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 This study presents the synthesis and characterization of silica-modified 

polyaniline/zinc oxide (SM-PANI/ZnO) nanocomposites prepared by in situ oxidative 

chemical polymerization of PANI and chemical bath deposition of ZnO. Scanning 
electron microscopy images revealed that the morphology of ZnO grown on top of SM-

PANI exhibit sea-urchin-like nanostructures, while SM-PANI exhibit rod-like 

nanostructures. Fast Fourier transform infrared spectroscopy confirmed the presence of 
signature peaks of the PANI emeraldine salt and emeraldine base. Ultra violet-visible 

spectroscopy furthermore showed the prominent peaks signifying that the grown PANI 

is emeraldine base that might be triggered via doping of HCl. Presence of two 
absorption peaks assigned to the π-π* transition and polaron band transitions are 

observed. 
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INTRODUCTION 
 

 In the recent years, a growing number of scientific reports have been observed concerning hybrid 

nanocomposites to create new electronic devices with enhanced performance efficiency. The developments of 

these hybrid nanocomposites  have  been  receiving  significant  attention  due  to  its  high  absorption  in  the  

visible  part  of  the spectrum and high mobility of the charge carriers that would offer wide range of potential 

applications (Ameen et al.,2009). These hybrid nanocomposites have reduced size that offer high surface or 

volume ratios. Combining the nanoparticles of organic conjugated polymers and inorganic materials to form 

hybrid nanocomposites leads to new materials suitable for new electronic devices. 

 One of the nanocomposites that attracted the scientific community is polyaniline and zinc oxide 

(PANI/ZnO) because it could combine the advantages of PANI and ZnO within a single material. This new 

nanocomposite material can be used in several electronic devices including solar cells. PANI is widely 

considered for rigorous studies because of the presence of the reactive NH– groups in the polymer chain (Liu, 

2008), and can be used in broad applications due to its physical and chemical properties, excellent electrical 

conductivity, high environmental stability, low cost (Stejskal et al., 2008), facile fabrication and possibility of 

both chemical and electro-chemical syntheses (Riede et al., 2002). Due to  several  advantages  over  the  other  

methods,  oxidative  polymerization  is  the  most  popular  procedure  in synthesizing  PANI  due  to  its  low  

cost,  reliability,  and  environmentally  friendly  synthetic  routes,  and  provides rigorous control of the size 

and shape of the nanostructures (Riede, 2000). Moreover, silica is incorporated to PANI as steric stabilizer 

which acts as limiting director for growth of PANI on the substrates (Stejskal et al., 2002). It has been reported 

that silica enhances the nucleation and agglomeration of PANI on the substrates, preventing the occurrence of 

macroscopic agglomeration that led to formation of thinner PANI films (Stejskal, 2002). ZnO on the other 

hand, has been widely studied because of its easy synthesis, non-combustible and poses no threat to the 

environment. Additionally, ZnO nanostructures can be easily synthesized via chemical bath deposition method 

which is simple and low-cost technique. This technique can easily control the precipitation of the compound 

from the solution (Wang et al, 2007). 

 With the increasing awareness of humanity on the environmental problems particularly in finding 

alternatives to fossil fuels and using solar devices that provide no threat to the environment, the requirement of 

producing these kinds of nanocomposites has greatly increased. In this study, hybrid nanocomposites have been 

fabricated by synthesizing silica-modified PANI/ZnO nanocomposites on glass substrates via in situ oxidative 

polymerization of PANI  and  chemical  bath  deposition  of  ZnO.  The  characterization  had  been  carried  
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out  by  Scanning  Electron Microscopy  (SEM)  to  determine  the  morphology,  Fourier Transform Infrared  

(FTIR)  Spectroscopy  for  vibration modes, and Ultraviolet-Visible (UV-Vis) Spectroscopy for absorbance 

spectra of the nanocomposites. 

 

Experimental Procedures: 

Preparation of Substrates: 

 Rectangular glass slides with dimension 26 mm x 76 mm x 1 mm served as substrates of the 

nanocomposites. These substrates are washed with acetone, ethanol, 1M HCl and distilled water. The washing 

procedure using acetone removes oils and inorganic substances present in the substrate, while ethanol and 1M 

HCl remove the residues of acetone and the oxides in the substrates, respectively. The substrates are then dried 

at room temperature. 

