ,."'

'xenon and xenon dlfluoride.

- 708
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The experimental activation energles for the rate

. congtants were:

- keal,/mole For | Fluorine Pressure
» - (mm Hg)
10.233 X 300
2.9 k) — 10
12.4 - X, - 10
15 : _ , kz» ' S 1

If% is negligible compared to & in the rate conastant

ksz (L2a)/k(p + a) then k, = x¢/4. The rate constant

2
would then heve a small activation energy. The experi-
mental result above is not consistent with this oconclusion.
5 = Jea/l B

or neither term dominates. In either oase the activation

Hence } 18 either dominant in which ocase k

energy assoclated with the rate constant g kill make an
important contribution to the experimental activation
' énergy,af'kzs With this conclusion it 1s clear from
Equations (11) thru (14) that the activation energy for
the rate constant g eontributes heavily to the autivatien
energies for all.of the ex@erimental rate eénstants-k, k;,
vkhp and k,. The process for which a ia.the'rabe constant
18 the dissoclation of adsorbed fluorine molecules to |
form adsorbed fluorine atoms. The activation energy for
‘this process differs from that found in the gas phase

' béhause of the heats of adsorption of the two species.
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It 18 well known that the heat of adsorption of a '
- glven speclies decreases as the fraction of occupled
siteu; 9, increasa$.57‘59 Now unless the magnitudes of
the_heats of adsorption for both fluerine molecules and
- two fluorine atoms decrease by exactly the same amount the
energy of activation of the‘diaaaciatien on the surface
wili_be a function of 6 and, hence, & funcﬁion of the
preésure of fluorine in the gas phaae. It 13411kaly_that
the magnitude of tha,heaﬁ of adéorptipn of fluorine mole-
cules decreases more rapidly than that of the fluorine
atoms. The bond of a fluorine atom to the surface 1s ex-
pected to be meré nearly like a covalent chemlcai.band and
hence about constant. The bond of a fluorine melécuie 1g
-expected to be weaker and, thus, more strengly effected
by surface hetergeneity. The sites yieldlng the strong-
' est bonds with molecular fluorine are ooéupiéd firat fol-
iowéd.by'thésa Bites ylelding decreasing bond‘anérgias as
o increases. This model leads to the conclusion that.thé
energy of activntlon for fluorine molecule dissociation
on. the surface and for the experimental rate constants |
should decrease ag the pressure of fluorine increases.
This- trend is clearly present in the values of kz, k2
and k listed above. The experlmental activation energies
v ‘for k2 and ku were esaentially equal as were the fluorine

pressures used. The expression for the rate constant 1n

the case of Baker and Fox is k = gs. Since s 1s considered




to bevindependent ef.the temperature the experimental 7oL
activatien energy observed, 10.2 keal./mole, iz equal
to,thé activation energy of fluorine dissociation on the
flugrihatad nickel surface at 300 mm Hg fluorine in the
gas phage. The ot&er experimental activation ehergiéé
are composites nearly but not conpletely dominated by tha
unknown activation’energi@s of fluorine dissociation at
thelr particular pressurem. | |

The qualitative descriptian (pp. 10-11) of the kinetics
of xenen-fluarine reaotions monitared by 1nfrared radl-
ataon3 30 ‘does not seem to fit the pattern described here.
- Eowevar. no pressures were given making a oomparison im~

‘possibia.

:mggggglana@ug

If further atudies of the catalyzad xenon«fluarine
reactlona in fluorinated nickel are made ‘the hot cell
.must be protected from tha manometar oil. A,bellawa
manometer would ascomplish this but with a loss of sgensi-
tivity_inrtha pressure meaguremnent. Perhapé a cold trap}
between the menometer and the hot cell would solve the
problem without thizs loss of sensitivity. On the other
" hand if one wished to study'the homogeneous reactions of
‘Lﬁhe elements perhaps the catalyels could ba.prevehted‘by
' éxp@éihg the reaction cell to the halogenatedvalkane»f

immediately before each experiment, Thié mightvbe useful



in photochemical as well as thermal reacticns. -7 J

Extending tho investigation of reactions involving
xenon tetrafluoride teo MOO C requirees the meaaurement
of absorption coefficients to that temperature. Even
if the hexafluorlde continues to be absent much higher =
pressures are required. From Table I it can be seen that
the ratio P,/P, = 4.86 x P, 8t %00°C. Thus for this

ratio to be greater than ten, P, must be greater than

1
two atmospheres,  At guch concentrations, hewever,‘fluorine :
- is epaqﬁe.in the present apparatus. By reduciﬁg the length
of the cell to flfteen centimeters and ohanging the wave.
, length to 4000 2 twa orders of magnitude higher pressurea-
(about u atm.) of fluorine will be transparent,vbut larger
‘end cofréctions will result. The'probiem of ¢ondensation
will 2leo be greater. Cooling the windows to ebout 200°¢C -
rather than.rbom temperature would solve this problem
(see Figure 2). These innovations would also allow the
exﬁention of the optical measurement of equilibrium |
constants. o |
- Another uaetul extention of the work would be to
‘a&nthesize or obtain from another souragva sample of
pure xenon‘hexaf1u@r1de and maasﬁre 1té near ultra- |
v;elet absorption spectrum.' Only qual;tative1informatioﬁ;f ‘ ‘v "”:G

18 préaéntly-avatlable.1’19
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Kinetic Dats Supporting Text

Appendix Tables (Contd.)

