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A dye-functionalized silica nanomaterial, SBA-RT was prepared by the immobilization of the Rhodamine-
based chemosensor R6G-TETA within the channels of SBA-15. SBA-RT exhibits several different properties
compared to the free R6G-TETA, such as higher selectivity, blue-shift of the UV-vis spectra due to special
spatial environment in the channels of the mesoporous material. It presents Cr(Ill)-selective fluorimetric
and colorimetric responses in aqueous solution. The fluorescence responses are reversible by treating

with EDTA and do not vary over a broad pH range suitable for Cr(Ill) bioimaging application. Through
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isolating of the metal ions within the mesopores of the silica, SBA-RT can extract Cr(IIl) from the solution
with only trace amounts remaining. The fluorescence images experiment demonstrated the possibility
of further application in monitoring Cr(III) in living cells and organisms.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recently, inorganic host materials have been widely used as
support to design functional materials used in catalysis [1-4],
and drug delivery fields [5-9]. Specially, mesoporous silica mate-
rials have attracted much attention for optical applications due
to their excellent properties, such as high surface area, uni-
form porosity, optical transparency in the UV/vis range, favorable
biocompatibility and mechanical robustness [10-17]. The solid
chemosensors could be achieved by covalent grafting of fluorescent
receptors onto the inner surface of mesoporous silica materi-
als [18-20]. Recently, functionalized mesoporous materials have
been also used as adsorbent for wastewater containing heavy
metal ions by atomic absorption spectrometry and infrared spec-
trophotometry [21-23]. However, these analysis methods have the
following disadvantages: complicated operation, expensive instru-
ments, unsuitable for real-time detection, etc. Itis still a challenge to
develop novel multifunctional materials that can detect and adsorb
heavy-transition metal (HTM) ions with visualized output signals
(fluorescence or color responses, etc.).

Trivalent chromium, has great impact on the metabolism of car-
bohydrates, fats, proteins and nucleic acids based on modulation of
the action of insulin through glucose tolerance factors (GTF) [24,25].
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The appropriate chromium intake is 50-200 g per day and its defi-
ciency causes disturbances in glucose levels and lipid metabolism.
However, exposure to high levels of Cr(Ill) can negatively affect
cellular structures [26-29]. On the other hand, chromium is an
environmental pollutant and its build-up due to various industrial
and agricultural activities is a matter of concern [30]. Thus, there
is an urgent need to study suitable methods capable of sensing of
Cr(IIl) in biological and environmental system [31]. However, the
development of Cr(Ill)-specific chemosensors for quantificational
detection of Cr(Ill) by fluorimetric methods is still a big challenge
due to the lack of selective multi-chelating ligands [32,33]. Cr(III)
is also one of the most effective fluorescent quenchers known due
to its paramagnetic nature which also makes it difficult to develop
“turn-on” types of chemosensors [34,26]. Rhodamine framework is
an ideal mode to construct OFF-ON fluorescent sensors due to its
particular structural property (the equilibrium between the non-
fluorescent spiro-cyclic form and the highly fluorescent ring-open
form) [35,36]. Of these Rhodamine-based Cr(IIl) fluorescent sen-
sors have been developed [37-40], R6G-TETA is one of the most
sensitive probes that exhibits excellent selectivity towards Cr(III)
in HEPES aqueous solution over other transitions metal ions [41].
Upon the addition of 5 equiv. of Cr(Ill), about 60-fold fluorescence
enhancement of R6G-TETA at 552nm was observed. However,
whether the sensor can be applied in bioimaging was not further
investigated.

Bearing this in mind, we chose the Cr(Ill)-specific fluores-
cent chemosensor R6G-TETA as molecular probe and immobilized
it onto the inner surface of SBA-15. We envisioned that the
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combination of the fluorescence sensor and mesoporous material
would generate a novel multifunctional material, which could take
on specific fluorescence response and high adsorptivity for Cr(III)
in water. The favorable biocompatibility of the mesoporous silica
material is beneficial to utilize the hybrid material in living cells
and in vivo to study the toxicity or bioactivity of Cr(Ill) in living
organisms.

