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A more rapid and a versatile synthetic approach for the preparation of polyhedral silsesquioxanes
(POSS) by hydrolytic condensation of organosilicon monomers in the presence of a Pt catalyst was stud-
ied. The structural properties of POSS molecules were determined by X-ray powder diffraction analysis,
yielding a rhombohedral unit cell with a = 11,52796A and a = 94,9754° for octaaminopropyl-POSS, and
a rhombohedral unit cell with a = 11,51421A, o = 96,7214° for octachloropropyl-POSS. The activation
energies were found to be 64.8, and 89.1 kJ/mol for octaaminopropyl-POSS and octachloropropyl-POSS,
respectively. The products were also characterized by Fourier transform infrared spectroscopy, 'H and

3C nuclear magnetic resonance, differential thermal analysis, and thermogravimetric analysis.
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Introduction

Sol-gel chemistry allowed the emergence of the synthesis of organopolysilsesquioxanes having a well defined
three-dimensional network due to the presence of covalent bonds between organic and inorganic fragments,
and the so-called hybrid materials.

Our research concerns the synthesis of polyhedral oligomeric selsesquioxane (POSS) by the sol-gel
chemistry. While several processes for the production of POSS molecules or nano particles derived from
functional silanes appeared recently' 6.

One of the most extensively studied systems, involving the preparation of polyhedral oligomeric

16=21 The results of experimental and theoretical studies of these systems

silsesquioxane, is their derivative
suggest that the morphology is governed by three effects; the type of the organosilane, the solvent, and the

catalyst?2—27,
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While the first two factors are now usually taken into account in both experimental and theoretical
studies, the literature dealing with the process conditions remain very scarce, mainly because of the lack of
experimental data on the process conditions of controlled morphology?®.

In this work, we try to partially fill this gap by giving a method of preparation of POSS from
~v-aminopropyltrimethoxy silane (APS), and ~-chloropropyltrimethoxy silane (CLS) in the presence of a
catalyst. In this work our objective is three fold: (1) to give the experimental conditions to prepare the POSS
framework, (2) to elucidate the structure by means of X-ray diffraction (XRD) studies, Fourier transform
infrared spectroscopy (FT-IR), and '*C- and 'H nuclear magnetic resonance (NMR) spectroscopy. (3) to
compare the thermo chemistry of POSS prepared from APS and CLS, by thermogravimetry and differential
thermal analysis (DTA).

Experimental

All reactions were performed under an atmosphere of dry nitrogen using standard Schlenck techniques;
reagent grade chemicals were used without further purifications unless noted. The following reagents were
purchased from Fluka:y-aminopropyltrimethoxysilane (CLS), 7-chloropropyltrimethoxysilane (APS), and
PtCly. An ultra-pure water filtering system was used to produce deionized water, and methanol was dried

over calcium hydride.

Preparation of POSS-CLS and POSS-NH,

In each sol-gel polymerization, the monomer solutions and the monomer and catalyst solutions (200 ppm
by weight) were sealed in polypropylene bottles , the product was washed with HoO (3x100 ml) and ether
(2x50 ml) and dried under vacuum for 24h at 100 °C.

A solution of CLS or APS 45 ml was added in a solution of dry methanol. To this mixture was
added 28 ml concentrated HCI, and the reaction mixture was kept at room temperature for 2 days. PtCly
was added to this solution as catalyst in an argon atmosphere. The reaction mixture was transferred to
the Schlenck and heated to 50 °C. A crystalline precipitate formed after a day at 50 °C, was collected and
treated as described above. The product has a melting point of 207-208 °C and 220-222 °C for POSS-CLS
and POSS-NH, respectively.. And the chlorine content was found to be 27.6 % wt. The GPC chromatogram
indicated monodisperse compounds. The 'H-NMR, and '3 C NMR (DMSO-dg) spectra are given in Table 1.

Table 1. '"H-NMR and '* C NMR (DMSO-dg) spectra of POSS-NH, and POSS-CLS(§ referenced to the residual
solvent CDCls3).

TH NMR (6 ppm) I3C-NMR (6% ppm)
POSS-NH,.8HCI | 8.28 (s, 24 H, NHy); 2.70 | 47.01 (s, CH3N); 22.61

(t, CHzN, 16H); 1.61 (m, | (s, SiCH2CHz) 9.44 (s, SiCHs)
SiCH3CHj3 16H); 0.61 (t, SiCHs,
16H).

