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The molecular structure of W(NMe,), has been studied by gas-phase electron
diffraction. The experimental data are fitted by a model that contains three
orthogonal planar C,N—W—NC, units (with ZN-W-N = 180°); thus, the
W(NGC,), core has T, symmetry. The values, with estimates of uncertainties (2(2,
for the principal distances (r,) and angles (£,) are: r,(W—N) = 2.035(5) A,
r(C—N) = 1.453(4) A, r(C—H) = 1.064(7) A, £LW-N-C = 125.6(4)°, and

ZN—C=H = 113.6(21)°.

Dedicated to Professor Otto Bastiansen on his 70th birthday

Few octahedral binary, or pseudo-binary, com-
pounds of tungsten(V1) are known. For example,
of the halides only fluorine and chlorine form
stable hexahalides. Although it is claimed the
bromide, WBr,, can be obtained by allowing
W(CO), to react with an excess of bromine, the
exact nature of the product has not been ascer-
tained and it certainly evolves bromine when
warmed to above room temperature. It is there-
fore surprising that reaction of tungsten(V1) chlo-
ride with either LiMe or LiNMe, gives the species
WMe,' and W(NMe,),,? respectively together
with some lower oxidation state tungsten com-
pounds. The compound W(NMe,), has been the
subject of a single crystal X-ray study and shown
to consist of isolated W(NMe,), molecules con-
taining octahedral WNg moieties. Unfortunately
the X-ray study revealed that the crystals exhib-
ited some disorder. However, it is known that the
compound has a considerable vapour pressure at
220°C and is likely to form molecules with high
symmetry in the gas phase. Thus, molecular
W(NMe,), is suitable for a structural investiga-
tion by gas-phase electron diffraction. Accord-
ingly we have carried out a gas-phase electron
diffraction study of W(NMe,),, and we compare
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the results with those provided by the X-ray in-
vestigation.> Also available for comparison are
data from an electron diffraction study of
Zr(NMe,);,* which has been shown to contain a
Ty Z1N, core and planar Zr—N—-C, fragments;
thus, the Zr(N—-C,), framework had D,, sym-
metry.

Experimental and analysis of the structure

Preparation of W(NMe,),. Using “Schlenk” tube
procedures, W(NMe,), was prepared by allowing
WCl to react with LiNMe, according to pub-
lished procedures.? The product was purified by
sublimation and samples (approximately 1 g)
were placed in sealed ampoules which could be
loaded directly into the Balzers Eldigraph
KDG-2 apparatus at the University of Oslo*® and
opened in situ.

Data were obtained at nozzle-to-plate dis-
tances of 497.95 mm and 248.12 mm with nozzle
temperatures of 220-230°C. The electron wave-
length was calibrated against diffraction pictures
for benzene.® Five plates for both camera dis-
tances were used in the final analysis. The data
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THE STRUCTURE OF W(NMe,)s

Fig. 1. Intensity curves sl(s) for
W(NMe,)s. Experimental curves (E1
and E2) are averages for all plates for
the two camera distances. The
theoretical curve (T) was calculated
from the structural parameters shown
in Table 1 using mercury phase-shift
factors. The difference curves (D1 and
D2) result from the subtraction of the
relevant part of the theoretical curve
from the experimental curves.

Fig. 2. The atom numbering scheme used in the study of W(NMe,)s. The hydrogen atoms are numbered in
sequence starting with those bound to the carbon atom with the lowest number. Thus, H,, Hy; and H,, are
bound to C8. The two hydrogen atoms (H,, and H,;) atoms that take part in the torsion angles ¢, and ¢, are

specified in the figure.
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cover the ranges 2.00 < s < 15.00 A and 4.00 <
s < 30.00 A" at intervals of s = 0.25 A~'. The
experimental data were processed as previously
described,”" with scattering factors taken from
Refs. 12 and 13. Refinements of the structure
were carried out by the least-squares method' by
adjusting one theoretical curve to fit the two av-
erage experimental intensity curves (one for each
of the two nozzle-to-plate distances) using a unit
weight matrix. The average curves, the final the-
oretical curve and the difference curves are de-
picted in Fig. 1. The reduced intensity data and
the background curves are available as supple-
mentary data.

