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l. Introduction

This review is conceived as a progress report. It includes only com-
pounds of selenium and tellurium with the element directly bonded to
fluorine. The chemical literature of the last 10 years, including 1979,
has been searched thoroughly, and emphasis has been placed on facts
rather than on interpretation. There are some earlier reviews covering
the same area: “Fluorine Compounds of Selenium and Tellurium” 1970
(40), “Inorganic Selenium Chemistry” 1975 48), and “Inorganic Chem-
istry of Tellurium” 1975 (63).
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Il. Fluorides of Lower Oxidation States

A. THE SeF RabpicaL

Gas-phase electron resonance spectra of SF and SeF have been eval-
uated for the corresponding bond lengths (31). The values for S—F
(1.599 = 0.002 A) and Se—F (1.742 = 0.005 A) are very close to the
bond lengths reported for the molecules SF, (1.59 A) and SeF, (1.69 A)
deduced from infrared spectra (88).

B. Se,F, anp SeF,

The reaction of selenium heated to 210°C and fluorine, highly di-
luted with argon, leads to a mixture of lower fluorides of selenium (88).
Investigation of the infrared spectra of the products trapped at low
temperature allowed the unambiguous identification of SeF, and
FSe—SeF. Ultraviolet photolysis of FSe—SeF converts it partially
into Se==SeF,. Table I summarizes the derived valence force constants
and geometries of these compounds in comparison to related molecules
(88). Bond properties in the series OF,, SF,, SeF, show a trend similar
to the trend in the series O;, SO,, SeO, (Table II). SF, and SeF,, judged
by their force constants, should be stable species although they ob-
viously are too reactive to have been synthesized in preparative
amounts.

Ill. Tetrafluorides

As is apparent from the melting and boiling points of the tetra-
fluorides, SeF, and TeF, are strongly associated in the condensed
phase. Evalution of the specific molecular parameters of the discrete

TABLE 1

VALENCE FORCE CONSTANTS® AND GEOMETRIES OF BINARY SELENIUM FLUORIDES

Compound fa fr Ref. R r B a Ref.
Se=Se 349 14 2.16 14
FSe—SeF 3.25 88 2.25 1.77 100 90 88
Se=8eF; 3.67 3.07 88 2.15 1.77 100 90 88
SeF, 4.29 88 1.69 94 88
SeF, 3.38/5.04 23 1.77/1.68 2
SeF, 495 66 1.69 24

NN
7 x10* N.m. R = Se—Se bonding; r = Se—F bonding (A); 8 = FSeF angle; a =
dihedral FSeF angle.
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TABLE II

ForcE CONSTANTS? AND GEOMETRIES OF SOME CHALCOGEN
FLUORIDES AND OXIDES

Compound f. fr Ref. r a Ref.
OF, 3.95 0.81 167 1.409 103.3 167
SF, 4.72 0.37 87 1.59 98.2 100
SeF, 4.29 0.24 167 1.69 94 31
0, 5.70 1.52 167 1.276 117 167
S0, 10.02 0.03 167 1.432 119 167
SeO, 6.9 0.03 185 1.607 113.5 185

2 x10* Nm™!.
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molecules therefore required special techniques, high accuracy in mea-
surements, and careful interpretation of the results. Microwave, infra-
red, and Raman spectroscopy were applied, including matrix isolation
studies. Some of the results are summarized in Table 11l and compared
to SF,. All discrete molecules have C,, symmetry. The differences in
lengths of axial and equatorial M—F bonds are remarkably similar.

A. SeF,

SeF, has been prepared in various reactions involving a fluorinating
agent (AgF, CIF, CIF,, CoF;, SF,, F,, BrF;) acting upon elemental se-
lenium, SeO,, SeCl,, or SeCl,. A rather convenient method of prepara-

TABLE III

PHYsICAL PROPERTIES AND MOLECULAR PARAMETERS OF
GRroUP VI TETRAFLUORIDES®

Property SF, SeF TeF,©
mp (°C) -121 133) -9.5 (133) 129
—38.87 (147)
-39+9 29)
bp (°C) —-38 101.0 374 (133)
Ro () 1.646 (188) 1.771 ©23) 1.90
R (A) 1.545 (188) 1.682 (23) 1.79
Feo—M—F,, 10143 (188) 100.55 (23)
Fax—M—F,, 17273 (188) 169.20 @3

2 References are given in parentheses.

b See also Table IV.
¢ See also Table VIII.
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TABLE IV
PHysiCAL PROPERTIES OF SeF

Property Ref.
Heat of vaporization (cal mol1) 11,240 133
Entropy of vaporization (eu) 30.0 133
Heat of fusion (cal mol™1) 557 147
290+140 29

Standard heat of formation,
A H?P(298°) (kcal mol-?) -203.0 + 5.8 30
Liquid density, 25°C (g ml™1) 2.72 133
Dipole moment (D) 1.779 23

¢ See also Table III.

tion was reported recently (129), using SeF, itself as the reaction me-
dium according to Eq. (1):

3Se + 4CIF, S 3SeF, + 2Cl, (1)

Some of its most important physical properties have recently been
reinvestigated. A large discrepancy exists between the values reported
for the melting point of SeF,. While an earlier value is given as —9.5°C
(133), vitreous fusion between —48 and —30°C was reported in 1979
29), 1.e., —39 =9°C as a median value, surprisingly close to the melt-
ing point of —38.87°C listed in (147). Table IV summarizes some phys-
ical properties of SeF,.

SeF, has been suggested as a fluorinating agent in organic chemistry
as it has some advantage over SF, in the fluorination of ketones, alde-
hydes, amides, alcohols, carboxylic acids, and anhydrides. The use of
SeF, permits milder conditions, and because of its convenient liquid
range, it can be employed at atmospheric pressure (129).

SeF,, which has been reported to react with CIF at 350°C to yield a
mixture of SeF;Cl, Cl,, and SeFg in about equal amounts, does not

F

.| |
i
| ,0 L-___ ,
F F
Cop C, Or Cy,

Fic. 1. Suggested structures of SeF, and TeF, dimers. From Adams and Downs (2).
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TABLE V

AssiIGNMENT OF FuNDAMENTALS FOR SF,, SeF,, anp TeF,

Class Assignment SF.* SeF,? TeF, Approximate description
a, vy 891.5 747 695.0 Sym. str., eq. MF,
Ve 558.4 571 572 Sym. str., ax. MF,
vg 464.5 409 333.2 Scissors, eq. MF,
vy 226 156 (151.5)¢ Scissors, ax. MF,
a, vy 414(?) —_ — Torsion
b, Ve 730 622 586.9 Asym. str., ax. MF,
v, 532.2 361 273.3 Rocking
by vg 867.0 733 682.2 Asym. gtr., eq. MF,
ve 353 250 (184.8)¢ Waging

¢ Vapor phase 35, 77, 116).
® Vapor phase 2).

¢ N, matrix @).

4 Calculated 2).

react with either HC] or HF under the same eonditions (41). Earlier
attempts to synthesize SeF;Cl from SeF, (via Se + CIF) and CIF in a
Monel cylinder at the somewhat lower temperature of 200°C failed
(134).

