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ABSTRACT

          Nanoporous silica was prepared and tested for its application in drug 
delivery. In the synthesis, tetraethyl orthosilicate (TEOS) was employed as a 
silica source and pluronic (P123) was chosen as a structure directing agent. The 
mixture was heated at various temperatures (30°C -60°C) and reaction times 
(2-4 hours). The obtained product was treated by hydrothermal and dried in hot 
air oven. Finally, it was calcined at 600°C to yield nanoporous silica of dif-
ferent physical properties. Indigo carmine was subsequently loaded by soaking 
the silica in the solution of indigo carmine for 48 hours. The releasing rate of 
the model drug was evidently affected by the physical properties of the nanopo-
rous silica prepared. At the condition of 60°C for 4 hours, the releasing was high 
because the pore size of the silica was too large comparing with the molecu-
lar size of indigo carmine. Furthermore, high temperature also increased the 
polymerization resulting in a reduction of silanol group (Si-OH) need for bind-
ing with the model drug. At temperature of 30°C, the pore size was too small 
for indigo carmine. However, after hydrothermal step the pore diameter was 
enhanced which is suitable for indigo carmine.     
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INTRODUCTION

          Mesoporous silica is a material which have pore diameter in the range of 
2-50 nm. It has attractive features, such as large pore volume, uniform pore size 
distribution, and large surface area. Furthermore, it is also non-toxic and biocom-
patibility material. All these properties promote many research themes. Mesopo-
rous silica is used versatile such as catalyst support (Subrahmanyam, 2004; Ooi 
et al., 2005), CO2 capture (Khatri et al., 2005), remove of heavy metal in waste 
water (Sayari et al., 2005), and template of carbon nanotube synthesis (Zhu et al., 
2002). 
          Application in drug delivery of mesoporous silica is very interesting because 
the uniform of pore size can control the releasing rate of drug. Moreover, silica has 
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high stable structure. Porous hollow silica can be used as drug carrier. The drug 
was collected in the cavity and released through the pore (Li et al., 2004; Chen 
et al., 2004)  The effect of coating conditions and media conditions on control-
ling vitamin B1 released of tablet silica was studied (Wu et al., 2007). Qu et al., 
(2006) used mesoporous silica type MCM-41 to study the effect of pore regulating 
and morphology on controlled release of captropil. The largest and smallest pore 
size gave the fast releasing rate. Therefore, pore structure regulation can controll 
releasing rate. This work synthesizes nanoporous silica (2-10 nm) and studies the 
effect of synthesis conditions on its physical properties which affect indigo car-
mine releasing.

MATERIALS AND METHODS

Synthesis of nanoporous silica
          The mixture of 2 g pluronic P123 (Aldrich, USA) and 72 ml of 2 M HCl 
was stirred at the reaction temperatures (30-60°C) for 4 hrs. Tetraethoxysilane 
(Fluka, Italy) and Pluronic P123 (Aldrich, USA) at the ratio of 3:1 poured in 
the previous mixture and stired for the reaction times (2-4 hrs). Hydrothermal 
treatment was applied after the end of reaction time for 0-3 hrs. The mixture was 
filtered to obtain the silica solid particle and dried at 100°C for 6 hrs. The dried 
solid particle was calcined at temperature of 600°C for 4 hrs. The nanoporous 
silica was characterized for pore diameter, surface area, pore volume, and pore size 
distribution by nitrogen adsorption desorption technique using Autosorb-1c. The 
pore diameter pore volume and pore size distribution were calculated by Barret-
Joyner-Halenda (BJH) model. The surface area was given by Brunauer-Emmet-
Teller (BET) model. 

Loading and release study
          The nanoporous silica was soaking in 10% wt of indigo carmine (Himedia, 
India), a drug model for 48 hrs. It was filtered and dried at temperature of 60°C 
for 6 hrs. After drug loading, the sample was weighed about 0.5 g and put in 
to phosphate buffer as simulated body fluid. The releasing of indigo carmine, at 
time intervals, was measure by UV-vis spectrophotometer (CECIL, CE1010) at 
λ= 610.2 nm.

