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High-Valent Technetium Fluorides. Does TcF 7 Exist?
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The structures and stabilities of technetium fluorides in high oxidation states have been studied quantum-chemically
at density functional theory (B3LYP) and coupled-cluster (CCSD(T)) levels. The calculations indicate clearly that
technetium heptafluoride, TcF7, has a good chance of existence and preparation, thus providing the first heptafluoride
in the 4d series. The [TcFe]* cation, a potential precursor, is also computed to be thermochemically stable against
gas-phase elimination reactions. The problem with such highly fluorinated complexes appears thus to be mainly in
difficult synthetic access under typical condensed-phase conditions. Matrix-isolation techniques or gas-phase
experiments appear to be better suited as starting points.

1. Introduction Table 1. Summary of Experimentally Established, Experimentally
Misassigned (in Parentheses), and Computationally Predicted (in Italics)
The high oxidation state-VII is only known for a small Transition-Metal Oxide, Oxyfluoride, and Fluoride Complexes with
insit .
range of transition-metal complexes (see Table 1 for oxides, Oxidation Statet Vil : : :
fluorides, and oxyfluorides). In particular, the only homo- _ €lement oxide oxyfluoride fluoride
leptic fluoride complexes with this oxidation number con- Mn RZ"“S‘%“ MnOgF*8
. . . na07
firmed unngvocally by experiment are [R@Fand Ref. Tc [TcOg~ 4 TCOF1351-53 TeF,
The latter is thus also the only well-established heptafluoride Tc,0.50 TCOFs%456
of the transition metalsThe isolation of Osf; reported in au — TcOR* .
1966_,2_could recgntly not be reproduceq under the indicated Re RO ReQyF® ReF1.60
condition$ (reaction of metal powder with,fat 620°C and ReQF48 Refs~ 61
\ - . . ReOR>®
400 bar with subsequent rapid cooling) and is therefore s [0sQ]- 62 (OSOF)> OsEze
subject to doubt (our recent quantum chemical stud){ indicates M<OsQy (OSQyF5)65:66b
OsF nevertheless to be a viable target for preparation under (M = Li, Na)s?
. . . 050565,67—70
matrix or gas-phase conditiohs High-level quantum- v rE-5
. . . . 7

chemical calculations have predicted furthermore the exist-  ay (AUF7)¢

ence of IrF, representing an extension of iridium oxidation . . .

- . . . aOnly oxide, oxyfluoride, and fluoride complexes are shoWiihe
states totVII, but experimental confirmation is as yet not  previously reported oxyfluorides OgPand OsGFs have been found not
available? Finally, AuF, claimed to have been prepared in to be true Os(VIl) species.c The original preparation of Ogfeould not

7 ; be reproduced, but computations suggest its existeAce! Quantum-
the 1980¢," was shown by calculations to prObany have chemical calculations showed that the most likely species studied by

experiment was AufF,, and AY" remains inaccessibfe®

* To whom correspondence should be addressed. F&#9) 931-888- been the complex Au:2° and thus does not represent
7135. E-mail: kaupp@mail.uni-wuerzburg.de. : :
T Present address: Department of Chemistry, University of Helsinki, A.l. oxidation statetVII. . . .
Virtasen aukio 1, FIN-00014 Helsinki, Finland. For the 3d and 4d elements, oxidation stat¥Il is
(1) Vogt, T.; Fitch, A. N.; Cockcroft, J. KSciencel994 263 1265. i i i
2) Glemser. O.. Rossky, H. W.. Hellberg, K. H. Werther. H.Chen. represented_malnly by o>§|des or oxyfluorides of manganese
Ber. 1966 99, 2652. and technetium, respectively (Table 1), and by the anions
8; ShodralfaéH-l:(Seppe&l Nnorg(-: Eheggooaoi 5451,07499279- [OsOy]~ and [RuQ] . Additionally, the trioxoorganorhenium
iedel, S.; Kaupp, Minorg. Chem. ! . .
(5) Riedel. S.. Kaupp. MAngew. Chem.. Int. ER006 45, 3708. complexes RRe®(for reviews, see refs 10 and 11) and a
(6) Ostropikov, V. V.; Rakov, E. Glzv. Vyssh. Uchebn. Zed., Khim.
Khim. Tekhnol1989 32, 3. (8) Riedel, S.; Kaupp, Mlnorg. Chem.2006 45, 1228.
(7) Timakov, A. A.; Prusakov, V. N.; Drobyshevskii, Y. \Dokl. Akad. (9) Himmel, D.; Riedel, SInorg. Chem.2007, 46, 5338.
Nauk SSSR986 291, 125. (10) Herrmann, W. AJ. Organomet. Chenl.995 500 149.
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few Tc analoguéd should be mentioned (Mn analogues have
been addressed computationdly
Given the well-known stability of Ref technetium

