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Facile Synthesis of the Novel Ag[1-butyl 3-methyl
imidazolium]Br Nanospheres for Efficient Photodisinfection
of Wastewaters

MOHSEN PADERVAND

Department of Chemistry, University of Maragheh, Maragheh, Iran

Ag[1-butyl 3-methyl imidazolium]Br nanospheres were prepared by a coprecipitation method at ambient temperature. The
products were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), diffusion reflectance spectra (DRS), the Brunauer�Emmett�Teller (BET) nitrogen adsorption–desorption isotherms, and
Fourier transform infrared spectroscopy (FT-IR) analysis methods. The photocatalytic properties were evaluated by degradation
of acid blue 92 (AB92) and rhodamine B (RB) dye solutions under visible light and the obtained results were discussed. According
to the recycling experiments, the samples could efficiently decrease the concentration of the pollutant after four times of repeated
using. To assure the practical capacity, photodegradation of a real wastewater produced in the textile industry was studied under
the same conditions and the results indicated that the absorption in all wavelengths reduced impressively by the photocatalytic
treatment. Furthermore, the antimicrobrial activity was investigated by photoinactivation of S. aureus bacteria in the visible light
and the results implied that the prepared samples were able to prevent the growth of bacteria colonies after the reaction time.
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Introduction

To develop the practical applications of visible-light
photoactive structures in facing the increasingly serious
environmental problems, silver-based nano-micro materials
have received much attention because of their promising
activity under solar energy. To address this issue, various
silver halide-based structures (Wang et al., 2010; An et al.,
2010; Wang et al., 2012a, 2012b, 2012d; Xie et al., 2015),
silver orthophosphates (Yi et al., 2010; Wang et al., 2012c),
silver chromates (Ouyang et al., 2008), and silver vanadates
(Li et al., 2007) have been widely studied. Because of their
intriguing electronic, electromechanical, optoelectronic, and
photocatalytic properties, silver halide-included systems have
attracted many researchers attention. Among them, Ag-AgX

(X=Cl, Br, I) nanostructures have been proved to be
promising plasmonic photocatalysts (Azimzadehirani et al.,
2011; Elahifard et al., 2007; Esmaeili and Entezari, 2016).
The metallic Ago nanoparticles bonded to the structures could
considerably affect the electronic structures and suppress the
corrosion of the silver halides under illumination (Zhao
et al., 2012; Wang et al., 2008). Many attempts have been
made to improve the photocatalytic performance of the
large-band gap semiconductors via coupling with silver
halides (Cheng et al., 2011; Wang et al., 2012e).

Owing to many interesting properties such as good
electric conductivities, negligible vapor pressures, good
thermal stabilities, wide liquid temperature ranges and elec-
trochemical windows, and high solvation interactions with
both polar and non-polar compounds, ionic liquids (ILs)
have been vastly considered in the synthesis of new nanosys-
tems with a wide range of industrial usages (Plechkova
and Seddon, 2008). In addition, a variety of high-quality
photosensitive nanomaterials with controllable special mor-
phology and improved photocatalytic properties have been
prepared by using of ILs as complexing agents (An et al.,
2010; Chen et al., 2015; He et al., 2007; Xia et al., 2016).

Herein, we reported a facile one-step synthesis method to
fabricate the Ag[BMIM]Br nanospheres using 1-Butyl-3-
methylimidazolium bromide([BMIM]Br) IL and silver
nitrate salt as the Br and Ag resource, respectively. The pre-
pared nanostructures were used for the degradation of AB92
and RB dye solutions and S. aureus bacteria under visible
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illumination. The photocatalytic process is schematically
shown in Scheme 1.

Experimental

The synthesis was simple and fast which involved the mixing
of two precursor solutions as follows: first, an aqueous
solution (50 mL) contained 5 g of urea and 0.1 mL of the
IL, and the second contained 1.07 g of AgNO3 in 30 mL of
double distilled water. The mixture was stirred at room
temperature for 45 min. The products were filtered, washed
repeatedly with ethanol and distilled water, and dried at
60�C overnight.

