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Optimized geometries of the conformers of permethylated linear pentasikBig\ie;,, were calculated by

the HF/3-21G*, MM3, MM2, and MM- methods, which predict eight, nine, six, and six energetically distinct
enantiomeric conformer pairs, respectively, at geometries representing various combinations of thE6&mti

ortho (~90°), and gauche~55°) SiSiSiSi dihedral angles in the backbone. The results of the MM2 and
MM+ methods, based on the same force field, differ insignificantly. The barriers between conformers appear
to be exaggerated by the molecular mechanics methods, particularly MM2. Contour maps showing the ground-
state energy as a function of the full range of two backbone SiSiSiSi dihedral angles, with all other geometrical
variables optimized, computed by each of the methods (only a limited range of angles near Hrgi anti
geometry in the case of HF/3-21G*) are compared with each other and with analogous results for a model
compound, SMe;o. Conformer interconversion paths are discussed, and two meso transition states for
enantiomer interconversion have been located at the HF/3-21G* level of calculation. At the eight HF/3-21G*
optimized geometries, single-point energies (HF/6-31G* and MP2/6-31G*) and vibrational frequencies (HF/
3-21G*) were computed. The predicted IR and Raman spectra suggest that about half of the expected
conformers will be identifiable by vibrational spectroscopy under conditions of matrix isolation. Relative
conformer energies calculated by the MM2 and HF methods are similar and favor the anti dihedral angles
over gauche and ortho, in agreement with results of solution experiments. Those calculated by the MM3 and
MP2 methods are similar to each other and favor both anti and gauche dihedral angles nearly equally over
ortho, in agreement with indications provided by gas-phase experiments. A rationalization of these solvent
effects is proposed. The energies of the conformers M&p and SiMe;, were used to set up a system of
additive increments at the MM2, MM3, HF/3-21G*, HF/6-31G*, and MP2/6-31G* levels of calculation,
which can be used to predict conformational energies of longer permethylated oligosilanes. An intrinsic energy
value is assigned to each of the a, 0, and g dihedral angles, and interaction energy values are assigned to each
combination of two dihedral angles. The interaction values follow the expected rules in that equal twist sense
is favored for adjacent aag, 0o, and gg pairs, whereas opposite twist sense is generally favored for adjacent
ao and go pairs. The MM3-derived set of increments has been tested against results computdtefer Si

and found to perform well.

Introduction of the neutral moleculé$ 16 and their radical iori€¢ and much

Oligosilanes, n-SixRan+2 (N < 20—30), and polysilanes, electronic structure work have _been_ reported. The sim_plest
N-SixRen+2 (N = 20—30), contain linear chains of silicon atoms ~ (Sandorfy. C% model of o conjugation does not predict
(R need not be all identicaTheir unusual electronic properties  conformational dependence for UV absorption and emission,
display strong effects of conjugatior® The surprisingly long ~ Put the next more complicated (laddet)omodel, all-valence
near-UV wavelength of the electronic absorption and emission Sémiempirical method¥,* and ab initio methods*22223all
peaks is primarily due to the properties of the backbone rather d0- The latter methods suggest that the lateral substituents
than the lateral substituents and has been attributed to thedctually play a significant role in the excitation process in at
electropositive nature of silicon relative to carboBtriking least some of the conformations, making it unlikely that the
thermochromismt, solvatochromisnd, ionochromisn, piezo- simplest models of the C typé;" which consider only the -
chromisn® electrochromisni,and related properties of variously ~Packbone, will be satisfactory. Despite much past effort, it is
substituted polysilanes demonstrate that their electronic structuresStill impossible to predict the relative stabilities of the confor-
is strongly affected by chain conformati#hThis is the case mational forms from the knowledge of the substitution patterns,
even in the shortest oligosilanes with more than one backboneOr to predict their electronic absorption spectra from their
conformer,n-SigH1o!* and n-SigMe;0.12 geometries.

Theoretical work has concentrated on infinite polymer chains ~ The experimental investigations of oligomer conformations
using band structure methdéiand on relatively short oligomers  and their effect on electronic properties have been hampered
using molecular mechanics (MM) and molecular orbital (MO) by the multitude of conformers normally present. Some progress
methods. Numerous computational studies of the conformationshas been made using model compounds with a linear silicon

10.1021/jp982920y CCC: $18.00 © 1999 American Chemical Society
Published on Web 01/26/1999



n-SisMey, J. Phys. Chem. A, Vol. 103, No. 14, 1998185

backbone constrained to a single conformation or to several veryprogram package, were done on an IBM compatible personal
similar conformationg4-26 Actual investigations of free-chain  computer. Molecular mechanics calculations using the NAVi2
conformer mixtures seem to have been performed only on four- and MM3* force fields were done on a Silicon Graphics Indigo2
silicon chaing!1227with hydrogen or methyl substituents. workstation using the Spart&program and on an IBM RS6000
The present paper represents the computational part of aworkstation using Allinger® MM2(92)* and MM3(96}°
combined theoretical and experimental investigation of a programs. The MM- and MM2 results are very similar, since
permethylated five-silicon chaim-SisMe1.. We compare the  they are based on different implementations of the same M2
geometry optimization results obtained with the MiyIMM2, force field. Their differences provide an indication of the
MM3, and ab initio Hartree Fock (HF) procedures. The MM  precision of such calculations.
procedures are commonly used for conformational analysis, and The potential energy was calculated as a function of backbone
the HF method is considered quite successful in reproducing dihedral anglesy;, by freezing these angles at different values
conformational energies and barrié?s. while optimizing all other coordinates. The potential pitfalls
The number of distinct conformers ofSisMe;» would be involved in this approach were discussed in more detail on the
unpleasantly high even if the anti and gauche conformations simpler case of 9Meyoin ref 12. We recognize that additional
were the only ones that an SiSi bond can adopt, as is the caseonformational freedom due to possible rotations of methyl
in n-SizH10.11 This now appears extremely unlikely in the case groups may increase the total number of conformers, and as a
of permethylated oligosilanes, on the basis of a recent generalresult, each of the backbone conformers that are the focus of
analysig®3%of a body of increasingly more accurate computa- attention here may actually correspond to a family of conform-
tional results for persubstituted linear chains that have ac- ers. We have never chanced upon such additional conformational
cumulated over the yea#31516:223134 According to this isomerism in our computational searches.
analysis, in persubstituted chains with substituents of intermedi- The starting points for the-Si;Me;o optimizations were the
ate reduced effective size (substituent van der Waals radius andpreviously reportet MP2/6-31G* optimized geometries. The
substituent-to-backbone bond length in units of backbone bond n-SisMe;, conformers were optimized starting with geometries
lengtt?9) of 0.8—1.0, steric interactions between substituents in for the conformers anticipated from combinations of backbone
positions 1 and 4 cause a splitting of the gauche minimum into dihedral angles found for-SisMe;o. The stationary points found
two, named gauche (g backbone dihedral angte =~ +55°) upon unconstrained HF/3-21G* optimization were analyzed by
and ortho (@, @ = £90°). This splitting is analogous to the calculating the second derivatives of the potential energy. Single-
splitting of the anti minimum into two minima related by mirror-  point energy calculations at the HF/3-21G* optimized geom-
image symmetry (g w = +165), well recognized to take place etries ofn-SisMe;, were performed at the HF/6-31G* and MP2/
with substituents larger than hydrogen, as a result of steric 6-31G* levels. Zero-point vibrational energy corrections calculated
interactions of substituents in positions 1 and 3. This has recentlyat the HF/3-21G* level were included in the relative energies

