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Geometry, energetics, and dipole moments of tetrahedral-like (classical) and inverted formgtf RiX

and SiXHs_,Na, where X stands for a halogen atom, are studied ab initio at HF, MP2, QCISD(T), and
B3LYP levels of the theory using triplé-plus polarization and diffuse functions basis sets. The inverted
form is found to be the most stable for all the cases where Li is present but not in all the cases involving Na.
Energy differences between classical and inverted forms range o 24 kcal mot!. The results for

SiHsLi agree with previous data. Agreement of the properties determined using this methodology with the
experimental results, where available, is found very satisfactory. An analysis of the bonding in these molecules
in terms of atomic charges and electron density is carried out.

Introduction mental side the information is not more abundant, experimental
data being almost nonexistent to the best of our knowledge.

Itis a piece of chemical wisdom that carbon tg_trqcoordmated Nevertheless, both Sii and SiHgNa have been synthesiZ&d
compounds have only one structure of equilibrium on the land found stable as monomers in solution

FoOtznt::alaelr?er%rsalﬂzjcrgl(PSE? an;ngé 't‘%?;;z?ggnifrhncgﬁgiﬁa In this paper, we aim at contributing to the better knowledge
y P ']of these species and undertake a systematic study of the

However, there have bgen alarge num.ber (.)f cases reported Ostructure, energetics, and properties of the BixXLi and
anomalous and interesting carbon species violating the conven-

tional rules of chemical structure, such as £L.Ct, bicyclo[1.1.1]- SiXnHs-nNa (where X stands for fluorine or bromine atoms)

propellang-5 and a number of others nicely reviewed in ref 6 family of molecules. We account for the correlation effects,
(see also quotations therein). In these cases “inverted” formsWhICh have been found to be essential in the bonding of these

(displaying an inverted umbrella-like shape) happen to be the molecules, by means of different methods and virtually saturated

: . - basis sets.
lowest lying conformers of the various local minima on the PES. The pairs of atoms fluorine. chlorine. or bromine on the one
In the case of one-silicon derivatives including lithium, nonclas- P ’ '

sical inverted structures (those having XSiLi and HSiLi angles E:gguigdopttuleui:n ggifigglsuzr; tct)% tehxetr::::; S?Yr?ei??g\?vscg??ﬁg
smaller than 99 see figures in this paper, especially Figure 3) P

have also been found. That is the case ofsSikhat has been periodic table of the elements, which facilitates the understand-

reported to present two minima on its PES, one tetrahedral- ing of the trends in the bonding of the molecules studied.
like (classical) and one “inverted”. The latter was found to be
lower in energy by 2.4 kcal mot in an MP4SDTQ/6-31G**
calculation using optimized geometries obtained with a 6-31G*  We have performed ab initio geometry optimizations and
basis set. Similar species containing lithium and fluorine are frequency calculations for both tetrahedral and inverted forms
also expected to have both forms. Whether this is a peculiarity of SiF,Hs_.Li and SikHs-Na types of molecules (whene
of all alkali metal-containing carbenoids and silanes or rather varies from 0 to 3) plus SiBLi, SiHsF, and SiHCI using wave
another peculiarity of Li (an atom with a reputation of displaying function and density functional theory (B3LYP) methods along
special properties in chemical bonding) is not certain yet. We with 6-31H-+G(3df,pd) basis sets. Atomic charges computed
explore here the relative stability of the classical and inverted with the Mulliken population analysis and the Meriollman
possible forms of one-silicon compounds containing Li, Na, and procedure, with the additional option to reproduce dipole
different halogen atoms. moments, have been also considered. All the calculations have
In spite of the interest in this types of molecules, ab initio been carried out using the GAUSSIAN94 suite of progras.
geometries and properties are scarce and we only know of HF
and MP2 calculation%? where a doublé-quality basis setwas ~ Geometry and Energy of the Conformers
used, in addition to those already mentioned. On the experi-

