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Government. While this document is believed to contain correct information, neither the
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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
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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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PREPARATIVE AND STRUCTURAL STUDIES
INVOLVING NOBLE-GAS AND RELATED COMPOUNDS

Douglas Edward McKee

Inorganic Materials Research Division, LawrenCe'Berkeley Laboratory,
and Department of Chemistry; University of California
Berkeley, California 94720

ABSTRACT

Severél noble~gas cations were synﬁhesized'aﬁqbcharacterizedvby
vibrational'speétrqscobic.and X-ray diffractibn'techniques. The complex
'KrFZ-ZSbFSJWas shown to be the salt KrF+Sb2F11_. iTﬁis salt prdved to
be a powerful oxidizer; oxidizing IFs to i%g+ andFXeOFq to XeOF5+
Reactions of KrF SbZF11 with ﬁrF5 and C1F afe-déécribed. The XeF,,SbF,
system was studied, revealing the salts'XeF3+Sb2F11— and XeF3+SbF5-;

The lattef,éalt was shown to be dimorphic with a transition temperature
of ca. 95°;>.The X-ray crystal structure of XeF$+Sb2F11— was determined;
the novél XeF3+ is‘T-shaped and is structurally similar fo BrF, and CIF,,
its isoelectrénic relatives. The bonding in the.xéhon fluoro-cations

is discussed. 1In the XeOF?,SbF5 system, two saltérﬁere prépared.and
fdentified: XeOF,*sb,F,,” and XeoF,*sbr, . N

The salts 0, Sb?_F11 and 02+SbF6_ were unambiguously characterized
.by vibrational spectroscopy and X-ray powder diff;aétion photography.
Their convenient 1aboratory.syntheses are described.

The oxidation of xenon by IF, at 280° to Xer‘IF5 is described.

The thermodynamics of that and related reactions are discussed.
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I. INTRODUCTION

Thé work deséfibed in fhis.thesis 1s organiéed by projécts, in that
each’chaptér‘is a discrete4work;. Thére'éfe, hbweber; many procedurés |
and techniqﬁes,‘coﬁmon go fluOrinevchemistfy 1n-ggﬁéfal, which Qeré
applied.to al1-of the fheéis matérial. .Tb:avoid répéﬁition, this chap-
ter describes thoée common techniques; special p?qéedures of apparatus
éeculiar to one or another of the individual pr¢jgcté are describéd in
the apﬁfqpfi@tevchaptErs.f .

'Chapfer;VI describes the chemistry of k:yptoﬁ‘(II),-Whichvis.the

- . most novel work of this thesis. The object of these_ékperiments was to

expldit thévremafkéb1é bxidizing potential Qf'KfIIvto synthesize new
‘and inte:ééting.molecules. _Characteriiations of fhe102+ sa1ts dérived
.froﬁ SBFS'(Chapter Ii)‘and XeF3+ and XeOF3+_saltéﬂ(6ha§ters III and IV),
élthouéhlof1§tructural-and:bonding intefest,Aﬁroéided:information
necessary for the iﬁterpretaﬁion.of_théjkrypton éxpefiments, and were

done pr;mafily for that purpose. The wofk of Chapter V is unrelated

blﬁo that of Chapter VI; it was done'for the‘thermodynamic interest sur-—

rounding‘thé_oxidation of xenon.

A, ”Genéral Apparétus

,_Becausé_of the air—sensitive:nafure of all Offthe compouhds described,
“‘their handling requiredvmeticuldus éare. NOn—volétile Solidsvwéfe mani-
pulated under’nitfogeh’in_a Vacuum Atmosphers Dri-Léb; purged of water

and oxygen by a continuously flowing.circulation system.  Regeneration of



nthe drying system was performed regularly as‘necessitated by frequent
use of the:box. Spec1al attention was given to the gloves, they were - '
replaced'if'cracked or flaking.‘ The handlingvof volatile‘compounds,
manipulation.of'solvents, and the-carrying”out ofireactions were déﬁé;on
a metal Vacuum.system. The_form of thevsystem'hasfbeenvdescribed,else—

whereﬁl"Thelmaterials‘in regular use were Monel-and;copper tubing,

_ Monel and brassthitey valves, and.Monel-Autoclave'valves. A number of

reactions“were carried out in small, auxiliary Pyrea‘systems; specially
fabricated for each experiment and attached by Kovar-to—Pyrex seals to
the metal:Vacuum system. Since it is relatively inert to ox1dizers,

. Kel-F was used on valve tips and reaction vesSelsi ,Working‘pressures
in the systems were provided by Monel Bourdon gauges. Pressures below

1 torr were determined using thermocouple and ion gauges, so placed that

they could be isolated and protected from corrosive compounds The

mechanical and oil diffusion pumps were protected by large shut—off valves

y_and liquid nitrogen traps.~ Periodlc maintenance:on the system'was re-
h quired.' because of.attack,onvthe metal, the tubingfoCCasionally became-
clogged.j_Valveiseats‘and stemsIWere-the'mostfvulnerable parts of the
system; the most freouently used valves oftenfneeded:stem'replacement.
The entire_vacuum system was housedvin'a‘large fume'hood.provided'with
‘a powerfulleahauSt fan;_" |

ASsurance of'a 1eak—tight apparatus was of the:utmost importance
for dependable workl Leaks in~the vacuumbsystem}vere detected with the
"aid oan Consolidated‘Vacuum helium leak detector{' a11,reaction :
4vesselsiand auxiliary reaction systems were checked;with_the leak

detector prior to each use.



' ‘B,‘vRoutine Identification of Materials

© 1. Raman Spectroscopy

‘ Thelmost common'method of identification ofbtheicompounds was Raman
spectroscopy}' The techniqne was,employed routinely to check reactants

prior tornse and reaction products; and in general}.as a "fingerprinting"

‘ phdeVice; .A Cary‘83 Spectrometer wasfused in thisrnay; For precise data
hin identitying new compounds:and forvthevmost sophisticated'information
:__in characterizationw the research instrument_atlthe ﬁSbAvﬁestern
' Regional‘Laboratories in Albany was. used. The instrument utilizes a
_ Spex 1401 monochromator and photon counting techniques.v Thehdata can
"~ be digitized and stored directly on disk in the laboratory s IBM 1800_.:’

”computer which allows it to be intensity corrected for the phototube

sensitivity, normalized, and}plotted The earliest spectra were obtained
with excitation from a He-Ne laser (6328 K 100 mw);. The maJority'of

the.spectra however , were excited by Art and Kr+ lasers (4880 &, 1.5 w3

5145 K 1 5 w; 6471 X, 400 mw), the line ‘and power used depending on the._

color and sensitivity of the compound All of the spectra appearing

here were recorded w1th a monochromator slit w1dth of 2 cm~1, The

-1

o 'resolutionvobtained by the scanning,technique was 2 cm . Samples were

sealed in 1 mm quartz capillaries.

A Infrared'Spectroscopy’

Infrared spectra were routinely recorded on a Perkin—Elmer 237

_spectrometer in the range 400—4000 em™ !, A Monel cell with AgCl w1ndows



was uSed'for gaSeé. Solids were finely powdefed'apd‘dusted oﬁtq AgCl

plétes sandwiéhed in a leak#tighf Kel-F holdef."'

3. X—ray¥f6Wdef‘Photqgfaphy

» A Poﬁdef diffréc&ion éatterﬁvwas'obtaiﬁgd fpf eaéh solid materiai,
to.proviqe avpurity éritefion,.to "fingefprint" thé}maferial,‘énd to
check thafvs§1ected crYstals:were representative_éflfhe bulk materiél
.:from which they céme. In the usua1 technique samples were sealed in’
-driea_0;3—0;5 mmVO.D;,';Ol mm ﬁalléd“quartz_capi;lafiés oﬁ'a G. E.

'Precision Caméfa, using graphite monochromatized~Cu:Ka radiation.

ot



Hh-II. THE DIOXYGENYL SALTS O SbF AND O +Sb F,

'AND THEIR CONVENIENT LABORATORY SYNTHESES

AL History and D1scu351on

’,The‘firSt'claim for the salt-Of-formulationvOéfsth_ was that of.

'Young,'atdal.z_ These authorsfprepared their material by interaction of

0,F, with Sng. A.puzzling feature of this report;hhowever, was the

' rather‘large:Cubic unit cell quoted, for which a ="10 71 &, since in the
o previously characterized3 platinum analogue, as=s 10 032 . . In later

: papers Shamlr and Blnenboym described4 a photochemical synthesis for o

what was-claimedvto'be 02+SbF6-, and.Beal, et aZ des.cribed5 a prepara—

tion from SbFs, F2, and 02 which simply involved heating this mixture,

vThe first authors presented no unambiguous evidence for the formulation
0, SbF vy and quoted a cubic unit cell constant of lO 30 A, a value which,

'although more: acceptable than that of Young, et aZ still seemed rather

high. - Beal,.et aZ provided X-ray powder data to support a unit cell of

lO.l3 Kv.a value in much closer harmony with thefcell parameter for the

vcubic o, PtF _salt.s' The X-ray powder-data of Beal, ét'aZ.-was, however,
ascrlbed to a face—centered cell ‘whereas the full data (some of which

. was omitted from their tabulation) supported a body-centered cell w1th

10 13 & It is now clear that weak diffraction lines were omitted

from theirﬁdata. These represented (as discussed3 by Bartlett and

'.‘i_Lohmann for the 0, PtF case) diffraction by the light atom superlattice .

and are of crucial structural importance.
In their. differential thermal analy31s of 0, SbF ~ Nikitina and

Rosolovskii recognized6 the exlstence of the O szF11 salt as well as



,lOZ+SbFG+Iénq{atteﬁpﬁed.a characférization-éf’théftﬁbiséits'oﬂ.thé basis
of Xiﬁéjfﬁb%&egidgta.V'Thei}THAta; hoWever,uis-hQ£?tha£_for the;pufe com- -
'ﬁonenté?6;TSbFGf”aﬁd O;+Sb2Fi;_.:fFufthefmdfé, Nikifina-énd RQSOléVskii T *
alsovfaiiéd»fo:reéognize QZ+SbFG—»as an isomorphjéfQOQfPtFe—.
| Alﬁhﬁﬁgﬂ the:Oé+ strétching fréq@éﬁcy hasjﬁééﬁlfepéfted7 for.what
was sfatéd tq'bé:the szSbFs_:salt,-the éniQn.sﬁéétfé wére not‘givén.
.'>The X%iay ﬁowder-data gi&en iﬁ TéBie I and ﬁhéiRaﬁanvspeCtrﬁm.sthﬁ
- in Fig. 15 chaf§ctefiéé‘theVOszng—‘salp.' The X4fay:d5té éétabliéh thgt.ﬁ
the ¢om§o§@a.is'is§@préhous with 62+PtF5-. :The:ﬁait'cell is éubié_with |
& = 10.132 0.002 &, V = 1040 &%, z = 8, D_ = '3.4‘18"g‘.; em™®.  Since all
-observea féflections <'>bbey‘thé‘con'diti‘cbms"i_-1+l_<-_vl-{§‘.= Zﬁ aﬁd Ok2 : E(é) = 2n,
the iﬁ&itafedsépace°group is Ia3 (#206)8'as eétabiighedbfor 6éPtFG.3’9
The férmula:thf voiume‘of 130 Ka_is 2.4 Ka'iesgffﬁéﬁvthat found fof
NO+SbF§’ by Bartlétf apd Jha}lq ‘This is'comparéblé‘£Q £ﬁe PtFG’véase
where V(No*ptf-;") =‘_1'29'.5 Ks.anq V(6'2+p;ps'") = 1.'2_6’.3_'-2_{.3"._ | vThe close -
similarifyrbf the‘intensitiéstffﬁhevdéékipow&gtr4ifffactidn lines
(o#ygen'gnd'fiuorine diffraction"only), cqmpafed &ifﬁ fﬁdsé in the
vplatiﬁumfféiative,lQ'suggest an‘iséstrﬁcturélvreiatidnship.' Coﬁparison
of the'RamaﬁSSééctrum'ﬁith fhét'éf Oé+Pth;;(givénjin Fig. 1c)'further
'éupports.tﬁéuclosé structurél §imilari£y; R 7  v R 7_ o R
Thé_X;féy;pOWdef.dafavfbf.oszEZFli_ given‘in Téble iI have not - |
beén inde*ed and all‘atteﬁpgévto gfow éiﬁgle crystéis'héve féiled. Tﬁe
vRéman spéct;um given in Fig. lé again’gives clear éQidencé of the Oé+
ion (iﬁ the'band'at 1865 cmff)'and fhe anion speétrﬁm'showé relationship

