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ABSTRACT 
Background: Production of mesoporous silica nanoparticles and its conceivable applications in the fields of 
chromatography, surface polishing, catalysis and drug delivery etc. has gained momentum recently. We demon-
strate here an efficient methodology for the amicable synthesis of silica balls consisting of mesoporous silica 
nanoparticles (SiO2-NPs) by using a secretary protein (bioremediase). The protein was isolated from a thermo-
philic non-pathogenic bacterium BKH1 (GenBank Accession No. FJ177512).  
Methods: Silica ball was formed at ambient temperature by mixing the dissolved bacterial protein dropwise to 
an organic precursor tetra-ethyl-orthosilicate (TEOS) solution at neutral pH environment. Surface morphology 
and compositional studies of prepared silica ball were carried out by using High-Resolution Transmission Elec-
tron Microscope (HRTEM) and Field Emission Scanning Electron Microscope equipped with Energy Disper-
sive X-ray Analyzer (FESEM-EDX). Fourier Transform Infrared Spectroscopy (FTIR) and X-ray diffraction 
(XRD) studies were further carried out for auxiliary characterization to determine the nature of SiO2-NPs. Sta-
bility of the as prepared SiO2-NPs was determined by noting the Zeta potential (ζ). The dye degradation activity 
of the silica balls was noted against different dyes. 
Results: Silica ball thus formed consisted of silica nanoparticles whose average dimensions were 20 ± 10 nm (n 
= 100). The size of the silica ball and also the sizes of the constituents’ nanoparticles depend on the protein con-
centration in the reaction mixture. The result of zeta potential implied the moderate stability of SiO2-NPs at neu-
tral pH environment. The SiO2-NPs showed green fluorescence emission which might have feasibly applica-
tions in the field of biomedical imaging. The decolourizing effect of silica ball on various dyes is a cost effec-
tive phenomenon as it can be used repeatedly.  
Conclusion: The protein-assisted silica balls preparation has a special consequence as it is an environmentally 
benign, lucrative and one pot synthesis approach which could be used repeatedly for various biomedical and 
chromatographic packing purposes. 
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INTRODUCTION 
There is an immense compact of interest in the field of nanoscale particles like mesoporous silica and its con-
ceivable applications in the different fields like chromatographic, surface polishing, catalysis, medical implants, 
and drug delivery etc. [1-3]. Silica nanoparticles (SiO2-NPs) have fascinated considerable attention from re-
searchers due to their enormous potential applications. First, the band gap of a-SiO2 is very large which means 
that vacuum ultraviolet excitation is needed for optical experiments. Second, the fact that the material is amor-
phous allows for a wide variety, and greater number, of atomic-scale defects than would be accommodated by 
the ordered structure of a crystal. As a result, many of the optical and electronic properties of a-SiO2 are domi-
nated by these defects which have, therefore, been the focus of much of the research on this material. The de-
fects may be extremely important, by the way, in both electronic and optical applications of a-SiO2. Defects in 
thermal oxides on Si devices, especially if charged, can influence carrier mobility near the surface as well as the 
threshold of field-effect transistors. Defects in optical fibres may limit the ultimate optical attenuation either by 
absorption or scattering.  

Properties like biocompatibility, low toxicity, and scalable accessibility have fuelled studies that extent 
its reasonable applications from cell differentiation to drug or Si-RNA delivery systems and imagenology [4
-7]. However, conventional methods for the production of SiO2-NPs follow a self assembly mechanism 
where physical, chemical as well as structural properties of the nanoparticle (NPs) are controlled by both 
reactant ratios and investigational conditions [8-10]. Anderson et al. (1998) and others synthesized NPs us-
ing both charged and neutral templates and showed that the addition of co-solvent produced more spherical 
particles [11, 12].   

Present efforts are focused on the search for new biological synthetic routes for SiO2-NPs formation in-
volving lower costs and a less ecological impact while also maintaining both reproducibility and biocompat-
ibility. This work recommends a single step, rapid, convenient green technique for the formation of amor-
phous, along with thermally and chemically stable silica balls consisting of SiO2-NPs with controlled size 
using a microbial secretary bacterial protein (bioremediase), which can be used in cost effective manner in 
various purposes. Moreover, we have explored the characteristics of the final product with a view of the pos-
sible nanobiotechnological and optoelectronics applications, wherein properties such as size, dispersion, sur-
face charge of the SiO2-NPs are essential. 
 
MATERIALS AND METHOD  
The bacterial strain BKH1 (Gen Bank accession number FJ177512) was obtained from the Biophysics Laborato-
ry, Department of Physics, Jadavpur University [13]. The analytical grade TEOS was purchased from the 
Merck, USA. All other fine chemicals were purchased from Spectro Chem. Pvt. Ltd. India. 
 