POSS- NH, 5.3 (s, NHy); 2.70 (t, CH:N, | 48.87 (s, CHyN); 28.88

16H); 2.42 (III7 SiCHgCH&lGH); (S, SiCHQCHg) 10.5 (S, SiCHg)
0.74 (t, SiCHs, 16H).
POSS-CLS 1.81 (m, SiCH3CHj3 16H); 0.91 (t, | 27.3 (s, SiCH2CHs)
SiCHs, 16H) 8.57 (s, SiCHz)

¢ Chemical Shift in part per million (ppm).
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Procedure for the determination of the amino content

The content of amino groups of the POSS framework was determined by consumption of HCI aqueous
solutions. In a typical procedure, into a 100 ml flask, 0.10 g of POSS-NHsand 20 ml of 0.01 mol/1 HC1
aqueous solution were charged, and the mixture was stirred at room temperature for two days, filtrated,
and the filtrate was back titrated with NaOH (aq) using an indicator. Then the amount of terminal amino

groups per 1.0 g POSS-NH; was calculated to be 15.2 %.

Characterization

The thermal behavior was studied by DTA (Shimadzu System 50) and TGA (Shimadzu System 50). FT-IR
analysis was performed on a Mattson 1100 FT-IR mode spectrometer. 'H NMR spectra ( 300.131 MHz) and
13C NMR spectra (75.5 MHz) were measured on a Bruker AM 300 WB FT spectrometer with & referenced
to the residual solvent CDCls. Microanalyses were performed by TUBITAK (Ankara). The structural

investigation of a composite material thus prepared was carried out at room temperature by the Rigaku

System RadB X-ray diffractometer was employed a Cu radiation with the scan rate of 1°/min.

Results and Discussion

The hybrid solids POSS-CLS and POSS-NH, were prepared upon hydrolysis of CLS and APS under PtCly
catalysis. The solid which formed quantitatively was recovered by filtration and washed successively with
H>0O , and ether. After drying , the solid was collected as white powder.

From DTA analysis, the exothermic crystallization peak shifts to lower temperatures as decreasing
the heating rate. A simple and convenient method is to use several heating rates such as, 5, 10, 15, 20 and 25
K/min, and then extrapolation to an infinitesimal heating rate can be performed. As shown in Figure 1, the
exothermic peak temperature at 356 °C corresponds to the loss of organic segment, whereas the exothermic
peaks temperatures at 432 and 564 °C are attributed to the phase transition temperatures. The DTA and
TGA thermogram are shown in Figure 2, the peak at 421 °C corresponds the loss of organic segments. The
peak at 591 °C was assigned to the phase transition. All evidences were supported by TGA analysis. The
difference in peak temperature is due to the molecular symmetry, and molecular rearrangement is more likely
to take place in POSS-NH; via hydrogen bonding.
29

The activation energy of crystallization of both systems was determined by Kissinger equation “?(Figs.

3 and 4). The relation between the crystalline peak temperature T}, and heating rate (3 is indicated by

Ln(B/T2) = —Eq/RT, + A (1)

where Eg is the activation energy of the reaction, R is the gas constant, and A is a constant.

The activation energies associated with one crystallization peak can be derived from the plot as 64.8
and 89.1kJ/mol for POSS-NHy, and POSS-CLS, respectively. The higher activation energy observed for
POSS-CLS reflects the stabilization of the phase as compared with POSS- NHs.
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Figure 1. The DTA and TGA thermogram of POSS-NH;, 10K /min in air atmosphere.
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Figure 2. The DTA and TGA thermogram of POSS-CLS 10K /min in air atmosphere.

TGA plot for the prepared POSS frameworks are shown in Figures 1 and 2, respectively. The presence
of distinctive mass-loss regions at 421 and 356 °C for POSS-CLS, and POSS-NHs, respectively, suggest that
a complicated process took place in both cases that might be the result of the structural transformation.
The initial weight loss for POSS-CLS occurs at 300 °C and is fully subsided by 470 °C. The same trend was
observed for POSS- NHy as well. The initial weight loss appearing at 350 °C indicated organic segments
have been decomposed, is fully subsided at 375 °C.
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Figure 3. Kissinger plot of the crystallization peak temperature (POSS-NH3) T}, taken from DTA curves of different

heating rates.
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Figure 4. Kissinger plot of the crystallization peak temperature (POSS-CLS) T}, taken from DTA curves of different

heating rates.