Detailed investigations of the vibrational spectra, including matrix
isolation studies (2), essentially confirm the results of microwave spec-
troscopy (23). The high quality of the spectra in very dilute matrices
even showed individual peaks due to the five naturally occurring sele-
mium isotopes (2). More concentrated matrices contain absorptions
arising from several dimeric or oligomeric species. The intensity of
such absorptions was also seen to grow on diffusion of more dilute ma-
trices. Two possible structures for the dimers (SeF,),, differing in the
mutual orientation of the equatorial groupings, are suggested (Fig. 1).

Tentative assignments of fundamental frequencies observed for the
discrete SeF, and TeF, molecules compared to the assignments for SF,
are listed in Table V 2). High-temperature Raman studies of SeF, (5)
confirm considerable interactions of the molecules in the liquid and
solid state. Solid SeF, apparently exists in two forms (5).

1. SeF, in Solution

Conductometric measurements of SeF, in liquid hydrogen fluoride
prove it to be a weak base 25) [Eq. (2)]:

SeF, + HF —» SeF: + HF; 2)
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TABLE VI
B¥F.NMR DarA For SeF*

ap EA 85 JAB J"sg-—A JT’SQ—B Ref.

-28.7 -37.7 -12.1 26 302 1200 161

¢ The chemical shifts are with reference to CFCl; at —140°C.
b At 20°C.

The estimated value of the ionization constant K, = 4 X 10~ indicates
that SeF, is a weaker base in HF than SF, (K, = 4+ 2 x 1072) (11).

SeF, is reported to be rather soluble in CH3F (~10% at —140°C,
~40% at —125°C), recommending such solutions for *F-NMR investi-
gations. The temperature dependence of the spectrum confirms the
presence of an A,B, spin system and fast intramolecular exchange at
room temperature (161), according to a BERRY-type mechanism (146).
The coalescence temperature is about —80°C, with an estimated en-
ergy barrier of 6-9 kcal mol ! (146). The intensity of the coupling of '*F
to 7’Se (natural abundance 7.5%, spin 1/2) is a further confirmation that
discrete molecules are present, even at —140°C. Table VI lists the '°F-
NMR data at varying temperatures.

The vapor pressure of solutions of SeF, in CH;F allowed a rough esti-
mation of the molecular weight of the dissolved species, which again
confirms that no measurable association (via Se—Se) takes place. A
Raman investigation of these solutions at —130°C allows an interpre-
tation in terms of distinct SeF, molecules with only slight indications
of F—F bridges in concentrated solutions (161).

2. SeF, and Lewis Acids

The question as to the best formulation of structures and species in
some binary fluoride systems was the subject of extensive experimen-
tal investigations, involving infrared and Raman spectroscopy in the
molten state and in solutions as well as NMR spectroscopy and conduc-
tometric and cryoscopic measurements. Some crystal structure studies
have also been published. The systems of SeF, with BF;, SbF;, AsFy,
NbF;, and TaF; have been studied recently.

Raman spectra of the complexes of SeF, with AsF; and SbF; in the
molten state have been interpreted as confirming the ionic-type formu-
lation (SeF;)*(SbF¢)~, analogous to (SF3)*(SbF¢)~ (65).

Investigation of NMR spectra, vibrational spectroscopy, and the
analysis of conductometric behavior of the adducts of SeF, with AsF;,
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Fic. 2. Atomic arrangement in SeF,-NbFy, showing the projection down (010). From
Edwards and Jones (53).

SbFs, BF;, NbF,, and TaF; led likewise to the conclusion that, in the
solid state, these compounds are best formulated as predominantly
ionic, although the ions interact rather strongly by fluorine bridging.
This bridging apparently persists in the molten state and to some ex-
tent in solution in nitrobenzene (25, 82).

Solutions of SeF, BF, in HF are considered to contain an equlllb-
rium mixture as shown in Eq. (8), involving a dimer (SeF,-BF;), with
some additional fluorine exchange mechanism involving SeF, and BF;.

(SeF'BFy); — (SeFy),'BF; + BF; 3)

SeF, interacts with NbF;, depending on the temperature, to form the
adducts SeF,-2NbF; (room temperature) or SeF,-NbF; (at 106°C) (52,
53); with TaF;, the adduct SeF,-TaF; is formed.

A crystal structure analysis proved SeF, NbFj to have the same
unit-cell dimensions as SeF,-TaF;. The atomic arrangement in the
rhombohedral crystals is shown in Fig. 2 and is consistent with the
ionic formulation (SeF;)*(NbFe)~-, with, however, substantial fluorine



196 A. ENGELBRECHT AND F. SLADKY

b F(10')
csinf F(11)

F(13
2 \\ ( )

1 b2

F1c. 3. Atomic arrangement in SeF,-2NbF;, showing the projection down (100). From
Edwards and Jones (53).

bridging between the ions to form tetrameric units. The adduct SeF,-
2NDbF; is also best formulated ionically as (SeF;)*(Nb,F,,)~ with sub-
stantial fluorine bridging of the ions (Fig. 3). Average bond distances
are tabulated in Table VII, together with data for SeF, (23) and SbF;
(50).

SeF, also forms an adduct with SO, which has been investigated in
the solid state, the molten state, and in solution (81). The results of in-
frared, Raman, and NMR studies and some conductometric and cryo-
scopic measurements can best be interpreted consistently in terms of a
polymeric fluorosulfate bridged structure for the solid and the molten
compound. There is also evidence for either a cyclic or linear dimer in
dilute solutions in nitrobenzene or HSO;F (Fig. 4).

Formation of a new compound PSeF; has been claimed in the reac-
tion of PF; with elemental selenium, at 300-400°C, identified from a
mass spectrum analysis, showing the fragments (PSeF,)* with the ex-
pected selenium isotopes (34). However, since no further data have
been obtained, it appears very likely that the compound actually was

TABLE VII
AVERAGE BoND DisTances (A) IN SeF,-NbF;, SeF,-2NbFy, SeF,, AND NbF;

(SeF;)*(NbFg)~ (SeF;)*(NbyFyy)~ SeF, NbF

Compound 63) 63) @3) 60)
Se—TF (terminal) 1.73 1.66 1.73
Se - - - F (bridge) 2.35 2.43
Nb—F (terminal) 1.78 1.82 1.77

Nb : - - F (bridge) 2.00 1.90 2.06
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Fic. 4. Suggested structure of the dimer of SeF-SO;. From Gillespie and Whitla (81).

the seleno analog to OPF,, i. e., involving no Se—F bond. SePF; has
also been prepared in a high-pressure reaction (300°C, 4000 atm) from
selenium and PF; (89).

3. Organic Derivatives of SeF,

Several diorganoselenium difluorides have been prepared and char-
acterized (81) via the general reaction of Eq. (4):

2AgF, + RySe — R,SeF, + 2AgF 4

with R = CH;, C,H;, n-C;H;, i-C;H,, CgHy, or (CH,),, carried out in
Freon 113, yielding up to 87% of the fluorinated products. The diaryl-
and dialkylselenium difluorides are monomeric in benzene solution.
The NMR data were interpreted in terms of a trigonal-bipyramidal
structure, with the fluorine atoms occupying the apical positions. Cou-
pling between 'H and '*F, as well as between ""Se and *F, was ob-
served. The vibrational spectrum of (CH;),SeF; and its deuterated ana-
log has been reported, the results being compatible with C,, symmetry
of the molecule (105, 192).

