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Abstract: The novel seven-coordinated BfF and SbF?~ dianions have been prepared and characterized.
The CsBiF7, RBiF7, K2BiF7, and NaBiF; salts were obtained in high yield by heating Bikith an excess

of the corresponding alkali metal fluorides to about 280 Attempts failed to prepare the corresponding
BiFg®~ salts or LpBiF; under similar conditions. The [N(Gh#].BiF; salt was obtained by the combination

of excess N(Ch)4F with BiFs in CH3CN solution at—31 °C. The (NQ):BiF; salt was prepared from BiF

and a large excess of liquid FNO af78 °C and decomposes at room temperature to N@Bitel FNO. The
corresponding GSbF, K,SbF, and [N(CH)4].SbF salts were also synthesized in a similar fashion, but
NaSbF, was not formed. The pronounced fluoride ion affinity of $bkvas further demonstrated by the
formation of some GSbF, when dry CsF and CsSbkkere ball-milled at room temperature. The BiFand
SbF2~ anions, which are the first examples of binary pnicogen compounds with coordination numbers in
excess of six, were characterized by vibrational spectroscopy and ab initio electronic structure calculations.
They possess pentagonal bipyramidal, highly fluxional structur&s;p§ymmetry, similar to those of frand

TeF~, which are isoelectronic with Sk¥. Although our theoretical calculations indicate that AsFs also
vibrationally stable, experiments to prepare this dianion were unsuccessful.

Introduction only one but also two Fions with formation of the TeF and
. TeR?~ anions, respectivel{;1° suggested that isoelectronic
Except for cluster compounds, such as {§s(CO)]*" and SbR~ might also possess sufficient Lewis acidity to add a

[Rh1zSb(CO)7°", in which the pnicogen atoms are located second F ion and form a stable Sk dianion. Therefore, it
inside a cluster cavit}:? the maximum coordination numbers 55 interesting to explore whether the well-known heavier
(CN) reported for binary antimony and bismuth compounds, as hexafluoropnictate anions, AsF112 SbR;~ 1213 and Bif;~,14

a rule, do not exceed six. Even in the triply charged $bCl  ¢oyid bind additional F ligands and form multiply charged
SbBi*", and BICE anions, in which the central atom anions with coordination numbers higher than six.
possesses, in addition to the six halogen ligands, a free valence

electron pair, the latter is sterically inactive, and CN 6 is not Experimental Section

exceeded.®> CN 6 had been generally accepted as the coordina-
tion limit for the pnicogens, and it appears that, probably due
to tf;e magic™ stability traditionally attrlbutgd to the Spnd in platinum crucibles, transferred while hot to the drybox, and finely
sp’d? valence electron shells, no systematic eff_orts have beenpowdered. Antimony pentafluoride and Aszark Mahoning Co.)
made to expand the 12 valence electron shells in the hexafluo-yere purified by fractional condensation. Bismuth pentafiuoride (Ozark
ropnictate(V) anions. However, the relatively high' kon Mahoning Co.) did not contain any detectable impurities and was used
affinity of TeFs (~80 kcal mot?)® and its ability to bind not  as received. Acetonitrile (Baker, bioanalyzed, with a water content of
less than 40 ppm) was treated with(2 and freshly distilled prior to

Materials and Methods. The synthesis of anhydrous N(GF
has been previously describ¥dThe alkali metal fluorides were fused
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use. The E(Air Products) was passed through a NaF scrubber for the in a dynamic vacuum, the solid lost half of its FNO content, leaving

removal of HF. Nitrosyl fluoride was prepared from NO angddt
—196°C in a Teflon-FEP U-trap and purified by fractional condensa-
tion.t6

Acetonitrile was transferred in a flamed-out Pyrex glass vacuum line

that was equipped with Kontex glas$eflon valves and a Heise

behind NOBIF [Ra at 25°C: NO', v = 2338(5); Bik~, vi(A1g =
590(100),vo(Eg) = 547(3) and 519(11)ys(F2g) = 247(13), 231(10)
and 212(2)] and unreacted BiF
Preparation of M,SbF (M = K, Cs, N(CH3)4). The procedures
and reaction conditions were analogous to those described above for

pressure gauge. The oxidizers were handled in a stainless steel vacuurM;BiF,, except for using SbFn place of Bifs. With a mole ratio of

line equipped with TeflorFEP U-traps, 316 stainless steel bellows
seal valves, and a Heise pressure gatig8olids were handled in the
dry nitrogen atomosphere of a glovebox.

MF:Sbks of 3:1 and heating for 4 days to 25C, the mole ratio of
SbFR?":SbR~ in the product was about 3:1. However, heating of a
mixture of CsSbkand CsF in a mole ratio of 1:2 to 30C for 45 h

Infrared spectra were recorded on either a Perkin-Elmer model 283 resulted in essentially complete conversion of Cs3bFCsSbF.

or a Mattson Galaxy spectrometer using AgBr disks prepared by A mixture of CsSbkand CsF in a mole ratio of 1:2, together with
pressing the finely powdered sample between two thin AgBr plates in two steel balls, was placed into the stainless steel cup of a high-
a Barnes Engineering minipress inside the glovebox. Raman spectrafrequency “Wig-L-Bug” shaker, normally used for the preparation of
were recorded on either a Cary model 83 GT or a Spex model 1403 samples for infrared spectroscopy. The Raman spectrum of the mixture
spectrophotometer using the 488-nm exciting line of an Ar ion or the after 1 h ofvigorous shaking at room temperature showed a conversion

647.1-nm line of a Kr ion laser, respectively. A previously described
device was used for the recording of the low-temperature spectra.
Preparation of M;BiF; (M = Na, K, Rb, Cs). In a typical
experiment, finely powdered dry KF (21.0 mmol) and 8{¥.0 mmol)
were loaded inside the drybox into a prepassivated (with)G15-mL
Monel reactor which was closed by a Monel valve. On the metal

of SbR~ to SbR?~ of about 13%.