2. Experimental
2.1. Reagents and chemicals

All reagents and solvents were of AR grade and used
without further purification unless otherwise noted. SBA-15
was purchased from Jilin University High Technology Co. Ltd.,
3-(triethoxysilyl)propylisocyanate was obtained from Aldrich. Tri-
ethylenetetramine and metal salts were provided by Shanghai
Chemical Reagent Co., Ltd. (China). Stock solution (2 x 102 M) of
the aqueous nitrate salts of K*, Na*, CaZ*, Mg%*, Co%*, Ba?*, Ni?",
Zn%*, Cd2*, Pb2*, HgZ*, Cu2*, AI**, Fe3* and Cr3* were prepared for
further experiments.

2.2. Instruments and spectroscopic measurements

TH NMR was measured on a Varian INOVA 400 M spectrome-
ter with chemical shifts reported as ppm (CDCl3, TMS as internal
standard). X-ray powder diffraction (XRD) patterns of the SBA-15,
SBA-RT were recorded on a Rigaku D/max-2400 X-ray pow-
der diffractometer (Japan) using Cu Ka (A =1.5405A) radiation.
Transmission Electron Microscope (TEM) images were taken on
a Hitachi H-9000 NAR transmission electron microscope under
a working voltage of 300kV. FT-IR spectra were recorded on a
Nicolet Magna-IR 750 spectrometer equipped with a Nic-Plan
Microscope. UV-vis diffuse reflectance spectra were taken on a
Shimadzu UV-2401PC spectrophotometer using BaSO4 as the ref-
erence. Elemental analyses (C, H, and N) were performed on an
Elementary Vario EL analyzer. The nitrogen adsorption and des-
orption isotherms were measured at 77K using an ASAP 2010
analyzer (Micromeritics Co. Ltd.). Surface areas were calculated
by the Brunauer-Emmett-Teller (BET) method, and the pore
volume and pore size distributions were calculated using the
Barret-Joyner-Halenda (BJH) model. Fluorescence spectra of the
solution were obtained using the FS920 spectrometer (Edinburgh
Instruments). Both excitation and emission slit widths were 6 nm.
Fluorescence measurements were carried out in a 2 cm quartzcu-
vette with stirring the suspension of SBA-RT. The adsorption ability
of SBA-RT for Cr(Ill) in water was measured by inductively cou-
pled plasma spectrometer (Perkin Elmer). HeLa Cells and zebrafish
were imaged by Nikon eclipse TE2000-5 inverted fluorescence
microscopy.

2.3. Synthesis of R6G-TETA

Compound R6G-TETA was prepared according to reported pro-
cedures [41]. TH NMR (CDCl, 400 MHz) §=7.92 (d, 1 H), 7.45 (t, 2
H), 7.043 (t, 1 H), 6.34 (s, 2 H), 6.21 (s, 2 H), 3.52 (t, 2 H), 3.22 (t, 4
H), 2.76 (m, 2 H), 2.61 (t, 2 H), 2.51 (m, 2 H), 2.35 (m, 4 H), 1.89 (s,
6 H), 1.32 (t, 6 H).

2.4. Synthesis of SBA-IPTES

3-(Triethoxysilyl)propylisocyanate (IPTES) (0.247 g, 1 mmol)
and SBA-15 (1.0 g) were suspended in anhydrous toluene (50 mL)
and stirred in reflux condition under N, for 24 h. The precipitate
formed was filtered, and adequately washed several times with

toluene and CH,Cl; to rinse away any surplus IPTES. A white pow-
der was obtained and denoted as SBA-IPTES. Elemental analysis,
Found: N, 2.309, C, 9.8, H 2.05. IR (KBr): v=3434 (vs; O-H), 2920
(w; C-H), 1636 (s; 0-H), 1471 (w; -C=C-H), 1089 (vs; Si—0-Si), 798
(w; SiO-Si), 465 (m; Si-0).

2.5. Synthesis of SBA-RT

R6G-TETA (0.272 g, 0.5 mmol) and SBA-IPTES (1.0 g) were sus-
pended in anhydrous toluene (50 mL) and stirred in reflux condition
under N, for 24 h. The precipitate formed was filtered, and ade-
quately washed several times with toluene and CH,Cl, to rinse
away any surplus R6G-TETA. A faint pink power was obtained and
denoted as SBA-RT. Elemental analysis, Found: N, 2.878, C, 13.2, H
2.077. IR (KBr): v=3436 (vs; 0-H), 2950 (w; C-H), 2830 (w; C-H),
1520 (s; -C=C-H), 1440 (w; —-C=C-H), 1090 (vs; Si-0-Si), 809 (w;
Si0-Si), 464 (m; Si-0).