Isolation and purification of the bioremediase Protein  
Bioremediase protein (UniProt Knowledgebase Accession Number P86277) is secreted by the bacterium 
BKH1 in the growth medium while growing in the medium. The protein was purified from 6 to 7 days old 
bacterial culture medium similarly as described by Biswas et al. [13]. Double step purification through Se-
phadex G-100 column chromatographic technique was employed to purify the enzyme. Biosilicification as-
say was done to ensure the silica leaching activity of the purified protein as described earlier [13].  
 

Bio-production of SiO2-NPs  
For the biosynthesis of silica ball consisting of SiO2-NPs, 100 µg purified bioremediase bacterial protein (1 
µg/10 µl deionized water) was added drop wise in a 1 ml organic silica rich substrate (TEOS, 0.1 mol/L) 
solution in a 5 ml plastic vial and kept at ambient temperature for 24 h at pH neutral condition. Same experi-
ment was performed by taking different concentrations of the protein (25, 50 and 150 µg respectively) sepa-
rately. After adding the protein, spherical ball like structure was formed within the reaction mixture. The bio
-transformed reaction commodities were collected using a long for-shape. Afterwards, the product was sub-
sequently washed twice with ethanol-deionized (DI) water solution and dried at 65 oC temperature in vacu-
um desiccators for 24 h. Finally, some of the dried balls were crushed by mortar pestle to get fine powder 
for further auxiliary characterizations. 

 
Optical and Electron Microscopic Characterizations  
The morphology of silica ball was studied by FESEM. The as-prepared silica ball was crushed into fine powder 
by using mortar-pestle. The SiO2-NPs powder sample was dispersed in DI-water and the optical characteriza-
tions were performed with UV-Vis spectrophotometer (UV-3101PC, Shimadzu) and fluorescence spectropho-
tometer (LS 50B, Perkin Elmer). The 280 nm was used as excitation wavelength (λexc). A pinch of SiO2-NPs 
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powder sample was taken, coated with gold for the surface morphology images and compositional studies of the 
SiO2-NPs were examined further in Field Emission Scanning Electron Microscopy (FE-SEM, FEI INSPECT 
F50, The Netherlands) equipped with Energy  dispersive spectrometer (EDX, Bruker System) using QUANTAX 
ESPIRIT 1.9 software. The morphological study of as-prepared SiO2-NPs was also performed by using a High 
Resolution Transmission Electron Microscopy (HR-TEM, JEOL JEM 2100, Japan). Samples for the TEM were 
prepared by drop casting the isolated and re-suspended solution on carbon coated copper grids.  
 
Zeta Potential 
The synthesized SiO2-NPs powder was dispersed in Milli-Q water and the particles size as well as zeta potential 
experiment was characterized through DLS (Zeta Sizer, Nano ZS 90, Malvern) experiment. 
 
X-ray Diffraction  
XRD measurements of as-prepared powder SiO2-NPs sample was carried out on a Bruker, D8 Advance, X-
ray diffractometre instrument operated at a voltage of 40 kV and a current of 40 mA with Cu-Kα radiation. 
 
FTIR and Raman Spectra Analysis  
FTIR was used to identify the chemical and functional groups involves in SiO2-NPs. The prepared SiO2-NPs 
powder was dried and crushed with KBr (1% wt), pelleted and the FTIR spectra were recorded on a FTIR-
8700, Shimadzu one instrument at a resolution of 4          cm-1.The Raman spectroscopy for the as-prepared 
SiO2-NPs was carried out using Laser Raman spectrometer (alpha 300, Witec, Germany) with the excitation 
wavelength of 532 nm and 20 mW output power for the irradiation time of 5 seconds. 
 

Thermo-gravimetric Weight-loss Analysis (TGA) 
The thermal stability of SiO2-NPs was observed by determining the weight loss of the sample against elevat-
ed temperature in TGA/SDTA 851 eMettler Toledo thermal analyzer system. 

 
Photo-catalytic Activity of SiO2-NPs for Decolourization of Dyes 
The photo-catalytic of the as prepared silica balls containing SiO2-NPs was tested for decomposing various 
dyes (Methylene blue, Methyl orange and Bromophenol blue). The silica ball was immerged in a 100 ml 
solution of a dye (10 µM) and incubated for several minutes at room temperature. The optical density of the 
dye solution was checked at different intervals (5 min) at respective absorption maximum of the correspond-
ing dye. Percentage of decolourization of the dye was determined and plotted in the graph. The same silica 
balls were repeatedly used for decolourization of different dyes. After each degradation reaction, the silica 
balls were washed repeatedly with deionized water: acetone (1:1 v/v) and then air dried for next experi-
mental purposes.  
 