heptafluoride, Tck; appears the most likely candidate for a
heptafluoride of the lighter transition metals. The highest
experimentally established technetium fluoride at the current
time is Tck.'* Here we address the possible existence of
high-valent homoleptic technetium fluorides by state-of-the-

art quantum chemical calculations. Energetics of relevant gas-

phase elimination and homolytic bond-breaking reactions will
be evaluated as well as activation barriers for key reactions.

2. Computational Methods

Structures were optimized using the density functional theory
(DFT) level with the B3LYP>18 hybrid functional, using the
Gaussian08 program. Transition-state optimizations were done
using synchronous transit-guided quasi-newton metfidtisic-
cording to the QST2 and QST3 keywords implemented in Gauss-
ian03. Optimizations were followed by single-point energy calcu-
lations at DFT (B3LYP) and high-level coupled-cluster (CCSD and
CCSD(T)) levels (see below). A quasirelativistic energy-adjusted,
small-core “Stuttgart-type” pseudopotential (effective-core potential,

ECP) was used for technetium. The corresponding (8s7p6d)[6s5p3d)] (€) [TcRs] ™ + [KrF] ™ — [TcFe][KrF]

valence basis set was augmented by one f-type polarization
functior?! (exponent: 1.134). Energy-adjusted 8-valence-electron

pseudopotentials and (6s6p3d1f)/[4s4p3d1f] valence basis sets Were (jy [TcFg] ™ — [TcF* + Fa

used for the noble-gas atoms NgKr, Xe.??

In the optimizations, a fluorine DZP all-electron basis set by
Dunning® was used. Stationary points on the potential energy
surface were characterized by harmonic vibrational frequency

(11) Romao, C. C.; Kuehn, F. E.; Herrmann, W. @hem. Re. (Wash-
ington, D.C.)1997, 97, 3197.

(12) Herrmann, W. A.; Alberto, R.; Kiprof, P.; Baumgaertner Afgew.
Chem.199Q 102, 208.

(13) Lein, M.; Hammerl, A.; Hermann, H. L.; SchwerdtfegerP®Blyhedron
2007, 26, 486.

(14) Drews, T.; Supel, J.; Hagenbach, A.; Seppeltirnérg. Chem2006
45, 3782.

(15) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Montgomery, J. A.; Vreven, J. T.; Kudin,
K. N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone,
V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G.
A.; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.;
Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai,
H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.;
Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyeyv,
O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P.
Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.;
Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas,
O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J.
B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.;
Stefanov, B. B.; Liu, G.; Liashenko, A.; P. Piskorz; Komaromi, |.;
Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.;
Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen,
W.; Wong, M. W.; Gonzalez, C.; Pople, J. Saussian 03Revision
B.04 Pittsburgh, PA, 2003.

(16) Becke, A. DJ. Chem. Physl1993 98, 5648.

(17) Lee, C.; Yang, W.; Parr, R. ®hys. Re. B 1988 37, 785.