The temperature dependence of the 'H-NMR spectrum of dimethyl-,
diethyl-, and diisopropylselenium difluoride and the *F-NMR spec-
trum of diisopropylselenium difluoride have been studied. With in-
creasing size of the alkyl group, the rate of fluorine exchange has been
found to increase. In addition, the F-exchange rate in the diorganose-
lenium difluorides investigated was independent of concentration
within the range studied (193), quite contrary to SF, and SeF,, for
which exchange appears to occur principally via a second-order asso-
ciative mechanism (124).

(CH;30);SeF has been prepared from (CH;0);SeCl and AgF in aceto-
nitrile (140). The compound, a colorless liquid, is unstable at room tem-
perature and decomposes extensively when distilled (bp,,~ 78°C), ac-
cording to Eq. (56):

(CH;30);SeF — (CH,),Se0 + CHyF (5)
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Several aminoselenium fluorides of the type RSeF; and R,SeF,

(x- o n ()

have been prepared by reacting SeF, with the corresponding silylated
amines RSi(CHj);. Morpholinoselenium trifluoride (mp 105-107°C),
piperidinoselenium trifluoride, dimorpholinoselenium difluoride (mp
132-134°C), and dipiperidinoselenium difluoride have been identified
by chemical analysis. The respective studies do not give any structural
data 45).

4. Perfluoroalkyl Derivatives of SeF,

Perfluoroalkyl derivatives of SeF, of the general formula RSeF; (R =
CF;, C,F;, p-CF;CsFy) and R,SeF,; (R = CF;, C,F;) have been prepared
(78, 108, 110). All are stable liquids at room temperature in Kel-F ves-
sels, although they react with glass, with the trifluorides reacting most
vigorously. CF;SeF; was prepared (110) according to Eq. (6):

CF,SeSeCF, + 2BrF; — 2CF,SeF, + Bry 6)

C,FSeF; is formed quantitatively in the reaction of (C,F;),Se, with
CIF between —130 and —22°C (108). Like SeF,, it forms 1:1 adducts
with CsF as well as with SbF;.

(CF3),SeF, and (C,F,),SeF,; have been prepared by the reaction of the
corresponding bis(perfluoroalkyl) monoselenide with CIF at room tem-
perature, yielding quantitatively the products according to Eq. (7),
where R, = CF;, CFy:

(RpgSe + 2CIF — (Ry),SeF; + Cl, N

The compounds are also stable colorless liquids at room temperature,
with vapor pressures of ~25 and 35 torr. (C,Fy),SeF, does not form a
complex with CsF; however, 1:1 adducts are formed with AsF; and
SbF;.

The **F-NMR and vibrational spectra of the perfluoroalkyl deriva-
tives of SeF, are compatible with a trigonal-bipyramidal structure in
the gaseous and liquid phases, the R, groups preferentially occupying
equatorial positions (Fig. 5). (C,F),SeF, (I) is clearly associated in the
liquid phase. The compound CsF-C,F;SeF; appears to be ionic, i.e.,
(C.FsSeF,)~ Cs* (III). The cation [(C,F;),SeF]+ (IV), as indicated from
these structural investigations, is fluorine-bridged to the correspond-
ing counterions (AsFg, SbFg) (108).
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F1c. 5. Suggested structures of perfluoroalkyl derivatives of SeF,. From Lau and Pass-
more (108).

B. TeF,

The preparation of TeF, without the use of elemental fluorine has
recently been reinvestigated. The reactions of elemental tellurium or
TeO, with some inorganic fluorides, as well as the thermal decomposi-
tion of alkali pentafluorotellurate(IV) complexes, were studied in par-
ticular (123). In the fluorination experiments, i.e., CuF, or FeF, react-
ing with Te or TeO, (700-800°C), the best yields were obtained with
FeF; plus TeQ,. Thermal decomposition of NaTeFs or KTeF; between
450 and 900°C produces TeF,, only slightly contaminated with alkali
fluorides. Attempts to prepare the presumably less stable complex
LiTeF; were unsuccessful.

TABLE VIII
PuysicaL PrRoPERTIES OF TeF,®

Property Ref.

Heat of vaporization (cal mol-!) 8174 99
Entropy of vaporization (eu) 1262 99
Heat of fusion (cal mol™!) 6351 99
3020 28

Entropy of fusion (eu) 15.77 99
Standard heat of formation, A Hy (298°C) (kcal mol~') —246.7 30
—248.3 30

Heat capacity, C,,, 298—-402° (cal K~! mol™?) 30 28

@ See also Table III.
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F(1)

FiG. 6. Atomic arrangement in TeF,, showing the projection down (100). From Ed-
wards and Hewaidy (54).

Table VIII lists some of the more important physical properties of
TeF,. In the orthorhombic crystals, each tellurium atom is surrounded
by three terminal and two bridging fluorine atoms, arranged at the
apices of a distorted square pyramid. The square-pyramidal units are
linked by cis-bridging atoms into endless chains with a bridge angle of
159°. The nearest intermolecular contacts to the tellurium atom are
2.94 and 3.10 A, so that there are no other significant interactions.
This geometry is in accordance with the steric activity of the lone elec-
tron pair at the tellurium atom. Figure 6 shows the atomic arrange-
ment (54).

The vibrational spectrum of TeF, has been studied extensively, in-
cluding matrix-isolation techniques (2). The most dilute matrices re-
veal absorptions attributable only to the monomeric TeF, molecule,
with C;, symmetry. The more concentrated matrices contain absorp-
tions arising from several dimeric or oligomeric species (2).

1. TeF, and Lewis Acids

TeF, and SbF; form a 1:1 adduct (16). The Raman spectrum of this
complex in the molten state has been recorded (65). It was not possible,
however, to decide between the most plausible alternatives, i.e., ioniza-
tion into the ions (TeF,;)* and (SbFg)~, or the formation of a fluorine-
bridged structure F;TeFSbF;.

TeF, dissolves in excess SbF; by warming to ~100°C. From the white
residue, after removal of the excess SbF; under vacuum at room tem-
perature, two types of crystals could be grown. The bulk of the material
consisted of very thin plates, unsuitable for crystallographic investiga-
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F(6")

F(7)
F(9)

Fic. 7. Atomic arrangement in TeF,-2SbFy, showing the projection down (001). From
Edwards and Taylor (56).

tions, and was assumed to be TeF,-SbF;. A single block crystal could
be isolated and grown for X-ray investigation, proving to be TeF,-
2SbF; (56).

TeF,-2SbF, crystallizes in the monoclinic system. In the atomic ar-
rangement (Fig. 7), the nearest fluorine atom neighbors to the tel-
lurium and antimony atoms define the ions (TeF3)* and (Sb,F,,)~. How-
ever, interionic fluorine bridging leads to a complex, three-
dimensional structural network. The (TeF;)* ion has C;, symmetry.
Table IX gives the average distances and angles compared to related
species (56).