. Table Wave Lengths - Temperature . Furnace . Excess
S _ o - Diameter Reactant
o @® (°c) . {cm)
XXIIIA 2518 . 2768 190 6.28 P
“XXIVA 2518 2768 190 6.28 ¥2
XXVA 2518 . 2768 } 190 _ 6.28 F2
. XXViA 2518 2768 , 225 6.28 Fs
XXVIIA 2518 2768 250 - 6.28 P
XXVIIIA 2518 2768 , 250 - - 6.28 F2
XXIXA - 2518 2768 _ 250 6.28 F2
XXXA 2618 2868 , 250 6.28 F2

LT A



Table

IA

IIIA
Iva

- VIIA
- VIIIA
IXA

XIA
 XIIA
XIIIA
XIVa

- XVIIA
XVilia

'Tempqrature
(%)

Purnace

Diameter
(cm)

NGO\ O\ OO W

* © 4 O ¢

9
N
1)

)
(TICESESESNSRSO
00O 0 00-€0 @ &b &0

"

KJ

L]

@

MW&@%&%?%@MMHPMw“

L

j159'

- 1.12

1.00
1.03
i,02
0.926
0.912
0.519
1.08
1.17
i.18

- 1.05

1:0 1 1
1,06
- 1.08

10.1_

- 10,3
. 19_?M

- Initial
Pressures
- {mm Hg)

- Xe

9.17

9.19
20.1
10.1
i4,7
14,7
54.8
13.0
13.3
25.

b b b b b

OOOWW Nww
U”LU\U\@M‘ON s W]

.585
92

QWV

Summary of Rate Constants in Appendix

.A Censtants
(sec™l) x 107

i3

K, k, X
2.9
3.3
2.9
908. .
2k
22
22
2.0
1.9
2.@
1.9
.3
12
38
37
30 10.
29 9.
27  10.

Qza_




‘Summary (Contd.) |

Table _ 'T&mpérature 'Furnéeav © . Initial - ~ Constants

S Diameter Pressures =~ .= 1
(°c) "~ {om) - (mm Hg) . - (see™") x 107
L B . . - 1 2
Fz . Xe Ar kQ kz kb
XIXA 225 1.59 10.1 0.580 153 o 72 25
XXA 250 1.59 10.3. 0.586 150 : 150 48
XXIA _ 250 _ 1.59 10,1 0.578 153 ' 1 53
XXIIA 250 - 1.5%9 20.1 0.588 147 160 50
XXIIIA 190 6,28 10.0 0,580 151 , 1.8 0.68
XAIVA 190 6.28 10.2 - 0.593 299 2.2 0.72
XXVA 190 6.28 20.3 0.587 145 2.0 0.66
XXVIA 225 , 6.28 - 10.4 0.591 152 6.2 1.8
XXVIIA 250 7 6028 1001 00581 1 907 . 3.2
XXVIIIA 250 - 6.28 10.6 0.590 300 10.4 3.0
XX1xa - 250 6.28 19.8 0.573 151 10.3 3.1
6.28 10.2  0.585 150 9.7 2.8

KA 250

eI



Table IA

XeP, Formation in Excess Xe

Time = '<L_ ©°/n . Concentrations p - 1og(C8/c,)
(mm.) | : : ) - c ‘ ) (ml&slccw X 108 ) . . i 1 1
0 o . 3.89 - 0.00 © 0.000
1. 1.113 , 3.50 0.39 0.045
2 . 16 231 . 2082 : 1 907 Oo 1%
2 - 1.293 2.9 C1.80 o 0.194
1.376 _ 2.07 1.82- 0.274
5 10 38 . ’ 107? 2012 Oogﬁgz
6 1.488 1.5 2.34 0.400
? 1»5&2 » 1031 : T 2958 0,@73
g 1,600 - 1.06 2.83 0.565
9 ) 10620 0096 E 2092 00608
10 13662 0-86 3.02 : . Gcggs
12 10 30 9053 303 . Oe 2
14 1e;78 0.35 C3.5% - 1.0ks
16 1.803 .26 3.63 1.180
18 1.829 0.16 3.73 0 1.383
20 1.855 0.07 3.82 . 1.770
(ax 2g) L1z - 9ay 125 .
Tempersture 190°C  Furnace Diameter 1.59 ca. -~ Wave Length 2518 & S



Time
{min.)