Methodology

We have determined geometric parameters and energies of
* Corresponding author. E-mail: pgc@eucmos.sim.ucm.es. Si.H3Li using HF, MP2, B3LYP, and QCISD(T) methods along
tE-malil: alcolea@eucmos.sim.ucm.es. with 6-311G(d,p), 6-311&(d,p), 6-311G-(2d,p), 6-311G-+-
*E-mail: Ifp@atenea.montes.upm.es. (3df,pd), and 6-311+G(3df,3pd) basis sets. In Tables 1 and 2
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TABLE 1: Ab Initio Geometric Parameters for the Inverted

Form of SiH3Li?2

Si—Li Si—H Li—Si—H energy+ 298

Gomez et al.

various methodologies used and the QCISD(T) values now being
rather small (in the order of a few thousandths of A). Finally,
H—Si—Li angles coincide in all our three correlated calculations,

HF/6-311G(d,p) 2.339 1572 53.7 —0.1033716 and in those in ref 7 rather satisfactorily.
:Efg:giigggfé) %g‘;’% 1'%% ggg :8'182 Z%‘S‘g From results in Tables 1 and 2 the energy differences between
HF/6-311+G(3df pd) 2334 1567 53.8 —01081958 the tetrahedral and inverted forms of Slifican be calculated.
HI;/S/-GSlSlflE%d(BC;fﬁDd) 22-?%% 11553;76 5535% —8-532 ggg i It is clear again that the two largest basis sets provide practically
- 5 . . 0 —0. : X
MP2/6-311-G(d,p) 2339 1565 530 —02329356 the same value for this energy difference, so thgt we have
MP2/6-31H+G(2d,p) 2.344 1560 53.2 —0.2411202 adopted the 6-3Ht+G(3df,pd) as the reference basis set to be
MP2/6-311+-+G(3df,pd) 2.348 1561  53.1 —0.2605747 used throughout this paper as a reasonable choice to reach high
MP2/6-31H+G(3df,3pd) 2.351 1561 53.1 —0.2642905 t for th timat f th int
MP4SDTQ/6-31G* 2386 1568 530 —0922567 accuracy, except for the estimates of the zero-point energy
B3LYP/6-311G(d,p) 2.339 1581 52.6 —0.8334334 correction (ZPE) which have been done by using 6-81G-
B3LYP/6-31HG(d,p) 2.337 1580 527 —0.8338154 (2d,p)
B3LYP/6-31H-+G(2d,p) 2331 1575 528 —0.8359308 U ] i )
B3LYP/6-31H+G(3df,pd) 2.331 1575 52.8 —0.8377920 The values of the classical-form energy minus inverted-form
B3LYP/6-31H+G(3df,3pd) ~ 2.331 1575  52.8 —0.8380303  energy for SiHLi found at the various levels of the theory using

QCISD(T)/6-313+G(3df,pd) 2.344 1.570

53.0 —0.296 0786

the reference basis set are2.7 kcal mot? for HF, 1.7 kcal

aBond distances are in A. Bond angles are in degrees. Energies aremgl|-1 for MP2, 3.0 kcal mot? for B3LYP, and 2.2 kcal mott
in En. Dihedral angles were found to be 226 240 always.? See ref

8.

TABLE 2: Ab Initio Geometric Parameters for the
Tetrahedral-like Form of SiH sLi?

Si—Li Si—H Li—Si—H, energy+ 298

for QCISD(T). It is worth noting that the extra stability of the

inverted form compared to the tetrahedral one is a correlation
effect since HF predicts always, independently of the basis set
used, the tetrahedral isomer to be the lowest lying one. MP2
provides a value for this energy difference somewhat smaller

HF/6-311G(d,p) 2512 1.499 115.0 —0.107 506 3 than B3LYP and QCISD(T) when the two longest basis sets
:E;g-%%igg,dp)) %gﬁ }-igg ﬁgg —8-1% 2832 are employed, whereas larger values are obtained with the more

- ’p . . . —0. . . . . .
HE/6-311++G(3df pd) 5512 1496 1151 —01124399 modest basis sets dlsplayed in Tables 1 and 2. This might _be
HF/6-311-+G(3df,3pd) 2512 1.496 1151 —0.1126077 due to the already mentioned slow convergence of MP2 energies
mgg;ggﬁ%?ap)) 22;1‘:3%2 114‘;%5 111155-21 *8-333 gggg and Si-Li bond distances with basis set size; this method