2. TeF, and Lewis Bases

Crystalline salts of the general formula MTeF; have been prepared
either from TeO, and the corresponding fluorides (M = Na, K, Rb, Cs,
NH,, C;H;NH, n-Bu,N, Me,N, Et,N) or from KF and TeF, in aqueous

TABLE IX

AVERAGE BOND DisTANCES AND ANGLES IN TeF§ AND RELATED SPECIES

S
Mean M—F Mean F—M—F MeanM::-F

Species (A) (deg) bridge (A) M- - - F)/(M—F) Ref.
SF} 1.496 97.47 2.614 1.75 52
SeF¢ 1.66 94.2 243 1.46 16
TeF3 1.84 90.3 2.59 141 56

SbF, 1.92 873 261 1.36 12
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hydrofluoric acid. Attempts to prepare LiTeF; from LiF and TeF, melts
have been unsuccessful (123).

The only conclusive evidence concerning the structure of the TeF;-
ion in solution is based on the »F-NMR spectrum of the n-Bu,N* salt in
CH,C], at — 50°C (121). Not only was the expected AB, pattern for the
coupling of the fluorine atoms observed, but also coupling between
25Te and '°F, as well as **Te and '°F. Asprey and Matwiyoff (10) re-
ported *F-NMR spectra in the system TeF,/Bu,NH,F/CH,C],, but ob-
served no coupling. Obviously, a fast fluorine exchange between free
F~ and TeFy ions takes place in this system, which in fact could be con-
firmed by addition of n-Bu,NF to n-Bu,NTeF;/CH,Cl, (121).

Infrared and Raman spectra of powdered samples «, 84, 97, 121) as
well as single-crystal Raman studies (¢) were applied to clarify the
exact structure of the TeF; entity in various salts. While earlier stud-
ies (84) based the assignments on a C,, symmetry of the ion (KTeFj),
more recent investigations emphasize a C; site symmetry (97, 121) in
accordance with the results of three-dimensional single-crystal X-ray
diffraction studies (CsTeFy) (97).

Two almost simultaneous three-dimensional single-crystal X-ray
diffraction studies of KTeF (55, 117) yielded comparable results. The
orthorhombic crystals contain isolated TeFs~ ions which approximate
to a square pyramid, but which in fact have only the C, symmetry re-
quired by the space group (Pbcm).

CsTeF, also crystallizes in the orthorhombic system (97, 98). An in-
frared and Raman study (97) further confirmed the lowering of the
symmetry of the TeFj ions to C;, in accordance with the strong quad-

TABLE X

DISTANCES AND ANGLES IN THE ISOELECTRONIC SPECIES SbFZ, TeF;, IF;, AND XeF}

SbF2- TeFs

Na,SbF, K,SbF, (NH,),SbF, TeF, KTeF; CsTeF; IF; XeF{
Species® 96) a17) @7) 64) d17) 97) 95) 15)
X—F,, 2.01 2.00 1.92 1.80 1.86 1.81 182 181
X—Feq 2.08 2.04 2.08 203 195 1.93 187 1.88
Fax—Feq 2.56 2.55 2.52 242 2.40 2.40
Feq—Fe 2.87 2.89 285 271 2.69 2.62
TN
Fou—X—F 71.7 83.0 79.4 818 789 79.8 80.9 80.0
N
Feo—X—F,, 87.2 88.0 88.8 878 88.2 88.6

¢ Distances in angstroms; angles in degrees.
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rupole splitting of the '**Te-Méssbauer spectrum of CsTeF, (79) which
also must be interpreted as a sign of strong deformation of the TeFy~
ion. Table X gives a comparison of molecular parameters in the isoelec-
tronic species SbFz-, TeF;, IF;, and XeF{ (97).

No experimental evidence could be obtained for the existence of the
TeF%~ anion, despite extensive attempts to synthesize this species by a
wide variety of reactions (79). The results reported by Shpinel et al.
(166), assuming the formation of this ion in frozen solutions of TeO,
and CsF in aqueous HF (in the stoichiometric proportions required),
were shown to be basically similar to those of the solid KTeF;. It is
clearly quadrupole split, although by analogy with other hexahalogen-
otellurate(IV) complexes it should be unsplit (79).

3. Organic Derivatives of TeF,

Some TeF, complexes with trimethylamine, dioxane, bipyridil, and
tetramethylenediamine have been prepared, and their infrared spectra
recorded (85). The complexes appear to be ionic. With monodentate lig-
ands L, they can best be formulated as (L,TeF,)*(TeF;)~. The stereo-
chemistry of the cations is based on a pseudo-octahedral arrangement
of the three fluorine atoms and the donor molecules around the tel-
lurium, with a nonbonding pair of electrons occupying the sixth posi-
tion. Adducts with bidentate ligands L* have the stoichiometry
L+(TeF,), and should be formulated as (L*TeF,)*(TeF;)~.

Some aryltellurium di- and trichlorides react with AgF to form
Ar,TeF, and ArTeF;, respectively (Ar = p-MeOCyH,, p-EtOC-H,) (17).
The 'H-NMR spectra of these compounds show the four-line AA’'BB’
signal, characteristic of 1,4-disubstituted benzenes. All the aryltel-
lurium compounds are soluble in DMSO.

4. Perfluoroalkyl Derivatives of TeF,

C,F;TeF; and (C,F;),TeF; are the only perfluoroalkyl derivatives re-
ported so far (46). C,F;TeF;, a white solid (mp ~95°C), is formed in the
reaction of (C,Fy),Te with CIF in the ratio 1:6 at — 78°C, besides traces
of trans-C,F3TeCIF, and TeClF;, compounds to which C,F;TeF, is fur-
ther converted by excess CIF at room temperature. It forms adducts
with CsF, and also reacts with SbFy to yield C,FsTeF,-2SbFs.
(C.Fy),TeF, is a liquid (mp ~4°C), resulting from the reaction of
(C;Fs);Te with CIF in a 1:2 ratio at — 78°C. It forms 1:1 adducts with
CsF as well as with SbF;. No structural data have been reported.
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IV. Oxide Fiuorides of Se(lV) and Te(lV)

A. SeOF,

A reinvestigation of very pure SeOF, (impurity calculated 1.8% mole
fraction) gave a melting point of 15.01°C, AH,; = 1.93 *+ 0.05 kcal
mol~1, and AH,,, = 11.2 * 0.2 kcal mol~! (29). The hydrolysis reaction
of SeOF, with NaOH according to Eq. (8) formed the basis for a deter-
mination of AHRe = —137.2 = 3.8 kcal mol~! (30).While observing
the formation of this compound in the reaction of CIF with SeQ,, the
BF.NMR spectrum of SeOF, was recently recorded [6(CCLF) =
—38.6 ppm] (107).

SeOF,q, + 4NaOH,q — Na;SeOsq + 2H,;0, (8)

The microwave spectrum of SeQF, served for an extended analysis of
the structure of this molecule. The following parameters have been de-
duced: rseo = 1.576; rser = 1.7295 A; FSeF = 92.22°; OSeF = 104.82°.
The dipole moment is 2.84 D along an-axis at an angle of 50.30° to the
SeO bond and in the plane that contains this bond and bisects the FSeF
angle 22).