(18) Miehlich, B.; Savin, A.; Stoll, H.; Preuss, i&hem. Phys. Letl989
157, 200.

(19) Peng, C.; Schlegel, H. Bsr. J. Chem.1994 33, 449.

(20) Peng, C.; Ayala, P.; Schlegel, H. B.; Frisch, MJJComput. Chem.
1996 17, 49.

(21) Ehlers, A. W.; Bohme, M.; Dapprich, S.; Gobbi, A.; Hollwarth, A,;
Jonas, V.; Kohler, K. F.; Stegmann, R.; Veldkamp, A.; Frenking, G.
Chem. Phys. Lett1993 208 111.

(22) Nicklass, A.; Dolg, M.; Stoll, H.; Preuss, H. Chem. Phys1995
102 8942.

(23) Dunning, T. H., JrJ. Chem. Phys197Q 53, 2823.

Table 2. Optimized Structural Parameters (B3LYP) for Stationary
Points on the TcfPotential Energy Surfaée

TcF (Cy) TcF (Co) TcF7 (Csy)
Tc—F1 181.2 Tc ke 186.8 TcFy 185.1
Tc—F 1811 Te R 1846 Tck 183.7
Tc—Fs 186.0 TcFs 1846 TcFs 185.0
Tc—Fa 186.2 TcFa 1838 TcFa 185.1
Tc—Fs 186.2 TcFs 183.8 TcFs 183.7
Tc—Fs 186.1 R—Tc—F, 1426 FR-Tc—F, 1525
Te—F; 186.0 FR—Tc—F4 778 R—-Tc—Fs 1316
Fi—Tc—F, 177.8 hkR—Tc—F;3 748 R—Tc—F;3 75.9
F3—Tc—Fa 723 R-Tc—F4 769 R-Tc—F4 78.5
Fs—Tc—Fs 723  RKB-Tc—Fs 937 R”-TcFs 78.5
Fs—Tc—Fs 72.4
Fe—Tc—F7 72.4
F7—Tc—Fs3 72.4
F1—Tc—Fs 96.0
Fo—Tc—Fs 85.3
aBond lengths in pm and angles in degrees. Cf. Figure 1.
Table 3. Computed Reaction Energies (in kJ mdf
reaction B3LYP CCSD(TY
(@) TcR—Tck + F 154.6 (127.6) 124.1
(b) TcFR— TcRs + F 66.8 (47.9) 61.4
(c) Tcks + KrF,— Tck + Kr —190.2 —185.1
(d) Tcks + XeR — TcF + Xe —57.4 —34.6
—523.5
(f) [TcFe] ™ + [XeF]" — [TcFe][XeF] —459.9
(9) [TeRe[KrF] — TcF + Kr —199.1
(h) [TcRe][XeF] — TcF + Xe —95.2
259.7 185.4
() [TcFg] ™ — [TcFs) " + F 194.5 238.7
(k) 2[TcRg] T — 2[TcRs] ™ + F2 233.8 218.0
(I) KrF, — Kr + B4 —35.7 —60.9
(m)R—2F 155.3 152.7

a8 Reaction energies for singlet TgFdoublet Tck, triplet Tcks, and
singlet [TcR]™. P Values in parentheses are counterpoise and zero-point
vibration corrected values obtained with BP basis on fluorineS T;-
dignostics: Tck(0.0289), Tck (0.0294), [Tck] ™ (0.0315), Tck (0.0263),
[TcFs]* (0.0299), [Tch]™ (0.0292).9 The experimental value is60.2 4+
3.4 kJ mott.7 eThe experimental value i$154.56 kJ moit.”2

analyses at this level using the isotopic mass of 98.9 u (providing
also zero-point energy corrections to the thermochemistry). The
subsequent single-point energy calculations had the fluorine basis
replaced by a larger triplé-correlation consistent basis set (aug-
cc-pVTZ)2* The post-HF calculations were carried out with the
MOLPRO 2002.8 program package. Basis-set superposition errors
(BSSE) were estimated by the counterpoise f&P)procedure.
The importance of nondynamical correlation in coupled-cluster
calculations was assessed by computing thelidignostic282° In

all cases, the values obtained were sufficiently small to suggest
essentially single-reference character of the wave functions (cf.
footnote ¢ in Table 3). Note that the methodology used here, in
particular B3LYP optimizations followed by B3LYP or CCSD(T)

(24) Dunning, T. H., JrJ. Chem. Phys1989 90, 1007.

