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A series of linear perhexyloligosilanes (Hex(SiHex;),Hex, n = 3—10) was prepared by Wurtz
coupling of a mixture of trihexylchlorosilane and dihexyldichlorosilane. The o—o¢* absorption
maxima red-shift with increasing chain length, which is similar to what was observed for a
series of permethyloligosilanes. However, the temperature dependence of the spectra is
significantly different between these two series. The origin of the blue shift with decrease
in temperature observed for short-chain oligosilanes (n = 3—5) is ascribed to the parabolic
dependence of the transition energies on the SiSiSi bond angle. The red shift of the absorption
maxima observed for long-chain oligosilanes (n = 6—10) probably results from the ordering
of the chain to the all pseudo-trans (extended) form at low temperatures. The long-chain
perhexyloligosilanes show stronger temperature dependence similar to that of perhexylpoly-
silane polymers, suggesting that the barriers of the transition from the folded to extended
chains are much larger than those for permethyloligosilanes, due to the steric effects of the
side-chain alkyl substituents. The emission spectral features of perhexyloligosilanes are
essentially similar to those of permethyloligosilanes studied by Michl et al. A significant
difference between these two series of oligosilanes is also observed on the temperature

dependence of the emission spectra.

Introduction

Much attention has been focused on linear-chain
polysilane polymers, whose main chains are constructed
by Si—Si bonds, because of their unique optoelectronic
properties.! Typically, while poly(dihexylsilylene) ex-
hibits an intense absorption band at 315 nm at room
temperature, upon cooling below ca. —30 °C, the absorp-
tion bandwidth becomes much narrower and the maxi-
mum shifts to 355 nm.2 The origin of the thermo-
chromism is usually ascribed to the transition at low
temperatures from a random coil to a pseudo-trans rod
of the silicon backbone,23 while Miller et al. have
proposed that the red shift with decreasing temperature
is caused by aggregation of polysilane chains.* Due to
the high molecular weights of polysilanes and their
dispersion, it is very difficult to investigate the relation-
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ship between the main-chain conformation and optical
properties in detail. Studies of linear oligosilanes having
discrete molecular weights as models for polysilanes are
highly desirable. About four decades ago, as pioneering
studies in this field, Wilson, Kumada, and Gilman and
their co-workers reported the synthesis and character-
ization of a series of linear permethyloligosilanes.® Their
absorption maxima at room temperatures were found
to red-shift upon increasing the number of silicon atoms
in the chain and assigned to the o—¢* transitions.®
During the course of our studies, Michl et al. have
reported’ detailed studies of the photophysics of per-
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Perhexyloligosilanes
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methyloligosilanes including the temperature depend-
ence of their absorption and emission spectra. More
recently, Kaito and co-workers reported the X-ray
analysis, low-wavenumber Raman scattering, and liquid
crystalline properties of films of permethyloligosilanes
prepared by a vacuum-deposition method.8 Whereas the
thermochromic behavior of polysilanes is known to
depend significantly on the side-chain alkyl substitu-
ents, there has been reported no study of oligosilanes
having long-chain alkyl substituents.® We report here
the synthesis and characterization of a series of per-
hexyloligosilanes and the unique temperature de-
pendence of their absorption and emission spectra.

Results and Discussion

1. Synthesis and Characterization. A mixture of
perhexyloligosilanes (3a—10a) was prepared by the
Wurtz coupling of a mixture of trihexylchlorosilane and
dihexyldichlorosilane with lithium in THF, as shown in
Scheme 1. These perhexyloligosilanes were separated
by recycle gel-permeation chromatography and charac-
terized by means of 'H, 13C, and 2°Si NMR spec-
troscopies, elemental analyses, and mass spectrometry.
Permethyloligosilanes (3b—10b) as references were
prepared by a similar procedure.”

29Si NMR chemical shifts of a series of perhexyl-
oligosilanes are summarized in Table 1. The number of
signals and their relative intensities correspond to the
number of Si units in each oligosilane. Signals appear-
ing at the lowest and highest magnetic fields are
assigned to the 2°Si nuclei of the terminal trihexylsilyl
(Sil) and the next dihexylsilylene units (Si2), respec-
tively. The 2°Si resonances of inner silylene units
approach ca. —25 ppm, which is the value for high
molecular weight poly(dihexylsilylene).10

The 2°Si NMR spectra of a series of permethyloligo-
silanes were studied by Kumada et al.}'a and West et

(8) (a) Yatabe, T.; Shimomura, M.; Kaito, A. Chem. Lett. 1996, 551.
(b) Shimomura, M.; Yatabe, T.; Kaito, A.; Tanabe, Y. Macromolecules
1997, 30, 5570. (c) Yatabe, T.; Kaito, A.; Tanabe, Y. Chem. Lett. 1997,
799.