1. SeOF, and Lewis Acids

SeOQF, reacts with NbF;, yielding colorless needles of the composi-
tion SeOF,-NbF; (61). The atomic arrangement is reproduced in Fig. 8,
and the interatomic distances and angles are given in Table XI. The
bridging atom has been assumed to be oxygen by analogy with the
SeOCl,-SbClg adduct (94), since it cannot be distinguished from fluo-
rine by X-ray methods. While Nb is at the center of a somewhat dis-
torted octahedron with approximately C,, symmetry, three inter-

F(2)

Se
Fic. 8. Atomic arrangement in SeQOF,;-NbF;. From Edwards and Jones (51).
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TABLE XI
DisTANCES AND ANGLES IN SeOF; AND
SeOF, NbF,
SeOFga SeOFg'Nngb
Species (vapor) (adduct)
Se—F (A) 1.7295 1.68
Se—O0 (A) 1.576 1.60
FZSe>F (deg) 92.22 92.6
FZ8e=0 (deg)  104.82 99.7

2 From Bowater et al. (22).
® From Edwards and Jones (51).

molecular Se—F contacts complete a much distorted octahedral
coordination around selenium

2. SeOF, and Lewis Bases

KSeOF;, together with related complexes of the general formula
M(Se0X;) X = F, Cl, OCH;, OC;H;), were prepared and investigated
by studying their infrared and Raman spectra (131). KSeOF; (mp
138°C) is formed exothermally from KF in excess SeOF;. At about
400°C, a reverse decomposition starts. The spectra are interpreted as
confirming the expected geometry with two fluorine atoms at the
apices of a pseudo-trigonal bipyramid, in agreement with the predic-
tions of the VSEPR theory (80).

B. SeOCIF

While studying various systems involving selenium compounds,
some NMR evidence for the formation of SeOCIF in a mixture of
SeOCl; and SeOF, has been obtained (18).

C. SeO,F~ AnD SeQO,Fi-

KSeO,F, originally prepared from SeO; and KF and investigated by
Paetzold and Aurich (130), was reinvestigated recently and its infrared
and Raman spectra compared with the spectrum of the isoelectronic
molecule BrO,F (83). The salt was made either by heating equimolar
amounts of KF with SeO, or by shaking a suspension of the starting
materials in DMSO. CsSeO,F can also be prepared from the compo-
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nents in liquid SO, (145). An assignment of the spectral lines in agree-
ment with an assumed C, symmetry is presented which confirms ana-
logies with BrO,F, SeO,(OH)~, and SO,F~ (83).

The aforementioned frequencies have been used for a force-constant
calculation (Z3). The bond orders deduced with the simple method of
Siebert (167) are 0.63 for the Se—F bond and 1.5 for the Se—O bond.
These values also prove a general similarity to BrO,F and CIO,F. The
low value of the Se—F force constant and high value of the correspond-
ing mean vibrational amplitude, as well as its large temperature de-
pendence, are attributed to a large ionic character and also point to the
possibility of some fluorine bridging in the crystal lattice, as suggested
earlier (130, 167).

K,SeO,F, (always containing some KSeO,F) forms at 300°C in a melt
of excess KF with SeO,. The Raman spectrum of the salt is consistent
with SeO,F}~ having C,, symmetry, similar to ClO,F;, I0,F;, and
TeO,F%~ (83).

D. Te(IV) OxipE FLUORIDES

1. M,TeO.F, (MTeO,F) and M,TeOF,
TeO, + MTeF; + 3MF — 2M,TeOF, )]

CsTeOF, and KTeOF, ere prepared according to Eq. (9) by heating
the components in a platinum boat to 550°C. No reaction was observed
on refluxing the starting materials for 24 hours in DMSO. Cs,TeO,F,
and Rb,TeO,F; could be obtained from MF and TeQO, in the ratio 2:1 by
heating to 800°C (119). No compounds of the type M(I)TeO,F (M = Cs,
Rb) could be obtained, quite contrary to the behavior of SeO, which
readily reacts to yield M()SeO,F (130).

The potassium salts of the isoelectronic anions SbFZ~ and TeOF; are
isomorphous, according to X-ray powder photography. This is also true
for the cesium salts. An assignment of the vibrational spectrum con-
firms the basic C,, symmetry and the prediction of VSEPR theory (80)
that the oxygen atom is axial. The vibrational spectra of M,TeQ,F,
compounds show evidence of oxygen bridging. The spectra are compati-
ble with C,, symmetry, with the oxygens in equatorial positions.

2. H,Te,04F,

In 1976, an X-ray powder diffraction analysis of a substance ob-
tained from TeQO,, dissolved in concentrated hydrofluoric acid,
was performed (96). The orthorhombic crystals had the composi-
tion H,Te,0,F;. The structure was shown to be characterized by
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(OTeF,—O—TeF,0)*~ anions, which are linked by hydrogen bonds
(O—H - - - F) to form a very distorted diamond network. Each tel-
lurium atom is at the center of a much distorted trigonal bipyramid,
with two axial fluorine atoms. The nonbonding electron pair, as well as
two oxygen atoms (one of them bridging two tellurium atoms), take
up the equatorial positions. The distances (A) derived are: Te—O
(—H - - ), 1.896; Te—O— (bridged), 1.919; Te—F (terminal), 1.931;
Te—F ( s H-bridged), 2.012; O—H, 1.0; H - F 1.6. The angles
are: Te—F—Te, 120° F—Te——F 158.3°% and O—Te——O 95.9°.

3. Mossbauer Spectra of Te(IV) Oxide Fluorides

A study of the general features of the isomer shifts and quadrupole
splittings in the ?*Te-Mossbauer spectra of K,TeO,F,, Cs,TeQ,F,,
CsTeOF,, and KTeF,, together with a number of Te(IV) oxides, has
been undertaken (¢7). The results are explained in terms of about 10%
s-character in the bonding orbitals. A description of the bonding in
these compound in the form of sp?, spd, and sp*d? hybrids would over-
emphasize the role of the 5s-electrons in the bonding.

V. Hexahalides

A. SeFg aND TeF,

The six fundamental vibrational frequencies for SeFg and TeFg are
given in Table XII (21,37, 38, 103 ). Force constants for SeFg, calculated
with the frequencies from vapor-phase Raman spectra (21) and using
isotope shifts and Coriolis coupling constants as additional data (103),
are listed in Table XIII in comparison to TeFg (1, 24, 104, 125, 139).

