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Five silsesquioxanes (RSiO3/2)2n with R = siloxy and n = 4, 5 TOF mass spectrometry, and differential scanning
calorimetry (DSC).have been investigated by X-ray crystallography, MALDI-

Silicon and silicon-containing compounds have found structures have been reported for hydrido siloxanes[19] and
organosilsesquioxanes, [20] not much is known about siloxy-widespread use in modern technology; this field includes

purely inorganic materials (e.g. for electronics) as well as functionalized silsesquioxanes (or silyl silicates),[21225] al-
though the pioneering work of Lentz[26] and Hoebbel [27]organosilicon polymers. [1] Especially interesting are globu-

lar oligosilsesquioxanes (RSiO3/2)2n (n 5 3, 4, 5, ...), also dates back to the 1960s.
In this paper, we report the crystal structures of five basiccalled spherosiloxanes due to their shape, [2] in which the

Si2O core is trigonal-prismatic (n 5 3), cubic (n 5 4), or siloxysilsesquioxanes (R 5 OSiMe3, OSiMe2H, OSiMe2Vi
for n 5 4, and R 5 OSiMe3, OSiMe2H for n 5 5). Discrep-pentagonal-prismatic (n 5 5). These are widely used in

fields ranging from optical fibres to cosmetics.[325] Gener- ancies between the structures obtained and the results of
29Si-MAS-NMR studies are clarified by investigation of theally, silsesquioxanes may be best described as an interface

between the purely inorganic silicates and carbosilanes thermal behaviour of the cage compounds by DSC. Their
suitability as siloxane mass standards for MALDI-TOFcomposed of a rigid silicate core and chemically useful peri-

pheral organic functionalities. Thus, silsesquioxanes serve mass spectrometry is tested. The siloxysilsesquioxane
[(M3Q)DQ]8, 6 [R 5 OSiMe2(OSiMe3), n 5 4], for whichas precursors for novel organosilicon polymers, [6] organoli-

thiated macromolecular materials, [7] [8] and porous hybrid no crystal structure could be obtained, was also included in
this part of the study.inorganic-organic materials. [9] By virtue of the fact that

they are both rigid and polyfunctional, they serve as suit-
able cores for the formation of three-dimensional dendri-
mers[10] and liquid crystals. [11] Furthermore, they are useful Molecular Structures
as templates for the preparation of polymeric and ceramic

The common structural feature of the present eight-mem-materials by sol-gel techniques. [12] Their derivatization with
bered cyclic compounds Si8O20R8 is a heterocubane anionorganometallic functionalities leads to precursors for cata-
in which the silicon atoms are placed at the cornerslyst preparation (e.g. cobalt carbide nanoparticles in a sili-
of a cube, each one bearing a terminal oxygen atom.caceous matrix[13]) or to materials that are useful in electro-
Twofold bridging oxygen atoms are positioned at eachchemical devices. [14]

edge of the cube, leading to the coordination formulaThe hydrido species (HSiO3/2)2n may be employed for the
[(SiO1/1O3/2)12]8 5 [Si8O20]82 for the core. Eight silyldeposition of SiO2 films in material technology, [15] [16] and
groups, specifically SiMe3 in 1 [M8Q8], SiMe2H in 2is widely used as a starting compound for the synthesis of
[MH

8Q8], and SiMe2Vi in 3 [MV
8Q8], are attached to thesubstituted silsesquioxanes. [12] [17] The silsesquioxanes also

terminal oxygen atoms, resulting in electrically neutralserve as model compounds for the study and understanding
molecules. Relative to the [Si8O20]82 anion in Ekanite,of the properties of zeolites and silicates. [18] While crystal
ThKCaNa[Si8O20] [28], the Si2O distances in compounds
123 are slightly longer and the bond angles at the bridging
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Figure 2. Molecular structure of 4 showing 15% probability atomic
displacement ellipsoids