(25) Werner, H.-J.; Knowles, P. J.; Lindh, R.; SthuM.; Celani, P.;
Korona, T.; Manby, F. R.; Rauhut, G.; Amos, R. D.; Bernhardsson,
A.; Berning, A.; Cooper, D. L.; Deegan, M. J. O.; Dobbyn, A. J,;
Eckert, F.; Hampel, C.; Hetzer, G.; Lloyd, A. W.; McNicholas, S. J.;
Meyer, W.; Mura, M. E.; Nicklass, A.; Palmieri, P.; Pitzer, R.;
Schumann, U.; Stoll, H.; Stone, A. J.; Tarroni, R.; Thorsteinsson, T.
MOLPRO 2002.6 a package of ab initio prograiv’OLPRO 2002.6
Birmingham, U.K., 2003.

(26) Boys, S. F.; Bernardi, MVlol. Phys.197Q 19, 553.

(27) Simon, S.; Duran, M.; Dannenberg, JJJChem. Phys1996 105
11024.

(28) Lee, T. J.; Taylor, P. Rnt. J. Quantum Chen1989 23, 199.

(29) Lee, T. J.; Rice, J. E.; Scuseria, G. E.; Schaefer, H. FTHor.
Chim. Actal989 75, 81.
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Figure 1. Stationary points on the Tgfpotential energy surface (B3LYP Figure 2. B3LYP-optimized minimum structures (bond lengths in pm and
results, singlet ground state). Bond lengths and angles are in Table 2. (a)angles in deg). (a) Doublet TgFdistorted octahedral structureCy
Distorted pentagonal bipyramidal minimum wi@ symmetry. (b) Mono- symmetry). (b) Singlet [Tcgf+ (On symmetry). (c) Triplet TcE trigonal
capped trigonal prismatic minimum wit@,, symmetry. (c) Monocapped bipyramidal structurel§z, symmetry).

octahedral stationary point (degenerate imaginary frequency) @ith

symmetry. transition state for interconversion between the two minima

single-point energy calculations with larger ligand basis sets, are @PP€ars surprisingly at rather high energie208.6 kJ mot*
well established as a reliable tool for high-oxidation-state redox above theDz, minimum at the B3LYP level). The lowest
thermochemistry in the 5d transition-metal series, e.g., in previous Singlet state exhibit&€,, symmetry and is 99.4 kJ md
studies on Hg, Au, Pt, Ir, and Os systehi$:230We do not consider ~ above the triplet ground state. Precise experimental structure
spin—orbit corrections in this work. Our previous studies indicated determinations for Tcfare lacking at the current tinfand
spin—orbit effects to have only a minor influence on the relevant only a few rough indications are availat3fe’39
thermochemical data or activation barriers, even when open-shell  Thermochemical Stability. Computed energies for the
5d species were involved. fluorine elimination reaction TcF— Tcks + F, and for
3. Results homolytic bond breaking TeF— TcFs + F are summarized

o _ in Table 3. As indicated in Computational Details, the chosen

Struc_:tures. BSLYP-opnmlzgd structures of three station- computational protocol (B3LYP and CCSD(T) single points

ary points on the TcFpotential energy surface (PES) are 4; B3Lyp optimized structures) has been established to
shown in Figure 1. Two minima were located. One is a poyide rather accurate thermochemical data for this type of
distorted pentagonal bipyramidal structure without symmetry. yeactions, even though nondynamical correlation effects are
The lack of symmetry is due to some puckering of the o negiigible. The good performance of B3LYP in this area,
fluorine ligands in the basal plane. The regular pentagonal \yhich is notable in view of an apparently nonuniform quality
bipyramid Osn) is a transition state, less than 2 kJ mol ot B3| YP in other areas of transition-metal thermochemis-

higher in energy. The other minimum is a monocapped try 40 is confirmed by the reasonable agreement with the
trigonal prism withC,, symmetry. The energies of the two CCSD(T) data (Table 3).