(9) In preliminary communications, we have studied perhexyl- and
perpropyldecasilanes and several propyl-substituted oligosilanes hav-
ing terminal chiral aralkyl substituents: (a) Obata, K.; Kira, M. J.
Chem. Soc., Chem. Commun. 1998, 1309. (b) Obata, K.; Kabuto, C.;
Kira, M. J. Am. Chem. Soc. 1997, 119, 11345.

(10) Schilling, F. C.; Bovey, F. A.; Zeigler, J. M. Macromolecules
1986, 19, 2309.
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Table 1. 2°Si Chemical Shifts (ppm) of
Perhexyloligosilanes in CDCI; at Room
Temperature

Hex Hex Hex Hex Hex
Hex—Si1i—Si2—Si3—Si4—Si5-----

Hex Hex Hex Hex Hex

chemical shift/ppm

oligosilane Sil Si2 Si3 Si4 Si5
3a —11.0 —41.0
4a -10.3 —34.9
5a —10.3 —34.6 —30.5
6a —10.2 —34.3 —28.9
7a -10.1 —34.0 —28.3 —27.0
8a —10.2 —33.9 —28.1 —26.6
9a —10.1 —33.8 —27.9 —26.3 —26.1
10a —10.1 —33.8 —27.9 —26.2 —25.8

al.11b in detail. The chemical shift of the kth silicon atom
is known to be represented by eq 1

Opi =B + ZAInkI (1)

where A, is the chemical shift parameter for the Ith atom
from the kth silicon atom, ny is the number of those
atoms present at that position, and B is a constant. The
same equation is applicable to a series of perhexyl-
oligosilanes with the following parameters (the corre-
sponding values for permethyloligosilanes!® are in
parentheses):

R R R R R R R R
bl b Lo o Lo b b
O
FL R R R R R R R

B =+7.2 (+8.5), a= —24.1 (—28.5), b = +5.6 (+3.9),
¢c=+11(+1.2),d = +0.3 (+0.2), e = +0.3, f = +0.1,
and g = +0.1 ppm. The 2°Si resonances for dihexyl-
silylene units in general appear at higher magnetic
fields than those of dimethylsilylene units.

13C NMR spectroscopy is also useful to identify
perhexyloligosilanes with a Si chain length shorter than
nine.2 All signals are classified into six groups due to
six carbons of a hexyl group and assigned reasonably
on the basis of their relative intensities and the assign-
ment for poly(dihexylsilylene) reported by Schilling,
Bovey, and Zeigler.%® It is noted that the resonances of
C2 at the terminal silicons appear at 2.2—2.5 ppm
higher fields than those for C2 at inner silicons, while
resonances for C1 and C3—C6 appear in rather narrow
regions. 13C resonances due to terminal methyl groups
(C6) are overlapped and appear at around 14.1 ppm as
an apparent sharp singlet. For octasilane (8a) and
shorter oligosilanes (3a—7a), C1 resonances appear
independently from each other and, therefore, are
helpful in determining the Si chain-length.

There are three sets of signals, which are assigned to
o-methylenes (0.6—0.8 ppm), terminal methyls (0.8—
1.0 ppm), and 8- to e-methylenes (1.2—1.4 ppm), in the

(11) (a) Ishikawa, M.; lyoda, J. Ikeda, H.; Kotate, K.; Hashimoto,
T.; Kumada, M. 3. Am. Chem. Soc. 1981, 103, 4845. (b) Stanislawsky;
D. A,; West, R. J. Organomet. Chem. 1981, 204, 295.

(12) The 13C NMR data are given in the Supporting Information.
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IH NMR spectra of perhexyloligosilanes. The 'H reso-
nances due to o-methylenes of inner silicon atoms are
found at lower fields to approach the region for terminal
methyls.

Molecular weights of 3a—7a were determined by mass
spectrometry using EI ionization.

2. Absorption Spectra. Absorption spectral data of
perhexyl- and permethyloligosilanes at 77 and 293 K
are summarized in Table 2.