found experimental confirmation in the caser€,F10** and of the potential energy minima of the conformerse®i;Me;o
is in agreement with the structures of certain permethylated andn-SisMes», but they had negligible influence on the relative
oligosilane dendrimer® As a resultn-SisMeq is believed? 22 potential energies of the conformers@.1 kcal/mol). In the

to have three instead of two pairs of stable enantiomeric calculation of relative free energies, rotational entropies made
conformers, g, ox, and a, andn-SisMe;, can be expected to  even less difference, but vibrational entropies of the conformers
have a correspondingly larger number of stable conformers asdiffered significantly and caused free energy differences among
well. If all possible combinations of the three dihedral angle conformers to differ by as much as 6:8.8 kcal/mol from
values for each bond corresponded to potential energy minima, potential energy differences. This is presumably due to signifi-
there would be nine enantiomeric pairs of conformers plus three cant differences in the frequencies of very low frequency
achiral meso conformers, for a total of 12 geometries to be vibrations (Supporting Information). It is not clear how good

optimized. the harmonic approximation is in a case such as this, but free
Previous computational efforts to optimize the geometries of rather than potential energy differences were used in the
the conformers of-SisMe;» yielded the aa;, a-g+ and gro- calculation of conformer populations from Boltzmann distribu-
conformers at the MNDO/2 level of calculatibhand the aa., tion. All calculated vibrational frequencies, vibrational entropies,
a:g+, 0+0-, and g-g+ conformers at the MM2 levéf We now and the zero-point energies were scaled by 0.91 as recommended
identify two more conformers at the MM2 level,@ and 0.0y, for the HF/3-21G* level of theory®
and additional three at the MM3 level,@:, a;g- and a.o4. The HF/3-21G* optimized-SisMe;» geometries were used
Three conformers were found previously at the ab initio HF as starting points for unconstrained optimization by the #M
level?* and we now recognize them asaa, a;0- and 0.04. MM2, and MM3 methods. Two-dimensional contour maps were

At this level, we identify five more, and end up with eight of constructed using MM energies calculated at a regular grid of
the nine enantiomeric conformer pairs obtained by the MM3 19 x 37 points (every 10in w; andw,), calculated by freezing
method (ao; is the missing conformer). The three meso the two backbone dihedral angles and optimizing all other
geometries do not correspond to local minima on the potential coordinates. In addition, an HF/3-21G* contour map was
energy surfaces obtained by any of the methods of calculation.obtained in the 150< w;, w, < 210° region by optimizing

the geometry at 17 points with fixed values of and w.
Computational Methods

. . Results and Discussion
Quantum mechanical calculations were done on an IBM

RS6000-590 workstation using the Gaussia##@@hd Gaussian MM2 and MM +. Since the MMt and MM2 methods use
9436 programs with 3-21G¥ and 6-31G#8 basis sets. Vibra-  the same force field and differ only in implementation, it is
tional frequencies and IR and Raman intensities were calculatedunderstandable that the MMresults are very close to MM2

in the double-harmonic approximation at the HF/3-21G* level results and need not be considered separately. Nevertheless, in
using the Gaussian program. Molecular mechanics calculationssome cases the difference between the two is distressingly large
using the MM#-3° method, as implemented in the HyperCHém  (e.g., the two top curves in Figure 1 do not run parallel in the
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Figure 1. Ground-state potential energy curve fe8i;Me;, calculated

as a function of backbone dihedral anglewith all other geometrical
variables optimized (see text). Top to bottom (vertical shift up, in kcal
mol™): MM2 (5), MM+ (3), MM3 (2.5), HF/3-21G* (1), MP2(FC)/
3-21G*.

region of small dihedral angles). Still, the differences in the
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somewhat higher energy for the o conformer) and is in
qualitative agreement with gas-phase data. The MM2 method
reverses the order of energies of the o and g conformers relative
to the ab initio methods, whereas the MM3 method does not.
The MM2 and HF optimized geometries are also very close,
with the former giving somewhat shorter SiSi bond lengths and
smaller SiSiSi valence angles. The MM3 SiSi bonds lengths
generally tend to be smaller and valence angles significantly
larger. Since MM2 is known to make atoms appear too small
and hard, and MM3 was explicitly designed to make them
appear larger and softéf,it is understandable that MM2
exaggerates barrier heights and that the difference between MM3
and MM2 is similar to that between MP2 and HF.

The difference between HF and MP2 results is believed to
result in large part from the presence of van der Waals attraction
contributions in the latter, stabilizing the more compact con-
formers. The better agreement of the MP2 results with experi-
mental evidence for isolated gas-phase molecules is thus no
surprise. The apparent superiority of the HF results for

results are surely smaller than the likely deviations of either comparison with experimental data obtained in solution must
method from accurate energies, and the two programs canbe due to a cancellation of errors and is easy to rationalize.
probably be used interchangeably. This leaves us with a Since the HF method ignores both the intermolecular and the

comparison of the MM2, MM3, HF/3-21G*, and, at single
points only, HF/6-31G* and MP2/6-31G* methods.
Conformations of n-Si;Me1o and a Comparison of Com-
putational Methods. It seems best to start the comparison with
the previously studiedn-SisMejo chain, for which some

intramolecular van der Waals stabilization of the alkyl groups,
its results for relative energies of conformers that differ in
compactness are more likely to be balanced than those of
isolated-molecule MP2 calculations, which treat intramolecular
but not intermolecular stabilization by van der Waals interac-

experimental data on conformer energies are available. Tem-tions. It thus appears likely that the MP2 (and MM3) results
perature dependence of vibrational spectra measured in solutiorprovide the best guide for estimating relative conformer energies

showed’ that the a conformer is more stable than the g
conformer by about 0.5 kcal ndl (the o conformer is expected

to have nearly identical vibrational spectra as the g conformer

and was not detected). The more recent rare-gas matrixttvork

in the gas phase, whereas the HF (and MM2 or #)Mesults
should be used to estimate them in solution.

