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Rhodamine B dye (RB) has been introduced into the mesoporous silica (SBA15) and Ag anchored mesoporous
silica by applying solution impregnation method. Surface treatment of SBA15 with 3-aminopropyltrimethoxysilane (APTMS) facilitates selective anchoring of the RB molecules on SBA15. The photoluminescence
spectra of RB confined within SBA15 indicates higher emission intensity, than that of the RB solid, particularly
in the presence of Ag nanoparticles. The significant enhancement in photoluminescence intensity is attributed
to the local enhancement of the optical fields near the molecules by interactions with silver plasmons.
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Introduction
Fluorescent Organic dyes, encapsulated in various hosts,
represent attractive materials for optical data storage, frequency doubling, microlasing, optical sensing, or photocatalysis because of their large fluorescent bandwidths
covering entire visible spectrum.1-3 Usually it is the type of
host, for dyes, that determines the characteristics of the
fluorescence signals and its end user applications. For example, organic dye molecules have been doped into various
host materials such as polymers,4,5 sol-gel glass,6 mesoporous silica (MCM-41),7 thin films8,9 and fibres.10 Out of these
host materials, mesoporous silica materials provide a confined space for the controlled intrapore inclusion for organic
dye molecules because of their high surface areas, narrow
pore size distribution and well-defined pore networks.11
The organic fluorescent dye molecules entrapped mesoporous nanostructure has been widely studied for its use as
fluorescent probes for bioanalysis because of the photostability offered by chromophores confined within the mesoporous channels and the silica surface serves as a versatile
substrate for the immobilization of biomolecules. Especially,
ordered mesoporous silica with large pore diameters and
uniform nanoparticle sizes can be utilized for the controlled
release of drugs and DNA.12 Thus, the dye-doped mesoporous silica nanoparticles (dye-MSNs) can play a multifunctional role as a biomarker, bioimaging indicator and
drug carrier for disease diagnosis and synchronous therapy.
The most important requirement for an efficient fluorescent biosensor, based on the organic dye confined in an
inorganic host, is the high quantum efficiency of light
emission. Few attempts have been made to improve efficiency of dye confined in mesoporous channels by varying the
synthetic methodology. For example, Tan and co-workers
have synthesized dye-doped silica nanoparticles by a reverse
microemulsion method.13 However, the fluorescence emission
wavelength has a large red shift owing to the physical
adsorption and aggregation among dye molecules and their

fluorescence quantum yield is also relatively lower due to
the concentration quenching effect, which subsequently
lowers fluorescence detectivity. Shi et al. immobilized
Rhodamine B dyes on SBA15 by covalent bonding to avoid
self quenching to a large extent which enhances the fluorescence intensity, quantum yield and photostability, and thus
the fluorescence detectivity enhanced. However, its lightemission efficiencies are still substantially lower due to the
limited number of molecules anchored on SBA15.14
One of the most advanced techniques available to enhance
efficiency of dye emission is surface plasmon coupling.15
Photoluminescence of molecules near noble metal surfaces
is enhanced by both absorption enhancement and the
emission enhancement.16 Silver is the most commonly used
metal since its plasmon resonances are typically in the
visible region with high quality factor. In this research, we
report the inclusion and photoluminescent properties of
Rhodamine B base (RB) dye molecules and silver nanoparticle into the mesoporous siliceous framework (SBA15)
through post synthetic incorporation method.
Experimental
Materials. Pluronic P123 (ethylene oxide (EO)-propylene
oxide (PO) triblock copolymer, composition as EO20PO70EO20,
was purchased from Polymer Source, Inc. The number average molecular weight of P123 is about 5300. Tetraethylorthosilicate (TEOS), Rhodamine B base and silver nitrate
were purchased from Aldrich. Analytical grade hydrochloric
acid was purchased from Laborbedarf GmbH. Milli Q water
was used in all experiments.
Materials Preparation. SBA15 was prepared according
to literature16 from batches of 2 g Pluronic P123 (ethylene
oxide (EO)-propylene oxide (PO) triblock copolymer, 15 g
H2O, 60 g 2M HCl, 4.25 g TEOS. The mixture was kept
under stirring at 313 K for 24 h and then heated at 373 K
temperature for another 24 h under static conditions for
aging. The white precipitate was filtered, washed with water,
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Scheme 1. Chemical structure of Rhodamine B base.