- P . . 2 —0. : ;

MP2/6-311+G(2d,p) 2489 1492 1155 —0.237899 9 probably requires even larger basis sets than 6+31G(3df,-
MP2/6-311+G(3df,pd) 2.488 1.494 1155 —0.257 8771 3pd) to yield values similar to those of the other methods in
mgzg;léygf gl(gfﬂ@d) 22-542%18 11;1"5974 111155-25 :8-%2% 451305 these particular molecules. In any event the agreement of
B3LYP/6-311G(d,p) 2465 1505 1156 —0.8292219  QCISD(T) and B3LYP in providing values above 2.2 kcal friol
B3LYP/6-311-G(d,p) 2465 1505 115.6 —0.8293879 suggests that MP2 values are probably underestimates of the
B3LYP/6-31H-+G(2d,p) 2463 1501 1156 —0.8313672 : ;
B3LYP/6-31L+G(3dfpd) 2463 1501 1156 —0.8330025 real energy difference between conformers. The ZPE correction
B3LYP/6-31H+G(3df,3pd) 2.463 1.501 115.6 —0.8333134 has been done only at the B3LYP level which produces

QCISD(T)/6-311+G(3df,pd) 2.475 1.500

aBond distances are in A. Bond angles are in degrees. Energies areforms of SikLi at this level of the theory of 3.1 kcal mo}, in
in En. Dihedral angles were found to be P2fr 240 always.? See ref

8.

115.8 —0.292597 3

corrected energy differences between tetrahedral and inverted

reasonable agreement with the value found previdublyugh
about 0.7 kcal mat* larger. When this correction is applied to

the appropriate geometrical parameters and energies are colthe QCISD(T) value, merely as a rough estimate of the ZPE
lected. It can be noticed that there is practically no difference influence, an energy difference of 2.2 kcal mbis found, very

in the geometries obtained by using the three larger basis setsclose to the 2.4 kcal mot in ref 7, so we think our QCISD(T)
especially at HF and B3LYP levels of the theory, and it is also to be closest to the real value of this property.

apparent that the differences in the energy tend to be smaller  gjjianes involving halogen atoms instead of lithium, such as
when improving the basis sets. In fact, differences between theS”:,_b and SiCIH_have also been investigated but no minima
(3df,pd) and (3df,3pd) basis sets in HF and B3LYP calculations ¢, the jnverted forms were found. However, we have included
are smaller than 0.2 kcal md} whereas MP2 energy Shows @ hase two molecules in the present work to establish the

somewhat slower convergence with the basis set size. reliability of our methodological choice (B3LYP/6-3%1 G-

Among t_he bon_d d|_stances optamed using either of the two (3df,pd)) since experimental data are available for them. In Table
largest basis sets in this paper;-8&i bond at MP2 level appears . .
3 calculated geometric parameters and dipole moments are

to be the largest one provided by the correlated methods we . . . .
have used, both in the inverted and tetrahedral forms, but still compared .W'th the_lr expenment_al counterp#ts* and with
is slightly shorter than the values obtaifidry Scheleyer and other density f_unctlonal calculatio”&It can pe seen thgt the
Clark (2.386 A for the inverted form and 2.524 A for the concordance is remarkably good, the differences in bond
tetrahedral). It is noticeable also that there is some basis setdistances being smaller than 0.02 A and differences in bond
effect on MP2 Si-Li bond distance that is not present in the angles smaller than 0.3As for the calculated dipole moments,
other methodologies used. On the other hand, B3LYPLSi they agree with the experimental values within a few hundredths
bond distances are the shorter ones in the list for both forms©f @ debye which is also excellent. Harmonic vibrational
whereas QCISD(T) looks always somewhat intermediate; frequencies have been calculated for SiCét the same level
therefore, considering the possible ionic character of tha.5i  of the theory and using the same basis set as those used to
bond, we tend to trust better QCISD(T) results and feel inclined calculate all the ZPE corrections in this paper, namely B3LYP/
to consider values larger than 2.34 A as probably too long. In 6-311-+G(2d,p). The values obtained in cfyalong with the

the Si-H distance, QCISD(T) still provides intermediate results frequencies reported as experimehtah parentheses, are as

in tetrahedral and inverted isomers, the differences between thefollows: 522 (551), 656 (663), 656 (663), 950 (945), 960 (952),
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TABLE 3: Ab Initio and Experimental Geometric
Parameters and Dipole Moments for SiFH and SiClHz?

