7454 J. Phys. Chem. R001,105, 7454-7459

Disilane Internal Rotation

Vojislava Pophristic, Lionel Goodman,* and Cheryl T. Wu

Wright and Rieman Chemistry Laboratories, Rutgers, The Stateelkity of New Jersey,
New Brunswick, New Jersey 08903

Receied: April 10, 2001; In Final Form: June 5, 2001

Energetics of hindered rotation in disilane are analyzed and compared to ethane. In disilane weakened
(rotationally governed) hyperconjugative interactions, paramount in controlling the ethane barrier, leave the
nonrotational part of the torsional coordinate as the primary contribution to disilane barrier energetics. In this
regard, the 0.012 A SiSi bond lengthening that accompanies rotation is found to account for most of the 1.0
kcal/mol barrier. Although both the SBi bond expansion in disilane and the 0.014 ACbond expansion

in ethane are nearly the same, the mechanisms for these expansions are found to be different. Unlike in
ethane, where the expansion is largely due to the hyperconjugation decrease in the eclipsed conformer, in
disilane it is almost entirely due to electrostatic repulsion betweerH3ionds in the two silyl groups.

I. Introduction a

Theoretical studies during the past dedadleaised questions
about the validity of the steric repulsion modélyationalizing
ethane’s torsional barrier. The major thrust of the early work
on the origin of the torsional barrier lies in the change in
exchange (overlap) repulsion betweer & bonds of the two
respective methyl groups (Figure ¥&)This chemically ap- staggered (S) eclipsed (E)
pealing view became popular and is dominantly in use in the
chemical community. b

The issue of the relative contribution of other effects has been
considered extensively over the years. The first study contradict- 2364 A 21376 A
ing the exchange repulsion idea was that of Brunck and ) )
Weinhold in 1979. These authors, building on work of England Barrier /
and Gordor?, ascribed the origin of the ethane barrier to 10 kcal/mor
preferential hyperconjugative stabilization of the stagge&d ( )
conformer. A more recent barrier origin consideration is central
C—C bond weakenind.The current position is that both the staggered (S) eclipsed (E)
staggered conformational preference and the barrier stem from
the hyperconjugative interactioh$:>1°In coming to a conclu-
sive decision on the internal rotation mechanism it is necessary

to ingludfe the full coordin.ate space of the ethane torsion. Intgrnal than the corresponding ones in ethane (Table 1). Rotating one
rotation is not pure rotation. In the case of ethane, the torsional silyl group by 60 then produces an eclipsed, higher energy
_coo_rdlnate includes €C bond expansion. If t_h|_s Iengthemng_ conformation (Figure 1b). The barrier to this process has been
is disregarded, then the hyperconjugative origin for the barrier both calculated by a variety of methods and experimentally

. . 0
is not validated: . . . ) determined from gas-phase Raman frequencies to be near 1 kcal/

Because both hyperconjugation and steric repulsion strongly mol (experiment: 1.26 kcal/m@F theory: 0.82-1.09 kcall
depend on the relative position of the two rotors, disilane [12.14-19) '

represents an interesting extension of the ethane barrier problem. o o
It can be thought of as stretched ethane (the central bond is Although there are a number of publications establishing the
0.84 A longer than in ethane) enriched by additional electrons. torsional barrier in disilane, only a few attempt to ascribe its
Disilane is also important in its own right as the simplest Origin?%!In 1992 Schleyer and co-workéfgave a detailed
example involving internal rotation of the Silgroup. Although account of the disilane torsional barrier origin, working within
electron diffraction experiments do not establish whether the the hyperconjugation model, using a 3-21G(d,p) ab initio basis
equilibrium conformation is staggered)(or eclipsed E) set. They found that the change in hyperconjugative interactions
(because H atoms contribute little to the diffraction pattétn), —©on going to the eclipsed conformer (calculated as 0.9 kcal/mol)
all reported calculatiort3 find, as in ethane, that the lowest approximated their calculated barrier (0.82 kcal/mol), suggesting
energy (equilibrium) state is staggered (Figure 1). Both sourcesthat these interactions should be taken as responsible for the
conclude longer SiH bonds, and a somewhat larger HSiH angle existence of the barrier. However, no account of other changes,
such as bond strengthenings or weakenings, or exchange
* Corresponding author. repulsion was taken.