Reactions of CgXF7 (X = Bi, Sb) with Anhydrous HF. Samples
of 1:1 mixtures of CsBiF//CsF or CsSbFR/CsF, when treated with a
large excess of anhydrous HF at room temperature, were converted to
CsXFk and 2CsHE, as shown by mass balance and vibrational
spectroscopy.

vacuum line, the reactor was evacuated, and gaseous fluorine (300 Torr) Computational Methods. Quantum-chemical calculations employ-

was added. The reactor was heated in an electrical oven tdQ iy

ing the Hartree-Fock (HF) self-consistent-field and MgllePlesset

4 days. The reactor was removed from the oven, and the fluorine gassecond-order perturbation theory (MP2) methods were performed for
was pumped off. The white solid product (3349 mg, mass calcd for the freeDs, symmetry BiF?~ compound in several atomic basis sets,

7.0 mmol of KBiF7 and 7.0 mmol of KF= 3348 mg) was shown by
vibrational spectroscopy to be a mixture ofB{F; and KF and did
not contain any amounts of KBjFor unreacted Bi§; detectable by
Raman spectroscopy. Using only a 2:1 mole ratio of MFsBaRd
lower reaction temperatures and shorter reaction times?Bigalts
were still the major products but frequently contained some MBIF
impurities. For the synthesis of g&F7, a 3:1 mole ratio of CsF:Bi-
and a reaction temperature of 310 for 4 days gave a product that
was essentially free of BiF.

Preparation of [N(CH3)4-BiF;. In the drybox, a prepassivated
(with CIR3) ®/4-in.-0.d. Teflon-FEP ampule, which was equipped with

yielding equilibrium structures and vibrational spectra. To calibrate
the methods and basis sets, analogous calculations were carried out on
the well-characterized and closely related octahedraj BiRion. Basis

set 1 was comprised of a doubleplus polarization (DZP) basis on
fluorine atomg?! with DZP basis sets for the valence shells and effective
core potentials (ECP) for the inner shells of bismitthBasis set 2
consisted of the 6-311G(d) fluroine baSisand the LANL2DZ224
bismuth ECP/valence-DZ basis supplementedh &itl function having

an exponent of 0.185 on bismuth. Basis set 3 was comprised of the
SBKJC valence-doublé-and ECP sets for both fluorine and bismuth
atoms?4~26 supplemented with d functions having exponents of 0.80

a Teflon-coated magnetic stirring bar and was closed by a stainlessand 0.185, respectively, and with diffuse s and p functions with common

steel valve, was loaded with anhydrous N@H (1.93 mmol). On
the glass vacuum line, dry GBN (5.754 g) was added at196 °C,

exponents of 0.1076 and 0.0215, respectively. Basis set 4 was simply
basis 2 supplemented with diffuse s and p functions having common

and the mixture was warmed to room temperature to dissolve the exponents of 0.1288 and 0.0515 for fluorine and 0.0298 for bismuth.

N(CHs)4F. The ampule was cooled 6196 °C, and Bifs (0.961 mmol)

And finally, basis set 5, comprised from elements of sets 3 and 4, can

was added to the cold ampule inside the drybox. The ampule was be succinctly summarized as F:6-311G(d;=sp0.1288, 0.0515)/Bi:

reconnected to the glass line and warmeet-81 °C for 100 min with
stirring. Upon melting of the CECN, a yellow color was observed,
followed by the formation of a light yellow precipitate. The €N
solvent was pumped off at22 °C in a dynamic vacuum, leaving behind
499 mg (mass calcd for 0.961 mmol of [N(@k]-BiF; = 471 mg) of
a light yellow solid which, based on its vibrational spectra, contained
mainly the BiF?~ and N(CH),* ions>'%in addition to some small
amounts of Bis~ and some HF and HFs;~,° which can account for
the extra weight.

Preparation of (NO),BiF7. In a typical experiment, Bi-(1.618
mmol) was loaded in the drybox into a prepassivétgth.-o.d. Teflon-

FEP ampule which contained a Teflon-coated magnetic stirring bar and
was closed with a stainless steel valve. On the metal vacuum line,

FNO (23.83 mmol) was added atl96°C, and the mixture was stirred
for 24 h at—78 °C. The excess of unreacted FNO (21 mmol) was
pumped off at-78 °C, leaving behind a white solid which was shown
by low-temperature Raman spectroscopy to be a mixture of;yNO
BiF7 and unreacted B#{596(100), 569(10), 252(8), 165(7)br, in good
agreement with a previous rep8tt On warming to room temperature

(16) Christe, K. O.; Schack, C. horg. Chem 197Q 9, 1852.

(17) Christe, K. O.; Wilson R. D.; Schack, @. Inorg. Synth1986 24,
3.

(18) Miller, F. A.; Harney, B. M.Appl. Spectroscl1969 23, 8.

(19) Wilson, W. W.; Christe, K. O.; Feng, J.; Bau, Ran. J. Chem
1989 67, 1898.

(20) Beattie, I. R.; Livingston, K. M. S.; Ozin, G. A.; Reynolds, DJJ
Chem. Soc. (A1969 958. Beattie, I. R.; Cheetham, N.; Gilson, T. R;;
Livingston, K. M. S.; Reynolds, D. Jl. Chem. Soc. (A}971, 1910.

SBJKC(d= 0.185; sp= 0.01857). Based on results obtained for 8iF
and BiF?~, basis sets 1, 3, and 5 were chosen for use in HF and MP2
calculations on the analogous arsenic and antimony compounds.
Harmonic vibrational frequencies and infrared intensities were
computed on the basis of analytic first and numerical second derivatives
of the molecular energy and first derivatives of the dipole moment with
respect to nuclear coordinates at all levels of calculation. Calculations
employed the GRADSCF, GAMESS?® and Gaussial program
systems. The calculated Hessian matrixes (second derivatives of the

(21) Dunning, T. H., Jr.; Hay, P. J. IMethods of Electronic Structure
Theory Schaefer, H. F., lll, Ed.; Plenum: New York, 1977; Chapter 1.

(22) Wadt, W. R.; Hay, P. J. Chem. Phys1985 82, 284.

(23) Krishnan, R.; Binkley, J. S.; Seeger, R.; Pople, J1.AChem. Phys
1980 72, 650.

(24) Stevens, W. J.; Basch, H.; Krauss, 81.Chem. Phys1984 81,
6026.

(25) Stevens, W. J.; Krauss, M.; Basch, H.; Jasien, FC&. J. Chem
1992 70, 612.

(26) Basis sets and some of the terminology used here were obtained
from the Gaussian Basis Set Library, developed and distributed by the
Environmental and Molecular Sciences Laboratory of Pacific Northwest
National Laboratory, accessible on the World Wide Web at universal
resource locator http://www.emsl.pnl.gov: 2080/forms/basisform.html.