The band maxima and the absorption coefficients for
the o—o* transitions of perhexyloligosilanes having
3—10 Si atoms in the main chains are parallel to those
of the corresponding permethyloligosilanes as shown in
Table 2. Larger Amax values for perhexyloligosilanes in
comparison to those of the corresponding permethyl-
oligosilanes at both 293 and 77 K may be ascribed
mainly to the greater steric bulk of hexyl vs methyl
substituents (vide infra).

The absorption spectra of these perhexyl- and per-
methyloligosilanes are temperature dependent, but the
behavior is very different for short oligosilanes with 3—5
silicons (3—5) and long oligosilanes with 6—10 silicons
(6—10). The former show significant blue shifts of the
absorption bands with decreasing temperatures, while
the latter show remarkable red shifts, as expected from
the all-trans-like main-chain conformations favored at
low temperatures.

2.1. Temperature Dependence of the Absorption
Spectra of Short-Chain Oligosilanes. Short-chain
oligosilanes 3a—5a as well as 3b—5b showed remark-
able blue shifts with decreasing temperatures. As a
typical example, the temperature dependence for 3a is
shown in Figure 1. Since the blue shifts are observed
even in the trisilanes, the origin cannot be ascribed to
the conformational change of the Si backbone. The
following should be taken into account as the possible
reasons for the temperature dependence observed for
peralkyltrisilanes: (i) The relative importance of three
rotational conformers around the Si—Si bonds (A—C in
Figure 2a) depending on temperatures may contribute
to the temperature-dependent absorption spectra. (ii)
The transition energy of a trisilane may be modified by
the temperature-dependent vibrational amplitudes of
the three vibrational modes, two stretching and one
bending modes (Figure 2b). These possibilities are
inspected by ab initio MO calculations using GAUSSI-
AN 94 programs.13

Since among conformations A, B, and C no energy
minimum was found for B and C at the HF/6-31G**
level and since the o—o¢* transition energies are not
expected to differ significantly among these isomers, the
temperature dependence of the distribution of these
rotational conformations may be eliminated as the
reason for the blue shift.

(13) Frish, M. J.; Truck, G. W.; Head-Gordon, M.; Gill, P. M. W,;
Wong, W.; Foresman, J. B.; Johnson, B. G.; Schlegel, H. B.; Robb, M.
A.; Repolgle, E. S.; Gompers, M.; Andrews, J. A.; Ragchavachari, K.;
Binkley, J. S.; Gonzalez, C.; Martin, R. L.; Fox, D. J.; Defees, J.; Baker,
J.; Stewart, J. P.; Pople, J. A. GAUSSIAN 94; Gaussian Inc.: Pitts-
burgh, PA, 1994,
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Table 2. UV Absorption Spectra of Perhexyl- and
Permethyloligosilanes in 3-Methylpentane

293 K 77K

oligo- Amax € x half-bandwidth/ Amad € x  half-bandwidth/

silane nm 10* 103 cm—?t nm  10* 108 cm—?!
3a 217 1.2 a 211 2.2 a

4a 237 2.1 3.3 233 3.6 2.6
5a 250 2.6 3.4 250 5.9 2.2
6a 265 3.4 3.9 270 9.3 1.6
7a 274 3.8 3.9 283 11.0 1.6
8a 281 4.2 4.1 294 16.1 1.5
9a 286 4.5 4.5 302 20.3 1.3
10a 290 55 4.5 309 175 1.3
3b 217 1.1 a 211 2.1 a

4b 233 16 3.0 230 3.6 2.2
5b 250 1.9 3.3 250 55 1.9
6b 260 2.3 3.6 265 6.8 1.8
7b 269 2.9 b 274 95 1.7
8b 276 3.0 5.1 282 134 1.4
9b 278 4.4 b 288 154 1.7
10b 284 4.6 4.6 294 16.0 1.4

a Shoulder. P A structured band.

TK Amax/nM
77 211
93

153

183

243

273

293 217

200 220 240 260 280 300
wavelength/nm

Figure 1. Temperature-dependent UV absorption spectra

of 3a (2.57 x 1074 M) in 3-methylpentane.
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Figure 2. (a) Three rotational conformations of peralkyl-
trisilanes and (b) three vibrational modes of the trisilane
skeleton.

Dependence of the o—o™* transition energy of the
trisilane backbone on three vibrational modes of the
trisilane skeleton, a symmetric stretching (vs), an anti-
symmetric stretching (vas), and a bending (ds), was
investigated as follows: With increasing temperatures,
the vibrational amplitudes of these modes become larger
and influence the absorption band maxima. To test how
the transition energies of octamethyltrisilane are influ-
enced by the Si—Si bond length and SiSiSi bond angle,
CIS calculations were performed.
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Figure 3. Plots of total energies (—) calculated at the
B3P86/6-31G** level and absorption band maxima (--)

calculated by the C1S/6-31G* method of 3b vs (a) SiSi bond
lengths and (b) SiSiSi bond angles.