Barrier
—_——
3.0 kcal/mol

Figure 1. Internal rotation in ethane (a) and disilane (b), showing
equilibrium (staggeredy) and top-of-barrier (eclipsed) conformers.
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TABLE 1: HF/6-311G(3df,2p) Optimized Geometries of TABLE 2: Rigid Rotation and Fully Relaxed Barriers for
Disilane and Ethane (bond lengths in A, bond angles in Disilane, Ethane, and Phantom Molecules, (ETs and
degrees) (DS)r, (kcal/mol)ab
disilane ethane AEg(RR) AEs(FR)
S E S E disilane 1.06 1.03
internal coordinate  conformer conformer conformer conformer ethane 3.17 3.03
Si—Si, C-Cbond length ~ 2.364 2.376 1.525 1.539 (ET)Ds‘; 0.28 1.38
Si—H, C—H bond length ~ 1.478 1.478 1.084 1.083 (DS)kr 10.84 —2.84
OHSIH, OHCH 108.6 108.5 107.7 107.2

aHF/6-311G(3df,2p) geometries and energy calculations. Rounded

Lo . . . ., . Off to the nearest 0.01 kcal/mol, as is the case with all other energy
Our aim is to reanalyze disilane internal rotation, considering yajyes reported in this work.For notation, see Section II.

the interplay of the major factors that are now recognized to

play a major role in torsional phenomena, i.e., bond strength, The rigid rotation (RR) barrier (i.e., rotation proceeds without
hyperconjugation, and repulsion chan§es a sufficiently high relaxation of bond lengths or bond angles) is

level of theory to give physically meaningful conclusions. In

particular, account must be taken of the nonrotational part of AEg(RR)= E5(RR) — E® (1b)

the coordinate space of disilane internal rotation (which as in

ethane includes central bond lengthening). By comparing the As demonstrated in Table 2, the rigid rotation barriers for both
results with the hyperconjugation model for ethane torsion, we ethane and disilane are only slightly different from the fully
pose the question: do the gears and motors that control therelaxed ones, showing that no severe error in the barrier energy

ethane barrier operate in the same way in disilane? is imposed by this model. This near equality obscures the
physics underlying the internal rotation barriers in these
II. Calculational Schemes molecules.

Since the level of theory has little effect on the calculated
barrier energy, the polarization saturated Hartrieeck wave
function, HF/6-311G(3df,2p), is adopted (unless noted) for the
barrier analysis reported in this article. Energy calculations and

structural enlargement, electron enrichment geometry optimizations were performed using Gaussiaff 98,
| ETHANE (ETos DISILANE and natural bond orbital analysis utilized NBO 42¥1.

To separate the structural enlargement and the electron
enrichment factors, two schemes are considered involving the
“phantom molecules”, (EBs and (DSpyr:

electron enrichment, structural enlargement

Il ETHANE (DS)r

DISILANE IV. Phantom Molecule Barriers

Scheme | takes ethane to the more open molecular structure of Th_e phantom m(_)lecu_le, (Edgand (DS, rotation barriers
disilane without any electronic configuration change, (&T) provide a clear delineation between the expansion and electron

Addition of the third row electrons then yields disilane. In ?hngligﬁzﬁlr;t;%cgs.bI;?rrigr]thrar)l(gstn\c/jsgi:r:ggn(?l';lglgc'[zl;reta)ﬁf?we
Scheme Il the ethane molecular structure is frozen, but with an lect iched (DS} ethane-structure barrier is f ,dt b
electron configuration appropriate to disilane, (BS)The eec roln enriche é %}e fa"ne slruc gri a_rrle][ IS foun | o be
second step in this scheme, expansion of the molecular structure?ror}.gy |r|10:jease : fe u ?’1 re axeh arger hor (EIR S0
gives disilane. The abbreviation in the parenthesis (e.g., (ET)): Ignificantly decreases from that in ethane, but the EpBrrier
represents the electronic configuration of the phantom molecule, is negative. It is noteworthy that the negative valies(FR)

whereas the subscript corresponds to the phantom molecule 0 for (DSkr indicates that the preferred equilibrium
geometry. conformer has changed to the eclipsed one.