minima differ only by around 1 kJ mot. A singly capped
distorted octahedron witlC;, symmetry (Figure 1) is an
interconversion saddle point, which is also only 1.4 kJThol
above the distorted pentagonal bipyramidal minimum (with
a degenerate imaginary frequency at i35.0 ¥mTcF is
thus likely a fluctional molecule.

The next lower homoleptic fluoride Tgks experimentally
well-known 143135 B3LY P-optimizations provide a slightly
compressed octahedron wily symmetry (Figure 2). Devia-
tions from D4, Symmetry are mainly due to distortions of
the equatorial bond angles. However, a regular octahedral
transition state is only ca. 1 kJ mélhigher, indicating only
a marginal static JahnTeller distortion of this doubletd
system. For more detailed discussion of transition-metal
hexafluorides, see ref 14.

Tcks exhibits a (triplet) trigonal bipyramidal minimum
with Dz, symmetry (Figure 2). A quadratic pyramidal
structure C4, symmetry) was located to be a second triplet
minimum, 38.5 kJ mol* above theDs, minimum (the

Unimolecular gas-phase elimination of ffom TcF; is
predicted to be appreciably endothermic (by significantly
more than 100 kJ mot; Table 3). The second potential
channel for gas-phase decomposition of Tafvolves the
homolytic dissociation of a TeF bond to give Tck This
reaction is also calculated to be endothermic by about 60
70 kJ mof?. These results suggest appreciable stability of
TcF; under typical gas-phase conditions.

Oxidation of Tck by the endothermic fluorine compound
KrF; is substantially exothermic (Table 3). This holds even
more so when using one of the strongest presently known
oxidative fluorinating agents, Kr#** Formation of the [KrF]-
[TcFe] ion-pair complex from (gas-phase) [KrFand [Tck] ™
is highly exothermic and provides a local minimum on the
potential energy surface. However, the complex is calculated
to decompose also rather exothermically into 7aRd Kr
(note that these energies will be generally somewhat more
positive in the condensed phase due to electrostatic stabiliza-
tion of the ion-pair complexes). This holds even so for the
corresponding xenon ion-pair complex [XeF][&&FRwhich

(30) Riedel, S.; Straka, M.; Kaupp, Nhys. Chem. Chem. Phyz004 6,

1122.
(31) Siegel, S.; Northrop, D. Anorg. Chem.1966 5, 2187. (36) Alberto, R.Comprehensie Coord. Chem. IR004 5, 127.
(32) Selig, H.; Malm, J. GJ. Inorg. Nucl. Chem1963 24, 641. (37) Binenboym, J.; Selig, Hnorg. Nucl. Chem. - Herbert H. Hyman Mem.
(33) Edwards, A. J.; Hugill, D.; Peacock, R. Dature (London)1963 Vol. 1976 231.
200, 672. (38) Edwards, A. JAdv. Inorg. Chem. Radiochemi983 27, 83.
(34) Claassen, H. H.; Selig, H.; Malm, J. &.Chem. Physl962 36, 2888. (39) Winfield, J. M.J. Fluorine Chem1986 33, 159.
(35) Selig, H.; Chernick, C. L.; Malm, J. Q. Inorg. Nucl. Chem1961, (40) Furche, F.; Perdew, J. B. Chem. Phys2006 124, 044103/1.
19, 377. (41) Christe, K. O.; Dixon, D. AJ. Am. Chem. S0d.992 114, 2978.