SiFH; SiClH;
B3LYPP expE B3LYPP expF
Sixd 1.611 1.591 2.067 2.049
SiH 1.476 1.470 1.475 1.485
XSiH 108.2 108.4 108.5
HSIH 110.8 110.52 110.5 110.23
u 1.358,1.116 1.299 1.353,1.1¥8 1.303

aBond distances are in A. Bond angles are in degrees. Dipole
moments are in debyes. Dihedral angles were found to bedrZNC.
b B3LYP/6-31H-+G(3df,pd) calculations, this work.See refs 12
15. 9 X stands for Cl or F as require@Density functional computation
in ref 16.
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between the alkali metal and the halogen on the one hand and
the increase in steric repulsion on the other. Finally, when the
three H are replaced by fluorine atoms, as ins8#; the inverted
form is more stable than the tetrahedral by 11.5 kcal*ol
We can conclude that a qualitatively similar trend is found in
Li and Na series of compounds though the extra stability of the
inverted form in the Li family is larger.

Discussion

The results of the relative stability of the inverted and
tetrahedral forms are clear from the ab initio calculations
summarized in Table 7; however, a rationalization of whole
picture in terms of more “chemical” concepts should be
desirable. Figures 1 and 2 display contour maps of the electron

960 (952), 2262 (2201), 2276 (2211), 2276 (2211). As can be yengjry computed at B3LYP level using our reference basis set

seen, the calculated harmonic frequencies agree rather well with

the experimental, errors being smaller than 3% except for the
lowest frequency where the error is 5%. The above results

support the choice made to determine geometrical structures

and to calculate ZPE estimates.

It is obvious that the role of alkali metals in the stabilization
of inverted forms of tetracoordinate silanes is essential since
they join a large difference of electronegativity with respect to
Si, to a relatively small size. In order to explore the effect of
increasing the charge differences among the Li atom and the
substituents in the inverted form of SiMz-nLi, we have
studied molecules with increasing number of fluorine atoms:
SiFHLI, SiF,HLi and SiksLi. Energies and optimized geometric
parameters at B3LYP/6-31#H-G(3df,pd) and zero-point energy
corrections are summarized in Table 4. It is found that energy
differences between the tetrahedral and inverted forms in the
previous series are (in kcal n1d) 7.9, 11.4, and 17.3 which
yield after ZPE correction 8.1, 11.7, and 17.4. That shows clearly
the stabilizing effect of partial negative charges on fluorine
atoms and the positive ones on Li in the inverted form as
summarized in Table 6. It may be supposed that this trend would
not continue if more voluminous atoms were present in the place
of fluorine atoms, but we have found that even when bromine
replaces fluorine atoms in SgKi the inverted form is still the
most stable. To our great surprise the extra stability of the
nonclassical form was in this case 23.8 kcal mpotlearly larger

in planes defined by Si, Li, and halogen atoms insBifand
SiBrsLi. Charge dsitributions show a very different pattern in
inverted and tetrahedral structures. The existence of two different
domains is visible in the tetrahedral forms, namely, the lithium
atom on the one hand and silicohalogen bond on the other.
This feature is consistent with the clearly larger dipole moments
found in tetrahedral geometries, as displayed in Table 6: 4.2 D
for inverted and 9.3 D for tetrahedral forms in the fluorine
containing molecule and 2.5 and 9.7 D for the respective
structures in the bromine case. Charges on the atoms seem the
obvious choice to visualize interactions among them and this
viewpoint has been in fact already adopted before (see ref 7).
There are several schemes for partitioning electron density to
get atomic charges, all having well-known weaknesses and
advantages. Because of the desirable property of reproducing
the molecular electrostatic potential, the Mekollman (MK)
analysis is known to be one of the most appealing in providing
atomic charges of higher reliability than other population
schemes. Therefore, we have chosen MK atomic charges with
the additional condition to reproduce the ab initio computed
dipole moment to carry out the following analysis, although
the charges obtained from conventional MK procedure are very

similar.