Vapor-phase intensity studies of the Raman-active bands of SeFg
and TeFg yielded, via electrooptical parameters, a Pauling covalent
bond character of Se—F = 0.60 and Te—F = 0.47, and Pauling elec-

TABLE XII

FUNDAMENTAL VIBRATIONAL FREQUENCIES (cm™!)
FOR SeFg AND TeFq IN THE VAPOR PHASE®

Vl(au) V’(e.) l’a( flu) V4( flu) V;( fz.) V.( fg“)

SeF, 708.0 658.3 779.3 435.3 402.5 263.5
TeF, 697.6 671.5 751.5 326.5 3123 201.0

2 From refs. (21, 37, 38, 103).
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TABLE XIII
ForcE CoNSTANTS FoR SeFy; aND TeF,
(mdyn A1y
Force constant SeF, TeF,
Fy(a,g) 5.61 5.50
Fyle,) 4.85 5.08
Fos(fiu) 4.93 4.78—-4.98
Fol fiu) 0.46 0.01-0.24
Fu(fiv) 0.646 0.40
Fu(fig) 0453 027
Feo( fou) 0.389 0.22
A 5.02 4.99-5.11
frr 0.13 0.07
I 0.09 0.009-0.05

2 Refs. (I, 24, 104, 125, 139).

tronegativity for Se = 2.55 and Te = 2.25 (38). From molecular-beam
studies of the reactions of K and Cs with SeFg and TeF, electron affini-
ties (eV) of SeFg = 3.0 and TeFg = 3.3 have been derived (8, 42). Elec-
tron diffraction data on TeFy have been reanalyzed and yielded a
Te—F distance at 20°C of 1.815 A (86), compared with a value for
Se—F in SeFg of 1.688 A (66). The formation and properties of the
transient species SeFg and TeFg have been investigated (20, 93 122,
184). Charge-transfer interactions of SeFg and TeF with aromatic hy-
drocarbons and fluorocarbons have also been demonstrated (90-92).

1. Hydrolysis of SeFg and TeFg

Hydrolysis of TeFg occurs stepwise via fluoroorthotelluric acids,
Te(OH),Fs_, (n = 1-5), which possess considerable stability in the re-
sulting equilibrium mixture (57, 67). By means of *F-NMR spectros-
copy, most of the possible stereoisomers of these acids have been de-
tected. With the exception of HOTeFs, prepared by a different route
(61), none of the hydrolysis products has been isolated so far. HOTeF
hydrolyzes stepwise as well, a separation of the products being possible
by paper chromatography (61, 101). Alternatively, by reacting ortho-
telluric acid, Te(OH)s, with HF (40% or AHF), up to four hydroxy
groups can be replaced by fluorine (67, 101).

In contrast to TeFg, mixtures of SeFg and H,O appear not to interact
over long time intervals at room temperature (57). HOSeFs and possi-
bly HSeO;F, however, are detected by *F-NMR spectroscopy in solu-
tions of selenic acid in AHF (57).
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2. Alcoholysis of TeF

The reaction of TeFg with alcohols in the presence of sodium fluoride
or pyridine as HF acceptors yields a variety of mono-, di-, and tri-
alkoxotellurium(VI) fluorides (39, 44, 68-70, 72):

TeF, + nROH = TeF,_.(OR), + nHF 10)

With sodium alkoxide, up to five fluorines can be substituted in TeFy.
Alternatively, oxidative fluorination of Te(OR), affords the correspond-
ing difluorotellurium(VI) species TeF,(OR), (70).

F;TeO(CH,),0TeF;, cis-{O(CH,;),O]TeF,, and related compounds are
formed in reactions of TeFg with ethylene glycol and other polyhydric
alcohols (69). The alkoxotellurium(VI) fluorides isolated so far are dis-
tillable liquids with considerable stability against hydrolysis. Some of
these compounds have been prepared more easily by reacting diazoal-
kanes with pentafluoroorthotelluric acid (174), as in Eq. (11):

RCHN; + HOTeF, = N, + RCH,OTeF, 11)

In contrast to alcohols, trimethyl- and triphenylsilanol react with TeFg
to form the corresponding fluorosilane and pentafluoroorthotelluric
acid (71). The system TeF¢—~ROH has also been studied by reacting
Te(OCHjy)g with anhydrous hydrogen fluoride [Eq. (12)].

Te(OCHy)s + nHF = Te(OCH,)s_.F» + nCH;0H (12)

Evidence for the existence of most of the possible substitution products
has been obtained by *F-NMR spectroscopy 3).

3. TeF§(NR,), TeF (NR,),, and Related Compounds

Cleavage reactions of the silicon-nitrogen bond of silylamines by
TeFg affords aminotellurium(VI) fluorides (73, 74, 76) as in Eq. (13),
where n =1, 2:

nR,;N—Si(CHy); + TeF, = TeF,_.(NR,), + nFSi(CHy), (13)

The dialkylaminotellurium(VI) pentafluorides are pale yellow liquids
that decompose rapidly above 35°C. Bis(dimethylamino)tellurium(VI)
tetrafluoride is a pale yellow solid, mp 57°C. The compounds have been
characterized by IR, Raman, 'H-NMR, YF-NMR, and mass spectros-
copy. Reaction of (R,Si),NH with TeF, produces R;SiNHTeF; (mp 9°C),
which can be cleaved with HF to yield aminotellurium(VI) penta-
fluoride (155) [Eq. (14)].

R,SiNHTeF; + HF = R,SiF + H;NTeF, 14)



210 A. ENGELBRECHT AND F. SLADKY

H,NTeF (mp 82.5°C, bp 121°C) exhibits acid as well as base behavior:
a 1:1 adduct is formed with AsFy, and cleavage of R;SiNHTeF; with
CsF affords Cs*NHTeF; (155).

The experimental finding that predominantly cis products are
formed in various disubstitution reactions on TeFg has been explained
on the basis of an MO study (9).

4. TeF; and TeF%

The reaction of TeFg with CsF and RbF was reinvestigated with C¢Fg
as solvent (148). With CsF, a limiting composition of CsF-TeFg is ap-
proached, while RbF gives a compound of composition 2RbF-TeFg.
These materials are stable in the solid state only. The IR and Raman
spectra have been tentatively interpreted in terms of Dy, and D,4 struc-
tures for the TeF; and TeF%~ anions, respectively.

5. Te(OH)g'NaF and Te(OH)g2KF

Te(OH), forms adducts with alkali-metal fluorides such as Te(OH)g:
NaF or Te(OH)¢-2KF (102). Single-crystal X-ray diffraction shows
that, contrary to the earlier assumption, there is no direct bonding of
fluorine to tellurium. The fluoride ions are incorporated into the struc-
ture by short O—H - - - F hydrogen bonds 6, 7).

B. SeF;Cl, TeF;Cl, anp TeF,Br

SeFsCl (mp —19°C, bp 4.5°C), first obtained from SeF, and CIF (41),
is best prepared from CsSeF; and CIOSO,F (144), as in Eqs. (15).
TeFsCl (mp ~28°C, bp 13.5°C), first obtained from TeCl, and F, using a
flow method at 25°C (75), is more conveniently prepared by reacting
CIF with TeF,, TeCl,, or TeO, (106). TeF;Br has only been detected in

TABLE XIV

StreTCHING FORCE CoONSTANTS (mdyn A-1)
ror SeF;Cl® anp TeFCl®

Constant SeF,Cl TeF,Cl

A 442 4.93
f. 431 4.76
f 275 2.86

% From Christe et al. (36).
® From Brooks et al. (24).
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the fluorination of TeBr, by its *F-NMR spectrum (75). Normal coordi-
nate analyses were carried out for SeF;Cl and TeF;Cl (Table XIV) (24,
36, 183). In both cases, there is a decrease of the stretching-force-con-
stant values from MF, to MF5Cl. Obviously, the substitution of one flu-
orine atom in MF, by the less electronegative chlorine atom causes an
increased polarity of the remaining M—F bonds. Only for TeF;Cl have
molecular parameters been reported, derived from microwave spectral
analysis (109): Te—Cl, 2.250 A; and, if equality of axial and equatorial
Te—F distances is assumed, Te—F measures 1.830 A and the angle
(Fay—Te—F,,) is 88° 15'.