2.6. Adsorption ability of SBA-RT for Cr(1ll)

SBA-RT (20 mg) and SBA-15 (20 mg) were added to the about
0.2 ppm Cr(Ill) solution (50mL), respectively. The mixture was
stirred for 4 h. After filtration, the concentration of residual Cr(III)
in the filtrate was analyzed by inductively coupled plasma source
mass spectrometer (ICP).

2.7. Imaging of HeLa cells incubated with SBA-RT and Cr(III)

Hela cells were incubated with SBA-RT (1 ppm, suspended in
PBS medium) for 30 min at 28°C. After washing with saline to
remove the remaining SBA-RT, HeLa cells were further incubated
with 0.2mM Cr(Ill) for another 30 min at 28°C. Hela cells were
imaged by fluorescence microscopy.

2.8. Imaging of zebrafish incubated with SBA-RT and Cr(Ill)

Zebrafish was kept at 28°C. For mating, male and female
zebrafish was maintained in one tank at on a 12h light/12h
dark cycle and then the spawning of eggs was triggered by giv-
ing light stimulation in the morning. Almost all the eggs were
fertilized immediately. The 5-day old zebrafish was maintained
in E3 embryo media (15mM NaCl, 0.5mM KCI, 1mM MgSQOy,,
1 mM CaCl;, 0.15 mM KH;POy4, 0.05 mM NayHPOg4, 0.7 mM NaHCO3,
10-5% methylene blue; pH=7.5). The 5-day old zebrafish was incu-
bated with SBA-RT (4 ppm) in PBS media for 0.5h at 28 °C. After
washing with saline to remove the residual nanoparticles, the
zebrafish was further incubated with 0.2 mM Cr(Ill) for another
30min at 28 °C. Zebrafish was imaged by fluorescence microscopy.

3. Results and discussion
3.1. Synthesis and characterization of SBA-RT

Compound R6G-TETA was prepared according to the reported
procedures. Intermediate material SBA-IPTES was easily synthe-
sized by condensation of 3-(triethoxysilyl)propylisocyanate with
SBA-15 in toluene [42]. SBA-RT was obtained by coupling of R6G-
TETA with SBA-IPTES in toluene (Scheme 1) and characterized by
elemental analysis (EA), XRD, and several spectroscopic methods.

Fig. 1 displays the FTIR spectra of SBA-15 and SBA-RT, new
bands centered at around 3000-2800 cm~! and 1500-1400 cm™!
were attributed to the C-H stretching and the aromatic stretching
vibrations of Rhodamine group attached onto SBA-15, respectively
[43]. The content of incorporated R6G-TETA receptor was deter-
mined by thermogravimetric analysis (TGA). As shown in Fig. 2,
a slight weight loss (about 3.1%) of SBA-IPTES in the temperature
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Fig. 1. FT-IR spectra of SBA-15 and SBA-RT.

range of 50-150°C mainly due to the thermal removal of physi-
cally adsorbed water. The major weight loss (about 8.9%) event in
the temperature range of 150-800°C could be due to the thermal
decomposition of IPTES. Analogously, two steps weight loss (3.3%
weight loss in 50-150°C, and 23.3% weight loss in 150-800°C)
of SBA-RT could be attributed to the removal of water and then
thermal decomposition of R6G-TETA receptor, respectively [44].
Referring to elemental analysis (EA) results, we calculated that
SBA-RT contains approximately 20 wt% of R6G-TETA. Accordingly,
5 ppm SBA-RT suspension corresponding to the concentration of
R6G-TETA was about 1.5 M.

The maintenance of the uniform mesopore structure of SBA-15
during the grafting process was also investigated. As shownin Fig. 3,
both the isotherms of SBA-15 and SBA-RT were of type IV as defined
by IUPAC, characteristic of mesoporous material with a highly
uniform size distribution. However, the Brunauer-Emmett-Teller
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Fig. 2. TGA curves of SBA-IPTES and SBA-RT. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of the article.)