Atomic charges have been calculated for all the molecules
studied in this paper using the above-mentioned scheme along

than in any of the other species studied here, although angleswith the traditional Mulliken (M) analysis. In the case of GiH

(SiLiBr is now ca. 57) and especially SiLi distance (which
has grown 0.4 A with respect to the bond in &ilf are
considerably distorted now.

Geometries have also been optimized for il at the same

Li we have carried out calculations at HF/6-311G(d,p), HF/6-
311++G(3df,pd), and B3LYP/6-31t+G(3df,pd) levels of the
theory. We have found a strong basis set effect on M charges,
which is consistent with a great deal of knowledge regarding

level of the theory and using the same basis set to learn whetheithis population partitioning. As an example it can be pointed

the inverted form occurs also as the lowest lying conformer in
silanes with alkali metals other than lithium. Two minima

out that the value for the HF/6-3%-G(3df,pd) charge on Si
in the inverted form is almost 10 times smaller than the one

corresponding to a tetrahedral and an inverted form are found obtained when using HF/6-311G(d,p), whereas MK values for
(see Table 5); however, in this case the inverted form is Si remained equal, up to the second decimal place, for these
calculated to be 2.0 kcal mdl higher in energy than the two basis sets. A rather similar behavior was found in the
tetrahedral one after allowing for zero-point correction, so Na tetrahedral form. In general, MK charges look much more stable
displays a rather different behavior from Li in this case. under changes in the basis set. However, it must be underlined
Substitution of H atoms by F, more voluminous but also more that values obtained with these two population analyses are very
electronegative, is expected to produce a similar effect to that different; actually the MK charge on Si in the mentioned case
of the Li series of compounds. This is in fact the case, but two has a negative value-0.18). The effect of the method was
fluorine atoms are needed at least to obtain an inverted form also noticeable on the atomic charges, even for MK partition,
clearly more stable than the classical one as can be deducedut that was somewhat expected since our charges are meant
from Table 7. Replacement of just one H for one F atom to reproduce the dipole moment which is clearly dependent on
produces energy differences between both conformers practicallythe methodology used. Since we are using in this paper the
negligible (tetrahedral more stable by 0.2 kcal molvhich is B3LYP plus 6-31#+G(3df,pd) combination and also consider-
certainly beyond our accuracy limit) which can be interpreted ing that the B3LYP dipole moment found using this basis set
as a sort of compensation between the larger charge differencesvas in very good agreement with the experimental values in
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TABLE 4: B3LYP/6-311++G(3df,pd) Geometric Parameters, Energy, and Zero-Point Energy for Tetrahedral-like and

Inverted Forms of Some of the SiXHs-.Li Type of Molecules?

SiFH,LIP SiFH,Li® SiFHLIP SikHLic¢ SiFLi® SiksLic SiBraLiP SiBrLi®
SiLi 2.348 2.481 2.363 2.483 2.369 2.458 2.765 2.451
Sixd 1.807 1.658 1771 1.641 1.741 1.626 2.452 2.300
SiH 1.576 1.503 1.584 1.503
SiLiH  55.6 118.7 57.3 125.2
SiLiX  48.0 109.6 50.2 111.2 52.5 115.7 56.8 114.3
p 123.9 118.3 117.3 122.7 120.0 120.0 120.0 120.0
energy —0.1873154 —0.1746977 —0.5484682 —-0.5303698 —0.9241460 —0.8965212 —0.69294781 —0.655044 84
ZPE 11.9 12.1 8.78 9.07 5.70 8.80

aBond distances are in A. Bond angles and dihedilangles are in degrees. Energies (i) &e relative to—398 in SiHFLi, to —497 in

SiHR,Li, to —596 in SFKLi, and to—8019 in SiBgLi. ZPE, calculated using 6-33#1+G(2d,p) basis set, in kcal mdl ° Inverted form.© Tetrahedral-
like form. 9 X stands for F or Br as required.

