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Introduction

Geometric structures, dynamic stereochemistries, and bonding
properties of pentacoordinated main group element compounds
have been studied extensively in the past decades.!2 Naturally,
the by far largest number of experimental and theoretical
investigations deal with P(V) compounds. All phosphoranes
studied in the gas phase possess trigonal bipyramidal (TBP)
structures, and the bonding is best described by an electron-
deficient model with 3c—4e (3-center—4-¢electron) bonds in the
axial direction.’ This model which does not involve the d orbitals
is confirmed by ab initio calculations where the contribution of
d functions is small.# The similarity of structural properties and
substitution effects in pentacoordinated As(V) and Sb(V)
compounds suggests that this bonding model can be transferred
to these higher row main group elements. So far, very few gas-
phase structures or other experimental data of analogous transition
metal compounds, such as Nb(V) or Ta(V) derivatives, have
beenreported which would provide information about the bonding
properties of these compounds. NbClsand TaClsare monomeric
in the gas phase and have TBP structures with the axial bonds
being longer than the equatorial ones by 0.097(9) and 0.142(5)
A, respectively.® Structure determinations for the pentafluorides
are more complicated, since the vapor phase of NbFs and TaF;
consists of polymers (mostly tetramers) at lower temperatures
(~50 °C)% and investigation of the monomers requires super-
heating of the vapor above 350 °C. Both monomers possess TBP
structures with Dy, symmetry. Inthe Ta compound the difference
between axial and equatorial bond lengths is not well determined
and two values are reported: +0.044(6) and ~0.019(15) A,
depending on the method of analysis (see below).’

Recently, gas-phase studies of two Ta(V) derivatives have been
reported which possess square pyramidal (SP) structures of C,,
symmetry (TaMes?) and of C,, symmetry (Ta(NMe,)s®). The
different geometries of TaFs (TBP) and of TaMes (SP)
demonstrate that the structure of pentavalent Ta compounds
depends on the type of ligands. In this context the structure and
geometric parameters of Me;TaF; are of interest. In the present
work we describe a gas electron diffraction (GED) study of
trimethyltantalum difluoride and compare the results with those
for TaFs and TaMes and with the analogous main group element
compounds, Me;PF; and Me;AsF,.

Structure Analysis

The modified molecular intensities for this compound (Figure
1) are extremely weak due to the strong atomic scattering and
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Figure 1. Experimental (dots) and calculated (full line) molecular
intensities and differences.
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Figure 2, Experimentalradial distribution function and difference curve.

the large phase shift 5 of Ta (atomic number Z = 73). Because
of this large phase shift, the terms cos{nT.(s) ~ nc(s)] and cos-
[71a(s) — 7r(s)] in the expression for the molecular intensities!®
cause additional damping. The phase-shift differences become
x/2around s = 15-17 A-1, which makes the contributions of the
Ta—C and Ta-F distances to the molecular intensities zero. For
s> 17 A-! these contributions increase again but the cosine terms
reverse their sign. The large Ta phase shift is also evident from
theradijal distribution curve (Figure 2) where it causes the peculiar
shape of the strongest peak near 2 A. Preliminary analysis of the
radial distribution function clearly results in a TBP structure
with the methyl groups occupying the three equatorial positions,
in agreement with the VSEPR theory. In the following least-
squares analyses the molecular intensities were modified with a
diagonal weight matrix and scattering amplitudes and phases of
Haase!! were used. Assuming Cjy; overall symmetry, i.e. one
hydrogen atom of each methyl group lies in the equatorial plane,
the geometry of this compound is determined by four parameters,
C-H, Ta-C, Ta-F, and £TaCH. Refinements with the methyl
groups rotated around the Ta—C bonds (C; symmetry) or with
freely rotating methyl groups did not improve the fit of the
experimental intensities. Vibrational amplitudes for all non-
bonded C~H and F-H distances were collected in one group.
With these assumptions four geometric parameters and six
vibrational amplitudes were refined simultaneously. Only one
correlation coefficient had a value larger than |0.6]: I,/ls =
~0.67. The results of this analysis are collected in Table 1, which
gives also the numbering of the vibrational amplitudes /;.
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Table 1. Results of the Electron Diffraction Analysis?

Geometric Parameters
C-H 1.098(16) {Ta—C-H 112.1(16)
Ta-F 1.863(4) 7(CH;)? 0.0¢
Ta-C 2.125(5)
Interatomic Distances and Vibrational Amplitudes
(without H~H Distances)

C-H 110 0.101(18) (/) F-C 283 0.13(2) (Is)
Te-F 186 0051(4)() C-C  3.68 0.11(4) (ls)
Te-C 213 0064(5)(y) F-F 373 0.08¢
Ta~H 273 015(3)(l)  X~Hi 277460 0.20¢

a r, distances in A and £, angles in deg. Error limits refer to the last
digitandare 3gvalues, ¢ Torsional angle of CH; groups. =0 corresponds
to Cs, overall symmetry with one hydrogen atom of each CHj group in
the equatorial plane. ¢ Not refined. I X = C or F.