TN b b e e b -
OPXRAEFNOVDIOMAEF WO

Inittai-?ressures!
{(mm Hg)
a Temperature 19030

1°/1

1.098

1.175
1.241
1.288
1.367

1.411
1.457

1.523

- 1.558

1.59
1 061
1.634
1.675
1.675

1.675

Table IIA

_XBFZ Formation in Excess Xe

éancentratians
(moles/ce. x 1
)

1

J. 6

2.45

2.22

1.96

1.53

1.31

1.18

0.76

0.60

0.543

0.35

0.26

0.09

0.09

0.09

. 1.00 - 9.19

- Furnace Diaseter._i,59 cm.

-"c

- | leg(cs/c,)
0®) e
2 .
0.00 0,000
) 006& 0@989 i
1.01 0.150
1.24 0.183
1.50 0.247
1.93 0.354
2.15 0.h22
2,38 0.467
20?0 00658 ’
2.86 0.761
3-03 0'906
3.11 0.993
3.20 - 1.12
3‘3? 1:58&
337 1.584
3037 1058#
Ar
-295

_ Wave Length 2518 2

14



Teble IIIA

. 'Xer Fermatien’lh Excess Xe

e

TlﬁeT:f-'. o _YIQ/I SR Concentrations g : ' 1§g(c°/c )
(min.) - - {moles/cc. x 108)_ | SRRt
C1 Cz
0 S 3.59 0.00 0.000
1 1.092 3.33 0.26 0.033
2 1.202 ' 2.76 0.83 0.114
3 1.259 S 2.48 1.11 0.161
& 1.338 2.12 1.47 0.229
5 1.808 - - 1.82 1,77 0.295
6 1.486 ’ - 1.50 2.09 0.379
? 1.551 | 1.24 2.35 0.462
8 1.621 - A 0.98 2.61 0.56% -
9 1.672 0.79 2.80 0.655
ic - 1.698 0.70 2.89 0.709
12 v 1.783 | 0.h1 3,18 0.941
14 S 1.845 o . 0.21 - 3.38 1.239
16 : '1.877 C 0.11 3.49 1.534
18 | - 1.877 O 0.11 | 3.49 1.534
20 1,91y . 0.00 3.59
Initial ?ressuresf5-:, ,. ; -7:F2 ' Xe - . Afl’
(am Bg) v 1,03 20,1 125
 Tempér§ture- 19G°C~ B _’;Eurnace Diameter '1°59 cm. . Wave Length 2518 g s

£y




Time
~ (sec.)

0
20
40
60 -

100
140
_ .180,

Initial PreBSures‘.

{mm Bg) _
'Temperature -225?0,

REZ

- 101#3

1,224

1.322

1'“15
;.491

1.556

Table IVA -
Xer Formation in Brcess Xe.

CQnoentrationss '
(moles/cc x 10 )

c o

1 %
3.10 0.00
2.55 . 0.55
2.10 1.00
1.72 1.38
1.7 1.93
0.76 2.34
0.53 2.57
F, o Xe “‘ . Ar
1,02 101 105

FurnaoeﬂDiameter'_lQS? cm

1eg(c§/e,)

0.000
jo.oas
0.172
0.261
0.426

0.615

0.769

. Wave Length 2518 2 i

94



Time
(sec.)

1°/1

1.129

1.263

1.380
1.490

1,461

1.585

'Initial.PfésSQres_H»

(mm Hg)

~ Temperature ' 250°C.

Table VA

-xeF2~F§rmatlon in Bxcess Xe

Concentrations g log(g/c, )
{moles/ce. x 10 ). 3
¢ | C,
2.854 | 1 0.00 0.000
2.5 0.hk 0.072
1a8b ’ .- 1-00 0.188
1.39 " 1.b5 0.310
.10 1.74 0.412
1.00  1.8% . 0.453
0.69 -  2.15 0,615
L .0.926 .7 - 22.9
| Purnace Diameter 1.59 cm. Wave Length 2518 2

V.




Pime
{sec.)

o
10
20
30
50
50
70

.Initiél Presgsures
(mm Hg)

1°/1

1.123

1.352

1.451

1.526

1.676

Temperature 250°C.

Table VIA

XeFéanrmatlen in Excess Xe

Concentrations o
(moles/cc. x 10 )

c

ci 2
2.80 - 0.00
2,43 0.37
1.94 0.86
1.59 1.21
1.27 1.53
1.05 1.75
1 0.62 2.18
'?2. _‘xg- | o Ar
- 0.912 | ik,7 - 3.79
'rFurnacé-Diameterb 1.59 cm . . Wave Length

log(c/cy) .

0?000
0.061
0.159
0.246
0.306
0.426
0.654

25188

8L



. Time
(sec.)