(BET) surface area of SBA-RT declined from 571 m2/g to 385.8 m?/g
due to the linkage of R6G-TETA. Likewise, the pore volume
shrinked to 0.618 cm3/g from 0.912 cm3/g for the parent materi-
als. Furthermore, the Barret-Joyner-Halenda (BJH) pore diameters
distribution of SBA-RT showed a decrease in diameter by 2.9 nm
compared with that of SBA-15 (Fig. 3) [45]. These results demon-
strated that the mesoporous structure of SBA-15 was maintained
after attachment of R6G-TETA. TEM micrographs of the SBA-RT also
indicated that the channel structure of SBA-15 is not destroyed by
incorporation of Cr(Ill) probes (Fig. 4) [46].

3.2. The detection and adsorption ability of SBA-RT for Cr(Ill) in
water

The detection ability of the functional material to Cr(Ill) was
investigated by means of fluorescence titration. The colorless
suspension of SBA-RT (5 ppm, pH=6.4) showed very weak fluo-
rescence due to the predominant ring-closed spirolactone [47].
Upon addition of Cr(IIl), the suspension showed strong fluores-
cence with an approximately 8-fold enhancement in the intensity
(Fig.5(a)).In addition, the Cr(Ill)-loaded SBA-RT after isolation from
the aqueous suspension under-went a color change from almost
colorless to pink (Fig. 5(a), insert). To the best of our knowledge,
this is the first successful Cr(Ill) detection application of functional
mesoporous materials by spectroscopic and “naked-eye” meth-
ods in water. While Cr(IllI) is more stable under acidic condition
because of strong hydrolysis efficiency in water, and Rhodamine
dye is usually disturbed by the proton in the detection of metal
ions due to the ring-opening under acidic conditions [48]. The pH-
dependence titration of SBA-RT upon addition of Cr(IIl) revealed
that the luminescence did not vary over a pH range from 5.5 to 7.5.
We also investigated the accuracy of SBA-RT by ICP spectrometric.
As showninFig. 5(b), the fluorescence intensity increased in alinear

o 700 z

® go0] us (@)

o £0.20 i ,O-M
P 5004 S5 ?/\\a ¥

‘E, %0.10 T

~ 4 2 0.05] % YN

T 400 20.00 & . (b)
Ko =

S 30012 1 e e
2 100- ;:*‘e JPU

=) "

3 T T T T T T
> 00 02 04 06 08 1.0

Relative pressure (P/P)

Fig. 3. Nitrogen adsorption-desorption isotherms of (a) SBA-15 and (b) SBA-RT.
Inset: corresponding pore size distribution for (a) SBA-15 and (b) SBA-RT.
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Fig. 5. (a) Fluorescence spectra of SBA-RT (5 ppm, pH =6.4) upon addition of various amounts of Cr(IIl) (0-20 wM) in water. Insert: color changes for isolated SBA-RT with
Cr(III). (b) Red trigons: fluorescence titration profile of the of SBA-RT (5 ppm, pH=6.4) upon addition of Cr(IIl) (0-0.6 M) in water. Black stars: the concentration of the
added Cr(IlI) determined by ICP measurement. Emission record at 553 nm, excited at 500 nm. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of the article.)

manner with the increase of the concentration of Cr(Ill) in the range
of 0-6 wM (linearly dependent coefficient: R? =0.9946), indicating
the detection limit of Cr(III) by this method is 1 wM. Therefore, we
believe that SBA-RT was capable of distinguishing safe and toxic
levels of Cr(IIl) in surface water according to the 2.5 wM (0.13 ppm)
China EPA (Environmental Protection Agency) standard [49]. By
comparing with the ICP spectrometric measurements, the pro-
posed chemosensor SBA-RT showed satisfactory result with lower
detection limit and linear dependence at lower concentration of
Cr(III) [50].