Statistical analysis 
For each experiment prepared sample was tested repeatedly to confirm the obtained results.  

 
RESULTS AND DISCUSSION 
Morphological and Compositional Characterization of SiO2-NPs 
Formation of silica balls by using bioremediase protein is shown in the Fig. 1. The size of the ball depends 
on the protein concentration as observed visually. The FESEM image of the   silica ball surface showed that 
the ball consisted of mostly silica nanoparticles along with some silica nano-ball of bigger sizes (Fig. 2).  

The formation of silica ball consisting of silica nanoparticles was observed by the FE-SEM image (Fig. 
3A), TEM image (Fig. 3B) and confirmed by EDX analysis (inset of Fig. 3A). The results suggested that 
SiO2-NPs assembled to from silica ball due to the interaction of bioremediase protein and TEOS solution. It 
similarly confirmed the successful synthesis of Si-NPs using bioremediase protein from TEOS as an organic 
precursor [14]. The synthesized Si-NPs were quite regular in shape and consistently dispersed as observed in 
both FE-SEM and TEM images. The average size of synthesized SiO2-NPs was measured as 20 ± 10 nm (n 
= 100) when analyzed from both FE-SEM and TEM images. EDX analysis (Inset of Fig. 3) of the specimen 
indicated the two strong evidence peaks of Silicon (Si) and Oxygen (O2) that confirmed that powder form of 
sample consisted of Silicon (Si) and Oxygen (O2) with atomic wt. 33.33% and 66.67% respectively which 
corroborated to the previous result [15]. TEM image also suggested the amorphous nature of the as prepared 
SiO2-NPs.   
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FTIR and XRD Analysis 

FTIR spectra (Fig.4A) also indicated the successful synthesis of SiO2-NPs using bioremediase protein.  

Fig. 1: Photo-
graphic images of 
silica balls formed 
by the interaction 
of different concen-
trations of bacterial 
protein with TEOS 
at neutral pH. 

Fig. 2: FE-SEM 
image of silica ball 
and its constituents 
SiO2-NPs formed 
by the Interaction 
of bacterial protein 
with TEOS at neu-
tral pH.  

Fig. 3:    (A) FE-SEM image of constituents SiO2-NPs obtained from silica ball.  
  (B) TEM image of constituents SiO2-NPs obtained from silica ball. Inset of the Fig. 3 
shows the composition analysis by EDX of constituents SiO2-NPs obtained from silica ball.  
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The possible vibrational bands shown at 1097 cm-1 (νas: Si–O) and 790 cm-1 (νs: Si–O) were the two strong 
evidence of the formation of SiO2-NPs. The absorption bands appeared between 800 and 1269 cm–1 had been 
ascribed as a superimposition of assorted SiO2 peaks, Si–OH bonding and residual organic groups [14]. The 
amorphous nature of prepared SiO2-NPs was confirmed from the XRD observation (Fig. 4B), as there is no 
sharp crystalline diffraction peak [15, 16]. The broadness of XRD graph might be due to the small size as 
well as infectivity of inner configuration of the particles [16, 17]. 

 
 
 
 
 
 
 

Stability of SiO2-NPs 
The Zeta potential (ζ) of the SiO2-NPs was found to be (-) 30.9 mV (Fig. 5A) in balanced pH surroundings. 
SiO2-NPS were stable in nature and bounded with negative type of surface charges as it is the typical charac-
teristic of SiO2-NPs.  The nature of Zeta potential was negative which further suggested the good dispersion 
stability property as well as preventing the sample from further agglomeration. Fig. 5B indicated conven-
tional thermal properties of biosynthesized SiO2-NPs measured from room temperature (30 oC) to a very 
high temperature (800 oC) by using TGA method. TGA is mainly used for characterizing the structural prop-
erties as well as for confirmation of the thermal stability of the materials. A ceramic (Al2O3) crucible was 
used for heating and measurements were carried out in N2 atmosphere at the heating rate of 10 oC/min. It is 
known that all the water molecules of the surfactant are removed when temperature is raised nearly equal to 
130 oC [18]. There was practically no change in mass of the SiO2-NPs within the temperature range of 500 
to 800 oC which implied that the as-prepared SiO2-NPs could be used in chromatographic packing for its 
stability at higher temperature. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Optical Proper-
ties of SiO2-NPs  

Fig. 4: (A) FT-IR spectra of constituents SiO2-NPs obtained from silica ball when reaction mix-
ture contained 150 µg proteins (upper panel) and 100 µg proteins (lower panel) respectively.   
(B) XRD pattern of the as prepared SiO2-NPs obtained from silica balls at different concentra-
tion of proteins used.  