'to'the'SbFéj.spectrﬁm, The anion spectrum is in fact simpler than in -

. - » + - S
XeF Sb?F114-(ref. 12) and XeF, SbZF11 (ref. 13).
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It may be that the anion in O2 Sb F11 possesses a linear bridge

;and that: the 02_.species are'symmetrically placed‘abOut the anion;. Thisd
: would account for the absence of features in the Raman spectrum attribu—‘
itable to bridge stretchingr -In'the XeF szFll— and‘XeF Sb Fll;isalts
' the‘bridge‘angles are 150° (ref. 14) and 155 (ref 15),.respectively,
‘and the salts show Raman bands attrlbutable to brldge stretch at 482
;(ref. 12) and 487 cm™! (ref. 13), respectlvely. In_BrF ‘Sb F,'.fwhere'
i'the bridge angle is not 31gnif1cantly deviant from 11nearity,16 this
“Raman feature is not observed 13 . The presence of a band at 470 cm‘1 in
_ the infrared spectrum of 0, Sb Fll— indicates that the strength of the
. bridge bond on the anion is not much different from that in the other’

v'salts, and;coupled'With the absence of its counterpart in the Raman,

argues for a linear anion.

'_B.__Experimentalf

02+SbéF11i was prepared by irradiation of a'fiuorine; oxygen, and
antimony pentafluoride mixture contained'in a Pyrevaulb provided with

a Kel-F tipped Whitey valve Joined to the bulb through a Kovar seal.

A 450 watt Hanov1a ultrav1olet lamp was used at a distance of 6 inches; .

irradiations lasted 12—16 hoursf A stoichiometry appropriate for the ‘

reaction 0 + lF + ZSbF >0 Sb Fll was found to ‘be best, thus 69. O

i mmoles SbF with 34 5 mmoles 0, and 17 3 mmoles F in a 5 liter flask
. were quantitatively converted to 0,Sb,F,, in 12 hours. In 1rrad1ations

'where an. excess of F, and Oz'over that required-for OZSbZFll_formationv

prevailed O SbF was'also observed in the product..-Use of excess SbF

* The u.v. radiation reaching the reactants was cut off below 2800 R
by the Pyrex bulb. »



necessitated:the.removal of this material from the}product.but this
v'approach does provide pure 02 *sp F11 . 1' o
O SbF was prepared by heating 0 Sb in a.dynamic vacuum at 110° v
At that temperature, the SbF is removed slowly and at an approximately
constant’rate.' If removal of SbF is halted at a weight correspond1ng
to loss of one mole of SbF per mole of O Sb F ,-the mater1a1 which
'remainslprovides the X-ray powder pattern and the'Raman spectrum assigned
.to Ol+SbF-_.{ The_O.*SbFGT salt itself is unstable under those prepara-
tive conditions, but 0 Sb F, decomposes to 0 SbF at’'a greater rate.
It is therefore essential to ‘monitor the rate of loss of SbFg so that
’SbFs-removal may be halted when the last of the'Sb Fil- salt has decom4
lvposed.- The conversion of 5.55 mmoles ) sz 11 to 5.54 mmoles 0, SbF
requlred 282 hours at 110°. -0, Sb oFy may be conVerted to O ,SbF . more
rapidly under vacuum at hlgher temperatures, ‘but the y1eld is lower,
e.g., at l60° the conversion of O 76 mmoles 0,Sb,F, ‘ to O. 49 mmoles
-0 SbF was’ complete in only 3 hrs > the loss of material belng due to
‘thermal_decomposition. X—ray powder photography and Raman ‘spectroscopy
reuealed~that.removalvof’SbFs_from 0, szFll— was associated with the
appearance Of_O;4SbF6T. No phases:Other than 02+Sbf' and 0 szF11
were indidatéd. : '_2 . | h_’ ' : ﬂ- » ok
OZSb2F1l was alsoiprepared from OéShFé.' The 1:1 salt (1.7Svmmole)
rwas placed in a Pyrex tube_with ekcess-Sb:F5 (2—3dmll,,under 300 mm of .
nitrogen_pressure. .Thevtube was'brought to.l25°land.shaken. A clear
- solution was not obtalned;hbut care wasvtaken toﬁhreak uphthe clumps of

solid by agltating the mixture to a white slurry;llThe-mixture was cooled
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"to'room temperature before unreacted.SbFs-was remoyed under vacuum. The

white'solidlwhich.remained7was'shown by X-ray and Raman spectra to be

0 Sb2F11 and the weight corresponded to 1. 61 mmolesi

The preparative technique for X—ray powder diffraction and Raman

.'.samples‘has-beenfpreviously described 13: Long exposure times were re—
_ quired to. obtain a suitable powder pattern for O Sb F11 s but the 26

.lines reported in Table II unambiguously fingerprint ‘that compound

The Raman spectra have been intensity corrected for non—linear sensitivity>

of the phototube.’ For the antimony salts ‘the exciting line was the

_'5145 K Ar_ 11ne and for the deep red platinum salt, the 6741 & Kr+ line._:

-1

Infrared spectra from 4000-400 cm™ ‘were recorded.for both OZSbFs

and 0, Sb Fll. 0 SbF6 shows only one broad'bandvin'the'region examined,.

at 660-670 cm™ 1, characteristic of the v mode of the SbF .~ ion.

OZszF‘ shows three bands, centered at 677 652,nand 470,cm 1
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. Tahle-Fi-1
| | X-Ray Powder Data for 02+sbf6""
(Cuble: a = 10.132 + 0.002 A*; V = 1040 43, z = 8, D_ = 3.418 g/cm>, Space
( a + y > 2= 0, D, F
group Ia3, Cu Ko radiation Ni filter). -~ . .0 - : _ \
- 2 .. 2 . . | . . 2 . , o . .
da Ay o Y&ae % 1,

5,091 o  Lo3ss 30 20 o 8
395 .02 0779 220 10
2.915 1175 N 1169 ,;_{  2 22 5
2.607 - . . 321 2
2.53% lj' - L1556 .1558 ﬂ',  1-4'o o 4
2.3 st o 753 411 o 2
2.260.‘_;:: st o ams 4 20 s
2159 L2144 | .2143:1' 332 3
2.067 2339 | 238 w22 o 7
1980 L2550 L2533 4 .
1785 .8 .7 440 5
1.585'  ; - .3520 "ﬂ_ . .3507 - 44
1.597 a9 L3896  5'"* 620 ',5
1521 ‘4322w S 4286 62 2 - 5
1461 4685 a6  3 * 44 4 2
1430 | sl a8 s43 <1
1.401L r .ﬁ", .5o95 o 5065 . 6k0 . &
1.376 529 . .5260 ) v .f ‘721 1
1351 .5480 os4ss. 642 5
1.283 - -. B ;6070 S o .6040 . 732 " 1
1.265 6257 L6234 800 1
1226 6650 66240 820,644 4

* Cell'dimehsion obtained from an extrapolation using the Nelson4Riley function}z
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da

1.192

1.160
1.131
1.104
1.077
1.033
 1,012

1.9926

.9738

.9396

9240

' .8945

.8811

.8681

.8556

o .8438

.8324

.8215

8006

.7910

.7816

“.—12bviy

2
calc

. 1/d
.7014
7403

1';7793
8182
© 8572
.9351
.9741

1.013

1.052

1.130
1.169

1.247

1.286

1.325

1.364

1.403

1.442
© 1.558

1.597

- 1.636

. Table II-1 (continued)'ﬂ'

10, 2
10,
10,

‘10,

-- 10;
10,
10,

12,

12,

12,

12,

10,

~ 10, 0,

e

v\
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‘X-Ray Powder Data for'b2

aa

7.809

6.476

5.739

- 5.354

4.634

4.306
3.951
3,767

3.616

3.436

3.213

2.948

2.824

2.721
2,622

2.520
2,454

2,131

2,031

1,949

1.882

1.791
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Table II-2

¥

SbyFyp-

(Cu-Ka radiation Ni filter) -

1/d2.

.0238
0304
.0349
.0410
L0465
.0539
L0640
.0705
.0765
.0847 -
.0969
L1181
.1253
41350
1453
1575
L1661
.2201
.2423
.2632
.2822

L3117

10

I/Io.,

(bfoad)

(brqéd5

1 .

6

(broad)

2

1

.(v;_bfoad)v.

1
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Table II-2 (continued) -

Ov X )
14

1.704 . (3442
1.651°  .3665

1.618 - ,3822

IR V)
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III. THE PREPARATION AND RAMAN SPECTRA OF THE SALTS

E - L + e + -
XeF, "SbF,~, XeF,'Sb,Fy,”, XeOF,"SbFy™, AND XeOF, Sb,Fy,

A. Introduction’

Bartlett and'Sladkle-have presented-eVidence.for a 'decrease in
fluoride ion donor ability of the xenon fluoridesrip'the Se4uence

XeF, > XeFﬂ >-XeF . Indeed,‘since XeF and.XeF 'form'complexes with

' Rqu and Ast, whereas XeF does not, this prov1des for the chem1cal

' purification of the tetrafluorlde. _The X-ray crystal structures of these

complexes 1ndicate the salt formulations: Xe2F3 Ast (ref.;l9),and
XeFg AsE6 (ref. 20),'XeF Rqu and XeF RuF (ref 21) It remained
to-establishérhoﬁever; that XeF“-could behave as a-fluorlde ion donor.
It was knowﬁ from early workzz that XeF was capable of complexing with

the best fluorlde ion acceptor, SbF More recently, Martin23 claimed

© 2:1 and l:4.comp1exes but adequate characterization_ﬁas lacking. It

seemed that a similar variety of complexes might occur in the XeF,/SbFj

‘sSystem asihad been'established for the_XeFZ/MF5 {ref}‘ZA) and XeFG/MFg

(ref. 25) systems. Furthermore, since a characterization of the XEOFk/
SbF, system was necessary for the work'in-Chapter Vi, and the Xth

molecule has a simple relationship to XeOF“, a parallel study with that

compound was’ undertaken._ Selig had establlshed26 a complex XeOFu-ZSbFS,

but structural_information,was not given.

d_Sincevthe Onset~of'this'study,'Gillespie et dlfgj-have provided

,19F n.m. r.vstructural information and vibrational spectroscopic evidence

211

‘for the salt XeF Sb F . Our.vibrational spectroscopic findings are
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}in:substantial agreement with theirs, and the crystallographic findings
described in the next chapter establish the salt formulatlon. This;work
'alsovestabllshes the salt XeF3-SbF5 . Two complexes have been identified'
in the XeOF /SbF5 system and are formulated as XeOF SbF " and XeOF
SbéFllf,a The 1ast has been described in a recent-note 8 by Gillespie - S

and his\coworkers.