Figure 1. Molecular structures of compounds 125

Figure 3. Part of the molecular structure in 5 showing 30% probabi-
The molecular core of the silsesquioxanes Si10O25R10, de- lity atomic displacement ellipsoids

rived from [Si10O25]102 anions, formally results from the in-
sertion of an [O(SiO1/2O1/1)2]22 5 [Si2O5]22 unit into a the silsesquioxanes 125 have been determined by single-
pseudo-cubic [Si8O20]82 anion, leading to a pentagonal- crystal X-ray diffraction and are shown in Figure 1.
prismatic anion [(SiO1/1O3/2)12]10 5 [Si10O25]102. Isolated
anions of this type have not been observed in the solid state,
but they do occur as building blocks in zeolites (pentasil Results and Discussion
units in ZSM-5 and ZSM-11)[29]. The novel cyclic silicates
Si10O25R10 (4, R 5 SiMe3, M10Q10; 5, R 5 SiMe2H, As can be seen from Table 1, no unusual interatomic dis-

tances or bond angles were detected. [30] As expected, theMH
10Q10) may be regarded as model compounds of the

anions [Si10O25]102 characterized as their silyl-substituted accuracies of the Si2O and Si2C bond-length determi-
nations are higher for the low-temperature structure analy-molecular entities. The geometrical features are similar to

those discussed for Si8O20R8. The molecular structures of sis and decrease considerably on going from the inner to

Table 1. Variations of bond lengths [Å] and bond angles [°] in molecules 125 [bond parameters of atoms on split sites are omitted; cage
(c) and ligand (l) are distinguished]

1 2 3 4 5
T 5 295 K 200 K 200 K 295 K 200 K

Si2Oc 1.58521.616(9) 1.59921.607(5) 1.59721.608(3) 1.57421.609(8) 1.58521.613(6)
Si2Oc/l 1.58121.583(9) 1.58521.627(7) 1.58021.606(3) 1.54921.600(9) 1.56821.594(6)
O2Sil 1.58221.587(9) not reliable for 1.59421.606(3) 1.54221.610(9) 1.52621.630(7)
Si2Cl 1.6621.86(3) split sites 1.7421.99(1) 1.7021.89(4) 1.6221.86(2)
O2Si2Oc 108.12110.3(5) 108.92110.1(2) 108.92110.1(2) 108.32110.7(5) 108.12111.0(4)
Si2O2Sic 147.22150.5(6) 148.12148.3(3) 148.12148.3(3) 149.32157.9(6) 142.22156.0(4)
Si2O2Sil 147.82156.1(7) 159.12159.1(4) 152.62153.7(2) 144.82172.4(8) 141.32172.4(6)
O2Si2Cl 1052114(1) not reliable for 106.02112.1(3) 1052113(1) 108.82122.5(7)
C2Si2Cl 982126(2) split sites 107.82114.1(4) 972110(2) 110.22123.7(8)
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Figure 4. Disorder of OSiMe3 groups in 1 (15% probability, hydro-
gen atoms omitted for clarity)

the outer sphere within each molecule. This disorder may Figure 5. Superposition structure of 2 about the threefold axis; de-
tail of disordered OSiMe3 groups: “ice-cream cone motif”be explained either in terms of an intense thermal motion

of the atoms at room temperature, which is frozen on cool-
ing, or, alternatively, by considering closely neighbouring
but slightly different atom positions partially occupied by 2 following the syntheses of silsesquioxanes 125 given in

the Experimental Section 2 of ammonium cations [NR4]1almost fixed atoms at low temperature.
As mentioned above, these experimental findings may be (R 5 CH3, C4H9), by organosilyl groups. All five structures

are characterized by unusually large anisotropic displace-attributed to a decrease in the rigidity of the core owing to
the replacement of metal cations, or in this particular case ment parameters. Figure 2 shows the ellipsoids for 4, which

Table 2. Crystal data, details of data collection and structure refinement for cubes 1, 2, 3, and compounds 4 and 5

1 2 3 4 5

Empirical formula C24H72O20Si16 C16H56O20Si16 C32H72O20Si16 C30H90O25Si20 C20H70O25Si20
Mr 1130.40 1018.16 1226.48 1413.00 1272.7
Crystal system triclinic trigonal-rhombohedral triclinic monoclinic monoclinic
Space group P21 (2) R23 (148) P21 (2) P21/a (14) P21/c (14)
Crystal size [mm] 0.42, 0.38, 0.22 0.39, 0.23, 0.19 0.62, 0.31, 0.23 1.00, 0.63, 0.12 0.40, 0.38, 0.23
a [Å] 11.046(3) 16.103(3) 11.098(3) 12.636(12) 19.101(4)
b [Å] 11.104(2) 16.103(3) 11.126(3) 44.455(13) 15.029(3)
c [Å] 13.554(2) 17.349(4) 15.006(4) 15.462(4) 22.148(4)
α [°] 77.68(3) 70.15(2)
β [°] 82.08(4) 71.04(2) 111.90(3) 100.81(2)
γ [°] 84.04(4) 83.59(3)
V [Å3] 1603.9(6) 3896(1) 1648.3(8) 8058(8) 6248(2)
ρcalcd. [gcm23] 1.170 1.302 1.236 1.165 1.354
Z 1 3 1 4 4
F(000) [e] 600 1608 648 3000 2680
µ(Mo-Kα) [mm21] 0.323 0.395 0.317 0.321 0.41