No experimental data are available for the barriers between
the minima. The most striking computed difference is between

is in qualitative agreement in that at 65 K the twisted conformers the high values provided by the MM2 method and the much
convert completely to the a form. In contrast, in the gas phase lower values provided by MM3. It appears very unlikely that
the energies of the a and g conformers must be nearly identical,the MM2 method is correct, particularly since HF and MP2
since all our attempts to change their relative amounts in agree well with each other and yield even lower barriers than
experiments in which they were trapped in a low-temperature MM3. Both MM methods underestimate the barrier between
matrix from vapor phase at a wide range of vapor temperaturesthe a- and a. conformers ofn-SizMe; calculated by the two
failed and were therefore not reported in our papers on its presumably more reliable ab initio procedures.

matrix-isolated conformerg:19The same techniques very easily
detected the 0.9 kcal mdl difference of the gas-phase
conformer energies of the closely related perfluptbutane®
Figure 1 compares the potential energyme8i;Me;o as a
function of the SiSiSiSi backbone dihedral anglé, 9 w <

Conformations of n-SisMej,. Only qualitative experimental
information is available fon-SisMe;,. At temperatures below
~120 K the all-anti conformer is the only detectable form of
n-SisMe;, present in a hydrocarbon solutiéhand it seems clear
that under these conditions it is the most stable of all conformers,

18(, as calculated now by the molecular mechanics methods as it was im-SisMes,. Inspection of the results in Table 1 shows

MM+, MM2 and MM3, and as calculated previously? by

the ab initio HF/3-21G* and MP2(FC)/3-21G* methods. Ad-
dition of corrections for the zero-point vibrational energy makes
a negligible difference. All five curves agree qualitatively and
contain the three minima previously predicte#for this range

of w values, at+53° (g+), +91° (04+), and+162 (a;). The ab
initio resultd? for the relative energies of the o and g conformers,

that the pattern of relative differences between the computational
methods established farSi;Me; o carries over, in that the more
compact twisted g and o conformers are energetically unfavor-
able relative to the a conformer in the HF and MM2 approxima-
tions, in qualitative agreement with solution results, while in
the MM3 and MP2 approximations only the o bond conforma-
tion is unfavorable and the g conformer is comparable to the a

respectively, with respect to the a conformer, are 0.89 and 0.70conformer. It is likely that the same rationalization of the

kcal molt (HF/3-21G*), 0.79 and 0.11 kcal mol (MP2/3-
21G*), 0.65 and 0.09 kcal mot (MP2/6-31G*), and 0.50 and
0.17 kcal mot! (MP2/6-311G**//MP2/6-31G*). The corre-

differences applies and that the HF (MM2) results should be
used in the interpretation of solution data and the MP2 results
in the interpretation of gas-phase data.

sponding molecular mechanics energies are 0.82 and 0.89 kcal The six optimized values of equilibrium SiSiSiSi dihedral

mol~t (MM +), 0.81 and 0.88 kcal mot (MM2), and 0.35 and
0.03 kcal mot! (MM3), respectively.

With regard ton-SizMe;o conformer energies, MM2 (and
MM+) is thus similar to HF (with a conformer significantly

angles that characterize the central SiSi bond conformations in
the four-silicon chain, g, o., and a, provide 36 possible
conformational combinations of the two backbone dihedral
angles inn-SisMej,, w; and w,. The two SiSi bonds are

stabilized relative to g and o conformers) and in qualitative equivalent, and only three meso geometries and nine enantio-
agreement with the solution data, while MM3 resembles MP2 meric pairs of geometries are unique. The meso geometries
(with comparable energies for a and g conformers and a correspond to six structures, since one or the other bond can be
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TABLE 1: Calculated HF and MP2 Energies (kcal moi~1), Geometries, and Populations oh-SiyMe;o and n-SisMe;,
Conformers?

e HF/3-21G* HF/6-31G* MP2/6-31G*
1 2

conf deg deg Erel Ffjs Pioo  P2es Psoo  Erel Frzjs Pioo P20 Psoo  Erel F,zeg|8 Pioo P2es Psoo comments

ar 164 0.00 0.00 99 81 69 0.00 0.00 97 75 65 0.00 0.00 86 66 59 loc min
(o8 92 0.97 1.25 0 10 16 0.70 0.97 2 15 20 0.65 0.93 2 14 19 loc min
O+ 54 0.79 1.26 0 10 14 0.73 1.20 1 10 14 0.24 0.71 12 20 21 loc min
atar 164 164 0.00 0.00 99 85 70 0.00 0.00 99 80 64 0.00 0.00 94 70 56 loc min
aa 171 —-170 0.69 0.74 0.89 saddle
a;g+ 162 55 081 1.26 0 5 7 082 1.27 0 5 7 0.29 0.74 5 10 10 loc min
a;rg- 169 —-70 1.64 1.44 0 4 9 1.39 1.19 0 5 11 1.23 1.02 0 6 12 loc min
a,0r 165 92 1.48 1.48 1.46 no min
a,o- 167 —91 1.07 1.37 0 4 7 0.82 1.12 0 6 8 0.75 1.05 1 6 8 loc min
9+0+ 57 53 2.07 2.75 0 1 3 1.74 2.42 0 1 4 0.88 1.56 0 5 7 loc min
0+0+ 68 93 2.67 3.09 0 0 1 2.04 2.46 0 1 2 1.79 2.21 0 1 2 loc min
04+0- 66 —104 2.64 3.08 0 0 1 2.16 2.60 0 0 2 1.60 2.04 0 1 3 loc min
0404 89 89 2.18 2.83 0 0 1 1.63 2.28 0 1 2 1.49 2.13 0 1 2 loc min
040- 76 —-74 3.72 3.48 2.69 saddle

aTotal HF/3-21G* energy (au): .an-SisMe;o, —1544.088 312; za.-n-SisMe;,, —1910.406 853. Relative potential energiBg ) include scaled
(0.91) HF/3-21G* zero-point vibrational energies. HF/6-31G* and MP2/6-31G* energies were calculated at HF/3-21G* optimized geometries.
Relative free energies:fjs) at 298 K were obtained by adding rotational entropy and scaled vibrational entropy contributions and were used to
compute % populationB; at three temperature$Fully optimized HF/3-21G* geometrie§ Constrained dihedral angles (a calculation ag-g
geometry with constrained dihedral angles gave very high energy).
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Figure 3. MM2 conformational energy contour map forSisMes, as a function of the two backbone dihedral anglasand w,. Inequivalent
MM2 optimized geometries of stable conformers are indicated.
twisted in the positive sense. In three of the nine enantiomeric will correspond to actual potential energy minima and whether
pairs of geometries the two bonds are twisted equally, but the additional minima might not be present at other values of
other 6 correspond to 12 enantiomeric pairs of minima, since dihedral angles. The latter issue was addressed by computing
each of the 2 bonds is twisted differently. ground-state potential energy surface contour mapsaitnd

For the 12 independent geometries to optimize, we have w; as the variables. Since the qualitative features oftis-
chosen those characterized by the following pairs of the two Mejg potential energy curve computed with MM methods agreed
independent SiSiSiSi dihedral angles and w,: ara; (164, well with those computed with ab initio methods, we only used

240

300

120

164), aa- (164,—164), a.g+ (164, 54), ag- (164,—54), a0+
(164, 92), ao- (164, —92), g9+ (54, 54), gg- (54, —54),
0+0+ (54, 92), go- (54, —92), 0,0+ (92, 92), and 9o- (92,

the inexpensive methods, MM (Figure 2 in Supporting
Information), MM2 (Figure 3), and MM3 (Figure 4). Since the
MM+ and the MM2 results were very similar, Figure 2 was

—92). It was not clear a priori how many of the 12 combinations relegated to the Supporting Information.
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Figure 4. MM3 conformational energy contour map fieiSisMe;, as a function of the two backbone dihedral anglesindw,. All MM3 optimized
geometries of stable conformers are indicated, and the nine groups of related conformers are labeled.

