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Abstract “> ' K

-

With improved syntheses of the 0-IF,40- group

~

‘precursors, HOIOF4 and I0,F3., an extensive derivative chemistry

of the O=IF40- group has begun to emerge. The xenon(1l1l)

derivatives, FXeOIOF; and Xe(OIOF4)p, have becen shown by their

solution 19F and 129%e NMR spectra to result from the reaction

—

between IOpF3 and XeFp in SO,ClF, CFClz and BrFg5 solvents. The

covalently bonded 0O=IF40- groups are shown to be equilibrium

i < .
mixtures of their cis- and trans-isomers and.-are oxygen bonded

2

to xenon. The solid derivative,”cis, cis-Xe(0lUF4),. has been

~—

isolated from the acid displacement reactian-bethen Xe{0TeFs)2
and the stronger protonic acid mixture cis/trans-HOIOF4 under
neat conditions, or in CFClg solvent. A mixture of the cis-
and trans-derivatives of FXeOIOF4 were prepared by the

~

stoichiometric reaction of IO0,F3 with XeF, in anhydrous HF,

followed by removal of the solvent under vacuum. ‘Both cis/

trans-FXeOIOF4 and cis, cis-Xe(0IOF4), were characterized by

—

19r amd 129xe NMR spectroscopy and low-temperature Raman

-

spectroscopy. A comparison among 129Xe NMR chemical shifts for
mixed Xe(II) derpivatives., F4q0I0Xe0SO,F and F4010Xe0OTeFg has
resulted in an effective group electronegafivity order -0SO0F >

trans- O0=1IF40- > cis- 0=IF40- > -0TeFgs.

-

The thermal decomposition reactions of FXeOIOF4; and
cis, cis-Xe(0IOF4)2 have been studied by 19p NMR spectroscopy

and Raman spectroscopy. In the latter case, the novel 0=IF40-

<
derivative, F40I00I0F4, has been prepared by the controlled

<«
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thermal decomposition of cis, cis-Xe(OIOPy), as weil.as from

the regction of 10,F3 and KrFp. and characterized by 19F NMR
- - . .

spectroscopy and'Rgman spectroscopy.
Higher oxidation state derivatives of,xpnon werc, until

the present work, known only for -0TeFs. The 0=IF40-

hd -

" derivatives, F3XeOIOF4 and 0XeF30I0F4, have been identified by -

129%¢ and 19F NMR spectro;copy as the products of the insertion
reactions between IOpF3 and Xe?4 and XeOFé. respectively. In

,;dditkon. the mixed Xe(VI) derivatives, OXe(OIOF4)x(OTeFs5)4q-x.
gpulting from the reaction o't‘ HOIOF4 with OXec(0TeFg)4. have
been identified in situ by 329Xe NMR spcctroscopy. The solid .
product isolated from the neat reaction of'HOIdF4 with
OngOTeP5)4. has been shown by 129%¢ NMR mbéctroscopy in
solution énd Raman spectroscopy-in the solid staté. to consist
of a mixture of cis- and’trans-isoners of the novel Xe(VIII)
derivative, 03Xe(OIOF4)x(OTeFs)o.yx.

- ot

Preliminary evidence obtained from Raman spectroscopy

—

as well as 118 and 125Te NMR spectroscopy. suggests that novel

O-IF40- derivatives of boron, mercury and tellurium have also
Q .

been formed.
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CHAPTER 1

INTRODUCTION

-+

(A) HISTORICAL

Although the nob;e—gases h;é been kﬁown for more than
50 years prior to the discovery of the reactivity of xenon in
1962 by Neil §. Bartlett, their placement in Groﬁﬁ 8 {(Group 18
under fﬁe recently sanctioned I.U;P.A.C. revisions to the
peri;dic table) did not occur widely until geheral acceptance
of noble-gas reactivity was gained. During’?he who{e period
1895-1933 aftér -the discovery of argon by Ramsay and.ﬁgyleigh
(1) in 1895 (Ramsay provided Moissan with about 100 ml_of the -~
gas so that he could react {f with fluorine which Moissan had
isolated in 1886), the iyth of chemical inertness of the
noble-gaSES‘was not all-powerful, as numerous attemp;s at
making compounds of the noble-gases show (2-7). It is only
Jéfta; Yost and Kayer (8) reported failure to form'a ﬁenon
fluaride in 1933 using‘é digcharge‘method which, some 30 vears
lateﬁ; was showp to work in the hqnds of other experimenta-
lists; and the attendant loss of falith by Linus Pauling who
helped instigate the Yost and Kaye experiments at Caltech.‘
that this myth ascended into a rigid dogma. No doubt.

Pauling's influence and his becoming interested in more

biclogical quests had a lot to do with thHis.
~ -

-

“;



In other terms, the octet rule was not seen as a

deterrgnt to the existence of noble-gas compounds until the
mid-1930's. ;n fact, the.famous "The Atom and the Molecule”
paper by G.N. Lewis, with the octet theory.,. dates back to 1916

and Irving Langmulr's concept of- the atoms as made of

concentric electronic shells appeared in 1919. However, a

-

paper by W. Kossel {(9), also published in 1916, argued from the
standpoint of a'stable configuration of eight electrons, but
could also make, iﬁ the iame pgper. the predietion of genon and
krypton fluizides. In the 1930's there was gcne}al ﬁcceptudCe
by chemists of modern elgctronic theories of the aigm as the
basis for the periodic table. After 1933, when Linus Pauling
himself started to assert the inertness of the noble-gases, the
octet rule became entrenched and it became the comman lot of
the noble-gases to be allocated to Groub 0 of the per{;dic *\
table. What history shows is that the myth of chemical

inertness of the noble-gases was not in full force untTl
- .

recently, when for instance. Neil Bartlett feared ridicule from

his colleagues 1In the department and from his studerts (10},

-

The remaining episode is well known. After reporting
that PtFg oxidizes 0 to 0%, forming [Op]"{PtFg]”™ (11.12)"
Bartlett (13) surmised that a similar reaction should occur
with xen;:: since the firsY jonization potential of xenon (1170
kJ mol-1) is less than that of oxygen (1176 kJ moi;lj. The

reaction of PtFg vapor and Xenon gas at room temperature

yielded an crange-yellow solid initiglly Teported to be
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Xe*[PtPg]l~ and was summarily communicated (13). Within moﬁths
of the discovery of this first true coﬁ%ounq of xenon, the
binary fluorides XeFp (14-18), XeFy (19), XeFg (20,21) and KrFj
(22L;gere réported by other workers. The immediate
der}opmenté in noble-gas chemistry which followed these
initial reports have resulted in the preparation of three
binary fluorides, two oxides’apd five oxide fluorides of xenon,
krypton difluoride ahd a fluoride(s) of radon. Much of this
earliér work has been summarized in a number of comprehensive
reviews on the subject (23-35). In addition to simple
fluorides, oxides and oxide fluorides, a number of derivatives

have been prepared as ionic complefes. molecular adducts or

which contain pseudo-halogen type ligand® of high effective

‘group electronegativity.

{B) NOBLE-GAS FLUORIDES, OXIDE FLUORIDES AND OXIDES

(i) Xenon Fluorides: Preparation and Properties -
Xenon difluoride can be prepared by one of two routes.
The first route involves the photolysis of equimolar quantities
of Xe and F with ultra-violet light froq\either a mercury arc
source (56) or from direct sunlight (37). Alternatively, XeFp
is prepared when mixtures of Xe and Fp, in the ratio 2:1, are
reacted at high préssure and femperature (38). The_XeFy formed
is a colo;less. crystalline solid (m.p. 129°C) which has a
vapor pressure of 4.6 Torr at 25°C (39). Yib;étional analysés

have shown that the linear molecular structure is present in
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beth the solid and vapor étate. Xenon difluoride dis;olves.in’
._yater to the extent Jf_zs g dm-3 at 0°C fqrming:solutlons -
which are marginally stable (haif;life = 7 h) ;n the absence of
base. In base, h¥drolysis is instantaneous (40). Aqueous XeFy
is a powerful oxidant (E® =l2.é4.v). oxidizing Ag(l}) to Ag(IIl),
Cé(IIi) to Ce(IV) and even bromate to pefbromat@ (40-42).- In
the case.of [BrOg]~. its p;eparation bQ qxidaﬁion of [BrOg}~
with XeFp forms the bésis for the first~;ynthesis.of this novel
anion (40,41). In base, XeFy oxidizes xe{vﬁ) to Xe(VIII) (42).
Xenon tetrgfluoride is_best prepared by heating a 1:5

mixture of Xe and F3 to 400°C under ca. 7 atm. pressure for a

-

»

one-hour in a nickel <an (43). Thé.XeF4; IIKe XeFp, 5 7
colorlessvcrystalliné solid and has a squa;e‘pluhar molecular
geometry (Dgphp., AX4Ez arrangement of lcnélpairs and bond:puirsl
in both the solid and Vapor states. The solid has a'melting
point af 117°b'and a.vapor preséure'of 2.5 Torr ai 25°C (39).
Xenon tetbafluoridé is rapidly hydrolysed in water. vielding a
variety of éroducts which-include Xéos (&;,45)..'

Xenon hexafluoride is preparéd as a pu}e compound by
the heating of 1:20 mixtures of Xe and Fp. respectively. at
250 - SOO;C foF'ls hours under 50 - 60 atm. pressure (46). The

XeFg formed is a colorless, crystalline'solid (m.p..49.5°C)

with a vapor pressure of 27 Torr at 255C_(39). In the melt and

vapor phases, XeFg is yellow to yellow-green. The structure of
, . CS - .
XeFg has been the subject of controversy since its discovery in

1963. In fhe.qrystalline state, at least four dif}érent phases
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of XeFg are known {47). The basic structural unit in each
phase, however, consists of [Xer]+ ions {C4y symmetry) bridged
by F~ ions. Three of the phases are tetramers, f(Xer*)F']4.

wh}le in the fourth, the unit cell contains 24 tetramers and 8

o

hexamers [(Xerf)F‘]s (48). Electron—diffract;on studies of
XeFg vapo} are consistent with the predictions of the valence
shell electron~-pair repulsion (VSEPR) rules (49) and a

distorted octahedral arrangement of éix fluorine atoms and one
non-bonding lone pair around the central xenon (AXgE) (50.51).
The hydrolysis of XeFg is extremely vigorous, yielding either

X50F4. XeOpF; or XeO3. depending on the quantity of Hp0 used

(42.52,53}).

(ii) Xenon Oxide Fluorides: Preparation and Properties

There are five xenon oxide fluoridés presently known:
XeOF,, XeOF3, XeOpF2, XeO3Fz and XeOpF4. While all five oxide *

tfluorides have been well characterized, it appears that only

—

XeOF3 is thermodynamically stable {(AHg® = -25.1 kJ mal~1}
(54-61). s VAN

Prior Qo the isolation of pure XeOFp in 1977 (60),
evidence for its existence had been reported on two previous
occassions (45.62). In neither case, however, was the compound
-isolated in a pure state nor was any evidence for its structureé
given; Xenon oxide difluoride was first prepared in pure form

by the reaction of finely divided XeFy with water, in HF

solvent at low temperature (60). Thé Raman spect?um recorded
. q



on pure XeOF, was consistent with monomeric units of Chy

symmetry (AXgE arrangement) (60). Xenon oxide difluoride is a
light-yellow solid which decomposes explosiveély Jt'ca. 0°C.

- Xenon oxide tetrafluoride can be prepared by the p

. : - - 4
partial hydrolysis of XeFg (63), by the reaction of XeFg with f

either glass (63) or silica (20), or by thg_ggﬂ&;}on of Xefg

with one mole of water in HF solution (53). The épmpound is
. |
colorless in all physical states, low melting (-46.2°C}),

volatile (v.p. {25°C) = 35 Torr) and stable with respect to
»

decopposition at room temperature (64). Its structure 1is
»

consistent with monomeric-.units [AXsE arrangement) having Cgy

symmetry.

Xenon'dioxide difluoride has been prepared by the
-reaction of XeOjz with XedF4 (65) or by the interaction oi a 2:1
molar ratio of water to XeFg in HF solution (53;. The .
colorless crystals of XeozFé (m.ﬁ. 30.8°C) have a volatility
between that of XeO3 and XeFp (65) and are mildly shock
sensitive (AHg® = +234 kJ mol~l (61)). The structure of
XeO,F, has been shown ﬁy Kaman spectroscopy and 19 NMR
spectroscopy, to ctonsist of ﬁonomeric units (AX4E arrangement)
having Cay sy;metry {53) as predicted by VSEPR rules (49).

‘Xenon trioxide difluoride is best prepared by the
reaction of XeFg with Xe04-(66.67). The pale-yellow crystals
of XeO3F, are volatile at -78°C and are reported to melt at

-54.1°C. Raman and infrared spectra, acquired by matrix-

isolation techniques (67), are consistent with the Dap symmetry
. |

-
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(AXs arrangement) predicted by Gillesple (68).
Xenon dioxide tetrafluoride, XeOzF4, has been reﬁorted

S .
with XeO3F, in XeOF, solvent (66,69) and has been characterized

as the product obtaineﬂi}n low yield/from .the reaction of XeFg
by mass spectrometry. The structure and stabilityhof XeO0yF4 is
of particular interest since the isoelectronic [I02F4]” anion

is known to exist as both a cis- and trans-isomer and to be

very stable (Section D}.

(1i1) ‘Xenon Oxides: Preparation and Pro§erties

There are presently two neutral,kenon oxide species
known, XeO3 and XeO4. Xenon trioxide is formed in the

hydrolysis of’ XeFg, XeF,, XeOF4 or XeOpFp as cited earlier. It

can be obtained in pure form from the hydrolysis reaction, by

removal of water and HF under v;cnum {70). It is, however, a
powerful‘explosive (AHg® = +402 = B kJ mol~l (71)) and shoulg
only be prepared by experienced workers. Pure XeOg3 i{s very
soluble ‘in water, fﬁrming stable, yet powerfully oxidizing.
solutions. Xenon tetroxide is prepared by the reaction of
anhydrous sulfuric acid with sédium or barium perxenate
(61.72). The tetroxide is the most volatile xenon compound
known (v.p. {0°C) = 25 Torr). Xenon tetroxide vapor is i
explosive (AHg® - +622.2 kJ mol~! (61)) in high concentrations

at room tempegature. and in the solid state., may expiode

at temperatures as low as -40°C.

™~



{iv) Krypton and Radon Fluorides

-

Krypton difluoride cannot be prepared by direct

fluorination of krypton gas at high pressures and_temperaturesﬁ
as is the case for the fluoﬁ?&es of xenon (73). The high
ionization potenti&i of krypton i1351 kJ mol~l (74)) requires
the. use of low-temperéﬂtif.ipigh-enefgy methods (22.%;.76).
Krypton difluoride can be prepaEed by electric glow discharge
of Kr/Fp mixtures at liquid oxygen temperature (-183‘05 (22},

-

photolysis of Kr/Fs mixtures at liquid nitrogen temperatures
. ~/
{77.78) or by the use of hot-wire techniques (79). Krypton

difluoride is a white c¢rystalline solid which sublimesQ;éBdily
below 0°C, and at room temperature, ,has a ;apor pressurg“
estimated to be well above 100 Torr. The compound has an
estimated half-life of four hours in the vapor state at room
temperature, but can be maintained indefinitely at dry-ice
te@pquture (53). The mean thermochemical bond energy Iis
approximately 50 kJ mol~! (53}, whiéh in fact, is the lowest
bond energy of any fluoride. iﬂua extraordinary 1ow-temper§ture
fluorinating ability of KrFy is thus not unexpected. For
example, the krypton difluoride derivatives, [KeF]*[AsFg]™.,
[KroF31*[AsFg]~ and {KrpaFg]*[SbFg]™ are cahable of oxidizing
BrFg ta [BrFG]+ (80). a feat which the sfrong.fluorinating
agent, PtFg. is unable to achieée even in the presence of
unltraviolet light (53}. Krypton difluoride oxidizes Au metal
in HF to the Au{VI) species [KrF]*[AuFg]~ from which is

derived, upon pyrolysis. AuFsg (81).
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No krypton oxides or higher oxidation state krypton
fluorides are known at this time. * An early repd?f that KrFy4
was formed by-elecfric discharge of mixtures of Kr and F; (82)
Jhs later shown to be erroneous (22,83).

Radon~222 is the longest-lived radioactive"isotope of
Rn and is produced by th; decay of radium having a half-life of
3.823 days, decaying by alpha emission. As a result, all radon
chemistry is performed on the tracer scale. The first evidence
for a radon fluoride was oﬁtained when radon could not be
pumped from a nickel reaction yess?l after reaction with
fluorine at 400°C (14.84,85). The hydrolysis of radon fluoride
has been studied (86,87). Its behavior Is analogous to Krfp
and XeFy., which suggests the fluoride is RnFgp (86.8?)f- No
higher oxlidation state radon fluorides, oxides or oxide

fluorides are presently Known.

(v) Derivatives of Noble-Gas Fluorides and Oxide Fluorides

The chemistry of noble-gas fluarides and oxide

fluorides with respect to derivative formation is extensive in
comparison to other main-group fluorides and oxide fluorides: _
Whereas the vast majority of\examples are those derived from
xenon, krypton and radon derivatjves are also known. The
noble-gas derivatives can be conveniently dlvi@?ﬁ'into three
categories: (1) those formed in reactions of a noble-gas

fluoride or oxide fluoride with a fluoride-ion donor (2) a

fluoride-ion acceptor, and (3) those formed as covalent
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débivatives with ligand groups, other than fluorine or oxygen,

) hY
of high electronegativity. The examples included in categories

M

-

(1) and (2) will be dealt with only briefly here. Those\L——-::>
T . . - e

4eXagplg$sigbqat§g6ry (3) are considered in detail in Section

() ot Bilet crapter ..

R 5fhg‘f&ftifhat xenon fluorides and oxide fluorides form

- [T
.- .

catio@ig.kbéc}gs 1§:the presence of fluoride-ion acceptors is
we%l estabiished,f The reaction of 1:1.quantities of XeFy and a
Lewis a;id-pen;afluoride MF5 (M = As, S$b, Ta, Nb, Ru, O0s, Ir.
V) resuiié;iﬁ the formatidﬁ of ionic compounds of the general
form [XeF]*[MFg]~ (88-90) where the [XeF]™ cation forms a weak
covalent bond with the an;on (fluorine-bridge). In some casesy,
where an excess of pgntafluoride 1§ used, more weakly basic
polvanions are fofmed ({88,91.92), resulting in compounds of

the general form [XeF]*[MaF;;]~ (M = Sb, Nb, Ta. Ir, Os. Ru, ¢
Rh}. On the other hand, if excess XeFp is used. the V-shaped
fluorine-bridged cation [XepFg3]" (Czy) is formed (90.92-94).
Furthermore, dissolution of [XepFg]"[AsFg]~ in HSO03F solvent,
resﬁlts in the solvolysis and forhation of the unique ftluoro-
sulfate-bridged species [(FXe)2S03F]*[AsFg]™ (95}). Molecular
adducts are formed when Xefg is allowed to react with a .

' transition-meta! oxide fluoride., MOF4 (M = W, Mo), resulting

in the species XeFp-nWOF4 (n = 1-4) and XeFp-MoF, (96). In

all cases, the basic structural unit consists of a linear

F-Xe -- F-M interaction. It has been reported that when Xelp

or XeFy are reacted with CsF at high temperatures, an adduct
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of empirical composition 2CsF:XeFg is formed (97). This
result suggests the occurrence of disproportionaticn procesggi-
- 2

on heating the lower fluorides of xenon in the presence of CsF
to give.xenon(VI). These xenon{Vl) species would therefore bhe
best represented by the ionic formulation [XeFala‘. There are
no examples presently known where XeF; or XeF4y act as a
fluoride-ion acceptors forming [(XeFg]~™ and EXngﬁ'.qgespecti-
vely»‘

%enon tetrafluoride forms cationic complexes with only
the strongest Lewis acids. Bartlett et al. have reported
that XeF4 does not form stable adducts with either AsFg or IrFjy
1ﬁ bromine pentafluoride solution (98) or with RuFg (889).
Xenon tetrafluoride does, however, react with SbFs to give
"complexes 'containing the [XeF3]* (Czy. AX3Ez arrangement)
cation weakly fluorine bridged to the counter-ions {SbFg]~ or.
,-[SbaFy311~ (100-105). In addition, XeF4 forms a 1:1 and 1:2
adduct with the more weakly aclgéf acceptor BiFs in which the
fluorine bridge interaction between [BiFg]~™ or [BisF3;]  and
’[XeF3]+ is substantially stronger than in the antimony e
coapounds (90,106). Attempts to generate the complex cation,
[XeaFql*, psing a strategy analogous to that used for the
preparation of [XeaF3]*. were unsuccessful (3101).

Xenon hexar;uoride {s an even stronger fluoride-ion
donor than XeF, (98,107,108). The reaction of XeFg with

fluoride-ion acceptors such as MFg (M = Sb, As, Pt, Ru, V), MF4

(X = Pd, Ge, ,Sn) and MFg (M = B, Fe, Co) results in the
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formation of ionic cqomplexes containing the [xést* (Cqy. "AXgE
arrangement)lcatioﬁ and the correspondlng‘anion (109,110).
Xenon hexafluofide forms a fluorine-bridged cation [XesFyq]1*%,
by analogy with [XepF3)l* (92-94). The first report of =a
compound containing the {[XepFy;]% cation, [XepFy3]1%(AuFg]~
{111,112}, was of dual significance since both the cation, and
the gold anion in the +5 oxidation state, were previously
lunknown.

Krypton difluoride, like XeF,, behaves asr a fluoride-
ion donor towards fluoride-ion acceptors yielding the thermally
unstable compounds [KrF]*[MFg)]~ and [KraFgl*[MFgl~™ (M = Sb, As)
(113,114), KrF3'nMoOF, (n = 1-3) (115) and KrF,-WOF; {(115):
Krypton dffluoride undergoes an oxidation-reduction reaction
with PtFg forming [(KrF}*[PtFg]~ aﬁd Fo (1;4). In addition,

" KrFp reacts with gold metal in HF solvent at room temperature,
ylelding the Au(V) compounds [KrF]*[AuFg)~ and [KcF]*{AupFy31]"
(81). '

A few derivatives of radon fluoride with fluoride-ion
acceptors have now been reportedsand are summarized {n a recent
comprehensive r;view of radon chemistry (116).

. The xenon oxide fluorides, XeOF,; and XeOyF,. reaét with
SbFs forming the species [XeOF3)*[SbFg]l~, [XeOF3]}*[SbaFy31~
and [XeOpF]*[SbpFy3]~ (101,117). The 19F NMR spectra recorded
on SbFs solutions containing thede species (101), shows in
each case, that the structure ot‘thL cation conforms to that

predicted by VSEPR rules (49).

D
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The number of noble=gas anions is more limited. Of the
binary fluorides, only XeFg forms anionic species when reacted
with fluoride-ion donors. Xenon hexafluoride reacts with i
alkuli metal f]lorjdes to form M*[XeFr]~ (M = ﬁb: Cs) and
M*,{XeFg)2~ (M - Na, K. Kb, Cs) species (118,119). The [NO)*
salt, [NO*)>[XeFgl2?~, is formed in the reaction of XeFg with
hOF (120,121). The X-ray structure of the [NO]* salt shows
that the anion [XeFg)2~ assumes a square antiprismatic
structuréﬁ§04d) implving the non~bonding_}one pair is
stereocheéicaliy inactive. This contrasts with the structure
of XeFg, where the non-bonding electron lone pair is known to
be stereochemically active {(50,51).

The xenon oxi?e fluorides XeOF,, XeO,Fp, and XeOF, all
exh;bit fluoride-ion acceptor properties. The reaction of
XeOF, with CsP, yields the bright yellow salt, Cs*[XeOFg]~,
which is stable at room temperature for up to several hours
(60). Furthernore.'the disproportionation of XeOFé in tﬁe
presence of CsF, leads to the stable anion‘[xQozFal‘ {60)., =a
derivative of XeO5F5. chonloxide tetrafluoride forms stable
adducts with a number of fluoride ion donors including KF, RDF,
CsF and NOF (86.121-123)° 1In the case of the 1:1 CsF:XeOF,
adduct, the baslic structu}al unit 1s-£he [XeOFssfr(AxsE
arrangement) anion. in addition, preparations at 3:1 molar
ratios of CsP and XeOF4., have led to the novel [(XeOF4)gF]l-
anion (123).‘ Crystallographic analysis (123) has shown that

the structure of this novel anion is consistent with 2 trigonal
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‘arrangement of three equivalent XeOF4; molecules coordinated

through the three Xe atoms to a central F- ion.

o

Of the two xenon oxides, only XeOy forms a ;table anion
~

with fluoride-ion donors. Xenon trioxide reacts with CsF to

form the EXeanj‘ anion (124). This anion is stable at roonm

temperature (124), in contrast to XeO3, which is dangerously

explosive (70). :?

R Y

-

{c) COMPOUNDS CONTAINING HIGHLY ELECTRONEGATIVE GROUPS
OTHER THAN OXYGEN AND FLUORINE

(1) General

b

Highly electronegative {igand—groups_resémble fiuorine
in fts ability to stabilize high oxidation states of the
elements, and in most cases, have the advantage of avoiding "
bridging which 1s frequently found in many fluorides. There
are a few examples where a ligand-group (;ther than oxygen or
fluopine) is known to bridge two, formally positive charged
centers. Examples are [(FX$[gSO3F]* [AsFg)~ (85),
[AgOTeEs(Csﬂscﬂg)z]z (125), AgOTeFg5 ~125), AgOTeFg(CH3CN)
(125) and Au{0TeFg)3 (126)}.

In general, all)l of these ligand-groups satisfy the same
set of criteria, i.e., all exist iq the form of =a. moderate to
strong monoprotic acid, p&i;¥§f§5bositive chlorine derivatives
and stable alkali metal salts and all have probable.hizh group

electronegativities. In the case of the pentafluoroortho-

tellurate group, -0TeFg, the effective group electronegativity

~
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(3.87 on the Pauling a;ale) is only slightly lejg_??an that of .
fluorine iiself (133}}é8). . k\w“j

The chemistry of compounds containing the ligand-groups
-0SeFg and. in particular, -0TeFs have been the most extensive-
ly studied, an&(théir derivatives are now known for many of the
chemica) elements. It is beyond the scope of this work to
discuss all. of these derivatives in detail., Instead, the
emphasis here will focus on tL’,covalent ligand-group
derivatives of the noble-gases. .For é:conplete account of all
the known derivatives, the reader is directed to a number of
recent articles (129-131) written on the ligana propertiés of

these groups, and é comprehensive review (132) of all known

derivatives contalining these groups.

(1i) Ligand-Group Derivatives of Xenon *

-
P 1

In addition to the simple binary fluorides, oxides and

oxide fluorides of xenon cited earlier, a number of derivatives
: ]

are known in which xenon is covalently bonded to a ligand-group
through either ‘oxygen or nitrogen. Included in this list of
ligands are -0SO,F (133,134), -0TeFg (155-142). -0POF o
(135,143), -0SeFs (144,145), -0Cl03 (133,134), -0OCOCFg3
(138,146), -0S0,CF3 (134). -ONOp (147), -N(SOsF), (148-152) and
-N{S0,CF3}a (153). ‘The covalent xenon(I1) derivatives FXeBF,
(154) and Xe(CF3)z (155) have also been reported, however, no

derinit}ve physical evidence was given to support their

covalent Xe-B and Xe-C formulations. Thus, the existence of
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examples of either a Xe-B or a Xe-C bonded species still]

remalins unknewn.

-
s

Table 1.1 summarizes all the known covalent ligand<
group derivatives of xenon and thelr physicdlupropertles. From
inspection.of Table 1.1, it is evident that the -0TeFs group
is second only to oxygen and fluorine in its ability to
stabilize the +4 and +6 oxidation states“orgkenon. Until the
preseﬁt work., no other ligand-group had degpnstruted thig -
ability..'A report by Eiaeﬁgerg.and DesMarteau (156) that XeF4,
and XeFg react with HSO4F to give FpXe(0SO03F)p and " '
F4Xe(GSO0,F) 2, reépectively. was later ghown to be in error
(109.,157). Xenon(VI) fluorosulfate F5XeOSOF is k;own (109,

157). Eowever. this compound is best described as an lonic
complex containing the [XeFg)]* and [SO3F)” lons.

The thermal stabilitles of ligand-group derivatives of
xenoﬁ vary. but in any case, are less stable than those of
thé]r‘correaponding binary fluorides or ofide fluorides. This
fact is clearly illustrated by comparing the decompbsition
temperatures for XeF; (300°C) and Xe{O0TeFg}y (72°C). The vast
difference in stabilities presumably arises from the fact that
the peroxide‘FsTeO-OTer is formed much no;é readily than Fg3
(equations 1.1 and 1.2) as well as the relative bond strengths,

i.e, Xe-0 < Xe-F. e F i

e
300-600°C
XeFgy > XeF, + Fg (1.1)

;



Table 1.1

\ -

Known Ligand-Group Derivatives of Xenon

and Their Physical Properties -

R/Appearance at
oom Temperature

Physical Properties

17

Compound and Stability Ref.
FXeOTeFg pale-yellow liquid m.p. -24°C 135
b.p. 5§3°C
~
Xe(0TeFsg})»p  white solid m.p. 35-37 °C 136
Xe(OTeFg)4 pale-yvellow solid m.p. 72°C with 139
decomposition
OXe(OTeFs), white solid m.p. 56°C Qo
02Xe(0TeFs)2 white solid decomposes above 142
R 0°C
[Xe(0TeFg)gl3+" red/violet solid decomposes above 140
. at -40°C -10°C
FNe0S0,F white solid . m.p. 36:6°C 133
_ yellow-green melt
Xe{0S0zF}), yellow solid m.p. 43—%5°C 133
FXeOPOFo/ pale-yellow solids . decompose at room 143
Xe (QPOF3) 2 : temperature
FXe0Cl0g v white solid m.p. 16.5°C 134
Xe{0Cl0g3)2 pale-yellow solid decomposes above 133

-20°C
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Table 1.1 Continued

. L.
Appearance -at . Physical Properties

products
b: Evidence

products

'fybbhpound Room Temperature : "_and Stability Ref .
FXeOQOCOCF g3/ pale-yeilow s6lids - explode above 138.
Xe (0OCOCF3) 5 . —2Q°C
ﬁXe0502CF3 yeilbw éolid‘at Oﬁ€ decomposes slowly - 134

S ) ~at 0°C
FXeOSer pale-yellow liquid m.p. .= -13°C L 144
Xe“OSe 5)2 vellow solid ‘m.p.. 69°C 144
1 . \ v
FXeN(SOF) s/ white solids decompose slowly 150
Xe{N(SO02F)32]>2 at room ‘temperiture 151
Xe[N(SOxCF3)2]2 white solid . : . stable at room 153
temperature for days
N - ' . » ’
FXeONQo/ (red-brown solids]b decompose rapidly 147
Xe (ONO32) o ) .at room temperature
.a: Evidence for Xe(OTeFs)g is based on decomposition

1140) and preliminary i—ray analysis (141).-
for FReONOa_and Xe(ONO2)> is based on decompqsi(ion

1 1471} . :
only ( Ql

R I
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72°C
Xe(OTeFs)y — > Xe(OTePg)p + FgTeO-0TeFg (1.2)

-

e

-

Furthermore, thernal:a£a§111ty-of the xenon(Il) d;rivativgs
increases in the oyder.#osoéF < -0SeFg < -0TeFg, and is consis-
tent with the decreas{pg stability ‘of the corresponding
peroxides. This trend is.exénp]ified by the -0Cl1053 and -CCOCFj3
derivatives of xenon(Il);' Hﬁereas Xe(0C103), decomposes above
-20°C and Xe(OCOCF3), dc{onh;es above -20°C. the corresponding
decomposition products, Clpy04 and F30C00COCF3. are stable up to
‘heir bolling points, (Clp04 b.p. = 82°C (158), Fa0COOCOCFg

b.p. = 40°C (159)) 1f not shocked.

(3111} Preparation of Ligpand-Group Derivatives of Xenon

The syntheses of covalently bonded ligand-group
derivatives of xenon can be accomplished in a variety of ways.
‘DesMartepu snd Eisenberg (143) have produced diflucrophosphate,
-0POF 5, dcrivativgs of xenon(II) by direct reaction of xenonr
difluoride with u-oxobis(phosphoryldifluoride); P20a3Fy. in
trichlorofluoromethane CFClg solvent at 22°C according to

equations {(1.3) and (1.4).

22°C
XeFy + Pp03Fy — > FXeOPOF, + POFj3 (1.3)
CFClg
22°cC
XeFa + 2 Pa03F,4 >Xe (OPOF5)s +.r2 POFg3 '(1.4)

CFClg
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\‘Ehe derivatization proceeds with net insertion of the-szF_
\moiety into the Xe-F bond, yielding either the mono-substituted
or di—éubstitutéd derivatives according to the stoichiometric
reactions.(l.a) aﬂd (1.4). The work of DesMarteau and
Eisenberg (143) h%P represented the only exgmplei prior to the
pre;ent work, where an oxide fluoride precursor was used to
" prepare xenon{ll) derivatives by means of the insertion
method. For the other ligand-groups where an oxide fluoride
preéursor is known, such as for the —OTer group\(TeOaFa
. > ~— /
{160,161)) or thc -0SeFs group (SeOzPg (160.161)). .insertion
methods have not been employed and alternative methods have
been used for preparing xenon(ll) deri;atives.
The synthetic letﬁod which has proven most general
_Ior‘thg areparation of xenon(lli derivatives involves the
direct interaction of XeFp with the cofresponding ligand~
gropup's protonic acid leading to HF diqpiacelent. An example

of a HF displacement reaction. generalized for any ligand-group

scid RH, is. given by equation (1.5}.

~

XeF; + n RH m———=—Fp—p¥eRy + n HF (1.5)

The key compsnents in equation (1.5) are the veolatility of HF
at low temperature (v.p. HF (@45’0) = 40 mm Hg (15&_))). which is_
pumped off forcing the reactibn‘to completion, and the acid
strength of RH. The la;ter method has been used in the
preparation of -O0TeFs (135-138), -0SeFg (1;4), -dq oF

(133,134), -0Cl0; (133,134), ~OPOFy (135), -OCOCFg (138,1486)
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and -N(SOpF)s (148-152) derivatives of xenon(II).
The boron derivative, B(OTeFs)3., was first prepared in

1973 by Sladky et al. (162) according to equation (1.6).

BCly + 3 HOTeF§ — > B(0TeFs5)z + 3 HCl (1.6)
Since then, this reagent has proven to offer the most
convenient route to -0TeFs5 derivatives of Xenon, and in fact,
represents the only method for preparing xenon{(IV) {139,141}
and xenon(VI) derivatives (140-142). When a xenon fluoride ora
g;ide fluoride is allowed to react at low tempe.cature with
stoichioméf?ic amounts of the ligand transfer rpagent B(OTeFg) 4
in an inert solvent, the corresponding —OTer'derivative is
generaggd quantitatively, with elimination of BF3 gas.
Equation (1.7)7¢llustrates this preparative method using XeFa
as an example.

0°C

XeF, + 2/3 B(OTeFs)3 — > Xe(0TeFs)z + 2/3 BF3 + (1.7)
CFCljy .

A ligand transfer reagent ha; also been used in the
preparation of the nitrogen-bonded derivative ie[N(SOzcks)zla.
DesMarteau (153) has shown that by reacting the silylimlide
precursor'Me3SiN(802CF3)2. prepared according to equation
(1.8)., with XeF, (equation (1.9)). the desired product is.

cattained in high vield. In addition. formaticn of HF, which is

a major problem in promoting side reactions, is eliminated.
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~ -185 to 22°C

MezSiH + (CF3S05)pNH > Me3SIiN(SO0»CF3)2 (1.8)
& - Hz’
-
-22 to 10°C :
2 MegSiN(S05CF3) + XeF > Xe[N(S03CF3) 2] {1.9)

3 2 32 2 -\Ccmlz 2vra/lzlz

\ + Xetr + 2 MejSiF

<

This represents the only method where a metathesis reaction,
apart from H/F'metathesis. which occurs in the acid displace~'—

ment scheme (1.5), hES been used to prepare xenon derivatives.

(iv) Major Physical Methods Used in the Characterization of

Noble-Gas Derivatives

-

Fharacterization of covalent ligand-group derivatives

of xemon has been accomplishgﬂﬁﬁz}the a&plication of a wide

range Q£ phy?XEZ?k;E¥hods. Theiiﬂmethods include multinuclear
> .

magnetic resonance spectroscopy (NMR)}. infrared and Raman
spectroscopy, mass spectrometry, Mossbaver spectroscopy and
X-vray crystallography. The methoa of characterization used is
dictatea by the physical propérties of the xenon derivative,
and in particular, the thermodynamic stability of the
derivative under the conditions required by a - articular

pgysical technique.

NMR Spectfoscopv ) .

The characterization of xenon derivatives in solutijon
is best achieved through the use of multinuclear magnetic

resonance spectroscopy, (NMR}. With the availability of
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state-of-the-art pulse Fourier-transform spectrometers.~the
potential exists for studying, directly, most nuclei involved

in lizand—groups which bond to or are alleged to bond to

a noble-gas. Included in this list of nuclei are 11y, 13¢,

15y, 179, 19p, 31lp, 77se, 1257e and 129%e.

Xenon-129 is an ideal nucleus to study by Fourier-

transform technidd€§‘insofar as it has a high natural abundance

féé!é&i), is a‘ddﬂ:éuadrupolar nuclide (; = ¥) and possesses a
receptivity that is 31.6 times that of natural abundance 1QC
(58). From the stand-point of gross structural determinations -
for xenon derivatives, the 129Xg resoﬁance of the central Xe
atom provides the most structural information'baseh on nﬁclear
spin-spin coupling multiplicities. For instance, although a
lafge number of xenon sgecies possessing terminal Xe-F bonds
havé been adequately chara;teriagg in sclution using'lgF NMR
spectroscopy and the coupling patterns arising from 195 _19F

and 129%e-1%pF couplings (129%e satellite specfra. usually a
doublet due to a single fluorine direétly bonded xenon)
(94.95.109.135.138.144.148—152.163). there exist a considerable
number of derivatives in which the xenon is bonded exclusively
to atoms other thgh fluorine, e.g. Xe(QTeFg),. Effective
characterization of these derivatives frequently cannot' be
based solely on the 19F NMR resonance since, the ligating atom
itself or its homonuclear spin?spin couplings or those with
1'29%e cannot be readily observed w;thout expensive ang time

consuming enr{chment procedures. For instance, the 129%e
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resonances.and accompanying Iasfe satellite multiplicities in
the 129%e spectrum, were used to provide definitive evideﬁqq
for Xe(OTeFs)y (139,141), OXe(OTeFs)y (140-142) and
02Xe(0TeFs5)z (142) in solution. The 129%e resonance ﬁhs been
observed for all xenon derivatives of -OTeFs (127,139-142,164),
-0SeFs (164). -0SO03F (58) and —&(SozF)z {149-152). Cgmp—
limentary structural information for these species has been
obtained from the 19F and 12STe resonances of -0TeFs
derivatives (127,135-138), the 19F resonance of -0S0;F
derivatives (94.109), the 19F and 77Se resonances of -0SefFs
derivatives (144,163) and from the 19F (148-152), 15N (150-152)
and 170 (150) resonances of —N(SOgFSa dquvatives. in the case
of FXeN(SOpF)p (150). 15N and 129Xe NMR gbectroscopy on 30%
15N-enriched samples were used to provi&% the first definitive
proof for a Xé—N bond in solution based on the observation of
t+he one-bond 129Xe-15N.spin-spin coupling in the 129Xe and lsN
spectra.

In addition to gross structural considerations, 129xe
chemical hifts can provide information relating to the formal
oxidation -state of the xenon nucleus (58). Using the Ramsey
theory of magnetic screening (165), the total shielding of the
any nucleus.(aT) can be represented by local diamagnetic (og4)
and paramagnetic (op) contributions as filustrated 'in equation
(1.10). The diamagnetic contribution (cy4) involves the free

p—

g = g4 *+ Op - (1.10)
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rotation of electrons about the nucleus and is positive while |
the paramagnetic term (op) describes the restriction to this
rotat;on caused by other electrons and other nuclei in the
molécule and is negative. In the case of xenon, approximations
are made in which the long-range contributions tc the shielding
of theixenon nucleus ffom other nuclei are neglected (166).

The paramagnetic shielding term (op) thus represents the
contribution from the electrons on xenon only and changes in
the local electron environment, which accompany changes in
oxidation stete, affect the paramagnetic contribu;ion (op) to
the shielding. The effective magnetic field at the nucleus (B)
is influenced by the effect of the ahieldigg term (ocT) on the
static applied magnetic field (Bg,). These ierns are related by

equation (1.11). Furthermore, the resonance frequency v
B = Bg(1-0T) (1.11)

(Larmor frequency) is related to the static magnetic field (By.

the shielding term oT and the magnetogyric ratio for Xe (ryxe)

by expression (1.12). The net result is the resonance
TXe
vy o= Bg(1-0T) . (1.12)
ex

frequency (129Xe chemical shift) occurs progressively to

higher frequency as the pari-agnetic shielding term (op)

b
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increases (becomes more negative) in going from the (+2) to
{+8) oxidation states.

Xenon-129 and 197 NMR chemical shifts as well as
129%e-19F spin-spin coupling constants, are sensitive probes
for assessing the ionicity of the terminal Xe-F bond and

the covalency of the xenon-ligand atom bond {(58,167). In

group 1s regarded as'being bonded either to a fluorine, as in
XeFo, to an oxygen as in FXeSQOzF.”or to a nitrogen, as |in
FXeN({(S0oF)». A near linear dorrelat;;n exists between the 19F
chemical shifts and both the 129Xe chemical shifts and

°
129xe-19F coupling constants of these species. Furthermore, "
decrease in 19F chemical shift and 129%e-19F coupling constant
is consistent with a greafer degree of lonic¢ character in the
terminal Xe-F bond. In additaoq. a decrease in 129Xe chemical
shift indicates an increasingly more covalent xenon-ligand atom
boRd. More recently. the correlation betweén 129%e chemical
shif@s and xenon-ligand atom bond';ovalency. has beqn used to
determine the effectivé electronegativity of the -0TeFs group
k127). These cyrrelations are further addressed in Chapter 4

with emphasis bn chemical shifts and iigand—group electro-
negativity, and have been extended to ine;ude the novel.
xenon(ll) derivatives of the -0IF40 group prepared fqr the
first time in the course of this work.

Although the magnitudes of 129Xe-!9F spin-spin coupling

constants might be expected to provide further information on
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bonding in xenon species, the theorles of spin-spin coupling
‘constants, which have been used successfully in the case of
lighter elements, are not directly applicable to heavier nuclei

such as xenon (167). The interaction of nuclear spins with the

surrounding electrons give rise to spin-spin coupling. In

s

A o T e L AP et h P e

general, Ehg,fggq;"contact term, which describes the magnitude
of the cogéilﬁénsétween the electron and nuclear spin moments,
and whose magnitude increases with lncreasing s-electron ~
den;TTw_at the nucleus, is assumed to be domfnant over dipolar
and spin-orbital effects. The generalized expression of the

Fermi conEact term for a n-bond coupling between two atoms (A)

and (B) is given by equation (1.13}.

1622  sgBh \2
"Jap * TArBlwns.A(o)lzlwns.B(o) 2ra.p  (1.13)
9h 2r -

3

wh all symbols have their usual meanings and/or values,

¢ns,A(°5.2 and ¢ns;3(0) 2 are the s-electron densities for

the ns valence orbitals at the nuclei of atoms A and B, mag is
<

is\the mutual polarizability of the -ns orbitals on A and B,

and r5 and yp are the magnetog@ric ratios for atoms A and B,

respectively. This results in reasonable qualitative agreement

between J(!29Xe-19F) and the locéiized MO description of the

Xe-F bond. The lack of good quantitative agreement has been

attributed to dipolar contributions to Jxerp (167}). N

) ienon-lzs chemical shifts are sensitive to changes in

N

by
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"solvent polarity and temperature. These solvent and

temperature effectgrare most promiqent for Xe(II} and’decrease
in the order Xe(II) > Xe(IV) > Xe(fI) (58). This effect is

— o ~
thought to arise from the interaction of the solvent with
either the loné,electron-pairs on the xenon nucleus, or
alt?rnatively. with the atom bound directly to xenon. In the .-
first case. this e{i;zf/is expected to be greatest for Xe(Il)
with thFee lone electron-péirs and only minimal for Xe(VIIT}
with no lone eiectron-pairs. THe 129Xe NMR Spigtrum of XeFp
has> been recorded in HF, BrFs and SO,ClF solvents at 25°C
(58). The 1289%e chemical shifts are: HF, 6129Xe = -1592 ppnm:
BrFs, 5129fe = -1750 ppnm; S0,C1F, 5§129%e = -1905 ppm. As
the solvent polarity increases in the order SO05ClF < Brfg < HF,
the 129%e chemical shift is also found to increase which
implies that XeF, may be solvated through one of its fluorlneé,
giving rise to increased [XeF]* character and a high frequency
shift of the 129Xe resonance, with increasing solvent )
polarit&. The chemical shift of XeF; in BrFs is also
temperature dependent (XeFy; &5129Xe (25°C) = -1750, (-40°C) -~
-1708), shifting to high freqﬁgncy with Aecreasing
temperature, This effect is consistent with a higher degree
of assoclation between XeFs; and BrFs solvent at lower
temperatures as expected.

The temperature effects outlined above can have a

detrimental effect on the resolution one can attain in

recording 129Xe NMR spectra of, in particular. xenon(II)

~

. ~

‘——-——\_/'

| 3
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specles. In ;ddition to tpmperature’éffects. the use of
high-field NMR spectrometers can resq}t in substantial lineJ
broéqening and consequentfy. the loss of resolution and long
range spin-spin coupling information. The line broédening at
high magnetic flelds can be Att}ibuted io relaxation dominated
by shielding anisotropy {SA) which is field dependent and
becomes significant for heavy nuclei such as xenpn. The
contribution to the componegés of the spin-lattice relaxation
(Tq) arisiﬁg from SA is inversely proportional to the square of

the external magnetic field B, and is defined in egquation

(1.14), where o is the resonance frequency. 7y is the magneto-

15(1 + mzrca)
T, = (1.14)
a5 Taaoz(ai_ GL)2 2t

gyric ratio, t, is the molecular correlation time, and ay and
o, refer to the shielding along and perpendicular to the
symmetry axis, respectively. An increase in B,, is accompanied
'by a decrease in T;, which implies the lifetimg of the spin
state is correspondingly shortened and the resonance line

LY

broadened.

