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 Background: Polyaniline (PAni) has been intensively studied due to its facile 

synthesis, low-cost,  environmental stability and unique optical, electrical and 

electrochemical properties. Also, silica (SiO2) gels have attracted researchers in various 
industrial fields due to their unique properties such as  high surface area, high porosity 

and low density. Combining these two materials will certainly show improved 

properties with their individual characteristics synergized. Objective: This study 
explores the possibility of compositing PAni and SiO2 gel by growing PAni using 

ammonium peroxodisulfate (APS) and aniline doped with 0.6M HCl in SiO2 gel (from 

RHA) network by chemical oxidative polymerization. SiO2 gel, having high absorption 
due to its high porous structure, serves as a template for PAni growth. The morphology 

of the samples is assessed by SEM. Chemical bands and purity are analyzed using FTIR 
spectroscopy. Results:SEM images revealed that a highly porous SiO2 gel with a 

meshwork microstructure is produced and an agglomerated form of PAni is grown on 

the SiO2 gel network. In the FTIR results, the decrease on the polaronic bond of 
PAni/SiO2 gel which is coupled with the decrease of its Si-OH band indicates that the 

OH- ions of SiO2 bonded with the H+ of PAni thereby deprotonizing PAni and making it 

emeraldine base which is confirmed by the appearance of C-N stretching vibration in 
the neighborhood of quinoid ring at 1404 cm-1 typical of PAni emeraldine base . 

Moreover, the –C ̶ H outer plane bending of the benzenoid ring of PAni at 821 cm-1 

overlapped with the Si-O-Si band at 802 cm-1 of SiO2 gel causing a shifting of peak 

which indicates strong bonding between PAni and SiO2. Conclusion: SiO2 gel with 

porous microstructure was successfully produced from rice husk ash (RHA). 

Emeraldine salt PAni was converted to emeraldine base when grown on SiO2 gel.PAni 
grown in SiO2 gel has similar morphological and chemical properties with neat PAni 

powders indicating that PAni was successfully grown in the SiO2 gel network. 
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INTRODUCTION 

 

 Organic-inorganic semiconductors have been intensively studied due to its wide range of potential use. 

These newly synthesized hybrid materials were found to have better mechanical, physical and chemical 

properties and can be used in variety of technological applications such as chemical sensors, optical devices and 

electronics, just to name a few (Salinas-Torres et al., 2011).  

 Among the most investigated hybrid materials is polyaniline/silica. Polyaniline (PAni), one of the most 

important conducting polymers, has been intensively studied due to its facile synthesis, low-cost, environmental 

stability and unique optical, electrical and electrochemical properties (Geneis et al., 1990). In recent decades, 

extremely promising applications for PAni have been reported in optical (Zhang et al., 2006) and nanoelectronic 

devices (He et al., 2001), batteries (Grgur et al., 2008) and sensors (Milczarek, 2008). Recently, it has been 

found that compositing PAni with inorganic components enhanced modulus, transparency, surface hardness and 

heat resistance (Novak, 1993). 

 One of the most attractive materials for inorganic membranes is silica (SiO2) aerogel. Recently, SiO2 

aerogels have attracted the attention of researchers in various industrial fields due to their unique properties and 

applications in wide variety of technological areas such as catalysts and catalytic supports, transparent thermal 



311                                                               G M. Poralan Jr., et al, 2014 

Journal of Applied Science and Agriculture, 9(11) Special 2014, Pages: 310-315 

 
insulators, membranes, radio luminescent devices, drug release systems. These compounds are nano-structured 

materials with high specific surface area, high porosity, low density, low dielectric constant and excellent heat 

insulation properties (Soleimani Dorcheh and Abbasi, 2008).  