In the “extended” ethane, (EdQ, the primary barrier forming
process is not rotation, but central bond lengthening, since the
RR barrier almost vanishes. On the other hand, just rotating

Fully relaxed internal rotation (FR) is defined by rotating one silyl groups in (DSgr strongly destabilizes thE conformer—
dihedral angle of a silyl group (the “rotational angle”) and it is the central bond lengthening that relieves the strain
optimizing all other structural parameters. The energy required gccumulated by rotation and turns around the conformational

I1l. Disilane Rotational Barrier

to rotate theS conformer to theE conformer preference.
. < The fully relaxed entries in Table 2 demonstrate that the
AEg(FR)=E*(FR)— E (1a) barrier attenuation in going from ethane to disilane is a combined

effect of structural expansion and electron enrichment: each
is the fully relaxed rotation geometry barrier, analogous to of these factors decreases the ethane barrier. The result that
ethane. HF/6-311G(3df,2p) optimized geometries for IRdind structural expansion is a cause for the ethandisilane barrier
E conformers are reported in Table 1. Internal coordinate values attenuation is not unexpected. However, the question remains:
of the Sand E conformers essentially agree with those found which structural expansion represents the smoking gun for the

in extensive studies by Leszczynski edand otherd? as well barrier attenuation? These expansions, as revealed in Table 1,
as with the experimental oné&sThe 1.0 kcal/mol barrier is also  are the following: increase of the equilibrium conformer central
consistent with previous studiés*1° This value is~1/3 atom bond length from 1.53 to 2.36 A in disilane, and opening

ethane’s 3.0 kcal/mol barrier and this difference does not up of the CH umbrella to the more tetrahedral Siktructure,
provide, by itself, any discrimination between the various comprising ariJHCH increase from 107¢to 108.6 for OHSIH
interactions postulated to rationalize the ethane barrier. In fact, and lengthening of the -€H bond from 1.08 to 1.48 A for Si

the large barrier decrease in going from ethane to disilane is H.

simplistically in agreement with both distance attenuated This question can be conclusively answered by examining
pairwise repulsions and vicinal hyperconjugative interactions the calculated barriers for the two partial structural expansions
between Si-H bonds (of the two methyl/silyl groups). in going from ethane~ (ET)ps, shown in Table 3. The barrier
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TABLE 3: Calculated Barriers for Partial Structural rotation?6:3%As mentioned and verified in Table 4, the ethane

Expansions Taking Ethane to (ETps (kcal/mol)@? barrier origin can be primarily ascribed to the hyperconjugative
model AEg effect (AEgelod- In particular, this is attributed to vicinal (between
ethane 303 methyl) ocH—ocH* donor—acceptor interactionsreduced in the
(ET)site 5.63 synlike arrangement of th& conformer from that in thenti-
(ET)sisi 1.33 like arrangement of th8 conformer (Figure 2a)The exchange
giEsTn?ﬁe 11-3083 effect, AEexchange ON the other hand, strongly favors the eclipsed

conformation and largely cancels the staggered-conformer-
2 Partial relaxations simulate fully relaxed behavior of the particular favoring hyperconjugative delocalization enefgyThe struc-
disilane internal coordinate (e.g.,&l bond |ength), whereas the other tural energy Change’ favonng the Staggered Conformer by 2 kcall
internal coordinates (except rotational angle) assume ethane equilibriummol is largely attributed to the-€C bond weakening that occurs
values.? See Table 2, footnotesandb. See Section IV. T y . . .
on torsional rotation (see Section \#)It is smaller tham Egeloo

TABLE 4: Fully Relaxed Barrier Decompositions but it cannot be neglected in formulating an ethane barrier
(kcal/mol)a> mechanism.
model AEg AEstruct AEexchange AEgeloc (b) Hyperconjugation. As expected from the much longer
ethane 3.03 217 —5.75 6.61 disilane central bond distanc@&Egei0c the principal barrier
disilane 1.03 2.95 —2.60 0.68 forming interaction in ethane, is greatly reduced in disitatee
(ET)os 1.38 2.03 —0.63 —0.02 only 10% of its value in ethane. Comparison of the orbital plots

aSee Section V, and Table 2, footnotesndb. b Total barrier energy for disilane and ethane in Figure 2 provides a clear explanation.

is the sum of structural, exchange and delocalization energy changesThe large separation betweersy and o*sjy orbitals and
unfavorable polarization of the SiH bond (Figure 2b) combine