5736 Inorganic Chemistry, Vol. 46, No. 14, 2007



High-Valent Technetium Fluorides

cation, apart from it being an interesting target in its own
right. Its 5d homologue [ReF" has been synthesized in the
reverse way, by reacting ReRwith strong fluoride ion
acceptorg? Other successful routes via oxidation of ReF
are knowrt* On the other hand, fluorination of Yt
oxyfluorides with KrF; ends at TcO§ and neither TcFnor
[TcFe]™ have been obtained in this wé¥Even fluorinating
oxidation of Tckby [KrF] T[AsF¢] ~ did not give [Tck] T[AsFg ~.*
Figure 3. B3LYP-optimized transition states (distances in pm). (a) TS As expected, B3LYP optimization provides a regular
g;mggffnbﬁgﬁqggl?gfg;smymggt)r_w in Tefr. (b) TS for concerted octahedral singlet ground state for [&¢F (with a Tc—F
bond length of 178.5 pm; cf. Figure 2). The regular trigonal
prismatic transition stateDG,) for Baylar twist lies at 45.9
kJ mol?, with an imaginary frequency at i86 crh This is
in the range of other “hexafluorides®>4¢ Both relevant
unimolecular decomposition channels of (gas-phase)]TcF
concerted Felimination and homolytic TeF bond breaking,
Figure 4. B3LYP-0ptir_nized transition state for the bimolecular reaction gra computed to be strongly endothermic (cf. Table 3). This
2Tck — 2Tcks + F; (distances in pm). . . .
suggests stability as isolated gas-phase entity. Even the
bimolecular F elimination is very endothermic (Table 3).
The adiabatic ionization potential TgF— [TcF¢]" is
calculated to be appreciable 11.8 eV at the CCSD(T) level.
In the condensed phase, the [KrF][GEkon-pair complex
is expected to decompose exothermically into ;Tafd Kr
(see above and Table 3).

still decomposes with appreciable exothermicity. Experi-
mental attempts to prepare the precursor f[tfrom Tcks
and KrF" have been unsuccessfglindicating the practical
experimental difficulties in this area (see below).
Bimolecular elimination of i, 2TcF — 2Tck + F, is
calculated to be slightly exothermic (by15.2 kJ mot? at
the B3LYP level) but has a substantial barrier (see below).
Transition States and Activation Barriers for Decom-
position of TcF. Figure 3 shows the transition states for ~ This quantum chemical study indicates strongly that;TcF
both homolytic bond breaking and for concerted elimination is a viable target for preparation and would provide the first
of F,. Homolytic bond breaking goes via a singly capped heptafluoride of a 4d element. All unimolecular decomposi-
octahedral transition stat€C{, symmetry), where the cap tion pathways are appreciably endothermic and moreover
represents the TeF bond to be broken. The imaginary exhibit large activation barriers. While the bimolecular F
frequency is computed to be i316 chat the B3LYP level. elimination is slightly exothermic, it has also been computed
The barrier amounts to appreciable 198.3 kJthdrhe large to exhibit a high activation barrier.
barrier arises from substantial nuclear reorganization, as we Why then has TcFnot yet been observed experimentally?
have discussed previously for closely related c48e€khe We think that this is largely related to practical difficulties
transition state for concerted; Eelimination exhibitsC,, of the usual synthetic approaches. Oxidative fluorination of
symmetry and has its imaginary frequency at i249 trithe oxo complexes is rendered very difficult by the rather
formation of an E molecule and ofDz, TcKs is already pronounced oxophilicity of T¢'.%2 While this does not
visibly on its way (Figure 3). The barrier is computed to be entirely rule out a traditional chemical synthesis at elevated
even larger than for homolytic bond breaking, 296.9 kJthol  temperatures and pressures like it is possible for,Ref”
at the B3LYP level. These results suggest thus not only
thermochemical stability for all important unimolecular (43) Bartlett, N.; Yeh, S.; Kourtakis, K.; Mallouk, T. Fluorine Chem.
decomposition pathways but also large kinetic stability. }s,gc?ﬁoiﬁ‘giﬁﬁ &. J; Hollowsy, J. H. Russell, D. R.Chem. Soc.
We have been able to locate also the transition state for  Dalton Trans.1984 1411.