Comparison of experimental and calculated radial distribution
functions (see difference curve in Figure 2) shows a small
discrepancy for the strongest peak around 2 A. Several attempts
were made to improve the fit in this region. (1) The use of
scattering phases of Schifer et al.!? instead of Haase’s values
does not remove this discrepancy and has a marginal effect on
geometric parameters and vibrational amplitudes. (2) If multiple
scattering is included in the calculated molecular intensities,!?
the fit of the radial distribution curve does not improve either.
The Ta—C and Ta—F bond lengths change by less than 0.001 A,
and the vibrational amplitudes, by ca. 0.003 A. This finding is
in accordance with that for TeFg,!5 where inclusion of multiple
scattering also affects only the Te-F amplitude. Thus, both
attempts toimprove the agreement of the radial distribution curves
for Me;TaF, near 2 A were unsuccessful and we have no
explanation for this discrepancy. It is pleasing, however, that
even for molecules which contain atoms as heavy as Ta, the
geometric parameters depend very little on the scattering phases
and on the inclusion of multiple scattering. In contrast to this,
avery large effect of multiple scattering on bond lengths has been
reported for TaFs.” The electron energy in this experiment (57
keV) was similar to that in the present study (ca. 60 keV).
Whereas the mean Ta—F bond length increases only by 0.003 A,
the bond length difference TaF,, — TaF changes from -0.019-
(14) A to +0.044(6) A upon inclusion of multiple scattering.
This implies a big change of the individual Ta~F bond lengths.
On the other hand, the vibrational amplitudes which have been
shown to be more sensitive in TeFq and Me;TaF,, were fixed in
the TaF; analyses. Since these amplitudes correlate strongly
with the closely spaced Ta-F distances, we suspect that con-
straining the vibrational amplitudes magnifies in this case
artificially the effect of multiple scattering on the individual bond
lengths.

Discussion

Me;TaF; possesses a trigonal bipyramidal structure, in contrast
to the pentamethyl derivative, but in agreement with TaFs.
Theoretical considerations using the MO picture show that the
relativestability of TBP and SP structures of d° complexes depends
on the electronegativity of the five ligands.!® Electropositive
ligands stabilize the SP structure, and ab initio calculations for
TaMes indeed reproduce the experimentally determined SP
structure of TaMes. The present result demonstrates that the
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two electronegative fluorines in Me;TaF; lead to a TBP ground-
state structure. In this context, a structural study of the
intermediate member, Me,TaF, would be of high interest.

The analogous main group element compounds, Me;PF, and
Me;AsF;, also possess TBP structures with the methyl groups in
the equatorial plane. Available experimental gas-phase data for
compounds of the type EFs and L;EF, demonstrate that the axial
bond lengths E-F,, increase with decreasing electronegativity of
the equatorial substituents. Naturally, this effect is most strongly
pronounced for L = Me. The P-F,, bond length increases by
0.105(3) A (from 1.580(2) A in PFs!7 t0 1.685(1) A in Me;PF'8),
and the As—F,, bond lengthens by 0.109(8) A (from 1.711(5) A
in AsFs!? to 1.820(6) A in Me;AsF,2). In Me,TaF,, however,
theaxial Ta~F bond (1.863(4) A is shorter by 0.021(7) A or only
slightly longer by 0.018(13) A than that in TaFs, depending on
whether the value with (1.886(5) A) or without (1.845(12) A)
inclusion of multiple scattering is used for comparison. These
rather different substitution effects in P(V) and As(V) compounds
on one side and in Ta(V) derivatives on the other side indicate
a different bonding scheme in the transition metal compound
compared to that in the main group element derivatives. The
concept of the 3c—4e bonds in the axial direction implies a high
polarity of such bonds (F-05—E+10-F-05) and provides a straight-
forward rationalization of the above substitution effects in P(V)
and As(V) compounds. The electropositive substituents in the
equatorial plane decrease the positive net charge of the central
atom and thus also the attractive polarity of the axial bonds. In
tantalum compounds the 5d orbitals are within the valence shell
and thus readily available for bonding. There is no need for
electron-difficent bonds. Regular 2e—2¢ bonds can be formed in
axial direction, and such bonds are less affected by the elec-
tronegativity of the equatorial substituents, as is demonstrated
by the above results for Me;TaF,. The equatorial Ta—C bonds
in Me;TaF, (2.125(5) A) are shorter than these bonds in TaMes,
where the mean length of basal (2.180(5) A) and apical bonds
(2.11(2) A) is 2.166(6) A.

Experimental Section

MesTaF; was synthesized by G. Rilnger and S. Elbel,?! who provided
us with a sample of this compound. The GED intensities were recorded
with a Gasdiffraktograph KD-G22 at two camera distances (25 and 50
cm) and with an accelerating voltageof ca. 60kV. Theclectron wavelength
was determined from ZnO diffraction patterns. The sample was kept at
7 °C, and the stainless steel inlet system and nozzle were at room
temperature. The camera pressure was 5 X 106 Torr during the
experiment. Two plates for each camera distances were analyzed with
the usual methods,2* and the averaged molecular intensities in the s-ranges
2-18 and 8-35 A-! in steps of As = 0.2 A-! are presented in Figure 2.
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