Fig. 2 shows a representation of the molecule
together with the atom numbering scheme that
was used for the tungsten, nitrogen and carbon
atoms. Only a few hydrogen atoms are num-
bered; they are numbered in sequence, with those
having the lowest numbers being bonded to C(8)
and those with the highest numbers are bonded

Table 1. Final structural parameters for W(NMe,)s.*

to C(19). It was assumed that the WN, moiety
has O, symmetry and that the CNWNC, frag-
ments are planar. In early refinements the
C,NWNC, fragments were allowed to deviate
from planarity. The deviations were found to be
small (2.0 to 3.0°) and the standard deviation
associated with the angle was large enough to
make the deviation not significant. Thus, the
model adopted for the refinement can be de-
scribed in terms of three bonded distances, viz.
r(W-N), r(N—C) and r(C—H), two valence an-
gles, viz. ZN—C—H and ZW-N-C, and two
torsion angles ¢, (which is ZH,—Cg—N,—W)
and @, (which is £ZH,;,—Cy—N,—W). The two
torsion angles were defined to allow the two
methyl groups to rotate independently of each
other about their N—C bonds. However, refine-
ment of these two torsion angles gave values that
carried a high degree of uncertainty. Accord-
ingly, refinements were carried out in which ¢,
was allowed to refine while ¢, was varied at 2°

Parameter ry/ La. ) sfined Jeaic
we Hg° wpb Hg°
Independent parameters
r(W-N) 2.034(5) 2.035(5) 0.058(2) 0.061(2) 0.060
rg(Cs—Ny) 1.452(5) 1.453(4) 0.046(5) 0.047(4) 0.054
ri(C—H) 1.068(9) 1.064(7) 0.078(11) 0.079(10) 0.069
ZW—-N,—Cq 125.9(5) 125.6(4)
ZN,—Cg—Hyy 112.6(22) 113.6(21)
@,¢ 55.6 55.6
.’ 38.4 38.4
Selected Dependent parameters
r(Cq+-Co) 2.380(16) 2.379(15) 0.085(4) 0.088(2) 0.095
rg(No++-Ng) 2.877(7) 2.883(7) 0.082(14) 0.107(11) 0.080
r(CioNy) 3.016(6) 3.011(7) 0.109(14) 0.115(11) 0.121
rg(Nz+-N7) 4.068(9) 4.073(9) 0.081(11) 0.077(10) 0.081
rg(W---Cg) 3.126(7) 3.126(7) 0.084(8) 0.085(8) 0.084
£Cg—N,—C, 108.2(10) 108.9(8)
R factors
Long camera dist. 0.086 0.086
Short camera dist. 0.119 0.096

aDistances in A and angles in degrees. Errors are 20, including an estimate of errors in wavelength etc.,
®Refinement in which the phase-shift factors for tungsten were used. °Refinement in which the phase-shift
factors for tungsten were replaced with those of mercury. %, is the torsion angle ZHx—Cg—N,~W, while g,

is the torsion angle £H,;—Cy—N,—W.
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intervals from 0° to 60°. Having determined the
best value for ¢, it was fixed, and ¢, was allowed
to refine from its value which gave the best value
for @,. The resulting values are given in Table 1.
The methyl groups were assumed to have Cj,
symmetry, with the three-fold axis coinciding
with the C—N bond.

Root-mean-square vibrational amplitudes (/)
were calculated from an assumed valence force
field using values for the force constants obtained
from studies of related molecules.

In the final refinement all the independent var-
iables (except ¢, and ¢,) were allowed to refine
together with the vibrational amplitudes associ-
ated with the bonded distances. Those vibra-
tional amplitudes associated with the non-bonded
interactions that were thought to be most influen-
tial on the structure [[(Cy--Cy), IC,p-°N,),
(W---Cy), I(N,---N;) and /(N,:--N;)] were al-
lowed to refine; the remaining amplitudes were
kept constant at the calculated values. The radial
distribution (RD) curves were calculated in the
usual manner by Fourier transformation of the
s[I.(s)] values after multiplication by
(ZwZylfwfi)exp(—0.0025 s2).

In our study of OsOCl we found that an
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improved fit to the experimental data was ob-
tained when the osmium phase-shift factors were
replaced by those for lead. Accordingly, an in-
vestigation into the effect of substituting the
phase-shift factors for tungsten was carried out
and it was found that the best fit was obtained
using the data for mercury. Changing the phase-
shift factors from those for tungsten to those for
mercury has no effect on the geometry, although
lower standard deviations and R factors are ob-
tained with the latter (see Table 1). In the radial
distribution curve there is an improvement in fit
around 2.04 A, Besides errors in the phase-shift
factors, the failure to take into account three-
atom scattering may be a cause of the difference
between the theoretical and experimental radial
distribution curves. However, although we had
previously attempted to allow for three-atom
scattering, there was no improvement in the fit
between theory and experiment. In Fig. 3 are
depicted the experimental, theoretical and differ-
ence radial distribution curves calculated using
the curves derived with the phase-shift factors for
mercury. The results of the final refinement are
shown in Table 1, while Table 2 contains the
correlation matrix for the refined parameters.

RADIAL DISTRIBUTION CURVES

THEORETICAL

| ] gt

EXPERIMENTAL

Fig. 3. Radial distribution curves for
W(NMe,)s, showing the experimental,
theoretical and difference curves. The
curves were calculated from the curve

C-H CN WN 45 49

18 810 410 48 416 8-15

in Fig. 1 after multiplication by Z,2Z,/
fwfvexp(—0.0025s?) and using
theoretical data for the unobserved

DIFFERENCE
region s<2.0 A-'. The vertical lines
indicate the locations and weights of
1 2 3 4 5 6 7 some of the more important distances
oA in the molecule, the atomic numbering

being given in Fig. 2.
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Table 2. Correlation matrix (x 100) for the parameters in W(NMe,)s.