Data collection

Diffractometer STOE Stadi4 STOE Ipds STOE Ipds STOE Stadi4 STOE Ipds
Radiation Mo-Kα, 0.71071 Å graphite monochromator
T [K] 295(2) 200(2) 200(2) 295(2) 200(2)
Scan mode 2θ/ω 5 1.0 φ oscillat. φ oscillat. 2θ/ω 5 0.5 φ oscillat.
hkl range ± 10/10/± 13 ± 19/± 19/± 21 ± 13/± 13/± 18 ± 11/42/± 14 ± 21/±17/± 25
Measured refl. 4764 11081 16119 12278 39351
Unique refl. (. 2 σI) 2982 1714 6010 7480 9731
Rint 0.0499 0.0511 0.0508 0.0700 0.0594
Used refl. 2978 1714 6008 7026 9729
Absorption correction no no no empirical no
Tmin/Tmax 2/2 2/2 2/2 0.8879/0.9995 2/2
Refinement
Refined parameters 262 93 297 677 586
H atoms (found/calcd.) 0/72 0/56 0/72 0/90 0/70
R1[a] [Fo > 4 σ(Fo)] 0.1153 (2186 refl.) 0.1008 (761 refl.) 0.0563 (4365 refl.) 0.0809 (4307 refl.) 0.0971 (5393 refl.)
wR2[b] (all) 0.2725 0.3032 0.1741 0.3013 0.2747
GooF (all) 1.180 0.961 1.069 1.342 1.070
Weighting par. a, b[c] 0.0830/8.776 0.1884/0.000 0.0902/0.789 0.0650/42.497 0.1040/46.046
ρfinal(max/min) [eÅ23] 0.468/20.271 0.489/20.815 0.450/20.294 0.411/20.455 2.16/21.38

[a] R1 5 Σ||Fo| 2 |Fc||/Σ|Fo|. 2 [b] wR2 5 [Σw(Fo
2 2 Fc

2)2/Σw(Fo
2)2]1/2. 2 [c] w 5 1/[σ2(Fo

2) 1 (a P)2 1 b P]; P 5 (Fo
2 1 2 Fc

2)/3.
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Figure 7. 29Si-MAS-NMR spectrum (spinning rate 2000 Hz) of 5
at 293 K, showing two signals for two sets of ten magnetically
equivalent silicon atoms

The highest degree of disorder in all the crystal structures
Figure 6. Model structure of 5 with twenty crystallographically in- reported in this paper was observed for compound 2. Here,
dependent silicon sites at 200 K a split-atom model had to be introduced in order to permit

refinement of the atomic positions of all the ligands. Figure
5 shows the superposition structure of 2 about the threefoldare seen to increase markedly on going from the inner to

the outer part of the molecule. axis, with each atom site one-third occupied for reasons of
symmetry. The ligands at the other corners of the cube areUnusually large anisotropic displacement parameters Uij

with U3/U1 > 10 were found for two peripheral C atoms in also strongly disordered, but are not subject to any sym-
metry constraints.1, for thirteen C atoms in 4, and for two C atoms and two

ligand Si atoms in 5. Figure 3 shows a detail of a part of 5 Inspection of the data in Table 2 reveals that 1 and 4 have
significantly lower densities than the other silsesquioxanescontaining one such ligand (Si51, C51, and C52). However,

the same figure reveals that the neighbouring ligand (Si41, 2, 3, and 5. In contrast to the other compounds, 1 and 4
have exclusively methyl groups as their outer ligands, whichC41, and C42) does not exhibit unusually large anisotropic

displacement parameters. may be a reason for their loose crystal packings.
From the crystal-structure analysis of 5, it can be seenThis indicates atom site disorder, which is individually

different for the various ligands and, therefore, cannot be a that at temperatures as low as 200 K (measuring tempera-
ture) the whole molecule can be regarded as an asymmetri-consequence of a rigid body motion of the whole molecule.