Raman Spectroscopyv

Vibrational spectroscob&. and in particular Raman
spectroscopy. has been used in ‘the characterization of ligand-

group derivatives of xenon. Ligand-group derivatives of -
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xenoﬁ”are ideally sutted for study by Raman apektroacoﬁ}
insofar as they generally contain large and polnrizaple atoms,
and the spectrum can usually be recorded directly in the v
reaction vessel. Infrared spectrosc;py. on the other hand,
suffers from the fact that speclal sample handling devices are
usually required, the materials of which are generally
susceptible to oxidatlon by the xenon derivatives. In a
numbef of cases (134,143,.168), Raman spectroscopy has provided

.fa‘\‘+h£§::iiﬁggsls for characterization, while for a majority of

A\
derivatives, vibrational information has been ancillary.

/\
serving onlx_to verify the characterlization made by other

techniques.

Full characterization of ligand-group derivatives of
xenon by mass spectrometry 1s often hampered by complex frag--
mentations of the ligand-group and difficulties with thermal
‘stability and sampl{ng. In some cases (139.140,144) however:
observation of the molecular ion M* can be uaed to Infer the

, molecular welght of the derivative, e.g...ln the case of
Xe(OTeFs)y. m/e = 859, [Xe(OTeFg)z]l* (144).

Mossbauer spectra have been measured for both 129xe and
83Ky in a number of derivatives of xenon (127,169,170), and
erpton (170,171). Included here are a small number of ligand-
group derivatives of }enon containing the -0TeFg group (127}).
The method suffers from the fact that the lsomer-shift, a )
measure of s-electron density. exhibits very little sensitivity

to s-electron character in the bonding to the central xenon

~%
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atom and formal xenon oxidation state (127). The quadrupole

splittings are, howéver. sensitivé to changes "'in electronic
environment Eroénd the central nucleus and can aid in the
assessment of the overall molecular geometry.

?Ef moéEﬂdgfinitive structural analysis of any molecule
is provided b; X-ray crysta}lography. Despite the large number
of nehtral. ligand-group derivafives of xenon, only four have
been characterized by crystailographic studies! Included here
are the nedtral species FXeN(SOzF)z (150.151). FXe0SOF (173)
and Xe(0SeFs)p (174). In addition{ the structure of
[XeN(SOaF)s]*[SbgFyg]™ has recently been deiermined (175). In
each structure, the L-Xe-L moiety is approximately linear.
Preliminary X-ray measurements have also been-made on the
Xe(OTeFs)s (137) and Xe(OTeFs)g (141) molecules. In the case
of Xe(0TeF5)s. structural disorder within the unit cell has
prevented a rigb;ous crystallographfc determination.

-

(v} Reactions of Xenon Lipand-Group Derivatives

The reactions of ligand-group derivatives of Xenon can
be divided into two catégories. The xenon derivative can serve
as a fluoride-ion donor with an appropriate Lewis acid or {t.
can oxidatively add one or more ligand-groups to an oxidizable
molety. . .

The reaction of FXelL (L = -0TeFg or -N(SO0pF)p) with

AsFg at low-temperature yields cationic species of the form

{XeL)*[AsFg]~ (149,175-178). Dissolution of [XeOTeFs5]*[AsFgl~
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- in BrFg at low temperatufe. yiélds amonz‘other speeies. thé
fluorine—bridﬁed cation [FXeFXeQTeFs]* (178). Similarily, thel
fluorine-bridged species F[XeN(SO0pF)p]12*[AsFg]~ is formed when
[XeN(SOaF)zl*[Ast]L is warmed to room teﬁperature under a

-

Qynaﬁ}e~¥gfuum without ensuant AsFg elimination (175). fhe
. ~
salts erOTeFS]*[Sbgéllf' 1&78) and [XeN(502§)2]+[Sb3F16]'
{175}). are.formed when AsFg is displaced from the corresponding
[AsFg]~ salts upon dissolution in the stronger Lewls acid
Sbés. The ;ation (Xe0S0,F]1*, is formed when [XeOTeFs5]¥ is
dissolved in HSO3F (178). The reaction proceeds with displace-
ﬁenﬁ of HOTeFg by the stronger acid HSO3F.

In addition to reactions wi;h Lewlis acids, the ligand-

group derivatives of Xenon can act as oxidative ligand transfer

reagents as lllu§tratgd by Xe(0TefFglp in equétion (1.15).

Xe(OTeFg)p + M ———> M(0TeFs)p =+ Xet (1.15)

-~

This method has been used for the preparation of cis- and
trans—F4Te(0TeF5)2 (179). Te(OTeFglg (179,180}, 1(OTeFg)s
(129,181) and various =-0TeFs5 substituted fluorocarbons

(182.183).

(vi)} Krvpton Ligand-Group Derivatives

_The syntHesis of krypton derivatives containing highly
electronegative ligand-groups is considerably more difficult

than those of the analogous xenon derivatives. The reaction
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of Kr?z with B(0TeFg5)3 at -100°C has been investigated
(140,141) but.no isolable krypton pro&uct was recovered.
:Formatioh of F5Te00TeFs and the reductive eliminatiod of
kryptoh gas in this case does, however, imply the intermgdiacy
ok an —0TeF5 derivative of krypton(II), namely Kr(OTeFs}. 1In
addition, the fact tﬁat neither TeFg nor 0O, was formed in this
reaction, which would be expected if KrFp oxidatively
fluorinated the -OTng‘group. supports the fo;mation of a
Kr(0TeFs5), intermediate. The -0SeFs ligand is reported to
behave similarily when allowed to react with KrFs (140,141}.

(D) THE OXYTETRAFLUORGIODINE(VII) OXIDE GROUP, -0IF40

(1) General
Prier to the present work, the -0IF40 group had been
little studied with respect to derivative formation. The
limited list of previousiy known -OIF40'group,aerivatives
includes HOIOF4 (134—136). K*[IO02F4]~ (187)., Cs*[I0aF4]"~
(136.1a§).AFoxd};-(1as.189) and CIOIOF4 (186). ALL of these
. > e

derivatives exist in the form of cis- and trans- {somers except
o y .

-

K*[10gF4)~. which is formed exélusively as the trans-isomer.
The preparation and properties of these dérivatives are
described below.

[}

(11) Prepération and Phvsical Properties of -0IF,0

Derivatives

Tetrafluoro-orthoperiodic acid HOIOF4; and the -01F40
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//T group precursor 102F3. were first prepared in 1969 by
Englebrecht and Peterfy (184,185) according to equations (1.16)

__ to (1.18). 1

-

BagHy(IO0g)2 + 14 HSO3F —> 2 HOIOF4 -+ 8 HpS04 (1.16)
' + 3 Ba(SO3F)2

HOIOFy; + 803 ———> I0F3 + HSOgF T (1.17)

"HF + I03F3 ——> HOIOF4 ~ - (1.18)

e

In addition, Christe et al. (186) have prepared HOIOF4; by

displacgmen; of the acid from CS*[102F4]‘ with HF (see below).
Both HOIOF,; and [03F3 exist in more than one isomefi?

form. Whereas HOIOF4'clearlyqexi§ts aéran equilibrium mixture

of cis- and trans-isdmers (183), the structure of LOyF3 is not

as stralight-forward and has been tpg,eﬁﬁ}{ct-of numerous

{ .
investigations. These include an¥X-ray crystal structure
(190), two vibrational studles {191,192), a mass spectrometlry

and electric diffraction study (193), three independent 19p NMR
investigations (184,185,192.194) and an Ab Initio SCF
calculation (1953). Despite the discrepencies in conc}usions
drawn from the aforementioned studies, I0;F3 has been shown to
exist as an oxygen-bridged dimer in the solid Qtate by X-ray
crystallography (190) #qd it is generally accepted that Iozyé
-exists with some degree of polymerizhtion through oxyéen

bridges in the gas phase and in seolution. This matter is
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further addressed in‘bhapter 3.

. Both HOIOF, (m.p. 36.0°C, b.p. 154°C) and I0F3

(m.p. 41.0°C) are crystalline sollds at room temperature.
Although i02F3 can be haﬁdled in vacuum (v.p. I105F3 (21°C) =
5.33 Torr), the vapor pressure of HOIOF4 is prohibitively low
for transfer in vacuum (v.p. HOIOF4 (21°C) = 1.40 T;rr). The
agandard.enthalpy of formation offf02F3 has been determined as
21320 # 17 kJ mol-} (196). Both KOIOF, and 102F3 slowly
attack glass and quartz at room temperatu;e. and’ thus, must be

handléd in inert fluoroplastic ware. Both are strong oxidants,
‘ , .

reactling explbsively with O{Eig;ﬂ$f*’0ﬁly [02F3 is photo-
sensitive (192), decomposing to IOF3 and oxygen according to

equation (1.1%).

10,F3 —IE—> [0F3 + % 0pt . (1.19)

r

The published reaction chemistry of HOIOF,; and I03F3 is

limited. -In 1971, Engelbrecht et al. (185,197) feported-that
HOIOF, interacts with alkali-metal fluorides or trifluoro-
acetates to yvield the corresponding salts., however, no physical
data were given. From the reaction of 102%3 with SbFs they
were able to is;late a white crystalline solid {(m.p. 102°C} .
which they interpreted as a polymeric structure conéqining Bpth
cis- and trans-oxygen bridges between -105F4- and —SbF4~

unité. The crystal struciure of this adduct has been reported

{198). and is consistent with a distortéd.'oxygen-bridgeqndimer
. AR
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with two antimony oms and two iodine atoms at the corhers of
I .

a rhombus. )

In 1975, Aubke et 21. (188) reported that I0pFj3 reacts
with the fluoride-ion AOnbrs CsF and FNO, and the fluoride-ion
accep;ofs SbFs and AsFg, yielding, in all cases, tﬁe 1:1
ad%*cts. An incdmplete vibrgtional spectrum and an elemeﬁtaf
anﬁi&sis were given in éﬂpﬁort of the CsF/I0,F3 adduct, whiéﬁ
were iﬁcorréctly interpreted as-arislng sﬁleiy from the .
cis-[162F4]“ ion (186). Data from a 121gp Méssbauer spectrum
&nd‘a_Raman spectrum, were given in support of the I[03F3/SbFy
addqct. No physicél data was provided_for the FNOo and AsFg
adducts.‘ J ‘

Gillespie and Krasznai-(IST) have investigated the
Lewis acid-base properties of I0pF3 with AsFg. SbFs. NbFs.
TaFg. IFs and IOF3. The adducts formed, based on !9F NMR and
Raman spectroscopic results, here shown to be oxygen-bridged
polymers of the type (IO0pFP4 MF4)p and (I02F4-10F2)q,.

There are two compounds presently known which contain
the [I0OsF,4]” anion. 0§::;;§\gf al. (1865 have prepared pure
mixtures of cis- and trans- Cs*[[0,F4])- according to equation
{1.20}). -"They have also investigated the direct fluorinatien of

HF -
Cs*{104]° + 4 HF g Cs*[I0pF4]” + 2 HoO (1.20)

. —

Cs*[I104]" with BrFs, ClFs and elemental_fluo}fne {186}, but in

-
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each‘éase.'the products were coﬁtaninated with residual amounts‘
of iadiﬁe f&uoridés or oxide fluorides. The cis- anq trans-
isomers of Cs*[I0,F4]”, formed according to equation (1.20);
have been fllly characterized by 19F NMR spectr03copy';ﬁd Raman
and infrared spectroscopy (186). The white soiid (m.p. 117°C)

can be stored indefinately at room temperature and does not

attack glass or quartz. @
. Gillespie and Krasznal (187) ha reported that

solutions o? K*[I04]~ in IFs5 contain cis- and trané—[162F4]'.
Théy were able to isolate K*[105F4]” which was shown to exist
as the trans-isome} in the solid state and in CH3CN solution,
and In a_cis-/trans— equllibriuu in IFg-solution by Raman and:-

19F NMR spectroscopy.

Christe et al. (186,189) have prepared the first known

iodine hypofluorite, FOIOF4. according to equation (1.21}.

A,

HF
[NF4q]*[SbFg)~ + Cs*[I0pF4)” ——> (Cs*[SbFg]~ + NFgj (1.21)
' -78°C + FOIOF,

’Ehe precipitate, Cs*[SbFg]~ was filtered off at -78°C and the
remaining solution was allowedrtq warm'toliPOl temperature, _The
solution .-slowly decomposed yiel}lding NF3 and a mixture of cis- and

) trans-FOIOFy. The hypofluoritesyhave beehvdharacterized by 193

NMR spectroscopy, infrared and Raman spectroscopy and by mass

spectrometry (186). Mixtures of cis- and trans-FOIOF,

-l | -
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(m.p. -33.1°C) are extremely volgtile (v.p. (0°C) = 244\Torr)
and are colorless as a gas..paie—yellow as a liquid and white as
a sollid. The mixture of Qypofluorites'are marginally stable at
room temperature, decomposing to IOFs and 03, but have a tendency
to detonate_if shocked.

AttempYs to form adducts of FOIOF4 with CsF or SbFg were
‘unguccessful (186). Furthermore, atteqpts to add FOIQF4; across
the C=C double bond in CpFy régulted in fluorination.apd oxygen-.
ation of the fluorocarbon (186).

The hypochlorite CIO;OF4 has beén reported (186). fhe-main

evidence in support of this derivative is an infrared spectrum

/ﬁ§h§ch is similar to that of FOIOF;. The only exceptions being
that the O-F stre;ch is replaced by a band assigned to a 0-Cl
stretch, and the I1=0, I-F aqd 1-0 strétching modes in FOIOF, are
shifted slightly to lower frequency in the spectrum of the
hypochlorite. The compbugd was found to be highly reactive and
theraally unstable dgcomposiné‘to IFs and other products which
were not characterized.

-

(E) PURPOSE OF THE PRESENT WORK

-

The purpose of the present work was to extend bsth the
chemistry of the -0IF40 group and that of xenon through the’
‘preparation of new -0IF40 derivatives of the main-group elements,
with particular emphasis to be placed on tﬁe derivatives of
xenon. ' -

The emphasis on derivative formation with xenon was

3
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ehosen for a number of reasons. AN ana}qgous Xxenon chemist;y of
" the -0TeFg group fof Xe(II;. Xe{IV) and Xe(VI} had already been
established prior to;the outset of the present work.

Furthermore, the —0%eF5 derivatives of xenon had been the most
extensively studied of any main-group element, and in féct. the
number of these derivatives for the lighter Pai:—group elements-
is 'limited. The physicél and éhemiéal properties of these
derivativeé would provide the basis for compar;son. by analogy.
with any new xenon derivatives of -0IF40 formed. In addition,
the positive oxidation states of xenon rﬁnging_from Xe(II) to
Xe(VIII) and the associated high electron affinities provide'a
means by.which the stabitlity of tﬁe -0IF40 group could be
assessed under extreme oxidizing conditions. -

It was first plapned to develop and optimize a convenient
route for the préparation of large quantities of the -0IF40 group
precursors HOIOF,; and I0pF3. which was lacking prior to this
work and to better characterize IO02F3 in solution. Secondly. it
was lntended to establish the existence of new -OIF40 derivatives
of xenon in solution with efiensi;e use of 129Xe and 19F NMR
spectroscopy. Methods would then be devised to isolate these

species for characterization of the pure compounds in the

solid state by Raman spectroscopy. A number of these new species

( .
could then hopefully function as -QIF40 group precursors, and be

used subsequently in the préparation of new -0IF40 derivatives.
~
Finally., the intention was to correlate the physical properties

of the new derivatjives with those of other ligand groups, and in
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-

this way., make definitive statements on the -0IF40 'ligand-group's

properties, including electronegativity.

«f
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CHAPTER 2
d EXPERIMENTAL
(A) VACUUM TECHNIQUES
(1). Vacuum Systems and Inert Atmospheres

Nearly all of the compdunds used iﬁ thé course of this
- ——

work were moisture and/or oxygen sensitive thus. requiring that.
they be handled under anhgdrous conditions in vacuum sﬁstems
or in the 1ner£ atmoépheres (N» atmosphere) of dryboxes. Two
vacuum llnes were in common use. For manipulations involving
volatile reagents or products, or for the tranifer of solvents,
a general purpose vacuum line constructed largely from 316
stainless steel and nickel and equipped with 316 stainless
steel valves (Autoclave Engineers Inc., HT-70123) was used. A
second line, constructed out of Pyrex glass, was ﬁsed for
drying of reaction vessels and NMR tubes and for the
preparation of IO5F3.

Pressures in the metal vacuum line were measured using
two Asheroft "Duragauge" model 8439 Bourdon tube gauges reading
0 to 30 pound/sq. in._ahsolute. ‘Pressures in the glass vacuum
line were measured using a mercury manometer. "

Vacuum was attaine&'by using mechaniﬁal vacuum fo;e

pumps (Precision Scientific Co.} in series with mercury

diffusion pumps. Two mechanical pumps were incorporated in the

41
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metal line. One, a roughing pump, was used for injtial
evacuation of the apparaius and removgllof volatile fluorinated
compounds. The second pump, used in combination with a

mercury diffusion pump, provided the vacuum.source (ca. 10-4
Torr)} for the manifold. One méchanical va;uum pump in
combination with a'mercury diffusion pump, was incorp&rated in
the glass line providing vacuum (ca. 10-6 Torr) for
manipulations carried out on this line. In order to protect
the ﬂqmps on the metal line, all volatile fluorinated compounds
were dynanicafly pumped, by means of thé rgughing pump,- through

a copper tube (?a. 60 x 15 ¢cm) packed with soda lime (Fisher

Scientifiec., 4-8 mesh) absorbent. , ‘
Alr-sensitive substances of low veolatility were handl;;<§§

in nitrogen-filled dryboxes (Vacuum Atmospheres model DLX or .

S. Bliclman Inc. model 44121). Drybox moisture and oxygen

levels were routinely less than 0.01 ppm in the Vacuum

Atmospheres box, which was equipped with a molsture monitor.

¥

(1i) Preparative {ppafatus and Sample Tubing

| All é{g&ﬁg&f@ proéedures were performed in apparatus
constructed from either nickel metal, glass, Kel-F or FEP;
Sample preﬁfraiions were carried out in vessels fashioned fronm
lengths of'EEP tubing (Chemplast Inc.) equipped with Kel-F
bodied valves encased in aluminum housings. All vessels were
seasoned with liquid HP to which ca. 1 atm. of Fs had been

added for ca. 1 hour and then pumped on the vacuum line for 1-2

]
N



days prior to use. For bulk preparations, (> 2g), 3/4"
‘0.d. PEP tubes, heat-sealed at one end and heat-flared (a5°
SAE) at tg;;bther end, were used. For small_scale preparations

(<2 g). 1/4" o.d. FEP tubes, heat-sealed at one end and flared

..

(45° SAE) at the other end were used.
Nuclear nagnetic»resonance (NHE) spectra were recorded
in either Pyrex glass (10 mm o.d. thin-wall or 5 mm o.d.
thin-wall or medium-wall, Wilmad Glass Co.) or in FEP ;ubes
(9 mm o.d. or 4 nmm o:d.). The 9 mm o.d. %EP NMR tubes were
fabricated from lengths.of 10 mm o.d. FEP tubing by reducing
their diameter to 9-mm o.d. in a heated brass form with
mechanical pressure. One end of the tube was heat-sealed by
pushing it into the end of a thin-walled 10 mm o.d. glass
NMR tube previously heated in a Bunsen f{lame. The other end
was heat-flared (45° SAE) for attachment to a Kel-F valve. The
4 mm o.d. FEP NMR tubes were fabricated from lengths of FEP
tubing which had one énd heat-sealed by pushing the tube into
the end of a heated thin-walled 5 mm o.d. glass NMR tube and
the other end heat-flared (45° SAE) for attachment to a Kel-F
valve. The sample tubes used for recording NMR spectra were
loaded eicper under vacuum or in an inert atmosphere drybox and
then heat-sealed under vacuum, using either an oxygen torch fof
the glass tubes or a small diameter Nichrome wire-resistance
furnac; for the FEP tubes.

All vacuum transfers were carried out through adaptors

and/or connectors fabricated from FEP or Kel—?. All tubing

7
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was inter-connected using 124" Teflon unions (Swagelok) and

Teflon compression fittings (back -and front ferrules, Hokg_
Controls). The fluoroplastic valves and coﬂ%ectors. have been

described in greater'detail elsewhere (53). -

{B) PREPARATION AND PURIFICATION OF STARTING MATERIALS

s~
-

(i) Solvents
The preparation and/or purificafion of solvents used in
. - .
the course of this work are described below. All solvents were

.transferred under vacuum except SbFs. which was transferred in

a drybox using an all glass syringe.

-
v

Sulfurylchlorofluoride. SO0,Cl1F, (Columbfu Organic

‘Chemicals), was purified by distillation onto‘SbFs tog}emove
$0, -contaminants as previously described (115). It w;a
distilled from SbF{Iand stored over dry KF in a glass storage
bulb to remove residual SbhFg and HF and used directly [rom thf
storage vessel thereafter.

Trichlorofluoromethane, CF€ls, (Canadian Liquid Air)
and perfluoromethylcyclohexane, CqFy4, (SCM Chemicals) were
dried by periodic shakinglwith anhydrous P40;q9 over a'éeriod of
several days prior to use and were stocred over;anhydrouh P4010
in glass storage bulbs until used.

Bromine pentafluoride, Brfg., (Matheson} was purified as
described earlier (53) and stored over dry KF in a 3/4" Kel-F

storage tube equipped with a Kel-F valve.

Antimony pentafluoride SbFg (Ozark-Mahoning Co.) was

DU e
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"purified by vacuunm distillation in an all-glass apparatus and -~

stored -in PEP bottles at room temperature in a desiccator over

P4040- .

Anhydrous hydrbgen fluoride, HF, (Harshaw Chemical

- .

Co.) was purified by treatment with 5 atmospheres of }é gas in
a2 nickel! can for a period of 1 month, converting residual water
to HF and 0, gas. After the specified time period, water-free
HF was vacuum distilled into a dry Kgl-F storage vessel and
stored at room temperature. All transfers were made under

vacuum on a metal vacuum line throuéh all-fluoroplastic

connections.

(1i) Reagents for the Preparatfon of HOIOF, and Ioaﬁ&
/

Fluorosulfuric acid, HSO3F, (Allied Chemical Co.) was .

purified by double distillation under én atmosphere of dfy

nitrogen. The aﬁparatus and procedure are described in detail—
elsewhere (199). The fracE§?n§ boiling at 163 to.165°C were
collected in 250 ml conical flasks fitted with extended ground-

. .
glass joints and caps lubricated with Kel-F grgﬁse and stored

-

below 0°C in a refrigerator. All transfers of HSO3F were made

in an inert qtmosphere drybox or in a glove bag flushed with,

. L-4
dry nitrogen. ‘:.’.\9
Periodic acid, HgIOg, (99%, Aldrich Chemical Co.) was

used without further purification.

o~

- Potassjum sulfate, KéSO4.'(99xl Merck or Fisher

LM

Scientific) was dried in an oven at 200°C for 1 week and v
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then transferred to a glass vessel and phmped on a vacuum line

for 2 days prior to use.

—m—

Oleun, sto;/soa.V(ssx by weight SO3) was prepared in
~volumes of 100 ni by addiqz 65 g of llquid S04 (J:T.‘Baker Coﬂ)
-dropwise to 35 g_of Ha804 (J.T. Baker Co.). 96%, cpntaiéfd in:a
250 ml conical flésk. The flask was then capped and stored at

‘room temperature until used. o ’

(iii) Preparation of HOIOFs4 and IOsF4 ' ¢

The abpératus used for the pregaratlon of—HOIOF4-and
- I0pF3 ié illustrated in Figures 2.; to 2.3, In a typical
expériment, 100 ml of HSO3F (1.75 moles) was introduced into
the PFEP bdttle which had prgﬁioﬁsiy been_flush;d overnight with
dry nitrogen, in a gl;ve bag also flushed overnight with dry
nitrogen. The Teflon cgp was installed and the bottle and
contents were then transferred to a fuméhood for final assembly
according to Figufe 2.1. The FEP bottle was immersed in an {ce
bath and stirred mechanically with a Teflon coated magnetic
stir bar. The mixture was then flushed for 1 hour ;ith a

£ .

stream of dry nitrogen connected through ‘the gas entry port on

the qulon cap. The FEP transfer cone contain;;g 99.6 g of
HgI0g was then ihstalled. completing the preparative aﬁ?aratus
as deplcted in Figure 2.1. A small porstion of H5“;:
(approximately 3-4 g) was lntroduced to ghe liquid and stirred
{/until dissolved. The addition was repeated until all the HslOg

“had been added, requiring a total of 1% to 1% hours to
| ¥



FEP transfer cone

HLIO

510g

threaded teflon cap

No> gas entry port

FEP bottle (500ml)

/ HSO3F
: ice bath (0°C)

, magnetic stirrer

Figure 2.1

The apparatus used for the preparation of HOIOF;.
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Figure 2.2

The HOIOF4 distillation apparatus. Valves (C) and (D)

are Rotaflo valves. Bulbs (A) and ({B) are 250 m] Pyrex glass.



0°C cold finger

‘IozF._.; sublimer u

AP

65% oleum
®——— Rotafio valve
C o s

== -HOIOF,

~

magnetic stir bar

Figure 2.3

The 10,F3 sublimation apparatus. Bulb (C) is 500 ml Pyrex.

Valves (D) and (E} are Rotaflo valves.

<
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complete. After the addition of HgIO was- complete, the FEP '
transfer 6one was quickly removed d replaced with the Teflon
cap (with both gas ports now sealed with Tef ;; Qlugsi. The
mixture was then stirred for 24 hours as the temperature

was allowed to rise from 0°C to room temperat;re. - The FEP
bottie was then moved to a glove bag, flushed w;th dry nitrogen
and the tontents transferred into bulb A of the HOIOF, |
‘distillation apparatus depicted in Figﬁre 2.2. Bulb B was
periodically flamed over the course ofM24 to 48 hours whlle
under dynamie-vacuum. Bulb B was then cooled to -196°C and
evacuated through valve C. While the HOIOF 4/HSO3F mixture was
stirring. valve‘D. connecting bulb A and bulb B. was opened.
The HOIOF,4 statically.distilled from bulb A and was éondensed
in the glass arm leading to bulb B. With valve D closed., the
HOIOF4 was melted from the glass arm info bulb é. \Th;s
procedure was repeatéd over tﬁe'bo;rse of. 48 hours or until!l no
more HOIOF4 would transfer. The appdratus was ghen removed to
a élove bag, flushed with 5}y nitrogen and the contents of bulb
B transferred intoe bulb C of the 1I03F4 generation apparufus
illustrated in Figure 2.3. The contents of bulb Ar(moqtly
‘H2804 and HSO3F) were discarded. Bulb C was removed from the
glove-bag and the sublimation apparatus assembled according to
Figure 2.3. Small additions of 65%.0leum (approximaiely 1 ml)
_were added to the contents of bulb ¢ while being stirred‘

mechanically with a Teflon coated stir bar. After the 1 ml

addition was complete, valve D was opened, valve E closed and



51
.102F3 subiiged from_buib‘c condensing Fnto the cold finger
chilled wifh ice water. After the subldndiion was complete,
with valve D then é;ﬁsed and va]veIE open, the 102F3 was pumped’
into an fg} U-trap cooled to -186°C. Another addition of 65%
ocleum was. made ' and the procedure for recovery of 10,F3
repeated. It is important that the additions of 65% oleum be“
made slowly and in small quantities. I1f, in the course of:a
single oleum additio;. it ;as'nhde too fapldly. or if too much
oleur was added per addition;'a bright-vellow sblid separéted
which prevented the further recovery of I0,F3. This vyellow
solid. thought to be an lodine(VII) fluorosulfate; is discussed
in Chapter 3. As the 10oFg récbvery neared conﬁf%tion._the
vellow solfd began to form and steadily increased in quantity
and ultimately inhibited the formation of kans. The contents
of bulb C were left standing at room temperature to allow the
vellow solid to ﬁfttle. "Following this, bulb C was transferred
to a glove bag flushed with dry nitrogen, and the liquid
portion decanted and stored.in a 250 ml stoppere&sconicél
flask. The HOIOF,; which remained in the supérnatant was then
subsequently recovered by repeating the HOIOF4/HSOaF
distillation procéhure outlined above. The I02F3 collected in
.the FEE.U-trap was purified by pumping through algolumn of
previously vacuum dried Réso4 supporteq‘ph a glass f;it. which
served to .remove any resldual strong aclid coptalinants. The

highest yield of purified IOzF5; recovered using this method was

83 ¢ {88%). The purified material was stored in a FEP tube
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under 2 atm of dry nitroéén at drg iqhgﬁfnperature and shielded
from exposure tp light. All subsequent transfers of I0,F3 were
made under static vacuum through fluorgplastic valves aﬁd
fittings. The procedure outlined gabove represeﬁts the ?eactidn
conditions developed during tRe course of this work and{'
.optimized ;ith—the aid of a 19; NMR study (see Chapter 3).

. If pure HOIOF4 was required, ‘a 1:1 mole ratio of I0,Fj
and aﬂ%ydrous HF were allowed to react at room temperature in
an PEP reaction vessel.//Formation of HdIOF4_1s signaled by a
change of color of the I0,F3/HF mixture from yellow to
colorless and/or by evidence of HOIOF4 crystallization. The
HOIOQF,4 préduced was either a colorless crystal{ine solid or, if
a slight excess of HF was used, a colorless liquid with a
freezing point slightly below room temperature. The proauqt
was stored in an FEP vesse}! under 2 atm of dry nitrogen at
-78°C. All subsequent transfers were made in a drybex.
Transfer of the liquid was accomplishéﬂ with the aild of an FEP

plpette drawn from a length of X";FEP tubing.

(Lv) Preparation of Neoble-Gas Fluorides and Oxide Fluorides

Fluorine {Air Products and Chemicals, Inc.) containing-
ca. 0.2% HF was used during the course of this work. Hydrogen
fluoride was effectively removed, prior.to Fo usage., by passing
Ehe fluorine through a2 Matheson model 68-1008 hydrogen fluoride
trap. The trap consists of a brass cylinder pagked with ﬁorous

sodium fluoride pellets and surrounded by an lnsulated Nichrome
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resistance. The activity of sodium fluoride wés maintained by
periocdic hegting at 250 to 3bD°C. whiie purging with dry
nitrogen gas.

Xenan gas (Linde, researcR grade, 99%) ind kfypton gas
(Matheson, research grade, 99.99%J'were used directly fronm
their respective cylinders on a metal vacuum line.

« The method used for the preparation of xénon difluoride
XeFo .was similar to tha; used by of Malm and Chernick {(43) for
the preparation of Xe?4. Jwo 5arts Xxenon a?d one part'fluorine

were allowed to react in alnickel can (249 ml) at 400°C for” 7

hours. In a' typical preparation, Xenon (0.236 mole) and

fluorine (0.118 mole) were condensed into a nickel can (249 ml)

at -196°C. The can and contents were then allowed to warm to
room temperature. At room temperature, the total pressure in
the Jcan was ca. 34.4 atm. An electric furnace, prelfeated to

400° was placed around the nickel can and maintained®there

/;//x%r 7 hgﬁks. The initial pressure in the can at 400°C.
as§uming no reactlion, was ca. 78.5 atm. Af{er the'specified

\

time period, tﬁe furnace was removed and the can and contents
were allowed to cool to room temperature in the air. The can
anddcontents were then further cooled to -196°C at which
temperature any excess fluerine was pumped off. The can and
contents were warmed to -78°C and excess xenon (0.118 mole) was
condensed into a storage cylinder at -196°C. The XeFo was

collected by pumping the contents of the nickel can through a

cold trap at -78°C. The yield of XeF, was 19.86 g (99.3%).

>
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The purity of the producg'was checked_by rqgordiﬁg the Raman.
spectrum in the range 450 to 600 cn;l. Xenon difluoride has a
strong_iine at 496.cm~! whereas the most likely impurity, XeFgq,
has two'strong lines. at 502 ‘and 543" cm~1. The amount of XeF,q °
found in'any of.fhe preparatlions was génerally estimated to be‘
lless than 0.5%. The product was stored under‘aﬁ atmosphere ;;f

N : .

drf nitrogen in an FEP storage vessel at foom_temperaturé. All

XeFs transfers were made as a soiid in an inert atmosphere

drybox.

~

Xenon tetrafluoride XeF4 was prepared in a manner
similar to that described by Malg and.Cherq&ck (43). The
procedure ﬁas been desc;ibed in detail elsewhere (53); Thc-ﬁ
purity of the product was checked by recording the Raman
spectrum in the range 450 to 700 cm~l. The most likely
impurities are XeF,, which has a strong band at 496 cm~l, and
XeFg. which has strong bands at 583, 636 and 656 em-l. While
in none of the preparations were appreciable quantities of Xelba
detected, the product was always found to contain small amounts
of XeFg. The XeFg could be removed by flash distillation at
room temperature owine to it; high vapor pressure in comparison
to that of XePy. -ghe.proauct was stored under an atmosphere
of dry nitrogen%%ii FEP storage vessel at room temperature.
All transfers were-made as a solid in an inert atmosphere
drybox.

. Xenon hexafluoride XeFg was prepared according to the

method of Malm and Chernick (46). Details of the procedure are

R S
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glven elsewhere (53). The purify of the produdt_was checked by
recordiné the Raman gpectrum in thé range 500 to 950 em=1, The
most likely impurities are XeOF4 having stfong lines at'919.
566 and 530 cm~l and XeFy, having lines at 543 and 502 em-1,
The XeOF4 contaminant, which wés'generally slight, was removed
by-flash distillation at troom temperatﬁre. Its removal is
Jjudged comblete.by the absence of pre-melting in the bulk )
XePg. Xenon hexafluoride is colorless as a_solid (m.ﬁ. 45°Cf
wheﬁ pure but is light-yellow in appearancé when pﬁe:melting
occurs. The product was stored under an atmosphere of dry

~

nltrogen in a FEP storage vessel at room femperature. All
transfers were made under vacuum through all stéinless steel,
nickel or fluoroplastic fittings. -

Krypton difluoride KrFs was prepared by the electrical
discharge method described by Schrelner et al. (25} and has
been described in detail elsewhere (53). The product was
stored in an FEP storage vessel pressurized to 2 atm af —78°C.H
All transfers were made under vacuum through all sfainless
steel. nickel or fluoroplastic fittings. '

Xenon oxf&e tetrafluoride XeOF4 was prepared by the
Interaction of 1 mole of X;FG with 1 mole of H,0 in a nickel
can. The product was storedvﬁver dry NaF (for-HF removal) in

‘an PEP storage vessel pressurized to 2 atm with dry nitrogen at

room temperature. All transfers were made under vacuum,

. 7 /~
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(v) Reagents for the Preparation of -0TeF« Derivatlives

Boron téichloride BClz (Matheson) was condensed from a
steel lecture cylinder into a 250 ml glass bulb fitted with a
-Rotaflo valve. Prior to uée. several volatile "heads™,
consisting of mostly HCl, were removed by éxpansion into a

static vacuum manifold and discarded. )

4

Pentafluoro-orthotellufic acid, HOTeFs5., was prepared
from the reaction of Te(OH)g (BDH éhemicals Ltd.) with 7 poles
of HSO3F. This synthesis has been descr;bed earlier (200) with
the only exception béing that the previous work used 11 moles
of HSO3FP. Pure HOTeFg was obtained by overnight hydrolysis of
the'resulting HOTeF5/F05S0Tefs mixture in concentrated {96%)
8380; at 60°C. Pure HOTeFs was sublimed into a Kel-F storage
vessel equipped with a Kel-F valve and stored at room
temperature. All transfers involving HOTeFs5 were made under
vacuum on either glass or-metal vacuum lines.

Boron tris(pentafluoro—orthotellurate(VI))‘B(OTeF5)3,
was prepared according to the method previously described
(162). Typical quantities of reactants used were: BClg,
8.8130 g (75.22 mmol): HOTeFs, 54.1951 g (229.62 mmol). The

-product was stored under an atmosphere of dry nitrogen {n a
glass bulb or an FEP storage vessel ;t rocom temperature. All
transfers were made as a soiid or by pouring the molten
co¥59und {m.p. 37°C).

- Mercuric fluoride, HgF3, was prepared by the oxidative

r

fluorination of elemental mercury (Johnson Matthey & Mallory,
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triply distilled) with XeF; in anhydrous HF soclvent. Ih a
typical preparf}ion, XeFa, 1.1330 g (5.69 mmol), was transfered
to an FEP reactlon vessel in a drybox. After removing from the
drybox, anhydrous HF (ca. 10 ml)‘was added and the reaction
vessel taken back into the drybox and cooled to -196°C in ;
Dewar of liquid nitrogen.  Mercury, 1.2665 g (6.31 mmol),
previously dried under vacuum, was,addea while'maintaininé the
reaction vessel at -196°C. The tube was quickly'removgd from
the drybox and immersed in a Dewar containing dry ice and
acetone (-78°C). Upon warming from -78°C to ambient
temperature, the reaction proceeded rapidly and smoothly with
intermittent cooling in dr§ ice-acetone bath to allow the xenon
gas generated in the reaction to be pumped off In vacuum at
-78°C. When gas evaqlution ceased, the tube and contents were
warmed to room temperature for an additiénal 1 hour followed by
the removal of HF and excess XeFp under vacuum. The product
was pumped on for 24 hoﬁrs at room temperature and stored in
its FEP storage tube under an atmosphere of dry nitrogen at
room temperature. All transfers were made as a solid in an
-inert atmosphere drybox.

Tellurium'tetrafluoride, TeFy, was prepared according

to the procedure described by Seppelt et al. (179) by the

reaction of SFy (Air Products and Chemicals, Inc.) and TeO3
{BDH Chenicals, 99;) in a2 Monel vessel. The product was stored
at room temperature 1in a gfass storage tube. All transfers

- A
were made as a sollid.
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(vi) - Preparation of -0TePFs Derivatives

Xenon(ﬁg) bis(pen;afluoro—orthotelluréte(VI)).
Xe (0OTeFg5),, was prepared by th; stoichjiometric reaction of XeFp
and B(OTeFs)3 in an FEP vessel equipped with a Kel-F valve, In
a typical preparation, B(0OTeFg)3 8.0825 2‘]11.12 mmol) was
introduced Intoc a FEP reabtlon veséel in a drybox. After
removing the vessel from the dry box, ca. 10 ml of CFClj,
solvent was vacuum distilled into the reaction vessel. The
tube was then;returned to the d}ybox and cooled to -196°C In a

:

Dewar of liquid nitrogen. Xenon difluoride, 2.8027 g {(16.56
mmol), was added to the FEP reaction vessel maintained Jat
-196°C. The reaction vessel was quickly transfered from the
dgybox to a vacuum line while cold.. After evacuating the tube
and countents at -196°C, the tube was opened to an 1solated.
section of the vacuum line and pressurized to ca. 1 atm with
dry nitrogen. The tube was then allowed to warm slowly in
order to solublize the B(OTeFs)3 and initiate tge reaction
(XeF, is only sparingly soluble in CFClz). The progress of the
reaction was monitored by evolution of BF3 gas. The tube was
imtermittedly coocled throughout the reactloﬁ‘when the evolution
of BF3 gas became too rapid. After % hour the gas evolution
ceased and the reaction was complete. The tube was c001e3 to
0°C and pumped to remove the CFClg solvent.. Pumping was
contlinued for 1 hour at 0°C and then warmed to room temperature
and again pumped for 3 further 4 to 5 hours. The vield was

9.57 g (95%) of Xe(0OTeFs5)p. The yield is reduced substantially
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it the B(OTeFg)s and CFCls mixture was allowed to stand at room
tenperatﬁre for prolonged periods of time. The purity of the -
product was checked by Raman spectroscopy. fhe,abéencé of
lines at 740 and 725;0ﬂ'1 due to B(0TeFg)j or at 496 bm'i due
to XeFs, which are the most Intense bands in the spectra of
these compounds, and couparisoq with the published %a;ah T
spectrum of Xe(OTePFg)s (178) . indiqatéd'that the final product
was pure. The compound was stored at -78°C in an FEP storage
vessel under 2 atm of dry nitrogen. All transfers were made'as
a solid in an inert atmosphere drybox. 7- -

Xenon(II) fluoride pentafluoro;orthotellg;ate(VI);
FXeOTer. was prepared by the stoichiometric reaction of XeFy
and Xe(OTeFg)s in S02ClF solvent at 0°C. The ﬁrocedure is
analogous to that for the preparation of FXeOIOF4 described
below. A typical preparafion consisted of tE; following
‘quantities of reactants: XeF3, 0.5032 g (2.97 mmol):'
Xe(OTeFs)p. 1.7873 g (2.94 mmol); SO,CIF, ca. 6 ml. The

-

product was isolated by removal of the solvent under vacuum and

F

used immediately thereafter.

v

Xenon(IV) tetrakis(pentafluoro-orthotellurate{VI}).

Xe(OTeFg),4, was prepared by the reaction of stoichiometric
amounts of XeFs; and B{0TeFg)g in CFClg solvent. The procedure
is identical to that for the preparation of Xe(OTer}z
described above. Owing to slow attack of the solvent by the

product, the reaction mixture was never allowed to warm above

0*C. Typiecal preparations involved the following quantities of

P .



reactants: B(OTeF5)3,lé.4941 g (8.94 mmol); XeF4, 1.3234 g
(6.38 mmol): CFClg, ca. ?O'nl. The purity of the produet was
checked by recording ﬁhe Raman spectrum.  The absence of lines
at 502 and 543 cm"1 (XeF4j. 725 and 740 cm-l (B(OTeF5)3); 440
cm~1 (Xe(0OTeFg)so) as-well as by comparison with the publi;hcd
Raman spectrum of Xe(OTeF5)4 (142), confirmed the ﬁurity of the
product. The compound was stored in an FEP storage vessel at
-78°C under 2 atm of dry nitfdzen. All transfers were made as
a solid in an inert atmosgﬁi}e drybox.

- Xenon(VI) oxide tetrakis(pep?aflupro-drtho-
tellurate(VI), 0Xe(OTeF5)4, was preparcd by the reaction of
stoichiometric amounts of XeOF4 and B(OTeFs)3 in CFClg
solvent. The procedure was analogous to. that of the
preparation of Xe(0TeFg)4 described‘above.- Typical
preparations involved the following quantities of reactants:
XeOFz, 1.7527 g (7.849 mmol): B(QTeFs)3. 7.9336 g (10.92 mmol);
CFClz, ca. 10 ml. Tﬁe purity of the product was checked by
recording the Ramgn spectrum and comparing the results with
those obtained by Schrobilgen and Schumacher (142). The
product was stored-in an FEP storage tube at -78°C under 2 atm
;f ary nitrogen. Ali transfers were made as a solid in an
inert atmosphere drybox.

Mercury(II) bis(pentafluoro-orthotellurate(VI}),
Hg(0TeFs5),, was prepared by the stoichiometric reaction of HgFp

with B(0Tefg)3 in CFClz solvent. The procedure is similar to

that for the preparatiOﬂ of Xe(OTeF5)2 described dbOUP A
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typical preparation involved the following quantiﬁies of
reactants: HgFy, 0.3379 g (1.42 mmol); B(OTeFg)3. 0.7120 g
(0.98 mmol); 'CPClz, ca. 6 ml. The product was stored in an FEP
storage vessel under an atmosphere of ;fy Pitrogen at rdom
temperature. All transfers were made as a solid in an inert
atmosphere drybox. *' .

Tellurium{IV) tetrakis(pentafluoro—orthotéllurate(VI)),

Te(OTeFsg)g4, Wap'ﬁpepared as previgusly described by Scppelt et

"sal. (179). The product was stored in an FEP.storage'vessel

underﬁén atﬁBsphere of dry nitrogen at room temperatufek A
typlcal preparation invelved the following quantities‘of
reactants: TeF4q, 0.4497 g (2.21 mmol): B(OTeFg)a., 2.1838 g

(3.01 mmol). All transfers were made as a solid in an inert

atmosphere drybox.

{C) PREPARATION OF -QIF40 DERIVATIVES . *

(1) Preparation of cis, cis-Xe(QIOF )5

The cls, cis-isomer of xenon{II) bis({oxytetrafluoro-
iodine(VII) oxide), Xe{0IOF4)2, was prepared as a pure compound
by the displacement of HOTeFs from Xe(0TeFs)z with
gtoichiometric amounts of the stronger protonic acid HQIOF,.