Fig. 5:(A) Zeta 
Potential (ζ) 
curve of synthe-
sized SiO2-NPs 
in neutral envi-
ronment.  
 (B) Thermo-
gravimetric anal-
ysis of weight-
loss curves for 
SiO2-NPs.  
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Fig. 5A represents the UV-Vis absorption spectra of SiO2-NPs when well dispersed in DI-water. It ob-
serves a small absorption peak centered at about 360 nm. The estimated band gap (Eg) of SiO2-NPs was 
found to be 3.4 eV which was similar to the previous data [15, 16]. The room temperature fluorescence 
spectra of as-prepared SiO2-NPs are shown in Fig. 5B. A broad emission observed at UV-region, which is 
composed of a sharp peak centered at 440 nm. The sharp visible (blue) emission peak may be due to the 
electron-hole recombination of the self-trapped exciton (STE). This peak is slightly blue shifted because of 
the smaller-sized SiO2-NPs as evident from the TEM image (Fig. 3B). The mechanism involved in blue 
band is an oxide associated process either from the oxide itself or from infectivity within structure of the 
oxide. However, sometimes the blue band could be resultant of a non-stoichiometric suboxide, SiOx (x < 2), 
having value of band gap smaller than that of SiO2. The appropriate justification for blue band formation 
from deficiency of non-bridging oxygen hole centre, or from infectivity of the oxide itself is now more eye-
catching. SiO2-NPs can be utilized in a range of biomedical applications like killing of unwanted bacteria 
with UV irradiation and use as an optical probe as well as optoelectronic devices for various medical diag-
noses by using the visible emission. 
 
Raman Spectra Analysis 
Fig. 7 illustrates room temperature Raman spectra of synthesized SiO2-NPs in a wavelength range of 4050–
50 cm_1. The Raman spectra of the prepared materials similarly confirmed the typical nature of SiO2-NPs. In 
details, the major peak at 410 cm-1 was the main characteristic peak of SiO2-NPs. It is due to mainly coming 
from the bending mode of oxygen in n-membered rings (n>4) and it was well known as R line. Peak appears 
at 818 cm-1 was the involvement of Silica network optical mode as well; vibrational mode due to (OH) - 
group with admiration to Si contributed the peaks at 980 cm-1. The typical symmetric stretching peak at 
~490 (D1) have been attributed to the bulk infectivity in fourfold and threefold ring like structure of SiO2 
tetrahedral atom [19 - 22]. Subsequently, Raman studies of SiO2-NPs have been established the surface-
related optical properties as well. However, Raman peak amplitude of SiO2-NPs scientifically depends on 
the specific surface areas as similar to previous literature [23].  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Decolourizing Effect of Silica ball  
The photo-catalytic activity of the prepared silica ball consisting of SiO2-NPs was successfully demonstrat-
ed (Fig. 8). The degradation of Methyl orange (Fig. 8A), Bromophenol blue (Fig. 8B) and Methylene blue 
(data not supplied) dyes was carried out in the presence of silica ball at different time intervals in the visible 
region. It was observed that the absorption maxima of Methyl orange (460 nm), Bromophenol blue (492) 
and Methylene blue (663 nm) were decreased regularly with the incubation time indicating the photo-
catalytic degradation those dyes due to the action of the silica balls. The percentage of degradation efficien-
cy of biosynthesized silica balls was determined and plotted in the Fig. 8.   Almost 100% degradation of 
Bromophenol blue and 70 to 80% degradation of Methylene blue and Methyl orange dyes were noted in 
presence of silica ball. The lesser degradation of the last two dyes might be due to deposition of the Bromo-
phenol blue dye on the surface of silica ball which was used first and thus less exposed surface of SiO2-NPs 
was available for those two dyes. The repeated use of the biosynthesized silica balls suggested that it could 

Fig. 7:  Raman 
spectra analysis 
for synthesized 
SiO2-NPs ob-
tained from silica 
ball when 150 µg 
proteins used in 
the reaction mix-
ture.  
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be an effective photo-catalyst for water purification system and dye effluent treatment. 

 
 
 
 
 

CONCLUSIONS 
A microbial protein assisted silica ball consisting SiO2-NPs using an Organic (TEOS) silica precursor is ef-
fectively established. The constituent particles of the as-prepared samples are systematically characterized 
using different tools like UV-Vis, Fluorescence, HR-TEM, FE-SEM, XRD, TGA and FTIR spectra. Fluo-
rescence data shows a broad emission in visible region. This result suggests its further utilization in various 
biomedical applications as an optical probe for medical diagnosis. The value of Zeta potential (ζ) of the SiO2

-NPs indicates the immovability of SiO2-NPS in dispersed neutral medium, preventing it from the further 
agglomeration. The formation of silica balls via an effortless biocompatible protein assisted methodology 
shows its potential and notable optical properties for direct use in various fields. 
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