0
10
20

30

&0
50
70

| Initlal Pressures -

(mm Hg) R

‘Temperature 250°C,

1°/1

1.125
1.262
1.374
1.463

- 1.511
1.647

Table VIIA

XéFé_F@rmatianvin Excéss Xe

Concentrations g log(Cy/C,)
(moles/co. x 3107 ) | ,
2.82 | 0.00 0.000
2.582 : 0.%0 0.062
1.90 0.92 0.17%
1.46 136 0.288
1.17 S 1.65 0.38%4
1.04 | 1.78 0.436
0.68 . 2.1 0.620
.,-FZ_ e »ﬁ - Xe - : Ar
0-919 . o ‘ 52“"08 . _,309‘3’ .
Fuxnaceﬁndameter 1.59 oRn ;,iﬁave,Lengtn 2518 3
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Table VIIIA

Xs?z Fbrmatien_ln Exceass Xe

Time % ' ~ Concentrations o . 103(6?/61)
{min.) : . - {molesg/cc. x 10°) ,
€ 2
-0 , -3.33 0.00 ' 0.000
1 1.076 3.12 0.21 ' 0.028
-2 1.148 2.69 0.64 0.092
R 1,211 2.34 0.99 , 0.15
1.260 2.08 1.25 0.20
5 1.314 1.80 1.53 , 0.266
6 1.348 1.64 1.69 0.309
7 1.396 1.41 1,93 0.375
- 8 1.435 1.22 2,11 0.435
9 1.462 1.10 2,23 0.481
i0 - 1.505 0.91 2.42 0.563
12 1.550 0.72 2.61 0,667
1y 1,598 0.52 2.82 - 0.811
16 1.632 0.38 2,95 0.946
18 106“9 0031 3n 02 10033
20 1.685 0.17 3.16 1.300
Initial Pressures R ' Xe :  Ar

Temperature  250°€ : Furnace Diameter  6.28 cm . _Wave Length 2518 ?



Table'IXA

XeFZ Formation in Excess Xe

Time B o7 2 - ~ Concentrations g log(C3/¢,)
{min.) _ T (moles/ce. x 10) I -
¢ 2
0 3.60 0.00 0.000
1 1.076 3.40 0.20 0.025
2 1.1 3.00 0.60 0.079
Z 10202 2-6’&‘ 0096 ‘Oo 13 )
o 1.281 2.20 1'041 0021
2_ : - 1.325 1.96 1.64 - 0.264
_ 1.330 1.78 1.82 0.306
7 1.%09 1.54 2.06 0.369
8 1,449 1.34 2.26 0.429
9 o 1.b90 1.15 2.45 0.496
10 o . 1.520 1.01 2.59 0.552
12 - 1.598 0.67 2.93 0.730
1“ o ) S b:' . 36159 0.45 } 30 15 .903
16 : . B ‘ 1.685 0. 30 3.30 10079
18 1,722 0.15 3.45 - 1.380
_ Ini%ial Pressures R : Xe . Ar
' (mm Bg): - . . - . 1.17 : 13.3 ' o 96
' Tempereturﬁv25093,~=  - Purnace Dismeter 6.28 cm . Wave Length 2518 3_

18




o

Time
{min.)

[ ' ' ’
OO O~ 0NN F\WN O

171

7'1-

1.

1.

1.
1.
1,
1.

1.

1.

B

1.

. 10
1.
1

1.

081
138
210
=
31

361
419
bs51
%
601
643
692

719
729

| Initial Pressures = -

(mm Hg)

Temperature 250°G. -

Table XA
XeF, Formation in Excess Xe

Concentrations
~ (moles/cc. x 10

[+
o

wwmgwm

R EEE R
L0 O

[ 3

Q
1 4
N & OND ’

.

[ ]

bcgo

1.18 25,3

' Furnace Diameter 6.28 cm.

8, . log(ég/cl)»

2 .

0.00 0.000
0.28 | 0.032
0.65 0.088
0098 091’*0
1.38 : 0.210
1.6 0.274
1.83 | 8.310
2, .

2' 1 O.ggg
2.62 0.226
20- . . O-o

2.94 0.72z
3.25 ' 1,100
3.7 1,358
3.48 1.386

- Ar
98

Wave Length 2518 %



. Time
(min.)

N e ' L
OCOOAFNOOVOIINMAFWNHO -

:-x_Initlal'Pressures

(mm Eg)

:_ Temperéture 250°¢.

1°/1

1.052
1.092

1.130
1.163
1.195

1.219

1.248

1.261

1.287

S1.312
1.335
1.360
1.387

1.392
1.422

' Table XIA
XeF, Formation in Excess Xe

CbncentraticnS'
(moles/cc. x 10

| o . Xe

v1.05' _ o 13.2

Furnace-Diameter 6.28 cm

8) » . 1°S(cg/c1
€2
0.00 0.000
0.21 0.032
0.63 0.095
0.98 0.160
1.22 0.213
1.51 0.276
1.64 0.311
1‘77 0-3[’7
2005' 0.42’4'
2.16 0.482
2.34 0.557
2.53 0,666
2.72 - 0.813
2.87 0.956
2.93 1.041
3.08 C1.345
Ar
16

wave Length 2618 %

£8




Table XIIA

' XeF, Formation in Excess Xe .