Owing to the equivalence of the two dihedral angles and to difference relative to the HF results. Its practical significance
mirror image symmetry, the potential energy is equal at points is uncertain, since the energies and geometries of these
with dihedral anglesd:, w>), (w2, w1), (—w1, —w2), and Cw>, conformers are very close to those of th®@a 0,04, and a.g+
—w1), and the contour maps contain mirror reflection symmetry conformers, respectively, and the barriers separating the mem-
linesw, = w1 andw, = 180° — w1. Low-energy regions were  bers of the ag-, a,o- pair, the goy, 0,04 pair, and the ao.,
found only in the vicinity of most of the 12 conformational a,g+ pair are surely minute. The locations of the minima are
combinations listed above, and we felt comfortable in limiting indicated by black circles in the contour diagrams. In order not
ab initio searches for low-energy conformations to the 12 starting to block the view of the contour lines, Figures 2 and 3 show
points defined by results far-SisMeyo. Unconstrained HF/3-  only a minimal set from which the others can be deduced by
21G* optimization yielded eight stable conformers and one meso the two mirror-symmetry operations. In Figure 4 all the minima
saddle point (aa-), as judged by the computed second are shown in order to facilitate the discussion of conformer
derivatives, while the other two meso geometries and flog @  interconversion.
choice did not lead to any nearby stationary points and ultimately The conformer minima oh-SisMej, fall into nine groups,
produced one of the eight stable conformers (Table 1). A HF/ where members of each group differ only by & a-, g+ <
3-21G* transition-state calculation yielded a second meso o4, or g- <> o- interchanges (Figure 4). Each of the first three
geometry (go-) as a saddle point connecting thego, g+0- groups contains only two enantiomers, whereas the remaining
enantiomeric pair. The HF/3-21G* optimized geometries for the six groups occur as three pairs, with pair members related by
eight stable enantiomeric conformer pairsebisMe;, and two mirror-image symmetry. The first group (AA) is formed by a
meso saddle point geometries are shown in Figures 5 (one sepair of enantiomers of the “all-anti” type {(as, a-a_), while
of enantiomers only) and 6, respectively. those in the second and third groups (DDT) are of the

Unconstrained MM optimizations of the eight stable con- *“disrotatory doubly twisted” type (go-, g-0+ and a-g+, 0+g-).
formers were performed starting with the HF/3-21G* optimized The fourth and fifth groups (ST) each consists of three “singly
geometries. Only six stable conformers were found by thetMM  twisted” conformers: ga;, g+a-, oa- and a g+, a-g+, a0
and MM2 methods, at geometries near those found at the HF At the MM2 level g.a-, a-g+, and their enantiomers are missing
level, and no ag- and g-o+ conformer minima were found. (this was also the case in ab initio calculati&hsn n-CsF1),

The MM3 optimizations found the same eight stable conformers and at the MM3 level ga; and ao; are also present. The
as the HF optimizations, at similar geometries (Tables 2 and members of the sixth and seventh group (ST) are mirror images
3), and a ninth one,4@+. A comparison of the MM2, MMS3, of the members of the fourth and fifth groups. The eighth group
and HF optimized dihedral angles is shown in Figure 7, and (CDT) has four “conrotatory doubly twisted” conformers;gg,

the great similarity of the three sets of results is apparent. The g+0+, 0+g+, 0+04+. At the MM2 level g.0+, 0+g+, and their
absence of a local minimum at thega and g.0+ geometries enantiomers are missing (this was also the case in ab initio
in the MM2 results and the presence of a local minimum at the calculationg® onn-CsF15). The ninth group (CDT) contains the
a;o4 geometry in the MM3 results are the most noticeable mirror images of the members of the eighth group. The smaller
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Figure 5. HF/3-21G* optimized geometries for the conformersneBisMe;,, viewed in the Si—Si, direction.

a+g+ conformer now is of comparable potential energy, although
its free energy is significantly higher. The potential energy of
the singly twisted @ao— and the doubly twisted gy, is about

0.8 kcal mot? higher, ag- is again destabilized further, and
the remaining doubly twisted conformers are even less stable,
although less so than at the HF/6-31G* level. At room-tem-
perature gas-phase equilibrium, one would anticipate tlag a
conformer to dominate and,g: to be present in significant
amounts, followed by the. @, a;g-, and g-g+ conformers.

a.a 0.0 . : Lo
- e The conformer interconversion pathways are similar in the
Figure 6. HF/3-21G* optimized geometries for thea and o.0- contour diagrams in Figures-2+ and would presumably also
transition states ofi-SisMes2, viewed in the Si—Sis direction. remain similar in those obtained at the HF and MP2 levels,

number of disrotatory relative to conrotatory doubly twisted which were prohibitively expensive to obtain. Conformer
conformers is due to strong steric interactions in the former caseinterconversions are facile within each of the nine groups
(like ara-, g+g- and o.0- also lie on the ridge that contains identified above. We have identified two pairs of equivalent
transition states for enantiomer interconversion and would not transition states as judged by the HF/3-21G* frequency calcula-
be expected to correspond to potential surface minima). tion, located at the meso.a-, a-a; and 0.0_, 0_0;4 pairs of

At the HF/6-31G* level of calculation, the all-anti;ay geometries (Figure 6).
conformer is the most stable and the singly twisted conformers  The first of these saddle point pairs connects the two members
are about 0.8 kcal mot less stable, except_fong_. The ag- of the AA (first) group (Figure 4), the j@+ and aa-
conformer and the conrotatory dou_bly tmsted conformers are gpantiomers (Figure 5), with an activation energy of 0.7 kcal
ab.out 1.5 kcal moll_less stable, while the disrotatory doubly ;51 These enantiomers can interconvert in two possible
tV,V'Sted conformer is about 2 kcal mdl less stable. The ._equivalent ways, since one or the other internal SiSi bond can
d|ffere_nces are a!ccentuated Wh_en free rqt_her_ than pOte_m'altwist first. The aa- and aa; geometries are favored over a
energies are considered. The relative destabilization of the smglySymmetric transition state with both dihedral angles equal to

twisted ag- conformer, the absence of thea conformer 180 (Figure 8). The same conclusion is reached from the