 Recently, there have been studies on PAni incorporated in porous SiO2 gel. Weng et al., (2011) synthesized 

electroactive SiO2 mesopores by encapsulating different loadings of PAni chains into a SiO2 network through 

sol–gel reactions of TEOS in the presence of PAni latex with Dglucose. The electroactive SiO2 mesopores at 

higher PAni loading was found to reveal higher surface areas, larger pore volume, and slightly larger pore 

diameters as compared to that of neat non-electroactive SiO2 mesopores. Another recent study was done by 

Boday et al., (2012) wherein strong, electrically conducting aerogels were prepared by introducing PAni 

nanofibers to a SiO2 sol (from TEOS) just prior to gelation and drying through supercritical carbon dioxide 

processing. Results showed that addition of a few milligrams of PAni per cm
3
 increased the flexural strength of 

the cylindrical monoliths by 200%. The used of preformed polymeric nanofibers avoided filling of 

microporosity and allowed preparation of polyaniline–silica composite aerogels with higher surface areas. The 

composite aerogels were electrically conducting despite the small amount of PAni nanofibers. Lastly, the 

samples can be used as chemiresistor sensors for detection of acidic (HCl) and basic (ammonia) gaseous 

molecules with response times similar to thin film sensors. 

 However, the above researchers failed to explain how PAni is bonded and incorporated into the SiO2 gel 

network. Furthermore, the above researches used preformed PAni mixed on SiO2 gel which might result to less 

incorporation and bonding than growing PAni directly into the SiO2 gel network. Also, the use of 

tetraethylorthosilicate (TEOS) or tetramethylorthosilicate (TMOS) as organic precursor of silica gel is so 

expensive that SiO2 aerogel production in an industrial scale is not economically feasible. TEOS and TMOS are 

also found to be toxic to human and aquatic organisms. Hence, production of SiO2 aerogel from low-cost 

material has been an important topic in aerogel research.  

 Rice husk ash (RHA), an industrial waste from burnt rice husk, can be a potential alternative to expensive 

organic precursors due to its high SiO2 content. There have been many researches on SiO2 extraction from rice 

husk ash (Aseneiro et al.,2010)(Liu et al., 2011), (Rafiee et al., 2012), (Li and Zhu, 2011) and even synthesis of 

SiO2 aerogel from this material (Tadjarodi et al., 2012),(Nayak and Bera, 2009), (Tang and Wang, 2005), 

(Parvathy Rao et al., 2005).  

 From these, the study aims to synthesizeSiO2 gel from RHA and polymerized on-site PAni in its network.  

Also chemical bonding and incorporation as well as the effect of growing PAni in SiO2 gel will be 

investigated.The morphology of the samples was assessed by SEM. Chemical bands and purity was analyzed 

using FTIR spectroscopy. 

 

Methodology: 

1.1.  Silica gel preparation: 

 Rice husk ash was leached using 1M HCl in order to dissolve the oxides and metallic minerals present in 

the ash. In leaching, RHA was mixed with 1M HCl and stirred continuously using a magnetic stirrer with hot 

plate at 800 rpm. In order to ensure reaction, the temperature in the hotplate was maintained at 80°C for 2 hours. 

Afterwards, the sample was washed with distilled water and oven-dried. With SiO2 present in the sample, RHA 

was dissolved with NaOH. The chemical reaction would be: 

SiO2 + NaOH               Na2SiO3 + H2O. 

 By addition of H2SO4 to the solution, the reaction  yield silica (SiO2), sodium sulfate (Na2SO4), and water 

(H2O) as shown by the chemical equation: 

Na2SO4 + H2SO4                    SiO2 + Na2SO4 + H2O. 

 To remove the presence of sodium sulfate, the sample was washed with distilled water. 

 

1.2 Polyaniline/silica gel preparation: 

 For PAni preparation, 5.71 g of APS was dissolved to 50 mL with 0.6M  HCl in a magnetic stirrer for 30 

minutes. At the same time, 1.83 mL of aniline was diluted to 50 mL with 0.6M HCl in a magnetic stirrer for 30 

minutes. After stirring, the two solutions were mixed into a beaker with temperature and time noted. When the 

solution reached the highest temperature, silica gel was added into the solution and PAniwas allowed to 

polymerize into the SiO2 gel matrix for 24 hours. After polymerization, the sample was washed with 0.2 M HCl 

and filtered. After HCl washing, the sample is washed again by ethanol and filtered. The sample is then dried at 

room temperature for 24 hours and oven-dried at 100°C for the next 24 hours. 