Time . 1%/1 | ~ Concentrations  1eglc®/cy)
- (min. ) ' . _ {moles/cec x 108) ‘ . 171
ci.‘ Cy
0 | | 3.25 0.00 0.000
2 1.383 1.97 1.28 0.197
3 1.451 1.59 1.66 0.312
4 1.498 - 1.30 1.95 0.400
5 1.560 0.94 2.31 0. 539
6 1-603 0078 20“? 0o622
-7 1.650 0.62 2.63 0.720
8 1.693 0.42 2.83 0.894
9 1.712 0.34 2.91 0.980
10 - 1.733 0.25 - 3.00 1,120
12 1,761 0.16 3.09 1.300
11} E - 1.'0 7?0 0011 30 12‘ 1-%5
Initial Preésures_" Fé . %X . . Ar
(m Bg) . 1.1 132 95 |
 Tem§erature;296°C‘ - Purnace Diameter 6.28 cm Hav? Length 2518 g

78



~ Time
(sec.)

o
20
Lo
60
80

100
120

150

190 .
'initial1Preééuréé

(am Hg)

°/1

1.341

1.429
1.504

1.542

1,619
1m3
1 1.868

- Temperature 330°C.

Table XIITIA .

| Xs?z Fbrmatxonlin Excess Xe

. Cencentrations
~ (moles/cc x 10

3.04

2,51

1.99

1.53

1,14

0.99

0.64

0.40 -

0.31
'FZ B | o Xe
1.06 | 12.9

Furnéée,Diameter 6.28 cm

%

0.00

,0.53_

1.05
1.5
1.90
2305 .‘ .

. 29’%

2,63'

2.73

92

0.000
0.085
0.188
0.300
0.391
0.489

. 0.883

0.989

:»wave_Length 2518 3_

68




Table XIVA

Xer Formation in Excess Xe

 Time o -I?/I ' R | : Concentratienss ' ' 1cg(c§/ci)
(sec.) | B : » (moles/cc x 107) ' R |

- .-02

- ¢
0 : | | 2.69  0.00 | ~ 0.000
10 | | 1,214 . 2.16 . 0.53 0.105
20 O 1.407 16 13 0.266
30 | .54y .01 1.67 | | 0.129
5o 1.651 - 0.70 199 0.586
50 ©1.760 0.9 2.20 O 0.7hp
| 60 -  1.831 - 0.3t 2,38 . 0.907
20 . 1.906 L 0.23 - 2.46 I 1.07
80 S o193 - 0.16 2,53 123
Initial Pressures P o Xe o ar
(m HE) 1.08 13.1 | 93
Tempefatufe,hooqc. " - Furnace Diaﬁeter‘6.28 cm  Vave Length'2518 g
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Time S
(sec.) B

Y .

10 i-iﬁh_
20 1.317
30 1.397
4o 1.471
50 1.550
60 1,591
70 ;ﬂ‘i.636-
80 ' {' 1.656»

Initial Pressures
(zm Hg) |

Temperature 400°C, }

Table XVA

'XERZIFbrmatianvin Excess Xe
cbndentratienss
(moles/ce x 10%)
c, c,
2.71 0.00
2.17 0.55
10% 1922
1.02 1.69
0.71 2.01
0.48 2.36
0.33 2.49
0025 . 2'“9
0.16 . 2.5
Foo o Xe
N 1.09 v 13°G

Furnace Diesmeter 6.28 cm

'19$(c§/cl)

0.000
0.099
0.261
0.431
- 0.582
0.752
0.913
1.03
| 1.22
Ar .
96

‘Have Length 2618 g
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 Table XVIA

- XeF, Formation in Excess F,

- Time % Concentrations | log(co/C,)

(min.) _(25@8_2)' (2768 8) = (moles/ce xviqs)

w %2 %

1.658 1.815 - 0.00 0.00  2.0b . "~ 0.00
5 2,344 2.136 0.27 . 0.80 0.98 - 0.32
| 3.033 2.463 ,0;58 1.12 0.33 0.79
3.415 2.621  1.09 0.93 B

3.826 2.81% 1.8 - 0.59

4,281 3.039 170 0.32

5.639  3.258 194 0.09

6  h.p2b S 3w 2.0 0.02

W N e OO

‘Initial Pressures == . P, S | Xe. | ~ Ar

(mm Bg) = 101  o0.s85 149

Temperature 190°C. . Furnace Diameter 1.59 ecm

88



Table XVIIA

Xa?b Farmatien_in Excess Fé :

Time | ,’: _I°/I = ~ Concentrations . leg(cg/cé)
(min,) | (2518 3 {2768 ) | (moles/co 3,198) |

