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A new compound for the molecular synthesis route to high-
demand Si/B/N/C ceramics has been found and is described
in this work. We report on an elegant “one-pot” synthesis of
[(trichlorosilyl)dichloroboryllethane (TSDE, Cl3Si-CH-
[(CH3)(BCIl,)]) and its structural characterisation by means of
nuclear magnetic resonance and (theoretical and
experimental) infra-red spectroscopy. Density functional and
Hartree-Fock calculations combined with a perturbational
treatment of the electron correlation have been performed.

Both methods yield good agreement of theoretical and
experimental spectra, with the perturbational approach
being slightly superior. In a similar way to the amino
compound  [(trichlorosilyl)Jamino]dichloroborane  (TADB),
TSDE exhibits a planar coordination of the dichloroboryl
terminus but tetrahedral neighbourhoods for both carbon
and silicon. The electronic structure has been investigated
and a ¢ — n order of the frontier orbitals shall be discussed.

Introduction

This paper represents the second part of a series re-
porting on the synthesis and characterisation of molecular
precursors for covalent amorphous Si/B/N/(C) ceramics. As
has been shown previously,? the so-called precursor route,
i.e. the way of forming covalent networks from molecular
precursors with prebuilt structural units, often leads to
most useful high-demand ceramics with outstanding fea-
tures such as exceptional temperature resistance, corrosion
stability and hardness. As examples, we have listed three
novel ceramic syntheses and the resulting thermal stabilities
of the compounds obtained when using the precursor route
shown in Figure 1. The interested reader may find more
information on this approach to high-performance ceramics
in the literature.3—5!

In order to understand the structural principles behind
these syntheses we have, in this publication, combined ex-
perimental and ab initio techniques to study the structural
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Figure 1. Novel Si/B/N/C-ceramics and their thermal stabilities

properties of [(trichlorosilyl)dichloroboryllethane (TSDE)
for which a patent has been acquired.®!

Synthesis

0.1 mol of boron trichloride was condensed at —65 °C in
a round-bottomed-flask equipped with a dropping funnel
and a pressure compensation valve. 0.1 mol of trichlorovi-
nylsilane and 0.1 mol of triethylsilane were mixed and ad-
ded to the boron trichloride during 15 min. The mixture
was stirred for 1h and allowed to warm up to room tem-
perature. The reaction mixture, consisting of the product
and triethylchlorosilane, was distilled over a 30 cm Vigreux
column. A 64.1% yield of 1-(trichlorosilyl)-1-(dichlorobory-
l)ethane (TSDE) was obtained at 35—40 °C/12mbar. At
room temperature, the product is a colourless liquid which
is extremely sensitive to moisture and air.L”]
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Characterisation
Experimental Setup

Infra-Red Spectrum: The IR-spectroscopic measurements
were conducted using a Fourier transform infrared (FT-IR)
spectrometer (model IFS 113v, Bruker Co., Karlsruhe, Ger-
many). The equipment has a modified interferometer by
Genzel. Compared to a machine with a Michelson arrange-
ment and the same optical unit dimensions, we obtain
double resolution. A globar was used as the light source in
the MIR range, and a mercury-cadmium telluride photode-
tector registered the transmission. No smoothing operators
were applied, but a baseline correction was carried out. A
liquid sample of neat TSDE was deposited in a cuvette with
KBr windows and the spectrum was measured in the ab-
sence of water vapor and air at 20 °C.

NMR Spectra: The liquid NMR spectra were recorded
on a Bruker AMX 300 spectrometer (Karlsruhe, Germany).
The samples had been prepared by mixing neat TSDE with
CDCl; for *H as well as for 3C spectroscopy.