The photocatalytic tests were performed in a reactor
surrounded by a circulating water jacket to maintain the
constant temperature. A 125 W mercury lamp (MBF-
OSRAM) with UV cut-off filter was used as the irradiation
source. The absorption of the dyes was determined by
UV–vis spectrophotometer (GBC Cintra40) at k¼ 574 and
552 nm, which are the kmax values of AB92 and RB
solutions, respectively. The antibacterial experiments were
performed under the operational conditions which were
explained elsewhere (Padervand et al., 2012; Padervand
et al., 2013).

Results and Discussion

Optical absorption of the nanospheres was studied by UV–
vis spectra. As indicated in Figure 1a, the measured pattern
for the Ag[BMIM]Br nanospheres shows an obvious absorp-
tion in the visible region at wavelength larger than 700 nm.
According to the equation Eg¼ 1239.8=k (Hu et al., 2009),
the band gap, Eg, of the photocatalyst was estimated to be
less than 1.77 eV, which describes the high tendency of
as-prepared nanospheres to absorb the low-energy photons.
Findings from studying the morphology regularity and
photoactivity of the AgBr nanostructures demonstrated that
the band gap was dramatically shifted to the higher wave-
lengths when the morphology and crystal shape were regular
(Li et al., 2013). In the present method which is more
time-consuming, we prepared the regular products without
using any additional agents such as polymeric compounds.

In addition, the band gap shifted impressively to the low
energy level. From Figure 1b, which exhibits the X-ray
diffraction (XRD) pattern of the prepared photocatalyst,
the products involve the face-centered cubic structure of
AgBr (JCPDS no. 6–438) and a small amount of Ag. Peaks
with 2H values of 26.7, 31.0, 44.3, and 55.0 are attributed to
(111), (200), (220), and (222) crystal planes of the cubic silver
bromide. The observable peak at 2H¼ 65.0� is assigned to
the Ag0 crystals in the structures (JCPDS no. 04–0783).
From Figure 2a, which shows the results of the Fourier
transform infrared spectroscopy (FT-IR) analysis, the
obvious bands at 1465 and 1655 cm�1 are assigned to the
C=C and C=N stretching vibrations. The other ones at
2941 and 2877 cm�1 are attributed to the aliphatic symmetric
and asymmetric C�H stretching vibrations of butyl chain
and methyl attached to the imidazolium ring. Furthermore,
one can find the characteristic peaks of C�N stretching
vibrations at 748.3 and 623 cm�1 (Cha et al., 2014). The
broaden peak at higher than 3400 cm�1 is due to H2O mole-
cules adsorbed on the surface of the sample. The results of
Brunauer�Emmett�Teller (BET) analysis show that the
specific surface area of the nanospheres was 17.5 m2 g�1.
The obtained hysteresis loop from the N2 adsorption–
desorption measurement (Figure 2b) demonstrated the
porosity of the nanospheres. Moreover, Barrett-Joyner-
Halenda (BJH) analysis was performed to find the pore size
distribution and the obtained results indicated that the pores
size is concentrated between 2 and 10 nm (Figure 2c).
Morphological studies were performed by using of scanning
electron microscopy (SEM) and transmission electron

Fig. 1. (a) The UV–vis spectrum and (b) XRD pattern of the
prepared nanospheres.

Sch. 1. Photocatalytic degradation of dye compounds and
bacteria over the products.
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microscopy (TEM) images. From the SEM images, the
nanostructures exhibit uniform size and regular morphology
and the average size is �60 nm. In order to further examin-
ation of the structural morphology, TEM analysis was per-
formed and the results (Figure 3b) confirmed that the
products have spherical shape. From Figure 3b, the average
particle size is similar to that of determined by the SEM
micrographs. The photocatalytic properties of our products
are firstly evaluated by photodegradation of AB92 and RB
dyes under visible light and the results are displayed in
Figure 4a. As shown in Figure 4a, the removal efficiency is
promising over the nanospheres and the fastest reaction
was related to the degradation of AB92 solution. Besides,
the result of photodegradation of the dual dye solution
(AB92þRB, 10 ppm respect to each dye) showed that the
AB92 concentration decreased much faster than RBs. This
can be explained by considering the chromophoric structure
of the compounds. From the chemical structures of the

compounds (Figure 4b), the chromophoric group of RB, a
cationic dye, could resonant between the two sides of the
structure. Meanwhile, this is not possible for that of AB92
which is an anionic dye. Due to the mentioned reasons
the degradation process was determined to be much slower
for the former case. The surface of the photocatalyst is
partly positive because of the [BMIM]þ components in the
structures which increases the sorption capacity toward the
anionic compounds in the solution. As a reasonable expec-
tation, AB92 dye would be adsorbed on the surface more

Fig. 3. SEM micrographs (a-1 and a-2) and TEM images (b) of
the nanospheres.