CsF + SeF, = CsSeF; 15)
CsSeF; + CIOSO,F = SeF;Cl + CsOSO,F

VI. Chemistry of the F;SeO and F;TeO Groups

The FsSeO group, and especially the F;TeO group, can best be char-
acterized as pseudohalogens or, more specifically, as pseudofluorines.
After the discovery of pentafluoroorthotelluric acid, HOTeF; (59, 61), it
soon became clear that the chemistry of the F;TeOQ group is almost as
extensive as that of fluorine. This is especially illustrated by the stabil-
ity of xenon(II) pentafluoroorthotellurates (168-173). Exceptions,
with no corresponding F;TeO or F;SeO compounds known so far, ap-
pear to be only KrF, and some high-oxidation-state compounds such as
CIF;, IF;, or PtFg. The preparation of pentafluoroorthoselenic acid,
HOSeF; (149), then allowed most of the chemistry achieved with the
FTeO group as a ligand to be duplicated.

The similarity to fluorine as a ligand, and especially the ability of
the FsSeO and FsTeO groups to form the most stable xenon compounds
besides the simple fluorides, is certainly associated with high group
electronegativities. Using the Dailey—Schoolery or Cavanough-Dai-
ley equations (32, 43) for calculating group electronegativities from
'H-NMR data of the corresponding ethyl compounds (C,H;F,
C,H;OTeFYy), a group electronegativity of 3.87 for the F;TeO group in
comparison to 3.95 for fluorine, is obtained (176). A rationale for this
high electronegativity is certainly the inductive effect of the five flu-
orines, thus additionally promoting (pd)w back-bonding from oxygen to
the chalcogen.

In contrast to fluorine, however, the F;SeO and FsTeO groups are
strictly monodentate ligands with no further tendency for fluorine or
oxygen bridging. This usually leads to relatively low-melting or low-
boiling compounds, despite high molecular weights, and to a good solu-
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TABLE XV
FSeO anD F;TeO CompounDs ofF MAIN-GROUP ELEMENTS®

IA 1A JLIVN IVA VA VIA VIIA VIIIA
(Li, Na, K, Rb, Cs, NH,)* B(OTeFy), R-—OTeF, OPF,;SeF, F;TeOSO,F F:SeQF (120) Xe(OTeF,),
B(OTeFy); (R = alkyl) u64) FTe0S0,Cl1 F,SeOC1 FXeOTeF,
F;SeO-, FsTeO™ L-B(OTeFy); Si(OTeF;), As(OSeFj), (FsTe0),S0, F;SeOBr XeOTeF3
60,151,178) 177,179)  RsSiOTeFy Sh(OSeF,); F;TeOSO;H F;SeOl (168-173)
Al(OTeF;5);  RyGeQTeF; (164) (19,58,59,61) (FysSeO),l Xe(OTeF;),
176) RsSnOTeF, As(OTeFy), F;SeOSO,F (153,154,157) Xe(OTeFy),
azs) 175) (141) (FsSe0);Br OXe(OTe¥F5),
R,SiOSeF, SbF.(OTeFs)s—, FSe0S,0.F Br(OSeFs); (114,115)
(160) 179 152) 153,154) Xe(OSeFy),
CF;COOSeF;5 AcOTe(OTeF,);s FsTeOCl FXeOSeF;
152) AcOSe(OTeF;); (165) 150,156,157,
CF,COQTeF; (180) F,Se(OF), 165,187)
176) 182)
IF,(OTeF5)s-a
I(OTeFu )5
OI(OTeFy)s

IF(OSeF's)s-n
(13)

¢ References are given in parentheses.
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TABLE XVI

FsSeO anp F;TeO CoMPOUNDS OF TRANSITION METALS®

I11B IVB VB VIB VIIB Vil iB 1B
Ti(OTeFs), OV(OSeF;); (162) 0,Cr(OSeFs), AgOTeF; CH,HgOTeF,
Ti(OTeFs);~ (162) (118,178) Hg(OTeFs),
TiCl,(OTeF5),_» MoF (OTeFy)s (165,178)

63,162,181) OMoF,(OTeFy),_, Hg(OSeFy), (151)

WF,(OTeFy),-p
(180)
CIW(OTeFs)s
162)
U(OTeF;),
UF,(OTeFs)g—s
(163,186)

¢ References are given in parentheses.
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bility in apolar solvents. Tables XV and XVI give a listing of the penta-
fluoroorthoselenates and tellurates so far prepared.

A. PREPARATIVE METHODS FOR F;SeO AND F;TeO CoMPOUNDS

In accord with the high acidities of HOSeF; and HOTeF;, acid dis-
placement reactions are frequently performed, affording ionic as well
as covalent compounds as in Eqs. (16)-(18). For the preparation of al-
koxopentafluoroorthotellurates, a method that is widely applied is the
reaction of the respective alcohol with TeFg (Section V,A,2).

E—F + HOXF; = HF + E—OXF; (e.g., XeF,, HgF,) (16)
E—C] + HOXF, = HCl + E—OXF; (e.g., CsCl, TiCl,, BCl,, R,SiCh) (17)
E—CH, + HOXF; = CH, + E—OXF; (e.g., R,Sn, R,Hg) (18)

An extremely versatile reagent for transferring F;TeO groups is
boron tris(pentafluoroorthotellurate), B(OTeF,);. Owing to its extraor-
dinary Lewis acidity (177), a wide range of fluorides interacts with this
compound, as in Eq. (19) (e.g., AsF;, SbF;, XeF,, XeFg, MoF,, WF,,
UFy):

E—F + B(OTeFy); = 4BF; + E—QTeF, 19

Similar reagents, although more limited, are R,SiOTeF; and
Hg(OSeF5;), .

B. HOSeF, anp HOTeF,

Pentafluoroorthotelluric acid, HOTeF; (mp 39.1°C, bp 59.7°C), is eas-
ily obtained in high yield from BaH,TeO,4 (62) and HOSO,F 26, 58, 59,
61) as in Eq. (20):

BaH,TeO, + THOSO,F = HOTeF,; + Ba(SO,F), + 5H,S0, (20)
Pentafluoroorthoselenic acid, HOSeF; (mp 37°C, bp 44°C), is best pre-

pared from SeO,F,, HOSO,F, and HF or KHF, as in Eq. (21) (149, 151,
157, 165):

SeQ,F; + 2HOSO,F + KHF, = HOSeFs + KSO,F + H,SO, 21
Both compounds are strong acids, HOSeF; exhibiting higher oxidizing
and fluorinating behavior than HOTeF;. The pK, value of 8.8 for

HOTeF, in glacial acetic acid is in the range of sulfuric acid (pK, = 7.0)
and hydrogen chloride (pK, = 8.4) (135, 136, 142).
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TABLE XVII

STRETCHING FoRrcE CONSTANTS (mdyn A-!)
FoR FySeO~ anp F TeO ¢

Constant F;SeO~ F;TeO-
fo 6.49 6.16
f 3.59 4.16
fa 2.98 3.38
fo: X—O stretch; f,: X—F,, stretch; fp: X—F,,
stretch

¢ From Mayer and Sladky (118).