Theoretical Methods

Energies and Geometries: Geometry optimisations were
carried out with TURBOMOLE v.4.6% and Gaussian 94.117]
We employed standard relaxation routines based on the
Rational-Function or the Quasi-Newton-Raphson models;
the initial Hessian matrix was updated by the BFGS algo-
rithm throughout the calculations.l*Y! At points of vanishing
gradient, we determined the matrix of second derivatives of
the energy with respect to the nuclear coordinates (Hessian
matrix) and computed its eigenvalues to check for imagi-
nary frequencies. Our former investigations were based on
molecular hypersurfaces determined on the local density
functional level of theory? with the Slater exchange- and
Vosko-Wilk-Nusair-correlation functionals.™! These data
were reasonable with the exception of hydrogen bond
lengths, whose vaues were a bit too long. In the present
case, we therefore used the B3LYP[3~%51 density functional
that employs a three-parameter hybrid functional for the
exchange part of the molecular energy and a gradient-cor-
rected functional for the electronic correlation energy. As
an alternate correlation treatment to the density functional
formalism, we employed the efficient RI-MP2 procedure by
Feyereisen, Fitzgerald and Komornicki™®! and implemented
by Weigend and Haser™™ to determine both the equilibrium
structure and the vibrational spectrum of [trichlorosilyl-
(dichloroboryl)]ethane. For the search of the global mini-
mum of the potential energy surface (PES) of TSDE, we
have chosen molecular conformers that differed in terms
of the relative torsional positions of the BCl,, SiCl;, and
CH; groups.

In order to validate the theoretical models with respect
to further analysis of the electronic structure, we first calcu-
lated the root mean square (rms) deviations of the (scaled)
vibrational frequencies for the two different levels of theory.
The perturbational correlation treatment was found to be
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slightly inferior: For B3LYP we determined an rms value of
29 wavenumbers, the perturbational formalism yielded 36
wavenumbers). In any case, we consider the RI-MP2 model
advantageous on the basis that one false ordering of fre-
quencies was obtained with the DFT formalism (see below).
Thus, subsequent examinations of bonding characteristics
etc. will be based on the RI-MP2 geometries, energies and
Roothaan-Self Consistent Field (SCF) molecular orbitals
for those very geometries.

Basis Sets: The optimisation procedures and energy de-
terminations involved a triple zeta split valence basis set
(TzVP) for all methods. It has been taken from the TuRr-
BOMOLE V.4.6[%9 basis set library. This basis set comprises
polarisation functions on all atoms including hydrogen. For
very small molecules, an RI-MP2 procedure is error-prone
due to an insufficient auxiliary basis; we have, however,
tested the applicability of the scheme by means of single-
point energy calculations on the (full) MP2-level for am-
monia, pyruvic acid, CCIF(CO), and TSDE itself. Logged
errors lie below one millihartree (= 0.03 eV); the single-
point energy difference (R1- and non-RI-procedures) for the
same (RI-MP2-optimised) structure of TSDE only differs
by 0.3 millihartrees (= 0.008 eV).

Vibrational Spectra: The vibrational spectra have been
determined at the corresponding equilibrium geometries by
calculating the second derivatives of the electronic energy
with respect to the nuclear coordinates; the same basis sets
have been employed here. DFT intensities were calculated
analytically from the squared derivative of the dipole mo-
ment at equilibrium geometry.*8! To calculate RI-MP2 vi-
brational frequencies, we employed a second derivative nu-
meric procedure that has, amongst others, been linked to
the TurBOMOLE-modules. RI-MP2 infra-red intensities have
also been numerically determined by calculating the
squared dipole moment derivatives with the same grid as
for the frequency determination (0.02 bohr = 0.0106 A).
The reliability of the resulting frequencies has, besides the
plausible comparison of them with the density functional
vibrational values, been tested for compounds that are still
easily accessible with the standard MP2-scheme and the
software available to us. For these compounds, and with
our grid, deviations occur in the regime of only 1—3 wave-
numbers compared to analogous analytical calculations.
For the intensities, we find deviations of less than one per-
cent. These findings shall be subject to a separate publi-
cation.

Results and Discussion

Equilibrium Structure and Stability, Bonding- and
Electronic Parameters

Relaxation of the geometrical degrees of freedom of
either the staggered or the eclipsed conformations leads to
the equilibrium structure represented in Figure 2. We deter-
mined slightly different geometric parameters by the differ-
ent methods. All values and corresponding energies ob-
tained are listed in Table 1.
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Figure 2. Equilibrium conformation of TSDE