These reactions were performed elther neat or in GFClg solvent.

kS
-

gln a tyghcal experiment, HOGIOF4, 0.8810 g (3.74 mmaol), was
transfe}ed in. a drybox ig}o a 9 mm o.d. FEP NMR tube equipped
with a Kel F valve. The tube was cooled to -196°C in a Dewdr

of liquid nitrogen. A pre weighed amount of Xe(0TeFg)s, ? 0740

- '
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g (1.77 mmol)}, was then transferred to the FEP tube immersed in

liquid nitrogen. After the transfer was complete, the tube was
closed apd quickly rémoved from the dry box whilé cold and
irahsfered to a Dewar of liquid nitrogen. The tube and
contents were immediately pumped on at ~-186°C to remove the

"pressure of nitrogen that had built up from handling the open

~

tube in .the dry box. In preparatldns where a solvent was used,

. g
such as CFClj, the solvent was statically distilled in at this

-

point. The amount of solvent condensed at liquid nftroged
temperature was typically 4 to § ml, but, in any casc., enough

was added to completely solubilize the reactants. The
b . .

tembérature of the tube and contents was then raised fb-b°c in

an ice water bath for apﬁroximately 15 m;nutés.' For reactlonhs
performed with neat HOIQF,4, the temperature was raised to
approxfhately 10°C in otrder to liquify the HOIOF4 and initiate -~

reaction. The contents were mixed throughout the time of w

reaction and periodically cooled Wwith 1iquid nitrogen to
control the rate of reaction. As the reaction proceeded the

mixture went from colorless to yellow with some gas evolution
a -

always being observed. After the reaction was deemed complete

-

{ca. 10 min.), the tube was checked for non-condensibles first
- at -196°C (0} and then at -78°C (Xe). In this procedure, the

tube was opened to an isolated section of the vacuum line (52
) \

A1) equipped with a pressure gauge. The preparations involving

-

. o . -7
CFCls solvent generally showed small oxygen and Xxenon pressures
(= .1 atm Op, .2 atm Xe}. Preparations performed neat

( S
\ . .
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“

geﬁerally showed smaller pressures of xenon and little or

‘no oxygen (< .1 atm 0y, = .1 atm Xe). The product was then

isolated by pumping at 0°C for approximately 1 hour to remove
the solvent and HOTeFs formed in the reactlon. The sliéhtly
wetted solid was pumped for a further 24 hours between 0°C.and
room temperatﬁre in order to ;emove any residual HOIOF4. The

tube was then pressuriied to 2 atm with dry nitrogen and stored

at -78°C until used. The yield was typically 90 to 95% when

the reaction was perfgrmed neaﬁ whereas when done in CFClg
solvent, the yields never exceeded 40%. In both cases the
solid product was sﬁgwn to consist of only cis, cisr-Xe(OIQFy),
by lgw—temperaturé‘Raman spedtroscopy‘(Chapter 4) . The
reaction éarried'ogl }n C7Fi14 produced only xenon and oxygen
gas, a mixture of Qolatile substgnces presumably CF4, C2Fg and
other fluorinated hydroearbons and iodine(V) species [OF3, IFg
and I0oF. The reaction performed in SOzélF yielded a very
small apdunt of product (mg quantities) but mostly oxygen,
Xxenon. an he iodine(V)} species I0F3, IFs and IO02F, identified
by record?‘g the low-temperature Raman spectrum of the solid .

product and the 19F NMR spectrum of the product dissolved in

CFCls solvent.

kY

. e

(i1) Attempted Preparation of Xe({(OIOF4)o by HF Displacement

Attempts to prepare Xe(OIOF4)p by the stoichiometric
reaction of XeFy and HOIOF4 in HF, SQ03ClF. or CFClz solvent were

unsuccessful. The procedure used in each of these attempts is
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identical to that discussed above with the oﬁlyjexcéptidns |
being that Xer.replaces Xe (0TeFs)2 and the solvents used were.
o either HF, SO02ClF or CFClz. In a typical attempt; H010f4.

3.¢228 g (12.81 mmol), and XeF,. }1.0305 g (6.09 mmol)., were
combined at —196;0 in a drybox. After removing the reaction
tube from the drybox, solvent (ca.'10 ml)'was added and the
tube evacuated at -196°C. The contents ﬁererallowed to react
"at 0°C for 15 minutes with periodic cooling and agitation.

After‘ype specified reaction time the tube was monitored for
non—conde;sibles as outlineﬁ above. During the removal of '
solvent under vacuum at 0°C, gas eﬁolution was vigorous and was
controlled ﬁy intermittent cooling with liquid nitrogen. In
the attempts using HF solvent, after the HF had been completely
femoved. a small amount of liquid. identified as HOIOF4 and

‘M'IFS' by recording the 19 NMR specfbum. and a white solid,
identifiei%as I0sF, by recording the low temperature Raman
spectrum, were the bnly products. In the attempts using CFClg
6r_802C1F solvents, complete solvent removal was accompanied by

detonations presumably the result of formation of one or more

unstable chlorine oxides.

(i1i1) Preparation of cis- and trans-FXeOIOF,

:
Xenon{II) fluoride oxytetrafluoroiodine(VII) oxide was
prepared és a homogenous mixture of cis- and trans-isomers by
the direct interactlon of IO0pF3 withH XeFp in HF solvent. In a

typical preparation, I[0sF3 2.6848 g (12.44 mmol), and XefFg3.
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2.1381 g-r12.62 m mol), were conbinea in a 9 mm o.d. FEP
NMR tube at -196°C inmaﬂdfybox. After removing the peaction
tuﬁe from Fhe drybox while being kept cold, HF (ca. IO-QI) was
added and the tube evacuated at -196°C. The contents were

allowed to react between -10°C and 0°C for approximately X

——

" 'hour. Thetube-was _frequently agitated during the course of
khe reaction to solubllize Ehe reactants ;nd periodically
éooled in liquid nitrogen to control the rate of reaction. The

* mixture went from initially being colorle%s to vellow when the
reaction was complete. fhe solvent was then removed under
vacuum at -50°C resulfing in a yellow liquid having a melting
"point between 0 and -5°C. The vessel containing the product

was pressurlzed with 2 atm of dry nitrogen and stored at -78°C

-

until used.

A second method used to prepare cis/trans-FXeQIQF,
was by reaction of a stoichiometric amount "f cis, cls-
Xe(0IOF4)p with XeFp in SO03ClF solvent at 0°C. In this
preparation, cis, cis-Xe(QIOF4)p,., 1.0633 g (1.77 mqo])ﬁ
contained in a 9 mm o.d. FEP NMR tube was cocoled to -196°C and
then rapldly transfered to a drybox where it'was'immediately
immersed 1in a'bewar‘of liquid nitrogen. X;non diflueoride,
0.2985 g (1.76 nmol), was added at -196°C and the t;be removed
from  the drybox while still cold and cogled to -196°C. The
solvent, SO0,ClF (ca. 6 ml), was condense{ into the reaction

tube under vacuum at -196°C. The mixture was allowed to react

at 0°C for approximately 1 hour with vigorous agitation. Once
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no more solid was evident, the tube was cooled and the solvent
removed at -78°C, leaving a yellow liquid consisting of a
| mixture of cis- and trans-isom;rs of FXeOIOF;. The tube was
pumped for a further 10 minutes at Okc and then pressurized

with 2 atm of dry nitrogen énd stored at -78°C until used.

(iv) Attempted Preparation of [XeOIOF4]*[AsFg]l™

Arsenic pentafluoride, AsF5.§was prepared by the

~—

reaétipn of ASF3 (201) with a 10% mo;ﬁr excess Bf fluorine in a
‘nickel can at 200°C for.ls hours.

In an attempt to preparé thé‘title compound., an excess
of AsFg (ca. 6-fold) was condensed at dry-ice temperature onto
apppoximately 0.5 g of FXeOIOF4 contained in a %" o.d. FEP
reaction tube. The reactants remained in contact for ca. 10
minutes at -78°C before being warmed slowly to 0°C. As the
mixture was warmed, the AsFg was allowed to expand into an
isolated secﬁion {ca. 52 ml volume) of the metal vacuunm
manifold to a pressure of 1.0-1.3 atm absolute.. The bulk
sample slowly fused with a concurrent color change from
light-yellow to a deeper yellow. The mixture was held at 0°C
for ca. S5 minutes and was periodically agitated during this
timeé- to facilitate mixing. The mixture wasicooled to -78°C and
monitored for Oy and Xe gases. As no 0p or Xe gas was
apparent, the cycle was repeated three times followéd by
the removal of excess AsFg at 0°C. During the remodal of AsFg

the tube was periodically chilled with liquid nitrogen to
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prevent "frothing” of the mixture up the tube and into the
attached Kel-F valve. After the AsFg had ﬁeen couplééely'
removed, a. light-yellow powdef remainéd which when exposed to - °
an additional 0.3 atm of AsFs, became wetted. Pumping at 0°C
again resulted in the deposit of the pale-yellow solid. The
tube was pressurized to 2 atm with dry nit§ogen at-:78°C and
fhe Raman spectrum recorded in situ at -196°C.

/

(v) Reaction of HOTOF,; with O0Xe(OTeFgl4

Mixed xenon(Vi) derivatives of the general form

'OXE(OTEFs)x(OIOF4)4_x'(x-0—3) have been observed in CFClg

solvent by 129%e NMR épectroscop& during the course of this
work. In addition.'when stoichiometric amounts of neat HOIOQF,
aﬁd OXe(OTeF5)4 are allowed to react and the velatiles removed,
mixed xenon(VIII) derivatives of the general form
Xe03(0TeFg)x{(0I0OF4)2-x (x=0,1) are isola;ed. In a typlical
préparatlon of the xenon(VIII) derivatives, HOIOF,, 0.6660 g
(2.82 mmol), was placed in a 9 mm o.d. FEP NMR tube and

transfered to a drybox. At -1986°C, 0Xe(0OTeFg)4, 0.7659 g

.{(0.70 mmol), was added to the FEP reaction tube. After qulickly

removing the tube from the drybox, it was cooled to -196°C and
pumped on a vacuum line for ca. 10 minutes. The mixture was
slowly warmed to 0°C with frequent shaking and with
intermittent cooling in ljiquid nitrogen. After 15 minutes the
tube was pumped out at 0°§lto remove HOTeFs resulting in a

slightly pale-yellow solid depositing. The tube was pumped for
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a further 34 hours at 0°C and then pressurized with 2 atm of

dry nitrogen at -78°C. ~The Raman spectrum was recorded in the

reaction tube at -196°C followed by storage at -78°C. The

129%e NMR spectrum was recorded on the sample in CFClj solvent

at 5°cC. . N

(vi) Preparation of F.0I00I0F,4

The title compdund has been prepared by_the controlled
decomposition of cis, cis-Xe(OIOE;)z. In this preparation, an
FEP tube containing cis, éis—Xe(0I0F4)2_ maintained at -78°C,
Qas connected to an FEP U~tube equipped with =2 4mmwo.d. FEP NMR
tube side-arm (Figure 2.4) and puﬁped for 18 hours to  ensure
dryneSS of all connectipns. Following the specifieq;drying
time, the FEP NMR tuﬁe was warmed to 0°C in an ice water
bath while being pumped on through the U-tube which. was cooled
to -196°C in a Dewar of liquid nitrogen. The décomposition
proceeded smoothly over the period of 1—2.h§urs résulting in
the formatioa of a "plug” of white material in the FEP U-tube.
After'the de&omposltion was complete, milligram gquantities of a
white powder, later identified by Raman spectroscopy as IO0aF,
remained in the FEP NMR tube. The U-tube bbntaining the-
decomposition products was warmed to -78°C in a dry-ice/acctone
slush bath. It was then opened to the manifold to check for
xenon pressure while being maintained at -78°C. In each

preparation, pressures of Xencn ranging from 0%;5 te 0.55 atnm

absolute were observed, depending on the amount of Xe¢{OI0F4},

¥
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FPigure 2.4

The PEP U-tube with 4 mm o0.d. side-arm used for trapping
F40I00I0F, generated in the decomposition offcis. cis-

Xe(OIOF4)5.
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used. The U-tube was then pumped for ca;“S“iinutes at -78°C to
remove xenon. The contents of the Uétuse. consisting ;f a
finely divided white solid, were then carefully «£ipped into the
4 mm o.d. side-ar; (Figure 2.4) while maintaining the comﬁlete
unit at -78°C. The U-tube was pressurized with 2 atm:of dry
nitrogeﬁ and sgored at':;8°c until used. Raman spectra,
were recorded on the neat white solld at —1§6°C|either in -the
FEP side—arnn or by transferring the white sol{d at -196°C to a
3 mm o.d. glass capillary tube in an inert atmosphere drybox.
Fluorine-19 NMR speckra were recorded in CFClz solvent at -40°C
by first vacuum distllling CFCls solvent into the FEP side-arm
containing the product and then heat-sealing the tube under
vacuum with a Nichrome resistance furnace. The FEP tube
containing the product and CFClg levent then served as the NMR
sample tube. s

The peroxide has also been pregéred and studied in 3153
by 19F NMR spectroscopy at -40°C. In this experiment..a sample
of cis, cis-Xe(OIOF4)5, dissolved in SO03ClF solvent, was warmed
to 0°C from -196°C and held at 0°C for ca. 10 mlnutes after |
which time the 19F NMR spectrum was recarded at -40°C. This
cycle was repeated three times (after warm ups of 70, 130 and

520 minutes) with the 19F NMR spectrum recorded after each warm

up.

(vii) = Preparation of B(OIOF4),(0TeFs)j-x

A mixed boron derivative Bf_the general form
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B(OIOF4)x(0TeFg)3_-x has been p;epared and isolated by the
stoichiometric reaction of neat HOIOF; with B(OTeFg)3. In a
typical preparation, HOIOPF,, 2.1538 g (9.13 amol), was
transfered into an FEP tube ln an inert atmosphere drybox.
The tﬁbe was then‘cooled to ~-196°C in a Dewar of liquid.
nitrogen and B(OTeFs)g3, 2.1920 g (3.02 mmol), was added while
maintaining the tube at -186°C. The tube was quickly removed
from the dryboxrand immedialely cooled to f196°C. ‘'The tube and
contents weFe evachated at -196°C:followed by warming, in a
static vacuum, to 0°C in an ice-water bath. The contents were
éllowed to react at 0°C for ca. 10 minutes. During the
reactioﬁftime.'no gas evolution was apparent and the color of
the reaction mixture progressed from colprless to bright-~-
yeﬁl;w. After the specified tlme. the tube was connected to a

?v%cuum line and pumped on at 0°C for ca. 1 hour after which

G

s

tfﬁe a;&fight—yellow and slightly viscous liquid remajned. The

’

-

LR
tube was then pumped on overnight between 0 and 10°C with no

apparent changes in the physical properties of the substance.
The liquid was dissolved in ca. 4 ml of CF613 solvegt
{distilled in) and then heat-sealed under dynamic¢c vacuum. The
tube and contenés were stored.at ~196°C until 1B and !9F NMR .’

spectra could be recorded.

(viii) Preparation of Hp(OIOF41»

A mixture of cis- and trans-Hg(OQIOF4), has been

prepared by the stoichiometric reaction of HOIOF,; with

t
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Hg(0TeFg)2 in CFClé solvent at.o;ﬁh The experimén;al procedure
is anaiogéus to that used for the acid dlsplacément reaction
perfornedjon Xe(0TeFg)p with HOIOF4 in CFClg discussed

- P .

previousfy; In a typlical preparation, the following quantities
of reactants were used: HOIOF4, 0.3742 g (1.59 mmoi!:
Hg(0TeFg)z. 0.5115 g (0.76 mmol). _The FEP tube containing the
pale-yellow.product_was pre;surized_with 2 atm of dry ni;rogen

at -78°C and the Raman‘spectrum was recorded at -196°C. The

productfwas stored in its FEP tube at -78°C,

(ix) Attehpted Preparation of Te{OI0OF4)4_and Te(0I0F,)g

X Attempts to prepare the title compounds either by I0,Fjy
insertion rgactions w;th TeFyq or by acid displacement reactions
of HOIOF4 with Te(0TeFg)lyq or Te(OTeFs5}s have- been made.
Although the products have not been fully characterized
(Chapter 7), preliminary Raman studies have indicated that
Te(lV) derivatives, Te(O0IOF,;)yx{0TeFglgq-y (x=1-3}. may have been
generated. The’most promising of these attempts involves the
reaciion of excess I0,F3 (8 moles) with TeFy (1 molc) in

S0,ClF solvent at room temperature. In this preparation,

[0aF3. 0.7083 g (3.28 mmol), and TeFy, 0.0808 g (0.40 mmol)
;éggrco;biﬁ;d-in ;ﬁrFEP tubé at -196°C in a drybex as described
previously. The solvent.'302C1F. was distilled into- the
reaction vessel at -196°C, also as previously descéibed. The °
tube and contents were allowed to warm to anq were maintained

[

at room temperature for ca. X hour during which time most of

D |
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the TeFy dissolved and the color of the reaction mixtyfe, which
was initjially vellow, faded. In addition, qo gas evolution was
observed at any time. After the specified reaction't' e, the
volatiles were pumped off at 0°C }or % hour which resulted in
the deposition of a pale-yellow solid. The tube a;d contents
were pumped on overnight at room temperature resqlting in a
white-solid remaining. The tube was pressurized to 2 atm with

%

drb nitrogen and the Raman spectrum was recorded at -196°C in

the FEP tube. The results are discusse&-in Chapter 7.

(x) Reactions Studied In Situ by NMR Spectroscopy

In addition to the reactions discusseq previously in
which the isolation of single products' was attempted and/or
attained, some systemé were first studied iﬂlgiﬁg by NMk
spectroscopy. These studies were }ntended to pfovide the basis
upon which subseqﬁent assignments of-these specles, geqeféted
in other systems, could be madé and to aid in arriving at
strategies for the isolation of products. Below are listed the
fixtufes of rea?tants.‘together with their solvents;-which were

studied in situ by NMR spectroscopy: ‘ .

Xenon-129 and/orl9F NMR Spectroscopy
A) I05Fg B) XeFo - - Ratio A:B

10,F3/XeFs in SO0,CLIF at -5°C

~1
=1
—

0.8389 g (3.89 mmol)} 0.7511 g (4.44 mmol) 0.8

1.3380 g (6.20 mmol) 0.5328 g (3.15 mmol) 1.969:1



1.6729 g (7.75 mmol) _ 0.3713 g (2.19

I0pF3/XeFp in CFClg at 24°C

0.7439 g (3.45 mmol) 0.3529 g (2.09

0.5901 g (2.73 mmol) 0.1240 g (0.73

I0pF3/XeFp in BrFs at 0°C

1.0836 g (5.02 mmol) 0.4258 g (2.52

A) I0,Fg

[0pF3/XeFy in CFClz at 24°C

B) XeF4

0.6897 g (3.20 mmol) 0.3348 g (1.62

I03F3/XeFy in Brfs at 0°C

1.0022 g (4.64 mmol) 0.4802 g (2.32

A) [02F3

I0pF3/Xe0Fy4 in CFClg at 0°C

A) [02F3
KrFp/105F3 in BrPgs at -45°C
excess

< (B)

B) XeOFg4

'0.3892 g (1.80 mmol) 0.4990 g (2.24

B) Krky

< (A)

excess

mmol)..

mmol)

mmol)

mmol )

nmol)

mmol)

mmol)

T4

3.530:1

1.653:1

3.700:1

1.996:1

Ratio 1:2

2.004:1

Ratio A:B

0.804:1

Ratio A:B



e

KeFp/I0,F3 in SOCLlF at -45°C

excess ) < (A) ’ > 1

< {B) 1 B excess T <l

(exact quantities of reagents could not be determined)

A) HOIOF,4 . B) Xe(OTeFg)y . Ratio A:B

HOIOF4/Xe (OTeFs)p in CFCla at 21°C

0.0831 g ' (0.35 mmol) 0.1965 g (0.32 mmol) 1.094:1
. B

——

J?'

A) HOIOF, B) Xe(O0TeFs)gy Ratio A:B

HOIOF4/Xe(OTeFg)4 in CFClz-at -5°C-

i

4

0.1212 g (0.51 mmol) 0.2330 g (0.22 mmol) 2.394:1
0.2875 g (1.22 mmol) ,0.2983 g (0.28 mmol) =~ 4.357:1
0.2548 g (1.08 mmol): 0.1589 g (0.15 mmql) 7.378:1
. .
A) HOIOF, B)- OXe(OTeFg)q Ratio A:B

HOI®F 4/0Xe (OTeFg)y in CFCly at -35°C

1.0207 g (4.

)
33 mmol) 1.0894 g (0.99 mmol) 4.375:1

-~

Telldrium-125 NMR Spectroscopy

)

A) HOIOF, B) TeFy Ratio A:

HOIOF 47 TeF 4

)
¢ 1}

»

The

samples was

in 802 at -10°C

1.5014 g (6.37 mmol) 0.4024 g (1.98 mmol) 3.220:1

procedure that was tollowed for preparing NMR

the same in each case. Reagents were }oaded i

B

nto
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- the NMR tubes at low temperature (-196°C) either by“&acuum‘
distillation (Iost. KrF2. XePFg and Xe0F4) or in an inert

atmosphere drybox (XeP,, XeF4. Xe(OTeFs5)z, Xe(OTeFslg.

; .
OXe(OTeFs5)y4 and TeF4). While maintaining the NMR sample cold,

ca. 1.5-2.5 ml. of solvent-was transfered to the'tube under

vacuum at -196°C, except for SbFs, which was transfered to the

cold tube using an all-glass syringe in an inert. aﬁmOSphere

drybox.. -
(D) INSTRUMENTATION
(1) Nuclear Magnetic Resonance Spectroscopy
All NMR spectra were recorded unlocked (field drift <

0.1 Hz h-l) with the use of a Bruker NM—250 sqectrometer
equlipped with a2 5.8719 T cryomagnet and an Aspect 2000
computer. for variable temperature measurements, samples were
kept cold (-196 or -78°C) until immediately prior to their
placement iR:the probe. Suamples were generally.warmed only
enough to liquify and solubilize or partially solubiiize the
cpntents and were then quick%y placed in the ﬁre-cooled probe;
Prior to data accumulation, the tubes were allowed te
egquilibrate in the probé for periods of 1-3 minutés while
spinning. Temper;tures were periodically checked by placing a
copper-constantan thermocouple into the sampling region of the
probe. Temperatures were considered to be accurate to within =
1°cC.

L ]
Spectra were obtained in either precision 10 mm
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"o0.d. thin-walled glass NMR tubes (Wilmad Glass Cg.) (129%e, 19F

1 z

and 11B), 5 mm o.d. (19F) or in FEP NMR tubes (described . .~

above), of 9 mm o.d. {(129%xe: 19p, 123Te) or 4 mp.o.d..(lgF}.
The samples recorded in,FéP tubes were pléged inaidé—préﬁlsion

10 m%{o;d. or S mm o.d.-glass NMR tubes during the acquisition

~

of spectra.’

]

Spectra were obiained for 129xe, 155Te.'and 11é on.tﬁ;
séme 10:mm probe (broad-banded over the frequency range 23-103
MHz) tuned to 69.56, 78.90 and 80.82 MHz, respectively.
Fluorine-19 spectra using 10 mm o.d. tubes, were obtalnedrwifh
the use of the proton decouplér coils retuned to 235.36 MHz as
the observe coils. Fluorine—ls:spectra\using 5 mm o.d. tubes,:
were obtained with ihe use of a combination 14/19F probe and-a
fixed frequency transmitter.

All spectra were obtained on ﬁatural ab;ndance
compounds. ‘Xﬁpon—lag spectra were obtalned in_400-10000 scans
at a spectral width of 50 KHz (16K, 6.1 Hz/data hoint. 0.164 s
acquisition time; 32K, 3.1 Hz/data polét. 0.355 s acquisition
time) or éoo KHz (32K. 6.1 Hz/dati point. 0.164 s acquisition
time). Fluorine-19 spectra were obtained in 64-1600 scans at a
spectral width of 160 KHz {16K, 12.2 Hz/data polnt, 0.082.s
acqguisition timei 32K, %.1 Hz/data point. 0.164 s acquisttion

ime) or 150 Kiz (32K, 9.2 Hz/data point. 0:109 s acguistiun
time). In some Instances 19F free induction decays accumulated

at a spectral width of 100 KHz and in a 32K memory, were Zero-

filled to 64K for processing. vielding a data point resolution

-+
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of 3.1 Hz. Both 11B and 125Te spectra were obtained in:100,000

13

scans at a spectra ﬁ]dth of 100 KHz (32K, 6.1 Hz/idata .polint,

- - . H

0.164-s acquisition time). Pulse widths corresponding to bulk

magnetization tip anEips. § = 90°, were 2° (19F), 22 (129xe), 20

(11B) and .25 us (!25Te). Line-broadening paraméters used in
%
. : <&
exﬁonential multiplication of the free induction decays were

set equal to or less than their respective data point
resolutions. In EOﬂe cases, resolution was further enhanced by
tr;nsforming the frée induction decays from a time to ;~
‘frequency dohﬁln with use of a Gaussian fit ratﬁer than the
convential Lgrentzian fit.‘ In these instances, a Gaussian.
broadeh ng'bétweeh 0.1 and 0.5 and a line-broadening equal to
the negative of the respective da}a point resolution, were
qpplied to the free induction deFays prior to Gaussian,
multiplication and Fourjer transform.
’ L;ne—broadenidé effects in the 129Xe spectra due to
‘shielding anlsotropy (éA). were found fo be a c¢considerable
nuisance in the course of this work. In particular, the long
range spin - spin coupling patterans could not beiresolved in
the 129Xe NMR spectra of the cis-isomers ,of FXeOlOF4 and
Xe(QIOQF4)2 (Chapter 4) and this is attributed. in the most
part, to line-broadening due té SA."

The respective huclei were rﬁgerenced with respect to
neat samples of XeOF,; (139Ke). CFCljy (19%) (CHg)pTe (125Tey and

BClj; ii}B) at 24°C. A positive chemical shift was assigned to

any resonance occuring to high frequency of the reference

»
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,substance. - ) . .

(ii1) ‘ Raman Spectroscopy ’ .-
A Coherent Model Innova 950 argon lon laser giving up to

3.5 W at 5145 A was used to excite the Raman spectra. The

L}

.spectrometer was a Spex Industries Model 14018 double mono-

. chromator equipped with 1800 grooves/mm Holographic gratings.
Slit widths de;ended on the sé;ttering efficiency of‘the saqple
but were typicaliy-sgi betwegs 50 and 1060 um. The scanning

rate used was 0.5 cm-1 g-1, The typical power range used was

between 0.4 and 1 W. All Raman shifts quoted are believed to

be accurate to * 2 cm~l, Cylindrical sample tubes were mounted
. -
vertically. The angle between the lasqr beam and sample tube

N

was 45°, and Raman scattered radiation was observed at 15° to
the laser beam or 90° to the samﬁle tube. Low-tempérnture

spectra were recorded by mounting the sample vertically in an
unsilvered Pyrex glass Dewar filled with liquid nitrogen, All

spectra were obtained directly in eithér FEP or glass reaction

vessels,
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CHAPTER 3§

AN _IMPROVED SYNTHESIS OF HOIOF, AND DEFINITIVE 19F NMR STUDY OF
THE STRUCTURE OF I0,F3 AND THE cYs- and trans-HOIOF, ISOMER RATIO

-

(A) INTRODUCTION t

Prior to the commencement of this research, the
chemistry of the -GIR¢9 éroﬁp w;s limiteddto th:\preparation of
cis- and trans-isomers of HOIOF, (184,185,186). K*IOpF4~ (187),
Cs*I10,F,~ (186.189), FUIOF4 (186,189) and.C1010F4 (186). The
purpose of this workrfrum the outset was to extend the
chemistry of the -0IF40 group to other main—group defivative;.
In light of this objective, it was first necessary to prepare
substantial~quantitjes of HOIOF, and IOpF3., which were
seemingly best suited to functien as precursors for -0IF40
derivativ?s. Secondly, it was necessary to study the solvent
and temperature dependences of the cjs:tr;ns isomer ratio ﬁn
HOIOF, and the solution structure of I0pF3. This would serve
as aAbasis for éharacterizing new -0I[F40 derivatives in
solution and the detection of unreacted HOIOF4 and [0pF3. To
this end, a new synthesis was developed for HOIOF,, monitored
and optimized with the aid of a !9F NMR study. In addition. a
“19r NMR stqdy of the solvent and temperature dependences of the
cls:trans isomer ratio in HOIOF,; and a definitive structu;al

analysis of I02F3 in solution were undertaken. These studies

and their results are discussed in this Chapter.
80



(B) RESULTS AND DISCUSSION

(i) An Improved Synthesis of HOIOF,

Tetrafluoro-orthoperiodic acid HOIOF; and iodine

dioxide trifluoride I0pF3 were first prepared in 80% vields by

Engelbrecht and Peterfy L;@K.IBS) according to equations (3.1f

-l73.3). | -

2 ﬁasnzlos + 3 Ba(NOs)zF—_——*BQ3H4(106)2 + G-NaNoa. (3.1)

BagHgy ([0g)a + 14 HSO3F —2 HOIOF4 + 8 HpS04 + 3 BaiSDsF)z ('3.2)

HO10F; + S$0q —— I03Fg + HéosF

Attempts In the céurse of the present'work to generate HOIOF, in .
high yield according to this method weré'ﬁhsuccessfdl. with a

maximum attained vield of oaly 42%, In addit;on. this synthesis

has two princlipal drawbacks; an‘additiohal'step requirihzlthe
pr;;aratjon of the barium periodate salt .according to equation
(3.1} and, the large quantity of HSOzF used, 7.moics of "HSOgF

for evety mole of HOIOF4 (equation 3.2). ?hé only other
published method leaa;ng to the recover; of pﬁre HOIOF4 1s that
of Christe et al. (186) who have prepared and isolated HOIOF4 on

a snali”scale by way of a metatheslis utilizing Cs*[105F4] . as the

-01F,0 source according to equations (3.4) - (3.6).
Cs*{I104]~ + 4WF =—=—===> Cs*[I03F4]" =+ 2 Hz0 (3.4)
Ce*[I0zF41° + 2 HF —/————= Cs*[HF2]~ + HOIOF, (3.5)

Cs*{HF]~ + BIiPFg —> Cstf{BiFg]}~ + HF . -{3.6)
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The salt, Cs*[IO0pF4}~ is prepared by HF solvolysis from Cs*[I104]°
(equatlon 3.4) followed by the removal of excess HF and Hzo0
under vacuum, Tﬁe method can sgffer froﬁ I;compfete solvolysis
resulting in some Csﬁ[Q04]‘ cogtamination (s;e Chapter 2).' The
latter can be removed, however, by fluorinaéion with“BrFs to give
pure Cs*[IOé?4]‘. The [BiFg]~ salt formed in 'the last step of
the brocedure 1s removed b§ filtration and'the resuiting_
HOIOF4/HF mixture is separated by fractional distillation. This

method, which leads to the preparation of pure HOIOF4; in granm

-

quantities, is not feaslble for the preparation of larger
quantities of H016F4 oﬁing to the number of steps involved and
difficulties encountered in preparing large amounts of pure BiFj
(202.2032 énd pure Cs*[I0pF4]~ (186,188} (equation 3.4).°° -le
[n the present work, HOIOF4 is prepargq in high yield
(88%) according to equilibrium (3.7) and recovered gnd purified

-

using the method of Engélbrecht‘and Peterfy (184,185} (equations

-

3.3 and 3.8).

HSIOS‘ + n HSO3F ——— (HO)5_p10F, <+ n H3S804 (3.7)
HP .+ I03F3 ———> HOIOFg ~ --(3.8)

The eiperimental details of this improved synthetic procedure arce
given in Chapter 2. This method offers several advan%ages.
_namelyf ‘ : -

-

(1) HgI0g (99%) is commercially available whereas the
method of Engelbrecht and Peterfy (equations 3.1 -
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3.3) and Christe et al. (equétions 3.4 - 3.6)
both requirce the "preparation of iodine(VIi) salt
precursors,

(2) equilibrium (3.7) requires only 4 moles HSOgF
whereas equation (3.2) requires 7 moles of HSOgF
per mole of HOIOF; formed, o .
' »
“(3}) and the problems associated with the insoluble
paoducts Ba(SOsF)é and Cs*[BiFg]~ (equations 3.2 and
3.6) are eliminated.

The ;eactions and equilibria assoclated with the

»

synthesis of HOIOF4-according to equilibrium (S.T)hﬁere monitored

by 19? NMR at four stages throughout the preparation, namely:

Stage (1) on the reaction mixture after addition of Hs5lOg
- . - to H503F was complete and the mixture had presumably
attained equilibrium,
' )
Stage (2) on the residue remaining after HOIOF4; was statically

distilled from the original mixture,

Stage (3) on the HOIOF4 which was statically distilled from the
original mixture and used for the Sdé titration

according to equation (3.3},

Stage (4) and on the liquid portion of the reaction mixture
. 3 -
which remained after the final S$03 addition and
preéumably‘when all HOIOF,4 héd‘becn converted to [UaFa

and subsequently removed.

-
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The results at ea;ﬁ stage are jimportant teo the ;verall‘undeqstan-
"ding of the conV_ersion' of Hsl0g to HOIOF4 and have aided in
refkning the reaction conditions {see Chapter 2) and in
optimizing the yield of pure HOIOF4. Thése-findings are
discussed pelow. |

. At Stage (1), that is after the HgIOg/HSOgF mixture had
a;éaing& equilibrium in an inert FEP vessel (24 hours), the 19é
NMR spectrum (Fig 3.1i:§h§wed the presence of five distinct
_species. The 19r NMR parameters and integrated ratios of the"
specles are summafized in Table 3.1. The assiénments are bas;d on
the ea}lier work of Selig amnd Elgad (204) who studied th;
solvolyéls of, periodate and the partial hydrolysi; of jodine

heptafluor}dé infanhydrous HF. Their 19¢ NMR results indicate

the‘following equilibrium exists in anhydrous HF:

{104]° + x HF === (HO)yIOF5_x x=1-4 (3.9)
5

with the species cis- and trans-HOIOF;, mer-{HO)2I0F3, cis- and
trans—(HO}3IOF2 and (HO)4IOF being identified. The-most
prominent feature of the gspectrum at Stage (1) is the large
groportion of the higher fluorinated speci(s present. With
Séxn;f all sp;cies Héving undergong at least three successive
fluoriﬁaiibns. it is evident that equilibrfum (3.7} lies far to,
the rightl Sin addition. the low intensities of.lgF NMR singlets
attributablg ;g the lower fluorinated species cis- or trans-

(HO)3I0F, and (HO)4IOF also serve to support the view that

—



Figure 3.1

The room temperature 19F NMR spectrum (235.36 MHz) of an

equilibrium mixture of iodine (VII) oxide fluoride actds

resulting from the HSO3F solvolysis of HsiOg. The peak

assignments are given below.

-
* Peak - Spin System Species
A | AsXo cis-HOIOFg4
B Ay | : trans-HOIVFy
o AXp mer-{HQ) 210F3
o Az . fac (HO)pl10¥y
E Aa ) uis-(ﬁO)gIUFz

-
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equiTibriun (3.7) lies far ta the right.
- Thé assignment of the high;r fluorinated species is
R .
straight forward based on the spin mult?Blicities and the
integrated ratios of the reson;nce peaks (Table 3.1)'while th{‘
assignment of the weak singlet at 6§19 = 86.78 ppm must remain as
tentative. It Is possible that this peak represents one of
either cis-(H0)3I0F2, trans-(HO)3I0F3, (H0)4IbF or‘a seven-
coordinate species of the form (HO)})yIFq.x x = 1-6. It is
unlikely that the monofluorinated species (HO)4IO0F would exist in
such an equilibrium in the absence of a difluorinated species and
thus it is ruled out as a possibility. In addition, and as 1is
the case for I[F7, a seven-coordinate species would be %xpected to
undergo rapid intramolecular exchange averaging of its fluorine
envirenments to give a singlet in its 19F NMR spectrum. It is
assumed, however, that six-coordinate specles should be favored
qv;r seven*cooréiqate sggcies and it then follows that the
singlet at 619§:= 86.78 ppm could be either cis- or trans-
(HOj410F,. 1n view of the shielding trends exhibited by cis- and
trans-HOIOF, {185,204,205) and mer- and fac-(HO)I0Fg {204,205),
the singlet at 619F = 86.78 ppm is assigned to cis-(HQO)3I0F5.
This assignment stems from the observation that the chemical
shift o( a fluorine in a position trans to another fluo;lne
occurs at lower frequency than a fluor}ne trans to a hydroxyl
group or to a doubly-bonded oxygen. -

At Stage (2). the effectiveness of the HOIOF4 removal

step was determined by recording the 19p NMR spectrum of an
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aliquot of the residue remalining after the HOIOF4 was sté;;cally
distilled out. The inborﬁant feature of the NMR spéctrum at
Stage (2) is the abundance of the lower fluorinated species,
indicating effective removal -of cis; and trans-HOIOF4. . Of the
total flubrinated'iﬁdine(VII) specles ;Emaining after
distillation, 68% are the trifluorinated species mer-(HO),I0F;
(8%) and fac-(HO)},IOF3 (60%), ?12 are the difluorinated species
cis-(HO)3I0F, (13%) and trans-(HO)3I0Fz (8%) and 11% are the’
tetrafluorinated species cis—ﬁOIOF4 {(3%) and trans-HQIOF,; (8%).
The removal of cis- and trans-HOIQF4 leads to the enhancement of
the 19F NMR signals due to the lower fluorlnated speeres and ;hus
permits assignment of the new singlet (8}9F = 69.52 ppm) to
trans-(HO)3I0F5. The 11% of épecies remaining as HOIOFg4 does not
necessarily indicate incomplete removal of HOIOF4 by distill-
ation. Equilibrium (3.7) ma& be slowly attalned. in which
case it is possible that all cis- and trans-HOIOF4 had been
remcved when the distillation was stopped. A éubsequent slow
reattainment of equilibrium (3.7) could then follow since there
were both HSO3F and lower fluorinated species (HO)y IOFg_x (x =
2,3) still ;emaining in the reaction mixture. The net result I3
further fluorination of the lower f}uorinaxed speclies accounting
for the residuaf HOIOF, obserééd in the 19F NMR spectra of these
mixtures after distillation. The relative amounts of HOIOF,
remaiﬁing were found to vary with the time interval between

stopping the distillation and taking an aliquot for 19 NMR, and

indeed were found to increase with increasing time interval.

] K



At Stage (3).)the HOIOF,;/HSO3F distillate was monitored
by 1bF NMR to confirm its purity. The 19P NMR spectrum wgf "
simple, corresponding to a2 mixture of cis- and trans-ﬁq!0F4 and
Hsoaé. The two acids are‘unavoidably.co—distilled owing to the
slmilérity of their vapor pressure curves (Figure 3.2 and 3.3) at
rcom temperature {e.g., HSOgF, v.p. (21°C) = 2.09 mm Hg {206}
HbIOP4.:v.bii(2i9C)’5”1.40 mm Hg (185)). At lower temperatures,
thelrate of-distillation is prohitbitively slow and at189°C the
two vapor pressure curves Cross.

L . \
At Stage (4), I[0pF3 is generated by the addition of 65%

i

oleum to the HSO3F/HOIQF4 distillate. Fluorine-19 NMR was used

to monitor the fluorine-containing species remaining in the
li&uidgportion of the reaction mixture after the final S0j3
addition. At this p9int in the overall synthetic¢ scheme, the
éloq titration of HOIOF, with 1 ml aliquots of 65% oleum yields
équimclar amounts of HSO3F -and—10F3.according to equation

(3.3). The latter is volatile at room temperature (IO£F3 v.p.
(21°C) = 5,34 mm Hg (185)) and is sublimed from the mixture under
reduced pressure onto a cold finger chilled with ice water.
However, if the amount of 803 significantly exceeds 1 ml per
additlon. or If the addition is too rapid compared to the rate of
IOaFg sublimation (seé Chapter 2}, a pale-vellow solid
precipitates. Characterization of this solid by Raman
spectroscopy cannot be c;nsidereq totally conclusive as the

spectra recorded consisted of broad and poorly resolved bands and

are complicated by many resonances in the I-F, S$-F and I-0

L e ——a— -—



Figure 3.2

Vapor Pressure Versus Temperature Curves tor HOIOF4

_and HSO03F. :Temperature Range: 0-100°C.
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Figure 3.3

Vapor Pressure Versus Temperature Curves for HOIOF,4

and HSO3F. Temperature Range: 70-100°C.
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“stretching regions . (550 - 960 cm~1). The results of the Ramab

study do, however, indicate the pale-yellow solid could represent
a mixture of iodine(VII) fluorosulfates resulting from S04

insertion into I-F bonds (see below). The presence of .

[

vibrational bands‘in the S0z stretching region (1050 - 1320 em-1)
1 - <
also supports thls proposal. The appearance of broad bands may

simply be due to a mixture of i1scmers with similar or even

-

possibly coincident vibrational frequencies and/or day be a
.result of considerab}e mixing between.I-F and I-0 vibrati;ns.
Table 3.2 lists the approximate wvibrational freqqencies and
possible assignments for the Raman sﬁectrum‘feCOrded on the
pale-yellow solid at room temperature. Assignments for the low
frequency (< 350 cm~l) vibrational modes cannot be made with any
certainty and are therefore not attempted. The 380 -.405 cm~!
peak in the spectrum is assigned to an 0-I-0 bending mode(s) by
analogy with the value reported for the corresponding'modg in
10,F4" (399 cm~l) (204), K*I0,F,~ (358 cm~l) (207) and 10,503F
(428 cm~1) (207). The 555 cm~l peak is -assigned to a combinatlon

of [-0 stretching and S-F deformation modes by analogy with the

*

corresponding I-0 stretching modes in (IQFS04F), (423cm™ 1)
(208). 1,05 (503 cm~1) (209) and HOIz07 (459 cm~ ') (209) and S-F
deformation modes in 10,S03F (562 c¢m~1) (207) and (10F3503F,

(581 cm~1) (208). The region of the spectrum from 625 c¢m-!l to

690 ¢cm~1 is assigned to overlapping I-F stretching modes by

analogy with the values reported for the same modes in other

iodine(VII) oxide fluorides IOFg (640 cm~!. 647 cm~! and
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Table 3.2
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,Vibfatiogg} Frequencies from the Room Temperature Raman

Spectrum Recorded on the Pale-Yellow Solid which Precipitates

at Stage {4) of the HOJOF4 Synthesjs

Frequency (cn‘l) Tentative Assignment
128 (br,W)
200 (br,.W)
260 {br.w)
320 (br,W) -
349 (br,M}
380 - 405 (br,S) ' 5 0-I-0 '
555 .(br.S) v 1-0, Sj? wag
633 - 655 (br,s) v 1-F
775 - 795 (br,W)
835 - 850 (br,S) v S-F
900 - 910 {br.S) )
. v I=0
950 - 960 (br,.M)
1078 (br.M) S0, sym
1155 {br.M) @ $0, asym
1318 (br,wW) ' SO, sym .
br: broad »

S = strong,

M = moderate,

L]

weak
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680 cm=1) (210,211). HOIOF4 (629 cm~1, 655 cm~l and 670 cm~1)
(186,208) and I02F, (627 cn~!, 659 cm~) and 688 cm~1) (208).. The
region -of the spectrum assigned to S-F stretching godes‘(aas -
850 cm~1l) 4s higher than fhe corresponding ;pdé in the 503%' fon
(741 cm~1) (212) but is similar to that of the S-F stretching
modes In I10,S03F (843 cm~1) (207) and (IOF,503F), (848 cm-1)
(208). The I=0 region‘is assigned to the stretches appearing at
900 - 910 cm-l and 960 cm~l in comparison to the values reported
for the I=0 stretching modes in (IOF2S03F), (933 cm~l and 954
ca~l) (208). I02F3 (916 Qm-l) (208) and IOFg (927 cm~1)
(210,211). The bands at 1078, 1155 anq 1318 ¢m~1 are assigned to
S0, stretching modés in comparison to the same modes in
(IOF2S03F)p (1071, 1190 and 1316 cm~!) (208) and 10,S03F (1070,
1170 and 1335 em~1) (207).

The 19F NMR results at Stage 4 show that of the total
fluorinated iodine(VII) species, the majority remain as
cis-HOIOF4 (AxXp) (6Fy = 91.08 ppm, 6Fy = 67.55 ppm,
2Jax = 214 Hz). trans-HOIOF4 (A4) (8F4 = 69.10 ppm) and 10pFg3
-{Axa) (6Fp = 66.02 ppm, &Fx = 100.01 ppm, 2JAX = 176 Hz) in the
approximate ratio 9:3:1., In addition to HOIOF; and 103F3., two
sharp singlets at 819F = 102.94 ppm and 519F ~ 96.42 ppm and two
sets of twoe broadened singlets of near-equal Ilntensitles centere&
at 319¢ - 87.26 ppm (line separation 530 Hz) and 619F -~ 81.50
ppm (line separation 450 Hz), respectively, represent the
remainder of fluorinated iodine(VII1) species. The exact nature

of these minor components is unknown, The chemical shifts seea
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to indlcate that these resonances are due to F-on-I(VII)

-

(204.26%.208,213) (;hemical shift range +170¢ ppm to +65 ppm) as
op;osed to F-on-I(V) (208) (chemical shift range +62 ppm to +12
ppm). In addition. the 530 Hz and 450 Hz spacings wounld be too
large for éJFF in an iodine oxide fluoride or an jodfme fluoride
(c.f. 2jpp: IFg = 85 Hz (213), IOFg = 280 Hz (213), I0pF3 = 176
Hz (185)). It is possible, as the concentration of $05 is
increased during the course of the t{tration with 65% oleum. to
'have S03 insert into an jodine(VII) oxide fluoride I-F bond.
This would {n turn generate a series of fluorosulfate derivatives
analogous to the insertion of.SO3 into $b-F bonds of SbFg
(2?4.215). The F-on-S{VI) resonance of the fluorosulfaée
derivatives could be present in this case, however, they may be
obscured by the intense HSOéF solvent resonance. One such

possibility is glven In equation (3.10).

o

(HO)pIOF3 + S0g3 —> (HQ) 2IQF2803F (3.10)

The 19F NMR spectrum at Stage (4) illustrates two
important points; the conversion of HQIOQOF; te [0,F3 according to
equation (3.3) does not go to completion nor s the removal of
I03F3 by static sublimation quangitative. Furthermore, as ise
SO03 concentration increases, the rate of formation of the
pale-yellow precipitate is enhanced over that of I[0pF3. and
eventually becomes the dominant progess. ?his process competes

with IO3FP4 formation to the extent that no more can be recovered
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through static distillation and the sublimation of I03F3 ceases.
The synthetic preocedure de%eloped here has been used

repeatedly during the course of this work to prepare HOIOF,; and

I0,F3 on a large scale. The preparation of xenon and other
) - ) : .
-0lF40 derivatives are discussed in subsequent chapters.. The

success of these preparations was agrgely due to the-avallabllity

of pure HOIOF4 and 102F3 as starting materials.