(exceptin MM3), and the absence of minima at the mesba ) +, MM2, and MM3 contour maps in Figures 2 (Supporting
04+0-, and gg- geometries can all be understood in terms of Information), 3, and 4

the rules for terminal-group twisting preferences deduced . . )
previously for an AX 1o chain9-30:323%0nly the great similarity The second pair of equivalent saddle points connects con-

of the energies of the doubly twistedm and g.o_ conformers formers within the DDT (second and third) groups (Figure 4)
runs against expectations. If our assumptions concerning theWith an activation energy of 3.7 kcal mdl The g.o- and 0.g-
applicability of the HF results are correct, theaa conformer conformers (Figure 5) interconvert via them. transition state
will dominate in the room-temperature solution equilibrium, and (Figure 6) and the g. and o.g. conformers (Figure 5) via

significant amounts of the singly twisted;@ and ao- the o-oy4 transition state (Figure 6). The dihedral angles in these
conformers will be present. At low temperatures, tha;aaa- transition states are 75and thus are severely distorted from
enantiomeric pair is predicted to be practically the only the usual ortho values of about9fward the gauche values
conformer present, just as the, @ pair is in the case ai-Siy- of about 58. We have not attempted to find out whether the
Mejo'?2 and this agrees with the observations mentioned nominally remaining meso geometries,gg and g-g+, are
above. alternative transition states for the interconversion within the

At the MP2/6-31G* level of calculation, the.a; conformer two DDT groups or whether they have merged with theq
is still predicted to be the most stable, but the singly twisted o-o; pair, but from the contour diagrams in Figures2 it
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TABLE 2: Selected Parameters from Optimized Geometries of the Conformersof n-Siz;Me o and n-SisMe;»

Ri> Ro3 Rsa 0123 0234 1234 We123 23415
conf method A A A deg deg deg deg deg
a; HF 2.356 2.359 2.356 112 112 164 168 168
MP2 2.330 2.330 2.330 110 110 162 167 167
MM + 2.350 2.345 2.350 111 111 169 174 174
MM2 2.346 2.343 2.346 111 111 167 173 173
MM3 2.335 2.340 2.335 116 116 166 171 171
o4 HF 2.355 2.365 2.355 114 114 92 172 172
MP2 2.330 2.335 2.330 112 112 93 —-172 —172
MM + 2.346 2.341 2.346 114 114 85 —=177 =177
MM2 2.344 2.341 2.344 113 113 86 —-177 —-177
MM3 2.336 2.342 2.336 117 117 84 —174 —174
O+ HF 2.355 2.358 2.355 116 116 54 165 165
MP2 2.329 2.327 2.329 114 114 53 164 164
MM + 2.340 2.340 2.340 115 115 53 166 166
MM2 2.339 2.340 2.339 115 115 54 166 166
MM3 2.335 2.340 2.335 117 117 52 166 166
Ri> Ro3 Ra4 Rus 0123 0234 0345 1234 2345 w6123 W34516
conf method A A A A deg deg deg deg deg deg deg
arar HF 2.357 2.361 2.361 2.357 112 111 112 164 164 167 167
MM+ 2.349 2.349 2.349 2.349 111 110 111 167 168 173 173
MM2 2.345 2.346 2.346 2.345 111 110 111 166 166 173 173
MM3 2.335 2.339 2.339 2.335 116 116 116 166 166 170 170
ara- HF 2.359 2.361 2.361 2.359 112 113 112 171 —-171 166 —166
a0+ HF 2.357 2.359 2.360 2.355 112 115 116 162 55 167 165
MM + 2.354 2.340 2.343 2.341 111 114 115 162 54 167 173
MM2 2.349 2.342 2.340 2.340 111 114 115 162 54 167 172
MM3 2.337 2.338 2.339 2.335 118 118 116 165 53 167 171
arg- HF 2.357 2.358 2.362 2.365 112 115 117 169 -—70 168 —144
MM3 2.341 2.341 2.343 2.343 116 119 119 172 —67 172 —153
a; 04 MM3 2.343 2.342 2.338 2.336 117 118 118 178 82 174 —-174
a;0- HF 2.357 2.360 2.366 2.356 112 113 114 167 —91 167 171
MM+ 2.350 2.345 2.345 2.345 111 113 114 171 —86 175 178
MM2 2.347 2.344 2.344 2.344 111 113 114 169 —86 173 177
MM3 2.336 2.339 2.339 2.336 116 117 117 166 —84 171 173
0+0+ HF 2.358 2.358 2.358 2.358 116 119 116 57 57 159 159
MM + 2.340 2.334 2.334 2.340 115 119 115 54 54 165 165
MM2 2.339 2.336 2.336 2.339 115 119 115 54 54 165 165
MM3 2.336 2.336 2.336 2.339 118 120 118 54 54 164 165
0+0+ HF 2.366 2.361 2.366 2.355 117 116 114 68 93 143 —173
MM3 2.336 2.340 2.341 2.340 119 120 118 65 80 157 —175
g+0- HF 2.354 2.361 2.371 2.357 118 117 115 66 —104 171 176
MM + 2.338 2.340 2.338 2.345 116 117 115 64 —99 172 —178
MM2 2.337 2.341 2.341 2.345 116 117 115 64 —99 173 —178
MM3 2.333 2.341 2.346 2.338 119 120 118 60 —96 173 178
040+ HF 2.357 2.366 2.366 2.357 114 116 114 89 89 —-171 =171
MM+ 2.346 2.340 2.340 2.346 115 117 115 80 80 —179 —-179
MM2 2.345 2.342 2.342 2.345 113 116 113 84 84 —176 =177
MM3 2.337 2.343 2.343 2.347 117 119 117 84 84 —173 —173
0,0 HF 2.368 2.364 2.362 2.354 118 119 118 76 74 135 —169

aSee Figure 13 for atom numberingHF/3-21G*, MP2/3-21G*.

appears that they are at higher energies if they have separatéwisted conformer into an all-anti conformer proceeds by a
existence all. stepwise rotation of first one and then the other dihedral angle.
In each of the four symmetry-related ST groups (fourth to However, the motions involved are intricate. For instance, the
seventh) one conformer is a high-energy intermediate for the path from o.0; to a.a:, which nominally requires an increase
interconversion of the two others (in the MM3 contour map, of both w; and w, from about 90 to about 165, takes the
two conformers are such intermediates). Thus-g(in MM3, molecule first to ag;, then ag:, and then ao; before the

also a0-) is an intermediate in the interconversion ofag goal is reached, in the process changing both dihedral angles
gnd oa- .(at the MMZ level this geometry does not contain an i the “wrong” direction at one or another time.
intermediate but is close to a transition state). Finally, in each . ) e
of the CDT groups (eighth and ninth), two of the conformers All-Anti Conformer of n-S|5Me?2. All three ab initio and
serve as symmetry-related high-energy intermediates for the!Wo of the MM methods of calculation agree that tha.a a-a-
interconversion of the other two. Thus,@, and o.g; serve  enantiomer pair is the global minimum, and only the MM3
as intermediates in the interconversion qfyg and 0.0, (at calculation places this conformer 0.04 kcal mohbove the
the MM2 level these geometries do not contain intermediates &-g+ minimum. The increased valence angles (Table 2) are in
but are close to transition states). accord with the argument that this splitting of the classical a,a
More significant barriers separate these nine distinct groups minimum into two enantiomeric minima is caused by 1,3
of conformers. Not surprisingly, the conversion of a doubly repulsions. At the HF/3-21G* level of theory, thera
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TABLE 3: Calculated HF, MP2, MM +, MM2, and MM3 Energies and Geometries ofn-Si;Me;o and n-SisMe;, Conformers