RESULTS AND DISCUSSION

Physical properties of nanoporous silica
      Figureure 1 showed the surface area of nanoporous silica at various reaction 
times with and without hydrothermal treatment. The surface area increased when 
the reaction time was increased. Hydrothermal treatment can improve surface area 
from 400-550 m2/g at without treatment to 700-800 m2/g at 3 hrs treatment. The 
high reaction temperature (60°C) decreased surface area, however, the high reac-
tion temperature provided the large surface area after hydrothermal treatment.
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Figure 1. Surface area of nanoporous silica at various reaction times and reaction 
temperature: (a) without hydrothermal (b) with hydrothermal 3 hrs.

          Pore volume also had to concern because large volume can more drug load-
ing. The reaction temperature of 30°C showed decreasing of pore volume when 
the reaction time was increased but the higher reaction temperature (60°C) gave 
the larger pore volume at longer reaction time as show in Figure 2a. Hydrother-
mal treatment enlarged pore volume 100% and showed increasing of pore volume 
when the reaction time was increased at all reaction temperatures (Figure 2b). 

Figure 2. Pore volume of nanoporous silica at various reaction times and reaction 
temperatures: (a) without hydrothermal (b) with hydrothermal 3 hrs

          Figureure 3 presented the pore size distribution of nanoporous silica at 
reaction temperature of 30°C and reaction times of 2 and 4 hrs after hydrothermal 
treatment for 3 hrs. The uniform pore size was obtained at all conditions. The 
longer reaction time (4 hrs) provided shifting the distribution curve to smaller pore 
diameter because it showed the more complete polymerization of silica molecule 
to obtain compact structure. 



CMU. J.Nat Sci. Special Issue on Nanotechnology (2008) Vol. 7(1)194

Figure 3. Pore size distribution of nanoporous silica at reaction temperature of 
30°C and reaction time of 2 and 4 hrs.

Study of indigo carmine releasing
          The releasing behavior was affected by physical properties of nanoporous 
silica. Figure 4a showed the releasing profiles of indigo carmine from nanoporous 
silica synthesized with various reaction times and reaction temperatures without 
hydrothermal treatment. The lower reaction temperature (30°C) gave pore dia-
meter less than 4 nm, therefore, molecule of indigo carmine can not go through the 
pore cavity to represent fast releasing as shown in triangle with lines. However, the 
high reaction temperature (60°C) provided large pore diameter (Figure 1a) and the 
longer reaction reduced the amount of silanol group (Si-OH) which it can not bind 
indigo carmine. The releasing profile which showed in square with dash line is 
very fast. The square with solid line is the releasing profile from nanoporous silica 
in the condition reaction temperature of 60°C and reaction time of 2 hrs to remain 
more silanol group and suitable pore diameter, there by indigo carmine released 
slowly. The effect of hydrothermal reduced silanol group to polymerize remaining 
silanol group, the increasing rates of releasing were obtained as showed in Figure 
4b. However, hydrothermal still need in the synthesis nanoporous silica since it 
gave large pore volume (Figure 2b) which it provided high drug loading.   
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Figure 4. Releasing profiles of indigo carmine from nanoporous silica at various 
reaction times and reaction temperatures (a) non-hydrothermal (b) 
hydrothermal at 3 hrs.

CONCLUSION

          The releasing behavior of indigo carmine was affected by pore diameter 
and amount of silanol group. The low synthesis temperature (30°C) provided 
small pore diameter. The drug can not go through the pore cavity thus, the drug 
on external surface only released. Pore size can not control the rate of releasing 
which showed fast rate. The longer reaction time showed the reduction of silanol 
group due to over polymerization. The interaction between drug and silanol group 
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was reduced which fast releasing still obtained. Therefore, the suitable condi-
tions should to be high temperature but short reaction time. This condition gave 
the slowest releasing. The effect of hydrothermal treatment expanded pore size 
and increased pore volume. The drug can transfer to inside easily and large pore 
volume collected large amount of drug loading. However, the hydrothermal treat-
ment affected silanol group reduction. From this study, nanoporous silica should 
to develop surface feature such as functionalize on the surface to obtain more 
interaction between drug and surface which will reduce releasing rate.
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