INFLUENCE OF XYLENE ON THE TEXTURAL FEATURES OF THE HYBRID GEL MATERIALS
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Mesoporous hybrid- organic-inorganic silicas with amine bridging group within the framework were synthesized by co-condensation of BTPA and TEOS under acidic conditions in the presence of amphihilic triblock-copolymer poly (ethylene oxide)-block-poly(propylene oxide)-block-poly(ethylene oxide) (PEO20PPO70PEO20), commonly known by the trade name Pluronic P123), as a structural directing agent for obtaining of mesoporous structure, and xylene as swelling agent. In our work we investigate the influence of the xylene amount on the pore size and surface area of the final hybrid materials. The resultantmaterials were true hybrids confirmed by 29Si MAS NMR and 13C CP MAS NMR analyses. Increasing the amount of xylene slightly decreased the mesopore size of all hybrids with high content of TEOS. The compositions with highest content of BTPA showed most significant increase in pore size due to the higher amount of the flexible organic chains present in the structure that  make the framework more flexible and collapse resistant.
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1. Intoduction

Mesoporous materials have gained a lot of interest in recent years, because of the possibility of tailoring the pore structure, framework composition, and morphologies over a wide range [1]. According to the IUPAC definition, porous materials with pore diameter in the 2-50 nm range are called mesoporous[2].

The traditional methods to control the pore size of mesoporous materials are the addition of templates with different lengths of hydrophobic chains as well as the use of an organic swelling agent. Most often as templates are used surfactants. They are organic molecules, which comprise two parts with different polarity [3]. One part is a hydrocarbon chain, which is nonpolar and hence  hydrophobic, whereas the other is polar and hydrophilic. Surfactant  molecules can be generally classified into four families, and they are known as nonionic, anionic, cationic, and amphoteric surfactants. Swelling agents have been extensively applied in the surfactant-templated synthesis of mesoporous materials.

The swelling agent is solubilized in the hydrophobic cores of the micelles and thus it increases their diameter and volume, leading to the enlarged pore size and increased pore volume of the surfactant-templated material. By tailor of the pore size many potential applications arise from the promising properties of these materials, including separation technology (chromatography, membranes, etc.), catalysis, nanoelectronics, sensors, and spatially defined host materials for substances or reactions.[1, 4].

Preparation of the functionalized mesoporous silicas with organic moieties soon became a major topic of research because it offered a further possibility of tailoring the physical and chemical properties of the porous materials. The functionalization of mesoporous materials usually has two methods [5,6]. One is grafting, also called post-synthesis, which refers to the attachment of functional groups to the surface of the mesoporous materials, usually after surfactant removed. It includes the reaction of organosilanes with the surface silanol groups of mesoporous silica. Co-condensation is the secound one method to modify mesoporous materials by sol–gel chemistry. It include co-condensation of tetraalkoxysilane, for instance tetraethoxysilane (TEOS), and organosilanes with Si–C bonds. It is also called one-pot synthesis. Compared with grafting method, co-condensation method can easily achieve greater control over functional group loading and surface uniformity. These mesoporous materials contain organic and inorganic groups are called “hybrid mesoporous silica materials”.The organic functionalization of these solids permits the tuning of the surface properties (hydrophilicity, hydrophobicity, and binding to guest molecules); alteration of surface reactivity; protection of the surface from attack; and modification of the bulk properties (e.g., mechanical or optical properties) of the material [7].

In this work, mesoporous silicas were fabricated by co-condensation reaction of TEOS and BTPA using amphiphilic triblock-copolymer poly (ethylene oxide)-block-poly(propylene oxide)-block-poly(ethylene oxide) (PEO20PPO70PEO20) available under the trade name Pluronic P123, and xylene as a hydrophobic swelling agent. Our goal here is to investigate the effect of xylene on the pore size in the hybride material. The structure and morphology of the final mesoporous hybrid materials were investigated by nitrogen gas sorption, SEM, 29Si MAS NMR and 13C CP MAS NMR technics.
2. EXPERIMENTAL

2.1. Chemicals 
Bis[(3- trimethoxysilyl)propyl] amine (BTPA, Aldrich ) and tetraethyl orthosilicate (TEOS, MERCK) were used in order to synthesize the amine-functionalized porous gels. As a structure directing agent was used amphiphilic triblock copolymer Pluronic P123 PEO20PPO70PEO20, (Sigma-Aldrich, Mn~5,800). Xylene (Aldrich) was used as a swelling agent. To improve the structure ordering and tailor framework porosity was used KCl (Aldrich). Ethanol (99.8%), hydrochloric acid (HCl, 32%, Promark Chemicals) and distilled water were used for removal of surfactant.
2.2.  Synthesis 
The gel materials were prepared through a one-pot sol–gel process catalyzed by the –NH– groups of BTPA. In a typical synthesis (Sheme 1.) 1.2g P123 and 3.5g KCl were dissolved in solution of 52 ml 2M HCl and 10 ml distilled water with stirring at 20 oC. Xylene was added after dissolving of KCl and P123.To this homogeneous solution TEOS was added and then the mixture was stirred for 1 hour at the same temperature. After homogenization of this mixture BTPA was added (drop-by-drop) under continuous stirring. The sample composition is presented in Table 1.
After gelation, gels were allowed to stand for 2 days for aging at 100 ͦ C.
[image: image5.jpg]Chemical shift (ppm)