TABLE 5: B3LYP/6-311++G(3df,pd) Geometric Parameters, Energy, and Zero-Point Energy for Tetrahedral-like and
Inverted Forms of SiF,H3-nNa Type of Molecule$

SiHsN& SiHsN&® SiFHN& SiFHN&" SiRNa SiFsNa®
SiNa 2.706 2.758 2.705 2.774 2.741 2.753
SiH 1.56 1.500 1.576 1.503
SiF 1.774 1.656 1.729 1.629
NaSiF 52.8 109.1 54.5 115.8
NaSiH 56.3 115.2 56.3 118.6
p 120.0 120.0 122.4 118.0 120.0 120.
energy —0.609 900 55 —0.613 789 69 —0.954 361 358 —0.955 601 46 —0.694 3408 —0.676 472 8
ZPE 13.8 14.3 11.0 11.6 5.05 5.32

aBond distances are in A. Bond angles and dihegiphagles are in degrees. Energies (i) &e relative to-435 in SiHiNa, —552 in SithFNa,
and—751 in SikNa. ZPE, calculated using 6-3%+#-G(2d,p) basis set, in kcal ntdl ® Inverted form.c Tetrahedral-like form.

TABLE 6: B3LYP/6-311++G(3df,pd) Merz—Kollman Atomic Charges for Inverted and Tetrahedral Forms?

inverted tetrahedral
Si Li, Na H F, Br u Si Li, Na H F, Br u

SiHgLi —0.082 0.795 —-0.238 5.641 —0.359 0.554 —0.065 7.161
SiFH,LI 0.059 0.850 —0.250 —0.410 5.151 —-0.214 0.557 —0.066 —-0.211 7.743
SiFHLI 0.122 0.853 —0.212 —0.382 4,748 —0.072 0.568 —0.069 —0.214 8.381
SiksLi 0.239 0.863 —0.367 4.209 —0.242 0.666 —-0.141 9.302
SiBrsLi 0.242 0.591 -0.278 2.480 —0.854 0.830 0.079 9.660
SiHzNa —0.085 0.780 —0.232 7.247 —0.160 0.477 —0.106 7.294
SiFH,Na 0.012 0.888 —0.262 —0.376 7.443 —0.101 0.497 —0.087 —0.223 7.891
SikNa 0.218 0.947 —0.388 6.853 —0.098 0.622 —-0.175 10.02

aDipole momentsg() are in debyes.

TABLE 7: Energy Difference between Classical and
Inverted Forms at the B3LYP/6-311++G(3df,pd) Level

The analysis of data collected in Table 6 for g pLi
family of molecules shows that the inclusion of an increasing

AEC®P AECb number of F atoms does not affect greatly the charge over Li,
SiHaLi 31 SiHNa 20 F or H (although charges on Si change noticeably), and this
SiFH,Li 8.1 SiFH,Na —02 leads to a more intense interaction with the alkali metal which
SiFHLI 11.7 makes the inverted form more stable with respect to the
SikLi 17.4 SikNa 115 tetrahedral. That is reflected in the energy calculations in the
SiBrsLi¢ 23.8

a AEC: Zero-point energy corrected energy difference between
classical and inverted forms in kcal mél Positive values correspond
to a larger stability for inverted form8.Zero-point energy correction
was done at B3LYP/6-31+G(2d,p) level in all cases.No zero-
point energy correction was done.

SiCIH; and SiFH (see Table 3), we have bound ourselves to

previous section.