Table 1. Equilibrium geometry data for TSDE for different theore-
tical models

Coordinate Theoretical Model
RI-MP2//TZVP  B3LYP//[TZVP
R [A] Cl1-Si 2.046 2.068
Cl2-Ssi 2.053 2.075
CI3—Si 2.048 2.069
Si—C1 1.869 1.893
Cl—-H1 1.096 1.096
Cl1-C2 1.560 1.551
C2—H2 1.089 1.089
C2—H4 1.089 1.090
C2—H3 1.090 1.091
Cl-B 1.560 1.567
B—Cl4 1.748 1.763
B—CI5 1.748 1.764
Z ] Cl1-Si—CI2 108.39 107.80
Cl1-Si—CI3 109.14 108.42
Cl2—-Si—CI3 108.52 107.97
Cl1-Si—C1 111.71 111.94
Cl2-Si—C1 108.73 108.90
CI3—-Si—C1 110.28 111.66
Si—Cl1-H1 103.04 101.99
Si—Cl1-C2 109.83 110.34
Si—C1-B 111.24 112.61
H1-C1-C2 110.52 109.45
Cl1-B—-Cl4 120.52 121.48
Cl1-B-CI5 120.59 120.76
C1-C2—H2 111.28 111.62
C1-C2—H3 110.25 110.09
Cl1-C2—H4 111.16 111.21
H2—-C2—-H3 107.52 107.22
H2—-C2—-H4 108.44 108.40
H4—-C2—H3 108.05 107.65
Cl4a—B—CI5 118.89 117.76

The central carbon atom is almost perfectly tetrahedrally
connected to a planar BCI, group and an SiCl; group that
itself is tetrahedrally coordinated. A C—C distance of
1.560 A corresponds to a typical single bond length. In ad-
dition, the Si—C and B—C bonds lie in the region of typical
bond lengths for singly-bonded molecules. The single bond
character of all bonds in TSDE is in contrast to the findings
in TADB, which exhibits a partially doubly-bonded central
pattern with its B—N bond having a length of 1.42 A.I1

We found a HOMO-LUMO gap for the closed-shell com-
pound TSDE that amounts to 0.5161 hartrees, i.e. = 13.9
eV. This value remains basically unaltered upon rotating the
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trichlorosilyl-, methyl-, or dichloroboryl groups as de-
scribed below.

Graphical representations of the two SCF frontier or-
bitals are given in Figures 3 and 4.1°1 Treating methyl and
hydrogen as topologically equivalent, we may consider the
plane defined by B—C—Si a mirror plane. The HOMO in
this case corresponds to an a’ molecular orbital with plain
o-type bonding interactions between (a) the central carbon
and the boron atom and (b) between C and Si. A nodal
plane on C separates these bonding components. This
analysis already gives a clue to the low torsional barrier of
SiCl; around the Si—C bond as shall be discussed in the

Figure 3. Highest occupied SCF-molecular orbital (HOMO) of
TSDE: The BCI, group is in the upper left, the SiCl; group in the
lower right corner

L g

Figure 4. Lowest unoccupied SCF-molecular orbital (LUMO) of
TSDE; orientation of the molcule as in Figure 3
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section describing the IR spectrum. In addition, the torsion
of BCI, around the B—C bond should be significantly eas-
ier compared to TADB. The HOMO describes the chlorine
lone electron pairs as large p atomic orbitals that lie almost
parallel to the mirror plane, resulting in non-bonded inter-
actions with their neighbouring elements Si and B.

The LUMO, on the other hand, mainly consists of the
boron and chlorine p atomic orbitals that are perpendicular
to the BCI, plane. There are three nodal planes with respect
to these orbitals: one within the BCI, plane, and the two
others between B and each Cl. Thus, both B—CI interac-
tions are anti-bonding, which is, in fact, a very similar situ-
ation to that in TADB. The second characteristic constitu-
ent of the LUMO is a diffuse silicon atomic orbital with
mostly s and little p-character, the latter being invisible in
Figure 4 because of the overlying spacious s parts. As we
did not include Rydberg or negative ion basis functions?®!
in our basis set, we may not judge from this point whether
this molecular orbital corresponds to a Rydberg state or
not. When exciting electrons into this LUMO, one does not
expect this to have a significant influence on the SiCl; and
BCl, torsional barriers, as the corresponding interactions
are nonbonding. Moreover, we have calculated that a BCI,
torsion around B—C leaves the characteristics of the fron-
tier orbitals mostly unaltered so that the bond distances will
also remain basically the same for such a motion. In sum-
mary we can say that the electronic structure of TSDE al-
lows a much higher flexibility when compared to TADB,
and the lone pair electrons on all chlorine atoms signifi-
cantly occupy the HOMO. This may well be a reason for
its enhanced functionality as a network-creating agent. The
fragment B—C—Si reveals a ¢ — n pattern with respect to
HOMO and LUMO.

Infra-Red Spectrum

Figure 5 and the enlarged detail in Figure 6 display the
vibrational spectrum obtained experimentally. Embedded
within each of these Figures, we have added the line spec-
trum from theory, and finally Table 2 lists all the data ob-
tained in listed form.