the bimolecular reaction 2TgF—~ 2TcFs + F.. It hasC,, (45) %ggone& G. S.; Haegele, G.; Seppelt,Gem. Eur. 12004 10,
symmetry (Figure 4), and the imaginary frequency is (46) Kaupp, M.Angew. Chem., Int. EQ00Z 40, 3534.

computed to be i395.9 cm. Figure 4 shows clearly the (47) Holleman, A. F.; Wiberg, ELehrbuch der Anorganischen Chemie,
. - . . 71-101th ed; Walter de Gruyter: Berlin, 1995.
breaking of two Te-F bonds with simultaneous formation (48) Aynsley, E. EJ. Chem. Soci958 2425.

of F,. The computed activation barrier is again appreciable, (49) Keller, C.; Wassilopulos, MRadiochim. Actal966 5, 87.
1 (50) Krebs, B.Angew. Chem., Int. Ed. Engl969 8, 381.
254.6 kJ n_]OT at the+B3LYP Ie_vel' R (51) Selig, H.; Malm, J. GJ. Inorg. Nucl. Chem1963 25, 349.

The Cation [TcFe]*. The cation [Tck] ™ might accept a  (52) Binenboym, J.; El-Gad, U.; Selig, #horg. Chem.1974 13, 319.
fluoride anion and thus be a precursor on the way to;TcF (53) Frankiin, K. J.; Lock, C. J. L.; Sayer, B. G.; Schrobilgen, GL.JAm.
h ¢ lack of . i"q this cati Chem. Soc1982 104, 5303.

€ current lack Or SUCCess In preparing tnis cation appearsis4y mvercier, H. P. A.; Schrobilgen, G. horg. Chem.1993 32, 145.

closely related to the absence of TcHt appears thus  (55) Casteel, W. J., Jr.; Dixon, D. A.; LeBlond, N.; Mercier, H. P. A.;

; ; Schrobilgen, G. Jinorg. Chem.1998 37, 340.
important to evaluate also the thermochemistry of the §[icF (56) LeBlond. N.: Dixon, D. A.: Schrobilgen. G. forg. Chem 2000

4. Conclusions

39, 2473.
(42) LeBlond, N.; Mercier, H. P. A.; Dixon, D. A.; Schrobilgen, Gldorg. (57) Mueller, A.; Krebs, B.; Glemser, QNaturwissenschafteh965 52,
Chem.200Q 39, 4494. 55.
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an approach via gas-phase-like conditions appears the safelow-lying minima of distorted pentagonal bipyramidal and
way toward this interesting heptafluoride. This may be done, capped trigonal prismatic structures, linked by low-lying

for example, by matrix-isolation spectroscopy. Notably, 7TcF

transition states for pseudorotation.

is predicted to be a fluxional molecule, as indicated by two Note added in proof TcOs;F has now been characterized

(58) Supel, J.; Marx, R.; Seppelt, Z. Anorg. Allg. Chem2005 631,
2979.

(59) Alekseichuk, I. S.; Ugarov, V. V.; Sokolov, V. B.; Rambidi, N. G.
Zh. Strukt. Khim1981, 22, 182.

(60) Malm, J. G.; Selig, HJ. Inorg. Nucl. Chem1961, 20, 189.

(61) Hwang, I. C.; Seppelt, KI. Fluorine Chem200Q 102 69.

(62) Bilger, E.; Pebler, J.; Weber, R.; Dehnicke, XK. Naturforsch., B:
Chem. Sci1984 39B, 259.
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