Although R6G-TETA has been successfully applied to detect
Cr(IIT) in aqueous system, its use in related analytical techniques
in the homogeneous phase is not appropriating for the separa-
tion, removal, and enrichment of Cr(III) in potential environmental
application. As a solid probe, SBA-RT was insoluble in water or
other common organic solvents, providing the possibility to remove
the Cr(Ill) from the pollutant solution in heterogeneous phases.
Consequently, we investigated the adsorption ability of SBA-RT to
Cr(IIT) in water. A Cr(III) solution of about 0.2 ppm was treated with
SBA-RT, after filtration, the concentration of Cr(Ill) solution before
and after treating with SBA-RT was estimated by inductively cou-
pled plasma source mass spectrometer (ICP). We observed that the
hybrid material adsorbed almost 90% of Cr(Ill), and the concentra-
tion of Cr(IIl) remained in the solution was about 20 ppb. Whereas,
the concentration of Cr(Ill) remained in the solution in case of SBA-
15 used was 0.18 ppm. SBA-RT thus is a promising remediation
material used for removing of metal ions in drinking water.

The functional nanomaterial features excellent selectivity
towards Cr(IIl) over the other competitive cations species such

as AI3*, Cu?*, Hg?*, Zn?*, Cd?*, Pb2*, Ni2*, Co?*, BaZ*, Mg+, Ca?",
Na* and K* in water. All fluorescence spectra were recorded at
553 nm within 3 min after addition of metal ions (20 wM) in the
suspension of SBA-RT (5 ppm, pH=6.4). The fluorescence emission
changes of SBA-RT upon addition of various metal ions are illus-
trated in Fig. 6. No significant spectral changes of the suspension
solution occurred in the presence of alkali or alkaline, earth met-
als and the first-row transition metals, such as, Fe3*, Hg?*, Cu?",
Zn%*, Cd2*, Pb2*, Mn?*, Ni2*, Co%*, and Mg2*, Ca2*, BaZ*, Na*, K*.
However, the addition of Cr(Ill) ions into the suspension of SBA-
RT produced an obvious fluorescence enhancement. Upon addition
of Cr(Ill) to the above suspensions gave rise to drastic increase
of their fluorescence intensities, revealing that Cr(Ill) has spe-
cific effects on the fluorescence responses, and the Cr(IlI)-specific

0
FreeCr Fe Al HgCu Pb Zn Cd Ni Co Ba Ca Mg Na K

Fig. 6. Normalized fluorescence responses of SBA-RT (5 ppm, pH=6.4) to various
cations in water. The green bars represent the emission intensities of SBA-RT in
the presence of cations of interest (all are 20 wM). The blue gray bars represent
the change of the emission that occurs upon the subsequent addition of 20 uM of
Cr(III) to the above suspension. The intensities were recorded at 553 nm, excitation
at 500 nm. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of the article.)



412 Q. Meng et al. / Talanta 86 (2011) 408-414

HN#}:N-LN

i 1
g;"SiJJ NIZ Q o’

Iz

e ,\ulli g iiuﬂ/\,m::::;>

Scheme 2. Proposed binding mode of SBA-RT with Cr (III).

response was not disturbed by the competitive ions. From a view
of mechanistic, Cr(IIl) featured optimal coordination ability to the
R6G-TETA among these metal ions. Due to the small size, Cr(III)
can be coordinated by one amide group, one urea group and two
nitrogen atoms of the anchored rhodamine derivative in SBA-RT
to form a 1:1 stable complexation species (Scheme 2). Whereas
for other transition metal with larger size, it is difficult to form
stable complexation species in the same coordination geometry,
hardly “turn-on” the luminescence by opening the spirolactam ring
of the Rhodamine. It should be noted that the detection towards
Cr(Il) of the free R6G-TETA was disturbed by Fe (IllI), while the
selectivity of SBA-RT towards Cr(Ill) was significant improved. This
phenomenon has also been reported for functional hybrid materi-
als [51]. The quantum efficiency of SBA-RT could be increased due
to the presence of silanol groups on the channels surface of SBA-
15, which partly inhibits the proton transfer and influenced the
coordination environment of R6G-TETA by the synergistic effect.
Consequently, the Fe(Ill) complex with SBA-RT gives rise to less
fluorescence enhancement than the Fe(Ill) complex with R6G-
TETA, and a Cr(IlI)-specific fluorescence response spontaneously
achieved.