HF/3-216’& HF/6_3:LG~;&J MP2/6_3lG:b MM+ MM2 MM3

conformer Erel w1 w2 Erel Erel Erel w1 w2 Erel w1 w2 Erel w1 w2
a; 0.00 164 0.00 0.00 0.00 169 0.00 167 0.00 166
0+ 0.97 92 0.70 0.65 0.82 85 0.81 86 0.35 84
O+ 0.79 54 0.73 0.24 0.89 53 0.88 54 0.03 52
a:ay 0.00 164 164 0.00 0.00 0.00 167 168 0.00 166 166 0.04 166 166
a; g+ 0.81 162 55 0.82 0.29 0.63 162 54 0.63 162 54  0.00 165 53
arg- 1.6 169 —70 1.4 1.2 1.01 172 —67
a0y 1.5 1.5 1.5 0.67 178 82
a;0- 1.1 167 -91 0.82 0.75 085 171 —-86 086 169 —-86 043 166 —84
0+0+ 2.1 57 53 1.7 0.88 1.72 54 54 1.73 54 54 0.23 54 54
0+0+ 2.7 68 93 2.0 1.8 1.28 65 80
0+0- 2.6 66 —104 2.2 1.6 2.98 64 —99 298 64 —99 124 60 —96
0404+ 2.2 89 89 1.6 1.5 2.10 80 80 211 84 84 097 84 84

2 Fully optimized HF/3-21G* geometries(in deg); zero-point vibrational energy corrections scaled by @.€hergies in kcal mof calculated
at HF/3-21G* optimized geometries, with scaled HF/3-21G* zero-point vibrational energies.
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Figure 7. Optimized dihedral angles: andw, in the conformers of
n-SisMe;: HF/3-21G*, @ (transition statesll); MM3, O0; MM2, A.

180

conformer has optimized dihedral angles of 18&6d 163.5,
identical within the accuracy of the convergence.

Singly Twisted Conformers ofn-SisMe1,. The above-noted

simple consideratiod%30:32.33of the preferred sense of end-
group twisting in a persubstituted four-membered chain suggest
that the ag+ and ao- conformations should be favored over

a;g- and a.o4, and this is observed. Theg@- geometry exhibits

positions of the backbone and is partially compensated by
increased SiSiSi valence angles (Table 2).

Doubly Twisted Conformers of n-SisMei,. Consider-
atior?:30.32.3%f end-group twisting preferences in a persubsti-
tuted four-membered chain suggests that the.gg+o-, and
0,0+ conformations are favored overg-, g+0+, and o.0—,
respectively. This expectation is fulfilled except for the relatively
favorable HF energy of @, which however has strongly
distorted dihedral angles of 66.3and —104.5. The MP2
energies are in the anticipated order, but their difference is small.
In the g-o— geometry, both end groups are on the same side of
the central SiSiSi plane and therefore more torsional relaxation
is possible. Even though the terminal trimethylsilyl groups are
on opposite sides of the central SiSiSi plane in the.g
conformation, there is little room for torsional relaxation of the
o orientation because of increased 1,4-substituent interaction
that would result from an increase of the torsional angle.

HF/3-21G* and single-point HF/6-31G* calculations yield
similar results except that the latter places theoconformer
0.1 kcal mol?! below gig+. Five-membered chains might
perhaps provide a favorable opportunity for an observation of
an o conformer, containing the ordinarily least stable of the
dihedral angles.

Conformational Energy Increments. From the HF, MP2,
MM2, and MM3 conformation energies calculated feSis-
Meip and n-SisMej,, additive sets of three intrinsic bond-
conformation energies, and 12 two-bond interaction energies
E.s were derived in the hope that they will permit a prediction
of the relative energie§ of chain conformations for chain
lengths greater than = 5 from the additive expression

E=E(a,a.a,..)+ ZnaEa + ZnaﬁEaﬁ
(af=2a.,0,.,0.) (1)

where the first sum is over all SiSiSiSi dihedral angles in the

increased steric interactions between the methyl substituent in5ckhone and the second sum is over all pairs of adjacent
position 2 of the backbone and the backbone atom Si(5) and gihedral angles in the backbone. The bond-conformation energy

two of its methyl substituents (Figure 5). In theca geometry

constant&, are taken from the results of calculations feBis-

the terminal Si(5) trimethylsilyl group has rotated to relieve these Meio and are defined as the intrinsic conformation energy in

1,4 substituentsubstituent and 1,4 substitueritackbone in-

the absence of any interactions with neighboring bonds, relative

teractions. Considerable deviations of the optimized dihedral tg the energy of the conformers and a (E. = 0). The two-

angles from the values anticipated for thega conformer
result.

To incorporate the porientation in the ao; conformer, the

bond interaction energy incremenisg are assigned values
required for eq 1 to reproduce the relative energies calculated
for the conformations ofn-SisMe>. The incrementsEgqg

trimethylsilyl group on the opposite end is pushed back into represent the extra amounts by which the 12 possible distinct
the central silicon backbone plane. This results in increased 1,3-adjacent dihedral angle combinations differ from those predicted
substituent interactions between substituents on the 1,3 and 2,4y adding the bond-conformation energiegsalone.
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Figure 8. HF/3-21G* conformational energy contour map feisMe;, as a function of the two backbone dihedral anglendw,. HF/3-21G*
optimized geometries of the.a,. and aa- conformers and the.a- and aa, saddle points are indicated.