¢, | c, Co
1.663 1.802 : 0.00 0.00 2.05 - 0.00
.5 2.352  2.129 0.28  0.81 - 0.96 0.35
3.045 ~ 2.473 0.55 1.03  0.36  0.76
3.406 2,68 1.1 0.92 -
3.849 2.836 182 0.63
4261 3.028 L7t 03
4,618 ., 3234 1.98  0.08
6 'h.7§3--' 3347 2.@0_ o.0h

W & W N s O O

| ,Inltiai Pressuféé - SR Fg _ ) ‘ Xe B ‘_gr. RS
(mm Hg) 103 - 0.592 303

, ?gmperatuxe.190QC.f‘ -~ Furnace Dilameter 1.59 em

68
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Table XVIIIA
XeF# l.Fom.atien in Excess Fz
Time N 7 R | Concentrations o 1og(cg/c°)
(min.) (2518 8) (2768 %) (moles/cc x 10°)
c, c, c_
o 2,421 2.995 0.00 0.00 2.02 0.00
0.5 3,036 ,_-3;464 L 0.33 0.88  0.80. C 0.b1
1.0 3.787 3.781 0.54 - 1.06 0.41 - 0.70
2 I, 842 429 1.03 . 0.95 :
3 5.833 . 5.088  1.45  0.61
4 6.706  s5.25% 171 0.30
5 6. 48l 5.402 1,93 0.08
6  7.033 5577 201 0.1
Initial Pressures F, o Xe AT
{mn Hg) S 19.7 - 0.579 153
' Tempefa.tu;fe 190°C,} | ' Furnace Dlaineter 1.59 om A

06



Table XlXA
 XeFy Formation in Excess Fz

. Time | o L %/ | N Concentratmﬁs- | - _'log(cg/‘cev)
(sec.) (2518 R) . {2768 ) (moles/cc x 10%)

cl‘l" cz Cev
o 1632 1.789 000 0.00 1.91  0.00
20 2.217  2.032 0.48 1.00 0.41 | 0.67
40 2,754 o 2.259 0.85 0.99 0.09 | 1.33
60 3.3210 - 2.662 1.21 0.70 -
80 3.736 2.758 1,48 o.42
100 4.201 . 2,908 1.60  0.31
120 'A"#,313  7;  | 3.on 1.8 :. 0.09
ko &.aivv S aam 190 0.01
fom Hg) . 10.1 0.580 153
Tsmperature ‘22»5°C'.. | | S Furnace _Dllaée.t‘e'.r 1.59 cm |

Ini’ciai?reasures_f B, Xe 7 Ar

)

16
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Table XXA
Xer Formation jln "Exees_s FZ
. Time o . B 1°/1 - > Concentrations | L .log(c‘glce),
 (sse.) ‘ ('251é g) - (2768 %) | (moles/cc x 10°) ) |
| | Cy c, BECA |
0 1.491 1.653 0.00 - 0,00 = 1.81 . 0.00
5 1.843 1.811 0.20 0.76 0.84  0.33
10 2.152 _1.§9& | 0.k41 0.93 o4l - 0.66
20  2.814 2.312 082 0.93 |
30 3.215 2.4k 1.13 0.66
40 3.562 2.727 1.36 0. b
60 §.201 2.875 1.76 . 0.06
80  4.313 3,053 181 - 0.03
Initial Pressures B, } S Xe Ar
(mm Hg) B . 10.3 - 0.586 150
;Tempe'rature ;’ZSOOC, - _ | - Furnace Diameter 1.59 cm

I

26



Table XXIA

| XeF# Fofmatien in Excess sz-_f

,Tiﬁé : ;,1°/1 e cbncentrations 1og(C3/Cq)
(sec.) (2518‘3)‘ ,(2768[8) . (moles/ec x 10°) |
- cy c, <,
0 1.473 1.633 0.00 0,00 1.79 0.00
5 1868 1.834 0.22 0.71 0.86 0.32
10 2,155 1.992 0.5 0.90 0.38 0.68
20 2.793 2.291 0.78 0.92
30 3.236 2,468 1.10 0.68
40 3,561 2,724 1.37 0.42
60 b.22h 2.896 1.7% 0.07
80 a;293'; , _3.038;].' 1.78 o,oz]
_:Initiél‘Piessureé'“ - ».-Fz Xe Ar
(m Hg) . 10.1 0.578 153
- Teﬁpgraturé 250%C, . Purnace Diameter 1.59 cm |
o T <




. Time 1%

(sec. ) (2518'2)‘
0 2.213
5 2.724
10 - 3.851
20 4.273
- 30 4,889
ko 5.565
60 6.429
B0 6.8

| :Initiél Pressures 
 (mm Hg) '

| - Temperature 250°Cg

XeF, Formation in Excess F,

(2768

2.721 -
3,034
3.606
3.829

4,133
4,531

%.909
5,046

. Table

I

b

0.17

1.1k
1.k2

P.
2

20.1

.Furnace Dismster 1.56 cm

0.00
0.58

0.79

1.78
’ 1082'1 )

XXTIA

Concentrations

{moleg/cc x 108)‘ ‘

c .

