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Hollow shells of silica were obtained by the dissolution of the oxide core of Co,0,@SiO, core-shell nanostructures.
These hollow shells were characterized using TEM, EDX and IR. TEM studies show that the size and shape of the hollow

shells depend on the size and shape of the core-shell nanostructures from which these were obtained. These hollow shells

have the potential to function as nanovessels which can entrap hydrophilic moieties (e.g. methyl orange) present in trace

amount in the aqueous environment. From the spectrophotometric studies it was observed that up to 18% of the hydrophilic

dye can be entrapped using these hollow shells.
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1. Introduction

A number of highly toxic contaminants such as
pesticides, dyes, surfactants, organic chemicals are
discharged in large quantities from the industrial
effluents. For instance, the dyes present in water are
harmful to various aquatic life because of their
resistant nature which prevents the sunlight from
penetrating through water and are difficult to
decompose. Thus, there is a need for the development
of quick and simple methods for the removal,
separation and detection of these compounds. The
conventional methods of water purification such as
sand filtration, sedimentation; flocculation,
coagulation, chlorination, and adsorption on activated
carbon are not effective in reducing the concentration
of the organic pollutants in the presence of dissolved
organic matter. Moreover, these traditional
approaches lead to generation of waste and thereby
enhance the damage caused to the environment. For
instance, around 6.5 Kg of alumina is required to
purify 6500 L of water for the removal of 10 ppm
fluoride [1].

Other methods such as ozonation, irradiation
with UV light, and incineration can also be used for
the destruction of the chemicals present in water.
However, these methods are not economical for
removal of chemicals present in trace amounts.
Ultrafiltration is a modified technique that has been
used recently for the removal of organic pollutants
from water resources of various levels of
contamination. Solubilization of organic pollutants
by micelles of surfactants is the basis of the micellar-
enhanced ultrafiltration [2, 3]. However the main
drawback of this method is the detrimental effects of
the anionic detergents on living beings. Therefore, it
has been a challenge for the scientific community to
find better means for the removal of pollutants from
the aqueous environment. One of the ways in which
these chemicals can be removed is by encapsulating
pollutants in a hollow material. There have been
reports in the literature to encapsulate polyaromatic
hydrocarbons using surfactants [4, 5] and block co-
polymers [6]. However, only hydrophobic chemicals
can be encapsulated by this method. Hydrophilic
materials which readily solubilize in water and can
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have toxic effect on living beings which have to be
taken care of by alternate routes.

There have been several reports in the literature
on the synthesis of hollow shells of silica [7-11].
These materials with hollow interiors find potential
applications in encapsulation, controlled drug release
[12], delivery vehicle for dyes or inks, confined-space
catalysis, separation, shielding of enzymes or proteins
[13], waste removal and as solid nanotemplates.
Mesoporous vinyl silica was used for the
immobilization of penicillin acylase [14]. Self
assembled monolayers of 3-MPTMS on silica were
found effective for metal corrosion protection [15].
Thus, hollow silica shells appear to be interesting
for the removal of toxic wastes. We believe that such
kind of hollow shells can be used to remove
hydrophilic toxins from the aqueous environment by
just spreading these over polluted water, after which
the shells encapsulating the toxins can be removed.

In this paper, we have used Co,0,@Si0O, core-
shell nanostructures to synthesize hollow silica shells.
These hollow shells have been used to study the
encapsulation behaviour of methyl orange as a
function of time. Methyl orange is the commercial
name for p-dimethylaminoazobenzene sulfonic acid
which shows red colour below pH = 3.1 and yellow
above 4.4. Methyl orange is a water soluble dye which
can be easily monitored spectrophotometrically. We
thus believe that our studies will be useful in
elucidating the role of hollow shells as an
encapsulating agent for hydrophilic materials.

2. Experimental
(a) Synthesis of Hollow Shells of Silica

Synthesis of Co,0,@Si0, core-shell nanostructures
have been discussed elsewhere [16]. In brief, the
dispersion of Co,0, nanoparticles in cyclohexane was
added to a mixture of Tergitol, 1-octanol and
cyclohexane. To this 7.5 mL water, 1.5 mL ammonia
and 50 L. TEOS was added. The system was allowed
to stir for 15h.The resultant core-shell nanostructures,
obtained after centrifugation were heated (~ 60 °C)
with conc. sulphuric acid to dissolve Co,;0, present
as the core. The silica shell obtained after dissolution

of the core was washed and redispersed in water. The
pH of the solution was found to be highly acidic (<1).

(b) Encapsulation of Methyl Orange

600 UL of dispersed silica shells were taken. To this
30 uL of methyl orange solution (0.025 mmol) was
added. The system was kept for 1h. After 1h 1970 uLL
of water was added. The resultant solution was
filtered using 0.2 um filters. The filtrate was analyzed
using a spectrophotometer to deduce the amount of
methyl orange present (absorbed in the silica shells).
Similarly different systems were prepared and kept
for 2, 6, 48 and 72 h followed by the procedure
discussed above. The solution containing the free
methyl orange, obtained after filtration using 0.2 pm
filters, was analyzed using UV-visible spectrophoto-
meter. A decrease in the absorption at 507 nm between
the control and the respective solutions were
measured. The control solution was prepared by
adding 30 uL of methyl orange solution (0.025 mmol)
to sulphuric acid solution with pH < 1.