The OSiMe3 groups in 1 are found to be disordered (Fig- cal unit, with ten crystallographically independent silicon
sites making up the core subunit (Figure 6). Notably, inure 4); this may explain why other researchers did not suc-

ceed in determining an accurate molecular structure. [21] the solid-state 29Si-MAS-NMR spectrum (Figure 7) of the

Figure 8. Ordering of 3 in the lattice by interlocking of the vinyl groups; slightly skewed stereo view along the c axis
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Table 3. Results of DSC measurements

Measurement details and observations[a] T [°C] ∆H [Jg21] Interpretation
2: endothermic
1: exothermic

1 Closed pan, no weight loss 198.8 26.9 phase transition
295.4 22.3 m.p.
2118.2 endothermic phase transition

2 Open pan, 49% weight loss 260.3 215.9 m.p.
Repetition with same sample, 89% weight loss >220 m.p. after partial decomposition
Closed pan, no weight loss 183.9 14.6 reaction
TGA, onset of sublimation at 177°C 259.2 216.7 m.p.
Closed pan, 2140 to 130°C, no weight loss 2117.9 endothermic phase transition

3 Closed pan, no weight loss 125 (br.) 24.1 phase transition
161.8 (br.) 18.2 reaction
257.3 28.7 m.p.

Repetition with same sample 73.0 23.3 phase transition
249.1 and ca. 256 25.7 m.p.s after partial decomposition

Open pan, 11% weight loss 125.5 24.0 phase transition
253.8 28.1 m.p.

Repetition with same sample, 10% weight loss 74.2 21.3 phase transition
122.0 21.9 phase transition
250.3 26.4 m.p.

Closed pan, 2140 to 130°C, no weight loss 245.2 endothermic phase transition
2100.0 endothermic phase transition

4 Closed pan, no weight loss 119.4 210.0 phase transition
252.6 23.2 phase transition
262.0 20.7 m.p.
269.1 13.3 reaction

Repetition with same sample 116.8 29.6 phase transition
251.4 23.1 phase transition
262.0 21.4 m.p.
283.3 endothermic phase transition

5 Closed pan, no weight loss 83.4 22.9 phase transition
135.8 25.6 m.p.
143.2 18.8 reaction

Repetition with same sample 98.7 (br.) 23.0 m.p. after partial decomposition
Open pan, 12% weight loss 83.5 22.9 phase transition

135.8 27.9 m.p.
Repetition with same sample, 4.7% weight loss 2 2 no phase transition, m.p. or reaction
Open pan, 2100 to 130°C, no weight loss 260.7 5.0 phase transition

244.9 10.6 phase transition
Closed pan, 2140 to 130 °C, no weight loss 24.2 endothermic phase transition

253.3 endothermic phase transition
269.5 endothermic phase transition

6 Open pan, 100% weight loss at 600°C 144.2 21.5 phase transition
232.9 21.2 phase transition
> 3302540 232.9 sublimation

Open pan, 1.8% weight loss up to 300°C 124.3 24.0 phase transition
254.8 28.1 phase transition

Closed pan, no weight loss up to 375°C 95.0 endothermic phase transition
144.3 endothermic phase transition
230.9 endothermic phase transition

Closed pan, 2140 to 130 °C, no weight loss 18.8 endothermic phase transition
275.5 endothermic phase transition

[a] Weight loss in open-pan measurements due to sublimation of the compound; measurement up to 300 °C with a 10 °C min21 heating
rate.

sample, only two rather than twenty signals appear at ambi- plot illustrates the interlocking of the vinyl groups (Figure
8).ent temperature, one for the siloxy groups and one upfield-

shifted signal for the carbosiloxy groups, indicating the The findings of (i) the disorder in 1 and 2, and (ii) the
discrepancy between the results of the 29Si-MAS-NMR-magnetic equivalence of the individual silicon atoms within

the two sets of silicon sites. [31] spectrometric investigations and of the X-ray analysis of 5
prompted us to measure the DSC curves of the siloxysilses-A better ordering and relative orientation of the silses-

quioxanes is achieved by the introduction of vinyl groups quioxanes. The results are summarized in Table 3.
Compound 5 shows low-temperature phase transitionsinto the peripheral silyl substituents at the Si2O core, as

exemplified by the crystal structure analysis of 3. A stereo (Figure 9). Thus, the differences between the 29Si-MAS-

Eur. J. Inorg. Chem. 1999, 108721094 1091



N. Auner, B. Ziemer, B. Herrschaft, W. Ziche, P. John, J. WeisFULL PAPER

Figure 9. DSC traces of 5 from 2100°C to 30°C (vertical bar 0.1
Wg21; 2°C min21) and from 30°C to 300°C (top trace; 10°C
min21), repetition with same sample (bottom trace; vertical bar
0.2 Wg21)