{i1) The cis- and trans-HOIOF, Isomer Ratic Dependepnce on
Solvent and Temperature: A 19F NMR Study

Both HOIOF4 and [03F3 exist in more than'one isomeric
form (184,185). While HOIOF4 cleari& exrséé in either the cis-
(Coy. structure 3.1) or tfans— (D4gp. structure 3.2) isomerlc
forms, the structure of IOpF3 is mnot as straightfo;ward and hasg
been the subject of numerous papers §184.f85.190—192.194.197).
The latter point is addressed in the following section.

Engelbrecht et al. (185) have measured the enthalpy of the tsom-

erization process (3.11) and found it to be only 0.92 Kcal mol 1.
cis-HOIOFy Z———— trans-HOIOF4 {3.11)

It is therefore not surpriéing that both isomers coexist in
selution, execept at very low temperatures (205). Figure 3.4
illustrates a typical 19¢ NMR spectrum of HOIOF4 recorded in
CFClz solvent showing the two isomers cis-HOIOFy4 (spin system

AsXp) and trans-HOIOF4 (spin system Ag).
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Eigure 3.4

The 19F NMR spectrum (235.36

~

recorded in CFClg solvent at

MHz) of HOIOF,4

-30°C.
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In 1971, Engelbrecht et al. (185) described the
preparation and physical properties of HOIOF4 “and IOgF;. In this
account, the cis:trans isomer ratio of HOIOF,; was measured by 19F
NMR in HSOgF soivent at 47 and- 148°C and found to be 3:1 and 2:1,
respectively. This report'first essablished'that the cis:trans-
HOIOF4 isomer ratio is, not suprisi;gly, dependent on
temperatuGé. Engelbrecht et al. {216} have also reported that
the cis:trans-isomer ratio of HOIOF4 was solvent dependent,
however., the.details of this investfgation have not been .
published. Krasznai (208) measured the 19F NMR spectrum of
HOIOF4 as a melt at 50°C and as a solution in HSOgF at -75°C.
however, the cis:trans-isomer ratio was not determined. In the
most recéht published work on the synthesis and properties of
HOIOF,, Christe et al. (186) reported the !9F NMR parameters of
HOIOF4 in CHgCN aE -70°C. The spectrum was not published and
again no mention was given to the cis:trans-isomer ratio
dependence on solvent and temperature.

In light of the limited amount of information available
on isomer ratio dependences, a variable temperature 19F NMR
investigation of HOIOF,4 dissolved in a number of solvents was
undertaken. This investigation was intended to establish a
collection of !9F NMR chemical shifts and ZJFF coupling constants
for HOIOF4 as a solute in a numbe; of solvents at different
temperatures. This could then be usedﬁin subsequent experiments
to identify HOIOF4. The determination of the cis- and

1
trans-HOIOF, isomer ratio dependence on both temperature and
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solvent medium could also aid in the identification of cis- and
trans-isomers of other -0IF40 group derivatives. The results of
this investigation are summarized in Table 3.3. From an
inspectién of Table 3.3, a cié:;rans—isoner ratio temperature
dependenée is observed for all solvents investigated but is
perhaps best illustrated by the measurements made in CFClg
solvent. As the temperature was decreased..the ratio of
cis:trans-ﬂOIOE4 progressed. from 6.31:1 at 25°C to greater than
50:1 at -60°C and finally to exclusively thé&cis—isoner at
-g0°C. In the other solvents measured, the treﬁd is similar,
however, the variation In the clsas:trans-isomer ratio is not as
pronounced. For ne;surements made'at rthe same temp;rature but in
different solvenfs. the cis:trans-isomer ratio lncreased as the
pblarity of the solvent decreased. >This trend is illustrated in
the values obtained at 25°*C. At 25°C, the cls:trans-isomer rgtlo
increased from 2.98:1 in SO, solvent (SO: 2 = 1.60 D (217})) to
6.31:1 in CFClg solvent (CFClg: u = 0.45 D (217)). On the basis
@f structure alone, cis-HOIOF4 is expected to be the more polar
of the two lsomers and would seealngly be favered over trans-
HOIOF,4 as the solvent becomes increasingly polar. However, the
electronegativity of trans-0[F40 was determined to be greater
than that of ¢i1s-0[F40 (Chapter 4) and as such, the aclidity
of trans-HOIOF4ris assumed to be greater than the acidity of
cis-HOIOP,4. A; a result, trans-HOIOF4 is expected to be
gtabillzed 2s the dielectric constant of the solvent increases

(dielectric constants: CFClg (29°C) = 2.28 (159); S0, (20°C) =
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. e —— -
14.1 (;59)). The ZJFF coupling constant for cis-HOIOF4 does not

vary appreciably with temperature and only varies slightly with a

change in solvent medium. The average 2Jgp coupling constant for --

cis-HOIOF,; measured in CFCls solvent ranges from 212 Hz at 25°C
to 217 Hz at -90°C. With optimum resolution of 6.1 Hz/data

point (see Chapter 2}, é 5 Hz change in coupling constant cannot
be considered significant. The difference in 2Jgp coupling
constant for cis—HdI0F4 is greatest at 25°C and when measurements
made in CFClg and SO,ClF so{vents are compared. The average 2Jpp
coupling constant ranges from 189 Hz in S50,C1F solvent to 212 Hz
in CFClé solvent at 25°C. This effect seems to be linked to the
increased coordinating ability of SO5C1lF over CFClz, which is
manifested by a weakened 19FA - 19Fx through space spin-spin

= .
interaction and a smaller 2Jpp coupling constant. This solvent
- 1

effect is expected to be more pronounced on going from S0, \
solvent to CFClyg solvent at 25°C, however, the exchange of
cis-HOIOF4 fluorine environments in $03 solvent at 25°C is rapid,.
and the coupling is not resolved. The exchange of fluorine
enbironments in the cis-isomer could be attributed to strong
coordination of the more strongly basic SO0z molecule to give a
seven-coordinate intermediate which would facilitate {ntra-
molecular exchange among fluoriqe environments.

The 19F chemical shifts for cis- and trans-HOIOF4 are
found to vary with both temperature and solvent medium,. In

general, as the temperature is decreased, the difference in 19g

chemical shifts between equatorial and axial fluorines in
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cis-HOIOF,; decreases. In CFClz solvent for instance, the
equatorial fluorings of cis-HOLOF4 becomg increasingiy shielded .
as the tenperatﬁre is lowered, shifting from 87.17 ppm at 25°C
to 84.38 ppm at -90°C while-the resonance due to the axial
fluorines remains approximately fixed (within = 0.26 ppm).
Similar trends are observed in S02C1F and C7Fj14 solvents.
Measurements made in the different solvents at the.saQ?
'Eemperature indicate that all fluorine environments in cis- and
trans-HOIOF,4 become deshielded as the solvent polarity (solvent
coordinating abllity) increases (c.f. 519FA {cis) at 25°C: CFClgy
(87.17 .ppm). S05C1F (89.33 ppm) and SOy (84.55 ppm)). In this
case, the solvent apparently acts as a m-acid, accepting
t~electron density from the flﬁorines resulting in deshielding of
the 19F reéonance.

(111) The Solution Structure of [0,Fg: A 19F NMR Study

The structure of I[03F3 in solution and in the solid, melt
and gas phases, has bgen the subject of humerous publications
(184,185,190-192,194,197). The first 19F NMR study of 10,F3 as-
a melt was published by Engelbrecht and Peterfy (184.185) who
concluded the melt consisted of a mixture of 102F3 monomers with
Coy (structure 3.3) and Cg (structure 3.4) symmetries. This
report quoted 19F NMR chemical shift data for the respéctive
[05F; isomers, however, the trace of the 56.4 MHz 19F spectrum
was not published. In 1974, Beattie and Qan Schalkwyvk {194)

published the 94.1 MHz 19F NMR spectrum of an I0F3 melt at 90°C
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and of a solution of I[02F3 in p;rfluoromethylcycléhexane (CqeF14)
solvent at -50°C. More recently, Beattie et al. (191) published
the-results of mp;ecular weight and vibrational studies on IO03Fg
in the sollid, melt and gas phases. B;sed on-their obéervationst
they éoncluded that I0,F3 consists of cis-oxygen bri;ged polymers
iﬁ all.phases, pure, and in C7Fy4 solvent at -50°C. In 1975,
Gillespie and Krasznai (192) published the results of their 94.1
MHz 19P NMR and Raman spectroscopic investigations of the
structure of I0O3F3 as a melt at 51°C and as a solution in BrFg
solvent at -45°C. Their 19F NMR spectrum consisted of two AXo
spectra with the A_;;rtions partially resolved and the X»
portions complétely overlapping. Their conclusions were

different from those of Engelbrecht and Peterfy (;84.185)‘and

Beattie et al. (191,194}. Gillespie and Krasznai (192) concluded

the most probable structure of I03F3 in BrFs solvent at -45°C is
a cyclic trimer (structure 3.5) with the I303 ring in a.boat
conformation. In 1977, Smart (190) reported the structure of
I0pF3 consisted of centrosymmetric oxygen bridged dimers
{structure 3.6) based on a X-ray structure determination.

In view of the discrepencies found among three
independent NMR studies (184,185,192,194). two vibrational
studies (191,192) and a X-ray structure determination (190). a
definitive high-resolution, high-field 19fp NMR in#estig}tion of
the solution structure of I02F3 was undertaken in this work.™ The
use of high-field 19F NMR (235.36 MHz) was expected to provide

the field dispersion necessary to resolve the A and A' and X and
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X,' portions of the spelctrym. That is, 19F NMR spectra recorded
at_235.36 MHz provides a field dispersion equal to 2.5 and 4.3
times that of the same spectra recorded at 94.1 and 56.4 MHz,
feapectively. in the previous studies.

The 235.36 MHz 1SP NMR spectrum of IO03F3 in ﬁrps at -40°C
is illqétrated in Figure 3.5 and shows two well resolved first
order spin systems labelled AXp; and A'Xpz'. The 19F NMR chemical
'shifts and 2Jpp coupling constants for spectra recorded on
solutions of [05F3 in various solvents are summarized in Table
3:4. ’The 19F NMR spectrum depicied in Figure 3.5 can be
interpreted under first ordér.conditions since the R-factor

3 :
‘(defined in equation 3.12) for the AX3 and A'Xj3' spectra iy

~

0.02
" J
R = _—_— S (3.12)
Vo SA-6%
where .
J = Coupling constant in Hz between the X and A fluorines.
Vo = Fluorine-19 resonance frequency (235.36 MHz).

8a.6x = Chemical shifts of the A and X fluorines referenced
with respect to external CFClg at 24°C.

The separation between the A (619F =~ 67.2 ppm) and A’
(519F = 68.4 ppm) portions of the spectrum is 1.2 ppm (268 Hz)
while the separation between the Xp (619F = 106.8 ppm) and Xp'
(SlgF = 106.5 ppm) portions of the spectrum is 0.3 ppm (74 Hz).

This suggests that the ﬂ;uorines responsible for the A and A' and
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Figure 3.5

v

Fluorine-19 NMR Spectrum (235.36 MHz) of I03Fj,

dissolved in BrFgs Solvent Recorded at -40°C.
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Table 3.4

Fluorine-19 NMR Parameters (235.36 MHz) for Solutions of IO,;Fgj

in Different Scolvents at Different Temperatures

Seclvent and

Temperature 519¢ (ppm)2 ‘aiFF (Hz) _32
Brig ‘ X 106.8 179 0.02
(-40°C) A 67.2 178
X' 106.5 180 0.02
A 68.4 183 -
CFCl, X 108.6 174 o 0.02
(-10°C) A 69.9 173 <;
h X' 108.2 178 0.02
' £9.4 178
S05CIF . X  107.1 175 0.02
(-10°C) A 67.9 173
. X' 106.7. 178 0.02
' 68.5 178 -
CrF14 X 104.5 174 ~0.02
(-10°C) - A 64.6 173
X' 104.0 177 0.02
Al 65.1

177

a: Referenced with respect to neat CFClg at 25°C.
b: Calculated from equation (3.12).



the X, and Xp' spectra are in very similar chemical
environments. In addition, the similarity in average coupling
constants for the AXp; (178 Hz) and A'Xy' (18; H;} spectra also
gserves to reinforce this idea. The.kwg'Axa spectra in Figure
3.5 clearly represent two unique sets of two _fluorines in one
environment and one in another (}atio 2:1). The findings in this

work are not consistent with a mixture of I0,F3 monomers (Cay,

LY

structure 3.3 and Cg. structure 3.4) as suggested by Engelbrecht
and Peterfy (184,185) or a cyclic trimer of [03F5 (structure 3.5)
as suggestéd by Gillespie and Krasznai {192). .Instead, the
results oﬁ.tﬁis work guggest the structure of I03F3 in solution
ié an equilibrium mixture of cis-oxygen brigged dimers {strucfure
3.7 and structure 3.8) whose ratiec varies with temperature. The
basls for these conclusions are discussed below.

Fluorine-19 NMR chemical shifts aﬁd 2Jpp coupling
constants have been measured for all lodine{VII) oxide fluoride
acids (184-186,204.205,208), for all iodine(VII) oxide fluorides
except IO3F (185,189,191,192,194,197,204,205.208.213) and for the
related HOTeFs molecule (218). The structure of the atfore-
mentioned oxide fluorides and oxide fluoride acids are based on
oétahedra with fluorines bonded trans to another fluorine. to a
double-bonded oxygen or to a hydroxyl group. In all cases,
except for IOpF3, a fluorine bonded trans to another fluorine has
its chemicaf shift to low frequency of a fluorine bonded trans to

a double-bonded oxygen and a fluorine bonded trans to a double-

bonded oxygen occurs to low frequency of a fluorine bonded trans
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to a hydroxyl éfoup. In light of this trend. the expected 19f

.

kﬁ?R spectrum for the IO3F3 monomers (Czy, structure 3.3 and Cg.
structure 3.4) wguld.be'two AXp spectra with the A portions
(tripiets) occuring to high frequency of the X, portions
(douﬁlets). Tﬁis ;3 clearly the reverse to the results found in
this work and to the re;ults obtained in three indepgndent
studies cited .earlier. For this reason, the structure of I0,F,
in‘solution cannot be a2 simple equilibrium mixture of Cay and Cg
monomers.

A cyclic tr;mer'of I0»F3 has nine geoggtric Isumers and

-ejighty-nine poésible conformational i;omers with thé [403 ring .in
either a planar, boat or chéir conformation {(192). I[f [05Fq
existed as only one cyclic trimer isomer in solution such 55
structure 3.5, in the boat conformation, ;he 18F NMR spcgtrum

. dopld consist of two AXs spectra in thé_ratio-z:l. Fur{ﬁermore,
the previcusly estdblished shielding trends discuésed above
sugéest the A and A' portions of the spectra should occur to
low frequency of the X; and Xp' portions..ncspcctiuely. In the
spectrum published by Gillespie and Krasznai (192)., the A
portions of the two AXo spectra are to low frequency of the 32
portions. Iin aﬁdltion, they report that the ratio of the two A
portions (triplets) in the speciium was 2:1'and this ratio was
independent of both temperature and solvent,. This is in direct

cantrast to the results found in the present work. Thes intensitys

ratio of the AX, to A'xzf spectra measured by highgjeld 19 NMR

{235.36 MHz) in this work, was found to vary with both

L
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température and solvent medium. For example, the ratio of AX, to
A'Xp' spectra recorded in CqF34. CFCly and SO2ClF solvents at
-10°C w&s 1:1.5 while the same ratio in BrFs solvent at -40°C was
4:1. On the basis of these results, the conclusions oﬁ Gillespie
and Krasznal {f92) nust be viewed with considerable ékepticismf

Structures 3.6 - 3.10 illustrate all possible cis-oxygen
Bridged dimers of IOpF5 resulting from ;ositioning the two 1I=0
bond§ either in axial positions or in the equatorial plane and
cis and trans with respect to either the I-0-1 bridges or the I-1I
axis. Each of the isomer structures 3.6 - 3.9 is expected to %
display qng_unique AX, spectrum whereas the isomer corresponding

~

to structure 3.10 is expected to display two unique AXp; spectra.
For structtre 3.10, the doublet and triplet for’;ne AX2 spectrum
should be in the ratio 2:1 thle for the second, the ratio is
expected to be 1:2. ‘This is not the result found for the 19F
spectrum recorded in BrFs solvent at -40°C and thus structure
3.10 is excluded as a possibility. Structures 3.6 and 3.9

each have two different fluorine environments; one fluorine trans
to a slngle-bonded oxygen and two fluorines trans to each other.
On the basis of the 1%F shielding trends established previously
for iodine(VII) oxide fluorides {(189,204,205,213)., the doublet
representipg the fluorines trans to one another 1is expected to
occur to low frequency of the triplet corresponding to the
fluorine trans to the single-bonded oxygen. This 1s opposite to

‘the result depicted in Figure 3.5 where the doublets occur to

high frequency of the triplets and, for this reason, structures
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3.6 and 3.9 are eliminated as possible structures for the I0F3 -_
dimer in solutlion. -

In structures 3.7 and 3.8, there are“t;o diffe}ent
fluorine environments in the ratio 2:1. There are two fluorines
in each of the first set of environments that are bonded trans to
a single-bonded oxygen and one fluof;ne in each of the second set
of environments bonded trans to a double-bonded oxygen. The 19p
-

NMR spectrum of each isomer is expected to be an AXs with the K
portion occuring to low frequency of the X portion.
Furthermore, structures 3:7 anq 3.8 are expected to yiel& two
unique, yét very similar, AXp spectra. The structure of IOpF3 in
Brfs solution at -40°C is therefore best repreéented as an
equilibrium mixtﬁre of cis-oxygen bridged dimers (structures 3.7
and 3.8). It Is difficult to assign the two AXj spectra to
either structure 3,7 or 3.8 witﬁ any certainty: In a previous
section of this chapter, the cis:transJH0;0F4 isémer ratio was
found to vary as a functlon of temperature. As the tegperature
was decreased, the ratio of cis:trans;H0I0F4 was enhanceq
sugg;;tlng the morelpolar of the two isomers (cis-HOIOF4) is
favored thermodynamically at low temperature. If the present
assignment were to be made on this basis aloné. structure 3.8
{g > 0) is assiéned to the AXg_spectrum_which is favored at-lbw‘
temperature whereas structure 3.7 (g = 0) is assigned to the

A'X2' spectrum since this is the one favored at higher

v
temperatures (ratio AXp:A'Xp': -10°C (1:1.35). -40°C (4:1}).
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(cy SUMMARY AND CONCLUSIONS

The conclusions established in this work regarding the
structure of IO?F3 in, solution are based on high-field (235.36
MHEz) 19F NMR results. These conclusions are definitive and are
differént from those of Engelbrecht and Peterfy (184,185) and
Gillespie and Krasznai (192) for reasons given earlier. The
results of the X-ray structure determination of I62F3 by Smart
{190) suggest the structure is a centrosymmetric oxygen bridged
dimer (structure 3.6). The avefége bond lengths reported for
the dimer do not vary agpreciably {I-Fax. 183.9 (0.2): I-Feq.
179.5°(0.4): 1=0gq., 174.0 (0.4) pm) and discriminating between

fluorines and double-bonded oxygens based on the structural data
provided may be unjustified. The positions of the fluorines and
double~bonded oxygens in this structure may in fact be
populationally'disordered. in which case the results of Smart's
{(190) structural determination would parallel the findings in
this work.

The, findings of Beattie et al. (191,194) suggest the
structufgjzf'IOZFs in the solid, melt and gas phases and in CqFyjq
solvent at.—50°C is b;sed on cis-oxygen bridged polymers. In
addition, tge ratio of the apparent molecular weight of 102F3 in
the gas phase to fhat calculated for the monomer uaé'foﬁnd to

-

range from 1.7 to 2.4. The fihdings of Beattie et al. (191,184},

_in the most part, corroborate the conclusions made here.



CHAPTER 4 -

THE PREPARATION OF FXeOIOF,; AND Xe(OIOQOF4),_ AND THEIR

CHARACTERIZATION BY NMR SPECTROSCOPY AND RAMAN SPECTROSCOPY
Y

(A) INTRODUCTION

In addition to the simple binary fluoride XeFp (14-18),
a number of ligands are known to form covalent derivatives.‘
Included in this list of ligands are -0S05F (133)., -OTeFs
(135.;36). -OPOF2 (143), -0SeFs (144), -0Cl03 (133,134),
-0COCF3 (138), -ONOp (147), -N(SO02F)2 (15&,151) and -N(S02CF3)p
(153). In genergl, all of these ligand grdups satisfyithe same
set of criteria; i.e., éll exist in the form of a moderaté to
stsong monoprotic acid, all form positive chlorine derivatives
and stable alkali metal salts and all have probable high group
electronegativities.

The syntheses bf covalently bended xenon(1l1I) L\\H//

- L
derivatives can be accomplished in a variety of ways. The
synthetic regimen which has proven most useful for xenon(II)
derivatives involves the direct interaction of XeF,; with the
corresponding ligand group's monoprotic acid in a HF
displacement according te equation (1.5). The latter approach
can also be extended Fo include acid displacements from
derivatives other than a fluoride, and has been employed for

N
the first time in this work. In the case of the FgTeO-

derivatives, the ligand transfer reagent, B{OTeFg5l3. provides

117 i
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"the most convenient route to derivatization by reaction of XeF,

with F(OTer)s in a suitable solvent medium (equation 1.7)
and elimination of BF3 gas. A third r;ute involves the
insertion of an oxide fluoride ligand precursor into the Xe-F
bond, i.e., the reaction 'of P503F4 with XeFpy to form the
0=PF»0- derivatives FXeéPFgo (equation 1.3} and Xe(OPF20)»

-

(equation 1.4). _~
Although the -0IF40 group has been Jlittle studied with
respect to derivative formation, all of t aforementigned

criteria (see ChaPter 1} for stable xenoﬂ(ll) derivatives have

been met fronm a;ong the limited list of previously known -0IF40
NA

group derivatives, namely, HOIOF4 (184-186), K*[IOaF4]~ (187),.

Cs*{I0pF4]~ (186,188)., FOIOF4 (186,189) and ClOIOF4g (186). In

fhe present work the formation of xenon{II) derivatives of the

~0IF40 group has been investigated by several] routes.

Extensive use has been made of 129Xe and léF NMR spectroscopy.

fof\characterization of these novel species in solution,

as well as @aman spectroscopy, for characterization of the

pure phases in the solid state. The results of these investl-

gations are discussed in this Chapter.
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(B) IDENTIFICATION OF XENON(IT) DERIVATIVES"OF -OIF40 IN
SOLUTION: A 129xe AND 19F NMR STUDY

(1) General

lIn this study, Xng/IOéF3 mixtures were investigated in
S0,C1F, CFCls and BrFs solvents by 129Xe and 19 NQR spectro-
scopy. In all of the samples investigated, there was evidence
of 1nsolublé material as well as gas evolution as the ré;;tions
proceeded. For these reasons it was not possible to assess the
results of these reactions in terms of equilibrium constants.
Rather, the reactions are discussed in terms of initial XeFj
I0pF3 ratios and in terms of the resulting distribution of

-0IF40 isomers as measured in solution by 129Xe NMR

spectroscopy.

(ii) +« Structural Elucidation by Xenon-129 NMR sﬁectroscnpv

The structures of xenon{[I) derivatives in solution can
be assessed through the use of 129Xe NMR spectroscopy. The
tre;ds in 129xe chemical shifts and !29Xe-19F spin-spin
coupling constants have already been well established with
respect to the formaT’oxidat{fn state of the central xenon
nucleus, the relative ionicity of the xenon-ligand bonds and in
terms of solvation and temperature effects (57,167). These
trends as well as multiplicities in the 129Xe NMR spectrum
arising from one-bond and three-bond 129%e-18fF gpin-spin
couplings have been used in this work to show that [0,Fg
inserts i{nto the Xe-F bond to give pseudo-octahedral cisj and

P -

I

f
J
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trans-0IF40 oxygen-bonded derivatives of xenon{li) (structures

e

4.1 to 4.5) according to equations (d4.1) and (<4.2).

S0,CI1F
I0,F3 <+ XeFp = = FXcQI0F4 (4.1)
BrFg or CFClg
“ ] S0,CI1F or 4 _ .
I0,F3 + 533916F4 = > Xe(010Fg4)p (a.2)
B CFCly

-

"

¢ .
The basis for these conclusions are illustrated by the XeFp/

102%3 mixtures investigated in SO,ClF solvent.

At low XeF, to I0pFg ratjos (1 : 0.877), the 129xe NMR
spectrum recorded in SO0,ClF sclvent at -5°C showed evidence for
three doublet resonances at high frequency.és well as four
multiplet resonances at low frequency (Table 4.1)? The thrpe
high-frequency doublets were assumed to have originated from
three different species possessing terminal Xe-F bonds d were -
assigned to the trans- and cis-isomers of FXeOIOF4 struct tes
4.1 and 4.2, respectively, and the fluorosulfate derivativél
FXe0S0,F (structure 4.6). The latter species, as well as the
related mixed bis-lisomers, namely, ci8-F4010Xe0S0,F (structure
417} and trans:EADIOXeosozF {structure 4.8) presumably result
from the reaction of FXeOIOF4 with S02ClF solvent according to

»

equations (4.3) and (4.4). (The chlorine products formed
' L

S0,C1F + FXe0lOFg ————> FXe0SOF + I0F3 + [C1F] (4.3)
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FXe0SO2F + [0,F3 ————= F4010Xe0S0,F (4.4)

prodgcts formed according to equation 4.3'have-no£ been
identified. The ClF included in equation 4.3 merely represents
the amount of chloriné and fluorine needed for a cﬁarge balance
and material balance of equation 4°3)ﬂ The resonances assigned
to cis- and tréns—FXeOIOF4 and FXeQSO,F were found t;
predominate at this low XeF, : I105F3 ratio. The four multiplet
resonances occuring at low'frequency with respect to the
high-frequency doublets., were much less intense and could not
be assigned with any certainty at this ratio. In the absence :

of any apparent short-range spin-spin coupling. they were

tentatively assigned to trans, trans-Xe(OIOF4), (structure

4.3)., cis, trans-Xe(0IOF4)p (structure 4.4), cis. cis-
Xe(0I0F4)2 (structure 4.5) and cis-F4q010Xe0S80,F (structure 3.7}
pending verificatien at lower XeFj Egﬁ}9253 ratios.
-~ hY

In an effort to enhance the intenslity of the high-
frequency resonanceslbelieved to represent the bis-isomers,
a XeFy : I0pF3 mixture corresponding to the molar ratio
1 : 1.969 was prepared in SO,ClF solvent. Again, Pesonances
due to the cis- and trans-isomers of FXeOIOF ; as well as
FXe0SO,F were the most prominent species observed in the
spectrum. The cummulative integrated ratio of the three

isomers assiﬁned to Xe(0IOQF4)2. to that of the two isomers of

FXeOIOF,, was 1 : 76 at -5°C, and suggests equilibrium (4.2}

lies far to the left in S02ClF solvent.
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; . At high.102F3 : Kersratios in S0,ClF, useful NMR
spectra of all -0IF40 species could be obtained. In fact,

the Xe(0IOFg), : FXeOIOF; ratio was increased even further
where the initial XeFy : I[0pF3 ratio was 1 : 3.530, and thé

cis, ,cis-, cis, trans- and trans, trans-isomers of Xe(OIOF4)2

't
were found to be in the rélative ratic 1.00 : 7.62 : 9.46,
}espectively. and the ratio of trans- to cis-FXeOIOF4 was found
to be 1.66 : 1. in addition. resonances arising from cis- and
trans-isomers of quIOkeosozF are also evident. The 129Xe NMR
spectrum of'é'l : 3.53 XeFy to [0gF3 mixture recorded in SOpCIF
solvent at -5°C is depictéd in figufe 4.1. The 129%e NMR
chemical shifts as well as the J(129xe-19%p) coﬁpling constants
are summarized in Table 4.1. Figure 4.1 clearly shows the
three high—frequency doubletg labelled (A), (B) and (C) as well

as the five low-fregquency multiplet resvnances labelled (D} -

(H) . _

The assigﬁments for t£e doublet resonances are straight
forward ba;ea on spin—n;itiplicity ponsiderati?ns and
established 129xe chemjcal-shift.tr;nds (57.167). The
assiénment of the high-frequency doublet (A)‘(6129Xe-- -1724.1
ppm, 1J(129%Xe-19F) = 5867 Hz)} to FXe0SO,F is based upon‘129Xe
chesical shi}ts and 1J(129Xe—19Fi coﬁpling constants reported
bpreviously (57} for this species. The doublet labelled (B)
{6129Xe = -1741.9,ppm) is depicted on an éxpanded‘scaie in

Flgure 4.2 which clearly shows the large doublet (1J(129xe-19F)

« 5923 Hz) indicative of a one-bond Xe-F coupling as well as
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continued

‘ Table 4.1
‘ - L4
Xenon-129 NMR Parameters for the 10223/Xep2
System Recorded in SO,ClF, BrFg and CFCls Solvents
Solvent/ Ratio 6129%e 13(129xe-19F) 35(129xc-19F)

Temperature XeFp:105F3 (ppm)? (Hz) (Hz)

" trans—-FXeQIOF4

$0,CIF (-5°C) . 1:0.877 ~1739.8 5907 42
SOach {-5°C) 1:1.969 -1741.8 L9095 42
S05C1F (-5°C) 1:3.530 -1741.9 S423 42
CFC13 (24°C) 1:1.653 -1856.7 5876 43
CFCl3y (24°C) 1:3.700 -1850.5 5883 b
BrFyg (0°C) 1:1.9%86 -1720.5 5910 b

" cis-FXeQOIQF,4 ?

S50»C1F (-58°C) :0.877 -1863.9 5865 b
S0,C1F (-5°C) 1:1.969 -1868.5 5866 b
S0sClF (-5°C) 1:3.530 -1862.5 5879 b
CFClg (24°C) 1:1.653 -1966 .1 5848 b
CFC13 {24°C) 1:3.700 -1957.8 5850 b
Brfg (o°cC) 1:1.996 -1823.5 5803 b’
FXe0SO0,F

S02C1F (-5°C) 1:0.877 -1725.1 5854 b
S0»ClF (-5°C) 1:1.969 -1726.3 5856 b
50,C1F (-5°C) 1:3.350 -1724.1 5867 b
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Table 4.1 continued

Pty i
Solvent/ Ratio 5§129xe 1j(129xe-19F) 3J(129Xe-193)
Temperature XeFy:10,F3 {(ppm)? {Hz) (Hz)

trans, trans-Xe(OIOF, ),

S0,ClF (-5°C) 1:0.877  -1856.4
S0,C1F (-5°C) 1:1.969  -1859.0
%0,C1F (-5°C) 1:3.350  -1866.8 38
CFCly (24°C). 1:M.653 -1990.6 o 38
CFClg ' (24°C) 1:3.700 -1998.6 - b

cis, trans-Xe(OIOF,)»

8717 —&962?:#/

S0,ClF (-5°C) 1:0
S0,ClF (-5°C) 1:1.969 ~1985.3
SO0aClF (-5°C) 1:3.350 -1993.2 19
CFCly (24°C) 1:1.653 -2116.3
CFClg (24°C) 1:3.700 -2123.6 ° -
cis, cis-Xe(OIOF4)p
S502ClF (-5°C) 1:1.969 -2102.0
$02C1F (-5°C) 1:3.350 -2109.6
CFCly (24°C) 1:1.653 -2231.0
N
CFClg (24°C) 1:3.700 -2240.4 ,
/
trans-F,010Xe0S0,F
//q\J S0,C1F (-5°C) , 1:3.350 -1834.2
cis-F3010Xe0SO5F
SO02ClF ¢-5°C) 1:0.877 -1851.90
SO3,C1F (-5°C) 1:3.350 -1961.8
a: Referenced with respect to neat external XeOFyg at 2dg.
-

‘b: Coupling not resolved.
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. ' ' Figure 4.1
b

Xenon-129 NMR spectrum of a 1:3.530 molar mixture of
XeF3 and I03F3 recorded in S05C1F solvent at -5°C.

The peak assignments are below.

Peak . //.l Assignment

A FXe0S0,F | -
B trans-FXeOIOF4

c cls-FXeOIOF,

D . trans-F, 4010Xe0S80,F

E trans, trans—Xe{OIOF;)z

F /\ cis-F40I10Xe0S0,F
G cis, trans-Xe{OIOF,41)>

H cis., cis-Xe(O[OF ),
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Figure 4.2
Xenon-129 NMR spectrum of a 1:3.530 XeF52/105F3 mixture
recorded in SO0,C1lF solvent at -5°C showing the doublet
of quintets (86129Xe - -1741.9 ppm) representing

trans-FXeQOIOF,4. ~
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qufntet kine structuré {42 Hz)lwhich results from the three-
bond spin-spin coupling of four eqﬁivalept fluorines on the
trans-0IF40 group to the central xenon nucleus. The one-bond
xé;F coupling (5923 Hz) is similqr‘in magnitude to other one-
bond'Xe-F éouplings fepofteﬁ Ereviouﬁly. i.e., FXéOTer
(SO,C1lF, 26°C, 5743 Hz {127)), FXedggaF (HSO3F, -84°C, 5875 ﬂz
(57.167)). FXeOSeFg (CFClj. ~40°C, 5790 Hz (144)) and
FXeN(S0F), (BrF5, -58°C, 5586 (150)). The three-bond Xe-F

-~

coupling (42 Hz?) is consistent with the analogous couplings
reported for other pseﬁdo—bctahedral ;pecies. i.e., FXeOTeFj5
(34 Hz (127)) and FXeOSeFg (37 Hz (167). The remaining doublet
of multiplets (§129Xe = -1862.5 ppm) labelled (C) in Figure 4.1
and illustrated on‘q$ expanded scale in Figure 4.3, is assigned
to cis-FXeOIOF,4 by wvirtue of its one-bond Xe-F coupliﬁg
((1J129Xe—1gg) = 5879 Hz) and the multiplet fine structure
which iIs expected to arise fro# the three-bond spin-spin
coupling of four fluorines in three magnetically non-equivalent
environments to the central 129Xe nucleus: a binomial doublet
of doublets of triplets (AMX, pattern}).

The multiplet resonances arising from the bis-isonmers
are assigned in the following manner: The resonance labelled
(E) (8129%e = -1866.8 ppm) in Figure 4.1 is depicted on an
expanded scale in Figure 4.4. The expanded scale spectrum
shows an odd-line multiplet with seven lines resolved

(3J(129Xe-19F) = 38 Hz). The bis-isomer., trans, trans-

Xe{OIOF4)5. is expected to display a binomial 1:8:28:56:



Figure 4.3
P

[
Xenon-129 NMR spectrum of a 1:3.530 XeFp/105F3 mixture
4
recorded in S0,C1lF solvent at -5°C showing the doublet

of multiplets (5129Xe « -1862.5 ppm) representing

cis-FXeOIOF,.

131
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Figure 4.4

Xenon-129 NMR spectrum of a 1:3.530 XeFy/10pF3 mixture

recorded in SO,CI1F solvent at -5°C showing the nonet

{56129%e = -1866.8 ppm) representing trans, trans-

Xe{0IO0Fg)p.

132
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70:56:28:8:1 nohet in its 1ZQXe NMR spectrum resulting froﬁ the
sﬁln—épin coupling of elght equivalent fluorines on two
-0IF40 groupé bonded to the central xenon atom. The fact that -
only seven lines are resolvéd is a consequence of the low
relative intensities of the two outermost lines of.fhe nonet.
The multiplet resonances in Figure 4.1 labelled (G) (5129%e =
-1993.2 ppm) and (Hi (6129%e = -2109.6 ppm) show partially
resolved multiplet fine structure and were assigned to the
bis-isomers cis, ;rans-Xe(OIO%4)2 and cis, cis-Xe(OIOF4)2.~
respectively. These assignments stem from the fact that a
¢is-0IF40 group, having three non-equivalent fluorine
environments, does not show a well resolved long range spin-
spin ooupling by analogy witﬂ 2 similar observation fof'
cis-FXeQIOF4. In addition. by comparison of the position of
cis-FXeOQIOFy to low frequen?y of trans-FXeOIQOF,;. the bis-
isomers containing one (G) or two (H) ¢is-0IF40 groups, are
expected to resonate to logafrequency of trans, traans-
Xe{0IOF4)2. A similar criteria was applied t&\?he assignment
of the multiplet resonances (D) {6129%e =+-1834.2 ppm) and (F)
(6129%e = —196;.5 ppmj-to trans-F4010Xe0S0,3F and cis-
F30l0Xe0S0,F, respectively. Further efasence in support of ihe
assignment of resonance (D) to trans—F:hJOXeOSOQF comes from
the resolved fine structure (3J(129Xe—19?i;- 37 Hz) resulting
from the three-bond ébin—épin coupling of four equivalent
fluorines on the trans-0IF40~group to the central 129Xe nucleus

1
and the absence of a three-bond coupling between the fluorine

-
-



on -sulfur ang xenon. The }ater coupling can, however, be

resolved under favorable circumstances in FXeOSOaF (vide

- infra). These assignments have been corroborated through the

-
'

129%e NMR studies on the pure derivatives to be discussed in é
. ~
subsequent section.

(iii) Sclvent Effects on the Cis:Trans lsomer Ratio

In gfdér to test the solvent effect on fhe XeFa/10,F3
system and at thé same pime circumvent thejproSlem uf-soivent
reactivity, a 1 : 1.653 XeFy to 105Fjy ;ixture was prepared in
CFClz solvent. - The 129Xe chemica1 shifts and 129xe-19f
coupling constants are summarized in Table 4.1.. The 129%e NMR
spectrum recorded in CFCly solvent at 24°C is depicted in
Figure 4.5. 'In this spectrum tpere is no evidence for the |
fluorosulfate derivatives (struﬁtures 4.6 to 4.8), precluding
the possibility that the I0,F3 used far the reactiuns carried
out in SO0,C1F solvent was contaminated with HSO3F in the course
of its preparatiton (Chapter 2), which then would have reacted
wi?% XeF3 (133,134) according to equation (4.5), also yielding
FXe0SO05F. The assignments for the cis- and trans-isomers of

| vl

XeF, + HSO3F ———=—2 FXe0SO,F - HF "(4.5)

PXeOIOF4 and Xe{(OIOF4)p, made in the SO0,C1F solvent system, are
further supported in this spectrum. The doublet of quintets

(B} and the unresolved AMX, pattern on each doublet line



Figure 4.5

Xenon-129 NMR spectrum of ®1:1.653 XeF,/10,F3 mixture

recorded in CFCljz solvent at 24°C. The peak

asslignments are given below.

Peak ' Assignment

B trans-FXeOIOFy

c cis-FXeOIOF,

E trans, trans-Xe(O0IO0F4),
G ' cis, trans-Xe{OIlOF, ),

H cis, cils-Xe(QIOF,4)»

135
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arising from the three-bond coupling to cis- and trans-
flﬁorines on lodine(VII) (C)., represent trans- and cis-
FXeOIOF,, respectively. The assignments for the multiplet
resonances (E), (G) and (H) made previously, are again
supported by the existence of resblved or unresolvéd three-bond
xenon-fluorine spinfSpin couplings and by the position of the
cis-isopers to low frequency of trans-isomers. Figures 4.6 and
4.7 illustrage the multiplet resonances (G) and (H) on an
expanded scale. Figure 416 clearly shows some resolved fine
structure on the 129Xe resonance of cils, trans-Xe(OIOFg)p. with
at least eleven lines (19 Hz spacings) resulting from-the
cverlapping three-bond spin-spin.coubiiné of fou; equivalent
fluorines on the trans-0IF40 group and the four fluorines in

three magnetitaliy non-equivélent fluor;ne'environments on the
cis-0IF40 group. ’
The relative ratio of Xe{(OIOF;)p to FXeOIOF4; in this
spectrum is significantly enhanced to 1 :-1.6 at 24°C and a
XeFp to I0pF3 ratio of 1 :.1.969 compared to 1 : 76 in S03CIF
solvent at -5°C. In addition. the cis-isomer of the -OIF40

group is favored over that of the trans-isomer. This is

reflected through the integrated ratios of the Xe(OIOF4}»

derivatives to give a trans, trans : cis, cis ratio of 1 : 2.7
and a trans : cis ratio of 1 : 1.3 for the FXeOIOF4
<

derivatives,
"The 129Xe NMR spectrum of a 1 : 3.700 molar mixture of

XeFs : [QpF3 recorded in CFCls solvent at 21°C is illustrated
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Figure 4.6

Xenon-129 NMR spectrum of a 1:1.653 XeFo/I02F3 mixture

recorded in CFClz solvent at 24°C showing the

\ -

multiplet (5129Xe = -2116.3 ppm) representing cis,

trans-Xe(0OIOQF4)3p. ) -

v
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Figure 4.7

Xenon-129 NMR spectrum of a 1:1.653 XeFp/i02F3 mixture
recorded in CFClg solvent at 24°C showing the
multiplet (6129%e = -2231.0 ppm} representing cis,

cis~-Xe(0I0F )5.



| = [ |
2005 2230 ~2235
6‘,29x¢(ppm from XeOF, )




139
'\
Figure 4.8
Xenon-129 NMR spectrum of a 1:3.700 XeFp/10pF3 mixture
recorded Iin CFClz solvent at 24°C. The peak
. o ~
assignments are given below. =

Peak . ) Assignment

B T ‘trans-FXeQOIOF,

C ] cis-FXeOIOF,

E trans, trans-Xe(O0IOF4 ),
G cis, trans-Xe{OIOF, /)

H cis, cis-Xe{OQOIOF4)0

U
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in Figure 4.8. .This spectrum was recorded immediately
following the combination of reactants and shows resonances
r;presenting cls, cis-, cils, trans-.and trans, trans-Xe(0IOF,),
in the approxipate ratio 5.99 :-4.85 : 1, respectively, and
resonances due to cis- and trans-isomers of FXeOIOF,4; in the
approximate ratio 1 : 1. -The ratio of mono-isomers to bis-
isomers was approximately 1 : 3. After approximately % hour at
24°C, the mixture had presumably attained equilibrium and

displayed resonances representing the cis. cis- and cis. trans-

1some;s of Xe(OIOF4), in the ratio 10 : 1, respectively. and a
small amount of cis-FXeOIOF4 (< 5%). This suggests that the
solvent polarity has a dual effect in these systems. wWith
increasing solvent polarity, the ratioc of mono-species is
enhanced over that of bis-species and the trans-isomers of
-0IF40 are favored over those of the cis-isomers of the -0IF40
group. This result paralleis the work on the:cls-yénd trans-
isomen ratio dependences of HOIOF4 discussed in Chapter 3 as
well as the work of others clited therein.

To test the effect'of further increasing the solvent
polarity, a 1 : 1.996 molar mixture of XeF, [0pF3 was-
prepared in BrFs solvent. The 129xe spectrum recorded at 0*C
showed.only cis- and trans-isomers of FXeOIOF3; (Table 4.1) tin
the ratio 1 : 3.7, respectively, as well as XeFs. Furthermore,
the ratio of XeFy to cis- and trans-isomers of FXeOIOF4 was ‘

2.9 : 1. This result suggests that equilibrium (4.1) lies

even further to the left in BrFs solvent than in SOCIF

-

T
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solvent.

The 129Xe NMR results for the XeF,/103F3 systen hav;
demonstrated that the ratio of mono-species to bis-specles and
the ratice of cis- to trans-isomers of these specles exhibit a
marked dependence on the polarity of the solvent medium as well
as the ratio of XeFp to I0pF3. In general, as the XeFs to
102?3 ratio decreases, the formation of bis-isomers is favored
over the formation of mono-isomers as‘expected. As the
polarity of the solvent increases, i.e., from CFﬁl3 to BrFs,
the formation of mono-species is favored over the formation of
bis-species. In fact, in BrFs solvent the more polar cis- and
trans-1somers of FXeOIOF,; exist exclusively in equilibrium with
XeFo with no evidence for the formation of bis-isomers.
Moreover, the populations of the more polar cis-isomers in both
the mono- and bis-derivatives are seen to likewise increase
with solvent polarity. This result ﬁas been extrapolated to
the more polar HF éolvent system in ;hich the successful
preparation of FXeOIOFy; was accomplished from the rQaétion of
stoichiometric amounts of XeFp and I[0F3 in HF solvent.

The 129%Xe chemical shifts for the bis-isomers of the
~0IF40 group are additive, progressing to lower frequency with
increasing cis- substitution. For instance, a XeFp : [03F3
mixture corresponding to a 1 : 3.53 molar ratio recorded in
$S02C1F ai -5°C, yvields 129Xe chemical shifts of -1866.8 ppm for
trans, trans-Xe(OIOF4), -1993.2 ppm for cis. trans-Xe(OIOF4)p

and -2109.6 ppm for cis, cis-Xe(O0IOF,)>. Furthermore, substi-
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tution of one Efans;liganﬂ with one cis-liganﬂ. i.e. on going
from trans, trans- to cis, trans-Xe(OIOF,4),, results in a shift
of the 128%e NMR resonance 126 ppm to- lower frequency and with
substitution of the secoﬁd trans-ligand, the 129xe NMR
resonance is shifted a further 117 ppm to lower frequency.

This near additivity is found to be independent of solvent
médium and of temperature. This sequence is consistent with a
greater dggree of deshielding of the xenon nucleus by the
trans-ligand which implles that the trans—OIFio group is.more
electronegdtive than the cis-0IF40 group. This is further
supported by the 129xe réspnance of trans-FXeOIOF4 qh]cﬁ wccurs
aﬂ average of 117 ppm to high frequency with respect to cis-
FXeOIOF, in all solvents and at all temperatures invcstigaied.
A fuller discussiop of group electranegativity trends is to be
found in Section (C) of this Chapter.