energyAEg(ET)sisi represents the partially rigid rotation barrier to make the torsional dependency of the overlap betweggn
computed for ethane with central bond lengthening as in disilane and o* 5y feeble. In particular, the overlap is only negligibly
(i.e., the phantom €C bond lengthens from 2.36 to 2.38 A)  greater in the favorenti arrangement (0.060) over that in the
along with rigid rotation (the other structural alteration absent). synone (0.056), compared to 0.178nf) and 0.087 §yn in
Similarly, AEg(ET)sin, represents the barrier for Sjlexing ethane. If hyperconjugative charge-transfer stabilizations were
present along with rigid rotation (central bond length fixed at the sole mechanism controlling the barrier, disilane would
ethane’s 1.525 A). Comparison of the (E&)and ethane entries  exhibit nearly free rotation. From this viewpoint the intriguing
shows that the barrier attenuation arises from expansion of thequestion is why is the-1 kcal/mol disilane barrier, one-third
central atom bond length, alone. In contrast, the barrier for that of ethane, so large?
(ET)sin, (involving only Siks flexing) is increased. Combining
this result with the vanishing rigid rotation barrier for (l5§)
(rotation occurring at €C length of 2.36 A, with no rotationally
induced relaxation, Table 2) shows that it is the central bond
expansion in going from ethane to disilane that attenuates the
barrier.

In terms of the energy partitioning given in Table 4 two
rationalizations can be drawn for the strangely large disilane
barrier. The first is reduced magnitude of the antibarrier Pauli
exchange interactions, leading to less favoring of the
conformer. This decreased exchange effect (compared to ethane)
can be viewed as arising from the large separation of the silyl
groups. The second reason is thWdsue; Which encompasses
the nonrotational part of the torsional coordinate space, is

(a) General ConsiderationsAt first consideration it appears  actually somewhat increased from the 2 kcal/mol value in
that the same barrier mechanism machinery that operates inethane.

ethane rationalizes the attenuation of the barrier in going from
ethane to disilane. That is, the central bond expansion reduce
the hyperconjugative interactions between the silyl groups from
those between the methyl groups in ethane. We turn to natural
bond orbital (NBO) theors? to provide an incisive means for
examining the mechanisms controlling barrier energetics in more
detail. The NBO approach allows a natural disseéfiaf the ) ] , , ,
barrier energy into hyperconjugativAEgeod, exchange AE« (c) Electrostatic Repuls!o_ns.The e_nergetlc categories dis-
xehangd and structural AEsyue) energy contributions. In this cussed above do not exphcnly consider electrefectron and
formulation, the hyperconjugative doneacceptor (i.e., charge- ~ Nuclear-nuclear repulsionsiEee and AEy,. At the outset we
transfer or delocalization) interactionBgeioe can be readily ~ hote that the steric effect, regardless of whether we are
assessed by deleting (minimally occupied) antibonding ort3itals. discus_sing exchange or electro_static interactions, involves_ a
The Pauli-exchange effe&t Ecxchange is the energy difference collective response of the entire N-electron system. It is
between orthogonal (NBO) and nonorthogonal (preNBO, PNBO) important to discriminate this simultaneous all-electron effect
wave function descriptions of the molecéfélhe effect of bond ~ from local pairwise repulsions obtained by summing indepen-
weakenings and strengthenings accompanying the rotation, i.e.dent pair interactions between local bond electron distributions.
the sense of the structural energy chamysc, incorporating Figure 3 demonstrates the importance of taking into account
the main localized bonds of the “Lewis” structure, can be the entire space of the torsional coordinate in analyzing
assessed from changes in NBO energies. However, because bonelectrostatic effects. For pure rotation, i.e., rigid rotation, both
strengths involve more than orbital effects, this procedure is electron and nuclear repulsions increase on going to the eclipsed
not very quantitative and we estimais,c;as the residual in (0°, 120°) conformer. However, when the coordinate space is
AEg — (AEexchange™ AEdelod- expanded to include skeletal relaxations (particulartySSibond
Table 4 gives the energy chang@s:siucs AEexchange @and expansion) as part of the rotational process both repulsions are
AEqeioo for fully relaxed disilane, (ETys, and ethane internal lowered in going to the eclipsed conformer. The outcome is

V. Barrier Mechanism

The phantom molecule barrier energetic decomposition, given
In Table 4, solidifies this conclusiom Egeloc is negligible in
the structurally enlarged ethane, (54;)showing that attenuation
of the hyperconjugative interaction in disilane relative to ethane
is almost entirely due to the lengthened central bond in
disilane3!
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a

Staggered (S) conformer Eclipsed (E) conformer

Staggered (S) conformer Eclipsed (E) conformer

Figure 2. CH/CH* and SiH/SiH* bond/antibond orbital overlaps for the anti (staggered conformer) and syn (eclipsed conformer) arrangements in
ethane (a) and disilane (b).