The 'H and '*C NMR spectra results are given in Table 1. The data are well suited with the
proposed structure in which rhombohedral unit cell formation is likely to taken place. The POSS framework
was accomplished by hydrolytic condensation of APS and CLS with the appropriate amount of PtCl,. The
amount of catalyst was a crucial for the ease of preparation, because it was rationalized that without the
catalyst the end of the reaction takes longer times, for a week to a month to accomplish the formation of
the products.

Octachloro substituted framework has proper melting point; octaaminosubsitituted framework sub-
limes above 400 °C. We have chosen APS and CLS as starting material for two reasons: (i) it is commercially
available, and (ii) it has a functional end, which can be linked to a variety of organic groups to prepare novel
materials. The FT-IR spectra of both frameworks are shown in Figures 5 and 6. The tentative assignments
for the spectra of the frameworks were as follows: 1174 cm~! (asymmetrical) v, (Si-O-Si), 1060 cm~! v
(Si-O-), 938 and 785 cm ™! (symmetrical)v,(Si-O-Si) , 620 and 550 cm ™', (Si-O-Si). Polysiloxanes made

up tetradehral (T) units, [RSiOq 5], showed a broad, structureless absorption covering the entire region of

1160-1000 cm 1.
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Figure 5. FT-IR spectra of POSS-NH, framework.
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Figure 6. FT-IR spectra of POSS-CLS framework.

The XRD patterns of POSS-NHy; and POSS-CLS are shown in Figures 7 and 8, respectively. The

observed pattern for POSS-NH; and POSS-CLS can be fitted to a rhombohedral unit cell as given in Table
2 and 3.

The X-ray powder diffraction profile of POSS-NH; and POSS-CLS are indexed by rhombohedral unit
cell with a = 11,52796 A, o = 94,9754 A with the volume of 1513,6 A% and 1492,32 respectively. The
peak analysis in all POSS hybrids can be attributed to the rhombohedral unit cell formation as expected
in the presence of POSS inorganic segments. From the analysis of the XRD spectrum we conclude that all
samples showed higher crystallization evidenced by sharp peaks, however some amorphous character was also
observed. This findings might be attributed to the Si-O-Si linkages indicating that high degree of crystall
character due to the rigid network caused by both POSS segment.

The above observations show that the synthesis of the hybrid solid, which results, from the formation of
strong Si-O-Si bonds, is controlled by intermolecular interactions of precursor molecules during the hydrolysis
and condensation of (RO)3Si-R’. The structural differences between two precursors probably result from
controlled condensation reaction, owing to the interactions developing between monomeric units. PtCly
catalysis which leads to a slow and moderate condensation of the silicate units probably facilitate the

ordering of the organic fragments owing to the rigidity of siloxane network that differs in POSS-CLS and
POSS-NHs.
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Table 2. Observed and calculated 26 value using a rhombohedral cell with a = 11.52796 A and o = 94,9754° and

volume = 1513,6 A® the measured diffraction intensity from the X-ray powder diffraction pattern obtained from

POSS- NHs.

20 obs (deg) 20 calc. (deg) FError (%) hkl
7727 7727 0.000 100
18,693 19.06 0,367 21-1
20,52 20,46 20,058 211
93.30 93,32 40,023 300
95,28 95,30 40,026 310
26,82 26,83 40,014 -320
27,34 97,37 40,020 311
31,28 31,27 20,011 400
33,06 33,04 -0,021 41-1

Table 3. Observed and calculated 20 values using a rhombohedral unit cell with a = 11.51421A, o = 96.7214°

andvolume = 1492,32A3 the measured diffraction intensity from the X-ray powder diffraction pattern obtained from

POSS-CLS.

20 obs (deg) 20 calc. (deg) FError (%) hkl
7,794 7,794 0.000 100
10,28 10,27 -0.009 110
11,90 11,74 -0.158 110
18,68 18,73 +0.054 211
92.10 92,08 20,020 122
98,20 98,20 40,006 311
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Figure 7. The X-ray powder diffraction profile of POSS-NH>. The crystal can be indexed by rhombohedral unit

cell with a = 11,52796A, o = 94, 9754°.
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Figure 8. The X-ray powder diffraction profile of POSS-CLS. The crystal can be indexed by rhombohedral unit cell
with a = 11,51421A, o = 96,7214°.

Conclusions

We have investigated the structural variation of POSS framework from ~y-aminopropyltrimethoxysilane
and 7-chloropropyltrimethoxysilane in terms of thermal behaviour and activation energies. The structural
elucidation was made with x-ray diffractometer and found to be rhombohedral in the case of POSS-NHs and
POSS-CLS respectively. Thermal studies revealed that the activation energies are 64.6 and 89,1 kJ.
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