Powder X-ray diffraction studies (PXRD) were
carried out on the powder obtained after
centrifugation and drying at room temperature, on a
Bruker D8 Advance diffractometer using Ni-filtered
Cu Ko radiation. Normal scans were recorded with
a step size of 0.02° and step time of 1 s. Raw data
was subjected to background correction and the Kot,-
lines were stripped off. Infrared (IR) spectroscopy
studies were carried out on a Nicolet Protégé 460
Fourier transform infrared (FTIR) spectrometer. The
data were recorded with a KBr disk in the range of
400 — 4000 cm™'. Transmission electron microscopy
(TEM) was carried out on a FEI Technai G2 20
electron microscope operated at 200 kV. UV-visible
studies were carried out on a spectrophotometer,
Model Varian, Cary 100 Bio.

3. Results and Discussion

TEM image of the silica shell obtained is shown in
Fig. 1. The size and shape of the hollow shells
depends on the size and shape of the core-shell
nanostructures from which these were obtained which
have resulted in the non-uniform shape of the hollow
shells. IR studies of these hollow shells show the
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absence of the bands from Co-O stretching while
bands corresponding to Si-O-Si, Si-O-H and O-Si-O
stretching were observed. The absence of Co-O
stretching frequency in the IR studies confirms the
removal of core from the core-shell nanostructures.
This study thus gives indirect information of the
formation of hollow shells. The results of the IR
studies have been summarized in Table 1. EDX
studies of these hollow shells show no peak
corresponding to ‘Co’ which gives us additional
evidence of the removal of the core and the formation
of pure hollow silica shells.

Fig. 1: TEM image of (a) C0,0,@SiO, core-shell nanostructures
and (b) hollow SiO, shell.

Table 1. Details of the absorption bands in the IR region

Bands Hollow shell Co,0,@5Si0,
cm™! cm™!
Vgio.5; Stretching 1107 and 1071 1080
Vg0 Stretching 1011 -
Vo.si.o Stretching 459 -
Vg Stretching 3425 3435
V. Bending 1631 1629
Veo.0 Stretching - 665, 569

The overall objective of this work was to obtain
hollow shells and provide an approach to encapsulate
harmful hydrophilic toxins, present in trace amounts
in aqueous environment which needs to be isolated.
Fig. 2 shows the UV-visible absorption spectra for
the control and the solutions containing methyl
orange. It was observed that intensity of absorption
which corresponds to the free methyl orange
decreased with time when compared to the control
solution. This suggests that the encapsulation of the
dye inside the hollow shells increased with time. It
appears that the maximum amount of encapsulation
is achieved by 50 h (Fig. 3). Results of our studies
show that upto 18 % of methyl orange was being
removed from the solution. A schematic diagram
showing the formation of hollow shells and the
encapsulation of methyl orange is shown in Fig. 4.
An earlier report on encapsulation of methyl orange
was carried out by hydrolysis of TEOS in presence
of HCI and methyl orange [17]. The encapsulation
of the dye has been carried out during the formation
of the monoliths of silica. Bedard et al. have shown
that 15-20% of azo dye was encapsulated using
micron-sized polymeric shells after irradiating the
sample for 20 min which increased to 50 % after
irradiation for 120 minutes [18].

There have been reports on encapsulation of
molecules inside the nanocapsules where the
molecules are incorporated in the nanocapsules prior
to the formation of the capsules [19, 20]. The
hydrolysis or crosslinking of the polymer has been
carried out after the addition of molecules which have
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Fig. 2: Plot showing the decrease in the absorption of methyl orange Fig. 3: Plot showing the % free methyl orange as a function of time
in presence of hollow silica shell

After some
time

\ 4

Fig. 4: Schematic diagram showing (a) the formation of hollow silica shell and (b) the encapsulation of hollow silica shell
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to be encapsulated. However there have been few
reports where the encapsulation of the molecules has
been carried out after the formation of hollow shells.
For instance Sun et al. have encapsulated fluorescein
using two different methods: base swell and dry swell
process wherein they found that encapsulation was
more in case of dry swell process [21]. In our case
we have encapsulated the dye after the formation of
hollow shells and were successful in encapsulating
18 % of the dye (0.025 mmol). Thus we believe that
such kind of hollow shells can be used to remove
hydrophilic toxins from the aqueous environment by
just spreading them over polluted water, after which
the shells encapsulating the toxins can be removed.
These hollow shells can be thus put to use as nano-
vessels that can draw molecules present in trace
amount from the bulk. Moreover, the use of silica
shell is also an environ-friendly option as these are
thermally and photochemically stable without being
hazardous to humans or the environment. We believe
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that the increase in the size of these nanoshells could
be useful to increase the amount of encapsulated
methyl orange. The study can also be extended to
other water soluble, toxic compounds.

4. Conclusions

Hollow shells were obtained by dissolution of the
core (Co,0,) from Co,0,@Si0, core-shell
nanostructures. We have shown that these hollow
shells can be used to entrap hydrophilic substances
that are present in trace amount. Nearly 18% of the
toxins were entrapped in about 50 h. The above
methodology can help in controlling water pollution.
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