Although 19F NMR spectra were recorded on all of the
XeF5/10pF3 mixtures investigated, these results will not be
discussed here. The mixtures of -0IF40 derivatives resulted in
camplex 19F spectra in the F-on-1{(VIIY region resulting from
the partiafiy coverlapping resonances due td different cis-
and trans-isomers of FXeOIOF4 and Xe{(0IOF4)2 as well as those
of [0pF3. The resconances which could be identified are
summarized in Table 4.2. However, a complete assignment of the
19 NMR spectra for tRe -0IF40 derivatives has been made on
samples of the pure (somers and is discussed in detail in

Section C.
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Table 4.2

Fluorine-19 NMR Results for the XeF,/I0pF3_System

Ratio 319¢ (ppm)2 ‘ Temp
Species- XeFo:I[05F3 F-on-Xe F-on-1 Solvent (°C)
FXeOIOFy4 1:0.877 -168.4 71.6 SO,C1F .
(trans-) 1:1.969 -168.0  71.9 S0CIF -5
. 1:1.653 -164.8 79.9 CFClg 24
1:3.530 -168.9 72.0 . /80,Ccl -5
FXeOIOF, 1:0.877 -158.4 b S0,Cl1F -5
(cis-) 1:1.969 -158.2 b SO,CI1F -5
1:1.653 -156.3 b CFCly = . 24
1:3.530 -159.4 b S03CLF -5
Xe(OIOFg)p  1:0.877 - 76.7 SO0oCI1F -5
(tr-/te-) 1:1.969 - 77.1 SO,C1F -5
1:1.653- c- -,  CFClge 24
1:3.530 - 76.9 SO5CLF -5
Xe(OIOF4)s  1:0.877 - - S0,C1F -5
(cls-/tr-) 1:1.9689 - 76 .4 SO0,C1F -5
1:1.653 - 79.2 CFClg 24
1:3.530 - T6.1 SO0,CLF -5
Xe(OI0F4)p 1:0.877 - - SO02C1F -5
(cis-cis-) 1:1.969 - b SO02C1lF -5
1:1.653 - b CFClg 24
1:3.530 - b S0,C1F -5

a: Referenced with respect to external CFClg at 24°C.

b: Overlapping or non-resolved resonances.
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(c) _ THE PREPARATION, ISOLATION AND CHARACTERIZATION OF
cis, c1§—XcLUIOFglp AND cis~- AND trans—FXEOIOFq

(1) General

The 129Xe NMR investigations of the 10,F3/XeF; systems
have demonstrated the existence of covalént xenon(11l)
derivatives of the -0IF40 group in solution. In an effort to
more fully chgracterlze thede novel species as pure compounds
in solution by 129Xe.and 189 NMR spectroscop¥ and in the so0lid
state by Raman spectroscopy., the isolatlon of these derivatives
was attempted. The preparation, 1solatioﬁ and characterization
of cis, cis-Xe(OIOF4)2 and & mixture.of cis- and trans-FXeOlOQF,

are discussed in detall in this section.

(11) Initial Attempts to lisolate Xe(OI10F4)5

~

Several attempts to isolate the solid derivative,

Xe(0l0F4)r2., from'mixtures of XeF; and either 10,F3 or HOIOF4
were unsuccessful. These attempts involved the stoichiometric
rcaction of either 10,F5 or HOl10F4 with XeFy; in CFClg or SO,CI1F
" solvent. Ig each case, the reactants were combined at low
temperature (-196°C) and then allowed to react for approximate-
ly 10 minutes at 0°C. During removal of the solvent at 0°C, a
molst pale-yellow solid separated which detonat;d violently
near dryness. Presumably, todine(VII) is capable of oxidizing
chlorine in béth CFCls and SO,ClF generating one or more of the

known thermally unstable chlorine oxide fluorides or oxides,

i.e., Cl0, (219). During removal of the solvent, these

e
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unstablé species are apparently concentryted and detonate near
dryness. An attempt to prepare Xe(OIOF4)lp by reacting excess
HOIOF4 with XeFs in CFCljz solvent did not résult in a
detonation, but rather, it yielded & non-volatile white powder
as well as a clear volatile liquid identified as IFg by 19F NMR
spectroscopy (61?F_-‘58.9 pPPR®., EJ(FF} = B1 Hz). Although a
Raman sﬁcttrum ﬁas'reCOrded. the iJ;ntity of the white powder

has not been confirmed. By comparison with the Ramun spectra
‘J-“ .

of 10,F (220), I0Fg (220), 10,F3 (208) and 10F3-10pFz, it'was

shown to be none of these specles. A Raman spectrum recorded

on the white powder at -196°C yielded three bands in the I=0

stretching region at 821, 848 ancd 872 cm~1l, as well as two very

intense bands in the F-on-1 stretching region at 666 and 684
em~1, Thcsé findings suggest that up to three different
specles containing 1«0 bondsare present and that at Ieast‘one
of these species contains 1-¥ bond(s). In addition. the bulk
of the sample cannot be readifg assigned to the expected
decomposition products of Xe(O0IO0F4),. ile.. 102F (vgyp (1I=0) =
807 cm”} (220)). 10F3 {(vgyp (1-0) =- 883 cm~! (220)) or solid
1Fg (usyﬁljl-F) - 568 cm~1 (221)): The same experiment was
performed by Christe (222) who obtained a{whlte'pou%;r which we

fdentifitn as 10oF. ' \

.- Attemapts to pnepﬁfb Xe(0I0F4)a by displacement of HF

cl

attempt, stoichiometric amounts (2:1) of- HOIOF, and XeF; were

' . . “ .
from XeFy in HF solvent have been unsuccessful. In this

v

allowed to-'react in KF 801§5?t at 0°C. Removal of HF under

v
» . . -

4
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vacuum at 0°C resulted in deposition of a viscous and colorless
liquid. but no Xe(OIOF4)2 or FXeOIOF4 could be detected. The
liquid was identified as a mixture of HOIOFy, IOpF and IFgs by

- recording the 19 NMR spectrum in S03ClF solvent at --40°C.

(iii) The Preparation and Isoclation of cis. cis-Xe(0IOF ),
. *
The successful preparation and isolation of solid cis.
cis—Xe(OIOF4)2 has been accomplished by the low-temperature

displacement of HOTer from Xe(OTeFg)s with the stronger

protonic acid HOIOF4; according tec equation (4.6). (Acid
2 . "
g°cC .
CFClg .
Xe(0TeFs5)s <+ 2 HOIOFy —> Xe(0IO0F )l + 2 HOTeFg (4.6)
or neat

@
strengths have been,determined for, a number of stronyg acids in
acetic acid yielding pK wvalues of 9.2 for HOTeFs and ﬁfs tor
HOIO%4 (223). In the same work. a pK value of 6.1 tor HSO4F
awas reported.which melies the acid strength of HOIOF, is
greater than that of HSO3F. Th;s latter result s sumewh;t
surprising and contradicts the group electronegativity trends
estab}ished in this work.) This acid displacement rnactioL
p;;ceeds gmoothly at 0™ as a neat mixture of the twe reactants
e
or. altefnativély: im CFClg solven®. Preparations pertformed
with neat reactents haa‘yields typically over 90% whereas‘gn'

{ o
CFCls solvent, the yjelds were substantdally lower owinyg to

£
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side reactions uhicﬁ presumably occur between HOIOF4,
F4010Xe0TeFs. Xe(OIOF;), and CFClj solvent. It i; assumed the
chlortnes in chlorine containing solvents are rapidly attacked
by'these strong o;idant species at temperatures of 0°C or
above. Preparations attempted‘in S0,ClF or CqrFy4 solvents
vielded no Xe{OIOF )5, but rather, a mixture of decomposition
products (see Chapter 2f. The identity of cis, .cls-Xe(OIOF4)o
was established by reqordtng the low-temperature Raman spectrum
of the solid and in so;ution in BrFs, CFClg or SO03ClF solvents
by 129%e and 19F NMR spectroscopy. These results are discussecd
in subsequent sections of nhi§ Chapterl

| The cis.vcis—ifomer of Xe(0I0F4), is pale-yellow as a
solid at room temperature, colorless as a solid at -196°C. has
a negligible vapor press;re below its decompostion temperature
of 0°C and deéomposes instantly at room témperatuée under a

static vpéuum vielding Xe, 05, IF5 and I0Fg according to

equation (4{). This decomposition, which is accompanied by

Xe(OIOF4)2 ——>Xe t*t + 3/2 O t + 1Fg5 + I0Fg (4.7)

.
\

the emissioﬂ of white ligh:.kis thought to proceed by a free
radical mecganism and formation of excited-state oxygen. This
process is accelerated by the build up of radical initiator
under a static vacuum. The compound can, however, be handled

under dynamic vacuum near room temperature or under a pressure

of dry nitrogen for extended periods of time below 0°C, and can

gy
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be stored indefinately, without decomposition, in FEP vessels
under 2 atm of.dry nitrogen at dry-ice temperature. Thé
decomposition routes of cis, cis—Xe(OIOF4)2-have been studied
in more detail by 19F NMR spectroscopy and by Ramaa

spectroscopy and are discussed in detail in,Chapter 5.

{iv) . Characterization of cis, cis-Xe{OIOF 4}, in Solution by
129%e and 19F NMR Spectroscopy

The structural characterization of cis. cis=-Xe(OI0F 1),
In solution was accomplished by redissolving the compoqu in
either BrFs, CFClgs o; S02ClF solvent and recording the low-
temperature 129$e and 19F NMR spectra. The quality of spectra
were found to depend heavily on the choice of solvent medium
\;and on the\temperature at which the spectra were recorded.
Although i‘Ewas illustrated in a previous section of this
Chapter that the cis-isomer of -0IF40 was favored in solvents
of low polarity, i.e., CFClg, the use of CFClg solvent wax
avoided for a  number of reasons. [t was discovered during thu
course of this work that pure cis, cis;Xe(OIOF4)2 was ol
limited solubility in CFClg, except at te;peratures Freater
than 0°C. Above 0°C, cis, cis-Xe{(OIOF,)s was found to be
unstable with respect to decomposition in all solvents
investigated., but especially in CFCly due to solvent attack.
The solubility of the pure compound was found to be hiugh in

BrFs and SO,CIF solvents at temperatures as low as -+40"C.  The

majority of NMR spectra were therefore recorded at -40°C an
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these solvents.
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The 129Xe NMR parameters for the Xe{OIOF4), isomers

recorded in CFClg, S0oClF and

BrFs solvents are summarized in

Table 4.3. The 129%e NMR spectrum of cis, cis-Xe(OIOF,);

redissolved in SO05ClF solvent,

at -40°C is depicted in Figure

4.9. In this spectrum there is evidence for four xenon(II)

dérivatives. the most abundant species being cis, cis-

Xe(OIOF4), (5129Ke = -2076.0 ppm), cis, trans-Xe(OIOF4)p

-
(6129%e = -1929.8 ppm) and cis-F4010Xe0S0,F (86129%e = -1961.7

ppm) In the ratio 6.3:1.9:1,

respectively. A peak

corresponding to trans, trans-Xe{(OIOF4), (6129%e = -1802.7 ppm)

is also evident at very low intensity. Since pure cis,

cis-Xe(0I0F, ), was used to prepare all NMR samples

investigated, the c¢cis, trans-

and trans, trans-isomers of

Xe(QIOF4}2 must evolve from an isomerization ¢f one or more

cis-ligands on the xenon{II)

derivative,. The mixed derivative

F40I10Xe0S02F, must result from a series of reactions initiated

by the decompostion of cis, cis-Xe(0OIOF4)> (Chapter 5). In all

of the spectra recorded on pure cis, cis- Xe(OIOF4)2
»

redissolved in CFCljy, S0,ClF and BrFs solvents, there was

evidence for isomerization of

to trans-isomers was found to

with the temperature at which

any case, was consistent with

established in the I0pF3/XeFa

this isomer. The ratio of cis-
vary with the solvent medium and
the spectra ;ere recorded. but in
the isomer ratio trends

systems discussed previously.

Y
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Xenon-129 NMR Parameters for cis/trans-FXeOlOF, and Xe{QIOF,4)»

Recorded at -40°C in SO,ClF and BrFgs_Solvents

Solvent 5129%e (ppm)@

13(129%e-19p) (Hz) 33(129%e-19F) . (Hz)

cis-FXeOIOF,

o

-

Brfg ~1798.21 5814 a1
S0,CIF -1824.44 5851 b
trans-FXeOIOF, ¢

BrF5 -1702. 81 5868 37
S0,C1F -1701.50 5893 b
trans, trans-Xe(010F4)2

BrFg -1871.40 - b
505CIlF -1802.68 -
cis, trans-Xe{OIOF, )»

BrFg -1929 .21 -

SO0,ClF -1929.79 - b
cls, cis-Xe{OIOF,4)>

BrFfg -2059.46 -

S0,CIF -2076.03 - b

L3

a: Recorded at 69.56 MHz and referenced with respect to neat

external XeOF,; at 24°C.
b: Coupling not resolved.
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Figure 4.9

Xenon-129 NMR spectrum recorded on cis, cis-Xe(0IOF4)»
dissolved in S02C1F solvent at -40°C. The peak

assignments are given below.

Peak Assignment
F cis-F4OIOXepSOZF
G cls, trans-Xe(QIOF,41}»
H cis, cis-Xe{0IOF,}»
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Fluorine-19 NMR spectra of samples of pure cis, cis-

Xe(OIOF4 ), were recorded in the same solvent media and under

-’
-

the same temperaéure conditions as the 129xe spe%tra, In all
cases, the 19F NhR‘result was consistent with the qpnélusions
derived from the 129Xe ‘study. The 19F NMR results are
summarized 1g Table 4.4 and fin Pigures 4.10 and 4.11 which show
the 19F NMé spectra of cis, 'cis-Xe{(OIOF4)s recorded at ~-40°C in
S0,ClF and BrFjp s&lvents. Both spectra display a serie§ of
partially resolved multiplet resonances, which hﬁve been
assigned bﬁ taking into account the 19f shiélding trends given
in Chapter 3 and the spin-spin couplings.among fluorines in
three magnetically non-equivalent fluorine environments
associated with a cis-0[lF40 group. Structure 4.9 depicts a
pseudo-octahedral -0IF40 group in the cis-configuration in
which three maénetically non-equivalent fluorine environments
are labelled Fy;, F and F3. From the !9F NMR shielding trends
presented in Chapter 3, a fluorine trans- to another fluorine
resonates at lower frequency than a f{luorine trans- to a
double-bonded oxygen and to even lower frequency than a
fluorine trans- to a sjingle-bonded oxygen. The 19fF NMR
resonances of the enuironmenfs labelled F;, Fp and Fgy are
therefore éxpected to occur to high frequency in the order Fqy <
Fs < F3. Furthermore, and under first order conditions, the
multipliclity patterns for the three fluorine environments are
expected to consist of a doublet of doublets, a doublet of

triplets and a doublet of triplets in the ratio 2:1:1, for Fj,






Fluorine-19 NMR Parameters for a Mixture of cisg-

Table 4.4
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and

trans-isomers of FXeOIOF, and cis, cis-Xe(OIOF, ), Recorded

at -40°C in SO0,CI1F and BrFeg

a: Recorded-at 235.36 MHz

external CFCls at 24°C.

Solvent 519 (ppm)2 2Jpp_(Hz) 13(19p-129%e) (Hz)
¢cis-FXeOQIOF,
’ i
S0,ClF F -158.5 aJpp 26 5852
S02C1F pl 103.3 (1,2) 284 -
SOzClF Fo 86.6 (1,3) 240 -
S0C1F Fj 70.3 (2.3) 191 -
Brfg F  -161.7 - 5816
BrFs Fq 101.5 (1.2) 280 o
Brfs Fo 85.8 (1.3) 234 -
Brfsg . Fa 70.4 (2.3} 193 -
: ] - A
L4
trans-FXeQOIOF,
S0,C1F F-on-Xe -168.5 - 5893
$0sc1F . F-on-1I 71.3 -
BrFs 2> F-on-Xe -170.1 - 5877
Brfs F-on-1 75.1 - -
cis., cis-Xe(OIQGF,;)p
S05CILF F1 104.1  (1.,2) 274 . -
SO,CIF Fy 82.4 (1,3} 238 -
S0,CLF. Fg 74.0 (2.3) 190 -
BrFs Fi 102.8 (1,2) =287 -
BrFg Fo 81.9 (1,3) 241 -
BrFs Fa 73.6 (2.3) 191 -

and referenced with respect to

Labels Fqy.

F» and F3 correspond

the fluorine environments defined by structure 4.9.

to
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Figure 4.10 -

3

Fluorine-19 NMR sﬁectrum recorded on cis, cis-
Xe(OIOF,4)p dissolved in S0,Cl1lF solvent at -40°C. The
peak assiénments are given below.
Peak Assignment-

c cis, cis-Xe(OI0QF )9

D cis, trans-Xe(OQIQF, ),

F trans, trans-Xe{OQIQF4 1},
G- cis, cis-F40I0010F,

s i - solvent
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Figure 4.11

Fluorine-19 NMR spectrum recorded on cis, cis-
Xe (Q0IOF4), dissolved in BrFg solvent at -40°C. The

peak assignments are given below.

.‘ >

N\ x .
Peak : Assignment
A | cis-FXeOIUOF,
c cls, cis-Xe(0I0F4)5
D cis. trans-Xe(OIOF, ),
G cls, cis-F40I00I[0F,
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F, and F3, respectively. A trans-OIF40'group has only one

. - 4
fluorine environment and is expected to vield a singlet

resonance in the 19F NMR spectrum.
The 19¢ NMR spectrum recorded in SO0,ClF solvent and
depicted In Figure 4.10 shows three partially resolved

"multiplets (C) in the ratio 1:1:2 which are assigned to the

three fluorine environments associated with cis, cis-

Xe(OIOF4)p, namely, F) (SIQF ='104.1 ppm} ZJFF = 274 Hz) and Fa2
] )

L 9
(619F = 82.4 ppm; 2JFF = 238 Hz) with each environment giving

riséwxq a partially resolved doublet of triplets; and Fz (519F

= 74.0 ppm; 2JFF = 190 Hz)., 2 partially resolved doublet of

doublets. In addition, two singlets-of much lower intensity

.arc evident which are assigned to the four equivalent fluorines
of cis, trans-Xe{QIO0OF4)> dnd‘the eight equivalent fluorinés of ~
trans, trans-Xe(OIOF4)o. Furthermore, a singlet representing
SO,C1F solvent (S) (619F = 99.1 ppm) and an AXy pattern
corresponding to thz_decompositibn product, cis, cis-F40I00IF40
“{G) (&19F = 94.5, 72.2 ppm: 2Jpp = 214 Hz) are also observed.
The !9F NMR chemical shifts reported here for cis. cis-
Xe(O0[0F4), fall within the range of all presently known F-on-
I{VIl}) chemical shifts {170 to 65 ppm} {204,205,208,213). In
addition, the 2Jpp coupling conétants are similar to those
reported for other iodine(VIT) oxide fluorides. i.e.. [OF5 =
280 (213). I03Fg = 176 (185). cis-[10,F4]” = 204 (186) and
cis-HOIOF4 =~ 214 Hz (205).

The 19F NMR spectrum recorded in BrFs solvent is
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essentiallyﬁfhe”same. differinE only.ih the 19F chemical shifts

and 23FF coupling constants {(Table 4.4} and the appearance

of\a small amount of cis-FXeOIOF4 which presumably fesults fram

the dissociation of'Xe(OIOF4)2 according to the reverse of )

equation (4.2). An AXp pattern arising from I0pF3, which is

also formed in this dissociation, is observed at low-intensity

and is partially obscured by the resonances assigned to the

-

cis-0IF40 groups. In BrFs solvent, the 19¢ NhR cﬁ;mical shifts
for the three environments occur to‘lower frequency when
recorded in the less polar solvent, SO0,CIF. This'js‘cohsisthnt
with the solvent-dependent shielding trends and solvent eftfects
found for the fluorine environments of I0,F4 in Chuﬁtcr 3. In
both Figures 4.10 and 4.11.‘tﬁe magnitude of the two-bond
cgupling constants 2Jgp decréase in the érder 2J(F{-Fn) > 2J
(F1-Fg}) > 2J(F2"F3). This implies tﬁat the stren%th of the
fluorine-fluorine inEeraction decreases in the order Fy-Fn >

F;<F3 > Fp-F3 which would be coﬁsistent with the anticipated:

bond lengths I[-F; < [-Fy < I<Fg3.,

(v) Characterization of cis, c¢is-Xe(OQOIOF;)s_ in the Solfill

State bv Low-Temperature '‘Raman Spectﬁaﬁcqpv

Pure cis, cis-Xe{QIOF4}> has been ChaPQCKOFLZHd in the
solid state by low temperature Raman spectroscopy..  The Raman
spectrum recorded on the solid at -196°C is depicted in Fipure
4.12. Table 4.5 providesla summary of the vibrational
frequencies with intensities and tentative assignments.

v
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The c¢is- Xe-QI0F; fragment of symmetry Cgqg shoula
possess 18 fundamental modes classified as 12 A' + 6 A", all
of .which are Raman active. " In addition. three modes‘aésociated
with the.q-Xe-O moiety, of which one mode is redun@ant with a
mode in the Xe-0IOF4 fragment, should yield a tot;1 of 20 Raman
aétive bands. With complete intramolecular coupling, a total
of 39 Rapan active bands are expected. The épectrum depicted.._
in Fipgure 4.12 shows 19 bands (100 - 900 cm~1) which leads to
Atﬁe conclusion that there is no observable factor-group
gplitting or strong intra-molecular coupling. The hiéh—
frequency region (>400 cm~1) of the speétrum can, in the
most part, be assigned by comparison with the vibrational

spectra for other iodine .oxide fluorides, namely, FOIOF4 (185)‘
[10pF4]” (1868), I0,Fg (192) and IOFs (210,211). Although
assignments.are proposed for the low-frequency region (<400
em~l), these assignments are made without the benefit of
assigned -0IF40 derivative spectra from which comparisons could
be made. Consequently, these assignments are deemed to be
tentative fhﬁgke absence of 160/180 isotopic data.

The band -at 889 cm~l jis assigned to the symmetric =0
of the cis-OIF#O group by comparison witﬁ the frequencies of
the corresponding modes in [OF5 (927 cm~1) (210.211),
cls-FOIOF, (914 cm—1) (126) and cis-[I0,F4]~ (8586 cm~1) (186).
The presence of only one band in the [=0 stretching region
supports a single -0IF40 isomer and the fact that this bund

'

shows no splitting or broadening confirms the absence of

L)
»

™
,

%
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Table 4.5

Vibrational Freguencies and Tentative Assignments for the

. Raman Spectrum Recorded on Pure cls, cié-XeLDIOFg)a

-

Frequency,® cm'l' Tentatiﬁe Assignment

889 ,(22) : v TI=0
745 (8) _ ’ .
688 (56) v sym (IFp)ay
668 (38) v asym (IF3)eq
646 (18) - v asym (1Fp)ax
625 (1) . 7 N
614 (54) ) Yy sym (IFajeq
579 (1)
464 (100) ' v sym (Xe-0-1), v sym (XeOp)b
443 (3) v asym {Xe-0-1), v asym (Xeoa)b
377  (3) '
368 (14) s (105)
352 (15) - mixed F-1-0, F-I-F
339 (10) . bends
317 (4)
272 (48)
228 (2)
216 (2) )
148 (78) - & (0-Xe-0), & (Xe-0-1)b
82 (35). 73 (3), 58 (6). External Modes
39 {(28), 26 (46), 73 (3) (lattice vibrations)
a: Raman spectrum recorded at -196°C in an FEP tube.
b: These modes are presumably strongly coupled. -



Figure 4.12

Raman spectrum recorded on c¢is,

A

cis-Xe{(0I0F4)p in an

FEP Lubé at_-196°Ci * denotes an FEP band.

\
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factor-group splitting or lntranoiecular coupling. The bands
.
in the region'o; the spectrum between 614 and 688 cm~1 are
assigned to I-F str?tching nddes by conparisonlﬁith the same
regions 1in the spectra of the iodine oxide f{uorides cited
earlier. The bands at 614 and 668 cm~l are assigned to the
symmetric and asymmetric I-F equatorial stretches,
:reépectively. by analogy with the corresponding modes in 103F3
(192) at 624 and 687 cm~}. The bands at 688 and 646 are
assigned to the afnnetric and asymmetric I-F axial stretches,
respective]y: bf consideriné the fact that in I0Fg (210), I05F3
f?92) and cls—éOIOFd (186). the axial I-F stretches occur at . .
higher frequency than their equatorial counterpar\s. Tﬁé bands
st 464 apd'443 cm~l are assigned to the strongly-co;;Eed
symmetric Xé-0-1/Xe0, and asynneiric Xe-0-1/%e0y stretching
modes, respectively. b& comparison witﬂ the positions and
intensities of the same xmodes in Xe{OTeFg)jp, wh;éh eccur at 4490
and 428 cm-1, respectively (178). The band at 148 cm~1 is
assigned to the 0-Xe-0 and strongly-coupled Xe-0-1 bending
modes, by analogy with the corresﬁonding band in Xe(0TeFg)o
’occuring a§-133 cn‘{-(i37). The band at 368 cm~1 is assigned
to the I0; bending mode by comparison with the frequency. of the
>

Fax-I=0 bending mode in- I0Fg at 341 em~1 (210). The effective‘.'
mass bonded to ;he -0-1=0 moiety in cis- OIF40 is greater -
than that of the F-I=0 moiety in IOFg (i.e., the 0-I=0 no;ety

is bonded to XeOIOF;), and as a result, the frequency of the

10, bend is expected to occur to low-frequency of the F-I=0O
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bend. Furtherhsupport for th}s assignment comes from the.
{élative intensity o; this band. The 10, bending motion in
.cis—OIF40 is expeqted to induce a large change in=
polarizabllity resulting in 2n intense Raman vibrntio? {272
(48) cm~l)en.In addition, 2 similar band in the solid .state
Raman spectrum of FOIOF, (333 (40) cm-1) (186), althoughj not’
assigned, also supports our assignment. The bands in the
spectrum between 317 and 377 cm‘llarc collectively assigned to
F-I1-0 and F-I-~F bending modes,. It is expected that
considerable coupling would occur'between thcsc node; tHus
resulting in a number of bands‘in the éame reg;oﬁ of the
spectrum. In comparison, the analogous modes in IOFg (210)
also occur in this'féglon of the spectrum. The low-frequency
vibr;tions (<100 cm~1) are assigned té external modes (lattice

vibrations) and/or iow-frequency bending ¢or tofsionulﬁlodes.

(vi) Preparation and JIsolation of FXeGQIOF,

The successful preparation of a homogeneous mixture of
cis- and trans-FXeOIOF,; has been accomplished by one of two

-

routes. The mixture has béen'characterized by.recordlng.
the 129%Xe and 19¢ NMR sﬁect;a in S0,C1F and BrFs solvents at
-40°C, and as a solid at -196°C b; Raman spectrdscopy. These
results are discussed in detail in a subsequent section.

The first method of preparation is a single-step

synthesis involving the stoichiometrie¢ reaction of XeF,

and 10,F5 in HF solvent according to equation (4.7).
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0°C . '
XeFo + 10pF3 =————= FXeO0lO0Py (4. g
. ’ HF N e-,t
oo i n e

Aé,the Hf solvent was removed, ;%?Eilow liqﬁid consﬁgéiﬁg of a
ﬁlxture‘df cis- and tr&ns—FXeOIOF4 separated. ‘%his preparation
differs from that of cls., cis-Xe(0IOFg)p in a number of
respects. The preparation of cis, cis-Xe(OIOF,)o coul& only be
accompliéhed by an acid displacement (equation 4.6) and only in
solvents of low polarity in which the formation of cis, cis-
Xe(010F;), is favored, i.e., CFClz. SL& HF solvent. . the
formation of Xe(OIOF4), was prﬁfumably preveéted by the
conpetitive acld displacé&snt equilibrium (4.8) %hiﬁh ;1es far

to the right and yielded a2 mixture of FXeOlIOF4 and HOIOFg4.

]

Xe{(OIOFy)s +. HF ——=FXeO0OI0Fy + HOIOF, (4.8)

In contrast, cls-/trans-FXeOIOF4 can be formed readily and
gquantitatively in HF solvent {(equation 4.7). Aside from
the differences in the methods of preparation, the c¢is, cis-
isomer of Xe{OIOF;)z is the only instance inlﬁhich a pure
derlvatiQe can be isoiated: whereas for FXeOQlOF,;, a mixturer of
cis- end trans-isomers are always formed.

" A second route has been used for the preparation of
cis- and trans-FXeOIQF,. This method involveq—the‘

stoichiometric reaction of XeFp with cis, cis-Xe(OIOF4)2

according to equation (4.9). This method has the disadvantage

“
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: ) 0°c |
XeF; + Xe(OIOFq)y ——>2 FXeOIOF, (3.9) >
S0,C1F- '

in that it requires the preparation of cis, cis-Xe(OIOFy )a as a

precursor and its subsequent weighing and manipulation near

IS

room tempe¥ature  (see Chapter 2).

“ The compound, c;s-ktranErFXeOIéF4, is a light-yellow:
liquid at room temperatufe {m.p. -5 - 0°C).wq1ch‘dissbciatgs
into XeFs and<102F3 under dynamic vacuum at 0°C {see Chapter 5)
. .
and in BrFg solution (vide infra}. It is stable with respect
to decompostion at rgom temperature for.geriods exceeding 1
houff;nd reacts explosively with organic material. [t does not
readily attack glass but. nevertheless.. was routinely stored in
FEP under an atmosphere of dry nit}oéen at -78°C.

—

{vii) Characterization of FXeOIOF, byv 129%e and !9F NMR

Spectroscopyv

The 129%e NMR parameters for the mixture of cis and
trans-FXeOIOF, recorded in S03ClF and BrFg solvents at -J0°C
are summarized in Table 4.3. Figure 4.13 illustrates the 129xe
NMR spectrum recorded on the mixture in SO0,ClF at -40°C. The
most prominent features of fhis spectrum are the mona-
derivatives FXeOSO0sF (A), trans-FXeOIOF4 (B) and cis-FXeOD[OF,
(C). The assignments of these species are based on the 1295

chemical shifts and 129Xe-19F coupling constants (Table 4.3}

previously recorded for the IOgFg/Xegg system in SO0-Cl!F. Thne

R4



Figure 4.13

LY * : Y

Xﬁnon-lzs NMR spectrum recorded at -40°C on a cis/

“ trans-FXeOIOFy mixture dissolved in SO,ClF -svlvent.

The peak assignments are given below.

Peak Assignment
A . ' " FXeOSO,F J
g trans~FXeOIQF,4

c ' ) cis-FXeQOIOFy

E trans, trans-Xe(OIO0Fy)o
F ‘ i - cis-F4010Xe0803F

G } cis, trans-Xe(OIQF4)»
H ~ cis, cis-Xe(QOIOF4)2

; XeFo

F -
i‘
—— e —— -
‘\../
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lntegrated ratios for the mono-derivatives were 1:2.3:5 for
FXeQS0pF, trans-FXeOIOF4 and cis-FXeOIOFg4. respectively. As in
the case of the I0pF3/XeF, system in SO0pClF, the formation of

.FXe0S0,F arises from the reaction of FXeOIOF,; with SO,ClF, as

.previously noted, énd as illustrated by equation (4.3). In

.addition to mono-derivatives, there is evidence for XeFgp {(I)

and the bis-derivatjives trans, trans-Xe(OIOF4)s (E), cis-
F4010Xe0SO2F (F), cis, trans-Xe(OIOF4)2 (G) and cis., cis-
Xe(OIOF4)2 (H) (see Figure 4.13). The 1:2:1 triplet labelled |
(5129%e = -1834.29, 1J(129e-19F = 5613 Hz) was assigned to
XeFa by comp;rison with the previously_reporté?‘chemical shiff
and one-bond Xenon-fluorine coupling constant of this species
in S05Cl1F solvent (&129e = -1905 ppm.llJ(129Xe—19F) = 5630 Hz)
(57.167). The appearance of a small amount of XeFs in this
spectrum 1is conéﬁstent with the dissociation of FXeQIOFy to
give XeFs and [0pF3. The latter point is supported.by the
prexence of both !05F3 and XeFs in the 19F NMR spectrum (Table
4.4) and is discussed in detail in Chapter 5. The bis-
derivatives ln Figure 4.13 were assigned by comparison of

their 129%e chemical shifts to those made for the same
‘derivatlves in the [0pF3/XeFpy system in SOQClF.‘ The compounds
trans, trans-,'cis. trans- an&‘cis..cis—Xe(OIOFq)z are presumed
to result from the reaction of FXeOIOF,4 with [0pF3 as
illustré;eg by equation (4.2). The mixed derivative cis-
F40I0XeQS0,F is thought to arise from the reaction of FXeOSQaF

with I0pF3 according to equation (4.4). The 129Xe NMR spectrunm

.
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for cis- and trans-FXeO0IOF4 recorded in BrFg solvent is similar
to that shown in FPigure 4.15 eﬁcept that in the BrFgs spectrunm,
there is no evidence for the flhorosulfate faedigs and the
129xe chepical shifts occur to low frequency-of their
counterparés rec;rded in SO»CiF. This is consistent with the
previoysly established solvent-dependent shlelding trends for
Xe(I1) chemical shifts (57.167). |

" The 19F NMR spectra of cis/trans-FXe0OIOF, were recorded
in 30,ClF and BrFg solvents at -40°C. The 19F NMR paramecters
for the pure isomers are summarized in‘Table 4.4. The F-on-
I(VI1) region of the 19F NMR spectrum recorded in S0sCI1F
solvent Is depicted in Figure 4.14. The most prominent
features of this spect?um are the resonances {(A) and (B)
which represent c¢is-FXeOIOF4 and trans-FXeQIOF4q. respectively.
The assignment of resonance (B) to trans-FXé0I0F4 stems from
the fact that a trans-0IF40 group is expected to display a

t

singlet in the F-on-I(VII) region. The assilgnment of three
f

fA) multiplets to cis-FXeOIOF4 in the F-on-I(VII) reglon ol the
spectrum a;;ses from the fact that a cis-0IF40 group possesses
three magnetically non—eqdivalent fluorine environments in the
ratio 1:1:2 (Fy, Fp and F3 in structure 4.9). While the
fluorine environments F; and F3 for cis-FXeOIOF4 2re shifted
slightly to low frequency of their counterparts in cis,
Cis-xe(010F4)2;-the environment.representing Fp is shifted to

high frequency of environment Fs in cis. cis-Xe(OIOF; ) (Table

4.4). The two-bond fluorine-fluorine coupling constants lor
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Figure 4.14

Fluorine-19 NMR spectrum recorded at -40°C on a c¢is/
trans-FXeOIOF4 mixture dissolved in SO05ClF solvent
showing the F-on-I(VII) region of the spectrum. The

peak assignments are given below.

Peak Assignment

A cis-FXeOIOF4

B . trans-FXeOiOF,

C cls, cis-Xe(OIOF4})2

D i cis, trans-Xe{OIOF,),

E 102F3

F trans, trans-Xe(O0IOF4)»

S solvent
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cis-er0I0F4 {Table ﬁ.4) are apﬁroximately the same magnitude
as the two-bond couplings in cis, cis-Xe{(O0IOF,}5. Figure 4.14
also shows 19Ff NMB resonances which can be assigned to the
bis-derivatives trans, trans-Xe{OIOF4)y (F) (519é = 76.13

ppm), cis, trans—Xe(OIOFq)z (D) (619F (A4) = 75.44 'ppm) and
cis, cis-Xe(QIlOFg) (C) (Table 4.4). In addit&on to Xe(Il}
species, the 'weak resonances in Figur? 4.14 labelled (E) are
assigned to 105F3 (AXp. 619F = 107.27 ppm (Xp): 68.49 ppm (A)}°
which is forméd in the dissociagion of FXeQIOF4, and is
discussed in greatér detail in Chapter 5. The 19F NMR—spectrum
of the cis- and trans-FXeQIOF,; mixture recorded in BrFg is
deplcted in Figure 4.15. This spectrum is provided to
illustrate the similarit;.in spectra between the t;o solvent;
with respect to the poéiélons and intensities of the 19F NMR
resonances. Aside from the fact that all resonances in the
BrFg spectrum are shifted slightly to low frequency of those
recorded in S0,ClF, the two spectra are essentially identical.
In S02ClF and BrFg solvents, the differences in chemical shift
between environments F; and Fp (15.71 ppm in BrFs and 16.77 in
$0,C1F}) and environments Fp and F3 (15.36 ppm in BrFs and 16.30
ppm in S0,C1lF) is approximately equal, implying that the
shielding effect on the fluorine environments In cis;FXe0I0F4
increases linearly in the order Fy < F» < F3. A similar linear .
effect is not observed in the 19F NMR resonances for cis. cis-

Xe(O0IOF )p. In this case, &(F; - Fp} is 21 ppm whéreas §(Fa -

Fg) is only 8 ppm. In addition to the resonances assigned to



Figure 4.15

Fluorine-19 NMR spectrum recorded at -40°C on a cis/
trans~FXeOIOF4 mixture dissolved in BrFg solvent
showing the F;on-I(VII) region of the spectrum,. The

peak assignments are given below.

Peak . Assignment

A : 'cis—FXeélqu

B ‘ trans-FXeOIO0F4

c . | cis. cis-Xe(OIOF4),

D cis., trans-Xe(0l0F, )2
E - ' 10,F3

F ) trans., trans-Xe{OIOF,4},
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Xe(Il) épecies: there is-again evidence for IozFé diﬁer in the
BrFs spectrum (FPigure 4.15) ﬁhich';uggestg_thap the
diﬁsoclatiqn of FXeOIOF, Js'lafgely independent of solvent and
is further addressed in Chapter_s. A particularily lnformat;ve
part of the 19r NMR spectrum can be found in thé F-on-Xe(II)
'regioh. Figure 4.16 deéicts thé.Froﬁ-xe(II) regién of the 19F
NMR spectrum of cis- and trans-FXeOIOF, recorded in SO,CIF¥
solvent'at -40°C. This spectrum shows four F-on-Xe(!I)
resonances with accompanying 129%e satellites (A,a,a), LB.B.b&n
(D,d,d) and (E.e.e). The assignment of these resonances is
based on the intensities of'the resonances with cis- and trans-
FXeODIOF4 expected to be the most intense‘(alsg supported by the,
intensities In the 129xe speétrum). the comparison between the
129%e sétellite couplings and the one-bond xenon-fluorine
couplings established in the 129Xe NMR spectrum and by
comparison of the 19F NMR chemical shifts for XeFp and FXeOSOF
reported previously (S4}. Resonance (E)} (§19F = -176.26 ppm).
is assigned to Xng by virtue of~dt§ 129Xe_satelli;e spacing
(1J(129%e-19F) =« 5613 Hz) which is identical to that determincd
for this species in the 129Xe NMR spectrum. Resonance (D)
§619F = -170.80 ppm) 1is assiéned to Fﬁeosan by comparisén of
its 129%e satellite spacing (1J(129xe-19F) -~ 5848 Hz) with that
of the one-bond xenon-fluerine coupling of the.same species
(5837 Hz) as determined in the 129Xe NMR spectrum. Resonince
(A) in Figure 4.16 (&19F = -158.50 ppm) is assigned to the

-

terminal fluorine on xenon of cis-FXeOIOF, since this is

/



FRipure 4.16

Fluorine-1% NMR spectrum recorded at -40°C on a cis/
trans-FXeOIOF,4 mixture dissolved in SO,ClF solvent
showing the F-on-Xe(II) region of the spectrum. The

peak assignments are given below.

Peak Assignment
A (a,a) . cis;FXeOIOF4

B (b,b) trans-FXeOI0F,
D (d.d) FXe0SO0,F

E (E.e) . XEFZ

173
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the most intense resonance in the F-on-Xe(}I) region of the
spectrum and by comparison of the 129Xe satellite spacing,
JKIZQXe—lgF) = 5852 Hz, with that of th; one-bond xenon-
fluorine coupling constant (5851 Hz) determined for cis-

\FXeOIOFq in the 129Xe NMR spec;rum. Resonance-iA).and its
accompanying satellites also show an addit}onai partiall&
reéblved doublet splitting (26 Hz) which arises from the
four-bond spin-spin coupling of a unique fluorine on the
cis—dIF40 group tqﬁthg fluorine,directly—bon¢ed to xenon. ft

- '\\
ils unclear why none of the other resconances in Figure 4.16 show

’-.
such a resolved long-range spin-spin cgupling. The doublet

fine structure on A is indicative of a unique four-bond spin-
spin coupling between either F; or Fp of the ¢cis-0IF40 group
(strucfure 4.9) and the terminal fluorine on xenon. Such a_
long range coupling is not unprecedented and had beecn noted
prev{ously in this work between the fluorine -on sylfur of
FXeO0SO,F (4JFF = 14 Hz}. In view of the fact that fluorines
cis to the I-0 bond (F3) do not give rise to a resolvable
coupling, it is assumed that the remaining cis-coupling with Fj
is also not resolved. Consequently. the doublet splitting is
attributed to Fy, which is trahs to the I-0 single bond.
Intuitively, the through-space couplings between the terminal

fluorine on xenon and F, and F3 are expected to be larger than

S
LS,

with F» owing to their close proximity and if free rotation
about the Xe~0 and I-0 single bonds is assumed. It is

interesting toc note, however, that additional corroboration for
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this observation is found in the 129Xe spectra of cis-FXeOIOF4.
The 129Xe resonance appears as a doubiet due to 1J(}29xe-19F)
which, under high resolution:‘shows additional f}ne structure
on each doublet branch resembling a broadened, partialiy
resolved doublet (41 Hz) with accompan&ing unresolved fine
structure (Figure 4.3). Again, the doublet structure on'each
branch is assumed to arise from coupling with F; and the
coupling to xenon (3J(129Xe-19F2).arising from the fluorines
¢cis to the I-0 single bond (F; and Fg) are not rarge enough to
be resolved, but contribute to the line. broadening. It is
presently not possible to account for the relative magﬁitudcs
of thegéx"through-Space" couplings.

Resonance (B) (819F =~ -168.50 ppm) is assigned to
trans-FXeOIOF4 by comparison of its 129Xe satellite spacing.
15(129%e-19F) = 5902 Hz. with the one-bond xenon-tfluorine
coupling determined in the 129Xe NMR spectrum (5893 Hz}.

The 19F NMR spectra recorded on the mixture of cfs- and
trans-FXeOIOF4 has served to verify the assignments made fn the
129%e NMR investigation. In addition, the !9F NMR chemical

shifts of these specii;/have been used to corrcborate the group

electronegativty trends discussed in section C of this Chapter.
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(viii} Characterization of FXeQIOF, by Raman Spectrdﬁcopx:

[y

The Raman spectrum of the mixture of cis- and trans-

FXeOlOF4 was recorded at -196°C in an FEP tube and is

.~

111u;trated in Figure 4.1%. The vibrational frequencies and
intensitjes as well aS tentative assignnénts are given in Table
4.6. The Raman spectrum consists of broad and poorly resolved
vilbrational ban@s in éomparison to the spectrum’ of cis, cis-
Xe(OIOFy)p (Figure '4.12). This is likely the combined effect
of having a mixture of cis- and trans-isomers with nea;-
coincident vjbr;tional frequencies and the fact that thé
mixture does not crystellize at -196°C but father. forms a
glass which ﬁould give rise to increased vibratibnal motions
and line broadening.
The ¢is~ and trans—FXe010F4'nolecules of symmetry Cg
should each possess a maximum of 21 funﬁamentallmodgs. all
Raman active, classified as 14 A' + 7 A". The complexity of
the spectrum depicted in Figure 4.17 does not permit & full
<'&ssignmcnt of all modes associated with the mixture of
isomers'. Wherever possible however, tentative assignments
have been made by comparisons wifh the vib;ational spectra of
other lonof;uoro Xe(I1l) derivatives.
The high-freguency banéﬁ at 889 and 894 cm~1 are
assigped to I=0 stretches by analogy with the I=0 stretching
frequency determined for éis. cis-Xe (OIOF4), (889 cn'}). These.

bands are assigned to the cis- and trans-isomers, respectively,

by comparison with the frequencies for the I=0 stretches in
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Figure 4.17

Raman spectrum recorded on a cis/trans-FXeQIOF,
mixture {n an FEP tube at -196°C. * denotes btands

arising from FEP.
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Table 4.6 o=

Vibrational Freguencies and Tentative Assighments for

the Raman Spectrum Recorded on cis-/trans-FKeOIDFa

Frequency,2 cm~1 Tentative Assignment

894 (15) v 1=0,
889 (11)
720 (4)
712 (2) , !
664 (15)
654 (22)

trans

» v 1=0. c¢is

625 (14) - I-F stretches
616 {(17)

605 (13) )

595 (sh) B

378 (1)

527 (49) ¥ Xe-F, cis and trans

488 (100)

v Xe-0, 1-0P
467 (37)

438 (3)
379 (3)
356 (sh)
352 (11)
341 (4)

328 (2) 1F,, FI10, 10, and IFg4

278 (1) bending modes
270 (13)

257 (3)

233 (5) ,

205 (1) K
185 (1)

continued. ..
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Table 4.6 continued

Freguency.a cm~1 Tentative Assignment

, .
170 (12} - . 5§ F-Xe-0, Xe-0-1b
. 156 (15) ' ' ’

148 (8)

122 (4)

101 (11) -
80 (6) '

14

”

fi
a: The Raman spectrum was recorded{dn FEP at -196°(C.
* denote FEP bands.

b: These modes are presumably strongly coupled.
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cis-FOIOF,4 (914 em~1) (186), trans-FOIOF, (924 em~1) (186) and
cis, cis-Xe(0IOF4), (889 cm~1). Furthermore. the ;bservation
of two bands in the I=0 stretching region is supportive of a
cis-/trans- mixture. The vibrational bands in the region
590-680 cm~1 are most certainly I-F stretches, however, a
definite assignment cannot be made for these bands %3nce the
I-F stretches of both cis- and trans-FXeQIOF,4 are expected to
occur in this region and may in some cases be coincident. The
brogd. intense vibrationél band at $27 cm-! is assigned to the
overlapping Xe-F stretches of the cis- and trans-isomers by
analogy with the frequencies of the corresponding modes in
FXeQS0,F (521, 527, 532 and 539 em-! (168)). FXe0S80,CF3 (534
em~1 (151)) and FXeOTeFs (520 cm~! (138)). The bands at 467
and 488 cm~1 are assigned to the strongly coupled -0 and Xe-0
stretches by analogy with the corresponding modeS in FXeQTeFg
(457 cm~} (138)). FXeO0SO0,F (434 cm™! (168)). Xe(0TekFsg)p (440
cm~1 (ﬁ?&)) and cis, cis-Xe(OIOFg)a (464 em-1 (205)). The
vibrational bands below 400 cm-! correspond to bending and/or
torsional modes. The intense bands at 156 and 170 cm ! are
assigned to F-Xe-0 and Xe-0-I bending modes by analogy with the
corresponding Xe-0-1 and 0-Xe-0 modes in cis, cis—Ke{UIUFd):
{148 cm~1). Thg vibrations in the region of the spéctrum trom
230-280 cm~1 and 320-380 cm-! are assigned to the IFa., IF;. I0;3
and/or [0F bends by anaiogy with the corresponding modes 1n
cis- and trans—[OIOF4]' {186). I0Fs5 (210.,211) and cis, «is

Xe(OIOF4)2. It is important to note that in Figure 4.17,
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there is no evidence }or XeFy, which ts expected to have a
strong stretching vibration at 496 cm=1 and no evidence of
I0,F3 which is expected to show a moderately strong vibration
at 920 cm~1 (192). These results clearly indicate that the
I0,F53 and XeF> observed in the 19r NMR spectra discussed above,
&ust result from the dissociation of FXeOIOF4 as suggested in

the previous section and are not the result of residual

reactants in the cis- and trans-FXeOIOF4 mixture.