 

1.3 Characterizations: 

 The morphology of the samples was viewed through Scanning Electron Microscopy (SEM) using JEOL 

JSM-6510LA Analytical SEM. The identification of the functional signature bands of the chemical compounds 

present in the samples was characterized using Perkin Elmer Spectrum 100 FTIR Spectrometer using KBr pellet 



312                                                               G M. Poralan Jr., et al, 2014 

Journal of Applied Science and Agriculture, 9(11) Special 2014, Pages: 310-315 

 
technique in the range of 450–4000 cm

_1
 using KBr pellets. The IR spectra were graphed using Qtiplot free 

software. The presence of the signature peaks contributed from the precursors was identified. 

 

Results: 

 The following results are the micrographs of the samples as seen from SEM and the absorption spectra as 

characterized by FTIR spectroscopy. 

 The morphological feature of the SiO2 powders and SiO2 gel observed by SEM is shown in Figure 1. As 

can be seen from Figure 1a, the SiO2 powders have a porous flaky structure with multifaceted particle shape and 

size whilethe produced SiO2 gel, as seen from Figure 1b, has a highly porous morphology with a meshwork 

microstructure. 

 

 

    

 

 

 

 

 

 

 

 

   

 

Fig. 1: The SEM micrographs of (a) leached SiO2 powders and (b) SiO2 gel. 

 

 Figure 2 and 3 shows the morphological feature observed by SEM of the neat PAni powders and the 

composited PAni and SiO2 gel by growing PAni using ammonium peroxodisulfate (APS) and aniline doped 

with 0.6M HCl into SiO2 gel network by chemical oxidative polymerization. As can be seen from Figure 2, neat 

PAni powders have a homogeneous agglomerated structure. PAni/SiO2 gel (Figure 3) shows the presence of 

aggregates of PAni deposited on the SiO2 gel network and distributed irregularly on the surface. Nevertheless, at 

higher magnification PAni/SiO2 gel has similar structure on that of neat PAni powders. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: The SEM micrographs of neat PAni  powders at (a) 1000x and (b) 15 000x magnification. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: The SEM micrographs of PAni/SiO2 gel at (a) 1000x and (b) 15 000x magnification. 
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 Figure 4 shows the FTIR spectra of leached rice husk ash (RHA) as SiO2 source and SiO2 gel from RHA.  

The broad band near (a) 3440 and the band at (d) 1637 cm
-1

 belong to the water hydroxyl groups absorbed on 

the surface and the bending of H-O-H bonds, respectively. The observed band at (i) 477 cm
-1

 is the bending 

vibration of O-Si-O bonds. The bands at (e) 1100, (g) 880, and (h) 802 cm
-1

 correspond to the Si-O-Si stretching 

vibrations.  These peaks are the characteristic peaks of gel structure.The band at (f) 964 belongs to the stretching 

of the Si-OH bonds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4:  FTIR spectra of SiO2 powders and SiO2gel with peaks at (a)3440 , (b)2977, (c) 2897, (d) 1637, (e) 1100, 

(f) 964, (g) 880, (h) 802, and (i) 477 cm
-1

. 

 

 Figure 5 is the graph of the composited PAni and SiO2 gel in comparison with Neat PAni doped with 0.6M 

HCl and SiO2 gel. Neat PAni has a broad band at wavenumber greater than 2000 cm
-1

. This band is due to the 

free-charge carrier absorption in the doped polymer which is an indication of a conducting form of PAni.  The 

bands at 1567-1580 cm
-1

 and 1481 cm
-1

 correspond to the quinoid and benzenoid ring of PAni, respectively. 