(27) GRADSCF is an ab initio quantum chemistry program system
designed and written by A. Komornicki, Polyatomics Research Institute,
Redwood City, CA.

(28) Schmidt, M. W.; Baldridge, K. K.; Boatz, J. A.; Elbert, S. T.;
Gordon, M. S.; Jensen, J. H.; Koseki, S.; Matsunaga, N.; Nguyen, K. A.;
Su, S. J.; Windus, T. L.; Dupuis, M.; Montgomery, J.JAComput. Chem
1993 14, 1347.
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Figure 1. Raman spectra of solid hBiF7, K;BiF7, Rb,BiF7, and Cs-
BiF, recorded at 25 ane-130 °C. Bands masked by an asterisk are
due to Bik~. The frequencies are listed in Table 1. °
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Figure 3. Raman spectra of (NGBiF; recorded at—130 °C. (A)

Spectrum of mainly (NQPBIiF; containing a small amount of BiF

which is marked by asterisks. (B) Spectrum of mainly £ibntaining
a small amount of (NQBiF7, which is marked by a circle.
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Figure 2. Room-temperature infrared spectra of pressed AgBr disks k
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of the following solids: (A) CsF; (B) CsBif (C) CsBiF, containing
small amounts of CsBifFand CsF; and (D) GBiF, containing about
50% CsF and a trace of CsBiF \

J‘J

energy with respect to Cartesian coordinates) were converted to f | | |
symmetry-adapted internal coordinates for further analysis using the 800 600 400 200
program systems GAMESS and Bm#fx. FREQUENCY, cm’

Figure 4. Vibrational spectra of GSbF. (A) Infrared spectrum of

an AgBr disk recorded at room temperature. (B and C) Raman spectra
recorded at-130 and 25°C, respectively. The bands marked by an
asterisk are attributed to a small amount of ShF

Results and Discussion

Syntheses and Properties of Bi?~ Salts. The syntheses
of the Na", K*, Rb", and C¢ salts of BiR?~ are surprisingly

(29) Frisch, M. J; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. w,;  Simple and were achieved by heating Bikith an excess of
Johnson, B. G.: Robb, M. A.; Cheeseman, J. R.: Keith, T.: Petersson, G. the corresponding alkali metal fluoride to temperatures above
A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski, 230 °C for several days in a Monel reactor (eq 1).

V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;
Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;
Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.
Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P.; Head-
Gordon, M.; Gonzalez, C.; Pople, J. Baussian 94Revision E.2; Gaussian,
Inc.: Pittsburgh, PA, 1995.

(30) Komornicki, A.Bmtrx, Version 2.0; Polyatomics Research Insti-
tute: Redwood City, CA, 1996.

230-310°C
_—

2MF + BiF, M,BiF,

(M = Na, K, Rb, Cs)

@

To preempt a possible reduction of Bi{) to Bi(+lll), a low
pressure of gaseous Wwas used as a protective gas during the



Table 1. Observed Vibrational Spectra of the BIF Dianion
obsd freq, cm? (rel intens)
NagBiF7 KzBiF7 szBiF7 CSzBiF7 [N(CH3)4]zBiF7 (NO)zBi7C
) ) approximate Ra Ra
IR—Ra  assignmentin mode IR, IR, IR, IR, Ra, IR, Ra,
activity  point groupDsp, description  —130°C  25°C 25°C —130°C  25°C 25°C  —130°C  25°C 25°C  —130°C  25°C 25°C 25°C  25°C —130°C
—-Ra A V1 vsym BiFs 561(100) 561(100) 553(100) 549(100) 548(100) 543(100) 540(100) 536(100) 538(100) 546(100)
549(47)  551(40)
Vs vsym BiR 526(3)  520(2) 516(1)  520sh 530(6)  510sh 519(1)  520sh 530sh
519(4) 511(6) 509(1)  505(2) 509(5)
IR— A" V3 vasym BiR (515vs,br}
vy oumbrella Bifs (287vs,bry
IR— Ey Vs vasym Bifs 534vs 528uvs, br 525vs, br 515vs,br 508s
Ve dasym Biks 280vs
in-plane
v7 Jsciss BiR; 287vs,br
-Ra = vg owag BiR 299(1)  299(1) 284sh 279(3) 299(0.5) 2950 295(12)
278(0.5) 267(5) 259(5)  273sh 276(1)  270(1) 277(6)
251(2) 254(2) 255(4) 252(6) 249(6) 249(11) 250(6) 247(6)
233(0.5) 235sh 240sh 229(2) 238sh
—Ra =3 Vg dasym Biks 495(0.5)
in-plane
490(1)  490(2) 469(5)  460(4) 463w 459(5)  452(4)  458vw  454(3)  450(3) 465(2) «
478(0.3) 466(2)  465vw  444(3)  438(2) 430(2)  427(2) 431(0.5) 419(1) 453(1)
465(2) 413(2) 424(1)  409(1) 436(1)
V10 vasym Bifs 376(3) 375(4) 340(5) 332(5) 350(3) 350sh 331(4) 326(4) 353(4)
354(0.5) 358sh 331(6)  330(7) 329(2)
—Ra B" Vi1 dpucker Bifs

2Thewvs band is probably hidden underneath the very strong and brgoband.” The v, band is probably hidden underneath the very stong and brghand.© In addition to the listed Bif?~ vibrations,
the following bands were observed: 2280(9) and 226Q(F"; 172(37,br), 125(3), 106(2), 99(9), 73(3), and 58(3), which are tentatively assigned to-aation interactions and/or lattice modes.

suafoolud paleulploo)-uads
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Table 2. Observed and Calculated Vibrational Spectra of the-ShBianion
obsd freq, cm? (rel intens)
K2SbF CeSbR unscaled calcd freq
assignment in Ra Ra cm (IR intens}
point groupDsp, —130°C 25°C IR, 25°C —130°C 25°C IR, 25°C HF/1 HF/5
A V1 605(100) 604(100) 596(100) 597(100) 608(0) 602(0)
V2 520(7) 517(6) 512(1) 520sh 527(0) 522(0)
A V3 627sh 640(193) 635(199)
Va 345(107) 342(107)
E/ Vs 585vs,br 574vs 559(346) 551(185)
Ve 342vs,br 335vs 392(366) 384(201)
v7 232(7) 233(2)
B Vg 294(17) 297(20) 289(6) 285(5) 293(0) 292(0)
E; Vg 495(6) 495(4) 490(1.5) 492(2)br 501(0) 491(0)
V10 396(7) 395(5) 392(5) 391(5) 377(0) 369(0)
= V11 34(0) 64(0)

aFor basis sets, see text.