that neither electron nor nuclear repulsions rationalize the values for the increase in the associated nuclear virials for both

disilane barrier. ethane and disilane in Table 5). Consequently, the molecule is
left in a strained state. If only silyl or methyl group relaxation
VI. Flexing Analysis of Disilane Barrier Energy is included in the rotational process (i.e., the-Si or C-C

he el . Isi vsi . h bond is frozen) the increase is even larger, but if central bond
The electrostatic repulsion analysis described above s OWSeypansion is included and the silyl/methyl group geometry is

that skeletal relaxation plays a significant role in the rotational frozen (Table 5), the nuclear virial becomes negative. Thus
energetic mechanism. We turn to nuclear virials to deepen this central bond stretching reduces the strain that is accumulated

(iorlc\llu_si;_lc;n. Tlhte g(la(ner?hzed V'f['al ;hforé?ﬁ[;t_tEl +4, ZT in both ethane and disilane by rotation alone, instigating a large
. relates kinetic), potential ¥), and total energies decrease in electrostatic repulsion energies.

(E) to the nuclear virial §). The importance of the generalized o . )
Table 5 shows that the nuclear virial difference (i.e., the strain

virial theorem is that it identifies the strain induced effects on o ! )

T and V. This is because the virial = Yuya-Fa is the energy effect) between rigid rotation and the partially relaxed

contribution of nucleus: to the virial of the forces acting on rotation, which |nclude§ only .Central bqnd expansion, greatly

the electronsy, is the position vector of nucleus andF, = exceeds the&s — E barrier. This conclusively shows that any
explanation for the barrier must take into account the central

—V,V is the net force acting on it). When the forces acting on : arl
the nuclei vanish (as they must at the variational minimum bond expansion that is inherently a feature of Eheonformer

energy equilibrium conformatiors)), Ts= —Es A similar result geometry.

is true for the globally minimized fully relaxed barrier tolg)( To explicitly pinpoint the origin ofAEsyuct we make use of
Te = —Eg. For the conformation reached by disilane rigid the flexing diagram shown in Figure®3 The energy increase
rotation, the forces do not vanish and they are repulsiveilar for each of the diagram steps is given in Table 6. It is clear

to that found for ethane (demonstrated by the large positive from the path A energetics (rigid rotation followed by relaxation
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Figure 3. Rotational angle dependence of electron repulsion energy
changes for rigid (RR) and fully relaxed (FR) rotations. Corresponding

Pophristic et al.

Path A
E(RR) Si-Si \E(PS) v ,)
s ) E(FR)

= I }‘ ~ SiH; | 4
c c
S 2
=] v|l|%s
s s
mn :ﬂ
+
S(equil.) Si-Si S(PS)

Path B

Figure 4. Alternate internal rotation paths to the fully relaxed (FR)
eclipsed conformer. In path A (steps | and II), the molecule undergoes
rigid rotation (step 1), followed by SiSi bond lengthening (step II).
Path B (steps Il and IV) relaxes the-S$i bond length in the staggered
equilibrium conformer to its optimized top-of-barrier value (step 1),
followed by rotation of silyl groups (step V). Step V additionally
relaxes silyl groups to their fully relaxed eclipsed conformer shape.

TABLE 6: Flexing Analysis of Disilane Barrier Energy

curves for nuclear repulsion have the same trend as the electron Ones(kcallmol)a~b

60° denotes the staggered conformer, afidafid 120 the eclipsed
one.

TABLE 5: Nuclear Virials for Disilane and Ethane
(kcal/mol)abed

disilane ethane
RR 6.2 12.1
RR + SiHz (CHs) flexing 7.3 16.6
RR + Si—Si (C—C) bond lengthening -1.7 —-4.7
FR —0.6 —-0.2

aDisilane, HF/6-311G(3df,2p) geometry optimization and energy
calculation; ethane, HF/6-311G(3df,3pd) geometry optimization and
energy calculation. Rounded off to the nearest 0.1 kcal/Aeklative
to Sconformer.© Virials are designated by included relaxation(s). RR,
rigid rotation. RR+Si—Si (C—C), rotation including S+Si (C—C in
ethane) bond lengthening alone. R&iH; (CH; in ethane), rotation
including SiH (CHs) group flexing alone. FR, fully relaxed rotation,
including all skeletal relaxation§.The small, but non vanishing value
for fully relaxed rotation is due to lack of convergence to the HF limit
by the 6-311G(3df,2p) and 6-311G(3df,3pd) basis sets.