Stretching and bending potentials of octamethyltri-
silane were calculated by varying the Si—Si bond length
and SiSiSi bond angle, respectively, at the HF/6-31G**
level; at each fixed geometry of the SiSiSi skeleton, the
other degrees of freedom were relaxed. At each structure
of the trisilane, total energy and absorption maximum
were calculated at the B3P86/6-31G** and CIS/6-31G*//
6-31G** levels, respectively. Figure 3a,b shows the bond
length and bond angle dependence of the total energies
and absorption maxima near the fully optimized geom-
etry. The total energies are both nearly harmonic as
functions of the bond length and bond angle near the
equilibrium geometry. Since the calculated absorption
maxima depend almost linearly on the bond length as
expected (Figure 3a), the reduction of the stretching
amplitude at lower temperatures will cause narrowing
of the bandwidth but no shift of the band maximum.
On the other hand, parabolic dependence of the absorp-
tion maxima on the bond angle as shown in Figure 3b
will cause an increase of the average transition energy
with decrease of the bending amplitude. The blue shift
of the absorption maxima of the short-chain oligosilanes
with decreasing temperatures will be explained quali-
tatively by the parabolic dependence of the absorption
maximum on the bending angle. The parabolic depend-
ence will be the consequence of the switching of the
lowest energy transition from the HOMO—-LUMO tran-
sition at wider bond angles than 112.5° to the HOMO—
NLUMO (the second LUMO) transition at the narrower
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bond angles; Michl et al. have found a similar tendency
for the transitions of SizHg by the CISD/DZ calculations.”

2.2. Temperature Dependence of Absorption
Spectra of Long-Chain Oligosilanes. The effects of
the bending amplitude become less important for the
longer chain oligosilanes and are overwhelmed by the
red shift due to the ordering of the Si main chain from
a random coil to a loose helical all-trans conformation.
Absorption spectra of 6a—10a and 6b—10b show a
continuous red shift with decreasing temperatures,
which becomes larger as the length of the oligosilane
chain increases. There are some differences to be noted
between the spectra of permethyl- and perhexyloligo-
silanes. The absorption spectra of perhexyloligosilanes
are rather sharp and structureless at low temperatures,
while permethyloligosilanes show broad bands with fine
structures in their spectra. The Amax values of perhexyl-
oligosilanes were 5—15 nm larger than those of the
corresponding permethyloligosilanes at low tempera-
tures. The long-chain perhexyloligosilanes show a strong-
er temperature dependence, similar to that of perhexyl-
polysilane polymers, suggesting that the barrier of the
transition from the folded to extended chains is much
larger than that for permethyloligosilanes, due to the
steric effects of the side-chain alkyl substituents.

It is suggested that there is significant conformational
disorder in permethyloligosilanes even at low temper-
atures, due to the lower rotational barriers around Si—
Si bonds than those for the perhexyloligosilanes.

2.3. Effects of Side-Chain Alkyl Substituents on
Thermochromic Behavior of Peralkyldecasilanes.
As shown in a previous paper,® the absorption maxima
of perhexyl- (10a), permethyl- (10b), and perpropyl-
decasilanes (10c) red-shift with decreasing tempera-
tures. The extent of the red shift (Admax) from 293 to 77
K is markedly dependent on the substituents; Admax
values are <19, 10, and 13 nm for 10a, 10b, and 10c,
respectively; with increasing chain length of the alkyl
substituents, the thermochromic behavior of decasilanes
more resembles that of poly(dihexylsilylene). The tem-
perature dependence of the absorption spectrum of 10a
is analyzed by a two-site model similar to the transition
from random coil to all-pseudo-trans rod model for poly-
(dihexylsilylene); site 1 (extended chain) with all-pseudo-
trans rod conformations is more favored than site 2
(folded chain) with at least one gauche arrangement in
the seven Si tetrads of 10a at low temperatures.