{D) CHEMICAL SHIFT TRENDS AND GROUP ELECTRONEGATIVITIES

(1) General

it has been shown in prévious studies (57.94,96,109,
151.167) that 129Xe and 19F NMR chemical shifts and xenon-
fluorine coupling constants can be used as effectivé measures
of the ionicity of xenon-ligand bonds. That is. a decrease in
19p chemical shif£ and increase in 129%e-19F coupling constant
is consistent with a greater degree of ioni¢c character in the
terminal Xe-F bond and that a decrease in 129Xe chemical
shift is indicative of an increasingly more covalent xenon-
ligand atom bond. This measure can then be correlated with the
electron-withdrawing ability or group electronegativity of a
substituent group. The 129%e¢ and 19F NMR studies of the
xenon{ll) derivatives FXel and Xel,, where L = -0IF40, -0S03F
and -0TeFg can therefore be used to assess the group
electronegativity trends for the series'-DSOEF. -0TeFs and

-0IF40. -
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{(ii) The Relative Electronegativities of the -0IFs40 and
-050>F Groups '

The mixed xenon(II) derivativealcontaining one ~0S0oF
and one -0IF40 group provide a convenient means by which the
shielding of the Xxenon nucleus can be compared for ghe;e two
groups uder the same conditions. From the 129%e NMR studies on
the [0,F3/XeF, system performed in SO,ClF. it is evident that

the 129%Xe chemigal shifts of the fluorosulfate derivativii,kﬂ?ﬁ

consistently to high frequency of the -0IF40 group derivatives
{Table 4.1). The averége chemical shift differences are

-16 ppm between‘FXeOSOZF and trans-FXeOlOFy and 33 p;m between
trans-F40I0Xe0802F and trans, traﬂs—Xe(OIOFqlg. ‘This implies
the electronegativity of the -0SO,F group is greater than that
of the frans-OIF40 group. Fﬁfthermore. the 129xe éhemicnl
shifts }or the bis-isomer; of -0IF40 were found to be additive,.
progressing to lower frequency with increasing cis-substi-
tution. This frequency shift was found to be 126 ppm on
substitution of one trans-ligand for one cis-ligand and'with
substitution of the second trans-ligand. the 129{e resonance
shifted a further 117 ppm to lower frequency. This near
additivity trend was found to be independent of temperature and
concentration. This trend implies the effective group order
cis-0IF40 < trans-QIF40 < -0S02F and is further supported by
examining the 19F NMR results for these species recorded In

S0,ClF solvent at -5°C for a-1 : 3.53 molar mixture of XeF, and

I0,F5 {Table 4.2). The 19F chemical shift for FXe0S0;,F (519F .
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-171.9 ppm) occurs to low-frequency of the chemical shifts of
both trans-FXeOIOF; (&19F = -168.9 ppm) and_cis-?Xe01054 1519F}
= -159.4 ppm}). This result can be interpreted in terms of the
ionicity of the terminal Xe-F bonds which %an in turn be ~
related to the group electronegativity. The high électren-
withdrawing ability of the fluorosulfate group. as compared to
cis- or tran§—01F4b. results in the FXeOSsz molecule having
subs;antially‘more XeF* character than in either cis- or trans-
FXeOIQOF4. The increased XeF* character is refletted in the
low—frequency (shielded) 19F chemical shift for the fluoro-
sulfate deriﬁative. This c¢an be further related to the
covalency of the Xe-0 bond, being theé most covalent in cis-

~ .
FXe0IOF; and least covalent (most ionic¢) in FXeQSO5F.

(iil) The Relative Electronegativities of the -OfF4O and

-0TeFs_ Groups; the cis- and trans-F.0l0XeOTeFgs

Derivatives

fn order to coﬁpare the electronegativ;&ies of the
-0IF40 and -0TeFs groups, the series of mixed derivatives
(F40I10)yXe(OTeFg5)p.yx were prepared in CFClz and studied by
129¥e NMR spectroscopy at 24°C. The 129x%e NMR spectrum of a
1:1 :oiar mixture of cis, cis-Xe(OIOF; ), and Xe(OTeFfg)»
recorded in CFClz solvent at 24°C is depicted in Figure 4.18.
The 1293%e NMR parameters for this system as well as the

- I
parameters for the same mixture recorded at 5°C are_summarized\\afﬂ

in Table 4.7. In Figure 4.18, four resonances are shown _



Figure 4.18

Xenon-129 NMR spectrum of a 1:1 molar mixture of cis,

cis-Xe(0IOF,4), and Xe(OTeFs)p recorded in CFClj

solvent at 24°C.
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Table 4.7

Xenon-129 NMR Parameters for the Xe(0TeFs5)p/Xe(OIOF ),

System Recorded in CFClg _Solvent at 24 and 5°C

185

Species 5129%e(ppm}a. Temperature (°C)
Xe(OTeF5)2 o -2423.2 5
-2428.2 24
cis-F40I0Xe0TeFg -2298.7 5
-2315.7 24
cis. cis-Xe(OIOF4)s’ -2219.5 5
' -2236.4 24

N\
trans-F,0l0Xe0TeF5 -2205.3 5
-2217.5 24
cis, trans-Xe(0I0F4ﬂa -2119.8 5
- -2131.3 24
a: Referenced with réspect to neat XeOF; at 24°C.
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{one rescnance of very Iow_intensity. 5129x, -_-2131.3 ppm fs
not shown) which represent the derivatives (F40I0)yxXe(0TeF5}2-x
(X = 0.1.2). The high frequency peak (5129Ke = -2428.2 ppm)
with resolwved fine structure (3J(129Ke-19F) = 32 Hz) is
assigned to Xe(OTeFs), by comparison with the 129Ke chemical
shift (-2447.4 ppm) and three-bond xenon-fluorine coupling (31
Hz) previously reported for this species (127)7 The peak at
5129%e = -2236.4 ppm is assigned to cis, cis-Xe(0IO0OF4)o by
comparison of jits chemical shift with that egtabiished for the
same-spgcies in the I0,F3/XeFy system, also recorded in CFClgj
solven; {(-2231.1 ppm}.\ The peak which occurs in the frequency
range between that of cis, cis-Xe(0IOF, ), and Xe(0OTeFs5},
(6129%e = -2315.7 ppm) Is assigned to the mixed derivative
cis-F4010Xe0TeFs5. Further support of this assignment stems
from the fact that this species 1ls expected to be the most
intense in the near-~statistical scrambling of an equimolar
mixture of cis? cis-Xe(QIOF4), and Xe(O0TeFgl)z. The low-
intensity peak, éhich occurs at 6129Xe = t2131f3 ppm, but is
not shown in Figure 4.18, is assigned ;o cis.‘trans—Xe(OIOF4)2
by comparison with the chemical shift of this species
established in the I0pF3/XeFy system, also recorded in CFClgj
{(-2113.6 ppm). The peak at 5129Xe = -2217.5 ppm is therefore
assigned to the mixed-de?ivative trans-F4070Xe0TeFs, since‘;he
129%e chemical shift for this species is expected to occur to

high-frequency of cis-F4010Xe0TeFs (6129Ke = -2315.7 ppm) but

to low-frequency of cis, trans-Xe(OIOFy), (5128Xe = -2131.3
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ppm) . - o

Although the 12§Xe chemical shifts for the mixed
derivatives, {F4OIO)¥Xe(0TeF5)2_x. progress to lower frequéncy
with increasing -OIF40 substitution, thes; frequency shifts are
not additive, as was found for the cis- and trans-isomers of
Xe{OIOF4)s. For instance, a frequency shift of 125 ppm was
.found on substitution of one -0TeFs group of Xe(QTer)z for one
cis-0IF40 ligand and with the substitution of the second -0OTeFjs
group, the frequency was shifted a further 79 ppm to lower
frequency. In comparison. Eﬁe.jrequency shift associated with
substituting one -0TeFs group of Xe(0TeFg), for one trans-0IF 0
group was 218 ppm.

The chemical shift order is onerved to decrease as
follows: trans-OIF40 > cis-0IF40 > -0TeFs5. From this orderling
it may be inferred that the relative group electronegativities

increase in the order -0TeFg < cis-0IF40 < trans-0IF;0.

{iv) Electronegativity Trends: Summary

The NMR parameters for the xenon(!I) mixed derivatives
contalning cis-0IF40, trans-0IF40, -0TeFg and -0S03F have been
used to compare the electron-withdrawing abilityrgf these

-—-._/’ . .
groups under the same solvent and temperature conditions.’
These results suggest the group electronegativities increase In
the order: -0TeFg < cis-0IF40 < trans~0IF40 < -0S0,F.

- \
Furthermore, if one considers “the Xe-F stretching frequency of

the mono-derivatives to be a reflection of the ionicity of the
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Xe-f bond, then the frequéncy is expected to increase as the
xenon~ligand atom bond and te‘minal Xe-F bond become more
ionic, i.e., more XeF* charac;er. The stretchiné frequencies
of the terminal Xe-F bonds do increase in the order of
increasing group electroneéativity. i.e.. -0TeFs 520 cm~1
(138) < cis/trans-0IF40 527 cm~! (205) < -0S0,F 530 cm-! (134)
which further supports the proposed trqnd.

4 2

C
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- CHAPTER 5

HE'DECOHPOSITION PRODUCTS OF cis/trans FXeOIOF, AND

cis, cis-Xe(OIOF,s)o_ AND THE PREPARATION AND
CHARACTERIZATION OF F40IQ0I0F,

(A) INTRODUCTION

The decomposition paﬁhwayg for most Xe(II) derivatives
rare well known. The mon;—fluoro derivatives, with few
exceptions, are thermally more stéble than théif bis
counterparts, this, in part, is the result of the increased
ionicity of F-Xe-L as compared to L-Xe-L. i.e., the valence
bond structure FXe*L~ is favored over LXe*L~. For instance,
the decomposition of FXeN(SOpF), is slow at room temperature
whereas fhe decomposition of Xe[N{SQp7)2]» occurs rapidly
(149). The thermal decompositions of FXe0SO,F (134) and
FXeN(SO3F)s (149), according to equations (5.1) and (5.2},
are typical of mono-fluoro derivatives leading to the formation
of XeFs, Xe gas and the peroxide or N-N bonded product.

Analogous decompositions also occur according to equation {5.1)

2 er0502F —> XeF, +«+ Xe * + F02300302F (5.1)
2 FXEN(502F)2 _'_)Xer + Xe * + (FQZS)ZNN(SUZF)Z (5.2)
for F-Xe-L, where L = —OSOZF {134). —OTEFS (225), -0P0LF (143)

and -0COCF5 (147). Again, thermal decomposition pathways

oy

B 189
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analogous to Equations (5.1) and (S$.2) are followed by most bis_

Xe(Il) deéivatives. L-Xe%L. with formation of Xe gas and eitpu}

v

the peroxlde (L = -0S0,f), oxide (L = -0TeFs (225), -0SeFg

(225,226), -OPOgF {143) or the, N-N bonded product., [N(SO3F}s]a.
arising from the- decomposition Xe | (San)2]2'(149):
The pure -0IF40 derivatives, FXeOIOF; and Xe(O0IOF4),

prepared in this work were found to be unstable with respect to

thermal dgcompoﬁi;ion; A preliminary assessment -of these

L)

decomposition produ&ts has been gfﬁen in Chapter 4. The

controlled thermal decompositions of these derivatives have

peén performed under a vériety of conditions and monitored by
19p NMR spectroscopy and Raman spectroscopy and are discussed

in detail in this Chapter.

(B) THE DECOMPOSITION OF cis/trans FXeQIOQOF,

ﬁuring the characterizétion'of mixtures of cis- and
trans-FXeOIOF,4 in solution by 198 NMR spectroscopy {Chapter 47},
quantities-of IOsF3 and XeFy were aiways detected. The
formation of these species was tﬁought to a;ise from the

dissociation of FXeOIOF, according to equation (5.3). In

FXeOIOF, ===10,F3 + Xef, (5.3)

order to test this proposal. FXeQIOF;, which had been
previously checked by Raman spectroécdpy and shown to contain

no I0sF3 or XeFp. wasg dynamically pumped under vacuum at 0°C.

n.
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The volatile products, which were trapped at -196°C, were
characterized by 19F NMR spectroscopy and Raman specgroscop;f
The Rgman specﬁrum recorded on_the residue at -196°C in an FEP
tube 1is depicted in Figure 5.1. Cdmparison of theAvibrational'
frequencies from Figure 5.1'(Table 5.1) with the vibrational
spectra reported for I03F3 (192) and XeFs (53) confirm that
this residue corresponds to a simple mixture of XeFs and

I02F3. The absence of the'characteriétic vibrational bands
arising from the I(V) species IFs. [0F or I0F3 (22Q.227)
suggests that FXeQIOQOF4 dissociates under dynamic vacuum
according to equation (5.3) and‘that ne alternative
decomposition occurs under these conditions. The results from
the 19F NMR spectrum recorded at -40°C on the residue dissolved
in BrFi are summarized in Table 5.2. . In addition to two AX o
spectra in the F-on-I{VII) reéion. which are assigned to [0,F3
by comparison with the 1%F chemical shifts determined in
Chapter 3, and a singlet with ;ccompanying satellites in the
F-on-Xe(II) region assigned to XeF,; (Chapter 4), there is an
AXy pattern in the F-on-I(V) region assigned to 1F5 (208} . Thé
[F5 in this system is thought to have arisen from the <
decomposition of IOZFJBaccording to equation (1.19) . yielding
[0F3 and 05 gas (152). The I0F3 formed is rapidly flPorinatcd
in BrFs solvent to give IFs (228,229). Although BrOF3 is

v

presumably formed in the fluorination of IOF5 with BrFg, it is

not ‘observed in Figure 5.1. Instead., the BrOF; formed

immediately decomposes to BrOsF (228) which undergoes fast
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9
Figure 5.1
The Raman spectrum of the volatile products fron
the dissociation of FXeOIOF; trapped at -196°C.
* denotes an FEP band.
~
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Table 5.1 -

Vibrational frequencies and assignments for the Raman

gspectrum recorded on the dissociation products of
FXeOIOF4 trapped at -196°C

Frequency@ (cm~1) Assipgnment
917 (27) v (I=0)b
911 (sh) : p " b
693 (1)

661 (35) ' ; v (I-Fax)P
625 (100) , “ v (1-Fgq)P a
601 (2) v (L0p)P
576 (1)

547 (1) ,

496 {>100) L (Xe-F)€
494 {33) r

383 (<1) b

380 (26) b

378 (1) b

360 (4) b

341 (6) b

280 (1)

273 (4)

270 (6) b

267 (2)

206 (25) ) b

140 (2)

109 (73) ®cC

a: Spectrum recorded at -196°C in an FEP tube.

b: Band arising from I0pF3 {(this work and ref 208).
c: Band arising from XeFs; (this work).

A
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Table 5.2

Fluorine-19 NMR parameters for the dissociation products

of FXeOIOF,; recorded in BrFs solvent at -40°C

Species 519ra(ppm) " 2Jpp(Hz) 15(129xe-19%) (42)

10,F4 (A) 66.9

179
(X) 106.1
{A') 67.7

181
{X') 106.4

/j) XeF, ~185.0 5625

IFg (A) 57.4

86
(X) 8.3

~

.
a: Referenced with respect to neat CFCljz at 24°C.
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fluoride-ion exchange with BrFg solvent resulting in a broad
qnobservable resonance.

The Raman spectroscopic and 1§F NMR results have shown
that the product obtained in-the dissociation of FXeOIOF, is a
mixture of XeFp and IQpF3. There was no evidence in either
spectrum for specfe; which could be assigned to a peroxide
(F40I00I0F4} or oxide (F40I0IOF4). ruling out the thermal

decomposition of FXeOIOF4 according to equation (5.4)

{c.f. equation (5.1)) and equation (5.4).

.
2 FXeOIOF; —>XeFp, + .F40I00I0F, + Xe * (5.4)
F40I00I0F, —> F40I0[0F + % 0p * (5.5)

(C) THE THERMAL DECOMPOSITION OF cis, cis-Xe(OIOF4)p

LEADI&G TO THE FORMATION OF F40I00I0F,
. 1
(1) The Decomposition Routes of cis, cis-Xe(OIOF4)£

The stabjlity of cis, cis-Xe(OIOF4), is low as a* pure
compound in the solid state and oanly marginal in scolution at
0°C. The decomposition routes have been studied by 13r NMR
spectroscopy and Raman spectroscopy and are discussed in this
Section. ' ‘

When pure cis. cis-Xe(0IOF4), is allowed to stand in
a static vacuum at room temperature, the fﬁgﬁing decomposityon

i
is rapid vielding a mixture of gaseous products. a volatile‘

liquid component an;\a colorless solid. The gayeous products
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have been identified as 0p, which is non-condensible at -196°C,
and Xe, which is non-condensible at -78°C but condensible at
-196°C. The other products have been identified by 19F NMR
spectroscopy and Raman spectroscopy as follows: The 19F NMR
spectrum of the solid and liquid “components were recorded fh
CFClz solvent at 24°C and is depicted in Figure 5.2. The
spectrum shows an AX4 ﬁattern_(A) assigned to IFg (&619F: (A) =
58.2 ppm, (X4) = 12.4 ppm; 2J(FF) = 86 Hz) as well as a singlet
reso;;ncq labelled (B) (&619F = 48.6 ppm) which is-assigned to
the three equivalent fluorines (by intramolecular exchange
averaging) of IOF3'(2Q8). The Raman spectrum recorded on the
solid coﬁponent resulting from this decomposition corresponded
to a mixture of IOF3 and 10,F, which were identified by
comparison with the vibrational-spectra previously reported for
these compounds (207.,208). The 19F NMR and Raman spectroscopic

results suggest that the fast decomposition of cis. cis-

Xe(0IOF4)» occurs according to equation (5.6). The diminished :

Xe(0IOF4)y ——>IFg + IOF3 =+ Xe t =+ 3/2 0y * (5.6)

[ 4]

amounts of IOF3 that are observed in the 19F NMR spectrum is a
—

result of the facile decomposit?gg—g?\this species (208)

yvielding I0,F and IFslaccording to equation (5.7). The absence

-

2 I0F3 —>10,F =+ IFg (5.7)
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&
Figure 5.2

The 19F NMR spectrum of the products resulting from

the rapid decomposition of cis, cis-Xe(OIQF4), recorded

~
i;&@FCl3 solvent at 24°C. The peak assignments are given
M
below.
Peak Assipgnment
A IFS
B [0F 4

2 xry
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of a 19F resonance associated with IO,F is attributed to the
very low solubllity of this species in CPClz (an inscluable
white residue was observed in these samples).

The rapid decomposition of cis, cis-Xe(016F4)2
producing only I(V) species and giving no evidence for
iﬁtermediate formation of 2 peroxide or oxide, is primarily
attributed to radical formation (see Chapter 4). That is, in
the initial stages of decomposition, radical formation occurs
319w1y but lncreaﬁes in concentration as the reaction
proceeds. At some point in thé decomposition, the
concentration of the radical builds to a level that is
sufficient to catalyze-the rapid and sustained decomposition of
the remz2ining bulk sample. It was presumed, however, that {f
the radical concentration could be controlléd. then so also
could the rate-of decomposition. It was obyious that the
radical concentration could not be maintained at a ;ow endugh
level simpiy by dynamic pumping of the sample althoupgh the
instantaneous decomposition cited could be avoided under these
conditions. As a\result. alternative methods were devised to
enable the observation of the intermediate species generated.
under controlled decomposition conditions.

A solld sample of cis, cis-Xe(OIOF4), was dissolved in
505C1F solvent and the decomposition injtiated by warming the
sample to 0°C for given time intervals followed by quenching at

-196°C. The decomposition products were monitored by recording

their 19F NMR spectra after each quenching at -4¢°C. The 19f
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Figure 5.3

The 19F NMR spectra recorded at -40°C showing the
decomposition products resulting from warming a
solution of cis, ¢cis-Xe(0IOF4)» in S0,CIF to 0°C

for: a, 0 minutes; b, 10 minutes; c, 70 minutes;

d, 520 minutes. The peak assignments are given
below. ' >
Peak Assignment

c cis, cis-Xe{OI0F,),

D cis, trans-Xe{QIO0F )2
F ’ trans, trans-Xe(OIlUOF,)»
G F4O0I00I0F4

S S0,ClF solvent



1S

5.3 (a)

5
.3 (b))



A

5.3 (e) .

1000 Hz

!

E="0) '
dae(ppm from CFCly)

5.3 (d)




200

- . *

Table 5.3

Fluorine-19 NMR parameters for the species observed in

the decomposition of cis. cis-Xe(OIOF )5

Species 819r3(ppm) SJpp_(Hz)
cis, cis-Xe(0IQF )2 (F;) 103.86 (1.2) 271
. (1.3) 260
(Fp) 81.9 {1.2) 274
- (2.3)
(F3) 73.6 (1.3) 245
(2.3) 197
trans, trans-Xe(Q[OFg)p ' 76.6 -
cis, trans-Xe(QIOF3), 75.1. -
. ' i ’
cis. cis-F40I0010F, ~ - {Ag) '93.a _
- . o 216
{X2) .71.9
a: Recorded in SO5CIlF solvent at -40°C and referenced with

respect to neat CFCly at 24°C.

L b Coupling not resolved.
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NMR spectra depfﬁted in Figure §.8.(a-d) correspond to the
products of decomposition after the following time intervals at
0°C: 0 minutes, 10 minutes, 70 minutes and 520 minutes. The

19r NMR parameters are summarized in Table 5.3.

4Fiéure §.3(a) displays the 1PF NMR spectrum recorded on
the sample at -AO‘C before warming to 0°C. The three nuitiplet
resonances (C)} corréspond to the three fluorine environments, .-
associated with cls, cis-x5?010F4)2 (Chapter 4). The singlet
resonances, D and F, are assigned to the fluorines on the ‘;7
trans-0IF40 groups in cis, trans- and trans, tfuns—Xc(OlOFd)z: ;
respectively. In additlon to these resonances gna the F-on-
S{V1) respnance of'soz'cn' (S}. two triplets (619F = §3.4 and
71.9 ppm. 2Jpg = 216 Hz) labelled G and corresponding to an
ApXo pattern (similar to tﬁe pattern of cis-HOIOF4) were
observed. The possibility that th}s pattern arises from HOIOF,4
contamination has been rnled out since the cis, cis-Xe(OIlQF, ),
used for this experinént had been previously shown by Raman
spectroscopy to contain no impurities and the 189r NMR
parameters for HOIOF,4, recorded“in S0,C1F solvent at -40°C, are
sufficiently different (c.f. Table 3.3). The cis, cis- r@xide
molecule, F4010010F4 {structure 5.1), is expected to display an
AMXo-spin coupling pattern in its 189r NMR spectrum,. The
observed AjXp,-pattern is attributed to rapid exchange averaé#ng

: X
of fluorine environments and presumably results from the rapid

intramolecular exchange of oxygens in the peroxide linkaze and

Al

the double-bonded oxygens on the -0IF40 groups. This exchange
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of the 0-0 5ond. which 1is unpreceden;ed in any other p?roxide
species may be gnvisaged-to occur by‘neans of ;he mechanism
represented by scheme {(5.8). Alternatively, & dissociative

mechanism suc® as that represented by equation (5.9} wmay

.

Fq01-"0-0-10Fy = [F401-"0- + F4q01-0] = F,%01-0-0-10Fy (5.9)

apply.. It is believed, however, that the associative
intfaﬁh{ecular mechanism depicted in scheme (5.8) would be

favored and, in either case, averaging would only be apparent

for the c¢is., cis-peroxide isomer. ,

Figures 5.3.b - 5.3.d illustrate the intermediate
features of the decomposition reaction from the poi%tlbf Big;re
5.3.a onwards. As the reaction proceeds, the decreasing
intensities of the resonances arising from Xe(0l0F, ). 1somers
are accompanied ‘y an increase 1n‘1n§ensity of the ApXs pattern

assigned to cis, cis-F40100!10F,. This resull is consistent

with the slow decomposition of the bis Xe(lIl) compound

i <

Xe(OIOF )y —>F40I10010F; + Xe ¢ ~  (5.10)

according to equation (5.10).

To gain further support for the above proposal, it was
necessary to confirm that the observed 19F NMR resonances truly
originate from the peroxide and were not simply a consequence

of the manner in which the decomposition was pérforned. If the

AN
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Scheme (5.8)
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sane'Azxa resonances could be observed under conditions where

2035

peroxide formation is expected to be favored, and by employing
2 route which 1is significantly different from that above, then
a definitive.statement as to whether or not the Az Xo pattern-

represents the peroxide could be made.

(D) THE REACTION OF I0,Fa AND KrF,

-

In the reactions between KrF, and B{0TeFg)3. Seppelt

. anc Lentz (140.141) have reported the quantitative formation of
the peroxide, F5Te00Teés. This resuit Implies the intermediate
kryptoﬂ(;!) derivative, Kr(OTeFg5)s. which is {hermally unstable
ﬂdecomposing to the peroxidé and Kr gas. Although there s no
~0IF40 analogue of B{0TeFgls. there is an alternative method
for preparing -OIF40 derivatives,
In an attempt to prepare Krypton derivatives cunéalning
-0IF40. by analogy with the xenon(II) derivatives: mixtures o{
»10,F3 and KrFp were investigated in S0,CIF aﬁd BrFs solvents by
19r NMR spectroscopy. By analogy with the Iq2F3/x9F2 system

{Chapter 4}, I0pF3 was expected to insert into a Kr-F bond

according to equations (5.11) and (5.12}. It was anticipated
L
[I0pF3 + KrFp ———=FKrOIOF4 (5.11)
10,F3 + FKrOIOFy; ———>Kr(0IO0F4), (5.12)
4

that the krypton derivatives formed may also be unstable
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decomposing according to equation (5.13).

Kr(0I0F;)p —>Kr-+ + F40100I0F, . (5.13)
The 19p NMR spectrum resulting from a mixture of

KeFs and excess I0pFg3, recorded at -45°C and before the
contents were alloqed to warm, is depicted in figure 5.4. The
19F NMR parameters are summarized in Table 5.4. Figure 5.4
depicts resonances which can be assigned to I0,F3 QA) and the
solvent, SO,ClF (S), by comparison of the 19F chemical shifts
with those determined for these species in Chapter 3. The
intense singlet résonance‘(C. §19F = 85.4 ppm) is assigned to
unr&acted KrFs by comparison with the prev{ously reported
chemical shifts of this species (1;4). In addition to these
resonances, two triplets (B) representing an AsXp pattern are
observed whose chemical shifts are jdentical to thqse obtained
in the bis decomposition reactlion discussed above. After
warming'the sample to room temperature, gas evolution was
apparent and was controlled by intermittent cooling in liquid
nitrogen. The warming and quenching cycles were repeated until
gas evolution ceased (19F NMR spectra were‘recorded after each
cooling), at which time the decdmposition was judged to be
complete. The 1SF NMR spectrum was again recorded at -45°C and
is degflcted in Figure 5.5. In Figure 5.5, excess [03F3 (A) is
still observed as well as an.intensified ApXs pattern (B}, but

no KrFy is evident. The intensity of the AsX, pattern has

-

-
Ea
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Table 5.4

Fluorine-19 NMR parameters for the 105F3/KrFp_system
recordéd in SO-ClF solvent at -45°C

. Species 519F2(ppm) 2Jpp_tHz)
KrFo 85.4 -
“cis, cis~F40I00I0F4 (A2} 93.8 214
(X2) 72.5
10,F3P (Xp) 108.2 175
(Xp') 107.8 174
a: Referenced with respect to neat CFClg. 5
b: The A and A' resonances are not resolved.
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- Figure 5.4

The 19p NMR spectrum of the I0,F4/KrF; system recorded
in SO0,CLF solvem} at -45°C before warming. The peak

assignments are given below.

Peak , Assignment
A - i0,F5

B : - F40I00I0F,

c KrFo

S - S05C1F solvent

4
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Fipure 5.5

.-—-\,g

The 19F NMR spectrum of the IOpF3/KrFp system recorded

in S0,ClF solvent at -45°C after warming to the point

where gas evolution had ceased. The peak assignments
are given below. - A
-
Peak Assignment
A I02F3
B % F;0[00I0F [\
" 4 1
s S50oClF solvent
%
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Increased significantly over”“that in the initial spectrum
{Figure 5.4), confirming that the species associated with
this pattern was lndeéd formed by reaction with KrFs.
Furthermore, the close similarity of the chemical shifts and
splittings of the A3X2 patterns iﬁ Figures 5.3 ?nd 5.5 confirm
.these resonances arise from the same species, namely,
F40I00I0F4. At no time in the course.of this. reaction could
species corresponding to the intermediates FKrO0IQF,4 and
Ke{OIOF,)> be observed.

) $

(E) THE TSOLATION AND CHARACTERIZATION OF F40I00I0F,

. In an“effort to obtain further definitive evidence for
the peroxide, attempts were made to isolate it as a pure
compound. Rottes which involved the use of solvents were
avoided in lig§§ of the complicating features which may arise
as a result of solvent attack (CHapter 4). Solid samples of
pure cis, cis-Xe{(OIQF4), weré alloﬁed to decompose at 0°C under
dynamie¢e vacuum with“ cold-trapping of the produc}s at -196°C.
In each case..after the db mposition was complete, small
amounts of involatile white.materlial remained in th;
decomposltioﬂ vessel whicﬁ Mére subsequently identified by
Raman s;ectroscopy as IOZF'éﬁd-IOFa. The material which was
trapped at -196‘C_consisted of a gaseous component, idéntified
as Xe gas (pumped off at -78°C}. as well as a scolid cohbonent

which was examined by 19r NMR spectroscopy and Raman

spectroscopy. )



211
The 19? NMR spectrum of the solid residue dissol@ed in
CFClgisolvent and recorded at -40°C is shown in Figure 5.6 and-
the 19p NMR parameters are sumqarizéd in Table 5.5, The
spectrum, which shows several multiplets and singlets.'is huch
more compiex than any of tpe previou§ peroxide spectra, and it
is'ev;dent that the'spectrum cinnot be attributed to a single
species. A number of possi?ilities exist which may account for
. the complexit& of this spectrum. The cis-0IF40 groups,
associated with the cis, cis- and cis. trans-isomers of
'F4OIOOIOF4. are géch-egpected.to.disblay ApX, patterns in the
19F NMR spéctrum for the reason#lgiven earlier. In addition,
the trans-iéemers arg'expected to vield sinylet resonances in
the 19F NMR spectrum as a re;ult of four equivalent fluorines
. . ,
in a single equatorial environment. The appearance of complex
multiplets in Figure 5.6 tan therefore not be accouqted.for ié
terms of peroxide species only. . The multiplet patterns (B) in

this spectrum resemble the patterns which were previously

assigned to the cis-O0IF40 groups of FXeOIOF4 and Xe(OfOFg)Z in

hd G? -
Chapter 4. One group of compounds which could account for
. o
these "extra” resonances are the cis, ‘cis-, ecis. trans- and

trans,., trans-isomers of the oxide., F40I0I0F;. which could form

according to equation (5.14}). Analogous thermal decompositions

F40I00I0Fy; ——>F4010IQ0F4; =+ % 0, -* (5.14)

occur for the peroxides, F5Te00TeFs5 and F5Se00Sefs. yielding



Table 5.5

Fluorine-19 NMR parameters for the species observed in

the thermal &ecomposition of cis, cis-Xe(QIOF4)>5

Species

cis, cis-F40I00I0F, (A2)
.

(Xz2)
trans, trans~-Fyq0I0010%, (a4)
trans, trans-F,;0I010F, (Ag)
[Ostb {X2')

(X2)
IFg (A)

(Xg)
I0F4
[05F
a: Recorded at -40°C

to neat externél CFClz at 24°C.

b: The A and A’

519¢2(ppm)

2Jpp_[(Hz}
88.3
2186
69.0 ’
70.6 -
85.8 -
108.3 171
107.9 181
57.9
87
11.2
48.6 -
40.8 -

in CFClg and

referenced with respect

resonances are not resoived.

212
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Fipure 5.6

The 19F NMR spectrum of the products of the controlled
thermal decomposition of'cis. cjéFXe(OIOF4)2 recorded
in CFCljz solvent at -40°C. The peak assignments are

given below.

Peak Assipnment
A . F 0I10010F,
B .

Fq0I[01I0F,

(1

1
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the stable oxides, Fg5TeOTeFg a;d FsSe0SeFgs (225.230,231). The
trans-isomers of the oxides are expected to §1e1d singlet .
resonances in the 19F NMR spectrum as is the -case for the
trans-peroiides. The cis-0IF40 groups associated with the cis,
cis- and cis, trans-isomers of F4OIQIOF4 are, however, expected
to display AMXjp-type patterns in the 19F NMR spectrum. since in
these cases, the exchaqkingmof oxygens observed in the peroxide
cases is not expected to occur.

In Figure 5.6, the AjXj pattern (&19F (A23 . 82.3 ppm.
{(Xp) = 69.0 ppm; 2J(FF) = 216 Hz). labelled A, i+ assigned to
the peroxide, cis. cis-F4OIOOIOF4: by comparison with the
chemical shift-and 2J(FF) coup11;; consﬁang previously
determined for éhiQ/;pecies. The singlet at 19F & 70.56 ppm,

-

also labelted A, represents an Ay spin system associated with a

- -

trans-0IF40 group and is‘tentatively assigned to trans, trans
F;OIOOIOF4. The assignments for the three multiplet resonances
and the singlet resonance (B) are uncertain. These multiplet
resonancés collectively resemble an AMXz-typi pattern und-
therefore must répresent a cis-0IF40 group. Of the twao
possibilities in this case. cis. cis- or ;is. trans-F4071010F,
the assignment is tentatively made to the cis, cis-isomcr!sincu
this isomer is the one expected to result from the
decomposition of.cis. cis-F40I0010F4 according to equation
(5.14). Using similar arguments, the singlet resonance (8,

519F = gs5.8 ppm) could be assigned to trans, trans-F,010[0F,

since this species is expected to result from the decompostitian
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of trans, trans-Fy0I00I0F, accoréing to equation (5.14). At
high—freq;%hcy. there is a pqrtially resolved triplet (&19F =«
107.1 ppm) of unknown origin as we;l as two doublets (619F =
©+108.3, 2J(FF) = 171 Hz: &19F = 107.9 ppm. 2J(FF) = 181 Hz) -
which are assigned to the X;' and X, portions, respeétively}'of
the A‘'Xo' and Aka patterns of IO3F3. The triplets arising from
the A' and A portions of the 162F3 speg&zgf\are presumably

. overlapped by the low-frequenéy triplét of ¢is, Eis—F4DIQOIOF4
and are therefdre not observed. The IO;Fg resonances as well
as the low-frequency guintet (5619 « 5?.% ppm, 2J(FF) = 87 Hz)
assigned to IFs and tﬁe singlets (&§19F j 40.8 and 48.6 ppm)
assigned to I0,F and [0F3 suggest two possible modes of

decomposition for the oxide according to equations (5.15) and

(5.16). .
F40I0I0F; —> I05F3 + IFs =+ % 0p ¢ (5.15)
3
F40I010Fy —> IF5 + I0F3 + 0p * {5.16)
The 19F NMR results discussed to this point have
provided strong evidence for peroxide species. The Raman

”
spectrum recorded on the decomposition product of cis, c¢is-

Ne(QIQF,4)p is depicted ﬁn Figure 5.7 and‘also supports the
presence of a peroxidé as well as the proposed I(V)
decomposition products I0F3 and I0,F. The vibratiovnal
frequencies and tentative assignments‘are given in Table 5.6,

A peroxide molecule containing a cis 0-0IF40 moiety of
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Table 5.6

-

The vibrational frequencies for the Raman spectrum recorded

4 - -
on the decomposition products of cis, cis-Xe(OIOF,),

S

-

Frequency?@ (cm~1) Tentative Assignment
921 ({5) b
908  (79) S v (0-0)
873 (12{' b
805 (25) ¢
786 (6) c ke
748 (16) ~ c
696 (19) v asym (LF2),x. cls‘
677 (100) v sym {IFy) trans
650 {sh) b
647 {38) v sym (IFa), . c¢is
639 (15} voasym (iFp)eq. cis .
630 {10) b
619 (32)
604 {37) v osym (IFp)aq. Cis
589 (32) '
545 (12) R b
507 (7) b
aza  (6) )
419 {(10)
377 (5) - b

continued. ..

P
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» .
Table 5.6 continued

Frequencv® (em~1) . Tgntg}ive Assignment ;
‘342 /5) ‘ b
332 (8) ' c
290 (10) ) ‘ | b
279 (2) |
265 (3)
235 {(2)
&77 {3)
165 (1)
160 (1) -
148 {1} &
121 (4) '
115 (4) -
105 (3) ' b
88 {3)
76 {S})
49 (22)
37 (23)

a: Recorded at —1963C in glass tube.

b: This band is coincident with [0F3 {(from ref 208}).

(]

This band is coincident with [0oF (from ref 208).
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Figure 5.7

The Raman spectrum recorded on the decomposition

products of cis, cis-Xe(0IOF4), in a glass tube at

/"_\
/
/

-186°C.

\_
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ay-ietry Cg should possess 18 fundamental modes classified as
12 A' + 6 A", All of these are active in the Raman.
Alternatively, a trana‘O-OIF40 moiety of approximate Cg4y
symmetry should possess 13 fundamentals, with symmetry
classifications 5 Aj + 2 By + Bp + 5 E,”all of which are Raman
active. A mixture of the two groups could therefoée yield up
to 31 vibratioﬂal bands {ignoring factor-group splitting and
Intramolecular coupling) in the Raman spectrum. Iin addition to
these, a serles of ban&s representing the I(V) species I05F,
I0F3 and IFg are also expected.

In Figure 5.7 there are 31 bands observed lnlthg
frequency range 100 and 927 cm~! which includes those
assignable to I(V)_species (Table 5.6). The most ocutstanding
feature of the spectrum is the intense &and at 908 cm~! which
can be asslgned to the 0-0 stretch of the peroxlde linkage.
The frequency is in exce}lent agreement with the 0-0 astretching
frequencies for other ligand group peroxides, namely,
F5Te00TeFg 907 cm~! (225) and F5Se00SeFs 903 -cm™1 (225).

The bands which are assigned to the I(V) specles are so0
designated in Table 5.6. These assignments were made on the
basis of the vibrational sﬁectra for [03F ;nd [0F3 reported
previocusly (207,208). It is unclear why Figure 5.7 shows only
some bgnds which can be assigned to IFg (227), since, the
presence of both IOF3 and I02F in this spectrum, requires that
[#5 be present as well. It must therefore be assumed that the

IF5 is present, but somehow occluded by other species in the
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sample. There are five bands in region 600 - 700 cm~1 which
are not assignable to any of the I{V) species. \Although the
assignments of these bands c;nnot be_made with any certainty,
their positions are consistent with those e#pected for I-F
stretches. For instance, the intense band at 677 em‘l
resembles the vy mode of IOFg (210,211) in both intensity and
frequency and may in fact represent the I[F; symmetric
stretching mode of a tpans—OIF40 group, or alternatively, may
correspond to the overlapﬁing I-F stretches of cis- and -
trans-isomers. The bands occurring at ?04 and 639 cm~1 ;nd 647
and 696‘pm‘1 can be envisaged as arising frog the symmetric
and asymmetric equatorial and axial I-F stretches.
;espectively. of 2 cis-0IF40 group. The remainder of the bands
in Figure 5.7 (<600 cm~1), which cannot be assigned to I(V)
species, most certainly represent bending modes, but again.
cannot be assigned with any certainty and-are therefore not
attempteq.

(F) SUMMARY *

The resulis discussed in this Chapter are important to
the overall understanding of -0IF40 derivative chemistry and
have beén used as a basis, in other Chapters. for understanding
the complex reaction chemistry thét takes place. In |
particular, the proposed peroxide, which has been encountered
in both the Xe(Il) and higher oxidation state systems,-will

moest certainly provide insight into other -0IF40 derivative
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systems yet to be Investigated. It §is clear that a better
characterization of the peroxide is necessary. This will have

v

. to involve refinement of ' a "clean" preparative method which
would ultimately yield a pure derivative{s). The low-
tépperature photolytic decomposition of cis, cis—Xe(OIOF4)2 as

well as other alternative methods are cﬁrrently under

investigation in this laboratory as viable routes to the peroxide.



CHAPTER 6 R

XENON(1V) (VI) AND (VIII) DERIVATIVES OF THE -OIF40 GROUP

(A) INTRODUCTION

;.

Xenon compoun&s in their +4, +6 and +8 oxidatién states
are presently limfted to thersimple binary quorides. oxides
and oxide fluorides cited earlier, and‘the'—OTer dérivatives
of Xe(IV) and Xe(VI) (139,140,142). Although a feport by
Eisenberg and DesMarteau (156) 61aimcd that XeF;-and XeFg react
with HSOgF to give the covalewtly bonded fIdorosulfate
derivatives F2Xe(0§02F)2 and F4Xe(0S0,F)p, respectively, this

ra

claim was later shown to be erroneous (109,157). The -0TeFg
deriva:ives. Xe(OTer)d (139). OXe(0TeFg)4 (140). Xe(OTeFg)g
{140) and 0p,Xe{(0TeFg)p (142) have been reported as the products’
obtalped from the stoichiometric reactions of the respective
fluorides or oxide fluorides with the ligand transfer reapgent
B(OTeFg)3 (equation 1.7). Since no B(0TeFg)3 analogue or other

suitable ligand transfer reagent exists for any other potential

ligand, it is not surprising that higher oxidation state

=~

derivatives of these groups have not yet been prepared. The
-0TeFg derivatives Xe(OTeFg)y, 0Xe{OTeFg)4 and 0,Xe(OTeFs),
have been characterized in the solid state by Ram§ﬁ
spectroscopy, and in solution., together with all possible
mixed F/-0TeFg derivatives.lby 1295 and 19F NMR speclroscopy
{112).

222
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In the present work, -OIF40 derivatives of Xe(IV) and
Xe(VI).bresulting from the insertion reactions of I[0pF3 with
the binary fluofides XeF4 and XeOF4, have been observed in
solution by 159Xe and 19F NMR spectroscopy. Iﬁ addition, mixed
derivatives of xeﬁon(VI). resulting from the displacement of
HOTeFs from OX eF5)y by the stronger protonic acid HOIOFu;
have been observed in solution with the use of 129x%e NMR

-

spectroscopy. A mixture of solid.derivativeslhas also been
isolated from the stoichiometric reaction of OXe(OTe?SJJ with
HOIOF4. The 10w~tempera§ure'Raman spectrum of the so0lid as
well as the 129jxe spectrum recorded in solution,. suggeét that

a mixture of novel xenon(VIII) de}ivatives is formed containing

both -0TeFs and cis- and trans- -OlF40 groups.