of the Si=Si bond) thatAEsycthas its largest contribution from

AEB AEstruct AEexchange AEck-:*loc
step | 1.06 1.21 —1.08 0.93
step Il —0.02 1.88 —-1.67 -0.23
step Il 0.02 1.94 —-1.73 -0.17
step IV 1.01 1.15 —1.02 0.88
step V 0.00 —0.13 0.15 —0.02
FR 1.03 2.95 —2.60 0.68

aSee Table 2, footnota and Table 4, footnotk. ® For step notation
see Figure 4.

of the Si-Si bond accompanies internal rotation upon removal
of charge-transfer interactions, hyperconjugation is identified
as a factor in its lengthening. On the other hand, if no shortening
occurs, hyperconjugative interactions are not a controlling factor
for the lengthening. In ethane, we showed that the vicinal
hyperconjugation (between methyl groups) is an important factor
for the C-C bond lengthening. In disilane, however, the

hyperconjugative interactions (Table 6) are greatly weakened
from those in ethane, posing the question whether the large Si

Si bond lengthening (0.012 A) can be accounted for by this

lengthening of the central bond consequent to rotation to the mechanism. Upon removal of all possible charge transfers, the

eclipsed conformer.

Path B lengthens the SBi bond in the equilibrium staggered
conformer followed by rotation. It is clear from the path B
energetics that the largest contribution gy iS again

lengthening of the central bond, even though rotation is absent.

HenceAEgyc relates to the SiSi bond weakening more than
to rotation itself. This conclusion that the barrier energetics are
significantly determined by non rotational coordinates (i.e.,
skeletal bond and angle flexings) extending into the torsional
coordinate space is parallel to that found for eth¥§,
methanoP* and propené® but in disilane it becomes paramount.
Given the importance that SBi bond expansion has in the

central bond undergoes only a small shortenia.003 A)36
We conclude that for disilane, unlike for ethane, it is electrostatic
repulsive interactions that lead to the bond lengthening.

VII. Conclusions

In terms of the energetic machinery postulated to control the
ethane barrier it is the large preferential hyperconjugative
interaction in the staggered conformer that is largely responsible
for the 3 kcal/mol barrier. Greatly weakened hyperconjugative
interactions in disilane rationalize an attenuated barrier, but the
1 kcal/mol barrier magnitude is too high to be accounted for

barrier mechanism, it is vital to understand what causes the bondby the residual hyperconjugative stabilization of the equilibrium

lengthening. It is clear from Figure 3 that electrostatic repulsive
interactions play a role in the expansion. The effect of

staggered conformer. We conclude that it is the energetic
consequence of the -SBi bond lengthening that accounts for

hyperconjugation on the expansion can be analyzed by deletionmost of the~1 kcal/mol disilane barrier. The major cause for

of selected charge-transfer interactions. Following this paradigm,

the lengthening is increased electrostatic repulsion in the eclipsed

the disilane central bond lengthening is examined through partial conformer. Instead, in ethane it is the decreased vicinal

geometry optimizations (rotational angle fixed at §8) and

hyperconjugation in the eclipsed conformer that leads to the

0° (E)) with selected charge transfers absent. Thus, if shorteningC—C bond lengthening.
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These results emphasize the role of coordinate space in_ (20) Gordon, M. S.; Neubauer, U. Am. Chem. Sod974 96, 5690~
understanding barrier energetics. Even though ethane andP693:

. I . . (21) Hinchliffe, A.J. Mol. Struct.1978 48, 279-283.
disilane exhibit similar central bond expansions, in ethane the 55 | o, c7ynski J.; Huang, J. Q.; Schreiner, P. R.: Vacek, G.; Kapp,

effect of C-C bond weakening is overwhelmed by the large, J.: Schleyer, P. v. R.; Scheafer, H. F., lBhem. Phys. Lettl995 244,
rotationally controlled change in hyperconjugative interactions. 252-257.

In disilane. however. weakened h rconi ive in ; (23) Frisch, M. J.; Trucks, G. H.; Schlegel, H. B.; Scuseria, G. E.; Rob,
| dis ?’] €, howe e ’ Iea e efdh ype 90 Julgat % teraCtIOES M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A.; Stratmann,
eave the nonrotational part ot the torsional coordinate as the g g : gurant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K.

paramount contribution to the barrier energetics. N.; Strain, M. C; Farkas, O.; Tomasi, J.; Barone, V.; Coss, M.; Cammi,
In summary, the same gears and motors that operate in theR.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochtersk, J.;

: f f L Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K;
ethane barrier are found to operate in a different way for disilane. o2 kA" b - Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J.

) ] V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.;
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