Parameter olLS? n r, ra Ly ZLs g [ Iy I ho Il Iy

1. (W—-N) 0.0009 100 —-20 1 —-40 -15 6 6 5 27 -34 8 16 0
2. (Cg—N,) 0.0010 100 12 -19 10 10 3 12 3 5 5 4 1
3. (C—-H) 0.0027 100 -8 —-10 -1 3 6 9 -3 5 8 1
4. ZW-N,—C, 0.15 100 -22 —10 —-12 —-18 —48 22 -26 -65 -6
5. ZN,—~Cg—H,, 0.76 100 5 10 10 16 9 12 23 6
6. (C—-H) 0.0025 100 28 18 15 -8 9 10 -2
7. (Cs—Ny,) 0.0013 100 17 24 -12 20 21 -1
8. K\W-N) 0.0007 100 26 -16 15 23 —1
9. /CyoN,) 0.0079 100 -17 11 47 4
10. (Cq--Cy) 0.0067 100 -13 -23 -2
1. (W--Cy) 0.0013 100 49 3
12. {Ny+Ny) 0.0047 100 7
13. (N,--N,) 0.0158 100

“Standard deviations taken from the least-squares refinement. Distances (n and amplitude (/) in A, angles in

degrees.

Results and discussion

The results obtained in our study of W(NMe,),
are consistent with the molecule having 7, sym-
metry in the gas phase, which is similar to the
situation observed in the solid state.? The metal-
—nitrogen distance [r,(W—N) = 2.035(5) A] is in
agreement with that observed in the solid state
[2.032(25) AJ but shorter than that found in
Zr(NMe,), [r(Zr—N) = 2.071(11) A].> Howev-
er, the difference is less than the difference be-
tween the covalent radii of zirconium and tung-
sten (0.15 A), which is an observation that can be
understood by considering the different roles of
the lone-pair electrons in the two molecules. Of
the twenty-four electrons available for bonding in
the WN; fragment, twelve are used in o bonding.
The remaining twelve are in six lone pairs (one
on each nitrogen atom), and in the 7}, point group
these lone pairs transform as T, and T,,. The T,
set is able to combine with the T, set of tungsten
metal orbitals (5d,,, 5d,, and 5d,,), while the T,
set is essentially non-bonding as the only metal
atomic orbitals with 7;, symmetry (6p,, 6p,, 6p.)
are used for ¢ bonding. Thus, the tungsten—
nitrogen bonds can be visualised as being of order
1.5. In contrast there are sixteen electrons avail-
able for bonding in the ZrN, fragment of D,,
symmetry found in Zr(NMe,),.> Both the four
Zr—N sigma bonds and the four lone pairs on the
nitrogen atoms transform as A,, B, and E. For
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the o bonds the following metal orbitals are avail-
able: 55 (A,), 5p, (B,) and 5p, with 5p, (E), while
the  bonding can be accomodated by 4d . (A,),
4d,, (B,), and 4d, with 4d,, (E). Thus, in contrast
to the W—N bonds in W(NMe,);, the Zr—N
bonds in Zr(NMe,), can be envisaged as double
bonds; it is therefore to be expected that the
difference between r(Zr—N) and r,(W—N) will
be less than the difference between the covalent
radii of the two metals. The zirconium compound
presents an unusual situation. Rotation of the
N-C, groups in a concerted manner about the
Zr—N bond does not destroy the double-bond
character; even if the symmetry of the molecule
decreased to be S,, the multiple-bond character
would be maintained. Thus, any difference in
rigidity between Zr(NMe,), and W(NMe,), must
be an effect of the difference in metal covalent
radii. and coordination number between
W(NMe,), and Zr(NMe,),. This is illustrated by
the difference in the /(M---C) values [for M = W
it is 0.085(1) A; for M = Zr it is 0.160(9) A],
while the /(C---C) values are equivalent. Further-
more, the barrier to rotation about the M—N
bonds is greater in the tungsten compound than
in the zirconium species, as shown by the high
degree of uncertainty found for the
C—N,—Zr—N, angle [109.7(87)°] and the planar-
ity found in the present study for the
C,N-W-NC, fragments in W(NMe,),. At 125.6
(4)° the W—N—C angle is smaller than that seen




in the solid state” (127.5°) but in accord with that
seen in Zr(NMe,);’ [124.3(6)°]. The r,(C—N)
[1.453(4) A] is shorter than observed in the solid
state (1.516 A) but in agreement with the values
found in the gas phase for Sn(NMe,)," [1.450(19)
A) and Zr(NMe,)? [1.461(4) A].
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