‘»B? Experimental

Reagents._ Xenon tetrafluoride ‘was prepared by the method of. Claassen,

.Selig and Malm.zg It was purifled by meltlng in: a Kel—F tube with

ruthenium pentafluoride or arsenic pentafluorlde, after the procedure

_giVen by“Bartlett'and'Sladky 18 The high purity of each batch was estab=-

‘1lished by Raman spectroscopy and melting point (117 ) Xenon oxide.

tetrafluorlde was prepared by the interaction of“XeF w1th quartz at

50°.30 .It was essential for safety and effectlveness, to 1mmerse the
'entire bulb up to the enclosing valve, in the water bath. Before the
characteristic yellow color of XeF6 had completely disappeared, the
contents of the quartz bulb were transferred under vacuum to a Kel- F i
vtrap_containing sodium fluoride.‘ (CAUTIQN; If all of the XeF6 is
Vconsumed,”Xeos may form and'detonate.)"Singwas‘removed'under vacuum
at —78°;A The mixture in the trap was heated‘to;505,to_convert remaining
XeF to the NaF—Xer complex.31 Finally; XeOF was separated by vacuum
'distillation at room temperature to traps at —196 vInfrared spectros—

‘copy showed only those bands characteristic of XeOF“ (ref 32).

——— i o S . . e . e i S B e S e B
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in an inclined.Pyrexvtube and purified_by'traprto—trap'distillation in

. a dynamic vacuum.

Complexes.' The complexes of XeOFk and of XeF w1th SbF were pre-’

pared from their components as detailed below. The Components were |

,mixed in a‘variety of known. molar ratios and each?composition was charac— '

terized by Raman, X-ray powder and (occasionally) single crystal data.

These studies 1nd1cated ‘that compounds exist with the follow1ng composi-

ctions:' XeF 'SbFs; 'XeF -ZSbFs; XeOF SbFs, and- XeOF +2SbF .

'of XeOF, into a quartz trap, followed by an excess of SbFs.‘ The trap

was heated until_solution was complete,-then cooled to room temperature,

at which point the excess ShF5 was removed bv vacuum distillation}. A

' colorless solid remained.

XeOFu SbF5 (m.p. 104 105 ) was prepared by distilling excess: XeOF

onto a known weightvof XeOFu'ZSbF‘ in a quartz trap, which was'gently

heated to complete solution. Excess XeOF was removed by vacuum distil—

Alation and yielded a colorless solid

-

bining equimolar quantities of XeF, and XeF ZSbF l The compounds were

vrplaced in'a Pyrex tube closed with a Kel—F tipped Whitey valve, #lKS4

The mixture was heated under dry nitrogen until a homogeneous melt was

obtained. The melt was allowed to cool slowly to room temperature.



18-
XeFk SbF5 was also prepared by directly combining and melting together
equimolar quantities of XeF and SbF o The solid was pale yellow—green.
T It proved to be dimorphic, with a- transition temperature of 95° Each. - v

'form provides'a distinctive Raman speCtrum (Table'III—l), - At room tem-

R

_ peraturefthe“transition to the low temperature form required 2-3 days.

Crystachata. ‘Single crystaleof-XeFu‘SbFsh(low temperature'form)

i were‘obtained_by‘slow removal of the golvent, at =10°, from a solution
in anhydrous HF . Found: _Mbnoclinic, a = 5.50, b;=515.50,_g_= 8 945
(a1l %0, oL A),,§m5‘102,9¢.3°> V- 743.3 8%, 2z ;'4A391 - 3.81 g cn”?.

Excess’AeF in fused admixture w1th XeF"SbF failed:to produce

'compounds-richer in XeFu.

C.  Results and Discussion

As well'asAprOViding'diStinctivegfingerprintsifor the'compounds'f
'detected in the XeF /SbF and XeOF /SbF5 systems Raﬁan spectroscopy
;afforded 1nformation about the nature of the spec1es present. .In no
h!case do the spectra of the solids show the characteristic Raman lines
of the parent molecular fluorides;13 by the.same token, neitherFXeF nor
'vXeOFLf 1s>present as such in antimony pentafluorlde solution, at least
"1n amounts detectablerby the Raman effect.v Thevspectra are consistent,
however, with‘the expected ionic structures'COntaining XeF3+ or”XeVOF3
;cations;ithe‘crpstallographic study of;Xth°ZSbf5.(shown tO'be.
'XeF5+Sb2F11T)»described'in the followiné chapter;confirmed this expecta- .

tion, and provided a fixed point in the interpretation of the'spectroscopic
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:ldata..‘A;further aid:in_this task;fand_in_assigning;treguencies, was
.:kaman data;“eitherhohtainedfin £ﬁi§'igpérgfqryfo;fgi;;nea from-the‘litera;".
ture, for'antimony'pentafluorideﬂadducts of'other;fluorideéionidOnors"
(see footnotes in Table III 1) | | i . N

| The problem of identifying cation and anlon bands in the XeF /SbF
| and XeOF /SbF5 systems is by no means straightforward Both catlon and
 anion stretching fundamentals occur in the same region of the spectrum
é.(450 750 cm'l), while comparlson with other compoundshof this sort shows o
no . truly characteristic spectroscoplc pattern for e1ther SbF or szFll-;,.
the former.anion commonly suffers severe d1stortions.from 0# symmetryQ
'NeVéftheiééé vthe solids and solutions examined displayed apt and consis—v
_tent sets of ‘Raman lines attributable to XeF3 or XeOF3 _cations. Further«:
encouragement in this set of assignments was the comparison of these |
vfrequencies with the corresponding'fundamentals of related molecules
'vderlved from a trlgonal bipyram1da1 unit (Table III 6) The.gist of the

‘arguments whlch led to what*seems_to be_the‘most reasonable set.ot

"assignmentspis given in‘the following paragraphs;;.'d 1
| Like;the:monomeric.halogenutrifluoride molecules-34.the T—shaped

-XeF t

3 cation has essentially C2 symmetry, and should display two strong,v"

polarlzed*Raman‘llnes in the region associated w1th Xe—F stretchlng
Ifundamentals;' These lines areiindeed ohserVed at;ca;_640 cm™! and ca.ﬁ'
v‘575vcm‘1, and are assigned.respectivelyfto yl(ai);‘inyolving principally
theyequatorial Xe—F-hond; and vz(alj, asSOciated withvthe symmetric
stretching-motion-Of the axial XeFé unit. The antisymmetric stretching '

fundamental of the-Xer'unit, v;(bl),'is normally.only_weakly Raman
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".actire, end.dsvexpected to lie.at slightly higher‘frequehcy thanrvz(e )
1(ErF,: v (a ) 552 cm™ (b ) 612 cm’l(ref 34), see’ also Table III- 6),
this fundamental is not- observed for XeF3 in solutlon in antlmony
-oentafluoride, but is_identified mith weak 1ines_at;ca; 614‘cm’? in tﬁe
jSpectrahof'ngh-SbFs'emd XeFu°2SbF5.' A 1ine at}ce;dBGO.cm’?.is‘attributed
to a deformstion of'the‘axiel XeF2 group. :Some of'the'XeF3+ foodamentals
0ccur.as doublets.im the room temperature modificetioﬁ ofAXeF3+SbFéf;c'
a 31m11ar effect is noted for XeOF, SbF6 ,‘and also‘fOr IF +SbFGv_'(ref. 35).
'The XeOF3 catlon is expected to be structurally akin to XeF, ,_with
thevoxygen atom of the former situated at one of thejequatorlal—lone—pair
o sites‘of thé.latter. 'A'polarizéd Raman line at ¢a§;§4ovcm‘1 is approxi-
matelyfsitdated for .an Xe-0 stretching vibratioh;teod the'pattern of Xe-F
stretches”seem for XeOF3+ is remarkably like:thet*ofiXeF3+. Polarized
vReman’lioesLoccur atdca. 640 cm._1 and ca. 590 cm;fk(of;'Xerf 640, 575
cm*?), amd;sre'assigned 1’ivk_ethei_r.XeF3+ counteroErts;'to'the'eQuatorial
.  Xe'F and,symmetric axial XeF, stretching‘motions respectiﬁely.» Unlike
“Cillespie'et'al.zs who attributed.Raman linesiat §5{l550 cm"lbin
;_XeOF szF11 ‘to the antlsymmetrlc stretching motion of the axial XeF,

1, prompted both

unit, we prefer to 3331gn thls fundamental above 600 cm”
by the comperlson with_XeF3 and the evidence of 51m11ar molecules whlch
" cshows'the antisymmetric stretch to lie higher thanjits symmetric counter—vv
. part.‘v

The vibrational data for the XeF, and XeOF, cations are not suf- -.
ficiently_complete to allow worthwhile normal coordinate analysis; the

approximations necessary would be too severe. Nevertheless, if the

i
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. assignments for the XeF, + and XeOF3+ vibrational nodes and theasupposi—'
tions concerning the XeOF shape are valid, the bond: lengths in XeOF,

rcan be predicted with fair prec1sion. Since the stretching frequenCy

V(Xe—O) 1s not very different for the’cation (9397cm%‘) compared with
the value in the parent molecule (923 cm” 1), it is. probably safe ‘to

assume that the Xe-0 bond lengths will be simllar (XeO in XeOF = 1,70(2)

v XA)'(ref.,36),p Moreover, the Xe-F distance will.not.differ,greatly for

the two cations (1.83 & ianeF3+),ralthough the higher axial'stretching

fundamentals found for the Xe(VI)‘catidn.imply_thatﬁthe axial Xe-F bonds

-in XeOF§+'nay be slightly shorterrthan‘in Xer+ (1;88~ 1.89 ).

It is of interest that no evidence for either Xe F or Xe 0 F
+

o was found in these studies, although both Xe F (ref 19) and Xe
(ref. 37) have been established This is - cons1stent with XeF and XeOF,

ibeing inferior F  ion donors compared with e1ther XeF2 or XeF, The

complex cations, in effect, involve fluoride ion donation_by.the neutral

- molecule to ‘its daughter catiOn.

Finally, it should be noted that XeOFu and’ IF ‘are extremely s1m11ar

in their fluoro—ac1d base chemistry. Both'form 1:1 and 1:2 adducts with.

'.the F_ acceptor SbFs, for which- 1onic formulations are appropriate,
s XeF SbF ; XeF, Sb F . IF SbF (ref 35), IF Sb »Fy (ref 38)
fMolecular adducts, XeF,-XeOF, (ref. 39) and XeF, IF5 (ref 40) are given
"with xenon difluoride while cesium fluoride affords both 1:1 and 1: 3

complexes with XeOF,+ (see below) and with IF, (ref,'41).
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In Ordet to study:futthervtﬁe similar'chemieal.oehavior of IES and
;XeOFQ;.tme?lnteractiou of ésF and'XeOFu was inveetigated. A known weight
_of finelpvdivided CsF was.placed iu a.quartz ttap arrangement.equipped h
with Kel F tlpped Whltey valve. 2-3 ml of XeOFq was d1st111ed into the
trap at —l96°_and allowed to warm and run onto the CsF. Reactlon.(bubbling
and'mistffotmation) was observed at 1nitial.contact.' A colorless solid
of volume.greater than the originavasF was present.which was 1nsolub1e
in the XeOF;'at room temperature. When thevtrap was pumped to constant
weight, the solid remalning corresponded to CsF- l 05 XeOFu.' In a second
experlment a we1ght vs. time curve revealed the ex1stence of a compound
- of comp051t10n CsF 3XeOF“, but thete was no break in the curve at 1:2.

-In a separate experlment,ﬁremoval of the‘XeOF vunder vacuum was halted

' at_the 1:3'composition, aud a Raman spectrumvandJX—tay powder pattern
'.demonstrated.thevexistence of~avphaee'of'that compoeltiou, distinct from
’CsF-XeOFq. The>loweting'of the Xe—F and Xe=0 stretching.freouencies.ln
.the Ramandspeetra of_these'compounds.kFig;»IiI;éjdiedCOnSistent with the
~~ ionic formulatiouststeOFs_ and Cs+Xe303F13_., The,powder data for both

compounds are presented in Table III-7.