n'e Aysusyuj

n'e Ajsuaju|

Chemical shift (ppm)

LoL-
601

80
60 o

n'e Ajsuaiu|




Sheme 1. Synthesis of the hybride gel materials.

Table 1. Chemical composition of the gels
	Sample
	KCl

[g]
	HOH

[ml]
	2M HCl

[ml]
	P123

[g]
	Xylene

[ml]
	TEOS

[ml]
	BTPA

[ml]

	AHM 1
	3.5
	10
	52
	1.2
	0
	2.64
	1.16

	AHM 2
	3.5
	10
	52
	1.2
	1.32
	2.64
	1.16

	AHM 3
	3.5
	10
	52
	1.2
	2.64
	2.64
	1.16

	AHM 4
	3.5
	10
	52
	1.2
	2.64
	1.24
	1.16

	AHM 5
	3.5
	10
	52
	1.2
	2.64
	2.64
	3.90


2.3 Surfactant extraction
The surfactant was removed by soaking 1.0 g of as-synthesized sample in 150 ml of ethanol and 1.7 ml of 36% HCl solution at 60 oC for 24 hours. The resulting solid was recovered by filtration, washed with ethanol, and dried in oven at 60 oC for 24 hours. This material is referred to as the surfactant extracted material. 
2.4. Materials characterization
The specific surface area and the pore size distribution of the resultant materials were determined by nitrogen adsorption: nitrogen adsorption and desorption isotherms were measured at liquid nitrogen temperature using a Geminy 2370 instrument. The BET surface areas were calculated based on the adsorption data in the relative pressure range of 0.001–0.20. Pore size distributions were determined based on the Barrett-Joyner-Halenda (BJH) desorption curve [8].
The morphology of the samples was observed by scanning electron microscopy (SEM) the images were recorded on a Hitachi S-4100 scanning electron microscope with an acceleration voltage of 15 kV. 13C (100.61MHz) cross-polarization magic angle spinning (CP MAS) and 29Si (79.49 MHz) MAS solid-state NMR experiments were recorded on a (9.4 T) Bruker Avance 400 spectrometer. The experimental parameters for 13C CP MAS NMR experiments: 9 kHz spin rate, 5 s pulse delay, for 29Si MAS NMR experiments: 5 kHz spin rate, 60s pulse delay. MAS NMR spectra were measured with 40 (s 1H 90º pulse, speed of rotation 50 kHz. 29Si solid-state NMR spectra were recorded at 79.49 MHz on a (9.4 T) Bruker Avance 400 spectrometer 29Si magic angle spinning MAS NMR spectra were measured with 40 (s 1H 90º pulse, speed of rotation 50 kHz and a delay of 60 seconds.
3.  RESULTS AND DISCUSSIONS
29Si MAS NMR spectra of the synthesized hybrid materials (Figure 1.) clearly express resonant peaks, at 110 ppm, 101 ppm and 92 ppm, respectively, as indicated Q4 [Si (OSi) 4], Q3 [(OH) Si (OSi)3] and Q2 [(OH)2 Si (OSi)2] and another three about 66 ppm, 57 ppm and 50 ppm are designated as T3 [(SiO)3SiC], T2 [(SiO)2 (OH) SiC] and T1 [(SiO) (OH )2SiC] [9,10]. The appearance of the Tm peaks confirms that organic silane (BTPA) is included as part of the structure this means that the materials are organic-inorganic hybrids [11-13]. The appearance of Q3, Q2, T2 and T1 silicon species shows that the condensation between the both silicate precursors is not completed , with unreacted silanol groups still being present. The intensity of T3 peaks increase whereas the intensity of T1 and T2 peaks decrease with increasing BTPA amount. This can be explain as a result of increased amine group concentration which catalysed the condensation reaction. The Qn  peaks are characteristic for TEOS precursor. The intensity of Qn peaks decrease because the ratio TEOS/BTPA in the mixture decrease.The relative integrated intensities of the Tm and Qn signals in Tm/(Tm + Qn) were found to increase from 0.40 to 0.68 respectively, with increasing of the ratio BTPA/(BTPA +TEOS) in the initial mixture [11]. These results indicate that the bridging organic part in the pore walls increases with increasing the amount of BTPA [11,13].
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Figure 1.  29Si MAS NMR spectra of AHM 3, AHM 4 and AHM 5 hybrid materials
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13C CP MAS NMR results of the samples AHM 3, AHM 4 and AHM 5 (Figure 2) show resonans peaks at around 10, 20 and 50 ppm, typical of sp3 carbon atoms which characterize organic bridging group of BTPA [19-21]. The three most intense peaks at around 10, 20 and 50 ppm correspond to the carbon atoms of the bridging group in the direction from left to right, ≡Si−CH2 −CH2−CH2 −NH−CH2−CH2−CH2−Si≡    [22,23]. The peaks in the range from 70 to 75 ppm indicate the presence of surfactant P123 in the materials pores i.e. not completely extracted from the pores by soaking [22-24]. These results explain the reason for the small pore size, pore volume and surface area of the organic-imorganic hybrid gel materials.
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SEM images of the synthesized hybrid gel materials are shown in Figure 3. They show the significant influence of xylene amount on the materials surface after the surfactant extraction. Sample AHM 1 shows the smoothest surface than the other gels. By increasing of xylene amount (AHM 2 and AHM 3) occurs coarsening of the materials surface. Gel materials AHM 4 and AHM 5 also show the influence of the BTPA amount on the morphology. Sample AHM 4, synthesized with 3.9 ml BTPA shows the coarsest surface than all the other gels.
Figure 3. SEM images of the synthesized gels
The porous structure of the hybred gels was determined by N2 adsorption-desorption measurements and the results are presented in Figure 4 and Table 2. According to IUPAC classification, the shape of the adsorption isotherm can be classified as Type IV  [14,15]. Type IV isotherms are typical for mesoporous materials (average pore size is in the range between 2-50 nm). The hysteresis loop is due to pore condensation. At low pressures, first an adsorbate monolayer is formed on the pore surface, which is followed by the multilayer formation. The adsorption/desorption curves of the hybrid materials show hysteresis loops that resemble the H2 type in the IUPAC classification [14]. The H2 hysteresis loop has a smoother adsorption step and a sharp desorption step. It is typical for materials with nonuniform pore shapes and/or sizes. The H2 type adsorption hysteresis is associated with pores with ink-bottle shapes or more complicated interconnectivity of pores forming porous network. [16-18]. The results show that with increasing of xylene amount, in the sample synthesized with 2.64 ml TEOS and 1.16 ml BTPA the surface area increase and pore size decrease. This can be explain with destruction of the pores after the surfactant extraction. The samples synthesized with higher amount BTPA in the solution (AHM 4 and AHM5) show significant increasing of pore size. This is perhaps a result of increased amount of the flexible organic chains that perhaps make the framework more flexible and collapse resistant.
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Figure 4. N2 adsorption-desorption measurements.of the hybride gel materials
Table 2.. Texture parameters of amine functionalized organosilica samples.