 

Synthesis of silica-modified PANI nanostructures: 

 Synthesis of PANI is carried out via oxidative polymerization and incorporation of silica which is 

extracted from rice husks ash. The in situ oxidative polymerization of PANI is performed by dissolving aniline 

in HCl and mixed with ammonium peroxydisulphate as the oxidizing agent. The polymerization of aniline is 

done in acidic medium where aniline exists as an anilinium cation. To minimize the presence of residual aniline 

and to obtain the best yield of PANI, the stoichiometric peroxydisulphate/aniline ratio is maintained at 1.25. 

After achieving homogeneity between aniline and 12M HCl, silica powder is added to the solution. Both 

solutions are left for an hour at room temperature. The solutions are then rapidly mixed inside the beaker. The 

substrates are  placed  inside  the  beaker  where  polymerization  is  carried  out  for  five  hours.  The  

substrates  are immediately removed  and washed  with 0.2 M hydrochloric acid  and  ethanol to  remove the  

residual monomer, oxidants and its decomposition products; and to remove low-molecular-weight organic 

intermediates and oligomers, respectively. The samples are then dried at room temperature. 

 

Synthesis of ZnO nanostructures: 

 ZnO is prepared via chemical bath deposition method (Quilaton, 2009) by adding ammonium hydroxide 

(25% ammonia solution) to an aqueous solution of zinc sulphate which will react forming a white precipitate. 

Ammonium hydroxide is added to distilled water. Another solution is prepared by mixing zin c sulphate 

powder with distilled water. The two solutions are then stirred in a beaker, placed in the bath, using a magnetic 

stirrer having a 360 rpm. After 30 minutes, the bath is heated, maintaining the temperature to 70 0C for 5 

hours. After 5 hours, the substrates are then dried at room temperature. 

 

Characterization of nanocomposites:  

 The nanocomposites are characterized using Scanning Electron Microscopy- Energy Dispersive X-ray 

(SEM-EDX) for surface morphology and elemental composition, Ultraviolet-Visible (UV-Vis) Spectroscopy for 

absorbance spectra and Fourier Transform Infrared (FTIR) Spectroscopy for vibration modes of the 

nanocomposites. 

 

RESULTS AND DISCUSSION 
 

Surface morphology of silica-modified PANI/ZnO nanocomposites: 

 Surface morphologies of the silica-modified PANI, ZnO and silica-modified PANI/ZnO nanocomposites 

with different nanostructures are shown in Fig. 1. As- grown PANI and ZnO nanostructures on SEM 

micrographs revealed the presence of rod-like PANI nanostructures and ZnO nanorods as shown in Fig 1(a) 

and 1(b). PANI/ZnO nanocomposites exhibit sea-urchin-like nanostructures of ZnO and rod-like 

nanostructures of SM-PANI grown underneath. 

 

 
 

Fig. 1: SEM micrographs of (A) as-grown PANI rod-like nanostructures, (B) as-grown ZnO nanostructures,  

and (C) silica-modified PANI/ZnO nanocomposite. 
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 The formation of SM-PANI rod-like nanostructures shows uniform agglomeration due to aniline oligomers 

which initiated the growth of PANI with silica. Instead of the formation of PANI precipitates on the substrates 

that usually leads to the formation of non-uniform agglomerates, the presence of dispersed silica produces more 

pronounced rod- like PANI nanostructures. The addition of silica during the synthesis of PANI produced more 

uniform nanostructures because silica acts as limiting director for growth of PANI on the substrates (Stejskal 

et al., 2002). It is believed that the inorganic-organic interaction prevented the macroscopic agglomeration to 

occur because of the H-bonding between the amine of the aniline and the silanol of the silica (Zhang et al., 

2007). The H-bonding pushed the polymer chains apart inhibiting occurrence of secondary growth; thus 

forming thin rod-like nanostructures. 

 Furthermore, SEM micrographs revealed the formation of sea-urchin-like ZnO nanostructures. This sea-

urchin-like structure formation can be attributed to the formation of zinc hydroxide Zn(OH)2  after mixing 

the zinc sulphate ZnSO4 and ammonium hydroxide. This will served as the seed nuclei to form sea-urchin-like 

nanostructure. 
 