W
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- ".Table IIT-1 - Raman Frequencies for the XeF, -and XeOF, Salts

+

xer,t tn xR YsbF T xer tsor T 'x§s3+5br6; © xeor," tn " uor;sszru A"xéoi’;_sue"
 sbrg o et e sbEg
Cation s:fetch{r;_g featu.te; . i - . Tl - e
: : : : o ‘ _ 0 939.p - 947(68) © T 948(80) . V(Xe=0) . .
sh2p 64305 §4i(100) . i:i;fg:; 62p - 63502  -if‘_§3a(ss) - l.b(Xe-F;q)
5 . 618Gm) - 615(9) Je05(19) S se3(es) . 626(40) . v‘symn(xgérz(ax))
S84 p. 585(;905 S s _ 2225333 Coserp o se600) S 'ggggigé) : _.} Vg o (KEF5 (33
Other features . i ‘ ) ) ' . »
@ @ ® o ® @ e @
. S 13(5) -. o N | - . - . : F12038) e
0517)° - - 691(2n) e o res@n T 69633
s8é(aty. : R o 80209 - 73; s86(17)
571(§5)'i 67009 667(100) o . 667(sh)y o §sz(i})
6% 65500) 600 ‘ e e2120) - ',T. 660(16) o(5b~F)
$5301) s83G6n) 18000 Cossaasy . ssqze) C
Lasiy - assan L simao) Csean
50D Cowsasy I6AB) - 1367A3) ) g(omper) and-
‘ g2 L %007 B s poxer)
' 318014y -
305(12)  C 9700 3228 o L amen :’.?325kla}'
285(L0) - 289(12) .. - 303(16) e ) 296(21) . .283(15) . '
: : ) o R - “§(F-Xe=F) aid
~oamed2y -, 215012) 293(18) Ces21) ;. :
: ’ o : . ) i LT & (F-Sb~F)
237(14) . L 276(26) - ) ;33,(29) o '239(_1(}) - ) oo
; 207(9) T 2090 o - 209(12)
(a) 591Vent»and anfon bands oﬁitted..' _
(b)  Raman lines for SbFg": in KsbFg(c): 661(vs), 575(s), 294(m), 278(m);
H. A. Carter and F. Aubke, Canad. J. Chem., 48 (1970)=3455; _.
in 1F,*sbF."; 694(7:2), 662(27.5), 570(7); 525(6), 299(4), 242(0+);
" Reference 35, . _ ‘
in Xe2r3+5bF6f; 660(2),676(27).v572(]0),»56ik15), s17(1), 281(12);
R. Mews and N. Bartlett; to be published. - V o
in BrF2+SbF6';ZGéG(9), 678(43), 661(1), 638(41), 547(35), 492(9), 281(7), 270(16);
K. 0. Christé'gﬁd €. J. Schack, Inorg. Chem. 9, 2296 (1970).. ' e .

(c) Raman lines for Sb,Fy,": in KrF'sb

JF1y73 693(5), 675(n). 670(w), 651(s), 613(s), 521(m), 481(m), 258(w),

270(w), 230(w).

_N. Bartlett and D. E. McKee, unpublished observatioris;

_in.Bff4+szFi]'; 710(11), 705(11), 699(23), 687(5), 647(80), 588(8), 547(27).-296(i1); 265(10), 238(13);

N, Bartlett, D. E. MEKee and C. J. Adams, unpublished observations.
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. Table 11- 2
. X-Ray Powder Data for XeF4 SbF5 o |
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X-Ray POWdeE Data for xéOF4_._55F_5
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X-Ray Powder Data for XeOF,-2SbF
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640 - s42 - 651 . - . P . eq. E-F
68 . .ed9 . s -.585 T Py Y
582 } 597 , 512 A g”} _ S T L

263 ) - 358 . ' sy e R E - _+  Deformation, EF,

Values f(;r vapour-phase molecule: 'P. Tsao, C. C. Cabb, and H. H. CluSsen, J. Chem.’fhj_s: 94 5247 ‘(‘1‘971);5. \Re(chr‘mn avyd-F. Schreiner,

“ibid.; 51

~v

2355 (1969).
This work. . ‘
R’efe_r_e‘n.ce 76.
D. E. Mckee and N Bartlett, to b'e_ published., -
Reassignment of }rgquencie‘s fiar mfatri;(-isol;ted v‘v;o‘l“ecule._'r;gporvted by:'j H H.‘lcilbaASsben. E L':G“’"e"'}';“‘,’ M. Kim, J. t_h_eg. Phys. 22‘,253 (!958) )
Value._s for le'ssFé-(s); Referenc; 35 " . .

Values for _ma'.rix-isdvla'ted;molecul_E; Reference 77.
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1V. THE CRYSTAL STRUCTURE OF XeF, Sb,F,,”

A. .Introductionl'j:'j-fﬁ

The>l 2 XeF Sofs conplexrwasrmade and 1nvestlgated as descrlbed in}‘
' »_the precedlng chapter.,‘The determinatlon of its X—ray crystal structure l
was'undertakenjin or&er to complete.the study, Qfﬂprime lnterest‘was';

“ confirmation of_the.proposed formulationlxeF3+SBZF11;,rand theldeter;il'

: minatlon of the geonetry'offthe XeF3. spec1es. 'lne influence of non#

bondlng electrons on cation geometry and coordinatlon was a maJor concern.

o I:B."Experimental-»

Crystals of XeF3 Sb Fll;.were grown ty bur§1ng a‘Pyrex bulb contain—f."'
v.1ng a. solutlon of XeFuvln excess SbFs, in a sand bath hot enough ( 50°)'
to aCCOmpllshnCOmplch solution. The - temperature of the bath was reducedfl'
ouer avtwo_day period to‘room temnerature.v The SbF5 was dlstilled at

room.temperature'from_thetyellow‘crystalslunder dynamlc vacuum. to traps_ :
Aheldlat ~196°. Pumping uas‘continued;tor_severalidans_to'tnorougnlyvdryf?-j
the cr;stals,.vA Raman sﬁectrum'of'avconglonerate of:crystals,Showed' .

that they were the 1:2 coﬁpound;

.C.'fcryStal‘Data:__.”

Xqu ZSbFs (mol wt. 640 8) is. triclinlc w1th a = 8 237(5), __— i

9.984(20), ¢ = 8.004(5), a= 7,2-.54(5), 8 117 59(7) 1 117.04(21)°,
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534.9 &%, z ‘=v"f’2,ﬁ' c_igl=’13.-9'8 g em”? and F(OOO) 559 86 Single
;crystal prece381onband Weissenberg photographs 1ndicated that the spacef
h'grpupals tricllhlc. .A Delaunay reductlon of the cell chosen falled to -f

”show additishal'symmetry,‘_The structureswas successfully,retlned>1n

“the space group. PI.

'D. X-Ray Measurements -

Afciear,'reughly.eubic,crystal_df edge’O,lO toiO.iSemm'was chosen.h
k.fer'data eeilection.;'A"Piekerlautomatic fegrleiteie diffréctometer,lid
‘equiﬁéed with_avtine‘foeus.ﬁe‘anode tuhe,‘was\usedt]”Highhangledreflec¥_

- tidnsTwere accurate1§ Centered‘at a takeioff adéle’of ~2e»and werepdsed” .
for a least squares reflnement of the cell parameters; 'Dataiééié coleA

1ected and treated as described elsewhere.Alv.A CqmplétethemiSPthé éf.

data was;collected for 20 < 55°, IntehsitieSvof'three stahdardsAﬁere :

'cellected at’ihtervals,of.every'be reflectiens. FA'tOtalhof 2662_.‘“v

intensity.data4were'recorded.

fhetlegSt%Squares‘program_hSedbih.the;structure:refiheﬁentsrhgs
heen deséribed,42 1Scatterihé taetors]ferfhedtralifidbrihe,“éeneh,dandh_
"d”antimony werejdsedfas giren.by hoyle ahdvTurher;asi Ahahplghs'dishersiah:{.]
;faetors vere glven‘by Cremer and Liberman.4 | B B |

Since the 1nten31ties of the standards were observed to diminish

d:(finally to 854_df the original-values)'in a regular_and nearly isotropic:



v‘v;36;>?
'manner;Athe data Were scaied 1iﬁé5riy,betﬁeen'eééh pair°of*étaﬁd5£&s, ; o
Assoc1ated w1th thls decrease was also. noted a decrease in the narameters.j
b and 1_(wh1ch were in the end reduced by O 2 K and 21° from the | |
initial values). Broadenlng of the omega scans of the standards from-“
_.lQ'to 35°dwas also observed. The pos1t10ns of the heavy atoms were
determined fromba three dimensional_fatterson synthgsis.' Thesehpositions
WereISubjected'to>least—squares refinement as xenon_atoms, afterIWhich '
it was'posSible t0'separate‘the antimonv'atons.byvexploiting temperatureh
factorddrfferences; The'positions uere then furtherbrefinéd; .A;diff:f
ference Fourier‘reVealed positions forilé”of the'14‘f1uorine'atons.
Least—Sduares refinement orAtheSe positibns_was"followed_by:another '
d1fference F0ur1er which revealed the p031t10ns of the’finai_tVO'tiuhrine:
atomst. Reflnement of all these p031t10ns with anisotropic temperature.i
. factors,dresulted'in a.conventional'RAfactor'ofv.06.

| 3EXaninatiOn of»the observed.and caiculated.Structurehfactors showeda
that the poorest agreement occurred with the low angle hlgh 1nten31ty
reflectlons. Slnce absorptlon and extlnctlon correctlons could not be
‘reliably made, the lower angle'data.(sin 0/1 < ‘32) were givenﬂzero
welght 1n>the flnal least squares reflnements. Ihis,procedure-resulted'vd
in R = 0.035, R = .03, and a standard‘deviation for an observationiof:d
unit welght of.337. The numher of non—zerodveighted-datahinAthis'refine%;,
_mentlwas 1823._ The positionalvand thermal parameters;'reportedvin
.Table IV-1, are fromtthis refinement. Ohserved structure factors,
Vstandard deviations and differences are given.ih Tahle IV;Z.:.The
hiéhest.peak on a,final difference Fourier-nroved to be oniy.é_e/gaé

‘Table IV—3'gives chemically significant‘distances and angles.
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F.. Description of Structure -

" The xenon-atom is.closefcoordinated toVthreeff.atoms'whlch.define
_.an approximately l;shaped_speciesv(Flg. IV-la). Thefremaining atoms
'definelan SbéFli unit which consists of two approXimately octahedral
SbF%vgroups;.sharing‘a commbn F atom,bsuchbthat'the angle (Sb(l);Fbe(Z))
'is'155.4(2)°. The'bridging Sbfﬁulnteratomic dlstances'(auerage'distancef'i7
:é.OZLA) are'significantly‘longer than.the nonebrldging; with the'exce§§_
ztion of thatvF atomb(F(Z))rwhich.makes a close approach, of'2.50(l) K, |
to theIXe atom.-’The'interatomic Sb—F(2).diStance”ls‘l.90(l) K; lt:is_
v of'lnterest.that the F atom Whlch makes this close approachlto'the_Xe
atom, is in'cis relationship to the F atom of;thebe(I)—FFSb(Z)-bridéerb
The Sb,F, 11 spec1es seen in thlS structure 1s similar to those pre—'
v viously reported 3 15 but the XeF3 species 1s‘novel Only the bridglng
Sb F distances dlffer s1gnificantly.from 1.85" A
As Fig. IV-3 illustrates, all four atoms of the Xefa spec1es are
in the ‘same plane, but furthermore, the F(2) atom of the Sb Fll'unit,
which makes the close approach of ' 2.50 K to the Xe atom, is also 1n the
same plane | Three other Xe contacts, to F(13), F(3) and F(7), of mv
.2 94(1), 2. 97(1), and 3 04(1), respectlvely, are made between formula

unlts, as may be dlscerned from the stereogram given as Fig.‘IV 2, in

. con;unction Wlth'Flgﬂ IV-la.