	Sample
	Pore volume [cm3/g]
	Surface area [m2/g]
	Pore size [nm]

	AHM 1
	0.32
	250
	4.3

	AHM 2
	0.35
	286
	3.8

	AHM 3
	0.33
	307
	3.5

	AHM 4
	0.49
	306
	5.1

	AHM 5
	0.44
	267
	5.8


CONCLUSIONS 
On the basis of the obtained results we can conclude that the synthesized materials  were mesoporous organic- inorganic hybrids. The appearance of T sites in 29Si MAS NMR and the peaks at 10 ppm, 20 ppm and 50 ppm in 13C CP-MAS NMR spectra confirm the presence of organic groups in the silica framework i.e these are organic-inorganic hybrid materials. 29Si MAS NMR spectra showed Q3, Q2,  T1 and T2 type structural units which is indicative of incomplete condensation reactions. The increasing of relative integrated intensities of the Tm and Qn units suppose that the amount of organic moiety in the silica wall structures increases with BTPA concentration. The peaks in 13C CP-MAS NMR spectra that correspond to surfactant P123 imply the incomplete removal of surfactant P123 during the extraction. BET results showed that with increasing xylene amount leads to decreasing of pore size and increasing of surface area of the hybrid materials as a result of destruction of the pores after the surfactant extraction. These results are confirmed by SEM analysis which show coarsening of the materials surface with increasing of xylene amount. SEM images of the sample AHM 3 and AHM 4 show coarsest surface than all the other gels, which is in agreement with BET results. The BET results for the samples synthesized with 2.64 ml xylene and highest BTPA amount show  significant increase in pore size, perhaps as a result of increased amount of the flexible organic chains that  make the framework more flexible and collapse resistant.
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