. K
Site1 =———= Site2

(folded chain) (extended chain)

The spectra of 10a observed between 213 and 153 K
are deconvoluted to the two different bands responsible
for site 1 and site 2, which are represented by skewed
Gaussian functions (eq 2).1

Y =Y, exp[—In 2{In(1 + 2b[X — X/AX,,,])/b}?*] (2)
A = (7/ln 2)Y2Y AX,,, exp(b?/4 In 2)/2 (3)

where X is the wavenumber (cm™1); X,, peak position

(14) Fraser, R. D. B.; Suzuki, E. Anal. Chem. 1969, 41, 37.2.



Downloaded by CARLI CONSORTIUM on June 30, 2009
Published on May 7, 1999 on http://pubs.acs.org | doi: 10.1021/0m990002w

2220 Organometallics, Vol. 18, No. 11, 1999

100+
104
<
o
< R=0.99
14
e
01 LB AL S L AL R LA IR B
4 45 5 55 6 6.5
1T x 108 K

Figure 4. Plot of Ay/A; vs 1/T of 10a in 3-methylpentane;
A; and A; are areas of the absorption band for site 1 and
site 2, respectively.

(cm™); Yo, heights; b (=0), asymmetry factor, of the
Gaussian function. Intensities of the two bands are
estimated as the band areas (A; and A, for sites 1 and
2, respectively) calculated using eq 3. As shown in
Figure 4, a good linear relationship is found between
log(A2/A;) vs 1/T; the enthalpy difference between the
two sites is estimated to be —9.2 kcal/mol from the slope
of the line.

The remarkable effect of the substituents on the
temperature dependence of the absorption spectrum of
decasilane is ascribed to the importance of the steric
energies between the side-chain alkyl substituents.
MM2 force field calculations using standard parameters
for organosilicon compounds proposed by Allinger et al.®
showed that the energy differences between the ex-
tended and the folded conformations with one gauche
turn in the 7 Si tetrads of a decasilane were ca. —8.9
and —5.3 kcal/mol for 10a and 10c, respectively, while
the value was much smaller for 10b (—0.5 kcal/mol). A
one-gauche conformation in 10a or 10c causes severe
steric repulsion between alkyl substituents, while the
repulsion is less important in 10b. The steric energy
calculated by the MM2 method is in good accord with
the experimental enthalpy differences for the transition
from site 1 to site 2, suggesting that the transition
occurs between an assembly of the folded chains with
one or more gauche Si tetrads and an assembly of
extended chains with all-pseudo-trans rod conforma-
tions.

3. Fluorescence Spectra. Fluorescence band maxima
of perhexyloligosilanes as well as those of permethyl-
oligosilanes measured in our laboratory are shown in
Table 3. As first noted by Michl et al. for permethyloligo-
silanes,” emission spectra of these peralkyloligosilanes
show interesting chain-length dependence. The emission
behaviors are classified as four types: (i) no emission
is observed for 3a and 3b7¢ (and 4b)18 (class 1), (ii) broad
emission bands with large Stokes shifts are observed
for 4a, 5a, 5b, 6a, and 6b (class 2), (iii) sharp emission
bands with small Stokes shifts are found for 9b, 10a,

(15) Frierson, M. R.; Imam, M. R.; Zalkow, V. B.; Allinger, N. L. J.
Org. Chem. 1988, 53, 5248.

(16) A broad emission band with a large Stokes shift has been
observed for 4b by Michl et al. probably using a fluorescence spectro-
photometer with higher sensitivity.”®
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Table 3. Emission Spectra of Perhexyloligosilanes
in 3-Methylpentane?

293 K 77K
oligo- Aem/ Stokes shift/ Aem/ Stokes shift/
silane nm 103 cm-1 nm 103 cm1
4a 365P 15 351 14
5a 375¢ 12 343 9.9
6a 388 11 335 7.6
7a 297 1.8
3714 8.4
8a 321 3.2 306 1.7
370 7.6
9a 323 2.3 309 0.9
10a 326 2.4 315 0.8
5b 371 13 364 9.9
6b 367¢ 11 350 9.6
7b 295 2.4 285 1.5
365 9
8b 299 1.8 290 1.4
9b 303 1.8 299 1.4
10b 308 15 297 0.9

a Excited at the absorption maxima. ® At 123 K. ¢ At 243 K. 9 At
273 K. ¢ At 153 K.
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Figure 5. Temperature-dependent emission and excita-
tion spectra of 6a (8.2 x 1078 M) in 3-methylpentane.

and 10b (class 3), and (iv) the above two types of
emission bands are observed simultaneously for 7a, 7b,
8a, and 9a with relative intensities depending on
temperatures (class 4).

