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Abstract 

 Mesoporous silica network nanotubes were fabricated using both organic and inorganic templates such as 

citric acid (CA), cetyltrimethylammonium bromide (CTAB), and sodium bicarbonate (SBC). The phase analysis of 

synthesized silica network was confirmed by X-ray diffractometer (XRD) analysis, and the present functional 

groups were revealed by Fourier Transformer Infrared Spectroscopy (FTIR) and the formation of tubular 

morphology was analyzed by Transmission Electron Microscopy (TEM). The mesoporous nature of each template 

sample was studied using Brunauer–Emmett–Teller (BET) instrument. The surface area and porous size were 

calculated successfully for fabricated silica network nanotubes. 
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1. Introduction 

 Last two decades, tubular two-dimensional unique structured silica nanotubes show a special interest in 

developing the drug delivery system, catalysis, and biomedical applications [1-4]. The important property of silica 

nanotube is biocompatibility, superior mechanical property, excellent hydrophilic in nature especially easy 

acceptability of surface functionalization on both inner and outer wall due to presence of silane group and adjustable 

pore size and large surface area [5,7]. Mostly the synthesis of metal inorganic single-wall nanotubes by several 

routes such as thermal evaporation, centrifugal jet spinning, and template-directed sol-gel [8-11]. Among them, the 

template-directed sol-gel pathway is a very favorable method to prepare the facilely adjusted silica nanotube using 

the suitable templates [12], especially the long-chain organic surfactants offer to get unique inorganic oxide 

nanotubes with uniform porosity [13].  In the drug delivery system, the pore size for drug carrier, drug stability, drug 

solubility, bioavailability, biocompatibility, drug-releasing rate, and dissolution rate are very important parameters. 

The inorganic materials those are having a rigid structure with a mesoporosity nature which is inhibiting the drug 

molecules aggregation; this is the major advantage for the stability of the drug into the career [6]. The controlled 

drug release is another important thing, which is based on the physical interaction between the career and the drug 

molecule. For that, the career should be easy to functionalize and aid in making hydrogen bonding to control the 

release of the drug on the target site [14]. The silica nanotubes are excellent promising materials for satisfying the 

above properties to the controlled delivery of the drug on the targeted location. The porosity is one of the very 

important vital roles in the drug delivery system. Both inorganic and organic templates modification pores are used 



as specific applications. But the organic templates modified porous silicates can give the precise, controlled release 

of the drug on the suitable biological environment [15]. In this study, the silica nanotubes were fabricated using 

different types of organic and inorganic templates and analyzed their porosity nature for drug delivery application.  

2. Experimental 

 The synthesis of silica nanotubes was carried out at room temperature. The double-distilled water, ethanol, 

TEOS, citric acid monohydrate, and ammonia were used as the starting materials, and all are in research grade. The 

mixture of 1.5 ml water and 60 ml of ethanol was taken under stirring conditions followed by the addition of 12 ml 

of TEOS, 28% aqueous solution of 24 ml ammonium hydroxide with 360 mg of citric acid monohydrate was added 

into ethanol. The ethanolic solution was added to the TEOS mixture under stirring conditions. The precursor mixture 

was stirred continuously until it reaches the homogeneous condition. The formed gel was centrifuged and washed 

with distilled water and dried in a hot air oven at 80˚C for about 24 h. Finally, the fabricated product was calcinated 

at 500˚C for about 2 h with the heating rate at 1˚C per minute. In order to obtain silica nanotubes with different pore 

sizes, CTAB and SBC were used as a sacrificial template. 

3. Characterization 

 Transmission Electron Microscopy (TEM) images were taken with Tecnai G2 F30. The FTIR (Fourier 

Transfer Infrared Spectroscopy) were analyzed on BRUKER TENSOR 27 instrument with the frequency range from 

400 to 4000 cm-1. The XRD (X-ray Diffractometer) was used to phase analysis (Rigaku, Ultima-IV with Kα 

radiation (λ= 1.54187 Å) at 40 kV and 40 mV. The diffraction was implemented between 10˚ and 80˚ with 10˚ per 

minute scanning rate. The surface area and the porosity nature of the material have been analyzed by the BET 

instrument with the Belsorp program. 

4. Results and discussion 

4.1.  X-ray diffraction analysis 

 Figure 1 demonstrates that the XRD pattern for the as-prepared silica nanotubes such as SBC, CTAB, and 

CA. The amorphous silica frame formation has been broadly attributed at 23˚ with a slight alteration of intensity; 

this may be due to the nature of the template. We can conclude from the XRD pattern that the silica network is 

formed well using a different template without any other secondary phase. 



