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UV, MCD, and LD Spectra of a Conformationally Constrained ortho-Tetrasilane: Support
for the Avoided Crossing Model of Conformational Effects on Excited State’s
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UV absorption, magnetic circular (MCD), and linear (LD) dichroism ofratetrasilane configurationally
constrained to the ortho conformation (calculated SiSiSiSi dihedral amgte95 °) are reported, and the
results are compared with the theoretical expectation of four low-energy transitions. Two strong UV absorption
maxima with similar intensity and positive MCD B terms are assigned to states of B symmetry. A third
calculated transition to an'& state was clearly detected in the LD spectrum, but a calculated weak transition
to a 3A state at a higher energy was not observed. The results support a previous rationalization of the
conformational properties of the-tetrasilane chromophore, according to which one of two low-energy
transitions into B-symmetry states is @f* and the other obrz* type in the planar cis and anti limits, and

they undergo a strongly avoided crossinguashanges from Oto 18C, keeping their energies nearly constant

but interchanging their oscillator strengths.

Introduction similar two additional valence states will be predicted for
peralkylated tetrasilanes, but it seems likely. Such high level
calculations would be useful for confirming or refuting the
. - . A avoided crossing model of conformational effects, but are
Eeacilt()%oiges.o-:—\?aetgcsf::ﬁ(g?%a?’llgiggrr:’?oiﬁfgrﬁg?rnhIenc;[l?:rgstzrr-uv difficult and have not yet been performed for tetrasilane
ist?c red shift of a polvsilane absor tion. maximum._ with conformations other than anti. Experimental data available so
. poly P . far are in agreement with the model, but are limited in scope.
decreasing temperature is usually attributed to a change in the ] . S
Partial separation of individual conformer spectra deduced

conformation of the silicon backbone toward the all-anti lifnit, from the effects of annealing and selective photodecomposition
but the exact conformations of the various forms are generally of the conformers ofi-SisHyg’ (calculated to be antiy = 180,

not known. . .

. . and gauchep = 60°) andn-Si;Me;° (separated spectrally into
conformation. many theoretical and experimental studies have UATSOI: Calcuiated a = 165’ and a mixure of gatiche and
been carried 6ut but even the shortest conformationally interest-.ortho’ calculated ab) =~ 550 and .90’ respectwely}o isolated
ing casen-tetrasiiane has not yet been definitively settled. Low- n Iow—Fempe_rature matrices yleld(_ad information that was

! : compatible with the avoided crossing proposal.Stronger

level ab initio calculations suggested that there are four low- evidence was obtain&tfrom the spectra of several tetrasilanes
energy valenqe states, two of A and two of B symmetry. incorporated into five-to-eight-membered carbosilane ring sys-
Contrary to prior beliefs, they_also suggested that it is not so tems, whose calculated dihedral angtesanged from 0 to 80
much the energies as the oscillator strengths Of. the_ two StrongHowever, a more definitive confirmation of the avoided crossing
model would result from measurements on tetrasilane conform-
ers in the so far unexplored central region of dihedral angles,
w = 80—16C, in much of which the avoided crossing would
cause the two transitions to B symmetry states to have
comparable predicted intensities.

The very recently communicat&dsyntheses of conforma-
tionally constrained syn, eclipséé,and anti oligosilanes
comprising a configurationally constrained disilane as a mono-
mer building block offer such an opportunity. By analogy with
a structurally very similar hexasilane whose central SiSi bond
was found to be eclipsétlby single-crystal X-ray analysis, it
was proposed that the central SiSi bond in the tetrasilane
(Figure 1) would be also eclipséélwith v =~ 120°, and is the
first tetrasilane to feature a dihedral angle value within the

T This work was presented at the PP2000 conference in Costa do Estoril, prewou_sly unexplored Cent.ral region. It was ndfetlat its UV
Portugal, honoring Professor Ralph Becker’s contributions. Dedicated to @PSOrption spectrum contained peaks at 229 and 204 nm (43700
Professor Ralph S. Becker on the occasion of his 75th birthday. and 49000 cm?) with almost identical intensity, as predicted,

Polysilanes containing SiSi single bohtigve many interest-
ing properties attributable i@ delocalization within the silicon

anglew .58 Specifically, asw increases, the oscillator strength
of the transition into the !B state ¢z* at 0° andoo* at 180°)
would grow, while that of the transition into théRstate ¢o*

at @ andox* at 180°) would diminish. The intensities would
be comparable whem = 90—13C. A recent high-level MS
CASPT?2 calculation for the anti form of the parent tetrasilane
SisH10 confirmed the earlier results for the lowest four valence
states at this particular conformation, and their description in
terms of simple one-electron excitations, important for orbital
correlation concept.It also predicted the presence of two
additional valence states below the first Rydberg state of the
anti conformer, one of A and one of B symmetry. These, too,
have simple Hakel analogues. It is not yet known whether
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TABLE 1: Summary of Observed Spectra
UV absorption MCD LD
transiton v(cm?) eMtLcm?) D@D P(emY) [Olu(degLMImtGY) B@ACED?BJecm) v (ecmY)  sign

1'A—2'A 41 300 -
1'A—1'B 44 200 17 500 13.7 43 300 —0.34 0.77 44 700 +
1'A—2'B 49 100 20 100 175 49 600 —0.58 1.3 48 700 +

r T ‘ and the best available approximation to the molecular geometry
is that provided by a DFT optimization. At the B3LYP/6-31G*

level, the dihedral anglev of the silicon backbone was

calculated to be 95%4somewhat smaller than anticipated from

a comparison with a related hexasildfé’ This corresponds

to the ortho conformation, and we now start referring to the

tetrasilanel as ortho instead of eclipsed. Regardless of the exact

value of the dihedral angte in 1, it clearly lies in the previously

unexplored central region.