{B) THE PREPARATION OF F3XeOIOF,y AND THE POSSIBLE FORMATIUN

OF OXeF,0I0F,; AND THEIR CHARACTERIZATION 1IN SOLUTION BY

NMR SPECTROSCOPY

(1) The I105Fa3/XeF4 Svystem

As a result of the previous success at preparing Xe(IlI)
derivatives in solution by the reaction of [0,F3 and XeFo
{Chapter 4), a similar approach was taken in pgrsuit of a
Xe(I#) derivative. Co;scquently. I0>F3 and XeFy; were combined

»

in CFCly solvent with the view to insert [0oFg into the Xe~£

~

bonds of XeFy according to equation (6.1). The 129y, wiMR

XeFgy + n I0pF3 —=F4_,Xe(0l0F ), (6.1}
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spectrum of a 1:1.878 molar mixture of XeF, and 103F3 recorded

[ . i
" in CFCls solvent at 24°C is depfcted in Figure 6.1'and:ther

A .
L

129Xe NMR parameters are summarized in Table 6.1. Figure é.i
shows, in addition to‘the outéfmost_peak of the XeF4 quintet
(*) (6129%e = 186.45 ppm: iJ(129Xe—19F)A= 3808 Hz). a doublet
of trdqlets‘with unfesolveg fine structure (8129Xe = 24.42 ppnm)
which is assigned to the ke(IV} deriv;tive. F3XeQIOF, -

o (strgztur& 6.1), based 6n the observed spin-spin*coﬁpling
pattern and a comparison with the NﬁR data for the analogous
molecule F3XeOTeFg recorded in ;FCls solvent at é4°£‘(1;2). In
ﬁddition. although the long range spin-spin coupling between
the fluorines on the -0IF40 group and the xenon nucleus is not
resolved, the F-on-1(VII) region of the 19%F NMR spectrum
{discussed below) indicates thét the cis-isomer is formel
exclusively.
| A species suclfas F3XeOIOF4. which contains the FgaXe
moiety, is expected to display a doublet of triplets in its
129%e NMR spectrum by virtue of the spin-spin coupling of two
directly bonded magnetically non-equivalent fluorines (F',6F)
with the Xenon nucleus. A similar pattern jis observed in the

1£9Xe NMR spectrum of F3XeOTeFj (142). Fur hermore. no other
“iy - :

h
i fﬁ(IV).species %8%$d give rise to sugh a spin-spin coupling
pattern\. Thefl&éXe chemicél éhift (24.42 ppm) occurs to high
freduency of the analogous shift in FyXeOTeFg (612§ae = -25.5
;pm). indicating ®*hat the xenon nucl'eus in ﬁhe -0IF40 | ’
'-*‘»iggrivativeﬁgs lessﬂg%iglded than in the -0Tefs derivative.
.. \ o" - A 3 S ' FX Y = -
Pt " : - * - -
g N » ‘
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-

0N - . J
Table £.1

Xenon-129 (69.56 MHz) and 19r=%(235.36 MHz) NMR Parameters %
for a 1:1.978 XeF4/109£3 Mixture Recorded at 24°C

5129x, §19F & 15(129y,-19p) '25(195.19p)
Species {ppm)@ (ppm) b {(Hz) (Hz)
*® F'FpXeOIOFy 24.42 8.98 (F')% 3417 (ﬁfﬁ}*~ ¢ 4m0
-8.65 (F) 3658 (F) o
XeF 186.45 -13.94 3808 -
C FXeOTOF, -1941.8 - 5844 .
cis-
FXeOIOF, ~1835.7 .- 5874 -
trans-
. Xe(OIOF4)a -2101.4 - - -
(cis, trans-)
Xe (OI0F,) -2208.9 - - .-
{(cis, cis-) ' .
a: Referenced with respect to neat XeQF,; at 24°C.
b: Referenced with respect to neat CFCly at 24°C,
“ -
-
[
\ . )
:
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Figure 6.1

The 129Xe NMR Pppectrum (69.56 MHz) for a 1:1.978
molar mixture of XeF4/I03F3 recorded in CFClj

solvent at 24°C. .
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This is consistent with the electronegativity trend established
in Chapter 4. The directly bonded spin-spia couplings between
the xenon nucleus and the axial fliuorine F' (3417 Hz) and two
equatorial fluorines F (3658 Hz) are the same order of
magnitude as_.the analogous §ouplings in F3Xe0Tng. 3733 and
3552 Hz, respectively. Fuﬁ;her evidence in support nf-the
formulation, F3XQOIOF4. was obtained from the 19F NMR spectrum
recorded on the same samplé-at 24°C. These results are
summarized in Table 6.1. The 19F gthical shifts of the axial
fluorine F' (8.98 ppm) ana equatorial fluorines F (-8.65 ppm)
are similar to those reported for F3XeOTeFg (-11.98 and 5.%7
ppm, respectively). -In additiqn. the fluorine-fluorine
spin~spin coupling observed in the F3XeOIOF4 molecule, 370 Hz.
is comparable te the analogous coupling in F3XeQTeFg (355 Hz)
{142). The F-on-I(VII) region of the spectrum containing
several broad and overlapping multiplet patterns (similar to
the J0pF3/XeFs systém studied in CFClg solvent, Chapter 4),
nevertheless provides no evidence tor a trans-isomer of
F4Xe0IOF,4., which would display a sjinglet resonance ih the
F-on-I(VII) region. In addition, if beth a cls- and -
trans-isomer of F3XeOlOF; were formed in this system, the !29Xe
NMR spectrum would display two unique "doublets of triplets™,
which is clearly not the case. In light of these observations,
the new derivative, F3XeOIOF4, is Assigned as the cis-isomer

(Structure 6.1). The fact that the long-range spin-spin

coupling between the four fluorines-on-iodine{VII) and the

P 2
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xenon nucleus is not resolved in the 129xe spectrum, also
support§ assjignment to_the cis-isomer since, in the Xenon(II)
syst%m {Chapter 4), the long range spin-spin coupling was not
resodﬁed for cis—FXe610F4 or cis, cis-Xe(0IO0F4)>.

The xenon(II) region of the 129Xe NMR spectrum was
recorded on the same sample immediately after'the xenon(IV)
data were obtained. This spectrum, also recorded at 24°C, is .
displayed in Figure 6.2 and the 129xe NMR éarameters are
provided in Table 6.1. The spectrum shows four Xenon(I1)
resonances which are readily assigned by comparison with the
129%e NMR chemiéai shlfts determined in Chapter 4 (Table 4.1)
to trans-FXeOIOF; (§129Ke = -1835.7 ppm, 1J(129%e-19F) = 5874

Hz). cis-FXeOIOF; (&6129Xe = -1941.8 ppm, 1J(129e-19F) = 5844

Hz). cis, trans-Xe(0IOF4), p§129Xe = -2101.4 ppm) and cis. cis-
ﬁe(oros4)2 (6129%e = -2208.9 ppm). As was the case in the
[0,F3/XeFy system studied in CFCljy solvent, the cis-isomers are
favored over trans-isomers as reflected in thé integrated
ratios for cis:trans FXeOIOF4 of 7.3:1 and for Xe(OIBF )o. a
cis, ;is : ¢is, trans ratio of 7.1:1. Moreover, the bis-
isomers are favored over the mono-isomers (5.5:1). The
presence of bis X non(If) species in the [0,F45/XeFy sjstem
implies that a hiéher substitut%p derivative was initially

. : ’

formed, possibly FoXe(0OIOF4)3. which could be expected to

decompose according to equation (6.2}). Decomposition route

' * -
-

2 Faxe(OIOF.;)z _—>XE(OIOF4)2 + 2 IFs + XeF2 + 2 0, ¢ (6.2}

<
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Figure 6.2
)
The 129%e NMR spectrum (69.56.MHz) of a 1:1.978
molar mixture of XeF4/I0,F3 recorded in CFClj solvent

at 24°C showing the xenon{II) region.

.
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(6.2) is supported by evidé;ce of Xe(Il) species in the 129xe
NMR spectrum (Figure 6.2) as well as the presence of an AXy
pattern in the F-on;I(V) region representing IFs (&19F = 53.54
ppm, 13.39 ppm; 2J(19F-19F) = 86 Hz). The decomposition of the
trifluoro spepies. FaXeQIOF, , 1s. expected to occurraccording to

equation (6.3). This decompositjon route is supported by the

2 F3Xe0IOF; —>XeFy + FXeOIOFy « IFg + 0, * (6.3)

presence of FXeOIOF,; and XeFy in the 129%Xe NMR spectra (Figures
6.1 and 6.2, respectively) and by the presence of IFg in the
I19F NMR spectrum.

The possibility that even higheé substituted
derivatives were formed cannot be entirely ruled out. For
instance, if the tri- or tetra-substituted derivatives had been
formed, i.e., FXe(QIOF )3 or Xe(OIOF4)4. their stabilities
would be expected to be substantially less than those of the
di- and trifluoro derivatives, F2Xe(OIOF4)2'and F3XeQl0F;. They
would, in fact, be expected to decompose readily according to

equations (6.4) and (6.5) by analogy with the reported

FXe(0IOF4)3 —>FXe0IOFg4 + 1IFg + IOF3 =+ 3/2 Op * (6.4)

o

Xe(0IOF4)y —>Xe(OIOF4)p =~ IO0F3 =+ [IFg + 3/2 05 = (6.
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decomposition route of Xe(bTeF5)4. which occurs at 72°C
according to equation (1.2) {139). Efforts to generéte higher
substituted derivatives by increasing the I0,Fg3 to‘XeF4 ratio,
as high as 4.2:1, were unsuccessful. In each case, the ;2QXe

NMR spectrum showed evidence for the mono substituted

derivative, F3XeOIQF4, but no higher derivatives.

(11) The 10,F3/XeQF, System

In an effort to extend the IO0,F4 Insertions to include

xenon(VI) derivatives, mixtures of [0,F3 and XeOF4 were

investigated in CFClz solvent with thesuse of 129Xe:NMR

spectroscopy. This reaction was expected to proceed with

insertion of JO,F3 into an Xe-F bond of XeOF4 according to

equation (6.6}). [t was intially expected that reactions
CFC13
IOEFS + XEOF4 “_“f—_-> OXEP3(OIOF4) (6.6}
o°cC

-

between IOst‘and XeOF4 would belﬁuite vigorous and'they were
therefore monitored closely during warm-up cycles for gas
evolution and colér changes. A mixture of I0,F3 and XeOF,
corresponding to a molar ratio of 1:1, were combined in CFClgj
salvent and warmed, to 0°C for 10 minutes. Since tﬂerq was no
apparent gas evolution during this time, which would signal a

i

decompostion, or no color change, which would .represent solvent

attack and the formation of chlorine., the 129xe NMR spectrum
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¢ was recorded at 0°C. The region of the spectrum, recorded
between 400 and -1038 ppm, showed only a binomial quintet,

i presumed to arise from XeOF4, and no other xenon{VI) specles.

o e

The xendnw(II) region of the spectrum was also examined (-1600
ﬁo -2400 ppm) but‘pfovided no evidence for any xenﬁn(ll)
species. The sample was then warmed to room temperature for 8
s
minutes and the xenon{VI) region of the speétrum recorded again
at 0°C. Flgure 6.3 illustrates the 129Xe NMR spectrum recorded
after the 8 minute warm-up at room temperature. The 129%no NMR
parameters are summarized in Table 6.2. In addition to 'hne
binomial quintet of XeOF, (6129Ke = -21.26 ppm; 1J(129xe-19p)
1143 Hz), a new pattern, appearing as a doubiet of triplets
(6129%e = 52.8 ppm) was observed. The intensity of the doublet
of triplets was much less than that of the binomial quiuntet and
in addition, was cbmplicated by a low signal-to-noise ratio.
The 129Xe NMR spectrum depicted in Figure 6.3 can be
assigned by comparison with the 129%e chemical shifts and
15(129xe-19F) coupling constants previously reported for the
-0TeFs derivativgs of xe0F4 and for XeQOF4 itself (142). The
binomial quintet ;s assigned to XeOF; as the 129Xe chemical
shift and 1J(129%e-19F) coupling constant compare wc;T\w¢xh the
same values previously reported for XeQF,4 recor@cd‘in CFCla
solvent at 24°C (5129Xe = -29.9 ppm: 1J(129%e-19p) « 1131 Hz
{142)). The high-frequency doublet of triplets. is assipgned fto

the mono-substituted derivative, OXeF'Fo(0I0F,4) (structure

6.2, p. 227}.‘ An OXeF'Fp; moiety is expected to show a doublet
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Table 6.2 -

Xenon-lzé and 19F NMR parameters fo} the 10,F4/XeQFy4 Svstem
Recorded in CFCls Solvent

- Chemical Shift, (ppm) Coupling Constant, (Hz)

Species ___8129xea 518fd 2j(FF) 13(129x.-19p)
OXeF'Fo(0I0Fy) 52.8 (83.0)% (F") d 440 = 10
103.4 (F) d 1166 + 10
XeOF | -21.26 99.9 - 1143
a: Recorded at 0°C and referenced with respect to neat XeOF,4
at 24°C.

b: -Recorded at -40°C and referenced with respect to neat CFClg
at 24°C. Fluorine chemical shifts are for F-on-Xe only.

c: ApproxXimate chemical shift since this peak is overlaped.
[

E;_-i}morine~fluorine coupling is not resolved. )
: =~

-

R}
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Figure 6.3

Xenon-129 NMR spectrum of a 1:1 molar mixture of

[0pF3 and XeQF4; in CFCljz solvent recorded at 0°C.
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of triplets in the 129Xe NMR spectrum resilting from the

directly: -bonded spin-spin coupling of xenon with one fluorine
in the axial position (F') and two fluorines in the equatorial
postion (F,) and is similar to that observed for F3XeOIOF4

discussed above. No other combination of fluorines, oxygens or

L3

-0IF40 groups would be expected to yie s, a pattern. The
129ye¢ chemical shift (6129%e = 52.8 ppm) occurs to high-

~

freqﬁency of the ‘corresponding shift previohsly assigned _
to F3XeOIOF,4 (6129%e = ;4.4 ppm). which .is to be expected with
an iﬂcéeﬁse in oxidation state from Xe(IV) to ﬁe(VI). it is
unclear why the resonance of OXeF3(0IOF4) occurs to high-
»frequency of XeOF4. Since the‘felative electronegativity
‘trends established in Chapter 4 blaces the -QIF40 group (both
tis- and frans-i at lower electronegativity than-fluorine. one
would expect the chemiéal shift of the_—OIF4%/derivative to
occur to low-frequency of XeOF4. Furthermore, the XeOF4
derivatives of the -0TeFsy group, which is only slightly less
electr:negative than -0IF40 (also establIshed in Chapte;dg).
occur cqnslsiently_to low—frequen;y of XeOF4 in the 129xe NMR
'spectrum (142). One possible explanatton is that IO3Fg3
coordinatés to the Xé0F4 molecule either through the xeﬁon
doubly-bonded oxygen or through the lone pair of‘e}ectrons.
This adduct would result in an overall increase ;n the covalent
_charaeter of the xenon-fluorine bonds and con;;quently an

" increase in shielding of the Xenon nucleus. ‘The maénitudes of

the directly bondgd xenon-fluorine spin-spin coupling constants
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for OXeF'F,(OIOF,) were determined as 440 & 10 Hz for -
15(129%e-19F') and 1166 * 10 Hz for 1J(129ie—:fr). These
values compape oply réasoﬂ;bly well with the ;qme v£§ues
reported for OXeF‘FZiOTer). 1148 and 931 Hz, respectively
(1qg)f and are in fact, opposite in the sense that th
equqtdrial coupling is larger than the axial coupling in the
'-dIF40 derivaflve. The-couplings are similar to couplings
reported for XeOFz* (1018 and 434 Hz, respectively) (58). but
again, the axial and equat;rial magnifudes are revg;sed. This
may again be attributed to Iszs coordination. If anothera .
[0oF3 moiecule were to coprdinafg to OXeF'F3(0I0F4) through the’
axlal fluorine F{. i.e.. F302I---F'5FOF2F610F4). this would
result’in'a wehken}gswof the Xe-F' bond and gubsequent
reduction in the spin-spin coupling constant between the axgal
fluorine (F') and the xenon nucleus. }his should in turn
increase }ﬁe strength of the equatorial fluorihq-xenon

ycoupling./

The directly bonded spin-spin coupling observed In
eF'Fgy{0I0OF,) between tMe equatorial fluorines and the xXenon

nucleus (1166 Hz) is c&nsideraply larger than that observed for

either OXeF'F,(0TeFg) (931 Hz) or XeOF3™ (434 Hz).

The 19F NMR spectpum recorded at -40°C for the 1:1

_mixture of I0pF3 and XeOF4 in CFClgy solvent is illustrated in

Figure 6.4 and the 19p NMR parameters are summarized in Table

6.2. - The spectrum shows mostly broad and unresclved multiplet

"resonances and is therefore only marginally useful In the

charac¢terlization of this system, Tentative assignments have



Figure 6.4

The 19F NMR spectrum for the 1:1 mixture of I03Fg3
-
and XeOF4 recorded in CFClz solvent at -40°C.

The peak aésignments are given below.

Peak _ .i Agsignmeﬁt
A (a,a) 0XeFg3{0IOF,)
B (b.,b) XEO'F4

C (e.c) OXeF3(010Fy)

238~
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been made for the peaks labelled (A}, (B) and (C) and are. ‘
listed in Table 8.2.°

Tﬁe mos; abundant species in Figure 6.4 is the singlet
resonance (B) and accompanying satellites (b.p) which are.
assigned to XeOFy4 by comparison with its previbuslf.reported
"19p chemical shift and 1J(139xé—19F) coupling constant {}4é).
In addition to Xe0F4..there are mdqy-broad resonances which may
represenf fluorines directly bonded to Xe(VI) or fluorines
directly bonded to I(VII). Th; resonances labelled (A) and
(C), with accompanying satellites (a,a) and {c;c)..
resbectively. are assigned to the fluorines directly bonded to

xenon in OXeF'Fo(0I0OF,). Resonafice (A) is assigned to, the

equatorial fluorines on xenon (F) by comparison of the

partially resolved satellite spacing'(ca. 1180 Hz) with
15(129%e-19pr) (1166 Hz) determined in the 129Xe spectrunm.
Resonance {(C) is assigned to the axial fluorine (F') by
comparison of tqé estimated sate{lite spacing (422 Hz) with
1J(léQXe—lgF) coupling constant determined in the 129%e
spectrum (440 Hz). 'The other peéks En Figure 6.4 could not be

aséigned with any Jegree of certainty and are therefore left
unassigned. ’

The low signal-to-noise ratio of Ehe.129xe NMR spcecctrum
in Figure 6.3 does not permit the assignment of OXeF3(0IOQF4) to
either the ¢is- or trans-isomer. The fact that only one

doublet of triplets is observed in the 129%e NMR spectrum,

however, implies that only one Lsomer is formed. The 19F NMR
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spectrum should,~in this case, be able to provide this

information insofar -as the multiplet patterns associated with a
cis-0IF40 group have been established in Chapter 4 while a

trans-0IF40 group should show a s}ﬁglet resonance in its

19F NMR spectrum. In Fighre 6.4, ~there is no singlet resonance
. A - -,

obgﬁrved which can be readily assiéned to a trans-0IF40 group.

-

‘'Furthermore, the presence of broad and unresolved peaks -

throughout the spectrum, prevents a definitive assignment to a

cis-isomer.

(c) DISPLACEMENT REACTIONS;INVOLVING OXe(OTeFs)4 AND HOIOF,4

AND THE POSSIBLE _FORMATION OF 03Xe(OICF )y (0TeF5)p-y
WHERE x = 1,2

(i) General ]

The fact that HOIOF4 is capable of displacing HOTeFg
froghXe(OTerjz was established in Chapter 4. This
displacement scheme provided the route by which the solid
derivative, cis.'cis—Xe(OIOF4)2. could be isolated as a Pﬁre
compound and characterized more fully in the solid state by
Raman spectroscopy and in solution by 129Xe and l9F NMR
spectroscopy. It was hoped that similar acid displacements
would occur with higher oxidation state xenon derivatives
containing the -0TeFs group and that these reactions would
ultimately_lead to fhe isolation of Xe(IV) and/or Xe{VI)
derivatives containingﬁthe -0IF40 group. These investigations

are discussed below.
1N
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(i1) The Reactions of Xe(OTeFs)y with HOIOF,4

The 129%e NMR studlies performed on the XeFq/I02Pg
system and discusspd above have indicated tﬂat formatioh of a
Xe(IV) derivative cohtaining an -0IF40 group is possible.
However, only the mono-substituted derivative, F3Xé610F4. could
be observed in solution. Nevertheless, mixtures of Xe(OTeFg)y4
and HOIOF4, corresponding to Eolar ratios 2.394:1, 4.357:1 and
7.378:{, were investigated in CFClz solvent at'-§°C by lagxé
NMR spectroscopy. In each case, the 129%e NMR spectrum
provided little or no evidence for the formation of -0IF40

—

derivatives. The most prom;sing result was obtained in the
4.357:1 mixture of HOIOF4 anlee(OTéFs)q. In this system, the
129%e NMR spectra provided no evidence for Xe(IV)‘§pecfes but

did however, reveal a distribution of Xe(II) products (similac -

to Figure 6.2) which are assumed to have arisen from the —
initial formation of.Xe(IV) derivatives and their subsequent
decomposition according to equations (6.2) to (6.5). Further

attempts to generate Xe(lIV) derivatives of the -0IF40 group

were not made.

(iii) The Reaction of OXe(OTeFg), with 5010F4

o The acid displacement reaction between 0Xe(OQOTeFg)4 and
HOIOF4 has been monitored in CFClj; solvent with the use of
129%e NMR spectroscopy. The displacement reaction was éxpeFted
to proceed according to equation (6.7) and yield an equilfbrium

mixture of jisomers of the general form OXe(OIOF4)x{O0TeFg)y.x-
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0Xe(O0TeFg5)y + x HOIOFy == OXe(OIOF,)x(O0TeFg)y-x *+ X HOTeFg (6.7)
A mixture of HOIOF4 and 0Xe(OTeFg)y, corresponding to the molar
ratio 4.375:1, was prepared in CFClg solvent and the 129Xe NMR
spectrum was recorded at -35°C. Attempts to record fhe
spectrum at lower temperatures ‘than -35°C resulted in

deposition of colorless crystalline material whlile at higher
temperatures, gas evolution, which signals decomposition, was
always observed. The -35°C spectrum is illustrated in Figure

o=

6.5 and the NMR parameters are summarized in Table 6.3. This
spectrum shows seven major resonances labelled (A) - (G) in
addition"to a éroup of peaks of much lower intensity centered
at 6129%e = 22 ppm whose origin is uncertain. The chemical
shifts of this weak set of peaks are too hlgh'for them to be
ass}gned to a derivative such as OxéL4 (L = -0IF40 and/or
~-0TeF5). since, the 129ye chemical shifts for these species are
expected to occur to low-frequency of that for Xe0é4 (6129Ke. =
-29;9 ppm)} recorded under the same conditions. ertherpore.
the chemical shifts of this group of r;sonances ié too low to
be considered a derivétive such as QpXelo as these'species
would be expected to resonate to hlgh-frequency of 0p,Xe(0TeFglao
(5129%e = 131.0 ppm at -~74°C in SO0,ClF (142)) in light of the

\
group ele;:?ﬁnefhtivity trends establi;ped in Chapter 4. The
129%e chemical shift is similar to~that-4etermined for

F3Xe0IOF; (24.4 ppm) but to postulate such a species in this

system, in the absence of a strong fluorinating agent, would be

-~
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n

Xenon-129 NMR spectrum of a 4.375?1?&61ar mixture of

x
"

- v

HOIOF,4 and 0Xe(OTeFg)yg recorded in CFCly solvent at

-

-35°C. The peak assignments are given below.

Peak Assignment ,

A 0Xe(0I0F4)(0TeF5)3

B cis-OXe{OIOF;Sg(OTeri;
c trans-0Xe(0I0F,)o(0TeFg)s
D oxé}oxop4)3(0Te55)

E.F.G '“OXe(610§4)4

243
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Table 6.3

The 129%e NMR Parameters for the OXe(0IOF4)y(0TeFs)g_g

Derivatives Recorded at -35°C in CFCls Solvent

Coupling constant, Hz

Species 5129%e8 (ppm) 2J(129xe-125Te) 35(129x%e-19F)
0Xe (OI0F,) (OTeF5)3 -182.1 1503 50
cls-
0Xe(0OIOF4),(0TeFs5)p -134.2 (1810)P 50
l\ )
trans-~ _ : ' ‘
0Xe(OIOF4)2(0TeFsg) 2 -118.9 “(1828)b (46)b
0Xe(0I0F,)3(0TeFs) - 75.4 (2053)° | (34)b
0Xe(0[0F4)4 - - 53.3 - ‘ c
- 43.0 - ¢
- - 35.0 - c
~

a: Referenced with respect to neat XeOF,; at 24°C.
b: "Estimated coupling.

¢: Not resolved. <

.
)
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too speculative. while:this g{dﬁﬁ o:'rqson;nces must remaln
unassigned, the réﬁ%iﬁfng peaks in Figure 6.5 cah be
tentatively assigned by'bbﬁparisbn with the 129xe.chenica1 \
shifts previously reportéd féf‘thé 6XeF4_x(0TeF5)x_system (142)

and the group _electronegativity trends for -0IF40 and -OTeFg

established in Chapter 4. R -
Mixed -OIF40/—6Té¢5 derivatives of the genera1 form
0Xe{(OIOF,)(OTeF5)4-x are expected to have a total of 15
i§omers resulting from 1lgand redistribution of cis~- and trans-
-0IF40 and -0TeFs groups at the four bonding sites of the
dkexd moiety (structure 6.3). Each .isomer is expected to
display a unique 129%e chemical shift and these shifts are
expected to occur progressively to high-frequency as the ratio
of -0IF40 groups tao —OTeFS groups increases. The chemical
shift range of this series is expected to have limits set by
OXe(OIOF4)4 at highest frequency and OXe(OTeFg)y4 at lowest
frequency. The lowest frequency resonance in Fligure 6.5 (A)
(6129%e = -182.1 ppm) is assigned to OXe (DI0F4) (OTeFg)g. Its
chemical shift is midway between the 129%e¢ chemical shifts
reported for 0Xé(0TeF5)4 (-204.1 ppm) and OXeF(OTeF5)3 (—iST.O.
ppm) as expected, sinLe, the electronegativity of the -0[{F40
group was determined to lie between that of -F and -0Tefg
(Chapter 4&) and should have a shlelding effect on the xenon

nucleus which is intermediate between that” of the -F and -0TefFg
f

groups. The assignment of the -0IF40 graup in this derivative

to either the cis- or trans-isomer cannot be made with any
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cértainty and is therefore not ;ttempted. fhe resonances
labelled B (8129Xe = -134.2 ppm) and € (&1%9Ke = -118.9 ppnm)
are assigned to cis- and trans-0Xe(OIOF4)3(0TeFg)z (cis and
trans with respect to substitution on Xe), respect{vely. by
Eomparison'with the 129%e chemical shifts reported for the
an;lotous derivatives cis-0XeFp(0TeF5)2 (-117.8.ppm) and
trans-OXeég(OTeriz (-106.4 ppm). The_resonancenlabelled D N—
(6129%e = -75.4 ppm) is assigned to 0Xe(OIOF4)3(0TeFs) since,
on the basié of group electronegativity, the 129%e chemical

shift of this derivative should occur between that of

OXeF3(0TeFs) (-66.3 ppm) and OXeF(0TeFg) (-106.4 ppm).

~,

<.
Again, differéntiation between cis- and trans-isomers of -0[F40

cannot be made. The resonances labelled E (5129%e » -53.3
ppm). F (5§129%e = -43.0 ppm) and G (6129%e = -35.0 ppm) arec
asslgned.eollectivelx as the tetra-substitutéd derivatives
0Xe(OIOF4)4. These assignments stem from the fact that the
159Xe chemical shifts of these speciés are in the range between
the 129%e chemical shifts of OXe(0IOFq)g3(0TeFs) (612%%e = -75.4
ppm) and XeOF, (6129%e = -29.9 ppm) as gxmgéfed from group

electronegativity considerations. The tetra-substituted

derivative, 0Xe(O0IQF4)4. has 6 bossible isomers which result

1
[

from all possible c¢cis- and tr&nsF combinations (cis- and trans-
with respect to thg bonding sites (1) - (4) im structure 6.3)
of cis- and }rans—OIF40 groups. The fact that only 3 isomers
are observed is understandable since, the 129Xe chemical shifts

for these isomers are expected to be quite similar.” In fact,

-
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the shoulder on the‘ldw?frequency side of resonance G and the
resonance labelled (d) (5129Xe = -61.8 ppm), which corresponds
té the 125Te satellite associated with 0Xe(OIOF,)3(0TeFg) (D),

may represent two other resonance peaks of OXe(O;OF4)4.
1 \ B
In addition to the argument given above, the observed

125Te satellites associafed with resonance peaks A, B, C and D
further support the proposed assignments of these peaks to the
derivatﬁves containing -OTeFsg groups. The fact that these
resonances occur close in 'frequency, and in some cases are
overlapping with other peaks. prevented an accurate measurcment
of satellite'intensities which could be used to
‘detebmiqe the number of Te atoms corresponding to a given
resonance peak.

Havin% determined that acid displacement reactions
between HOIOF, and 0Xe(0TeFg)y vielded -0IF40 group derivatives
of Xxenon(VI)., attempts were made to isolate one or more of

these derivatives for a fuller characterization in the solid
L] » ’

)
state by Raman spectroscdpy. and as pure compounds, in solution_
by NMR spectroscopy. Mixtures of HOIOF,4 and|0Xe(UTeF5)4 were
first reacted in varying mole ratios (4:1 to 12:1) in CFClg
solvent, however, these reactions produced Po isolable .
produdts. This lack of success was attributed to the effect of
solvent reacti?ity,_which had been previously noteq in the
solvent-based attempts to isolate a Xe(Il} derivative‘{Chapter

4). The successful isolation of a solid derivative from the

HOIOF 4/0Xe (0TeFg)y4 system was, however, accomplished by a neat
\
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reaction of the two réagents (Chapter 2), much in keéping with
the strategy used for the isolation of pure cis, cis-Xe(0lDF,),
described in Chapter 2.

The reaction between a neat mixture of HOIOF4 and
OXe(OTeF5)4: corresponding ;o a mole ratio of '4.029:1, vielded
a ;ale—&ellow solid (Chapter 2) which has been studied in the
solid state by low-temperature Ramanlépectroscopy and in .
so;ution by 129%¢ NMR spcctroécopy. The high-frequency region
ofrthe 129%e NMR spectrum, recorded at 5°C on the pale-yellow
solid dissolved in CFClg, is depicted in Figure 6.6. This

spectrum shows three broad resonances with 129Xe chemical

shifts of 346.5, 338.2 and 283.4 ppn, respectively (Table 6.4).

The 128Xe chemical shifts do not correspon4>to those determined

for the Xe(VI) derivatives, O0Xe(OIOF4)}4 (Table 6.3}. and .

in addition, are too high to be considered as any other neutral
Xe (V1) species (58), i.e., XeOyF, (6129%e < 173.2 ppm), XeOj
(5129%e = 217 ppm}. Although the 129%¢ chemical shifts for the
neutral Xe(VIII) specles, XeO4 and XeO3F, which could serve as
a baslis of conpari;on in this case, have never been reported,
the resonances in Figure 6.6 are assigned to XE(V;II)
derivatives of the generai form 03Xe(OIOF )x(0TeFg)o_y (x =
1,2) for the following reasons: The decomposition of the Xe(VI)
derivative, QXe(OIOF4)4, may proceed according to e&untion
(6.8) ylelding the Xe(VIII) derivative, OzXe(OIOFg), as well as
iIFg. 10F3 and oxygeﬁ gas. The subsequent decomposition of the

“Xe(VIII) 3;r1vat1ve according to equation (6.9) is expected to

-

R DAY



Flgure 6.6

Xenon-129 NMR spectrum of the mixed Xe(VIII)}
derivatives 03Xe(OIOF4) {0TeFg)a_x {(x = 1.2)

recorded in CFClg solvent at 5°C.
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. fable 6.4
Xenon-129 parameters for ‘the species ‘observed .t
- - .
when que'(OIOF‘;)x(OTer)z_x {x ="1,2)
- is dissolved in"CFCla solvent at 5°C -
4 .
Species 5129Xe§ipgm) Relative Intensity
“trans-03Xe(Ol0F4) (0TeFg) 346.5 1
cis, cis-03Xe(QIO0F )2 338.2 4.6
cis-03Xe(0I0F4)(0TeFy) 283.4 6.7
cls, trans-Xe(OIOF4), -2134.3 1.3~
trans-F40I0Xe0TeF5 -2225.2 1.0
cis, cis-Xe(O0IOFy), -2228.7 6.2
cls-F40I0Xe0Tefg -2308.4 \L 5.1
i

h Referenced_w;;h respect to neat XeOF4 at 24°C.

&
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0Xe(0IOF )4 —>03Xe(QIOF4)s + IF5 + IOF3 + X Op +  (6.8)

03Xe{0I0F4)s —>Xe(OIOF4)y + B8/2 0 t . (6.9)

occur readily based on the thermal fnstablilities of Xe03Fp and
XeO, (61,67). If. in fact, OXe(OIOF4)4. or some mixed
-0TeF5/-01F40 derivative such as DXe(O;bF4)2(OTeF5)2-are
formed, and they do indeed decompose according to equations
(6.8) and (6.9), the Xe{II) region of the !29Xe spectrum should
confirm the éxistence of these species. Filgure 6.7 lllustrates
the Xe(II) region of the 129%e NMR spectrum recordgd‘at 5°C.
The four multiplet reconances in this spectrum are identifled
as cis, trans-Xe(0IOF4 ), trans-F40I0Xe0TeFg. cis-Fq0I0XeOTelg
and cis, cis-Xe{0IOF4), by comparison of iheir 129%¢ chemical
shifts (Table 6.4) with the chemical shifts determined for
these species in Chapter 4. This result suggests that
1nit{ally. the pale—yelloﬁ selid consisted of a mixture of

=
03Xe(0IOF4)3 and 03Xe(0IOF4) (0TeFs5). The subsequent
decomposltion of these dgrivatives. according to eqpation-(s.s)
for 03Xe(0I0Fy)>. and e&uation (6.16) for 03Xe(0I0F4)(0TeFg).

would then result in the four Xe{(II) derivatives observed {n

the 129xe NMR spectrfum. The three resonances in Figure 6.5,

»

-

03Xe (0I0F,) (0TeFs) —> Xe(OIOF4)(0TeFs) + 3/2 03 * (6.10)
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Figure 6.7

Xenon-129 NMR spectrum showing the Xe(II)
decomposition products of 03Xe(OIOF4)x(OTeF5)2_x

(x = 1,2) recorded In CFClz solvent at 5°C.
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corresponding to the Xe(VIIIiiderivativgsi are thergfore
plausibly assigned to cis, cis-03Xe(OIOF4); (6129%e ~ 338.2
ppm}, trgpé. cis-03Xe(OIOF4)2 (6129%e = 346.5 ppm) and
03Xe(OIO0F4) (0TeFg) (5129%e = 28314 ppm). These assignments are
‘made in accord with the 129Xe shielding trénds estgﬁlished for
the -0TePg and cis- and trans-0IF40 grdup; in Chapter 4. ‘

Additional evidence {n support of the proposed
formation of the novel xé(VIII) deéiv&tiges has been thained
by recording the low-temperature Raman spectrum of the
pale-yellow solid. The Raman spectrum is depicted in Figure

- -

6.8 and the vibrational frequencies with some tentative.

>
¢

assignments are given in Table 6.5. In addition to vibrational
bands which are assigned to cis, cis-Xe(QOIOF4)2 (Table 6.5} by
comparison with the vibrational frequencies for this species
determined in Chapter 4, there exists a numbér of band§ in
Figure 6.8 which are thought to arise from the xenon{(VIII)
derivatives. The region of the spectrum from-840 - 910 cm'.1

shows seven well defined vibrational bands which are in the

correct range for I=0 stretches (c.f. v I=0: I0,F3, 916 cm~1
(192); cis-[0IF40]-. 855 and 875 cm~! (186): IOF,, 883 cm~!
{220)}) and Xe=0 stretches (c.f. XeO,F,, 882 and 850 cm~l (55);
OXe (OTeFs5)4. 887 and 873 cm~! (142)). The Xe(VIII)
derivaéivés..03Xe(0i0F4)x(0TeF5)2_x (x = 1,2), are assumed to
adopt a trigonal-bipyfamidal arrangement of oxygens and ligand
. groups (X) (structure 5.4: p. 247) by analogy with the known

« gtructure of Xeanz (67). Such an arrangement is expected to

. . -
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Figdre 6.8

The Raman spectrum of the pale-yellow solid isolated
from the neat reaction of HOIOF4 and OXe(OTeFg)gq (4.029:1)

recorded in an FEP tube at -196°C. ' * denotes an FEP band.
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Table Gfkb

Vibrational! data obtained from the Raman sﬁgctrum.

recorded on 03Xe(O0IOF,4)(0TeFg)p_x_[(x = 1,2)

-y

. \

- {
: Tentative Assignment

256

Frequéncy {cm—1)a

906
894

889"

885
873
868
848
840
792
752
745
711
699
688
680

675

669
660
647
639
619
614
579
464
440

{13)
(27)
(37}
(29)
(29)
(447
(64)

(sh)
(1)

(3)
(S}
(6)
(1)
(88)
(19)
(47)
(42)
(21)
(20)
{19}
(4)
(45)
{1)
{(92)
(13)

v Xe=0

v I=0
v Xe=0

1-F

e and

Te-F
stretching -~

continued. ..
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Table 6.5 continued

Frequency (cm=1)2 Tentative -Assignment
425 (40) .
386 (9)
379 (9) .
372 (16) |
369 (11) : _ b
360 (6) -
357  (21) .
353 (22) b
347  (9) .
340 (15) b
327 (4)
321 (16) .--
318 (8) : : b.
305 (1)
292 (10) : -
273  (48) b
263 (30)
258 (15)
239  (14) '
231  (14)
216 (1)
174 (8]
147  (100) b
143" (48)
138  (51)
135 (sh)
116 (8)., 106 (81). Lattice modes

92" (14), 82b (48)

ca: Recorded in an FEP tube ét -196°C. * denotes FEP band.
b: Baad correspdnding te cis, cis-Xe(OIOF,)o.
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display a symmetric and asﬁnnetrlc Xe=0 stretch by analogy with
XeO3Fp (67). The bands at.848 and 906 ca™l! in Figure 6.8 are

4

similar in intensity and relative separation to the Xe=0 bands
of XeO3F, at 807 and 892 cm~l, respectively (67). The
frequency difference between the re%pective Xe=0 modes for the

different Xe(VIII) derivatf;g;'is expected to be small. The
4

bands 3t 848" and 906 cm-! may. in fact, represent overlapping
Xe=0 modes of 03Xe(QIOF4)p and O3Xe(OIOF4) (0TeEg). 1In

’ .
addition, the‘I-O stretches for cis, cis-03Xe(0I0F4)> and
cis-03Xe(0OI0P,4) (0TeFg) are expected to be similar in frequéncy
yet different from the [-0 stretchés fn elther cls, cls-
Xe (0IOF4)p or cis-F,0I0XeOTeFs. The bands at 868 and\g%a cm™1

could therefore represent the I=0 stretches of cis, clis-

043Xe(QI0F4) 2 anq cis«03Xe(OIOF4)(0TeF5) and the bands at ghs
and 894 cm~1, repreééni tpe I=0 stretches of the xénon(II)
derivatives. The vibrational bands in the range 610 - 760 cm~}
are assumed to arise from the I-F and Te-F stretches of the
various Xe(VIII) and Xe(II) derivatives Iin this system,
Asslgnments for these bgnds. apart from those attributed t

cls, ci1s-Xe(O0IOF,4),. cannot be made with any certalnty and ake
thérefore not attempted. The number of bands in this reglon i
however, consistent with a mixture of -0TeFg and -0IF40

derivatives as proposed above.

~

In the formation of the Xe(VIII) derivatives, according
equation (6.8), the concurreat formation of I(V) spégles.
) 1
IFs\and I0P3 is expected. Iodine pentafluoride, IFs, is

Ll
e
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volatilq and_is presppably pumped off under vacuunm. On the
other hand, IOFP3 is not volatile and should remain in the
mixture along with the Xe(VIII) derivatives. The Raman
spectrum depicted in Figure 6.8, however, provides no evidence
for [0OF3 which should exhibit intense vibrational gands at 878
and 543 cm~1 (207,208). A highly speculative argument to

account for the absence of IOF3 in this spectrum is as ©

-

follows: The I0F3, which is formed according to equation 6.8,

may immediately react with 0Xe(0IOF4)4 (equation 6.11) forming

g e

0Xe(OIOF4); + IOFg
i

>0,Xe (0I0F ), + IF3{0I0Fg)p (6.11)

the five-coordinate ;(V) species, IF3(0I0F4)3. which may or may

[

not be stable. In the latter case, decomposition of this

B ¥
species would yield products which are expected to be volpiile
and thus pumped off. The Xe(VI) derivative, 0Xe(0IOF4);.

should it also be unstable, could decompose yielding 05 and

Xe{0IOF4)}, according to equation (6.12}. - This proposed series

02X' (0i0P4)y —>Xe(0IOF4)z + 03 ¢ {6.12)
of decompositions, though highly speculative, are nevertheless
supported by the approximate ratio of Xe(VIII) to Xe(lI)

species (1:2), determined in the respective 129Xe NMR spectra.

7
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(D) SUMMARY )
High oxidation state xenon derivatives contalning the
-0IF40 group have been prepared either through insertion
reactions between I[0,F3 and XeF4~or XeOF,, br'by way of acid

displacement reactions involving 0Xe(OTeFs)4 and HOIOF4. These

novel derivatives have been characterized in solution by 129Xe

and, in several gases, }QF;NMRKsbectroscopy. The -0IF40 group

" thus represents the second ligand-group known to stabilize the

higher oxidation states of xenorn. 7Thé proposed Xe(VIIl)
aerivatives would represent the only 'such ligand-group
derivatives k;;wn. In addition, their apparent stability would
be unprecedented for Xe(VIII)., excepting éhe perxenate anion,
[Xeosia‘. Further work is therefore necessary to confirm their
existence and to properly characterize these novel species. )
The HF solvolysis of thé proposed Xe(VIII) derivatives would be
expected to yield XeO3F,. The identification of this species
in solution could be accomplished with the use of 129Xe and 19F
NMR spectroscopy recorded at low temperature. The 129%e and
1sp chem;;al shifts derived from these studies as well as the
expected binomial triplet pattern and directly-bonded

J(129xe-19PF) spin-spin coupling would be readily assignable to

XeOaFo.

W



CHAPTER 7

PRELIMINARY EVIDENCE FOR -OIF,0  COMPOUNDS OF
MERCURY, BORON AND TELLURIUM

(A) INTRODUCTION

in, the previous ‘Chapters it has been shown thét'the
-0IF40 group is capable of stabilizing xeﬁon in {ts +2, +4, +6
and, eﬁen possibly, +8 oxidation states. The preparations of
thege derivatives has been accomplished with the.- use of either
[0,F3 or HOIOF; as the -0IF40 ligand precursor. Unfortunatei}.
however, the aggressive oxidizing nature of I[I0F3 and HOIOF4 (a
result of the high oxldation potential of I{(VII)) appear to
preclude the use of either 102é3 or HOIOF, in extending -0IF40
derivative chemistry to other more easily oxidizable elements.
Similar difficulties are encountered in preparations of -0SeFg
derivatives (132) owing to the high oxidation potential of
selenium in the +6 oxidation state. This problem can, in some
cases, be avolded with the use of the ligand—transfer reagent,
Hg(0SeFg)p (132,232). For instance, although the reaction of
AsCly and HOSeFg results in rapid oxidation of chlJrine on
arseni;. the reaction of Hg(OSeFg), with AsClg in CpF4Clp
Qolvent at 0°C (equation (7.1)) ylelds the arsenic (III)
derivative, As{(0SeFs5}3. with no degradation of AsClgj (233i.

CaFyuCls
2 A3C13 + 3 Hg(OSeF5)2 ——— 2 AS(OSEF5)3 + 3 HgCla (7.1)

261
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The extensivg{ﬂeriv&five chemistry of the -0TePFg group
can be accredited to;zgq existence of two non-oxidative ligand-
transfer reagents, B(0TeFg)3 (162) and Hg(OTeFgl)p (225,234}).

In qdditiqn. the oxidative -0TeFs ligand-transfer reagents,
Terdx (X -IF. Cl) and Xe(OTe?s)z. have recently been shown to
_ptovide convenient-roﬁtes to -0TeFy substituted. fluorocarbons
(18é.183.235)u Thus, -0TeFsx derivatives c;n be prepared from
either fluoride or chloride precursors and are now known for
most of the main-group elements and many traﬁsi;ion metal
elements (132).

In this work, initial efforts have been directed
towards extending the chemistry of the -0IF40 grouﬁ beyond the
limits of Group 18 with emphasis on the preparation of the
potential ligandwtransfer reagents, B(OIOF4)3 and Hg(OIOF4)2:
The preliminary results of these lqvestigations are dlscussed

in this Chapter.

(B) BORON DERIVATIVES OF THE -OIF,0 GROUP

The ligand-transfer reagent, B(OTeFg)3. was (irst

“
prepared by Sladky et 2l. (162) by the stolchiometric reaction

of HOTeFs and BClz (equation (1.6)}). By analogy, the
‘stoichiometric reaction between HOIOF, and BClg was attempted

at -78°C according to equation (7.2). Upon mixing the two

-78°C
BClg -+ 3 HOIOFy, —>»B(0IO0F4)3 =+ 3 HCI (7.2)
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- reactants{ a yellow deposit (on the order of milliz;gus) wa's
observed on the upper portion of the reaction vessel followed
by a particularily violént and luminouS'detonation;
Presumably, HOIOF, is capable of oxidizing chlorine in BClj
forming one or more Af the knoﬁn thermally unstable chlorine
oxides (219). Other attempts.lwhich included tﬁe acld
displacement of HOTeFs from B(OTeFg)g with HOIOF4 in CFClg
solvent were also unsuccessful. The lack of success in the
latter attempt was ihought to arise from the problem of solvent
reactivity, as was noted for the preparation of cis,
cis-Xe(0IOF4)o performed in CFClz solvent {(Chapters 2 and 4).
T6 circumvent the problem of solvent reactivity, the
stoichiometric reaction of neat HOIOFy; and B(0TeFg)j3 was

perforied according to equation (7.3). Upon removal of HOTeFg

0°cC :
B(OTeFg)y + 3 HOIOFy ——>B(010F4)3 <+ 3 HOTeFs (7.3)

under vacuum, & bright-yellow viscous liquid remained whicﬁ
showed no appreciable decomposition at 0°C. The 11B NMR
spectrum of this liquid recorded in CFClz solvent at -40°C is
deplcted in Figure 7.1. In this spectrum a broad set of
resonances consisting of three partially resolved peaks (511B =
10.4, -46.8 and -110.5 ppm) is observed which is thought to
arise from a series of mixed -OIOF4/-0TeFs derivatives of the

general form B(OiOF4)x(0TeF5)3_x. Since there are ten possible
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Figure 7.1

The 11B NMR spectrum of B(OIOF4)x(0TeFg)g-x recorded in

CFCly solvent at -40°C.
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isomers of B(OIOF4)x(0TeFsg)3.x resulting from all possible
comblnations of c¢is- and trans-GIF40 groups and one, twe or
tﬁree‘-OTer groups, and only three resoﬂances in Figure 7.1
are reéolved; definitive assignments for‘these resonances
can not be made)fjln iight of the relative group .
electronegatlvfty:trends-LChapter 4) {t is expected that the
11 chemical shifts should‘become less shielded Ps the number
of -OIF40'groups increases. By comparison with the llg i
chemical shift for B(OTeFg)s (511B = -32.5 ppm in CFClz at ;\\;
0°C). this does not appear to be the case here. fhe 19p NMR
spectrum recorded at -40°C 1is deplcted'Th Figure 7.2 which
shows, in addition to the AXy (519F = 69.4 ppm) and AyXp (819F,
{A2) = 86.6 ppnm, (X5) = 67.8 ppm) patterns of:trans- and cis-
HOIOF4. several singlet and multiplet resonances in the
fluorine on iodine{(VII) region. Assignments for the resonances
in the FP-on-I(VII) region, other than those of cis- and trans¥
HOIOF4., cannot be made at this time since the isomer .
composiklon of the mixture {s uéknown. The presence of HOIOF;‘
in this spectrum, and F-on-Te(VI) resonances in the reglon of .
the spectrum from 5§1S9FP = -33 to -50 ppm (not shown), suggests
that the bright-yellow liquid conslsts of an equilibrium
mixture of B(OIOF,)x(0TeFg)3.x derivatives. )

Although only preliminary evideﬁpe has been obtained
Jor boron derivatives containing the -O0IF40 groups, the results
nevertheless indicate that the formation of such derivatives

P

appea?s feasible. In addition, the apparent thermal stabllity

~
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The 19F NMR spectrum of B(OIOF4)x(0TePg)3-x recorded in

‘CF613 éolvent at -40°C,
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of the pfoposed mixed derfvative suggests that with fﬁrther
efforts in this area, a stable isolable -0IF40 derivative may
bé forthcoming.