Fig. 2. (a) FT-IR spectrum and (b) nitrogen adsorption–
desorption isotherm of Ag[BMIM]Br nanospheres.
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efficient than RB during the photocatalytic process and
under the dark. All the above statements demonstrate that
the prepared nanospheres are very suitable for decompo-
sition of the anionic organic pollutants rather than the catio-
nic ones. As an important issue in the practical applications,
the stability of the photocatalyst was evaluated by the
cycling experiments. As shown in Figure 5, the Ag[BMIM]Br

nanospheres were almost stable after 5 times of subsequent
using and the activity decreased gently. The rate constants
for these curves which followed the first-order kinetics were
calculated to be: 0.231, 0.205, 0.180, 0.135, and 0.078 s�1,
respectively. According to the reports, surface photocorri-
sion of the silver-based catalysts is the most important factor
that influences their activity under irradiation (Yi et al.,
2010; Wang et al., 2012; Ouyang et al., 2008; Li et al.,
2007). About the current samples, the [BMIM] component
acts as a tightening linkage and delays the disruption of
the silver bromide structures during the light absorption.
As a typical practical application, the ability of as-prepared
nanospheres for the decomposition of a real wastewater sam-
ple from the textile industries was evaluated under the same
experimental conditions. As seen in Figure 6, the total con-

Fig. 5. The result of recycling experiments over the prepared
photocatalyst (dye (AB92) concentration-volume: 20 ppm-
50 mL, catalyst amount: 0.02 g, temperature: 27�C, pH: 6.8).

Fig. 6. Photocatalytic degradation of the real waste water
provided from the textile industry (catalyst amount: 0.02 g,
temperature: 27�C, pH: 6.8).

Fig. 4. (a) Photodegradation of RB and AB92 over the prepared
nanospheres under visible light (dye concentration-volume:
20 ppm-50 mL, catalyst amount: 0.02 g, temperature: 27�C,
pH: 6.8). (b) Chemical structures of AB92 and RB.

Fig. 7. (a) The results of the antibacterial tests over the
products. (b) The number of the bacteria remained after the
photocatalytic treatment times.
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centration in all the wavelengths decreased by time and the
photocatalyst is able to remove the wastewater under solar
light very well.

As an extra examination, photoinactivation of S. aureus,
a gram positive bacterium, in visible light was investigated
over the products. As shown in Figure 7, almost all the
bacteria were killed under the photocatalytic conditions
in 30 min indicating highly antibacterial capacity of the
nanospheres. According to the earlier reports, antimicrobial
mechanism is related to the formation of free radicals like
OH., O��2 , and HO�2 on the surface of the illuminated photo-
catalyst (Chung et al., 2009). Furthermore, the time evol-
ution of the bacteria in the presence of the nanostructures
in dark indicated that the number of the bacteria slightly
decreased. We propose that the electrostatic interactions
between the surface of the nanostructures contained cationic
[BMIM] ingredients and the cell wall of the gram positive
bacteria, which includes different anionic polymers such as
phospholipids and peptidoglycans, block the vital pores of
the membrane and disrupt the microorganism life cycle. This
results in the inactivation of the bacteria and preventing the
replication process.

Conclusions

In summary, we reported the one-step synthesis of the novel
photoresponsive Ag[BMIM]Br nanospheres using a water
soluble IL as the Br resource. The prepared samples were
well-dispersed and easy to separate from the reaction
medium. The nanospheres showed an excellent photocataly-
tic performance for the degradation of RB and AB92 dyes
under visible illumination. The results of the recycling
experiments approved the stability of the products after four
times of repeated using. As a typical industrial application,
photodegradation of a real wastewater sample over the pro-
ducts was investigated and according to the obtained results,
the nanostructures were able to remove the pollution
from the medium, effectively. The results for the inactivation
of the gram positive bacterial cells in visible light exhibited
that the products had incredible antimicrobial activity. The
antibacterial activity at dark was assigned to the electrostatic
interactions between the positive surfaces of the products
and the anionic polymers which are the major constituents
of the bacterial cell wall.
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