G. Discussion

The -obsérved structure is consistent with the sélt_qumulatidnqu-

XeF3+Sb2F11~. Other szFli sa;ts'fePOfted;3’15 hithertbvafe XeF+Sb2F11_

_.andlﬁrfq+SBZF11j. ‘The Sb,Fyip ion geometry has beehvdiSCu;éed Byiiihd‘v."
and Christé.l5 | | | |
| Although the .short’in‘:-’.pl_éne; cv.o.r_lt‘e,l"_ctvof .:2.50’(1):-§'betWEe%iv the XeF,"
ion'and'tﬁe closest F atomA(F(Z))vbf'énvanion coul& bévfépfeSen;ed,as'an
.indicétibn of‘sbme covalency, fhe iéﬁic model p?oﬁidés.a simpie and
v direct.a¢c§unting for the ébservgd strﬁctdrél feafﬁrés,»if due allowance
is made for the-pblariziﬁg chafactef of thé cation. | | |
.Regafdless bf-which bondiné ﬁodel is uéed for the'XeF3+.cati§ﬁ,  one
coﬁciudes that tw§ non—bonding‘valence—eleétfoh pair; of thé'xénQﬁ_étoﬁ
are not involved in bonding..vlf thé twoinén—bonding_vélence elgétroh
'pairs;are.alloﬁed.to_Bé'étefically active then £he§ wili; wifh the fhree :
"F;ligan&S, cgnstituteia”five qoordiﬁate érrangemént fof the %eﬁo#:étpm; 
As.wifh;thg majqrity ofinve—cbordiﬁaﬁe ﬁonftrénsifién elémeﬁt chpoﬁﬁdé,' =

one might therefore expect the geometry to be based on aftrigqnal o

o L6 e o ) e R
. bipyramid.,6 Since the species ClF; and BrF; (which are. electronically -

;elateditd XeF5+) are T—she;ped,[ﬂ’48 éne could therefbré'anficipé;e:tbat
thevxéF3f nbn—bonding pgirs WQUld'be'infihe equatorial plaﬁé‘és'iliuéf
‘trated in fig} IV—é; Such a éation,wQﬁld be far from.sﬁheriéal iﬁ i£s-U
polariziné'effeCtvdn énions; ‘Indeéd,vthe scféeniﬁg,effeéﬁé aﬁd ré§Q1éi§§
- effects of the hoﬁ~bdnding electron péifs and fhe Féiigéhas shduld

result in a negétively.dharged sﬁecieé (éuchvas a F-iigaﬁd of an'anioﬁ).

making an approach to the triangular faces containing the two non—bonding
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electron pairs, as illustrated in Flg IV—4 It 1s 31gn1f1cant that
rthe F(l)—Xe—F(Z) angle of Flg IV-3 1s 154° and not 180°; and that all
four F atoms close to the Xe atom are ‘in the same plane.

It is:instructive tovcompare XeF3+'with XeF ' and XeF ln.XeFf
we have three non—bonding valence—electron pairs; therefore, the xenon
coordination_is bseudo—tetrahedral.isrlllustrated’in FIgL‘IV—4. Thisv.
model indicates that a negatively charged species approachinngeF+.would]

. ”seea the'greatest positive.charge when placed on:axiS»Ezang to the-

'F—ligand. Thls model accounts for the geometry: of the XeF Sb F
- arrangement reported by Peacock and his coworkers13 and for the strutture
.ofHXeF RuFGI recently determlned 1n“these laboratorles,zl On the other
hand;.the Xer ion possesses only‘one non—bondlng xenon valence electron”
"palr'anddthe'xenon,coordination'is pseudo—octahedral " The crystal
“electron palr and the xenon coordinatlon is pseudo-octahedral The'
crystal_structures of the Xer+ salts20 49-52 are in excellent accord
,uithfthevmaximum polariZatiﬁgtcapability of this:lon beiné &ireCted in
a’cone‘about the.symhetrf axis asushown in fig. lV—ﬁ. | |

: Therefore;.thevXeF species seen 1n the XeF Sb F structure
'quite‘reasonably'represents the.geometry of~the~cation“XeF3+. It is
vanticipated thatvthedclOSe.similarity‘insshape observed forvotherfiso—:

electronic spec1es;le g SF and”PF:r(ref.:42),-anddXeFif.and IF, |
"dl(ref 21), w111 ‘hold for XeF and IF and that . the F(equatorlal) -I-"

v F(ax1al) angle w111 again be close to 80° - |
| As may be seen from Table IV—4 and Flg.‘IV 3, the axial bonds in ':-h
N ‘ .

XeF, , ClF, and BrFa.are_slgnlflcantly longer than the equatorlal.v'AlI o



'bohds'a%ebéhdfter than in XeF,, where XééF = 1435 3;53,”EViaenfiy #H§vi-; S
equatorial F—ligénd isvmore strOngiy bound than:the axiélilig;hds; :Thiéi._iq
is in accord with the Pimentel and Rundle models,” in which _'the'._'a‘xi_al o
bonas ére_formuiafed as threéFCentgr bonds (with the b&nds_éﬁduhting to
siﬁgle electron bonds) aﬁd thé eéuatdrial bond represented és an éleéﬁfdn;“
‘pair bond. .Alﬁernatively, fhe.greater lehgth of thg a#ialrbonds cap_bé
. attributed, on ﬁhe basis of the‘eleétrdnfbair‘repulsion méde1,47fto‘thev'
‘greater répulSive ipteractign of the axial F—ligands with the noh—honéiﬁg
electron‘pairs (which are at 90;); the equaﬁorialvligaﬁd is at11209 from -
‘those electron ﬁairs. | |

The length ofvthe eQQat&rial Xe—F+ bond éompares closelyvﬁith fha£ .
of Xé—F+, as pfedicted39 Qn‘the basis of the Xe-F bopds'in XeF, beiﬁg;éf.
bond order 0.5, aﬁd~with that observed.l3 in»XeF+Sb2F11-.v_Thié is c':er-—..1 -
_ﬁainly conéistént Withvan electron-péiﬁ;representatioh.'lThe“a*ial'Xe-F.: 
| bdnds,arg sig#ificaﬁtiy shorter thah-Xe—F iﬁ XeF, , ﬁqt this shQrténiné
can_be attributed to.increase ip the Xe—F.bohd pblafity‘fqliéwing thé
‘loss of F énd'consequeﬁt inéréase_in'thefeffecfive“positive chérge of 

the xenon atom.



TARLE IV 1 '

" Positional and Therma1 Parameters for XeF3 SbZF]]

(Standard Deviations are in: Parentheses)

Xe T .29614(8)  .74522(6) .18648(6)  3.01(2) 2.69(2) 2.17(2) 1.54(2) 1.19(2)  .12(1)
Sb(1)  .12219(8)  .28979(6) = .50926(6) 2.37(2) - 2.56(2) ~ 1.83(2) 1.16(2) - .87(2) - .37(1)
Sb(2)  .35701(8)  .22795(6). .20527(7) 2.75(2) 2.71(2) 1.91(2) 1.16(2) 1.09(2) .- .42(1)
F(1) 1925(7)  .2154(6)  .3502(7).  3.2(2)  3.2(2)  3.2(2) 1.0(2) - 1.8(2) - :6(2)
F(2)  .1869(9)  .4790(6)  .3518(7)  4.7(3)  3.6(2) ~ 3.2(2) - 2.4(2) 1.8(2)  .4(2)
(3)  .3785(8)  .3544(7)  .6376(8) = 3.2(2)  4.3(3)  3.8(2)  1.6(2) - 6(2)  -1.7(2)
(4)  .318(1) - .0264(6)  .3119(8)  5.7(3)  3.1(2)  4.3(3) © 2.5(2)  2.6(2) 7(2)
F(5) ~ ~.078(1) ~ .0993(6) = .6485(8)  6.1(3)  3.1(2) - 3.6(2)  1.9(2) 3.(2)  .8(2)
(6) - .134(1) . .1604(8)  .0228(8)  5.3(3)  6.1(3)  2.9(2)  2.3(3)  .2(2) -2.1(2)
(7) L510(1) . .2383(8) - .0782(8)  5.0(3)  5.9(3) 4.1(2) 2.6(3) 3.1(2) - .3(2)
(8) . .057(1)  .3681(8) . .6462(8)  7.1(4)  5.8(3)  4.1(2)  3.9(3) 3.2(3) - .3(2)
F(9)  .273(1)  .8988(7) -.0048(7) © 5.5(3) - 3.6(2) 2.5(2) 1.8(2) 1.3(2) 1.0(2)
CF(10) - .0831(9) .6367(7) .0420(8) - 3.4(2)  4.6(3)  3.4(2)  1.8(2) - .4(2) -1.2(2)
CF(11) - .5350(8)  .9022(6)  .2669(8) 3.5(2)  3.3(2)  4.6(3) 1.4(2) 1.3(2) - .2(2)
COF(12) -.1162(9)  .2269(9)- - .3476(9) - 2.8(2) - 6.6(4) 4.2(3) 1.3(2) . .1(2) -2.1(2)
F(13) .5504(8)  .2807(7) . .A4117(7)  3.4(2)  5.8(3) - 2.7(2) . 2.2(2) . .5(2) -1.0(2)
F(14)  .3726(9)  .4274(5) .1226(7); 47(3)  2.0(2)  3.9(2)  1.2(2) 2.2(2)  .4(2)
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Table IV-3

Interatomic Distances (A) and Angles (Deg.) for XeF;szF‘i'
(Standard Deviations 0.01 A for all Distances)

- ‘ » Intramolecular . . "Intermolecular

Distances - Angles : Dista'vyce‘s (s 3.5-3'[
Xe-F(2) 2.50 " F{1)-5b(2)-F(4) 85.80(27) xe-F(3)° 2.97
F(9) 1.83 , F(6) 86.30(30) - Flay 3.7
F(10) 188 - F(7) . 178.81(37) RS 3.04
FOIY) 1.89 o F(13) 85.07(25) . F(8)%. 3.26
sb(1)-F(1) . ADE 84.56(26) F13yb 2.94
F(2) 1.90 ©F(2)-sb(1)-F(1) . 85.60(25) F(1)-F(5)f 2.91
F(3) 1.85 F(3) 86.26(32) o FRo)e 3.3
F(5) 1.84 o F(5) . 17.94(37) FON® . 3.z8
F(8) 1.85 F(8)  91.24(31) F(2)-F(3)® 317
F(12) 1.83 . F(12) '89.10(33) " F8)® 1.03
sb(2)-F(1) 2.0 F(3)-5b(1)-F(1) - 85.24(29) B F(10)¢ 3.2
F(4) 1.86 " OR(S) 90.78(34) ’ BNTUE) X )
F(6) 1.84 F(8) - 95,29(35) F(g)_F(s)b 3.40
F(7) .85 : F(12) 169.26(46) F(7)k P
FO13) . 1.86 . - p(q4)_sp(2)-F(6) £9.09(36) o FO® 278
FO4) . .86 ST 93.58(31) . . FO3)® 3z
F(1)-F(2) 2.66 - F(13) 88.91(32) CF18)® 2.8
£(3) 2.62 CF(14) 170.35(38) . “xeb 2.97
F(4) 2.66 O F(8)-sb(1)-F()  s6.69(27) " F(a)-F(a)? 3.45
F(5) 2.65 F(8) ' 96.50(32) N (3 M W
.;tig) i'zi _ F(12) 92.52(37) - : r(9)15 3.00
F(18) 263 F(6)-5b(2)-F(7) 94.70(32) : SR 330,
e _ F(13) 171.27(48) AN
r(z)-;::; z.sg _ F18) 90.70(36) “F(12) 3.48
2.6 : . f
oy 264 F(7)-5b(2)-F(13) 93.91(34) ‘ r(s)-:::;k e
FO2). 2.62 F(14) © 96.05(32) r(s)’. S
F(14) 3.07 : F(8)-5b(1)-F(1) 176.76(36) 'F(g)m S am
F(3)-F(5). 2.6 Fa2) 94.49(39) SR 00
" F(8) 2.74 F(9)-Xe-F(10) 81.73(30) ‘ FO2)f 340
F(13) . 3.09 ) F(11) v 80.22(30) : F(6)-F(6)2 2.98
F(8)-F(6) . F(2) 154.39(38) Fa)t 3.2
F(7)- 2.7 F(10)-Xe-F(11) - 161.90(40) ©OF(9)® 3.08
F(13) 2.61 F(2) 72.67(27) N OK 3.39
F(5)-F(8). 2.76 - F(11)-Xe-F(2) 125.34(31) . FO0)®  2.89
FO2) 265 pag)sp(1)-F(1) 84.76(29) FO)-FO 299
F(6)-F(7) 2.7 F(13)-5b(2)-F (14) 89.84(33) _ F(9) ,
CFQ19) 2.63 F(11) 3.3
S $b(1)-F(1)-5b{2) 156.37(15) FONS 3
FI7)-F(13) & 2.7 . : o : ; :
Fe) 2.76 Xe-F(2)-5b(1) 171.68(13). F12) 3.04
‘ A © o r(18)¢ 3.12
F(8)-F(13 2.70 - :
(6)-F13) . v . F(8)-F(8)° 3.19.
F(9)-F(10) 2.43 . RIS 208
F(11) 2.40° - IS
(13)-F(18) 2.63 FO3) 3%
F(13)- . 2
. Fo)-F(9)' 33
ey zes
F(12)%. . 2.94
FO0)-FO10)°  2.67
»rnn' 3.15
F(10)®  3.06
FON-FO12)P 325
F13)®  2.85