(¢) EVIDENCE FOR_THE MERCURY(II) DERIVATIVE: Hg(OIOF,4),

In attempts to prepare mercury derivatives of the

-0IF40 erouﬁ. Hg(0IOF4)32, acld displacement reactions such as

that shown in equation (7.4) were employed. Upon removal of
o°cC
Hg(OTeFs5)py + 2 HOIOFy ——> Hg(0IOF4)p + 2 HOTeFs p (7.4)
CFCl
w3 e

the solvent at 0°C, a pale-yellow solid was deposited which was
examined by Raman spectroscopy. The vibrational frequencies
with some tentative assignments are given In Table T.1.
Although the analogous derivatives, Hg(0TeFg)2 'and Hg(0SeFg)3,
are known and the vibrational frequencies for both compounds
have been reporteg (225,232). assignments for these-spedtra
have not been made. The most prominent feature of the spectrum
is the very intense band at 312 cem~1 which is assigned to the
Hg-0 stretch. This band, like its counterpart in Hg(OTeFg)o
(v Hg-0 -= 315 cn‘? (100), this work) is expected to be ver§
“Intense in the Raman. This mode occurs to low frequency of the

analogous stretching mode in cis, cis-Xe{(OIOF,4)p (v Xe-0, 464

ca~l) which indicates a greater degree of ionic character



Table 7.1

Raman Frequencies and Assignments for Hg({OIOF,}»

Fd

Frequency®(cm~1)

268

803
785
775
703
649
601
546
536
108
380
359
312
255
163
120
118
105
71

Recorded at room temperature in a X"

(72)
(63)
(sh}
(38)
(4}
(33)
(84)
(sh)
(9)
{6)
(2)
(100)
(11)
(3)
(sh)
(28)
(2) .
(63} -

Tentative Assignmentsb

{

T«0

I=0-
asym (IFp)
sym (IFp)
asym (IF3)
sym (IFy)

sym (Hg-0)
asym (Hg-O)
(I-0-Hg)

(0-Hg-0) .

lattice mode

glass tube.

Tentative assignments were made by comparison with the

Raman spectrum of Hg(O0TeFg)s recorded in this work:

Raman frequencies for Hg(OTeFs)z are: 815(sh), 811(s),
710(53), 705(33), 698(6), 638(31), 630(2), 616(29),

483(36), 381(3), 352(68), 346(35).

339(7}.

335(8).,

315(100), 296(3), 231(29), 150(33), 145(sh), 127(38y.
122{sh), 98(10).

=

The

321(sh),
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assoc1a£ed:with the mercury compound. The asymmetric Hg;o
_stretch 1s assigned t; the band at 255 c¢m~! by analogy with
cls, cis-Xe{OIOF4)2¢3nﬁwhich the asymmetric Xe-0 stretch occurs
to low-frequency 6f-the symmetric stretch and by comparison
with the frequency of tﬂé c;rresponding mode in Hg(Q0TeFg)o
(v asym Hg-0 =~ 231 cn“l.‘;his work). The ba;ds at 118 ana 163
cm~1 are assigned to 0-Hg-0 éﬁd-I—o—Hgkbends. respectively, by
comparison with the co%resbonding modes determined for
Hg(OTeFg) at 127 and 231 em~} (Table 7.1). In the regiodn of
the spectrum from 5?3 to 775‘cm;1.'there a;é six bands which
could represent I—F'strefbheQ; In partiqular. the bands at 601
and 649 cm‘.‘1 and at 703 and 775 c;‘l coulé possibly represent
symmetric and asymmetric stretches éssociated with a cis-0IF40
group. The presence of an additional! band at 546 cm~1,

N
indicates that a trans-isomer may a2lso be present. This 1is
further supported by the presence of twb Bands at 785 and 803
cm~1 which also,couli Indicate a cis- and transtIF40 mixture.
The possibllity that this sample is contamin;ted with the most
likely impurities, IO0O»F and IOFj3, has been ruled o;{ in the
absence of bands at 690 c¢m~1 (corresponding to the I-FP stretch -
Q of 10,F (2Q8)) and 873 cm~! (corresponding to the I=0 stretch
of [OFg (208)}). In addition, the absence of bands at 710, 638,
616, 483, 352, 346, 315, 150 a;d 127 cm~l, which have been-
determined as the intense bands in the Raman spectrum oé
Hg(O0TeFs)2 (this work, Table 7.1)}, precludes the pdgsibility

that this sample stil]l contains startiag material.
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Attempts to obtain 1%9%Hg and 19F NMR spectra on this
compound‘were utisuccessful owing to the very low solubility of
this compound in ali solvents attempted including CFClg, SO2CIF
-énd CHsCl,. Further efforts in this area are therefore
required which should be focused on obtaining NMR spectra of

this derivative in more polar solvents.

(D) EVIDENCE FOR TELLURIUM DERIVATIVES OF THE -OIF,0 GROUP

Two routes were investigated in attempts to prepare
tellurium derivatives of the -0IF40 group. The.first route
‘attempted was an acid d;splacenehk of HOTeFg from Te(OTeFg),
with HOIOF4 in SO0,C1F solvent according to equation (7?5).

L4

S0,C1F _ R
Te(OTeFg)y + 4 HOIOF; ——>Te(0I0F4)4 + HOTeFg (7.5)
0°C

The reaction, which proceeded with raﬁié-evolution of oxygen
gas, reéulted in the deﬁosltion of a pale-yellow solid which
was shown by Reman spectroscopy to contain primarily IDFg

and IozF.'.lﬁ addition, the resulting scolid was found to be
oniy marginally soluble in'SOzcﬁ%. The 125Te¢ NMR spectrum
recorded on this solid in SO,Cl1F showed no evidence that 1t.
contained either Te{IV) or Te{yl). In a second attempt at Te.
dgrivative formation, an excess of 102F3 was Qgépued'to react
with TeF, (actual mole ratio 10,F3:1ePy was 8.26:1) in SO0,C1F

solvent at rooa te-pefature. It was thought that IO0,F3 may

o
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insert into the Te-F boend (equation (7.6)) Sy analogy with the

‘insertion reactions of I0,Fg3 and'Xer (Chapter 4). During the

: S0,C1F .
TeFy + n I0pFj3 Uﬁ TeF4_.n(0I0F4)p - (7.6)

course of the reaétion at room temperature, little gas
eJolution was apparent and the color of the reaction mixture,

which.uas initlally vellow, faded. Upon removal of the solvent
at 0°C, a pale-yellow solid was deposited which was examined by
Raman spgctroscopy. The vibrational frequencies obtained from

% .
the Raman spectrum recorded on this solid (Téble 7T.2) showed it

to contain no TeF; (236). I0,F (208) or IOFy (208). It did,
however, Indicate the presence of unreacted I03F3 as well as
other unidentlified species. The vibrational frequencies

assignable to I0,F3 are indicated in Table 7.2. The most

promising part of the spectrum with respect to -0[F4 0

——

derivative formation is the high-frequency portion. In the _
regibn of the spectrum'from 595 to 765 cm~l, there are eight
bands which cannot be assigned to IOpFj3. Thése bands
presumably represent I-F stretches associated with -0IF40
groups, and in addition., the number of bands in this reglon
suggest that more than one isomer 1is present. This is not
unreasonable if one considers the;e is a possibility of 12
different ¢is- and trans-isomers of Te(OIOF4 )4 alone. The

high-frequency region of the spectrum also supports a mixture
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////_ Raman Fre&pencies for. the Pale-Yellow Solid Obtained from

the Reaction Of TeF, with 10553 Recorded at 24°C

Frequencv@{cm~1)

<

Possible Assignment

931
913
865
839
825
788
765

740

.

695
681
668
62';5
645
623
619
595

429

382

369

(s)
(40)
(26)
(45)
(35)
(8)

(11)

(sh}

(26)

continued...

b

I=0 stretches

I-F stretches

b
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Table 7.2 continued

-

Prequency®(cm~1) Possible Assignment
363" (17)
345 (13)
335 (15) ) ..
327 (9)
279 (4) | b
260 (15) b
255 {50) b
249 (sh) 7 . b
23? (10) . - . ' b
200 {49) b
189 (sh)
149 (10)
'126 (16)

a: Recorded in an FEP tube at room temperature.

b: A Raman band of [0pF3 occurs at this frequency (208).

—

n y-
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of -0IF40 isomers. Thus, the bands at 825, 839, 865,.913. 927
and 931 cm~1, could all represent the I=0 stretches of the
-0IF40 groups associated with different isomers.

Additional evidence for -OIF40‘d§r1vative formation-has
been obtained from the reaction of HOIOF; with TeF4g in S0O;
soivent studied in situ by 125Te NMR spectroscop&. The NMR
spectrum recorded at -10°C consisted of a single llne {Avy =
119 Hz) at 5125Te = 774.83 ppm. This peak does not correspond
to that of TeFy (56125Te = 1317.5 ppm in SO at -73°C (237)),
but rather, 1s more representative of a Te(VI) species by

virtue of its low-frequency chemical shift (237).



CHAPTER 8

SUMMARY AND CONCLUSIONS

{A) INTRODUCTION

-

C . Prior to this work, deriyative formation of the -0IF40
group was limited to HOIOF; (184-186), K*[I0oF4]~ (187),
Cs*[l0pF4]~ (186,188), FOIOF, (186,189} and ClOIOF,; (186). The
majority of work in this thesis describes the preparation gnd
characterization of novel scries of xenon derivatives
containing the -OIF40 gréup. These derivatives were first
prepared and cobserved in solution by 129¢e and 19F NMR
gpectroscopy and in some cases, where possiblé. isolﬁtion of
the§e comqounds lead to further characterization by Raman

%
spectroscopy.

(B) THE -OIF,0 GROUP PRECURSORS HOIOF4 AND 10,Fg

At the outset of this work, an improved synthesis of

both -0IF40 group precursors, HOIOF4 and I0,F3., was developed

and optimized with the use of 19p NMR spectroscopy. This

synthesis leads to higher yields of thése Eoﬁpounds'than the.
original preparative method described by Engelbrecht and
Peterfy (184,185). In addition, this improved synthe%yé makes
use of reagents that are commerically available and_dges not

requiré-the.preparation of'stabting materials as in the

)
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i
original preparative method (184,185).

——

N

The cis- and trans-isomer rati;-dependence of HOIOF4 on P
solvent and temperature was studied by 19F NMR specitroscopy.
It was found that the ratio of cis:tran; increased as the
solvent polarity decreased and as the temperature décreased.
These effects were .attributed to the lower acidiéy and group
electronegativity of the cis-isomer,

The structure of [0pF5; was studied In solution by 19¢
NMR spectroscopy. The use of h;gh—field instrumentation in
this work hasoprovided well resolved NMR spectra of this
species in solution which were lacking in all previous
studies. The structure of IO0O»F3 in solution was determ{ned to
consist of an equilibrium mixture of cls-oxygen bridged dimers

which was found to be, in general, consistent w{th the solid-

state X-ray crystal structure (190).

(C) XENON DERIVATIVES CONTAINING THE -0IF40 GROUP - !
With extensive use of 129xe and 197 ggh\spectoscopy. a
o~ .
novel series of covalent Xe(II) derivatives including cis- and
trans-FXeOIOF,, trans, trans-, cis, trans- and cis, cis-
Xe(0IOF4)» were prepared and characterized in solution. The

equilibrium distribution of these isomers was found to be

dependent on solvent medium. The isolation of the pure

derivative, cis, cis-Xe(OIOF4)p. was accompliQhed by an acid

N

dlsbiaceuent of HOTePs from Xe{(OTeFg), with H030F4. and

* represents the only example of a neutral xenon derivative

1
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prepared by this method. - The solid-state structure was

determined with the use of Raman spectroscopy and was found

to be consistent with that established in solution. A mixture
of cis/trans-FXeOIOF,; was also isolated and studied by Raman
spectrgscopy.

‘ The controlled thermal decomposition of cis, cié—
Xe(0I0F4), has been studied with the use of 19F NMR
spectroscopy and Raman spectroscdpy. The primary products of
thié decomposition have been identified.;s a mixture of
ﬁeroxides. cis- and trans-F40I00I0F, whish decompose further
yielding the corresponding oxides, cis- and trans-F40I0I0F,.
The peroxides are of particular interest since they are
potential -0IF40 ligand-transfer reagents and could be used to
expand the derivakive chemistry of the -0IF40 group beyond that
presently known. In the same respect, Xe{OIOF4 ), and FXeOIOF,
are also potential lT™sand-transfer reagents, both in the
oxidative sense and as reagents to add to the C=C bonds of
chlorofluoro-olefins, by analogy with the demonstrated ability
of Xe(OTeFgs)p to fuflction as an -0TeFg ligand-transfer reagent

A

(182,183). : ~ - ,

In addition to Xe(II) deriv;tivesk the higher oxidation
state species F4XeOIOFy and OXeF3(0IQF4) have been observed in
solution by 129%e and 19F NMR spectroscopy. Other than simple
oxide, fluorlide and oxide flucride derivatives, these

derivatives represent the only examples, apart from -0TeFg,

where higher oxidation state xenon derivatives are Known. It

[Py ]



278

was not possible to observe higher substituted derivatives,

such as those known for -0TeFg, which would seem to indicate

that these derivatives are less stable than the -Q0TeFg \\\::h{ﬁ

counterparts. As =& result.fthe isolation of high oxidation
state -0IF40 derivatives of;xenon was not accompli;hed during
the course-of this work. '4 mixture of cis- and trans-0IF40/°
-0TeFg derivatives qf.Xe{ViII) have been proposed on the basis
of their 128xe chemical shifts and solid-state Raman spectra.
In view of the fact tﬂat of the Xe(VIII) examples presentl&l
known, only [Xe&5]4‘ salts are thermodynamically stable, the
proposed assignments are~deemed tentative. Verlification of
these assignments is eurrently underway.

Xenon-129 and 18F NMR studies carriéd out on the -0IF40
derivatives have indicated that this group possesses a high
" effective group electronegativity. Furthermore, the 128%e¢ and
19p NMR parameters for the mixed -OTeF5/-01F40 and -0SOzF/
-OIF40 xenon(ll) derivatives have been used to establish the
relative order‘of increasing group electronegativity: -0TeFg < \

cis-0IF40 < trans-0IF40 < ~0SO0,F.

(D) OTHER DERIVATIVES
—

Preliminary evidence has been given for the exlistence

of -0IF40 derivatives of boron, mercury and tellurium. These
results, although only preliminary, indicate that a.potentially

extensive derivative chemistry of the -0IF40 group is yet to be

discovered. - - *
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(E) FUTURE DIRECTIONS FOR RESEARCH.

A rich derivative chemistry of the -0IF40 group awaits

discovery. Although insertion and displacement methods.
utilizing HOIOF4 and IOpF3 may yig}d_new derivativgs'of -0IF40,
It is believed that these routes may be of limited success as

a result of the high oxidizing ﬁ;tential of both these

species. Thus,-those elements which exist In their h;ghest
oxid$£1on states as }luorides or ligand-group derivatives,
1.e., UFg and d(OTer)s {238), are foreseen as the most likely
candidates for these methods of derlvative-formation. -

The greatest potential for -0IF40 derivative formation
perhaps lies in the use of ligand transfer reagents. Of the
known ~-0IF40 derivatives. four compounds in particular may
function in this capaclity: Xe(OIOF4)p, F40I0CIO0F,. B(OIOF )3
and Hg(0IOF4)p. The use of the xenon(lII) derivative,
Xe{(0TeFg)s, as an oxidative -0TeFg group transfer reagent has
already been well established in previous work (129,179-183).
The -01F40 group analogue, Xe(QIOF4)2 could potentially

function in the same way as lllustrated by equation {(8.1).
-Xe{(0OIOFg4)2 + MLy —>ML,(0I0F;), + ZXe t (8.1)
L\

‘In a similar manner, the peroxide F40I00I0F4 would seemingly
function as a mild oxidative ligand transfer reagent as

illustrated by equation (8.2).

-
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RpC=CRp + F40I00I0F; —> (F40I0)R3C-CR(0I0F,) (8.2)

(where RpC=CR3 1s a chlorofluoro-olefin)

"The ligand transfer reagents B(OTeFx)g apd-ﬁz(OSeF5)2
have been used to dévelop extensive derivative chemistries of
the -0TeF5 and -0SeFs groups as ci;ed previoqaly: By analogy,
the potential ligand transfer reagents B(OIOFy)x(0OTeFg)a_y or
B(0i0F4)3 and Hg(0IOF4), would likewise serve to perpetuate the
derivative chemistry of the -Oliﬁo group, which at present, is

surely in its infancy.
: - .

[



10.

11.

12.

13.

14.

i5.

16.

281

REFPERENCES

Lord. Ravleigh and W. Ramsay, Phil. Trans., Al186, 187
(1895):

H. Moissan, Bull. Sec. Chim. France, 13, 976 (1895).
M. Bérthelot. Ann. Chim. Phys., 11, 15 (1897):

Compt. Rend., 120, 581, 662, 1386 (1895).

E.H. Boomer, Proc. Roy. Soc. London, A108, 198 (1925).

P. ;Paneth, Z. angew Chem., 37, 421 (1924).

A. von Antropoff, K. Well and H. Frauenhof, Naturwiss.,

-

20, 688 (1932).

/

C.L. Chernfck, J. Chem. Ed., 41, 185 (1964).

D.M. Yost and A.L. Kaye. J. Am.' Chem. Soc., 55, 3891
{1933).

W. Kossel, Ann. Phys., ig. 229 (1916).

C.B. Hunt, Ed. in Chem., September 1983, 177.

N. Bartlett and D.;. Lohmann, Proc. Chem. Soc., 115
(1962).

N. Bartlett and D.H. Lohmann, J. Chem. Soc., 5253 (1962).
N. Bartlett, Proc. Chem. Soc., 218 (1962).

C.L. Chernick et al., Science, 138, 136 (1962}.

D.F. Smith, J. Chem. Phys., 38, 270 (1963).

H.H. Claassen, H. Sellig and J.G. Malm, J. Am. Chem. Soc.,

-

85, 1927 (1963).

17. X D.F. Smith. Science., 140, 899 (1963). C.



A~

v ‘ 18.

19.

20.

_21.

22.

23.

24 .

25.

26.

27.

28.

29.

J.h. Weeks, C.L. Chernick';nd M.S. Matheson, J. Am.
Soc., 84, 4612 (1962). -

H.H. Claassen, H. Selig and J.G. Malm, J. Am. Chen.

84, 3593 (1962).

J.G. Malm, 1. Sheft and C.L. Chernick, J. Am. Chem.

85, 110 (1963). £

’

282

Chem.

Soc..,

Soc.,

E.E. Weaver, B. Weinstock and C.P. Knop} J. Am. Chenm.

Soc., 85, 111 (1963). -

¥. Schreiner. J.G. Malm and J.C. Hindman, J. Am. Chem.

Soc., 87. 25 (1965).

N. Bartlett, Endeavour, 23, 3 (1964).

J.H. Holloway, "Noble-Gas Chemistry”, Methuen and Co.

Ltd., London (1968).

J.G. Malm and E.H. Appelman, At. Energy Rev., 8. 3

{1969).

H.H. Hyman, in "Physical Chemistry", H. Eyring,

.D. Henderson and W. Jost, Eds., Academlic Press Inc.,

New York (1970}, Vol. 5, Chapter 11.
N.K. Jha, R. I. C. Rev., 4., 147 (1971).
ﬂP'SIadky. in "MTP International Review of Science,

Inorganic Series One”, H.J. Emeleus and V. Gutmann,

Eds. .

Butterworths, University Park Press, Baltimore (1972},

"¥ol. 3, Chapter 1.

H.H. Hyman, Ed.. "Noble-Gas Compounds”, Univeréity of

Chicago Press, Chicago (1963).



30.

31.

32.

33.

34.

35.

38.

37.
38.
39.
40.
41.

42,

43.

283
H. Sellg, J.G. Malm and H.H; Claassen, Scientific
American, g;g.-se {1984).
C.L. Chernick, Record Chem. Progr., 24, 139 (19863)}.
J.H4. Holloway, Prog. Inorg. Chem., 8, 241 (1964).
H.H. Hyman, Science, ;1;..773 {1964}).
H. Selig. Fluoride Chemistry of the Noble-gases, in
"Halogen Chemistry", V. Gutmann, Ed.. Academic Press,

New York (1968}, Vol. 1, pp. 403-430.

G.J. Moody and J.D.R. Thomas, Rev. Appl. Chem., 16. 1

(1966).

J.L.\Weéks and M.S. Matheson., in "Inorganic Synthesis".r
H.F. Holtzclaw, Ed., McGrew-Hill, New York (1966),

Vol. 8, p. 260.

S.M. Will{amson: in "Inorganic Synthesis”, W.L. Jo}ly.
Ed., McGraw-Hill, New York (1968}, vol. 11, p. 147.

W.E. Palconer and W.A. Sunder, J. Inorg. Nucl. Chem., 29,

1380 (1967). . K )

Rgf. {28}, p. 8.

E.H. Appelnan; Inorg: Chem., 10, 1881 (1971).

E.H. Appelman. J. Am. Chenm. soc.. 90; 1900 (1968).
E.H. Appelman and J.G. Malm, in "Preparative Inorgénic
Chemistry”., (1966), Vol. 3, Chapter 9, p. 341.

J.ﬁ. Malm and C.L. Chernick, in "Inorganic Synthesis"”,

H.F.rHoltzclaw. Ed.., McGraw-Hill, New York (1966},

Vol. 8, p. 254.



.. ' 84
44. E.H. Appelman and J.G. Malm, J. Am; Chem. Soc., 86, 214f'
(1964). . . o
45, J.S. Ogden and J.J. Turner, J. Chem. Soc., Chem. Commuﬁ..
693 (1966).
46. Ref. (43), p. 258.
47. K. Seppelt, Angew. Chem., Int. Ed. Engl.. 18, 186 (1979).

48. R.D. Burbank and G.R. Jones, J. Am. Chem. Soc., 86, 43

-

(1974).

49. R.J. Gillegpie, "Molecular Gegnetry“. Van‘Nostrand .
Reinhold: London, 1972. \ ,

50.. W.. Harshbarger, R.K. Bohn and S.H. déuer. J. Am. phum.

Soc., B89, 6466 (1967).
51. K. Hedberg, S.H. Beterson, R.R. Ryan aﬂd é? Heinstocy.
| J. Chen. Ph;s.. 44, 1726 (1966f.
52. J.G. Malm, B.D. Holt and .R.W. Bane, in ref. (18), p. 167.
53. G.J. Schrobilgen, Ph:D. Thesis, McMaster University,
| Hamilten, Ontario, Canada (1973).
54. H.H. Claassen, C.L. Chernick and J.G. Malm, in ref (18).
p. 287.
55. H.H. Claassen, E.L. Gasner, H. Kim and J.L. Huston,
J. Chem. Phys., 49, 253 (1968). )
56. H.D. Fraﬁe. Cll'nem..Phys. Lett., 3, 182 (1969). ’ d
57. K. Seppelt and H.H. Rupp. Z. Anorg. Allg. Chenm., igg, 331
(1974).

58. G6.J. Schrobilgen, J.H. Holloway:; P. Granger and

C. Brevard, Inorg. Chem., 17, 980 (1978).



f\

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

T1.

72.

73.

T4,

75.

76.

15, 158 (1978). S

285

H.D. Frame, J.L. Huston and I. Sheft, Inorg. Chem., 8,
1549 (1969),

R.J. Gillespie and G.J. Schrobilgen, J. Chem. Soc.,

g

v

Chem. Commun.,.. 595 (1977).

S.R. Gunn, J. Am. Chem. Spc., 87, 2290 (1965).

E. Jacob and R. Opferkuch, Angew. Chém.. Int. Ed. Engl.,

C.L._Chernick, H.H. ClapsSsen, J.G. Malm and P.L. Plurien,
in ref. (29), p. 106. i
Ref. (26), pp. 601-6035.

J.L. Huston, J. Phys. Chem., 71, 3339 (1967). o

J.L. Huston, J. Am, Chem. Soc., 93. 5255 (1§71).

J.L. Huston and H.H. Claassen, J. Chem. Phys., 55, 1505
(1971). ' . . )
R.J. Gillespie, in ref. (29), p. 333. .

J.L. Huston, 160th National Meeting. of the American
Chemical Society. Chicaéo. September 14-18, 1870.
S.M. Willlamson and C.W. Koch, Science, 139, 1046 (1963).
S.R. Gunn, in‘ref. (29). p. 149.

H. Selig, H.H. Claassen, C.L. Chernlck, J.G. Malm and
J.L. Hu;ton. Sclence, 143, 1322 (1964). e

N. Bartlett and N.K. Jha, In ref. (18), p. 23.

N.N. Greenwood and A. Earnshaw, Eds.. in "Chemistry of
the Elements”, Pergamon Press, Oxford {(1984), Chapter 18.
J.J. Turner and G.C. Pimentel, ~Science, ;ig. §75m(1963) .

D.R. MacKenzie, Sclence, 141, 1171 (1963).



7.

78.

79.

30.

81.

g82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

?86
J. Slivnik, A. Snafél K. Lutar, B. Zemva. and B. Frlec,
J. Fluorine Chem., 5, 273 .(1975). |
L.V. Streng and A.G. Streng, Inorg. Chem.., 5., 328 (1966).
Dokl. Akad. Nauk SSSR, 235, 96 (1977).

R.J. Gillespie and G.J. Schrobllgen, Inorg. Chem., 13,

1230 (1874).

J.H. Holloway and G.J. Schrobilgen.lJ.“éhem.‘Soc..
Chem. Commun., 623 (1975).

A.V. Grosse, A.D. Kirshenbaum, A.G. Streng and

L.V. Streng, “Scierce, 139, 1047 (1963).

E.N. Sloth and M.H. Studier, Science, 141, 528 (1963).
P.R. Flelds, L. Stein and M.H. Zirin, in ref. (18},

p. 113.

P.R. Fields, L. Stein and M.H. Zirin, J. Am. Chem. Soc.,

84, 4164 (1962). -

H. Selig, Inorg. Chem., 5, 183 (1966).

L. Stein, Scie 168, 362 (1970). .

F. Sladky, P.A. BullNner and N. Bartlett, J. Chem.‘Suc:,
Dalton Trans., 2179 (1969). |

Ref. (24). p. 157 and reference; therein.

R:J. Gilleapie, D. Martin and G.Jf—EEhrobilgen.

J. Chem. Soc., Dalton Trans..I1898 (1980).

J.H. Holloway.and J.G. Knowles, J..Chem. Soc., Dalton

.Trans., 756 {1969)}.

F. Sladky.,- P.A. Bulliner, N. Bartlett, B.G. DeBoer and

A. Zalkin, J. Chem. Soc., Chem. Commun., 1048 (1968).



93/

94 .

95.

86.

97.

98.

99.

100.

101.

l1o02.

103.

g

-

N. Bartlett, B.G. DeBoer, F.J. Hollander, F. Sladky,

~D.H. Templeton and A. Zalkin, Inorg. Chem., 13, 780

(1974) .

R.Jf Gillespie, A. Netzer qu G.J. Schrobilggn?l
Inorg. Chen.,.lg. 1455 (1974). -
R.J.-Gillespie and G.J. Schrobilgen, Inorg. Chem., 13,
1694 (1974). ' «®

J.H. Holloway and G.J. Schrobilgen, Inorg{ Chem., 19,

2632 (1980).

Yu.M. Kiselev et al., nokl.EAkad. Nauk SSSR, 278, 881
(1984). |

N. Bartlett and F. Sladky, J. Am. Chem. Soc., 90,

5316 (1968).

B. Gibler, B. Morrell, N. Bartlett and A. Zalkin,
Abst;acts. 162nd Natlional Meeting of the American
Chemical Society, Washington, D.C., Sept. 13-17, 1971,
No. PLUO 1.

R.J. Gillesplie, B. Landa and G.J. Schrobilgen,

J. Chem. Soc., Chem. Commun., 1543 (1971).

R.J. Gillespie and G.J. Schrobilgen, Inorg. Chem., 13,

2370 (1974)." \\d,“ ' 1,

P: Boldrini, R.J. Gillespie, P.R. Ireland and

G.J. Schrobilgen, Inorg. Chem., 13, .1690 (1974).

R.J. Gillespie, B. Landa and G.J. Schrobilgen,

[norg. Chem., 15, 1256 {(1976).

287



288

104. DIE. McKee, A. Zalkin and N. Bartlett, Inorg. Chem., 12.

1713 (1973). -

105. .D.E:rHcKQEf\C.J. Adams and y. Bartlett, Inorg. Chem., 12,

1722 (1973). . .
106.° R.J. gi}lqspie:fd. war¥in. G.J.‘ggh;obilgen and -
| " D.R. Slim. J. Chen. Soc.." Dalton Trans., -2234 (1977).

107. N.'Barl]etg'and M. We;hsberg. Z. Anorg.-Allg.FChen..wggé.

5 (1971). - T ' )

- ' [

. < S Is
108. H.#. Hyman and L.A. Quarterman. in ref. (18), _ -
. o . " . A -l
-~ pp. 275-278. ‘- ‘ . d
| v o

109. R.J. Gillespie and G.J7V Schrobilgen.,' Inorg. Chem., 13,

-

765 {(1974) and references therein. ' -

110. J. Slivnik, B. Zemva.;r. Bohinc, D. Hanzel, J. Granmec .
and P. Haéenmulley; J. Inor;. Nucl. Chem.. 38. 997 ,,‘\\<
(1976) . ’

111. K. Leary and N. Bartlett, J. Chen. Soc.‘ Chem. Commun..,

903 (1972).

llé. K~ Leary., A. Zalkin and N. Bartlett, Inorg. Chem., 13,
775 (1974). -

113. R.J. Gillespie and G.J. Schrobilgeﬁﬁ\J. Chem. Soc.,
Chem. Commun., 90 (1974) .

114. R.J. Gillespie and G.J. Schrobilgen, Inorg. Chem.. 15, 25
(1976). ) |

115. J.H. Bolloway and 6.J. Schrobilgen. Inorg. Chem., 20,
3363 (1981). '

\

116. L. Stein, Radiochim. Acta, 32, 163 (1983). : 4



117.
118,
119.
120.
121,
122.
123.
124.
125.
126.

127.

128.

. 289
R.J. Gi{llespie, B. Landa and G.J. Schrobilgen,

J. Chen. Soc.; Chem. Commun., 607 (1972).

R.D. Peacock, H. Selig and [. Sheft, Proc. Chem. Soc.,
285 (1964). - )

R.D. Peacock, HL Selig and I. Sheft, J. Inorg. Nucl,
Chem., 28, 2561 (1966).

S.W. Peterson, J.H. Holl&way} B.A. Coyle and

J.M. Wllliams, Science, 173, 1238 (1971).

G.J. Moody and H. Selig. Imorg. Nucl. Chem. Lett.. 2. 319
(1966) . /)

G.J. Schrobilgen, D. Martin-Rovet, P.'CharpiQ and

7

M.J. Lance, J. Chenm. Soc..'Chen. Commun., 894 (1980). S

J.H. Holloway, V. Kaucic, D. M?ptin—Rdvetl D.R. Russell,
G.J. Schrobilgen and H. Selig, Inorg. Chem., 24, 678
(1985). ‘

D.J. Hodgson and J.A. Iberé. Inorg. Chem., 8, 326 (1969}.
S.H. Strauss, M.D. Noirot and 0.P. Anderson, inorg.\

-

Chem., 24, 4307 (1985).
P. Huppmann, H. Hartl and K. Seppelt, Z. Anorg. Allg.

Chem., 524, 26 (1985}.

T. Birchall, R.D. Myers, H. De Waard and
G.J. Schrobilgen, Inorg. Chem., 21, 1068 (1982} and
references therein.

F. Sladky and H. Kropshofer, Inorg. Nucl. Chem. Lett., 8,

195 (19}2).



’ .. 290

_—

129. D. Lentz and K.'Segpelt. Angew, Chem., Int. Ed. Engl.,

-

17, 355 (1978). _ ' )
130. K. Seppelt, Acc. Chem. Res., 12, 211 {1979).
131. R. Damerius, P. Huppmann, D. Lentz and K. Scppeltp
J. Chem. Soc., Dalton Tram§., 2821 (1984).
132g K. Seppelt, Angew. Cllem., Int. Ed. Engl.. 21, 877 (1982),
and ref%F%wces therein. .
133. N. Bartlett, M. Wechsberg, F.0. Sladky and P.A. Bulldner,
J. Ch;n. Soc., Chem. Commun., 703 (1969).
134. M. Wechsberg, P.A. Bulliner, F.0. Sladky. R. Mews and
N. Bartlett, Inorg. Chem., 11, 3063 (1972).
135. F. Sladky, Angew. Chem., Intl Ed. Engl., 8. 373 (1969).
136. F. Sladky.S Angew. Chem., Int. Ed. Ehgl.. 8, 523 (1969).

137. F. Sladky, Monatsh. Chem., 101, 1559 (1970Q0).

-

138. F.. Sladky, Monatsh. Chem., 101, 1571 (1970). -

139. D. Lentz and K. Seppelt, Angew. Chem.r Int. Ed. Engl.,
17, 356 (1978). |

140. D. Lentz and XK. Seppelt, Angew. Chem., Int. Ed. Engl;.
18, 66 (1979).

141. E. Jacob, D. Lentz, K. Seppelt and A. Simon,
Z. Anorg. Allg. Chem., 472, 7 (1981).

142. G.A. Schumacher and G.J. Schrobilgen. Inorg. Chem.. 23,
2923 {1981).

143. M. Eisenberg and D.D. DesMarteau, Inorg. Chem., 11, 1901

(1972). 1

144. K. Seppelt, Angew. Chen., Int.(Ed. Engl., 11, 723 {1972).

A

-
P



145.

146.

147.

148.

149.

150.
151.
}52.
1?3.
154.
155.
156.

157.

291
<

K.‘Seppelt and D. Nothe, Inorg. Chem., 12, 2727 (1973).

J.J. Musher, J. Am. Chem. Soc., 90, 7371 (1968).

M. Elsenberg and D.D. DesMarteau, Inorg. Nucl. Chem.
Lett., 6, 29. (1970).

R.D. LeBlond and D.D. DesMarteau, J. Chem. Soc., Chen.

Commun., 5355 (1974).
D.D. R.D. “LeBlond, S.F.

DesMarteau, Hossain and D. Nothe,

J. Am. Chem. Soc., 103, 7734 (1981). ’

J.F. Sawyer, G.J. Schrobilgen and §.J. Sutherland,

J. Chem. Soc.., Chem. Commun., 210 (1982). ‘
J.EfiSaﬁyer. G.J. Schrobilgen and 8.J. Sotherland,
Inorg. Chen., 21, 4064 (1982).

G.A. Schumacher and G.J. Schrobilgen, Inorg. Chem., 22,
2178 (1983).

J. Foropoulos and D.D. DesMarteau, J. Am. Chem. Soc.,
104, 4260 (1982).

C.T. Goetschel and K.R. Loos, J. Am. Chem. Soc., 84, 3018
{1972).

L.J. Turbini, R.E. Aikman and R.J. Lagow., J. Am. Chen.
Soc., 101, 5833 (1879).

M. Eisenberg and D.D. DésHarteau. J. Awm. Chem. Soc!r 82,
4759 (1970).

M. Eisenberg and D.D. DesMarteau, Inorg. Chem., 11, 2641

{1972).



158.

159.

163.

164.

165.

166.

167.

168.

169.

17¢0.

171.

292

F.A. Cotton and G. Wilkinson, Eds., in "Advanced

Inorganic Chemistry”, Wiley-Interscience, J.-Niley &% Sons

{1980), p. 555.

R.C. Weast, "CRC Handbook of Chemistry and Physics“. CRC
Press Inc., Boca Raton, Florida, 64th Edition (1984).

K. Seppelt, Angew. Chem., Int. Ed. Engl., 13, 92 (1974).
K. Seppelt, Z. Anorg. Allg. Chem.p 4086, 287.(1974).

P. Sladky, H. Kropshofer and 0. Leitzke, J. Chem. Soc
1

.Chem. Commun., 134 (1973).

P. Huppmann, D. Lentz and K. Seppelt, Z. Anorg. Allg.
Chem. 472, 26 (1981}).

K. Seppelt and H.H. Rupp, Z. Anorg. Allg. Chem., 409, 338
{(1974).

N.F. Ramgey. Phys. Rev., 77, 576 (1950); 78, 699 (1950).
A. Salka and C.P. Slichter, J. Chem. Phys., 22, 26
(1954). +

G.J. Schrobilgen, "NﬁR and the Periodi@ Table"; '
R.s;piiyZis and B.E. Mann; Eds.: Academic Press: London,
1978; Chp 14.

R.J. Gillespie and B. Landa, Inorg. Chem., 12, 1383

(1972).

.C.L.. Chernick, C.E. Johnson, J.G. Malm, G.J. Perlow and

M.R. Perlow, Phys. Lett., 5. 103 (1963).
G.J. Perlow, C.E. Johnson and M.R. Perlow, in ref. (29),
p. 279. N

SXL. Ruby and H. Selig, Phys. Rev., 147, 348 {(1966).



172.

173.
174.
175.
176.
177,
178.
179,
180.
181.
182.

183.

184.

J.H. Hoiloway, G.J. Schrobilgen, S. Bukshpan,

293

~

W dilbrants and H. de Waard, J. Chem. Phys., 66, 2627
(1977).

N. Bartlett, M. Wechsberg, G.R. Jones and R.D. Burbank,

Inorg. Chqgél 11, 1124 (1872). . _

L.K. Templeton, D.H. Templeton, K. Seppelt and

N. Bartlett, Inorg. Chem., 15, 2718 (1976).

oo

Faggianic D.X. Kennepohl, C.J.L. Lock and
G.J. Schrobilgen, Inorg. Chem., 285, SESgigsss).
F. Sladky., Angew. Chem., Int. Ed. Engl.. 8, 375 (1970).

F.. . Sladky, Mcnatsh. Chem., 101, 1578 (1970}).

]

N. Keller and G.J. Schrobilgen, Inorg. Chem., 20, 2118
(1981). - | ~

D. Lentz, H. Pritzkow and K. Seppelt, Inorg: Chem., 17.
1926 (1978). |

D. Lentz, H. P}itzkow and K. Seppelt, Angew. Chen.,

Int. Ed. Enél.. 16, 729 (1977). P
D. Lentz and K. Seppelt, Z. Anorg. Allg. éhem.; 480, 5 //f
(1980) .

C.J. Schack ang/kfﬁT“Christe. J. Fluorine Chem., 26, 19
(1984).

C.J. Schack and K.O0. Christe, J. Fluorine Chem., 27, 53
(1885). |

A. Engelbrecht and P. Peterfy, Angew. Chem.; Int. Ed.

Engl., 8,.768 (1969).



185,
186.
187.
188.
189.

190.

191.
182.
193.
194.

195.

196.
197.

198.

294

A, Engelbrecht, P. Petertfy and E. Schandara,
-
Z. Anorg."”Allg. Chem., 384, 202 (1971).

-

K.0. Christe, R.D. Wilson, and C.J. Schack, Inorg. Chea..

20, 2104 (1981).t

-

I

R.J. Gillespie and J.P. Krasznai, Inorg. Chem.., 16, 1384
(1977). -—
H.A. Carter, J.M. Ruddick, J.RL Sams and F. Aubke,

Inorg. Nucl. Chem. Lett., 11, 29 (1975).

K.0. Christe and R.D. Wilson, Inorg. Nucl. Chem. Lett..
.y

15, 375 (1979).
\ - -
L.E. Smart, J. Chenm{. Soc., Chem. Commun., 519 (1977).

[. Beattie et al., J. Chem. Soc., Dalton Traps., 1380

{1976} . p

R.J. Gillespie and J.P. Krasznal, Inorg. Chem., 15, 125{
(1976) .

M.J. Wasile, W.E. Falconer and P.A. Stevie,

J. Chem. Soc., Dalton Trams., 1233 (1977).

I.R. Beattie and G6.J. van Schalkwyk, Inorg. Nucl. Chem.

\

Lett.., 10, 343 (1974).

B.M. Rode, Monatsh. Chem., 105, 807 (1974).

A. FPinch, P.N. Gatés. A.J. Edwards and A.A.;. Hana,
J. Chem. Soc., Dalton Trans., 869 (1880).

A. Engelbrecht, 0. Mayr, G. Ziller and E. Schandara,
Monatsh. Chem.., 105, 796 (1974). P\

A.J. Edwards and A.A.K. Hana, J. Chem. Soc., Dalton

Trans., 1734 (1980).



199.

"200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

295

J. Barr, R.J. Gillespie and R.C. Thompson, Inorg. Chenm.,

3, 1149 (1964).

A, Engelbrecht and F. Sladky, Angew. Chem., Int. Ed.

Engl.. 3, 383\{j964).

C.F. Hoffman, in "Inorganic Sunthesis". H.F. Holtzclaw,

Ed., McGraw-Hill, New York (1953), Vol. 4. p. 150.

G. Brauer, Academic Press, New York, (1963} Vol. 1.
p. 202.

H. von Wartenberg, 2. Anorg. Allg. Chem., 244, 344",
{1940).

U. Elgad and H. Selig, Inorg. Nucl. Chem. Suppl., 91
{1976). P3
This work.

AlliedlChenical Corporat;on.‘Fluosulfonic Acid-Product
Information Technical Bulletin TA-30711. written

ca. 1984. g -

H.A. Carter and F. ??bke. Inorg. Chem.., 10. 2296 (1971).
J.P. Krasznai, Ph.D. Thesis, McMaste#fUniversity. (1975).
P.M.A. Sherwood anduJ.J. Turner, ;pectrochim. Acta,

Pa;t A., 26, 1975 (1970).

- .
D.F Smith and G.M. Begun, J. Q}FE. Phys., 43. 2001

{1965). i

J.H. Holloway, H;iSel;g and H.kﬁ'élaassen.

3. Chea. Phys.. 54, 4305 (1971).

J. Goubeau and-J.B.‘;ilne. Can. J. Chem., 45. 2321 ..

(1967).

-



213.
214.
215.

216.

217.
218.
219.

220.

221.

222.

223.
224.

225.

226.

296
N. éar%iet;. S.‘Béaton. L.W.'Reevea and.E.J;‘Wells.
Can. J. Chem., 42, 2531 (1964). ' _
T.E. Peel and R.J. Gillespie, J. Am. Chem. Soc.. 95, 5173
(1973).' ' o »
T.E. Peel and R.J. Gilléspie. Adv. Phys. Org:.Chem.. 9.

-

i. (1872).

‘A. Engelbrecht and 0. Mayer, 7th International Symposium

on ?luorine Chemistry., Santa Crug, California.,. 15-20

A

July 1973. Abstract 1-18. -

"Ref. (159}). Dipole moments were mensured in the gas

phase and are estipated:tp"be accuratec within = ¢.5 D.
P. Bladon, D.ﬁ; Bro#ﬁ. Kgb. Crosbie andID.w.A. Sharp,
Spectrochim. Acta, PartrA.. 26, 2221 (1970}.

K.0. Christe. ASv. Inorg. Chem. Radlochem., 18, 319

(1976).

H.A. Carter and F. Aubke, Inorg. Chem., 10, 5296 (1971).
L.E. Alexander and I.R. Beattie, J. Chem. Soc., Dalton
Trans., 3091 (1971). '

K.O0. Christe, Private Communication.

W. Porcyam and A. Engelbrecht, Monatsh. Chem., 102, 333

&z
{1971).

-

B.M. Rode, A. Engelbrecht and 1I. Schantll Z. Phys. Chem.,
253, 17 (1973).

K. Seppelt and D. Nothe, Inorg. Chem., 12, 2727 (1973).

K. Seppelt, Chem. Ber., 106, 157 (1973).



227.

228.

229.
230.
231.
232.
233.
234.
235.
236.

237.

238.

, 287

G.M. Begun, W.H. Pletcher and D.F. Smith, J. Chen. Phys.,

42, 2236 (1855).

" P.H. Spekkens, Ph.D. Thesis, McMaster University, (1877).

R.J. Gillesplie and P.H. Spekkens, Isr. J. Chem., 17, 11 .

T (1978). -

H. Oberhammer and K. Seppelt..lnorg. Chem., 17, 1435
({1978).

H. Oberhammer and K. Squ;lt. Angew. Chem., Int. Ed.
Engl., 17, 69 (1978). '

K. Seppelt, Chem. Ber., ;gg.'z4ai (1972).

K. Seppelt, Chem._Ber..,lig. 1470 (1977).

F. Sladky, H. Kropshofer, 0. Leitzke and P. Peringer,

J. Inorg. Nucl. Chem.. Supplement (1976}).

C.J. Schack and K.O. Christe, J. Fluorine Chem., 24, 467
{1984).

C;J. Adams and A.J. Down, Spectrochim. Acta., 2BA, 1841
(1972} .

M.J. Collins and G.J. Schrobilgen, Inorg. Chem., 24, 2608
{1985).

K. Seppelt, Chem. Ber., 109, 1046 (1976).



