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Abstract 
 
Tetraethoxysilane is the most commonly used precursor 

for obtaining mesoporous silica, it is economically 

expensive, so the use of inexpensive precursors such as 

sodium silicate or silicic acid are of interest for the 

economic production of said materials; silicic acid is 

generally obtained from sodium silicate by adjusting the 

pH of the system to 3-4 or through the use of ion 

exchange resins, this second methodology allows to 

eliminate the use of acid or basic catalysts in the 

synthesis of materials, which potentiates these materials 

for bioparticle encapsulation applications. The effect of 

the poly-condensation of silicic acid in obtaining 

mesoporous silica has been little evaluated, so this work 

shows the study of the effect of the degree of 

polycondensation of silicic acid on the textural properties 

of the materials, observing that at 0 and After 48 h of 

Si(OH)4 aging, the synthesized materials show a bimodal 

distribution of their pores at 4 and 8 nm, observing the 

majority presence of pores at 4 nm at 6, 24 and 72 h of 

aging. 
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Resumen 
 
El tetraetóxisilano, es el precursor más comúnmente 

utilizado para la obtención de sílice mesoporosa, este es 

económicamente costoso, por lo que el uso de precursores 

económicos como el silicato de sodio o el ácido silícico 

son de interés para la obtención económica de dichos 

materiales; el ácido silícico se obtiene generalmente a 

partir de silicato de sodio a partir del ajuste del pH del 

sistema a 3-4 o mediante el uso de resinas de intercambio 

iónico, esta segunda metodología permite eliminar el uso 

de catalizadores ácidos o básicos en la síntesis de los 

materiales, lo cual potencializa estos materiales para 

aplicaciones de encapsulación de biopartículas. El efecto 

de la policondensación del ácido silícico en la obtención 

de sílices mesoporosas ha sido poco evaluado, por lo que 

el presente trabajo muestra el estudio del efecto del grado 

de policondensación del ácido silícico en las propiedades 

texturales de los materiales, observándose que a 0 y 48 h 

de añejamiento del Si(OH)4, los materiales sintetizados 

muestran una distribución bimodal de sus poros a 4 y 8 

nm, observándose la presencia mayoritaria de poros a 4 

nm a 6, 24 y 72 h de añejamiento. 
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Introduction 

 

Mesoporous and functionalized mesoporous 

silica material has been an important application 

and interest in the material science, for example, 

has been widely used in the removal of 

contaminants (ion metallic and no metallic, dyes 

and different organic compound), as support 

catalytic, optic application, and diverse biologic 

application (control release drug system, support 

of biomolecule) [1-6]. Usually, the TEOS 

(tetraethoxysilane) is used as a precursor of silica 

matrix in the synthesis of these materials, this 

precursor has the disadvantage of being very 

expensive, so the use of other silica precursors is 

more economic as the sodium metasilicate 

(Na2SiO3) has been proposed in these materials 

syntheses [7-13]. 

 

The bioinspired synthesis route from 

sodium metasilicate and different polyamines as 

condensation catalysis and tailored material 

allow the obtained hollow silica mesoporous and 

another green silica [7-9], which has been used 

in the removal of formaldehyde and 

Hydrocarbons from the air [8,9, 12], in the 

adsorption of pesticide [ref] and biomolecule 

[10-13]. The capacity of adsorption of these 

green silica materials has been reported as 

similar to the adsorption capacity of conventional 

mesoporous silica obtained from TEOS. These 

reports show the possible use of more economic 

precursors in the syntheses of mesoporous silica 

materials 

 

In these route syntheses, the Si (OH)4 is 

the silica precursor material and is produced by 

the acid-adjusted pH in the silicate solution or by 

ion exchange resin [7-18]. The silica obtained 

from ion exchange resin allows the best 

biomolecule (enzyme) encapsulation and offers 

biomolecule protection because in the material 

syntheses could be not used acid or base catalyst, 

avoiding the denaturation of the biomolecule and 

best activity biologic. 

 

This paper shows the effect of silicic acid 

concentration initial in the textural properties of 

green silica mesoporous obtained. 

 

 

 

 

 

 

 

Experimental Section 

 

Si (OH)4 Obtained 

 

Si (OH)4 was obtained from sodium silicate 

industrial grade. 100mL of sodium silicate 25% 

previously filtered was passed through of 

exchange ion resin (Dowex 50WX8 hydrogen 

form) and the Si (OH)4 was eluted with 

deionized water, was recollected the portion at 

pH 1-4 and aged by 0, 6, 12, 24, 48 and 72 h 

from evaluated the effect of the concentration of 

Si (OH)4 in the textural properties of mesoporous 

silica obtained. 