C. FSeO~ anp FTeO~

Group IA salts containing the FsSeO~ or F;TeO~ anion are prepared
by interaction of group IA chlorides or fluorides with the respective
acids (60, 151, 178). (Cs, NH,)*F;SeQ~ salts are cubic, adopting a NaCl
lattice (157). (K, Rb, Cs, NH,)*F;TeO™ salts are rhombohedral, adopt-
ing the KOsFg structure, which is related to the CsCl lattice. From
crystallographic data, an anion radius for F;TeO~ is computed which
shows this ion to be somewhat larger than an iodide ion (178).

A normal-coordinate calculation has been carried out for F;SeO~ and
Fs;TeO~, as shown in Table XVII (118). The values for the oxygen
stretch, f,, indicate for F;XO~ bond orders somewhat smaller than
2 (fo, SeO,F, = 8.00 mdyn A-?). Obviously, resonance structures such
as F"XF, =0 are dominant over F;X—O~-, as expected from the
higher electronegativity of fluorine against oxygen. This polarization
of the X-F bond also explains the strong drop of fx_y from XF,
(fx—r = 5) to FsXO~. Additionally, MO arguments favor a stronger po-
larization of the fluorine atom trans to oxygen, compared to the equato-
rial fluorine atoms, thus causing f; to become smaller than f, (118).

D. FsSeOSeFs anp F;TeOTeF,

Bis(pentafluoroselenium) oxide, FsSeOSeFs (mp —82.1°C, bp
55.2°C), is produced besides F;SeOO0SeF; by the reaction of fluorine
with selenium dioxide (141, 182). Bis(pentafluorotellurium) oxide,
F;TeOTeF;s (mp —36.6°C, bp 59.8°C) is prepared by the method shown
in Eq. (22) (68). This compound has been obtained several times since
1933, but was always mistakenly characterized as Te,F,,. The pro-
posed existence of Te,F,,, which in fact has not been prepared to date,
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TABLE XVIII

MOLECULAR PARAMETERS oF FSeOSeF;
AND F;TeOTeF,*

Parameter FSeOSeF; FyTeOTeF;
X—0 170 A 1.83 A
X—F, 1.68 A 1.82A
X—Fu 1.66 A 1.80 A
Angle (XOX) 142° 145°
Angle (F,,XF,,) 88.9° 89.9°

¢ From Oberhammer and Seppelt (126,127).

is a common textbook error (191). Both compounds, though formal an-
hydrides of the corresponding acids, are quite resistant against hydrol-
ysis.

(FyTe0),80, + CsF = FTeOTeF; + CsOSO,F (22)

An electron diffraction study of Fs;SeOSeF; and F;TeOTeF; shows a
high bridge angle which is larger in the tellurium compound, although
steric hindrance diminishes in going from selenium to tellurium. The
equatorial fluorine atoms have an eclipsed orientation. An explanation
is given in terms of some (pd)7-bonding between oxygen and the chal-
cogen (126, 127). Molecular parameters are shown in Table XVIII.

E. Se,0,F;, Te,0,F;, AND OTHER TELLURIUM-OXYGEN-
FLuORINE COMPOUNDS

Se,O.Fs (mp —12°C, bp 65°C) and Te,O,F; (mp 28°C, bp 77.5°C) are
prepared by pyrolysis of NaOSeF; and LiOTeF; or B(OTeF;),, respec-
tively (128, 159, 160, 190). The molecular structures of these two com-

TABLE XIX

MoLECULAR PARAMETERS oF Se,O,F; anD
Te,O.Fs*

Parameter Se;0,F; TeO,Fy

X—0 1.78 A 192 A
X—F,, 1.67 A 1.80 A
X—F,, 170 A 1.85 A
Angle (X0X) 97.5° 99.5°
Angle (0X0) 82.5° 80.5°

¢ From Oberhammer and Seppelt (128).
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TABLE XX

TELLURIUM~ OXYGEN- FLUORINE COMPOUNDS

Compound mp, °C bp, °C Ref.
FyTeOTeF, -36.6 59.8 58,127
FsTeOOTeF, -39 81.5 165,171
Te,O,F, 28 775 128
trans-F,Te(OTeF,), 19 150 112
cis-F,Te(OTeF,); 265 127 112
trans-F,Te(OTeF;), 76 110(33) 138
cis-F,Te(OTeF,), -12 63(2) 111,112
(TeF,0), 250 177
FTe(OTeFs)s 48 95(5) 112
Te(OTeFs)g 242.5 100(0.01) 112
Te(OTeFy), 90 90(0.01) 112

pounds have been determined in the gas phase by electron diffraction
(128). The skeleton of each molecule is a planar four-membered ring,
formed by the two chalcogens and two bridging oxygen atoms. The
compounds can be looked upon as the dimerization products of the un-
known OTeF, and of OSeF,, which has only a transitory existence
(158), thus illustrating the instability of 5-fold coordinated Te(VI) and
Se(VI). The more important molecular parameters are listed in Table
XIX.

Other decomposition products of B(OTeFy); are F;Te(OTeF,),0TeF,
(n=1to ~25) (I77). The simplest members of this series cis- and
trans-F,Te(OTeFj),, have also been obtained by the thermal decompo-
sition of Xe(OTeFy), (112, 171). cis- and trans-F,Te(OTeFy), are pre-
pared by fluorination of Te(OTeFy), with fluorine. Further tellurium-
oxygen~fluorine compounds have been synthesized by reacting
B(OTeFy), with TeF,, and Te(OTeF;), with XeF, or Xe(OTeFy),; see

TABLE XXI
ReacriONS OF SeQ,F,

Reagent Product Reference
(RO),SeO, ROSeO,F 132
N;O3/N;O, or HNO;  NO*, NO;SeO,F- 33,49
HF/HOSO,F HOSeF, 149
(Se0;), Se;O,F, 48
(Se0,), FSe0,0SeOF 48
MHSeO, MSeO,F, HOSeO,F 33

NH,SeO,NH, NH,N(SeO,F), 143
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Table XX (111, 112, 137, 138). Most of these oxide—fluorides are quite
stable against hydrolysis and rather volatile, despite high molecular
weights.

VIl. SeO,F,

SeQ,F, (mp —99°C, bp —8.4°C) is still best prepared from BaSeO,
and fluoroselenic acid (64). It is a starting material for derivatives of
fluoroselenic acid, shown in Table XXI. Fluoroselenates with the struc-
ture F,As(0Se0,0AsF),05e¢0.F and related compounds are obtained
in reactions of AsF; and SeO, (189).
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