F12)-FQ3)9 325
CF14)-F(14)¢ 3.00-

.29
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References  for Table IV-3

e crﬁ'stal¥chemicai un.]'..'t s ac X,y',z’ and the létjﬁe;.s'£6f'ef to

' positiéns:‘.a(—x -y,—Z)§ b(l-x 1-y,~z); é(l—x l~y,¥z>;:d(l—x,Ff,in);‘ v; .

.e(—x 1- y,—z), f(—x’—y 1-z); g(~x,-l—y,—l z); h(l—x,—y, z), i(l—x 2 -y,- z),  
(x 1+y,z); . k(x Ys l+z), 2(x,-l+y,z), m(x,=1+y,1+2z) ;. n(1+x,y,z), |

p(l+x 1+Y 2)9 Q( l+X,y,z)’ r(XsY!"l"'z)’ S("'X l"'V 1"'2)
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1_ Table IV-4 .

\'Comparison of,ClFa,‘BrFa_andeeF3+' )

" equatorial

- axial.(x)
F. E-F
Tax’ eq -

Reference

A)

‘_glg;_
1.59é _'
1.698
v87.59> 

47

‘BrFS

1.721

1.810
. .86.2°

48

- .XeF 3+
1.83
1.88, 1.89

82°, 80° -

" this work, .



':f46;.

" XBL 729-6875

Figure IV-la  The structural unit Xe'F;-'szFl:l-.



~47-

XBL 729-6974

Figure IV-1b Stereogfam of the XeF3+Sb2Fll— structural unit.’

.
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NBL 729-0v83

 Figuré V-2 i ‘Stereogram_showingvthe arrangement of the.
XeF, Sb,F,, structural units within-the unit

cell; view.aldnglg;
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Figure IV-3 The XeF3 ion and its close contact with the o
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Figure IV-4 Shapes of the XeF, ions based on steric activity of the
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Footnote for Figure IV-4:

Thesg.mOdels,reﬁresenf-the non~-bonding xenon electrons in a
_formalistié way. In the Xe—F+ case the model cannot be realiStic
‘since éﬁch a cation haéﬁcylindrical Symmetfy. Ihé postulated axial
polarizing behaviér can also be seen to be a COnseduence of Xe-F bbﬁd .
formation. Thus we cén."éynthesize"_(XéF)+ by bringiﬁg F+(1D) up to
the sphe?ical Xe_étom. if we use a p orbitai pair of electrons of

- the Xe étém to form thé Xe-F bond, fhe electron.deﬁsitf.will be

diminished trans to the bond.
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V. IODINE, FLUORINE, XENON INTERACTIONS -

A. Introduction -

'As has ‘been oointed oot by Bartlettiand Sladky;55 the'average.bond.
energy of the xenon fluorides (which is approximately 30 kcal mole~ per
bond) is less than for the average bond energy of any of the halogen _ |
fluorldes.' They also point out, however, that the addition of fluoriné
to'the halogen monofluorides is comparable tobthe formation’of noble éas
fluorides. They particolarly stressed the low thermodynamic stability
of IF, relative to IF and F.; .At the onset of this work,ba questionable
entity was the heat of formation of xenon difluoride. Several values
had been reported, 56-58 measured by different techniques, and varying
from —25,9 to =37 kcal mole™!. The direct calorimetric value’of -28.2
kcal mole~! for'AH? (XeFé) seemed to be-the most.reliabie.s6 Taken with -
the most dependable data for"IF7 and IF5,59 this‘suggested that IF,
shoold be capabie of‘okidiziﬁg'xenon to form xenon diflooride{ jThe data
~presented in Table V 1 provide the basis for this predictlon

A study of the oxidation of I, by XeF also seemed worthwhile; as.v-
rough bond energy estimates (Table V-2) showed that oxidations to II;
IIII,'and iV are definitely exothérﬁic. Severai'experiments in acetof'
nitrile solﬁtions were carried out at low temperatures (-404),.1n hopes

of halting the oxidation at the +1 or +3 state and isolating the lower

valence binary fluorides of iodine.
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B. Results and Discussion

. The oxidation of xenon by IF, was accomplished at 280°, with thel

followingvreaction going to 84% completion:

Xe(g) + IF,(g) + XeF,"IFg(c) . @)

'The'crystalline produét was found on the water-cooled 1lid of the reaction
can.
o The thermodynamic data (Table IV-1) show that feaction'(Z)'is

entropy driven, i.e., Aern is éssentially zero,

Xe(g) + IF,(g) > XeF,(g) + IFs(g)  (2)

and the entropy difference makes Aerh favorable by-4.52 keal mole~! at.

300°K. _Sihée‘the reaction
| XeF,(g) + IFs(g) > XeF, IFg(c) . (3)

occurs.spoﬁtane0usly,60 it'is probable that an exothermic value of at -
' 1éast -25 kcal mole™! shoﬁld be allbwed for AG of this reaction. In
- light of a AG __ which is favorable by nearly 30 keal mole™!, it is

surprising that reaction-(l)-is only 84% complete. Recent, more accurate

61,62

,) . have verifiéd'thatithevvalue‘used in

detefminationsfof AHf(XeF
our calculations cannot be wrong by more than 2 or 3 kcal molé*?. In

.a subsequent experiment, XeF2~IF5 was heated under 1 étmosphere of .
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nitrogen'preséure at 280° for 7 hours-ahd'theniquénchedftq-rpbm:tempéta—.'
v ture. 1F§ was absent. It.seems likely then that the IF, and Xe inter-
actibn_just described had not attained equilibrium. Thefmodynamic

cdlculations (Table V—3)Ifor_the reactioﬁ
ClFs(g)v+ Xe(g) .~ c1F3(g)-+ XeF_(8) (4

1nd£qate that ClFshshould also oxidize #eﬁon.

The results of the'I2 oxidations by XeF, in acetonitrile solution
aré not well defined. IF_ was identified by.infrared and 19 n.ﬁ.f.
speétroscopy-to.be‘a reaction product, but it was not determined if the
iFs arose diréétly as.an oxidation product, or frém disproborfioﬁatiqnb
of lower'oxidétion state fluorideé. Although hét définitive, certain

experiments did indicate intermediate iodine fluorides.

'C. Experimental

1. Reagents

iodine pentéfluoride (Matheson) at 150° in a prefluorinated 0.2 £ nickel
can. 20.3 g (92 mmole) IF, was heated with 8 gm (210 mmole) F2'for'1";_
hr. Excess fluorine was removed at -196°. An infrared épectrum of ﬁhe

product at room temperature established that the only product was IF,.
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2.  Oxidation of Xerwitﬁ IF,

Xe and IF, were measured oﬁt.iﬁ a 100 ml can to éQual-pféssures
(séeAbeloﬁ) and.condensed into a 200 ml bblféd—lid nickel can. Thisru
~can, which had a teflon sealing gasket,rwasvequipped with a‘Monel—stemméd
Whitéy;valve,vand.had been previouSl& £feated with Fé and IF,. Thé
vessel, charged with its‘réactant gases,.was placedlin a resistance
furnace and heated to 280° for 7 hrs., during which time the upper
: regidns_were cooled Ey floWing-watef. Unreécted gaées were then
: separated,physically; Xénon gaé was removed at.—llO° and transferred
:tb tﬁe ofiginal measuring:can, where the pressurevof gas was determined
a§'259f The unreacted IF7>was removed at room temperaturé and-méasured f‘
in the same can. .Equimolar quantities (see below) of Xe and IF, remained,
'eqﬁal'to 167 of the initial amounfs. The can.wasvopened in thé dry box,
reveali#g é coiorless solid on the‘lid and upper walls;_ The melting |

point (98°) and X-ray powder pattern confirmed that it was XeF,-IF .

Pressures (in mm Hg) in a 100 ml can

Xe . IF,

Initial 700 700  (4.10 mmoles)

Final =~ 110 115
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Table V-1

Xe(g) + IF,(g) ~+ XeF,(g) + TIF,(g) =
AH - (keal/mole) -229.7. ~28.6 ~200.87

s° (gibbs/mole) 40.529 83.08 62.05 79.96

AH ~= 4 0.23 kcal/mole
rxn _ »

AS = +17.41 gibbs/mole
rxn _ v

AG = 0.23 - 4.75 = 4.52 kecal/mole
rxn

300°K

Thermodynamic values are from reference 59,



45

IF

67

IF,

195.

IF,

315

+ ‘Xer

64

+ .Xch

64

+ XeF,

64

+ XeF, "

64

>
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Table V-Z

Bond Energy Differences*

2IF + Xe

2(67)

“1F, + Xe

- 195

IF;, + Xe
315
IF, + Xe
385 .

Total

-25

-54

=36

* Estimates based on mean thermochemical bond energies:

XeF,
,IF
7,
biFs

TF,

M.TfB.E. . Ref.
32 . 56
67 59
65 interﬁolated
63 59
55 59
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Table V-3

Xe(g) + ClF(g)" > XeF,(g) + CIF,(g)

AH? (kcal/mole) . -54.9 . -28.6 ~37.97
s® (gibbs/mole) 40.529 74.241 62.05 67.279

AH = -~ 11.57 kcal/mole

rxn
AS = + 14.559 gibbs/mole

rxXn

= =11.57 - 4.37 = - 15.94 kcal/mole

rxn . R

300°K

Thermodynamic values are from reference 59.
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VI. STUDIES OF KRYPTON (II) CHEMISTRY

“A.  Introduction

Only two éompqunds of krypton are known: ‘KrF, and Ker-ZSbFs;
' | 63-65 |

The difluoride is thermodynamically unstable’> °° and decomposesfaboﬁe.’

-60°. However, the adduct with antimony pentafluoride was reported by.
its discoverers66 to havé'greater stability, melting with decomposition

at 50°. The salt formulation KrF+Sb2Fll'bseemed possible for this com-

"pound, in light of the crystal s;ructurel4_of its xenon ahalogue,

.‘ . N . . 5 . + ',.V —_ . . . N
Xel', « 25bFy, which supported the formulation XeF Sb,F . 1f that were

the case, KrF,-2SbF; promised to have extraordinary oxidizing'capability

(see Section VI-D). The purpose of this study, then, was to prepare
“gram amounts of thé‘krypton difluoride, antimony pentafluoride complex,.

-determine its structure, if possible, and exploit its oxidizing potential

in chemical reactions.