Figure 10. MALDI-TOF mass spectrum of [(M3Q)DQ]8 (6) at
m/z 5 3611; insert shows measured and calculated spectrum fromNMR results and the X-ray crystallography analysis are
m/z 5 3604 to 3620understandable: While at low temperatures a highly asym-

metric modification is stable, at room temperature a much
heated to 90°C on a STOE IPDS diffractometer crumbledmore symmetric arrangement is energetically favoured. An-
to a powder, indicating that no topotactic relationship existsother interesting feature is the low melting point of 5, which
between the low- and high-temperature modification.is more than 100°C lower than those of the other studied

In addition to structural investigations, compounds 125silsesquioxanes.
were also characterized by mass-spectrometric methods.Silsesquioxanes bearing peripheral reactive groups un-
Simultaneously, the applicability of the siloxysilsequioxanesdergo reaction when heated. In particular, 5 reacts com-
as mass standards for Matrix-Assisted Laser Desorptionpletely to form an amorphous glass, which no longer shows
Ionisation/Time of Flight (MALDI-TOF) mass spec-any prominent peaks in a subsequent DSC run. 29Si-NMR
trometry was investigated (Table 4). Despite the expectedstudies on a sample heated to 220°C under exclusion of air
high stabilities of the siloxanes, fragmentation and reactionfor 4 h show the formation of HSiO3/2 and Me2Si-
with matrix components was found in some cases. 1 and 2O2/2 groups.
were found to be contaminated by Q6M6

[33]; the H-silox-X-ray powder-diffraction experiments were utilized to in-
anes reacted with the acidic matrix and showed quitevestigate the nature of two-phase transitions in 1 and 5.
extensive decomposition and fragmentation under the ex-The diffraction pattern of 1 breaks down at 200°C. This
perimental conditions. The excellent result for 3 is not sur-temperature is in good accord with the phase transition at
prising in view of the well-known coordination of car-199°C detected by DSC. Simultaneously, 1 begins to de-
bon2carbon multiple bonds to silver ions. Quite astonish-compose and/or to sublime. This behaviour may be ex-
ing, however, is the clean spectrum of 6 (Figure 10). [34]plained in terms of the well-known Hedvall effect. [32] The

diffraction pattern of 5 changes at 80°C (upwards) and re-
versibly at 40°C (downwards). The high-temperature modi-

Experimental Sectionfication obtained shows a sharp diffraction pattern on the
Guinier photograph, but despite this it could not be inde- General: Compounds 126 were prepared according to known lit-

erature procedures[35] by treating freshly precipitated silicic acidxed for a unit-cell determination. A single crystal of 5

Eur. J. Inorg. Chem. 1999, 1087210941092
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Table 4. Results of MALDI-TOF mass spectrometry

Compound Fragmentation[a] Molecular ion[a]

1 Q8M8 771 (85%): Q6M6 2 Me3Si; 1165 (100%): Q8M8 2 SiMe2CH2 1237 (77%)
2 MH

8Q8 1253 (100%): MH
8Q8 2 H 1 O-octyl; 3 others below 20%, “noise” ca. 5% 1125 (37%)

3 MV
8Q8 1333 (100%)

4 Q10M10 771 (22%) Q6M6 2 Me3Si; 1743 (100%): ? 1520 (59%)
5 MH

10Q10 1539 (44%): Si2O2Si in MH
10Q10 cleaved and substituted by two Me3Si2O groups; 1379 (100%)

fragments distributed from 1000 to 1700, max. 12%
6 [(M3Q)DQ]8 3611 (100%)

[a] Ag1 adducts.

with tetramethylammonium hydroxide to form the cyclic octasili- STADI4) at room temperature in air. Single crystals of compounds
2, 3, and 5 were examined with a one-circle diffractometercate [(NMe4)1]8[Si8O20]. From the condensation reaction of

Si(OEt)4 with tetrabutylammonium hydroxide/H2O, the decasil- equipped with an imaging plate area detector (STOE; IPDS) at
200 K under nitrogen. Intensity data were corrected for Lorentzicates were obtained. Subsequent treatment of these silicates with

mixtures of the corresponding disiloxanes and chlorosilanes or HCl and polarization effects and in the case of 4 an absorption correc-
tion had to be applied (ψ-scan technique[37]) since a crystal ofin 2-propanol solution, furnished the octasiloxy- or decasiloxy-sub-

stituted silsesquioxanes 126 in good yields. The representative rather anisotropic habit was used for the data collection. The struc-
tures were solved by direct methods[38] and refined by full-matrixsyntheses of compounds 3 and 5 are depicted in Scheme 1.
least-squares techniques against F2. [39] The thermal motion of all
non-hydrogen atoms, better described in terms of atomic displace-
ment parameters (adp9s) in the present structures, was treated an-
isotropically. All hydrogen atoms were calculated in idealized posi-
tions and allowed to ride on their corresponding carbon atoms.
Their isotropic thermal parameters were set at 1.2 times that of the
adjacent C atom. Crystallographic data (excluding structure fac-
tors) for the crystal structures reported in this paper have been
deposited with the Cambridge Crystallographic Data Centre as