Frequencies have been calculated without anharmonic
corrections. Moreover, we have tried to minimise the effects
of systematic errors during the calculation of ab initio fre-
quencies by scaling the results.?Y) The procedure we have
applied in this context is widely known as uniform scaling(??
and procedes by taking a significant vibrational frequency
from the theoretical spectrum and setting this to be equal
to the corresponding experimental one. The resulting ratio
of frequencies is then used to scale over the entire theoreti-
cal spectrum. Thus, we obtain method-specific scaling fac-
tors that are given in the header of Table 2. The reference
mode was chosen to be the fifth highest in frequency at an
experimental value of 1464 wavenumbers: The correspond-
ing signal is in the mid-field region of the spectrum, it can
easily be distinguished from the ones at higher wave-
numbers, it is sharp, does not show any shoulders, and all
theoretical models reproduce the neighbouring signal lower
in energy at the experimentally observed distance of ap-
proximately ten wavenumbers. The peak chosen in this way
appears to be suited best for determining a reasonable scal-
ing factor.

In Figure 5 we have overlayed the full (scaled) RI-MP2
theoretical infra-red line spectrum with the experimental
one. For the line spectrum, a ratio of *B/*°B =~ 80:20 has
been employed. Assignments from low to high frequencies
are easily set up; all calculated values from theory find their

L 2 1
100 - 100
3
80 I§ -1 80
~|l
0|
£ 60| 1 Y e
g A8
g .8 &
é .a.l% !
I
40 5 -1 40
< g
: )l
L ’ .
i3 3 .
20 ~ s/ & |§ o - 20
3] pe |
| / S
| Lol
0F L ! . | L ] l L 1 L l o [ 0"
4000 3500 3000 2500 2000 1500 1000 500
wavenumber [1/cm]

Figure 5. TSDE: Theoretical and experimental IR spectra (Overlay), theory refers to the RI-MP2 level and assumes a !B/1°B ratio of

80:20; for reasons of clarity, not all resonances are labelled
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Figure 6. Infra-red spectrum as from Figure 5 — enlargement show-
ing detail of the fingerprint region

experimental counterpart and agreement is particularly
good.

Modes 1—12 are basically rocking, bending and wagging
motions of the trichlorosilyl- and dichloroboryl-functions,
respectively. Mode 13, which we calculate at 383 wave-
numbers (scaled RI-MP2), is a combination of a breathing
motion of the nuclear frame, accompanied by a slight um-
brella-like motion of the methyl group. The experimental

spectrum starts with its observation window at around 500
wavenumbers, so the lowest peak in energy at 467 cm~—* can
clearly be identified with our theoretical value of 454 cm™1,
corresponding to mode 14, an umbrella motion of the cen-
tral carbon atom, combined with symmetric Si—Cl stretch-
ing motions and a slight B—CI stretch vibration. Mode 15
represents the strong pyramidalisation mode of boron, anti-
phase with Si—C stretches and the SiCl; umbrella. A theor-
etical value of 521 cm™?! nicely matches an experimental
one of 517 cm~1. Still, mode 16 shows a slight out-of-plane
(0.0.p.) motion of a boron atom combined with a B—ClI
symmetric stretch. Most characteristic for this mode
though, are antisymmetric Si—Cl stretch motions and, in
this case, theory and experiment agree perfectly (558 vs. 560
cm~1). Mode 17 represents the strong antisymmetric Cl,Si
stretch along with a C—C—Si bending, and a calculated
value of 597 wavenumbers finds its experimental counter-
part at 596 cm~1. Mode 18, a B—C—Si bending motion,
together with an anti-symmetric stretching of the SiCl,
group, shows the same agreement as before: 616 cm~?* from
the experiment as opposed to 610 cm~* from theory. Mode
19 is a Si—C stretching vibration, exhibiting frequencies of
723 cm ! for the calculated model, and 725 cm~? for the
experimental value. This motion is certainly accompanied
by a strong in-phase umbrella motion of SiCl;. Mode 20

Table 2. Experimental and theoretical (unscaled and scaled) vibrational frequencies and their relative intensities

Mode Theory Experiment Mode
DFT Correlation Treatment Perturbation Theoretical Treatment of
B3LYP Correlation RI-MP2
\% v-0.9676 el \Y v-0.9582 1b] v |