2

0.9

0.69
0.51

0.00
0.73
0.89

-0;05.

1.83.

0.93
0.36

:O.Q; o

- Xe

0.588

log(C3/Cy)

0.00
0.30
0.70

| Ar
147

h6



‘Temperature 1906_(:‘ -

Table XXIIIA

Xé?b Fo.zﬁation iAn Excess F2

Time '”I°/1 o o Concentrations
{(min.) (2518 i) "(2?68 3). N - {moles/cc x 1_0-8-)
o -CQ o c
0 1.661 1.801  0.00 ' 0.00 2.03
5 2.0%9 1959 0.16  0.86  0.99
10 3.om 2.420 0.38 0,99  0.67
20 3.263 2,503 0.85 1.19
1o 3.872 2,862 1.36 0.68
60 h.239-- 3.043 1.69 0.32
80 4.743 _ 3.309 1.98 0.04
‘Initial Pressures B X
. (am Hg) 10.0 |  0.580

Furnace Diameter 6.28 cm

1og{C3/Cy)

0.00
0.31
0.49

Ar

151
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Time

(mih,)“

5
10
20
bo

60
80

In1t1a1 Pressures J
(mm Hg)

’Témperatufe.19ooc.

1°/1

Table

XeF4 Formation in Excess F2

(2518 %) (2768 )

1.681
2,018

3.062

3,281
~3.899
o214
 B.703

1.821 -

1.945
2. 406

2.515

2.888
3.023

3.299

0.00
0.18

O.M -

0.8?

1.40
1065 !

2.01

F
-2

10.2

Furnace Diameter-6,28 cm

XXIVA

Concentrations

(moles/cc < 108)

¢,

0.00
0.66
1.11

1.18
. 0.65

0.40
0.04

2.05

1.21
0.5u

Xe
0.593

log(cy/c,)

0.00
0.23
0058

AT
299

g6



Table XXVA
"XeFa~Fbrmatieh in Bxcess Fé
'Ttme o o ."[ I°/I “. o o HCbncentrations
(min.) (2518{3) '(2768‘3) ) (moles/ce x;lcs)'5

c, G c

2 o .

0 - 2.#38» 1 2.98  0.00  0.00 2,04

5 2.861 3.329 0.17  0.74% 1.13
10 3.838._- 3.831 . 0.41 . 1.05 - 0.58
‘20  hshz bz a 0.88 1.16

bo 5.863‘-'i} 5.083 - ‘1;35‘,>' 0.69

60 6.7k S.bk6 1.62  0.b2

80 7.029 5.651  2.00  0.08

. Initial Pressuréé ':': ,'»‘;. fz L 9, ‘,': N Xe

(om Bg) - 20.3 I 0.587

Tsmperature 1909b§f_ : . Fufnaée.Diameter 6.28 cm

';_1og(cg/0°)

0.00
0.26
0.55

Ar
145

L6
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Table XXVIA
'XeF& Pormation in Excéés F,
Time RIS o SR Concentrations
(min.) (2518 &) (2768 ) (moles/ce x 10%)
¢, G, c,
0 1.621 1.759 0.00 - 0.00  1.93
2 1.913  1.961  0.22  0.83 0.87
b 2,704 2.023 0.47  1.02 0.43
8 2.719 2.234 0.87 - 0.99
12 3.327 2,661 1.22  0.70
20 %.253 2,956 1.67  0.21
30 CB.MBS 3,107 1.93 0,00
Initial_?ressuregl , : B, o . Xe B
(um Hg) 10.5 0.591
Temperature 225°C; , . Purnace Diameter 6.28 cm

log{C3/Cy)

- 0.00

0.35
0.65

Ar

45

86



Time -~ I1%/1

(min. ) ' (2516 )

Vi o n - \n
[WrY
L
O
(93]
I

o . :
N OO O MR FWI N N b s OO
N
L )
@
S
&

Initial Pressures
(mm Hg) o
Temperature ZSQQC.-

Table XXVIIA

Xng‘Furmgtion in Excess P,

_ Concentration
(2768 ) (moles/cc x 10
Sy €
1.651 0.00 0.00
1.704 0.06 0.28
1.797 0.16 0.77
1.896 0.30 0.82
1.945 0.36 0.84
2.018 0. b4 0.88
2.088 0. 51 0.92
2.162 0.63 0.95
2,185 0.67 0.96
2.306 0.81 1.00
2.383 1.00 0.79
2.h24 1.09 - C0.72
2.509 1.20 0.59
2.600 1.30 0.51
2.717 ' 1,36' . 0.43
20769 .1' 7 » 0’33 .
10.1

" Furnace Diameter 6.28 cm

o
8)

- &3

B NW SR g O
0w¢€hg:

¢ 8 @ o ¢ ©° o o
O GO NNO

®

COOOOOOMM

- Xe

00581

© log(C3/C,)

0.00 -
0.10
0.31
0.42
0.48
0.59
0.70
T 0.94
1005

Ar
148

66




)2
o -
2
*

Table XXVIIA (Contd.)