The intrinsic bond-conformation energieg and the interac- The 3006-500 cnt! region appears more promising for
tion incrementd,s are collected in Table 4 for all four methods  analytical purposes. There are four distinct-Si stretching
of calculation. Before recommending their use in deriving modes that involve very little substituent motion. For any one
conformation energies in longer chains, we need to test them.conformer, their frequencies are separated by more than 20 cm
So far, this has been done for several conformations calculated(Table 7). Two lower frequency modes (centered around 340
at the MM3 level fom-SisMey4 (Table 5), and the comparisons  and 380 cm?) belong to the symmetric and the antisymmetric
between the predicted and calculated conformer energies arestretching of the terminal SiSi bonds, respectively, and two
quite good. The largest differences are seen for adjacent bondhigher frequency modes (centered around 430 and 475)cm
conformations for which there is no local minimum or where a belong to the symmetric and the antisymmetric stretching of
restricted dihedral energy was used in the calculation of the the internal Si-Si bonds, respectively. The variation of the

interaction constant (as in thea a; conformer where the a, frequencies of these modes among the conformers seems to be
conformation is not a minimum at the MM3 level). We intend correlated with changes in the SiSiSi valence angles in that the
to perform more exhaustive tests in the future. separation between the symmetric and the antisymmetric

Calculated IR and Raman Spectra for the Conformers stretching frequencies increases as the valence angles increase
of n-SisMe12. The vibrational frequencies and IR as well as (Table 2). The IR intensities for these four vibrational modes
Raman intensities calculated for the eight stable conformers atare calculated to be-23 orders of magnitude weaker than
the HF/3-21G* level are compiled in Table 6 (Supporting typical intensities in the mid-IR region, and they will be difficult
Information), and the full spectra are shown in Figures 9 and to observe. However, in the Raman spectrum at least two of
10 (Supporting Information). There are 153 normal modes for these modes are calculated to be fairly intense relative to the
each conformer, making the calculated IR and Raman spectramost intense Raman line. Of these four vibrational transitions,
very crowded. the symmetric stretching of the terminal bonds~&40 cn1?!

Below 300 cnt! one finds the SiSiSi, SiSiC and CSic shows the largest variation of individual vibrational frequencies
deformations, and methyl, trimethylsilyl, and dihedral torsion among the eight conformers, up to 20 cinWith an increasing
normal modes. The frequency variation of these normal modestWist in one and, even more so, two different dihedral angles,
among the conformers ranges from 1 to 15énThe calculated ~ this vibrational frequency decreases. This region offers the best
IR and Raman intensities are extremely weak, with the exception OPPortunity for obtaining information on individual conformers
of three normal modes centered around 200%mne centered N & low-temperature mixture and is shown enlarged in Figure
around 220 cm! and three centered around 250 ¢mwhich 11.
are still very weak, with an average calculated IR intensity of ~ The 606-900 and 12061400 cn! regions are dominated
~9 km mol and calculated Raman scattering cross-sections by SiCH deformation and SiC stretching and by {2t¢forma-

2 orders of magnitude smaller than the most intense Ramantion vibrations, respectively. The most intense of these vibra-
line. tional transitions is centered around 815¢nFigure 12) and



n-SisMey, J. Phys. Chem. A, Vol. 103, No. 14, 1998193

TABLE 4: Additive Conformational Energy Increment conformers. However, the frequency variation among conform-

Scheme forn-Si\Mezn+» Chains® ers is only~2—3 cnrL. Still, there is at least some hope that
bond-interaction energidg,; bond-conf this band might be analytically useful. The remaining bands in

o3 ar o g: a o g energieE, these regions are too heavily overlapped, have insufficient

HE/3-21G* freque_ncy separation among the conformers, or have insufficient

ar 000 051 002 069 013 081 .®.00 intensity to be of use in learning about individual conformers.

(o} 051 0.26 094 013 176 0.84 .®.97 In the methyl stretching region (2853000 cntl) all

g+ 002 094 052 081 084 +90.79 vibrational modes between the conformers have nearly identical

a 0.69 0.13 0.81 0.00 0.51 0.02

o 013 176 084 051 026 094 stretching frequencies and offer no possibility for spectral

g 081 084 0.02 094 052 separation in a mixture. _
N Spectral Separation of the Conformers ofn-SisMej,. For
HF/6-31G - . . .
a. 000 076 009 074 012 067 .00 studies of the optical properties, photophysics, and photochem-
0y 0.76 0.20 0.57 0.12 2.10 0.77 .@0.70 istry of oligosilanes, it would be very desirable to examine the
O+ 0.09 057 024 0.67 0.77 - +090.73 various conformers one at a time. There are various ways in
a 0v4 012 067 000 076  0.09 which the individual conformers ai-SisMe;»> might be spec-
0- 012 210 077 076 020 057 trally observed and characterized separately. A procéditinat
g- 0.67 0.77 0.09 0.57 0.24 . .
MP2/6.31G permitted a spectral resolution of the two conformers of
- - 50 . 34
a. 000 087 005 089 010 096 .00 tnhc‘;;'rlo’ ?(f all ttkgee ncfo'::r?r?erssmc“':lﬁoi’ n?ntcrii)?{rtwoir?f
o, 087 020 091 010 1.40 071 .d.65 e hree expected conformersieblavie, o IS malrix trapping
gs 005 091 040 096 0.71 .g0.24 of a hot gaseous conformer mixture followed by various kinds
a 0.89 0.10 096 0.00 0.87 0.05 of manipulation and spectral measurement. This takes advantage
o- 010 140 071 087 020 091 of the fact that the gas-phase conformer distribution tends to
g- 0% o071 - 0.05 091  0.40 be trapped in the low-temperature matrix, since the cooling is
MM2P fast relative to the rate of conformer interconversibimitial
a- 000 131 -025 144 0.04 293 .a0.00 relative conformer abundances can thus be expected to be
0+ 131 048 237 004 4.04 129 .81 given more reliably by the MP2 (MM3) than the HF (MM2)
g+ —0.25 237 —-0.04 293 1.29 6.26 .g0.88 .
a 144 004 293 000 1.31-025 results. However, changes in these abundances upon anneal-
o 0.04 4.04 1.29 131 048 237 ing should follow the HF (MM2) rather than MP2 (MM3)
g- 293 1.29 6.26 —0.25 2.37 —0.04 energies.
MM3 Resolving all eight (or nine) conformers ai-SisMe1,
a 0.00 032 -0.03 102 0.08 0.98 .a0.00 spectroscopically in this manner will prove to be very difficult
0+ _8-35 8-;; 8-?; 8-82 3'32 g-ig im-gg for three reasons. (i) The structural differences of several of
9+ : : : : DO =P the conformers are too small to cause significant differences in
a 1.02 0.08 0.98 0.00 0.32-0.03 . . "
o. 008 299 086 032 027 087 their normal-mode frequencies. (ii) Those normal modes that
g- 0.98 0.86 3.43 —0.03 0.87 0.17 show a large frequency variation among the conformers have

2 1n keal mol%; HF/3-21G*, HF/6-31G*, and MP2/6-31G* energies Wes"?“:\/lca'cu'atgd '”tens‘t't'gs;' (l;”) '?tbtlemtﬂeratg”ez at Wh]lct?]
were all obtained at HF/3-21G* optimized geometries, and MM2 and nf lsM€e12 Can be expec (_3 O, e stable, the abundance o Q
MM3 energies at MM2 and MM3 optimized geometries, respectively. hlg_her-gner_gy conformations in the gas-phase conformer equi-
For the aa_ geometry, which is not a local minimum, the HF/3-21G*  librium is still rather low.