1 18 17 0 23 22 0 1
2 44 42 0 56 53 0 2
3 80 77 0 86 82 0 3
4 114 111 0 125 120 0 4
5 131 127 0 138 132 0 5
6 169 164 1 181 173 1 6
7 186 180 1 197 189 1 7
8 194 188 0 207 198 1 8
9 205 198 0 232 222 3 9
10 223 215 4 239 229 3 10
11 240 232 1 258 247 1 11
12 307 297 0 320 307 1 12
13 377 365 1 400 383 1 13
14 453 439 9 474 454 8 467 w 14
15 523 506 14 544 521 12 517 m 15
16 549 531 42 583 558 36 559 S 16
17 584 565 54 623 597 61 596 Vs 17
18 610 590 21 636 610 38 617 Vs 18
19 712 689 29 755 723 33 725 S 19
20 892 863 100 941 902/923 100 893/921 vs/m 20(c
21 937 906 24 970 930 19 934 S 21
22 1016 983 27 1028 985 33 987 S 22
23 1054 1020 39 1093 1047 35 1049 S 23
24 1106 1070 23 1116 1069 35 1083 s 24
25 1175 1137 41 1192 1143 64 1139 Vs 25
26 1304 1262 12 1321 1265 19 1262 s 26
27 1427 1380 1 1444 1384 1 1386 m 27
28 1506 1457 5 1520 1456 6 1457 m 28
29 1513 1464 4 1528 1464 4 1464 m 29
30 3030 2932 1 3091 2962 7 2884 w 30
31 3047 2949 7 3098 2969 1 2915 vw 31
32 3108 3007 4 3176 3043 4 2945 w 32
33 3129 3028 3 3195 3062 2 2981 w 33
[l 100% = 266 km/mol. — 1 100% = 244 km/mol. — [l Refer to text for details.
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represents an antisymmetric stretching of BCl,. We deter-
mined an experimental frequency of 893 cm~! which is in
accordance with theory (902 cm™1) to within nine wave-
numbers. As one can easily tell from looking at a model of
atoms moving along this eigenvector, this should be one of
the strongest modes in the infra-red spectrum, due to the
fact that the dipole moment changes strongly. Indeed, both
the density functional and the perturbational calculations
determine this vibration as the most intense. Because of its
strength we have calculated the corresponding °B isotopic
shift for this mode and found a scaled RI-MP2 value of 923
cm~L. Thus, we conclude that the experimental value of 921
wavenumbers corresponds to a vibration along mode 20
with a 1°B nucleus.

Mode 21 basically corresponds to a symmetric stretching
vibration of the B—C—Si-fragment that is antisymmetric to
a weak BCl,-vibration of TSDE. A scaled theoretical value
of 930 cm~! is nicely reproduced by the experimentally ob-
tained frequency at 934 cm~!. Mode 22 shows the sym-
metric BCI, stretch and some C-B stretching that is anti-
phase with a wagging motion of the entire methyl group
toward the silicon atom. Theory (985 cm~1') and experiment
(987 cm~1) match almost perfectly. Mode 23, to which we
assign an experimental value of 1049 wavenumbers (theory:
1047 cm™1), shows a B—C—C antisymmetric stretching
motion along with a CI(5)—B stretch. The experimentally
recorded shoulder at 1083 wavenumbers correlates with a
theoretical resonance at 1069 cm 1, corresponding to mode
24, a strong B—CI stretch along with a methine-H-C—B
bending. Mode 25, which we calculate at 1143 wavenumbers
(in satisfactory accordance with the experimental value of
1139) appears as a strong mode in theory and experiment;
the corresponding motions are (a) (SiCB) framework
stretchings, mainly antisymmetric with respect to B—C and
C—Si and (b) an in-plane BCI, bending. Mode 26 is mainly
an antisymmetric C—C—B stretch. Its vibrational fre-
quency falls into the usual region: 1262 cm~* (experimen-
tal), theoretically determined at a scaled value of 1265
cm~1. Mode 27 represents the pure methyl-umbrella mo-
tion. We have calculated the corresponding frequency at
1384 cm™1, whereas experiment records it at 1386 cm™1.
Modes 28 and 29, at 1457 and 1464 (experimental) or 1456
and 1464 cm™~1 (theory) respectively, are almost uncoupled
scissoring vibrations of the methyl group. The remaining
four frequencies in the region of 3000 cm~* certainly belong
to C—H stretches. The lowest in frequency (experimental:
2884 vs. theory: 2962) is the symmetric C—H stretch of the
methyl group, and mode 31 (experimental: 2915, theory:
2969 cm™1) the methine-H stretch. The density functional
calculations reverse the assignment of these frequencies and
only by means of a comparison of the calculated intensities
(RI-MP2 vs. experiment) can these assignments safely be
found. Finally, modes 32 and 33, recorded at 2945 and 2981
cm~1 experimentally, are the remaining antisymmetric
counterparts of mode 30, the methyl stretches. We calculate
these to be at 3043 and 3062 cm~ 1. As found in most calcu-
lations, the agreement slightly deteriorates with higher ener-
gies, but the relative positions of the resonances leave as-
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signments unambiguous. Upon turning the trichlorosilyl
group through 180° around Si—C and optimising all re-
maining internal coordinates at the RI-MP2 level, we find
a barrier with respect to the minimum of only 9 kJ/mol.
Moreover, we have recalculated the vibrational spectrum
after this distortion and found deviations of up to 16 wave-
numbers (modes 14 and 19). Both these considerations lead
us to believe that a thermal excitation should not have influ-
enced characteristics of the experimental infra-red spectrum
and that this motion is easily excited at room temperature.
Similar considerations apply for the methyl group: A tor-
sion and subsequent relaxation of the remaining internal
coordinates yields an energy difference of only 12 kJ/mol
above the minimum. The vibrational frequencies deviate at
most by 24 cm~! (mode 26) from the equilibrium values.
Supported by our considerations for the bond character-
istics and the frontier orbitals (see above), one should ex-
pect that, finally, a torsion of the dichloroboryl group re-
quires less energy than in TADB (68 kJ/mol), as we had
found a partially doubly bonded boron atom there. Indeed,
the RI-MP2 energy difference to the minimum amounts to
38 kJ/mol, so this substituent should only be turning freely
at slightly elevated temperatures.