B. Preparation of KrF,

The thermodynamic instability'of KrF, renders its synthesis diffi- -

cult. The initial preparations for this study were by low temperature

eléctric dischargé'of kryptoh and fluorine, according to thé proéedure

65'the'essential:apparatus for which is'

shown in Fig. VI-1. Extensive use of a nearly identical. apparatus
yielded small amounts of KrF,. Several modifications of the original

technique were made in an effort to increase the efficiency and lower
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‘the cost of thé opefation. vAttack'by Lhe fluoﬁine on tﬁeuéléctfodéé
B and'on'thé'Pyrex éell iésélf was Severé;: A1dis§Hafge ﬁeii-With feplacé;. 
_able copper eleétrodeg wés‘thé greétest improvemént; permitfing:maﬁy
.hdurs_éf'opération'before etching of thé Pyrex neéessitétéd the building'
bf a new unit. vTo méke‘them replaceablé, thebelééfrodeérweté.seéléd
through’Swagelobk fiftiﬁgé pfovidéd with Teflon ferruleé;vrather than
vsoider éonneétiéns as in the originél’épparatus.
| As sﬁowﬁ in-Fig..VI—Z, a knife—édge and indiuﬁ'metgl ring were
‘employed to seal the eléctrode'support té.the Pyrexvce1l. ‘A‘serieé
arrangement 6f.tWorsuchﬂhQrizontal'diécharge'tubes received the-moét
.use, the:electfodes béing replaéed,every feﬁ dayé aé necessitated-by
instabiiity of the electric arc on the cbrroded surfaces. A varietyvof:
electrode tip shapés were tried, iﬁcludingrconés;‘hemispheres, and flat
surfaces; fhe'flét.surfaces seemed to be best. 'Nickel plated eleétroaes
were more quickly renderedAinbperable than unpla;édvcopper ones. The
final quification (Fig. VI—3);'promptéA by the obsefvatipﬁ‘by Faltoner67
that vertical diécharges Yielded more KrF, tﬁan.hofizontal ones, was
" the eaéiest fo diéassemble for electrode exchange, but was not used eﬁougﬁ
;d'alléw a'qﬁantifatiVercompéfiéoﬁ to the hdrizontél arréngemeﬁt.  |
Regardless of all the-efforés tolimpfove and chgépen the ﬁanufac—v
ture of the syétem, the electric dischargé techniqqe femained‘inéffiCient;
~and unsuitéble for producing largelenough quantitiés o_fKrf‘2 (of the
crder of 055—110.gm) for macroscobic chemicai reaétions. The proton -

bombardment technique of Mackenzie68 was, therefore, employed.
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The apparatus for proton bombardment is shown in Fig. VI-4. The

2 liter aluminum can was filled to a pressure of‘2'atmospheres with a

- 1:1 mixture of fluorine and krypton, and exposed to a 10 MeV stream of

protons from the 88-inch cyclotron. A high liquid nitrogen level about

- the copper straps was maintained throughout the 1-6 hr. bombardments by

an automatic filling device. This kept the temperature of thé reaction

can at -130°. A television monitor inside the cyclotron cave allowed the

pressure to be observed during the bombardments. As the gaseous reac-

tants formed solid KrF,, which froze to the sides of the can, the pressure

22

' steadily dropped. After the termination of the bombardment, the can was

returned to the vacuum system where unreacted gases were removed under

vacuum. Only thgn‘was the liquid nitrogen removed from the cooling

" straps, ‘and as the can began to warm.slowly, the products were removed

under dynamic vacuum and collected at -196° in a storage trap. The

~ sublimation of solid KrF, began at ca. -50°. Pumping was continued until

the can reached room temperature, a matter of 30445vminutes, a time suf-

ficient to insure collection of all the product. HF and any other

volatile impurities were femdved undér'vaéuum at f78°3 the teﬁperature
at which the KfF2 was stored. Yields from this'prepération were never
as high.aS'thenrepofted one gram'pér H0ur of irradiation,68_bﬁt of the
order of one—fodrth to Qne;half of that. Cost wés the'resfricting

factor of this technidue, being $lSQ per'hdur‘of.cyclotron time. This

synthesis provided material for the reactions described below. '
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C. Preparation and Characterization of KrEz-ZSbFs

| The 1:2 adduct 6f.KrF2 and SbF . was most then_pféparéd in the

" Kel~F. or quartz grapviﬁ_which thé‘KfFé.was storéd; minimizihg decomposi-
tioh'of the KfFZ thch occuféTWhil¢ transferring it.v_QuArtz is preferred
“over Kel—F;‘as the krypton—cohtaining cpmﬁoundvcraCKed Kel~F contaiﬁgrs .
on occasion. The prepafation of KrFé4ZSbF5'réquifed'pafticularlybdry
SbF.. After repeatéd vacuum distillations, as a fihal purifiéation the
'SbFs wasvdistilled onto XeF, at —196°,.thén warmed to roém teﬁperature.
The SbF; in excess erf the Xer-ZSbF5 whichlforme& wés thén'diStiiled'b

~onto the KrF

2+ The bottom of the reaction vessel, containing the KrF,,

was held at -1966 while the SbF5'at tﬁe top ﬁeltgd and was allowed.to

run down pnto‘the KfFZ. The liquid nitrogenbwas'fﬁén removed, and aé

the veséél sileyfwérmed, a:reaction Qas seen Fo Qccur; as evidenced'by

bubbling énd formation of a white mist above the_solution. The exceés
SbF was removed at room temperatUre undef the'beét.dynamic vacuum
available, as the complex in Sng solution ié less sfable thgn when
isolated andrfree qf éolvent; " The white $olid which remainéd'Was subject—
ed to an:additionalthur'of pumﬁing (afte? it was appareﬁtly ffeé éf_:
SbF,) tdvinsuré ﬁémpigfe‘féﬁoVél of.the solvenf." _

| The forhﬁlation of the éomplex so prepared as'KrF+Sb2Fli_ is ‘VM,.

" based on the Raman specfrum'(Fig. VI-S)'and X—fayipoWder pattern (Fig.

VI—6).v Thebremarkabig:similarify to’XéF+Sb2Fll”istr6ﬁgly suggests that. :,
the compounds éreiisostructgral. The Raman spectfum waslekéited by fhe

1

He-Ne 6328 & line at 100 mw, andvshowé the Kr-F étrefch at 626 cm™

(c.f., Xe-F in XeF+Sb2F11“ at 620 cm'*), a value in close agreement withrv
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620 cm'l,:the value calculated by Schaefer§9 for the XKrF' ion. Tt has

not been possible to index.the'powder pattern on the basis of the mono-

. + ~ v
clinic cell found for XeF Sb2F11 , but the similarity (Fig. VI-6)
from that of the xenon compound.

D.” Energy Considerations

+ : : ~
The KrF. ion promised to have considerable oxidizing capability,
as illustrated by the thermodynamic cycle bélow_(values in kcal mole™?).

f + .
The electron affinity of KrF 1is seen to be the ionization potential

of krypton, less the difference in bond energy between_KrF+'anderF.v

This difference is not expected to be greater than 40 kcal, so the

“electron affinity of KeF ' is, therefore, at least 280 kcal/mole. Further-

. + _
more, a species oxidized by the action of KrF 1in the salt KrF+SbéF11
is likely to be stabilized by the very strong anion szFll-; making

this salt additionally attractive as an oxidizer.

KrF < — KrF+ + e
B.E. (KrF) < 12 (ref. 64) ] BB &eFT) = 38 (ref. 70)
Kr +F ——> Kr +F +e

1 (ke) = 323
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' RS T -
E. Reaction of IFs with KrF Sbs;F;;

The oxidation of IFsltO‘IFjdis'one'which is,easily_accomplished;
by fluorine itself, under'moderate conditions of temperature and pres—
“sure. IF, salts are well known and are readlly 1dent1f1able by Raman

71,72 . . . . '

spectroscopy. " Therefore it seemed instructive to 1nvest1gate the

. N v . N R : | ‘ : v
interaction of;vI,F5 with KrF Sb,F,, , as a simple verification of the
energy considerations and a preliminary experimental probe into the

‘techniques which such systems would require. Equation (1) was the

anticipated result:
' 4 - T+ o . ' :
IFg + KrF Sb,F, | > IFg Sb,F,;, + Kr .“(1)

The reaction was carried'out in 'a Kel-F trap, in whichfa few hundred
milligrams'ofbthe'salt had been placed. Suff1c1ent IFg (2-3 ml),
established to be free of IF,, was distilled into the trap to serve as
a solvent as well as a reactant. Interaction of the two compounds'Was!
'seen to occur at. approximately —20°, as the 11qu1d IF, runnlng down
the sides of the’ trap, came into contact w1th the solld KrF Sb F

As 1nteract10n occurred krypton gas evolved and the solld changed in
vvappearance; When gas evolution had ceased the excess IF5 was'removed
under dynam1c vacuum at rcom temperature, and a Raman spectrum of the

rema1ning solid: established the presence of the IF species;'vRaman

characterizations of the malts IF, SbFG_ and IFé sz'Fv“-T have still not

‘been reported and were not made in this study. We are.therefore unable

. ‘\/?‘
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to identify the productvunambiguouslyvbut we,aré sure that the'cation

-species 1is IFS . .This was sufficient for the purpose of the experiment.

F. Reaction of BrFs with KrF SboFi;

. It seemed possible that Kr'F+ (in the szFll— salt) could oxidize

' ' . + . . .
BrF, to form the new species BrF; . The reaction was carried out in a

manner identical to the IFg reaction. The KrF Sb,F,, dissolved in the .

BrF., accompanied by bubbling of the mixture and a clear solution was

vevehtually obtained. Whén the BrF5 was removed under'vacuum at room
temperaturé, a white solid remained; which was identified by comparison
of its Raman ‘spectrum with that from an authentic sample, as

. S : :
BrF, Sb,F,, (ref. 13). The acid-base reaction

. + Do i . . . _ .
BrFg + KrF Sb,F,,” > KrF, + BrF, Sb,F,,”  (2)

took preference over :he’oxidatiqn—reduction:reaction, and presumably

the displaced KrF, decomposed upon warming.

G. Reaction of CIFg with KrF SbyF;;” and Related Reactions -

3

+ - L . o
ClF.  (in the PtF salt) has been prepared by Christe, et aZ.,7

through the use of ultraviolet excitatidn. Their products are nqtapufe,

'however, and the oxidation of ClF. with KrF+szFli-'fo give a pure

product, C1F6+Sb2Fllf seemed hopeful.

. The reaction was‘carriedvout similarly to the iFs and Bst reactions,

‘using quartz and sapphire reaction vessels. ‘Reactions of KrF,, CIF, and
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eithef PtF;'or'SbF5 wére al$o'£riéd; in'thch'néafiy7§£diéhi5métric'
amounts of thé'threé.feactantg_ﬁere aistilled into ;hé reacﬁién Vessélv
éndearmed tb réom:;emperaturé'tbgéﬁher;, Tﬂése.eXpérimgnts éfe tébu-'v
la£ed be16QV(TabiéiVI—l). In no case were the Raman bandsrassighé&
.by Christe73jt6.leG+.seen iﬁ the solid produéts. Attack on the reac- '

tion vessels, both quartz and sapphire, was Sufficientfto give oxygen

containing products; e.g., Cl0, . The presence. of ClF“+ in the reaction .

v : - + _
products_was indicated by Raman spectroscopy. .The C1F, species was.

also an idehtified product. These observations are in harmony with

»Passmore's74 failure to prepare ClFS+ and -C1F, from the interaction of -

Cng with IrF_ . " The only identified solid product from the léttef'

‘ o + - : i S
reaction was determined to be ClF, IrF, . The reaction of ClF_  with
KrF szFl_1 seems to be similar to that of BrF5 in that a displacement

reaction occurs:

ClF, + KrF'Sb,F,,~ + KrF, + CIF,'sb,F = (3)
Table VI-1
-reaction identified ¥ S
- 5 o o comments -
vessel - products S
T S - - - ' :
1. C1lFg + KrF Sb,Fy, : ~ quartz c1o, dark blue
o ' ' . : o " . dintermediate
2.  ClFs + KrF SbyF), sapphire Ccl0, - - product decom~
‘ : : RS : - posed at.room -
+ . .
C1F,’ tgmperature'
3. KrF; + C1Fg + SbFs ~ quartz cir,t
| - c1F," |
4., KrF, + ClFg + PtF, ‘quartz . none possible leak;

in apparatus

o .. i q..
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H. Reaction of XeOF, with KrF Sb,F;; and Related Reactions

The XeOF, molecule was chosen as a likely spécies.for oxidation by

RrF Sb,F,, .. As with the halogen pentafluorides, its pseudo-octahedral .

fgeométry'leaves,a non-bonding pair of electrons -exposed, and its iso-

electronic relationship'to_IFs.was encouraging,»in light of the oxida-

“tion inthat'cdmpound; The oxidation of XeOF, to\XeOst might provide

VIII oxyfluoride, XeOFG.