The broad emission bands with large Stokes shifts of
4a, 5a, and 6a as well as 5b and 6b are weak and
observed only at low temperatures. As a typical ex-
ample, temperature-dependent emission and excitation
spectra of 6a are shown in Figure 5. The maxima blue-
shift a little with decreasing temperature. Michl et al.
have assigned the broad emission bands for short-chain
oligosilanes to the emission from the “self-trapped
exciton” exciton states, where an SiSi bond in the chain
is stretched in the excited state and the exciton is
trapped in the site.”1”

Figure 6 shows temperature-dependent emission and
excitation spectra of 10a in 3-methylpentane. The sharp
emission bands with small Stokes shift for class 3
oligosilanes are similar to those for poly(dihexylsilylene),
and therefore, the bands are assigned to “free exciton”
bands extended to the whole Si backbones.®

(17) Thorne, J. R. G.; Williams, S. A.; Hochstrasser, R. M.; Fagan,
P. J. Chem. Phys. 1991, 157, 401.
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Figure 6. Temperature-dependent emission (excitation at
290 nm) and excitation (monitored at the emission maxi-
mum) spectra of 10a (4.5 x 107%> M) in 3-methylpentane.
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Figure 7. Temperature-dependent emission (excitation at
280 nm) spectra of 7a (8.4 x 1078 M) in 3-methylpentane.

The most interesting emission behavior is observed
for class 4 oligosilanes. Emission spectra of 7a are
shown in Figure 7. At higher temperatures, 7a shows
both broad and sharp emission bands with larger
intensity for the former emission. Since the excitation
spectra of these two emission bands are both in good
accord with the absorption spectra, they should have
the same origin. Similar dual emission bands are
observed for 7b, 8a, and 9a, while the intensities of the
broad emission bands decrease with increasing Si chain
length. The intensity ratio of the broad to the sharp
bands (Iy/ls) of 7a is much larger than that of 7b at room
temperature. However, the Iy/ls for 7a decreases rapidly
and becomes smaller than that for 7b at temperatures
lower than 123 K. All these features are in good accord
with the explanation given by Michl et al.”® The
significant alkyl-substituent effects on the I,/ls and their
temperature dependence suggest that the self-trapped
exciton may be formed selectively by the excitation of
the folded conformations of heptasilanes, which are
regarded as class 2 oligosilanes; as discussed in a
previous section, the energy differences between the
extended and the folded chains are much larger for
hexyl-substituted oligosilanes than methyl-substituted
oligosilanes. Further works will be required to obtain a
detailed chemical view of the self-trapped excitation of
the short oligosilanes.
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Experimental Section

Apparatus. *H, 13C, and #°Si NMR spectra were recorded
on a Varian Unity 300 FT-NMR spectrometer at 300, 75.4,
and 59.6 MHz, respectively. Gas chromatography—mass spec-
tra were recorded on a HP model 5971A mass spectrometer.
Direct mass spectra were recorded on a HITACHI M-2500
mass spectrometer. Electronic absorption spectra were re-
corded on a Milton Roy Spectronic 3000 Array spectrometer.
Emission and excitation spectra were recorded on a HITACHI
850 fluorescence spectrometer. For variable-temperature meas-
urements, an OXFORD CF1204 cryostat was used. Gel per-
meation chromatography (GPC) was conducted by use of a LC-
908 liquid chromatograph (Japan Analytical Instruments, Co.
Ltd.) with JAIGEL-1H and -2H columns.

Materials. Dichlorosilane was supplied from Denki Kagaku
Kogyo, Co. Ltd. Tetramethoxysilane, magnesium, acetyl chlo-
ride, HoPtCls-6H,0, 1-hexene, lithium, and chloroform-d were
commercially available. THF and Et,O were dried over 4 A
molecular sieves for at least 1 day. Commercial 3-methylpen-
tane was treated with concentrated sulfuric acid and distilled.
Octamethyltrisilane (3b), decamethyltetrasilane (4b), dodeca-
methylpentasilane (5b), tetradecamethylhexasilane (6b), hexa-
decamethylheptasilane (7b), octadecamethyloctasilane (8b),
icosamethylnonasilane (9b), and docosamethyldecasilane (10b)
were synthesized by the reported procedure.”