 

The Si (OH)4 concentration, was 

determined from yellow silicic- molybdenum 

complexes by Uv-visible determination at  

400nm [14-15] 

 

Synthesis of Mesoporous Silica (MS) 

 

The mesoporous silica (MS) was obtained by 

hydrothermal process. The silicic acid was a 

mixture with a solution Pluronic, P-123 (66 g 

with 500mL H2O) at ration 1:2, the mixture was 

collocated at 50-60°C for 24 h and the solid 

obtained was recovery from filtration. The 

Pluronic was eliminated by calcination from 4 h 

at 600°C. 

 

The textual properties was evaluated by 

adsorption-desorption of N2 isotherms at 77 K in 

a Micromeritics ASAP-2010 instrument. The 

samples were degassed overnight at 180 °C and 

7l mmHg before measurements; the surface area 

was calculated using the BET method, and the 

average pore diameter was calculated applying 

the BJH method to the desorption branch of the 

isotherm.  

 

Result 

 

The effect of acid silicic initial concentration in 

the textural properties of green mesoporous silica 

synthesis (MS) is resume in the Table 1. The 

silicic acid was aged at 0, 6, 24, 48, and 72 h. 

The initial solution of Si (OH)4 obtained from 

exchange ion show an initial concentration of 

626 mgL-1 of Si(OH)4, determined by the 

Deutschen- Einheitsverfahren method 

(molybdenum-silicic complex).  
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The aged of this solution allows obtained 

mesoporous materials with isotherm type IV 

(Figure 1) and with different modal pore 

distribution; the materials obtained at 0 h aged 

show a bimodal distribution with pores at 3.9 and 

10.86 nm, however, the aged of Si (OH)4 on 

Pluronic solution produce materials with one 

pore at 3.9 nm.  

 

The 72 h of aged showed again the 

bimodal distribution at 3.9 and 7 nm pore, this 

behavior, suggests that each 48 h of aged the 

bimodal pore distribution at 4 and 7 nm could be 

obtained (Figure 2). The aged of silicic acid 

produced the polymerization of this according at 

scheme 1 and the formation of different oligomer 

that allow the condensation of pore at 10 nm 

closed at 3 nm of diameter. The proportion of 

oligomer of lager size at more time of aged show 

the formation of bimodal mater with pore at 4 

and 7 nm. All materials obtained show 

superficial area at 444-624 m2g-1 similar at 

reported from silica materials synthesis from Si 

(OH)4 or silicate. The use of other molecular 

sieves of different sizes could allow the design of 

size pore and the aged solution the modal 

distribution.  

 

The kinetic of condensation of Si (OH)4 

is show in the Figure 3, was observed an 

adjusted of experimental date at the second order 

kinetic model, observed an constant of 4X10-4 

Lmg-1h-1. According to kinetic studies the 

condensation process is show in the scheme 1.  
 

 
 

Scheme 1 Poly-condensation of silicic acid 

 
 MS-0h MS-6h MS-

24h 

MS-

48h 

MS-

72h 

Aged time[h] 0 6 24 48 72 

[Si(OH)4]0 (mgL-

1) 

626.1 265.9 97.7 52.9 36.3 

ABET 
[m2g-1] 

444.5 496.5 491.4 465.6 624.2 

Diameter Pore 

Average [nm] 

4.99 3.62 3.90 4.87 3.71 

Volume Pore 
Average [cm3g-1] 

0.55 0.41 0.34 0.49 0.48 

Diameter Pore 

(BJH) [nm] 

3.9 and 

10.9 

3.9 3.9 3.9 3.9 

and 
7.8 

External Surface 

Area 

[m2g-1] 

352.8 386.0 336.6 361.4 438.7 

 

Table 1 Textural properties of Mesoporous Silica obtained 

at the different aged times 

 

 
 

Figure 1 Isotherm adsorption-desorption of MS at 0 h (a), 

6 h (b), 24 h (c), 48 h (d) and 72 h (e) aged. 

 

 
 

Figure 2 BJH pore distribution of MS at 0 h (a), 6 h (b), 24 

h (c), 48 h (d) and 72 h (e) aged. 

 

 
 

Figure 3 Kinetic studies of silicic acid condensation 

 

Conclusion 

 

The aged of acid silicic, allow the formation of 

oligomer of different size that could generated 

materials mono o bimodal. The bimodal 

materials was observed with 0 and 72 h of aged. 

The use of other molecular sieves of different 

sizes could allow the design of size pore and the 

aged solution the modal distribution.  
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