Scheme 1. Syntheses of siloxysilsesquioxanes supplementary publication no. CCDC-101329. Copies of the data
can be obtained free of charge on application to CCDC, 12 Union

The crystalline products thus obtained were recrystallized from Road, Cambridge CB2 1EZ, U.K. [Fax: (internat.) 1 44-1223/336-
CH2Cl2/CH3CN (1:1) by slow evaporation of the solvents at 25°C. 033; E-mail: deposit@ccdc.cam.ac.uk]. High-temperature X-ray
Purities were checked by 1H-, 13C-, and 29Si-NMR spectroscopy in diffraction on powders of 1 and 5, representing structure types
CDCl3 solution. M8Q8 and M10Q10, respectively, were carried out with a Nonius

Guinier-Lenné camera. The powders were prepared on a platinumMALDI-TOF: 10 mg of the sample was dissolved in 1 mL of THF.
gauze and heated to temperatures below their melting points in airThe matrix solution was made up from 10 mg of 2-nitrophenyl oc-
or under nitrogen.tyl ether in 1 mL of acetone, to which 10 µL of 0.1% trifluoroacetic

acid had been added. To assist the ionization, a 0.01  solution of
[1] [1a] Inorganic Polymers (Eds.: J. E. Mark, H. R. Allcock, R.silver trifluoroacetate in acetone was used. The thin-layer technique

West), Prentice Hall, New York, 1992. 2 [1b] Silicon-Based Poly-was used for sample preparation: 0.5-µL aliquots of the matrix, mer Science, A Comprehensive Resource (Eds.: J. M. Zeigler, F.
silver salt, and sample solutions were successively applied. The W. G. Fearon), Advances in Chemistry Series 224, American

Chemical Society, Washington, 1990. 2 [1c] D. A. Loy, K. J.spectra thus showed the silver adducts. External calibration was
Shea, Chem. Rev. 1995, 95, 1431. 2 [1d] Organosilicon Chemistrycarried out with a peptide mixture (substance P and insulin). The
II 2 From Molecules to Materials (Eds.: N. Auner, J. Weis),mass accuracy was ±1 Da; the masses were rounded to integral VCH, Weinheim, 1996. 2 [1e] Organosilicon Chemistry III 2

numbers. From Molecules to Materials (Eds.: N. Auner, J. Weis), Wiley-
VCH, Weinheim, 1997.DSC and TGA measurements were carried out using a Netzsch [2] M. G. Voronkov, V. I. Lavrent9yev, Top. Curr. Chem. 1982,

STA 429 apparatus. 102, 199.
[3] G. Calzaferri, Proc. Tailor-Made Silicon-Oxygen Compounds,IR and Raman spectra correspond to literature data. [36] Vibrations Mol. Mater., Bielefeld, Sept. 325, 1995, 1996, 149.

due to the siloxane framework are assigned as follows (vibrations [4] H. Bürgy, G. Calzaferri, D. Herren, A. Zhdanov, Chimia 1991,
45, 3.of organic functional groups are omitted). 2 IR: 125221257 cm21

[5] R. H. Baney, M. Itoh, A. Sakakibara, T. Suzuki, Chem. Rev.(s, δs Si2CH3), 107421098 (vs, νas Si2O2Si), 755, 844, 868 (s, δs 1995, 95, 1409.Me2Si2O in 1, 4, and 6), 772, 838 (s, δs Me2Si2O in 2 and 5), [6] D. Hoebbel, I. Pitsch, D. Z. Heidemann, Z. Anorg. Allg. Chem.
621 (m), 5592522 (several s, νs Si2O2Si), 901 (s, δ O2Si2H in 2 1991, 592, 207.

[7] P. A. Agaskar, J. Am. Chem. Soc. 1989, 111, 6858.and 5). 2 Raman: Strongest bands at 290222912 cm21 (vs, ν CH3)
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