 

Fig. 1 XRD pattern for CA, CTAB, and SBC assisted silica nanotube 

4.2. Functional group revelation 

Figure 2 revealed that the FTIR spectra for all three different silica nanotube. The range between 750 cm-1 

and 1350 cm-1 has clearly proved that the formation of silica layer, the symmetric stretching frequency for Si-O-Si 

group was the band at 806 cm-1 [16], the broadband at 1100 cm-1 is due to oxygen asymmetric frequency mode, 

which may be due to existence of siloxane strained links and the presence of surface silanol groups. It favors the 

formation of siloxane bonding with the templates. The wide peak at 3452 cm-1 is indicated that the presence of 

atmospheric OH molecules.  



 

Fig. 2 FTIR analysis for CA, CTAB, and SBC template silica Nanotube 

4.3.  Transmission Electron Microscope (TEM) observation 

Figure 3 demonstrates the TEM images for synthesized silica nanotubes. Figure 3a (CTAB) clearly shows 

that several short-length tubes are agglomerated and hoarded with each other. The average outer diameter of the tube 

is 6 nm, and its length is approximately 36 nm. At higher magnification, it shows well-defined structured nanotubes 

because of the typical nanotubes having light in the shade, but the edges show very dark in color. It may be due to 

the structural property of the template. In figure 3b (SB) shows that the lump of silica particles having improper 

tubular formation with an agglomerate appearance. Even though at high magnification the figure 3c (CA) shows the 

improper formation of the tubular structure, it’s due to the binding nature of the citrate template. The TEM images 

for all the three different templates show the construction of hallow structure; the nanotubular structure of silica was 

an attempt in the CTAB assisted synthesis of silica nanotubes. This may be due to the different ionic arrangements 

on the template may affect the tubular structure. 



 

Fig. 3 Typical TEM images of a CTAB templated synthesized Si nanotube, b SB templated synthesized Si 

nanotube, c CA assisted synthesized Si nanotube. 

 

4.4.  The possible mechanism for the formation of silica nanotubes in the surfactant-assisted synthesis is given 

below. 

 In general, the quaternary cationic surfactant like CTAB [17, 18] is responsible for forming even surface 

tubular structures. The micelles predominantly build cylindrical hollow structures in aqueous conditions. The 

cationic species on the surfactant has arranged on the peripheral inorganic layer, which leads to organizing the 



arrangement of the hexagonal siloxane package. The TEOS hydrolysis starts with the addition of ethanol and 

ammonia, which govern the accumulation of anionic charge density on the surfactant/inorganic interface. Then, the 

hydrolyzed product undergoes polycondensation, and the hydrated SiO2 forms over the micelles. Upon calcination, 

the surfactants disappeared with the formation of a hollow tubular structure which illustration is shown in figure 4. 

 

  

Fig. 4 Illustration of silica nanotube formation mechanism using CTAB template 

 

4.5. Surface analysis 

The adsorption, desorption isotherm and pore size, surface area measurement details are provided in figure 5 

and figure 6. The obtained adsorption and desorption isotherm for the synthesized materials are in agreement with 

type II isotherm. Figure 5 exhibits that the adsorption and desorption were occurred in the first adsorption 

monolayer, for citric acid assisted silica nanotube has 40.85 m2/g surface area, and the surface area for sodium 

bicarbonate assisted silica nanotube is 44.46 m2/g. Many fold increment in the surface area (643 m2/g) of the silica 

nanotubes was observed for the cationic surfactant (CTAB) assisted synthesis it also shows the formation of 



monolayer adsorption. The vital parameters for the formation of hollow nanotubes are given in table 1, and its chart 

graph is shown in figure 6. Silica nanotubes with a large pore size (13 nm) were calculated for the sodium 

bicarbonate-assisted synthesis. In contrast, CTAB templated silica nanotubes show pore size considerably less in 

size (4.0 nm). The pore size difference for different surfactants solely depends on the ionic nature of the surfactants.  

 

Table 1 The vital parameters for the formation of hollow silica nanotubes 

Sample Code Surface Area (m2/g) Pore size (nm) 

SBC 4.45E+01 13 

CA 40.855 8.3749 

CTAB 643.03 4.0028 

 

 



 

Fig. 5 The adsorption and desorption curve for CA, CTAB, and SBC assisted silica nanotubes. 

 



 

Fig. 6 Pore size and surface area analysis of synthesized silica nanotubes 

5. Conclusion 

The organic and inorganic surfactants were used as templates for the development of silica nanotubes; 

among the surfactants, CTAB assisted synthesis provided perfectly shape silica hallows tubes. The fabricated tubes 



were characterized by various analytical tools such as XRD, FTIR, and TEM. The phase analysis was confirmed by 

XRD analysis, and functional groups were confirmed by FTIR revelation, and the tubular morphology was recorded 

by TEM. The fabricated tube’s porosity and surface area was calculated by BET analysis. The organic template of 

CTAB shows the high surface area and perfect tubular shape. Here we conclude that the CTAB template silica 

nanotube is a promising material for the drug delivery process.  
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