FTIR Spectroscopy Results: 

 The FTIR spectra of SM-PANI, ZnO and silica-modified PANI/ZnO nanocomposites are shown in Figure 

2. The characteristic absorption bands of SM-PANI can be observed at 779.71 cm-1 (C-N-C bonding of 

aromatic ring) and 1057.91 cm-1 (symmetric stretching of the Si-O bond). It is observed that the characteristic 

peaks of PANI and SiO2 exist at 1301.63 cm-1 and 1494.03 cm-1 (C-N stretching of benzenoid ring) and 

1579.55 cm-1  (CQN stretching of quinoid ring). The SM-PANI/ZnO nanocomposites exhibit additional peaks 

at 874.06, 1057.91, 1498.31, and 1596.65 cm-1. 

 

 
 

Fig. 2: FTIR spectra of SM-PANI, ZnO and SM-PANI/ZnO nanocomposites.. 

 

 
 

Fig. 3: UV-Vis spectra of SM-PANI and SM-PANI/ZnO nanocomposites. 
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 Furthermore in silica-modified PANI/ZnO nanocomposites, a broad peak appeared in 3336.86 cm-1  

which might be attributed  to  the  interaction  between  ZnO  nanostructures  and  silica-modified  PANI  by  

formation  of  hydrogen bonding between H-N and oxygen of ZnO. The peak displacement which was 

observed in the FTIR spectra may be associated to the formation of hydrogen bonding between ZnO and the 

N-H group of silica-modified PANI on the surface of the ZnO nanostructures which influence the electron 

densities of the silica-modified PANI. 

 On the other hand, SM-PANI/ZnO nanocomposites and silica-modified PANI, the characteristic peaks of 

emeraldine salt (ES) appeared at 1488-1498 cm-1  and 1579-1588 cm-1  except that for as-grown silica-

modified PANI it has greater intensity compared to the nanocomposites. The band characteristic of conducting 

protonated ES form is observed at 1488-1498 cm-1  and this can be interpreted as originating from bi-polaron 

structure, related to C-N stretching vibration. The peaks at 1579-1588 cm-1 confirmed the presence of 

protonated imine function. 

 

UV-Vis Spectroscopy Results:  

 UV-Vis spectrum of as-grown silica-modified PANI and silica-modified PANI/ZnO nanocomposites are 

shown in Figure 3. It is observed that the silica-modified PANI/ZnO nanocomposite has two characterization 

absorption bands at around 330 nm and 628 nm that is attributed to the π- π* transition of the benzenoid ring 

and n- π* transition of the benzenoid to quinoid, respectively. It was found that the UV spectra of SM- 

PANI/ZnO nanocomposites shifted peak as compared to PANI. Furthermore, by addition of ZnO nanostructures 

to the silica-modified PANI, intensity of the peak around 615-628 nm increased due to the interaction between 

ZnO nanostructures  and  silica-modified  PANI  molecules,  and  wavelength  decreased  due  to  the  

interaction  between oxygen in ZnO nanostructures and –NH in PANI. In addition, the peak of silica-modified 

PANI around 336 nm is based on the π – π* transition of the benzenoid ring. 

 

Conclusion: 

 Synthesis of silica-modified PANI/ZnO nanocomposite was successfully fabricated via in situ oxidative 

polymerization to synthesize  PANI incorporated  with silica, and  chemical bath deposition  to synthesize  

ZnO. In  fabricating  the nanocomposites, nanostructures of the silica-modified PANI/ZnO were investigated. 

SEM images showed the morphology of SM-PANI/ZnO nanocomposites with ZnO sea-urchin-like 

nanostructure and rod-like silica-modified PANI nanostructures. With the presence of sea-urchin-like ZnO 

nanostructures, the feasibility of having even better optical properties was shown. Furthermore, as-grown silica-

modified PANI, as-grown ZnO and silica-modified PANI nanocomposites were characterized using the FTIR 

technique showing signature peaks of the nanocomposite materials. With the results obtained from UV-Vis 

spectroscopy, it was observed that spectrum showed prominent PANI peaks. For solar cell application, this 

verifies the solar irradiance absorbance of ZnO which can be optimized to absorb lights at the ultraviolet region 

and visible region if combined with silica-modified PANI. 
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