Table 3. Comparison of Experimental Frequencies (é)rof
BiF/2~ and the Isoelectronic Series,;JHeF~, SbR2~
IFA TeFR P ShR? ¢ BiF2 ¢
Al 21 676 640 596 545
V2 635 597 512 510
A V3 746 699 627
Vs 365 335 (3009
E/ Vs 670 625 574 520
Ve 425 385 335 284
V7 257
= Vg 319 295 289 260
= Vo 596 (5409 490 460
V10 510 458 392 330
B V11

apData from ref 39 Data from ref 40¢Data from this study.
d Predicted values, based on the trends observed in this table.

heating. However, excessive heating and significant fluorine
pressures must be avoided, as they can result in attack of th

Monel cylinder with the formation of some NiF impurities,

which can be easily detected by their pink color and intense

Raman bands at about 560, 519, and 294%nilo suppress
the simultaneous formation of some BiFsalts, it is advanta-

Cs" salts, and CIF? CIF3,%6 CIF;0,37 and I8 form only stable
K*, Rb*, and C¢ salts.

By analogy to the halogen (see above) or xenon fluorides or
oxofluorides3'=38 BiFs also forms at—78 °C a thermally
unstable (NOBIiF7 salt (eq 2a) which, on warming to room
temperature, loses 1 mol of FNO to give stable ™0 ¢~ (eq
2b).

2FNO+ BiFg o0 - (NO)BIF, (2a)
(NO),BiF, ——~ NOBIF, + FNO (2b)

A stable [N(CH)4]2BiF; salt was also prepared. Due to the
limited thermal stability and oxidizer resistance of N(§4F °
a thermal synthesis at 250 was not feasible, and a low-

etemperature synthesis in GEN solution had to be employed

(eq 3).

—31°C

2N(CH),F + BiFs o o INCH))JBIF,  (3)

geous to use a 50% molar excess of the alkali metal fluorides.

Even with a large excess of alkali metal fluoride, there was no

evidence for the formation of B~ salts under these condi-
tions. Attempts to prepare iBiF; under similar conditions
were also unsuccessful. The lack obRiF; formation is not
surprising in view of the previous findings that the tendency of
alkali metal fluorides to form stable complex fluoroanion salts

with covalent main group fluorides or oxofluorides decreases

from Cs" to LiT. The main driving forces for salt formation
are the fluoride ion affinities of the covalent main group
fluorides and the lattice energy differences between the fluoride
and the complex fluoroanion salts of the alkali metals. Without
exact knowledge of these values, it is difficult to predict exactly
where the cutoff limit for salt formation lies for a given system

Removal of the CHCN solvent at-22 °C resulted in a product
which contained mainly [N(CkJ4"]2BiF7 but also some smaller
amounts of N(CH)4* salts of Big~, HF,~, and HF;~, with

the bifluoride anions being generated by hydrogen abstraction
from CHsCN by either F 19 or the bismuth fluorides.

The alkali metal BiF2~ salts are thermally stable, crystalline,
white solids which exhibit little solubility in convential organic
solvents. Attempts to dissolve the compounds in anhydrous
sHF, resulted in the following displacement reaction (eq 4).

. HF .
M_BiF; + HF —_~ MHF, + MBiF (4)

and can vary somewhat from one system to another. Thus,

SbFR,13 BiFs,4 and IRO 3! can form stable L, Na*, K+, Rb*
and Cg salts of Sbk~, BiFs~,and IO, respectively, while
BiF3,%2 SeR,3% and Seg** form only stable Na, K+, Rb", and

(31) Christe, K. O.; Wilson, W. W.; Wilson, R. Dnorg. Chem 1989
28, 904.

(32) (a) Stein, L. InHalogen ChemistryGutmann, V., Ed.; Academic
Press: New York, 1967; Vol. 1, p 133. (b) Rhein, R. A.; Miles, M. H.
Technical Report 6811; Naval Weapons Center: China Lake, CA, 1988

(33) Christe, K. O.; Curtis, E. C.; Dixon, D. A.; Mercier, H. P.; Sanders,
J. C. P. Schrobilgen, G. J. Am. Chem. Sod 991, 113 3351.

(34) Christe, K. O.; Wilson, W. Wlnorg. Chem 1982 21, 4113.

Similarly, when N(CH)4F and SbEin a 2.2:1 mole ratio were
combined at-45°C in SG solution, only N(CH)4"SbR~ and
N(CH3)4s"SO,F~ were obtained in quantitative yield. This
indicates that, in S@solution, these heptafluoropnictate(V)
dianions also undergo solvolysis (eq 5).

(35) Christe, K. O.; Guertin, J. Pnorg. Chem 1965 4, 1785.
(36) (a) Christe, K. O.; Wilson, W. W.; Wilson, R. Inorg Chem 1989
28, 675. (b) Wilson, W. W.; Christe, K. Onorg. Chem 1989 28, 4172
. and references therein.
(37) Christe, K. O.; Schack, C. J.; Pilipovich, Dhorg. Chem 1972
11, 2205.
(38) Christe, K. Olnorg. Chem 1972 11, 1215.
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Table 4. Unscaled Calculatédvibrational Frequencies (ct) and IR Intensities (km/mol) obs, BiF2~

assignment HF/1 HF/2 MP2/2 HF/3 MP2/3 HF/4 MP2/4 HF/5 MP2/5

AY ” 568(0) 581(0) 511(0) 579(0) 482(0) 572(0) 483(0) 565(0) 474(0)
V2 502(0) 521(0) 489(0) 495(0) 445(0) 505(0) 458(0) 490(0) 447(0)

A Vs 576(166)  582(144)  532(125)  578(173)  495(181)  573(164)  502(153)  561(167)  490(157)
Va 287(106)  295(115)  271(84) 289(106)  254(98) 292(115)  261(80) 289(113)  256(76)

E/ Vs 527(298)  547(279)  501(226)  510(301)  448(325)  525(313)  465(276)  516(308)  454(136)
Ve 337(300)  340(298)  314(223)  330(351)  291(322)  329(340)  295(254)  327(342)  291(125)
v 197(15) 203(15) 187(10) 204(13) 179(9) 206(10) 185(6) 203(10) 180(3)

E," Ve 255(0) 263(0) 242(0) 261(0) 230(0) 262(0) 233(0) 260(0) 231(0)

E) Ve 456(0) 462(0) 434(0) 456(0) 397(0) 448(0) 403(0) 442(0) 396(0)
10 387(0) 404(0) 381(0) 352(0) 331(0) 375(0) 348(0) 364(0) 341(0)

E," v 46i 24 18i 17i 9i 25(0) 6i 32(0) 32(0)

aFor a description of the basis sets used, see text.