An interesting case is SiBlti whose inverted form is largely
more stable than the tetrahedral one in spite of the voluminous
substituents attached to Si. What is more surprising about this
molecule is that this stability of the nonclassical form is not
accompanied by large opposite charges on Br and Li atoms;
actually they are smaller than those on F and Li in the similar

this methodology and to MK charges to analyze the molecules SiFsLi molecule, so that a possible electrostatic interaction

studied in this paper.
MK atomic charges provide some understanding on the

would not justify the extra stability of the inverted form in this
molecule compared to the case of trifluorinated silicon. This

peculiar bonding in all these molecules. It can be seen from relatively smaller ionic character is also visible in the little dipole
Table 6 that excess of charge on H (and halogens) and themoment found for this species, only 2.48 D where the rest of

deficiency on alkali atoms is much larger in the inverted form
than in the tetrahedral one, which may explain the stabilization

inverted molecules in Table 6 display values between 4 and
7.5 D. All this is confirmed by the study of bond distances. A

of the former by electrostatic interaction of the alkali atom with very large value has been found for-&ii bond distance, 2.765
the rest of the molecule, mainly with H or the corresponding A, whereas distance between Li and Br atoms calculated from
halogen atoms. That seems to suggest a certain ionic charactedata in Table 4 is 2.496 A, only about 0.04 A larger than the

in the bonding.

SiBr where chemical intuition would advise to draw a bond.
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Figure 1. Contour maps of the B3LYP/6-3%-G(3df,pd) electron density in the plane.0, —3.0)—(4.0, 5.0) A defined by Si (located at the
origin), F, and Li atoms in the inverted form (left) and tetrahedral geometry (right) aL.SiFhe outer contour has the value 0.001 au, and the
remaining contours increase in the ordex 210", 4 x 10", and 8x 10" with n= -3, -2, —1, and 0.
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Figure 2. Contour maps of the B3LYP/6-3%G(3df,pd) electron density in the plane.0, —3.0)—(4.0, 5.0) A defined by Si (located at the
origin), Br, and Li atoms in the inverted form (left) and tetrahedral geometry (right) of:SiBrhe outer contour has the value 0.001 au, and the
remaining contours increase in the ordex 210", 4 x 10" and 8x 10" with n = —3, —2, —1, and 0.

Thus the molecule is probably better viewed as triangular than the calculated HF distance 1.903 A, so stabilization of
bypiramidal structure where Br atoms are simultaneously linked the inverted forms in the fluorinated molecules must be, as
to Si and Li. We display in Figure 3 three-dimensional images mentioned before, basically electrostatic.

of SiFHLi, SiFsLi, and SiBgLi showing the geometrical

Referring to the Na-containing molecules, we have found

structure and the outer electron density contour which allows a them more reluctant to display extra stability in the nonclassical
good representation of the molecular shape. In this figure the forms, probably because atomic charges (see Table 6) are not

compact electron density distribution obtained for SiBis a
further indication in support of a predominantly covalent
structure, as suggested above. The case igLBif different
since the bond distance betweer-Bi(1.42 A) is clearly shorter

so different from those on the lithium family, but now Na is
much more voluminous. So we can see that s8i&l has a
tetrahedral form about 2 kcal mdimore stable than the inverted
one and SiFENa has an inverted form approximately as stable
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Li-containing counterpart, but to a lesser extent. Finally ,SiF
HNa has not been calculated, but it looks reasonable, considering
the reasoning above, to expect it to be an intermediate case with
an inverted form more stable than the classical tetrahedral
structure.

Conclusions

We have carried out a systematic high-level ab initio study
of the SiX,Hz-nLi and Siks-nXnNa types of molecules. Increas-
ing stability of the inverted forms is found as the number of
halogen atoms increases. Although all forms of lithium-
containing species studied here show this behaviorNgHnd
SiFH:Na do not show any preference for inverted forms, at least
several fluorine atoms being necessary to obtain more stable
inverted isomers.

The analysis of atomic charges suggests that highly polariz-
able alkali metals allow electrostatic interaction with the more
electronegative H and halogen atoms, stabilizing the inverted
forms in SikHs-.Li and SikHs;-_Na, whereas the electron
density representation and the analysis of bond distances indicate
a stronger covalent-like linking between the halogen and lithium
atoms that stabilizes extraordinarily the inverted form, in the
case of SiBgLli.
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