These characteristic peaks of PAni are also present in the PAni grown in SiO2 gel. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5:  FTIR spectra of PAni/SiO2 gel (doped with 0.6M HCl), neat PAni (doped with 0.6M HCl) and SiO2 gel. 

 

3. Discussions: 

3.1 Silica gel from rice husk ash (RHA): 

 The morphological feature of the SiO2 gel observed by SEM showed that the produced SiO2 gel is a highly 

porous material with a meshwork microstructure compared to that of silica powders. This makes the produced 

SiO2 gel a highly reactive template for PAni adsorption and growth. 

 The FTIR spectrum of the producedSiO2 gel from RHAshows the characteristic peaks of a gel structure. It 

is worth noting that peaks 802 and 1100 cm
-1 

of SiO2 gel are much more intense and define compared to that of 

leached RHA (SiO2 powders) which implies successful synthesis of SiO2 gel from RHA. Also, peak 880 

whichcorrespond to the Si-O-Si stretching vibrations only appears in the SiO2 gel sample and not in RHA.  

 

3.2 Polyaniline/silica gel: 

 The morphological feature observed by SEM of the composited PAni and SiO2shows highly similar 

structureto that of neat PAni powders indicating that PAni was successfully produced and grown on the silica 

gel network. 

 The FTIR spectrum of PAni/SiO2 gel show characteristic peaks of PAni indicating that PAni is successfully 

synthesized on the SiO2 gel network.Moreover, neat PAni has a clear and sharp peak at 1304 cm
-1 

which 

corresponds to the C-N stretching of the polaron structure of PAniindicating that the produced sample is 
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dominantly emeraldine salt. However, there is a large decrease of the intensity of this peak for PAni/SiO2 gel. 

This decrease of the polaronic band of PAni/SiO2 gel is also coupled with the decrease of its Si-OH band at 970 

cm
-1

as shown in Figure 6.This indicates that the OH of SiO2 bonded with the H
+
 of PAni thereby deprotonizing 

emeraldine salt PAni and converting it to emeraldine base which is confirmed by the appearance of C-N 

stretching vibration in the neighborhood of quinoid ring at 1404 cm
-1 

typical of PAni emeraldine base as shown 

in Figure 7. 

 The absorption peak of neat PAni at 1145 cm
-1

 is attributed to the vibration of –NH+ usually formed upon 

the protonation of amine group. This band overlapped with the Si-O-Si peak of SiO2 gel thereby causing a large 

shift of the peak. This overlapping and shifting of peaks indicate strong bonding between PAni and SiO2. 

Furthermore,the peak at 821 cm
-1

 corresponding to the aromatic ring and out of plane due to –C-H outer plane 

bending of the benzenoid ring and the peak at 802cm
-1

corresponding to the Si-O-Si of silica gel overlapped with 

each other causing an 18-unit shifting on the observed PAni/SiO2 gel spectrum as shown in Figure 7. This is a 

further indication that PAni and SiO2 are strongly bonded. 

  

 

 

 

 

 

 

 

 

 

Fig. 6: Decrease of the polaronic and Si-OH peaks of PAni/SiO2 gel. 

 

 

 

 

 

 

 

 

 

 

Fig. 7:  Appearance C-N stretching vibration in the neighborhood of quinoid ring at 1404 cm
-1 

and overlapping 

of peaks at 800-830 cm
-1

. 

 

Conclusion: 

 SiO2 gel from RHA was successfully prepared and PAniwas successfully synthesized in the silica gel 

network. Results reveal a highly porous microstructure of silica gel and an agglomerated PAni structure 

deposited on SiO2 gel network. Emeraldine salt PAni is converted to emeraldine base when grown on SiO2 gel 

due to deprotonization caused by the bonding of OH
-
 ions of SiO2 with the H

+
 of PAni. Overlapping and shifting 

of peaks of the resulting PAni/SiO2 gel indicated strong bonding between PAni and SiO2. The similarity of the 

morphological and chemical property of PAni/SiO2 gel to neat PAni further indicates successful incorporation 

of PAni in the SiO2 gel network. 
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