_ S, _ _ of (NO),SbF;, in the SbE/FNO system at—78 °C, with
2 _—
SbF" + S0, SbFs + SOF ®) NO*SbR~ being the only observable product.
The hydrolysis of BiF2~ salts is analogous to that of BiF4 Attempted Synthesis of AsR?~ Salts. Attempts to prepare

i.e., the white solids first turn yellow when exposed to moist C%ASF7 by heating AsE with a 3-fold excess of CsF for 4
air and, when added to water, first form yellow solutions which, days to 230°C produced exclusively CsAgF Similarly,
after several minutes, turn dark brown due to the formation of reactions of AsEwith excess N(Ck)4F in CHCN at—31°C
high-oxidation-state bismuth oxides. The only difference from 9ave no evidence for the formation of [N(G2AsF.

BiFs~ salts is that, while for Bif~ these reactions are practically ~ Although the ab initio calculations (see below) predict that
instantaneous, for Bi#~ they take several minutes to proceed; the free gaseous As¥ ion is vibrationally stable toward
i.e., the increased coordination sphere around the central aton0ss, the formation of stable solid AsF salts appears to be
and the double negative charge of the dianions apparently retarcenergetically unfavorable relative to that of MAs&nd MF.

the attack by OH ions. Thus, the propensity of pnicogen pentafluorides to form
The M,BiF; salts were shown by Raman spectroscopy (see heptafluoro dianions decreases in the ordesBiFSbFs > AsFs,

below) to be distinct compounds containing the BiFanion as expected from the decreasing size of the central atom and

and not mixtures of Bif and F ions. Based on their the decreasing Fion affinity of the pentafluorides.

preparative conditions, the NaK*, Rb*, and Cg salts of Vibrational Spectra. In the absence of single-crystal X-ray

BiF72~ are thermally stable up to at least 30D. The thermal ~ a@nd NMR data, a combination of vibrational spectroscopy and
stability of [N(CHa)4]2BiF7 is limited by the stability of the ab initio calculations was used to characterize these novel

organic cation, which, as in N(G4F.2 is prone to lose CkF heptacoordinated dianions. The observed Raman and infrared
on pyrolysis. spectra are shown in Figures-4, and their frequencies and
Syntheses and Properties of Sb2~ Salts. Antimony assignments have been sqn_wr_narized in_ Tables 1 and 2. Based
pentafluoride is also capable of forming a stable dianion with ©n the results from the ab initio calculations (see below) and a
excess alkali metal fluorides. However, contrary to3iEbF comparison with the known spectra of isoelectronic pentagonal

does not form a stable sodium salt, and only salts with potassiumbipyramidal IF* and TeR~ “° (see Table 3), the observed
or heavier alkali metals are obtainable. The salts were preparedSPectra are assigned in point gro, and establish the
by heating either ShFwith excess KF or CsF to 22800 °C pentagonal bipyramidal structures of BiF and SbF?.

(eq 6a) or, preferably, CsSpwith 2 mol of CsF to 300C (eq

6D). i 1z
o 'F -----------
2MF + SbR, =" M,SbF, (6a) N
(M =K, Cs) TN b,
° | ZEEE F
CsSbE + CsF-% Cs,SbF, (6b) "

Surprisingly, it was found that CsSgRvhen ball-milled for 1
h at room temperature in a high-frequency Wig-L-Bug, showed  As can be seen from Figure 1 and Table 1, the spectra of
a 13% conversion to GSbF, indicating that the activation  BiF,%~ are significantly influenced by the counterion. By
energy barrier toward SkF formation is low. The heat  analogy with previous findings for different alkali metal salts
required for the thermal syntheses of these salts probably servesf |F,0- 1 and BrkO~,4! the band splittings increase with
only the purpose of increasing the ion mobilities and might decreasing cation size, and the frequencies vary slightly from
involve melting or volatilization of either the starting materials = salt to salt, in accord with increasing aniecation interactions.
or the react?on products. . o Additional evidence for increased catieanion interaction with
The alkali metal Shf?~ salts, like their BiF?~ analogues,  decreasing cation size comes from the Raman spectrum of
are stable, white, crystallinic solids with little solubility in (NO),BiF7 (see Table 1 and Figure 3). Whereas the,BiF
organic solvents. In inorganic solvents, such as HF op, SO > — — -
they readily undergo solvolysis accompanied by loss of one F 11?2)550 r?'fntg’r';eoré'n%g?'tsh’e'féﬁ' Dixon, D. A. Am. Chem. S04993
ion (see above), thus foiling their study by NMR spectroscopy.  (40) Christe, K. O.; Dixon, D. A.; Sanders, J. C. P.; Schrobilgen, G. J.;
Antimony pentafluoride also forms a stable [N(§H.SbF Wil(iolr;,cvr\{.'W.J.KAng Cr\ﬁ_rln. 50%993 113 9{161|.E . Kuh W
H i _ riste, . . lison, . . urtis, . . uhimann, .
falt,_ which was prepared by analogy to the BiFsalt at—31 Sawodny, Wnorg. Chem 1978 17 533,
C in CH:CN solution. However, low-temperature Raman (42) Marx, R.; Mahjoub, A. R.; Seppelt, K.; Ibberson, R. 8.Chem.
spectroscopy failed to provide any evidence for the formation Phys 1994 101, 585.
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frequencies are comparable with those in the alkali metal salts,
the NO stretching frequency (2280 and 2260 <in has
decreased approximately 70 chfrom that (2338 cm?) found

for the more ionic NOBIiFs~ salt (see Experimental Section).

Furthermore, the Raman spectra exhibit a very pronounced
temperature dependence, as is expected for highly fluxional
pentagonal bipyramidal speci&s’® At room temperature, they
undergo a rapid dynamic puckering of the highly congested
equatorial plane and a slower intramolecular exchange of the
axial and equatorial fluorine ligand®. This causes the room-
temperature Raman bands to become very broad and to lose
most of their fine structure.