NMR Spectrum

The *H-NMR spectrum (Figure 7) reveals two signals be-
longing to the methyl and methine groups of the precursor.
The protons of the methyl group are chemically equivalent
but the signal at o = 1.48 is split into a doublet because of
the presence of the adjacent methine proton. Analogously,
the signal of the methine proton is split into a quartet and
is shifted to 0 = 2.22.

The signals in the *3C-NMR spectrum (Figure 8) can eas-
ily be assigned to the relevant groups: The multiplet in the
region of o = 78 belongs to solvent resonances. The methyl
group produces a sharp peak at 6 = 11.93 whereas the res-
onance of the methine group is broad and flat and is shifted
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Figure 7. *H-NMR spectrum of TSDE
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to approximately 6 = 34.6. The shape of the latter signal is
caused by the interaction of the *3C nuclear spin (I = 1/2)
with the quadrupole of the neighbouring B (spin 3/2).
Table 3 displays results of all NMR experiments conducted
(*H, 3C, ?%si, and 'B).

11.9

WWW

red spectrum with high accuracy and have made the assign-
ments accordingly. By numerically deriving analytical RI-
MP2 gradients, we are now able to determine Mgller-Ples-
set second-order perturbational infra-red frequencies. The
latter values were obtained with high accuracy for com-
pounds that were barely accessible, or even inaccessible, to
such treatment before.
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Figure 8. 13C-NMR spectrum of TSDE

Table 3. NMR chemical shifts recorded for TSDE

Nucleus Chemical shift [d] Assignment
H 1.48 CH;

2.22 CH
3C 11.9 CH;

34.6 CH
29g;j 13.2 SiCl;
ug 67.2 BCl,
Summary

[(Trichlorosilyl)dichloroboryl]lethane, another member of
a group of molecular precursors for Si/B/N/(C) ceramics, is
easily accessible through a one-pot synthesis employing bo-
ron trichloride and a mixture of trichlorovinylsilane and tri-
ethylsilane. As is the case for [(trichlorosilyl)-amino]-di-
chloroborane, its reasonably flexible equilibrium structure
consists of a planar BCl, group on one side and a tetra-
hedral SiCl; group on the other side of the ethyl backbone.
All bonds should be treated as ordinary single bonds, and
the HOMO-LUMO scquence is of o — n character when
focusing on the B—C—Si fragment. As far as spectroscopy
is concerned, the carbon, hydrogen, boron and silicon
NMR signals have been listed and are consistent with the
structural analysis. Finally, we have found that second-or-
der perturbation theory reproduces the experimental infra-
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