Thevexperimeﬁts.wére carried out in the éame'manher‘aé'with IF;.:
and afe‘tabulated bélow,(Table.Vi—Z): A small‘aﬁoﬁﬁt (’szo_gm) of |
Krf+SbéF1if.was placed in a'Kel—F or quartz trap. XeOf“ was distilled'
info the trap at -196°, then warmed ana alloﬁed fq ruﬁ»down the;sidesiof
thé trap oﬁto the KrF+Sb2F11—; Upon’contact of the reactants, ‘at ca.

-10°, a yellow color appeared, coinciding;With bubbling and agitation ‘

- of the reactants. The reaction proceeded differently from this point is

the two instances it was carried out, as indicated in Table VI-2. In
reaction 1, only enough XeOF, was used to cover the KrF Sb,F,, , i.e.,

only an approximatelyVstoiéhiometric amount of XeOF, was present,

not enough to dissolve the krypton salt.'vThe product of this reaction;
'fA”, was a yellow solid. The Raman evidence on "A" indicated that it

' T o )
_ was a mixture of XeOF, SbF, , KrF SbF; , and O, SbF.." This mixture was

redissolved in anhydfous HF in a Kel-F tube to form a'clear; yeliow o

solution. The HF was removed under dynamic vacuum at 0° and aVYellow

' solid remained. In experiment 2,Vsufficient XeOF , (2—3-&1) was used:td”

o ‘ N + _ -
serve as a solvent. The KrF S$b,F,, dissolved in it to form a clear,
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Table'VI;Q

l.‘ XeOF, + KrF ‘szF11 - - , approx1mately st01chiometr1c
_ " XeOF, = .
mixture "A" (see text)

"A", recrystallized from HF* -

..|.' -—
XeOF ;' Sb,Fy,

2. XeOF, + KrF Sb,F,, ~ excess XeOF, as solvent
. _ .
XeOF . Sb,F,,
3. KrF, + AsF, + XeOF, - - approximately stoichiometric
' ey L : " quantities condensed into a quartz
" XeFg AsFg o trap; yellow solution, but a '

colorless product

4. SbF, +vXeOF; + KrF, > "~ . approximately stoichiometric

n v . .quantities condensed into a quartz
- XeOF, SbF¢ . o trap in the order indicated '

Care Had been taken to remove'water'from thistF'by fluorinating thé'
material supplied by Matheson with gaseous F,.

yellow sblution'wﬁichlleft a yelloW solid upon removoi of‘thévexcéss

-XeOF , uﬁder_vacuum. " This product and the fiqal produot:of'roacoion'l

gave identic31 X—ray powdef pattefnsi(Table VI—Sjvaﬁd Rémah opéctré.'vv o vv?f
“(Fig. VI—7).’ On the basis’ of subsequent studies (see below), mixture . -
= "A" was identifled as XeOF Sb F ., - Reactions 3 and 4, involving

¥KrF, rather than KrF+ as the potent1a1 ox1dizer yieldéd fho‘XeVI"

compounds 1ndicated w1th no oxidation occurran.
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Figure VI-7 compares the Raman spectrum of XeOF., in XeOF; Sb,F, ,
with that of its isoeleétronic rela;ivé IOF5. The dotted lines connect
bands of the cation to their related IOF5 bands;’the other bands'in the

. _ | 7 . - . -
XeOF, Sb,F;, spectrum are assigned to the anion. " Bands due to 02+SbF63

+ - . e e . N o .
- and O, Sb,F |, impurities arising from oxidation of the quartz reaction

- + . ) . e
" vessel, have been deleted. 1In XeFy; certain of the v(Xe-F) bands are

73 This effect is also seen for the

at lower frequency than in IF,.
XeOF5+, IOF 5 pair. Ligand'crowding of the highly charged;#enon-(VI)-
énd.(VIII) species may account for these stretching fréquency anémolies.
The remarkaﬁle étabilify Of.XeOF5+Sb2Fr1"(m-p. = 7Q°, no depbmpOsition)
is in Accord with the predicted pseudp—bctéhedral_géometry 6f XeOFS+

and the previously noted stability apparently assccia;ed with species of

such geometry.

Table VI-3

Raman Spectrum of XeOFS+SbéF11~

C918 (10) v (Xe=0)
686 (40) S v (Sb-F)
665 (40) . u(sbR)
615 (100) . - . y(Xe=F) o
572 (40) . . v (Xe-F)
538 (30) " y(Sb-F)
515 (5) L o w(sb-F)
405 (5) .~ §(Xe-F) o
368 (10). . § (Xe~F) |
310 (4) o § (Sb-F)

290 (15) , ‘ - 6(sb-F)



In an attempt tobprgﬁaré XeQF;, CQF,and.XgOstSSéF;l~>§ére‘hééted  -
‘-together'ih é quarté tube tQ 75°. No :eagtion'or”yolatiig products

were obseryed, The presence>%n thé_rgmgihing solid bf a species poﬁ-
taining-XQnon—qugen_bondsbwaé ipdicéted by its Raman spectrum. Ihi§3.

implies'that:the XeOF7-'may be a very stable anion.

i._ Pféjéctiohs;‘
The KrF+Sb2F11— .has broven itSelf as aﬁ extraOrdiﬁary oiidizer;
| Indeed, uﬁdér the.pféper conditions the KrF+.sﬁeqies méy be'éapabié of
oxidizinngrF5 and CiFs, as well as othef uptriéd compounds. KrF+Pthf
should be prepafed from KrFé aﬁd’Pth. Sinéé'Pth is a weaker Lewis acid -
than SbF., one might avoid tﬁg acid—Base displacemént reactions tﬁat’ |
occufred in this study.

XeOFS+Sb2F11f should be preparedvggéin and morgnfully cﬁaractérized.
A'ISF.m.n.r. speccrﬁﬁ_in.Sbfs_solution‘would demonstrate the C;v s&mmétryw'
of fhe catidn, énd an Xfray'crystal.structure detefminétion woﬁl&'provide,
véluable'ﬁondiﬁg infotmafion.. | |

Further atﬁemptS'fo displace XeOF ¢ in:éfsuifablg solvent wouid bé:

of great interest.
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Figure VI-1. Diagram of original apparatus used for the preparation of

krypton difluoride by the electric discharge method.

A Polychlorotrifluoroethylene container for the collection and stroage

of the compound, attached to the glass apparatus by compression
-fittiugs - | ‘
B and C: U-tubes of Pyrex glass with break seals
D: Electrical discharge reactlon vessel made of Pyrex glass (dia., 60 mm),
| height of wide portion, 200 mm).v Two cqpper_dlsks of 20 mm. diameter
and 5 mm thickness, spaced 75 mmvapart, serve as electrodes;' The

leads to the electrodes are silver soldered into Kovar to glass seals.

"E:  Valve manifold to convert push-pull operation of magnetic pistou

pump into unidirectional gas circulation as indicated. Each indivi-
dual valve consisted of a 10-mm glass tube ground flat at the end
protruding into a wider tube and closed with a thin square piece of
glass held in place by grav1ty Applicatlon of a small pressure head
from below (0.1 mm) - permits gas to flow upward : wanward flow is
1nhib1ted by the closure of the ground end of the glass tube by the .
square piece of glass. Arrangement of four valves in the way 1nd1e
cated in the figure permits use of the pumping action of -each. half
stroke .of the piston. ' o ‘
Magnetic piston pump after Brenschede (@)
Pistqn of pump suspended from stainless steel'spring.

Solenoid.

Vi, V2, V3¢ Monel valves.. WIth the reaction in progress valve l is:

kept closed while valves 2 and 3 are open. During the pur1f1cat10n

and sublimation of the product, first to tube C and then into tube
B, valves 2 and 3 are closed to separate the pump from the rest of d

the system, and valve 1 is open' to establish a connection to the

vacuum line,

(a) W. Brenschede, Z. Physik. Chenm. (Leipzig) Al178, 74 (1936~37);
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Gos flowin out

Swagelock L
fn?hng— —Electrode

Teflon f'errules. '
—~——_ I3 In metal

Knife & S— in groove
edge "

/.cP . . K .
fﬁﬁV//;/J ZFiberoloss '
Pyrex L‘p B _{] ) D._‘ .

Section A -A

. S . .. XBL735-6034

Figure VI-2 Electrié'discharge’apparatus for KrF, preparation,
with horizontal»dischérgé and removable electrodes.

Section A-A shows indium metal seal.
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Gas flowin fittings ?df
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Figure VI-3 ﬁleétric'discﬁarge apparatus for KrFé'pfeparatibn, with
| vertical discharge and'removabie electrodes. The upper
electrode iéasealed with teflon ferrﬁles through the =
ﬂétaihless steel:plate,‘which is sealed to the Kovar with a’
2" teflon O-ring. The lower electrode tip mayvbe removéd

and replaced with tongs.
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Figure VI-4 Proton bombardment apparatus for .Ksz preparation. o
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(a)

(b)

Figure VI-6

X-ray powder diffraction patterns of (a) XeF+Sb2F11— and

See Table VI-4 for a listing of the diffraction lines.

XBB 735-3139

+ -_—
(b) KrF Sb,F,, -
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'1,661 ' 3623 -

_79;
' Table VI-4

. o . + -
‘X-Ray Powder Data for KrF Sb,F,,

O

o .

ak . 10* e R
5.844 © 293 7.
5.651 312" 1
5.052 392 4
4.550 482 9
4,095 596 L2
3.897 658 8 ()
3.735 716 10 (b)
3.560 788 3
3.478 827 3
3.277 931 2
2-928_ 1165 1
2.831 1247 2
2.350 . 1811 4
2.257 - 1962 1
$2.205 2057 2
2,182 2099 1
2.088 2293 2
2.049 2382 5

1.991 2523 1
1.955 2615 3
11.880 2827 1
1.831 - - 2982 1
1.783 . 3145 2
‘1,740 3301 2
1.696 3474 2
3

®



" Table VI-4 (continued) .
ak

~1.634 -

1.596

- 1.527

1.496
" 1.450

80—

10* 1/42

3744
3921
4283
4468
4756

g

I/I0



X-Ray Powder Data for X‘eOFs+

ak

8.399
5.937
5.086
4.693

4,364

4.125
3.937
3.767
3.582
3.369

3,259

3.129
2.910
2.811
2.744

2,649
2.534 -
2.348

12.299

2.202
2.141

2.066
2,021

1.965
1.882
1.854
1.823

-81-

Table VI-5

10% 1/42

142
284
386
454
525
588
645
705

778 .

880
942
1021
1180
1266
1328
1424
1558

1814

1891
2060
2182
2341
2448
2590
2822
2911
3009

Sb,Fyy

I/I0

(vb)

(b)
10 (b)

e T T R N A R T R I S



d &

1.787°

1.743

- 1.686
1.642
1.598

1.561
1.532

1.422
1.404°

1.353

?82;

Table.VI—S (continued)

- 10% 1/4?

3130
3292
3518

- 3710

13916
4106
4258
4947
5075
5460

I/1
(o]

N H N NN W RN W N W
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