Opgml\lﬂzsg/gasdfg point 9?0m9tr()j/ Vt\)'afhusedkfgr HF/d?{'h21dG*i HF/?'?’lG*' Nevertheless, it appears likely that a judicious combination

an -31G* energies, and both backbone dihedral angles were P : ; )

set to 162 (the MP2/3-21G* optimized value for @ile;q) for MM2 gf hot or C.?.OI vafor Ide?O(;smon, lmatrtl)é anne?(ljlngfl, an?hph_gto

and MM3 energies? MM+ values are nearly identical. gCOIjnpOSI lon at selected wavelengins _WOl_J allow the iden-
tification and separate spectral characterization of at least a few

TABLE 5: MM3 Energies of Some n-SigMe;4 Conformations of the conformers.

L. . —1 . .
from Additive Increments and from Calculation (kcal mol ~?%) Figures 11 and 12 show the two regions of the calculated

conf Eincr Ewms vibrational spectra that offer the best opportunity for individual
aaa. 0.00 0.00 spectral separation of the conformersne$isMe1,, and Table
aaa: 1.02 0.58 1 provides information on their predicted relative equilibrium
orasar 0.67 0.83 abundances at various temperatures. The most promising region
9+04+0+ (1)-% é-gg is 300-500 cnT! in the Raman and 766900 cnT? in the IR
a0, 133 1.24 spectrum.
a.o_a, 0.51 0.44 We note first that the g+ and ag- conformers have
a.g+ar —0.03 —0.05 virtually identical predicted vibrational spectra and cannot be
a-0+a+ 0.75 0.86 possibly distinguished by this type of experiment. Of the seven
has a calculated IR intensity of 500 km mal This mode is at possibly distinguishable forms, we expeg¢tato dominate the
a distinctly lower frequency in the,a, conformer. Unfortu- spectra of matrices deposited from vapor, and the singly twisted

nately, the vibrational frequency variation between the singly conformers ag- and a.g+ to have comparable initial abun-
and doubly twisted conformers is less than I&nthus making dances, sufficient for detection. The spectrally indistinguishable
it unlikely that it will be possible to gain any information on last two conformers should convert into the first upon annealing.
the other individual conformers. Centered around 840%cis This transformation should be clearly apparent both in the IR
a moderately intense vibrational mode for all singly and doubly (strong band near 815 crf) and in the Raman (strong band
twisted conformers. This vibrational mode has negligible IR near 340 cm?) spectra, and it is quite realistic to expect that
intensity in the aa. conformer and is at a somewhat higher the spectra of these forms can be derived by spectral subtrac-
frequency in the doubly twisted than the singly twisted tions. In higher temperature vapor depositions, the abundances
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TABLE 7: Selected Calculated Vibrational Frequencies of the Conformers ofn-SisMe;,

Albinsson et al.

v (cm™) IR Raman
mode aay arg+ ag- a.o- g+0+ g+0+ g+0- 0404 kcal mol® A4amu?
SiCH def 813 817 818 818 820 820 820 820 391 0.05
asym SiSi st 473 477 477 474 481 476 477 474 0.8 9.8
sym SiSi stf 429 431 430 429 438 433 436 431 1.2 8.8
asym SiSi st 370 381 378 376 385 382 380 382 1.9 2.4
sym SiSi sttt 353 340 340 345 329 334 334 337 1.2 35
aHF/3-21G* frequencies, scaled by 0.91Average calculated intensit§Terminal SiSi bonds? Internal SiSi bonds.
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Figure 11. Low-frequency region of the Raman spectra calculated for

the conformers oh-SisMes» (HF/3-21G*, frequencies scaled by 0.91). Figure 12. Low-frequency region of the IR spectra calculated for the

conformers ofn-SisMe;, (HF/3-21G*, frequencies scaled by 0.91).

of the a.0— and g-g+ conformers are likely to become sufficient c? RELPRE R
for observation. There is slight hope that the former might be \ \
detected through its strong Raman band near 330, cempected cb Si S

to lie between those of the.a; and a.g+ conformers, and it is \ ,/ PN _/ L
quite likely that it will be possible to detect the latter through S Sy Cis
the analogous Raman band, now predicted to lie at significantly / B /

lower frequencies. We do not see much hope for the detection ¢, Cg C, C

of the remaining three conformers.@;, g+0—, and 0.0+ by
this technique. C C C C

ct \Sl \Si\\\ C 6
\‘Si/ 2\Si/ 4\Si/

([

¢, Gy Cn C12 C17 C15

Figure 13. Atom numbering inn-SizMe 1, andn-SisMey» (Table 2).

Conclusions

In the present study we compared the computational results
for the predicted conformers @ESisMe;, at the HF and MM
levels of calculation and found the relative energies computed
at the MM+ and MM2 levels to be in close qualitative
agreement with the HF energies at optimized geometries,
whereas MM3 energies at optimized geometries resemble single-six and nine conformational minima, respectively, were found.
point MP2 energies at HF optimized geometries. Experimental From the intrinsic bond conformation energies and two-bond
information is sparse. Solution data seem to agree better withconformation energies, extracted from calculations-@yMes
the HF results and gas-phase data with the MP2 results, and and n-SisMej,, respectively, a set of additive interaction
rationalization has been proposed. Extrapolation from the SiSi increments were constructed at the MM2, MM3, HF, and MP2
bond conformations im-SisMesp yielded 12 possible unique  (single point) levels of calculation. These simple additive models
conformational pairs, of which eight were found to correspond permit a prediction of the relative energies of longer-chain
to potential energy minima and two to saddle points at the HF permethylated oligosilanes but need to be tested on longer chains
level of calculation. At the MM2 level and at the MM3 level, before their use can be recommended. We found the relative
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A comparison of the calculated (HF/3-21G*) vibrational
spectra shows that for several of the eight conformers 9is-
Mes, the frequency differences in most or all of the individual

(13) Takeda, K.; Matsumoto, N.; Fukuchi, Nhys. Re. B 1984 30,
5871.

(14) Bock, H.; Ensslin, W.; FeémgF.; Freund, RJ. Am. Chem. Soc.
1976 98, 668. Damewood, J. R., Jr.; West, Racromolecules985 18,
159. Bigelow, R. W.; McGrane, K. Ml. Polym. Sci., Part B: Polym. Phys.
1986 24, 1233. Farmer, B. L.; Rabolt, J. F.; Miller, R. Dlacromolecules

normal modes are too small to be separately resolvable, or the19g7 20, 1167. Mintmire, J. W.: Ortiz, J. VMacromolecules1988 21,
calculated intensity is too weak to be detectable. Also, several 1189. Ortiz, J. VH; Mintmire, J. WJ. Am. Chem. Sod.988 118 3522.

; Mintmire, J. W.Phys. Re. B 1989 39, 13350. Teramae, H.; Takeda, K.
conformers are expected to be present in amounts too small_toAm_ Chem. Socl989 111 1281, Cui, C. X.: Karpfen. A.: Kertesz, M.
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