The room-temperature UV absorption spectrum in 3-methyl-
pentane is shown in Figure 1 and summarized in Table 1. Two
strong and distinct absorption peaks are observed at 44200 cm
(¢ = 17500) and 49100 cm (¢ = 20100), with dipole
strengthdD?? equal to 13.7 and 17.5%respectively, and fitting

Figure 1. UV (=), MCD (--), and LD ¢- - —) spectra of theortho- with Gaussians hints at the presence of an additional weak band
tetrasilanel (upper part). near 41000 cm

but the higher energy transition was barely recognized as anint-erzgitpriisfi:ges Ogc;[:;cl) rztrzoggmgigzlttlgir']ssteot:agi?:rrllg frﬂuﬁle
absorption peak. We have now examined the spectral properties y P 9 q

of 1 more closely and have calculated its optimized geometry among those StUd'eq SO far. Those with smaller d|hed(al angles
as well. w display two transitions, but the lower-energy one is much

weaker than the higher-energy o€, while the spectrum of
the anti conformer shows only one distinct peak in this energy
region. The behavior observed presently fits very nicely the
Materials. The tetrasilanel’?1* was purified by repeated  expectations based on the avoided crossing nio¥land the
recrystallization from hexane containing a little ethanol. 3- CIS/3-21G(d) calculations far-SisMe10,2 permitting an assign-
Methylpentane was purified by passage over silver nitrate on ment of the two peaks to transitions into tH@&hand 2B states.
alumina columrt® A commercial polyethylene sheet was soaked The agreement with the expected intensities is not perfect in
in chloroform for several hours in order to remove additives that at dihedral angleam =~ 95—-100 °, the calculated B
and dried before use. The purified sheet was soaked in a highlyoscillator strength is almost twice that of théBltransition,
concentrated chloroform solution &ffor 30 min, washed with but the CIS/3-21G(d) approximation is very crude, the calcula-
methanol, dried overnight, and stretched to about 4 times its tion is for n-SiyMe;o rather than forl, and the accuracy of the
original length. HF and DFT geometry optimization for peralkylated oligosilanes
Spectral Measurements3-Methylpentane solution was used is somewhat questionable, since substitasubstituent van der
for UV absorption and MCD spectral measurements at ambient Waals interactions are not well descrit7éd.
temperature. The former was measured with an OLIS RSM 1000 At the limit of our instrumentation, above 52000 ththe
spectrometer and the latter with a JASCO J-500C Spectrometerabsorption curve seems to rise again (Figure 1), and it is
in the presence of 1.5 T of magnetic field parallel to the conceivable that this is an indication of the presence of yet
propagation direction of the light (100 scans taken at 5 nm/min another intense transition, perhaps analogous to the transition
with 4 s response time were averaged). The LD spectrum of jnto the third valence state of B symmetry calcul&tied SisHxo.
the stretched polyethylene sheet was measured in the LD mode  aygitional information was sought from magnetic circular
of the a JASCQ J-500C spectrometer. All three measurementsyichroism (MCD$° and linear dichroism (LD also shown
used a resolution of 0.5 nm. in Figure 1 and summarized in Table 1. The transitions assigned
Calculations. Ab initio optimization of the geometry of to B states have positive MCB terms (negative peaks).0.77
with normal-mode frequency analysis was performed with IBM | 1 D28/cm ! for the 1B state and-1.3 x 103 D2BJcmt
RS-6000-590 and HP Exemplar 2000 computers using the o the 4B state, wherge is the Bohr magneton. No additional
Gaussian9® program. The optimization was started at a point yansitions hidden in the UV spectrum are apparent, but it is
analogous to the X-ray structdfef a related hexasilangand curious that the first MCD peak is shifted significantly to lower
was performed successively at the HF/3-21G{d)F/6-31G- energies relative to the first absorption peak. The simplest way
(d),**and B3LYP/6-31G(d) levels. The improvement n the level 5 account for this would be to postulate the presence of two
of calculation had a small effect on SiSi bond lengths {Si1  egative broad MCD peaks in this region, one at the position
Si2 and Si3-Si4, 2.35, 2.37, and 2.37 A, respectively; Si2 ot the observed absorption peak and another weaker one at lower
Si3, 2.42, 2.45, and 2.44 A’o respectively), and on the dihedral gnergies. In the absorption spectrum, the latter would then
anglew (99.6, 95.8, and 954 respectively). correspond to the weak and unresolved band whose presence
was hinted at by the Gaussian fitting. TBeerm obtained by
integration and given in Table 1 would then correspond to the
The tetrasiland (Figure 1) was prepared and characterized sum of theB terms of both transitions.
according to a published proceddfdnfortunately, an attempt The suspicion that an unresolved peak at lower energies is
to perform a single-crystal X-ray structure analysisldéiled, indeed present in the absorption and MCD spectra is confirmed
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