Recording reliable infrared spectra in the low-frequency range
was somewhat problematic since an excess of alkali metal
fluoride, which also absorbs in this range, had to be used in the
syntheses to suppress the formation of the octahedrgt XF
monoanions. With the heaviest alkali metal fluoride, i.e., CsF,
the 290-cmi! IR band could still be well established (see Figure
2). However, for the lighter alkali metal fluorides, which start
to absorb already at higher frequencies, some interference with
the X2~ deformation modes was encountered. For the;SbF
salts this was less of a problem than for BiF; because theg
antisymmetric deformation mode of SBF occurs at a higher
frequency ¢335 cntl). However, the similar frequencies of
vz andvs andv4 andvg and the broadness of their infrared bands
rendered the observation ef andv, somewhat uncertain. As
can be seen from Figure 4, thg infrared band of Sbf-
exhibits in the region expected fog a shoulder at 627 cm
and a weak band at 660 chh Since the latter frequency
coincides withvz of SbRs™ and the Raman spectrum established
the presence of a small amount of $bkn our sample, the
627-cnt ! shoulder is assigned 1@ of SbR2-. Similarly, there
are several shoulders on the low-frequency side of the 335-
cm 1 vg band of SbF?~, and one of these could be duetpof
ShF2~.

Electronic Structure Calculations and Vibrational As-
signments. The well-known and closely related octahedral
BiFs~, SbRs—, and Ask~ anions were used to test the different
methods and basis sets used in our calculations. As can be seen
from Table 5, the HartreeFock calculations with basis Sets 1
and 5, denoted as HF/1 and HF/5, gave the best agreement with
the observed frequencies and geometries and were, therefore,
preferentially used for all the other calculations in this study.

In agreement with the known experimeniaj, structures of
isoelectronic IFP%42and TeF~,1%4% our ab initio calculations
for BiF72~, SbR2~, and AsF2™ result in pentagonal bipyramids
of Ds, symmetry (see Table 6) as the minimum energy
structures. Within the isoelectronic series XeRAF;, TeF,
and SbF2-, the energy differences between the pentagonal
bipyramidal (PBP) structure and the monocapped trigonal
prismatic (MCTP) and monocapped octahedral (MCO) struc-
tures were calculated at the MP2 level to be abou#l Xcal/
mol, with the differences between the MCTP and the MCO
structures being very small, favoring the MCTP by about 0.2
kcal/mol. Assuming similar bond length deviations as forgBjF
SbR™, and Ask~ (see Table 5), the most likely geometries of
BiF,2~, SbR?~, and AsRk?~ can be predicted and are sum-
marized in Table 6. The calculated frequencies of;BiF
SbhF2-, and AsR?~ are summarized in Tables 4 and 7, 2 and
8, and 9, respectively. The imaginary frequencies found for
v11 of BiF72~ in some of the calculations, given in Table 4, are
probably due to the numerical differentiation used in our
calculations and can be avoided by appropriate modification of
the basis set (see Table 4).

Observed and Unscaled Calculated Vibrational FrequenciesiYand Geometries (A) for Octahedral Bif SbR~, and Ask~

Table 5.

AsFs~

Sbk~

BiFgs~

calcd'
HF/5

calcd!

MP2/5
635(0)

MP2/3

712(0)

HF/5
734(0)

MP2/5 ob&d HF/1 HF/3

MP2/3

HF/3

MP2/5 oBsdHF/1

535(0)

MP2/4
541(0)

MP2/3
549(0)

MP2/2
561(0)

HF/5
621(0)

HF/4
627(0)

HF/3
649(0)

HF/2

590 617(0) 632(0)

520 557(0)

mode sym obsd HF/1

622(0)
543(0)
349(0)

232(0)

354(0)

550(0)
230(0)

392(0)

597(0)
260(0)

607(0)
403(0)
264(0)

689 729(0)
576 612(0)
376 396(0)

261(0)

588(0)
538(0)
282(0)

179(0)

603(0)
539(0)
285(0)

173(0)

662(0)
584(0)
312(0)

196(0)

681(0)
589(0)
318(0)

195(0)

1.841

648 667(0)
569 585(0)
275 308(0)

187(0)

509(0)
244(0)
148(0)

520(0)
245(0)
152(0)

514(0)
243(0)
143(0)

545(0)
247(0)
149(0)
1.977

550(0)
273(0)
164(0)
1.932

564(0)
276(0)
168(0)
1.930

572(0)
273(0)
161(0)
1.921

577(0)
268(0)
160(0)
1.931

153(0)

580 625(423) 631(350) 632(442) 622(406) 611(402) 580(274) 551(447) 556(344) 544(345) 665 683(502) 690(533) 679(172) 622(547) 619(158) 6B 756CPEEY 754(258) 675(781) 680(234)
bond length 1.92 1.920

215  271(285) 272(306) 277(290) 277(311) 275(312) 252(227) 247(274) 250(228) 247(223) 280 331(315) 339(298) 334(106) 306(286) 307(83) 39L446(2FAYS38(91) 394(240) 393(68)

237 266(0)

B

Flu
Flu
FZg
Fau

V1
v
v
V4
Vs
v

1.720 1.757 1.764

1.709

1.889 1.901 1"72.710

1.858

1.985 1.989 9118862

1.978

a Averaged frequencies taken from different salts of refs 14 an& A8eraged values from refs 13 and 44Averaged values from ref 45 and our own wotkor basis sets see textinfrared intensities

in km/mol. " Averaged value from ref 46.Averaged value from refs 43 and 47Value from ref 48.
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Table 6. Calculated and Predicted Geometries for g BiF2~, SbF?~, and AsF?~ Dianiong
calcd (predicted) bond lengths (A)
BiF2~ ShFR?~ AsF2~
HF/1 HF/2 HF/3 HF/4 HF/5 MP2/2 MP2/5 HF/1 HF/5 HF/1 HF/5
rX —Fax 1.951 1.958 1.945 1.957 1.945 2.010 2.024 (1.96) 1.875 1.878 (1.89) 1.718 1.723 (1.74)
rX—Feq 2.008 2.009 2.009 2.016 2.009 2.055 2.081 (2.03) 1.953 1.959 (1.97) 1.847 1.861 (1.87)