XbFu'Formatlea.1n,Excéss_F2

Time L ;Io/i SR _ Conpéntrations _ | log(Cg/ca)
{min.) - (2518 2) (2768 &) moles/ce X 108 '
: Cy S | | s
14 L,056 2.843 1.64 0.19 .
16 u‘. 29’4‘ 2. 900 19?8 0.02 .
o 18 4.294 2.9 9 1078_ Q.OZ
200 4,298 3,082 1.78 0.02

866



Table XXVIIIA

XeF,, Formation in Excess F,

 Time " | 1%/1 .  Cbncentrﬁtloas o A o | leg(cg/qe)

(min. ) (2518 %) (2768 %)  (moles/cc. x 10°%) | |

0 1.476 1.681 0.00 0.00 1.82 0.00 -

1' 10?93 ) ) 1-791 001“ 0078 0o8? Oozg

2 2.090 . 1.950 0035 . : 0086 °:6§z 0.

3 2.309 2,075 0.49 0.92 o. 0.68

L’ 2-550 .' 20190 ' . 0067 6095 : 9.1“ 1009

5 2.813 2.301 .79 1.01

7 3.163 2.81b - 1.11 0.23

8 3.321 2.513 : 1.20 0.61

9 3.566 2,603 1.29 O.Eg_‘

10 3.570 . 2‘721 1032‘_ '-O.

12 3.75&‘ - 2‘759 10 _ °a31

14 4,052 2.836 - 1.66 0.20

16 4.280 ' 2&9&2 1076 » 0006

i8 - h,297 2.940 1.82 0.00

20 5,289 3.031 - 1.80 - 0.02
Initial Pressures o  _?2 ‘ | Xeo '.' | 'v | Ar |
(mm. Hg) 10,0 ©0.590 | 300
Temperature o o L ZSOQC " Purnace Dlameter . 6.28 em.

- 001



| %
-«

Time L 1°/1
(min.) (2518 §)
0 2.201
1 2.679
2 3,117
3 3. 442
b 3.803
5 k.196
6 b, shs
7 4,721
8 b,958
9 5,161
10 5,308
12 5,589
14 6.03%
16 . 6,387
20 A 6.392

Initial Pressures
(mm Hg)

 Temperature 250°¢,

Table XXIXA |
Xe?b Formation in Excess F2
- ~ Concentrations
(2768 3) ) (noles/ce x 108)J’
% €2 S
2.722 0.00 0.00 1.80
2.985 0,17 0.76 0.90
3.247 0.38 0.83 - 0,56
3. 444 0.59 0.90 0.39
396}" 0367 009? ) 0015
3.821 0.79 0.90
3.969 1,00 0.82
4,007 i.11 0.71
h,172 1.20 0.60
L,323 "1.29 .48
14. 526 1036 00#5
L, 588 1.46 0,30
h.711 1.65 0.22 -
4,828 1.75 0.05
4e881 1078 0002
’ 50025 1.81 . 0.00
19.8 | - 0.573

. Furnace Diameter 6.28 cm

Log(cS/c,)

MOQOO
)

QMW O
ON+OO

Ar.

151

101



Table XXXA

Xng Fbrmation in Excess Fz"

Time | 1%/ : Concentrations | log(c/c,)
(min.) (2618 ) (2868 ) (moles/ce x 108) o
- - Cy ,. <, %
0 1.551 1.731 0.00 0.00 1.81 0.00
1 1.837 - 1.883 0.06 0.75 i.00 0.26
2 - 2.113 C2.032 . o.b4 0.86 0.51 0.55
3 2-335 -20 10“' 0.53 | 0.9& 0.3“‘ 0073 ’
n 2,56k 2.189 0.67 0.98 0.16 1.06
5 2.892 2,258 - 0.78 1.03
-6 3.226 . 2.317 1.04 C.77
? 3.429 2.415 1.07 0.7k
9 3.776 - 2.61h 1.28 0.53
10 . 30912 . 2’ 712 1.“’0 0.)4'1
12 234 2.803 1.46 - 0.35
14 4,565 2,901 1.64 0.17
18 - 85.277 g 3.039 1.81 0.00
_ 20 o 5.651]j__ : 3.098 1.80 . 0.01 |
' Initial Pressures ' P ?2 S Xe Ar
(mm Hg) A 10,2 | 0.585 = 150
'Temperature’25000,> T -FurnaCe'Diameter_6.28}gm

(A1)
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This report was prepared as an account of Government
2 ' sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf. of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this .report.
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