air-dried at room temperature. The resulting powder was
calcined in 773 K at the rate of 2 K min in air. Then a proper
amount of SBA15 was dispersed into an ethanol solution of
APTMS and refluxed for about 24 h at 80-90 oC. The
product (H2N-SBA15) was recovered by filtration and
washed with ethanol and dried in air. Silver loading about
8% was achieved by adding 2 mL of 1% aqueous solution of
AgNO3 to 50 mg of H2N-SBA15. The mixture was continuously stirred for 30 min. Reduction of Ag (0) was
performed by adding 1 mL of a 0.1 M NaBH4 aqueous
solution to 50 mg of the AgNO3 adsorbed H2N-SBA15 and
stirred for 30 min. The product was recovered by centrifugation, washed with distilled water and air dried. The
mesoporous silica and Ag adsorbed mesoporous silica were
soaked in 0.01 M aqueous solution of Rhodamine B base for
15 min and the content was filtered and air dried. The
amount of adsorbed dye was calculated by thermo gravimetric analysis.
Characterization. High-resolution transmission electron
microscopy (HRTEM) and energy dispersive spectroscopy
(EDS) measurements were carried out on a JEOL JSM2100F at 100 kV. UV-vis absorption studies were carried out
using a UV-vis-Near IR spectrophotometer (Varian, Cary
5000). Photoluminescence was recorded in Perkin Elmer
fluorescence spectrometer. FTIR spectra were recorded in a
Perkin Elmer spectrometer.
Results and Discussion
The SBA15 host material was synthesized using P123, a
triblock copolymer of EO-PPO-EO, as template. After
removing the template by calcinations, the APTMS molecules were introduced into the channels of SBA15 by post
synthetic functionalization method, which leads to the amino
functionalization at the internal walls of SBA15 channels.
The AgNO3 precursor and reducing agents were then
introduced into aqueous dispersion of SBA15. The Ag(0)
nanoparticles were formed through the reduction of Ag(I)
ions by reducers and these Ag nanoparticles were attached to
the amino functional groups at the walls of the SBA15, since
amine has specific affinity towards metal surfaces. The silver
nanoparticles assembled inside the channels of SBA15, were
further confirmed by HRTEM and N2 sorption studies.
Figure 1(a) shows the HRTEM of calcinated SBA15, in
which a well ordered channels are illustrated and are
characteristic of mesoporous materials. Figure 1(b) depicts
the HRTEM of Ag-SBA15, where the highly ordered pore
structure of SBA15 is still preserved. We can observe clearly
that silver nanoparticles appear as dark spherical objects

Figure 1. The HRTEM of (a) calcinated SBA15, (b) Ag-SBA15
and (c) EDS spectra of Ag-SBA15.

between the walls of SBA15 and are distributed inside the
channels of SBA15 as well as at the surface of the particle.
The chemical identity of the hybrid film was also confirmed
by EDS data, where the presence of Ag and SiO2 is evident
in Figure 1(c).
Figure 2 shows that the inclusion of Ag nanoparticle on
the surface of SBA15 brought about a decrease in the
nitrogen adsorption capacity, which reflects a decrease in the
specific surface area of the sample. However, the position
and the height of hysteresis, which are in proportion to the
mesopore diameter and the mesopore volume, respectively,
decrease slightly after the inclusion of the nanoparticle. The
pore volumes of Ag-SBA15 decreases as the concentration
of Ag loading increased. For example, the SBA15 is impregnated separately in 0.004 M and 0.2 M solution of AgNO3,
after reducing to Ag, the corresponding average pore volumes
of the samples are 1.306 cm3 g−1 and 0.9454 cm3g−1, thus the
amount of loaded metal Ag may be located on the pores of
the support.
Diffuse reflectance UV-vis spectra of the Ag impregnated
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Figure 2. Nitrogen adsorption-desorption isotherms of SBA15 and
Ag-SBA15.
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ween 450 and 621 nm which corresponds to the visible
range of the spectrum. This characteristic peak is due to the
oscillation of conduction band electrons of Ag, known as the
surface plasmon resonance.18 The broad nature of the
absorption band in this case is indicative that Ag is located
within silica channels.
Figure 3(b) Rhodamine B base exhibits an intense
emission spectrum at 586 nm in the solid state. When it has
been immobilized on SBA15, the emission maximum is
observed at 594 nm. This shows that the fluorescence
spectrum of Rhodamine B has significantly red shifted to
about 8 nm, indicating that the electronic environment
around RB is different, since the fluorescence wavelength is
subject to the microenvironment around the molecule. This
result is further explained as the reduction of the HOMOLUMO band gap by the confinement of dye within mesoporous silica, resulting in the red shift of absorption
spectra.19,20 The intensity of maximum emission of RB in
SBA15 significantly decreased compared with solid RB.
The decrease emission intensity of RB may be explained by
the electronic interaction between the dye molecules and
surface of SBA15, which results in the energy transfer from
excited state of RB to SBA15 and low fluorescence emission
intensity. A significant blue-shift of the fluorescence spectrum of Rhodamine B base was observed with silver nanoparticle overlayers. Our interpretation is that the spectral
shifts can be associated with the plasmon resonance of Ag
nanoparticle. The effects of scattering or reabsorption of the
emitted light by the silver may tend to blue-shift the spectrum. Besides, the interaction of dye with the nanoparticle
transition dipoles that shifts the emission maximum towards
the plasmon resonance of Ag nano particle. Further, the
intensity of the emission spectrum of Ag-SBA15-RB has
greatly enhanced compared to the intensity of SBA15-RB in
the wavelength of 575 nm. This is consistent with borrowing
the oscillator strength from the silver plasmon resonance
through a dipolar coupling mechanism. This shows a significant achievement in enhancing the emission intensity of
dye confined in mesoporous channels. Significant PL increases
are obtained throughout the spectrum since there is a large
distribution of surface plasmon resonance frequencies due to
interactions between the silver nanoparticles.15
Conclusion

Figure 3. (a) Diffuse reflectance UV-visible spectra of SBA15 and
Ag-SBA15. (b) Photoluminescence spectra of RB, RB confined in
SBA15 and RB confined in Ag-SBA15.

SBA15 was recorded using a Perkin Elmer spectrophotometer lambda 900, equipped with an integrating sphere. The
spectrum is as shown in Figure 3(a). The absorption maxima
of Ag nanoparticles anchored on SBA15 is observed bet-

To summarize, a simple and efficient way of enhancing
the photoluminescence of Rhodamine B base confined within
mesoporous channels has been demonstrated. Deposition of
silver nanoparticles directly onto mesoporous silica resulted
in dramatic enhancement of photoluminescence of Rhodamine B. This synthetic strategy and luminescence efficiency of mesoporous nanomaterials can be useful to develop
fluorescence sensors for medical diagnostic applications.
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