2 For Ds, symmetry, all bond angles are the sanié:FegXFeq = 72° and 0 FaXFeq = 90°. P For basis sets, see text.

Table 7. Unscaled HF/DZP/ECP (HF/1) Symmetry Force
Constants and Potential Energy Distributionnf, BiF~
calcd freq,
cm1 symmetry force constarits PED
F11 Fa2
Al v 568 Fu1 3.25 55(1)+ 45(2f
v, 502 Fyp 0392 317 55(2) 45(1)
Fa3 Faa
A" vs 576 Fs 3.17 97(31+ 3(4)
vs 287 Fau 0.196 1.35 100(4)
Fss Fes F77
Ef vs 527 Fss 2.65 99(5)
Ve 337 Fes 0.893 2.92 61(6)- 30(7)+ 8(5)
vy 197 F¢7 0.169 —0.359 0.716 92(7} 7(6)
Ei" vg 255 Fgg 0.633 100(8)
Fog F10,10
Es vo 456 Fgo 2.40 71(91+ 29(10)
vio 387  Fi0100.302 1.85 75(10) 25(9)
Ez” V11 45ic Fll,ll (—0.048y

a Stretching force constants in mdyn/A, deformation constants in
mdyn A/rad, and stretchbend interaction constants in mdyn/rad.
bPED in percent. The symmetry coordinates are defined assfih
BiFs eq; (2) vsym BiRax; (3) vasym Bik; (4) vumbrella Bifs; (5)
vasym Biks; (6) vasym BiF in-plane; (7)dsciss BiF; (8) dwag BiF;

(9) oasym BiF in-plane; (10)vasym Biks; (11) opucker Biks. ¢ The
negative value foFi1,1:1is due to the imaginary frequency which was
caused by the use of numerical differentiation in the calculation.
4 Symmetric combination of S1 and S2Antisymmetric combination

of S1 and S2.

Table 8. Unscaled HF/DZP/ECP (HF/1) Symmetry Force
Constants and Potential Energy DistributionDaf, SbR?~

calcd freq,
cmt symmetry force constarits PED?
Fii  Fa2
Al 1 608 Fi1  3.60 47(1H 53(2p
v 527 Fy, 0.514 3.65 53(1y 47(2y
Faz  Fu
A" v 640 Fsz 3.58 93(3)+ 7(4)
V4 345 Faq  0.394 1.59 100(4)
Fss  Fes F77
E]_' Vs 559 F55 2.79 97(5)
Ve 392 Fes 1.17 3.33 53(6)+ 37(7)+ 10(5)
V7 232 Fzz  0.298 —0.388 0.902 90(7y 10(6)
E]_” Vs 293 Fgg 0.779 100(8)
Foo  Fio10
E) wvo 501 Fog 2.79 87(9)¢+ 13(10)
V10 377 F1010 0.419 1.75 88(10)- 12(9)
Ez” Vi1 34 F11'11 0.025 100(11)

aFor dimensions and the definitions of the symmetry coordinates,
see footnotes of Table ¥.Symmetric combination of S1 and S2.
¢ Antisymmetric combination of S1 and S2.

Inspection of Tables 1, 2, and 4 reveals that, forBiFand

of the observed frequency deviations. The extra splittings of
some of the bands observed, particularly for the low-temperature
spectra of BiF2~, can be explained by the lifting of the
degeneracies for the doubly degenerate E modes and either site
symmetry effects or in-phase/out-of-phase coupling of more than
one molecule per unit cell. In the infrared spectra of some of
the BiF2~ salts, generally a very weak but sharp band was
observed at about 460 crhwhich had the same frequency as
one of the degenerate components of the Raman agfi{e')

mode and, therefore, is tentatively assigned to this mode. Also,
in the higher frequency region of the infrared spectra, frequently
some weak bands at 1050 and 960 ¢mould be observed
which can be attributed to the combination bandsf vs) (E;")

and (s + vg) (E1' + E), respectively. Overall, the very good
agreement between the calculated and observed spectra leaves
no doubt that BiZ~ and Sb?~ possess pentagonal bipyramidal
Dsp structures.

Additional support for the pentagonal bipyramidal structure
of SbF2~ comes from the smooth frequency trends observed
for the isoelectronic If; TeF~, SbR?™ series (see Table 3).
The frequency and, particularly, the relative Raman intensity
trends observed for the symmetric equatorial and the symmetric
axial stretching modes; and v,, respectively, which have
previously been discussed already in detail for Tef are even
more pronounced for Sk¥F and BiF2~. Thus, the mixing of
the symmetry coordinates of andv, increases further when
going from TeF~ to SbR?~ and BiR?-, as shown by the
potential energy distributions (PED) given in Tables 7 and 8.
Thewv; andv, modes of Sbi#~ and BiR?~ have become almost
equal mixes of the corresponding symmetry coordinates, with
v1 being their symmetric and, their antisymmetric combina-
tion. This accounts for the unusually high relative Raman
intensity ofv, and the low intensity o, in both SbF?~ and
BiF;2~ and eventually even leads to an identity reversakof
andv; on going from BiR?~ to AsF?~ (see PED of Table 9).

A similar identity reversal is also exhibited fop andvig in

the &' block. While in IF the higher frequency mode is mainly
the antisymmetric, in-plane #Fstretching, in BiF?~, SbR?",

and AsF?-, the higher B frequency mode has increasingly
become the antisymmetric, in-plane deformation (see Tables
7-9).

The general frequency decrease on going froptdFSbR2-
in Table 3 agrees well with our expectations. With increasing
formal negative charges of the ions, tide-)X —F(6—) polarity
of the X—F bonds increases, which increases their ionicity and
weakens them. A similar bond-weakening effect is also

SbF2-, the unscaled calculated HF/1 and HF/5 frequencies observed on going from SkF to BiJ:727 (§eL;TabIes 3). That
agree reasonably well with the experimental ones and, therefore the frequency lowerings from SEF to BiF7*~ cannot exclu-
require no scaling. Some of the deviations between observedsively be a mass effect is evident from the decrease in the

and calculated frequencies, such asifoandve of SbF2~ in

frequencies of/4, in which the central atom does not move.