Dihexyldichlorosilane (1).18 1-Hexene (255 g, 4.0 mol)
was added to a mixture of dichlorosilane (142 g, 1.4 mol) and
H,PtClg-6H,0 (10 mg, 0.019 mmol) with cooling by ice—water
and stirred for 3 h. Compound 1 was separated by distillation
as a colorless oil: bp 80 °C/0.5 mmHg; yield 196 g (0.73 mol,
52%); *H NMR (CDCl3) 6 0.5—1.1 (m, 26 H); *C NMR (CDCls)
0 14.1, 16.2, 22.6, 23.0, 31.5, 32.9; MS m/z (rel intensity) 268
(M, 3), 183 (100), 141 (58), 113 (32).

Trihexylchlorosilane (2).2® To a stirred solution of tet-
ramethoxysilane (114 g, 0.75 mol) in 200 mL of diethyl ether
was added 1.1 equiv of hexylmagnesium chloride in 500 mL
of ether over a period of 2 h. The solution was refluxed for 3
h. The magnesium salts were removed by filtration. After
evaporating the solvent, the reaction mixture was treated with
acetyl chloride (294.5 g, 5.0 mol) at reflux for 4 h. Compound
2 was separated by distillation as a colorless oil: bp 115 °C/
0.5 mmHg; yield 112 g (0.35 mol, 49%); *H NMR (CDCl3) ¢
0.6—1.9 (m, 39 H); 3C NMR (CDCls) 6 14.1, 20.3, 22.3, 22.5,
31.3, 32.1; MS m/z (rel intensity) 318 (M*, trace), 233 (100),
149 (76),107 (32).

Perhexyloligosilanes. A mixture of 1 (5.4 g, 20 mmol), 2
(3.2 g, 10 mmol), lithium powder (0.42 g, 60 mmol), and THF
(70 mL) was placed into a two-necked 200 mL flask and stirred
at reflux with a magnetic stirrer for 3 h. The reaction mixture
was hydrolyzed with water. The organic layer was treated with
a silica gel short column, and then the following oligosilanes
were separated as pure substances by a recycle GPC. The
yields are based on 2. The purity of each oligosilane was
analyzed by HPLC using a reverse-phase column. See the
Supporting Information for a sample chromatogram.

Octahexyltrisilane (3a): a colorless oil; yield: 2.0%; *H
NMR (CDCls) 6 0.6—0.8 (m, 16 H), 0.85—0.95 (m, 24 H), 1.2—
1.5 (m, 64 H); 3C NMR (CDCl3) 6 12.2, 13.9, 14.2, 22.65, 22.70,
24.9, 26.9, 31.5, 31.6, 33.89, 33.93, several peaks are over-
lapped; 2°Si NMR (CDCl3) 6 —41.0, —11.0; MS m/z (rel
intensity) 764 (M*, 45), 397 (100), 283 (98), 199 (97). Anal.
Calcd for CugH104Sis: C, 75.45; H, 13.69. Found: C, 75.30; H,
13.68.

Decahexyltetrasilane (4a): a colorless oil; yield: 2.6%; 'H
NMR (CDClg) 6 0.4—0.8 (m, 20 H), 0.85—0.95 (m, 30 H), 1.1—
1.5 (m, 80 H); 13C NMR (CDClg) 6 13.3, 14.1, 14.2, 22.7, 22.8,
25.0, 27.1, 31.57, 31.62, 33.90, 33.92, several peaks are

(18) Petrov, A. D.; Chernyshev, E. A. Dokl. Akad. Nauk SSSR. 1952,
86, 737.
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overlapped; 2°Si NMR (CDCl3) 6 —34.9, —10.3; MS m/z (rel
intensity) 962 (M*, 27), 396 (20), 283 (39), 199 (100), 115 (78).
Anal. Calcd for CgoH130Sis: C, 74.75; H, 13.59. Found: C, 75.13;
H, 13.86.

Dodecahexylpentasilane (5a): a colorless oil; yield: 2.6%;
H NMR (CDClg) 6 0.6—0.7 (m, 12 H), 0.75—-0.84 (m, 12 H),
0.9—1.0 (m, 36 H), 1.2—1.4 (m, 96 H); *3C NMR (CDCls) 6 13.6,
14.1,14.2,14.3,22.7,22.8, 25.0, 27.1, 27.3, 31.60, 31.63, 31.7,
34.0, 34.1, 34.3, several peaks are overlapped; 2°Si NMR
(CDCl3) 6 —34.7, —30.5, —10.3; MS m/z (rel intensity) 1160
(M*, 9), 793 (10), 679 (100), 595 (69), 396, (11), 283 (25), 199
(64), 115 (49). Anal. Calcd for C72H;56Sis: C, 74.39, H, 13.53.
Found: C, 74.15; H, 13.57.

Tetradecahexylhexasilane (6a): a colorless and viscous
oil; yield: 1.2%; *H NMR (CDCl3) 6 0.6—0.7 (m, 12 H), 0.7—
0.8 (m, 16 H), 0.8—0.9 (m, 42 H), 1.1—1.5 (m, 112 H); $3C NMR
(CDCl3) 0 13.7, 14.1, 14.4, 14,5, 22.7, 22.8, 25.0, 27.1, 27.4,
31.60, 31.63, 31.8, 34.0, 34.1, 34.3, several peaks are over-
lapped; 2°Si NMR (CDClg) 6 —34.28, —28.85, —10.21; MS m/z
(rel intensity) 1358 (M*, 10), 1160 (2), 991 (8), 793 (47), 595
(35), 396 (29), 283 (46), 199 (100), 115 (87). Anal. Calcd for
CgsH1g2Sis: C, 74.14, H, 13.48. Found: C, 74.29, H, 13.22.

Hexadecahexylheptasilane (7a): a colorless and viscous
oil; yield: 0.9%; *H NMR (CDCl3) 6 0.6—0.7 (m, 12 H), 0.8—
1.0 (m, 68 H), 1.2—1.4 (m, 128 H); *C NMR (CDCls) ¢ 13.8,
14.1, 14.4, 14.6, 14.8, 22.7, 22.8, 25.1, 27.2, 27.4, 27.5, 31.6,
31.81, 31.83, 34.0, 34.2, 34.4, several peaks are overlapped;
2°Si NMR (CDCl3) 6 —34.0, —28.3, —27.0, —10.1; MS m/z (rel
intensity) 1556 (M*, 4), 1076 (7), 991 (25), 990 (23), 793 (20),
396 (52), 283 (29), 199 (100), 115 (91). Anal. Calcd for CosHos-
Siz: C, 73.95, H, 13.45. Found: C, 73.56, H, 13.71.
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Octadecahexyloctasilane (8a): a colorless and viscous
oil; yield: 0.7%; *H NMR (CDCl;) 6 0.6—0.7 (m, 12 H), 0.8—
1.0 (m, 78 H), 1.2—1.4 (m, 144 H); 13C NMR (CDCls) ¢ 13.8,
14.1,14.4,14.6,14.9, 22.7, 22.85, 22.87, 25.1, 27.2, 27.4, 27.5,
31.6, 31.81, 31.83, 34.0, 34.2, 34.38, 34.40, several peaks are
overlapped; ?°Si NMR (CDCl3) 6 —33.9, —28.1, —26.6, —10.2.
Anal. Calcd for CiosH234Sis: C, 74.14, H, 13.48. Found: C,
73.79, H, 13.58.

Eicosahexylnonasilane (9a): a colorless and viscous oil;
yield: 0.5%; 'H NMR (CDCl3) 6 0.6—0.8 (m, 12 H), 0.8—1.0
(m, 88 H), 1.2—1.4 (m, 160 H); *3C NMR (CDCls) 6 13.8, 14.1,
14.4,14.6, 14.9, 22.7, 22.85, 22.88, 25.1, 27.2, 27.4, 27.5, 31.6,
31.83, 31.87, 34.0, 34.2, 34.38, 34.41, several peaks are
overlapped; ?°Si NMR (CDCl3) 6 —33.8, —27.9, —26.3, —26.1,
—10.1.

Docosahexyldecasilane (10a): a colorless and viscous oil;
yield: 0.3% 'H NMR (CDCI3) 6 0.6—0.7 (m, 12 H), 0.8—1.0 (m,
98 H) 1.2—1.4 (m, 176 H); 3C NMR (CDCls3) 6 13.8, 14.1, 14.5,
14.7, 14.9, 15.0, 22.7, 22.8, 22.9, 25.1, 27.2, 27.4, 27.5, 31.6,
31.8, 31.9, 34.0, 34.2, 34.38, 34.40, several peaks are over-
lapped; 2Si NMR (CDCls) 6 —33.8, —27.9, —26.2, —25.8, —10.1.
Anal. Calcd for Ci3pH2g6Si0: C, 73.56, H, 13.38. Found: C,
73.53, H, 13.50.

Supporting Information Available: *C NMR data of
3a—10a, UV absorption data, and temperature-dependent UV
and emission spectra of 3a—10a and 3b—10b, and tempera-
ture dependence of the relative intensities between broad and
sharp emissions in 7a and 7b. This material is available free
of charge via the Internet at http://pubs.acs.org.
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