Table 2, could be due to the presence of two strongly coupled The symmetry force constants and potential energy distribu-
vibrations within the same symmetry species, as shown by their tions for BiF?~, SbR?~, and AsR?~ are summarized in Tables

relatively large interaction force constanfsdin Table 8). Small

7—9. Since for some of the infrared active modes of BiF

variations in these interaction constants can strongly affect theand SbF?~ and for all modes of Asf~ no experimental data
frequency separation between these modes and account for someere available, the unscaled HF/DZP/ECP (HF/1) frequencies
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Table 9. Unscaled HF/DZP/ECP (HF/1) Frequencies Symmetry
Force Constants and Potential Energy DistributioDgf AsF2~

calcd freq,
cm1 symmetry force constarits PED?
Fiui  F2
Al v 656 Fi1 3.89 65(2)+35(1})
2 549 F2,  0.693 4.31 65(1)+35(2F
Fas  Fa
A v3 742 Fss 4.23 83(3)+17(4)
V4 430 Faa  0.591 1.93 100(4)
Fss  Fes F77
E1' Vs 567 F55 2.69 98(5)+2(7)
Ve 470 Fes 175 4.21 37(7)331(5)+31(6)
V7 294 Fzz  0.477 —0.387 1.18 85(7)#13(6)+2(5)
E/' wvg 357 Fgg  0.994 100(8)
Foo  Fi0,10
Ez' V9 600 Fgg 3.67 96(9)+4(10)
V10 291 Fi010 0.610 1.08 95(10y-5(9)
E)' w11 91 F1111 0.159 100(11)

aFor dimensions and definitions of the symmetry coordinates, see
footnotes of Table 72 Symmetric combination of S1 and S2Anti-
symmetric combination of S1 and S2.

Table 10. Internal Stretching Force Constah{sdyn/A) of the
Isoelectronic Series XeF, IF;, TeF~, and SbFZ~ and of the
Pnicogen(V) Heptafluoride Dianion Series (b)

series a series b
XeFR* IF; TeR~ SbR?* BiF# SbR? AsFH#
foan 5.046 5.005 4.415 3.61 3.21 3.61 4.27
foo 0.088 0.058 0.045 0.04 0.04 0.04 0.04
fdteq) 4144 3947 3.091 2534 2434 2534 2.286
fad@dag 0.117 0.326 0.538 0.500 0.363 0.500 0.761
dd(opposy 0.034 0.047 -0.003 0.033 0.005 0.033 0.041

a|t should be noted that the values for %&FIF;, and TeF~ from

Drake et al.

(fad) remains negligible. Within the Bif~, SbR?-, and AsR2~
series, where the number of formal negative charges is constant
but the size and the mass of the central atom decrease, very
interestingly the force constant of the more covalent axial bonds
increases from Bi?~ to AsF?~ while at the same time that of

the more ionic equatorial bonds has its lowest value for,AsF
This effect might be explained by the increasing tendency of
the XF?~ species to lose with decreasing size of the central
atom one fluoride ion with formation of a more covalenteXF
anion. Similar to the Xef, IF;, TeF~, and SbF?~ series,
there is again a very strong increaséginthe coupling constant

of the adjacent equatorial fluorine ligands, despite a decrease
in the fq values.

Although explicit values for the internal deformation constants
cannot be given without the assumption of certain constraints,
several general conclusions concerning the relative magnitudes
of the in-plane ;) and out-of-planeff) deformation constants
and their trends can be reached from an inspection of their
corresponding symmetry force constants in Table8 @nd ref
39 and 40 (it should be noted that Table 1 of ref 40 contains an
error in the approximate mode descriptionsifgandvz, which
have been transposed). As expected, the equatorial in-plane
deformation constants,,fincrease with increasing stiffening
of the X—F bonds on going from ShF to XeF', which to a
lesser extent is also the case for the out-of-plane deformation
constantfs. Similarly, the increases in both andfs on going
from BiF2~ to AsF?~ are expected on the basis of the
shortening of the bonds. This strong increase in the deformation
force constants, coupled with a simultaneous slight decrease of
the equatorial stretching force constant, accounts for the
increased coupling between stretching and deformation modes

refs 39 and 40 are scaled by factors of 0.8636 and 0.8649, respectivelyand some of the observed identity reversals encountered on

whereas the ShF and AsF?~ values are unscaled values from this
study. The Sbf?~ values were not scaled in view of the very close

agreement between experimentally observed and calculated frequencie

(see Table 3), which eliminated the need for using a scaling factor.

and force fields were used for all three anions to allow a better
comparison. Most of the implications of this normal coordinate

analysis have already been discussed and do not need to b
reiterated, except for emphasizing that, when comparing the

results from this study with the previous analyses af9land
TeF,~,%0 attention must be paid to the different identities, i.e.,
reversal of assignments, fog andv, andvg andvio.

Of the internal force constants, only the stretching force
constants are fully determin&dand are given in Table 10. For
all compounds, the axial stretching force constants are signifi-
cantly larger than the equatorial ones. This finding is in
excellent agreement with the bonding scheme previously
proposeé® for IF;. It involves a planar, delocalizedhybrid
orbital of the central atom for the formation of five equatorial,
semi-ionic, 6-center, 10-electron bonds and anhsyorid for
the formation of two mainly covalent axial bonds. Depending

on the degree of congestion in the equatorial plane, the equatoria

fluorine ligands can undergo varying degrees of fast dynamic
puckering which, together with a slower intramolecular equato-
rial—axial ligand exchange, account for the fluxionality of these
molecules’® As expected, increasing formal negative charges
increase the d+)X—F(—) polarity and, hence, the ionic
character of the XF bonds and explain the observed bond-
weakening encountered on going from X%&Rko SbR?~. Itis
interesting to note the strong influence the increasing formal
negative charges have dgy, the coupling constant between
adjacent equatorial XF bonds. With increasing ionicity of
the X—F bonds, the coupling between adjacent bonds strongly

going from BiF?~ to AsF2~.
gonclusions

In view of the long known existence and widespread use of
the pnicogen(V) hexafluoride anions and the easy syntheses and
great stabilities of the previously unknown pnicogen(V) hep-
tafluoride dianions, it is truly amazing that no previous reports

©n the existence of these dianions could be found in the

literature. This appears to be another example for general
preconceptions about what may and may not exist, having
stopped chemists from openmindedly searching for certain
simple species. lItis this kind of dogmatic thinking (in our case,
the magic stability attributed to the octahedral 3 type
electronic configurations) which had delayed for a long time
the discovery of noble gas compourfds.
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