UV-vis diffuse reflectance spectra were measured to further
investigate the binding efficiency of SBA-RT to Cr(IlI). As shown
in Fig. 7, once Cr(III) loaded to the hybrid material, the weak band
at about 530 nm attributed to the typical absorption of Rhodamine
increased obviously, indicating that the Cr(IIl) was efficiently bound
to the receptor R6G-TETA that attached to the SBA-RT and the open-
ing forms of the Rhodamine framework appeared [52]. However,
the band position showed a blue shift of about 13 nm compared
to that of R6G-TETA. A similar blue-shift phenomenon was also
reported in the previous examples and could be explained by the
molecular orbital confinement theory [53-55]. Hereby, this result
also indicated the sensor R6G-TETA was successfully grafted onto
the inner surface of SBA-15. We also examined the regeneration
of the material after immerge to Cr(Ill) (20 wM). When the solu-
tion was treated with 3 equiv. of EDTA, the quenching fluorescence
intensity of SBA-RT almost recovered (Fig. 8). The results indicated
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Fig. 7. UV-vis diffuse reflectance spectra of (a) SBA-15, (b) SBA-RT, (c) R6G-
TETA + Cr(Ill) and (d) SBA-RT + Cr (III).
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Fig. 8. Regeneration of the Cr(IlI)-loaded SBA-RT.

that SBA-RT is stable in the whole process, suggesting the potential
recyclability.

We then study the stability of the functional material in the
practical application process by Low-angle XRD analysis. As shown
in Fig. 9, both SBA-15 and SBA-RT exhibited three characteris-
tic diffraction peaks that can be indexed to (100), (110), and
(200) diffraction associated with typical two-dimensional hexag-
onal symmetry (P6mm). But the intensities of these characteristic
diffraction peaks decreased after grafting of R6G-TETA onto SBA-
15. This should be attributed to a reduction in the X-ray scattering
contrast between the silica walls and pore-filling material [56-58].
These results demonstrated that the hexagonal arrangement of the
mesopore was preserved during the grafting process. Furthermore,
the characteristic diffraction peaks of SBA-RT were kept in the pro-
cess of detection, adsorption and regeneration operation, indicating
excellent robustness and stability of the fluorescent material.
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Fig. 9. XRD patterns of (a) SBA-15, (b) SBA-RT and (c) SBA-RT +Cr (III).
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Fig. 10. Fluorescence imaging of SBA-RT induced by intracellular Cr(IlI). (a) Fluorescence image of HeLa cells incubated with SBA-RT (1 ppm, suspended in PBS medium). (b)
Fluorescence image of HeLa cells incubated with SBA-RT, and further incubated with Cr(IlI) (0.2 mM). (c) and (d) Brightfield image of HeLa cells shown in panel. Excited with

green light.

3.3. Fluorescence imaging experiments of SBA-RT in living cells
and in vivo

The interactions between surface-functionalized inorganic
nanomaterials and animal cells have shown their potential appli-
cation in biomedicine or biotechnology fields. Recent reports have
also shown that mesoporous silica nanomaterials were endocy-
tosed by mammalian cells efficiently [59,60]. The nanomaterial
SBA-RT was excited with green light, which is beneficial to cells
and tissues of interest, and low background fluorescence is also
an advantage. The HelLa cells were incubated with 1 ppm SBA-RT
(suspended in PBS medium) for 0.5h at 37°C. Then washed with
saline three times and mounted on a microscope stage. As shown

Heads

Abdomens

Tails

~ .\\
\ BN
Fig. 11. Fluorescence images of Cr(Ill) in five day old zebrafish. (H4, A4, T4) Fluorescence image of zebrafish incubated with SBA-RT (4 ppm), and further incubated with
Cr(IIT) (0.2 mM). (H2, A2, T2) Fluorescence image of zebrafish incubated with only SBA-RT. (H1, A1, T1, H3, A3, T3) Brightfield image of zebrafish. Excited with green light.

in Fig. 10(a), the cells displayed weak fluorescence intensity after
incubating with SBA-RT, suggesting that the silica material of opti-
mum size was efficiently taken up into cells [61]. In contrast, A
“turn-on” of the red fluorescence of HeLa cells were observed by
addition of Cr(Ill) (0.2 mM) into the medium after incubating for
another 0.5 h at 37 °C (Fig. 7(b)). The cells were still viable through-
out the imaging experiments (Fig. 7(c) and (d)). These experiments
indicated that SBA-RT was cell-permeable and could be used to
monitor intracellular Cr(III) or study biological processes involving
Cr(IIT) within living cells (Fig. 10).

The successful cell experiments encouraged us to determine if
the nanomaterial could be used to detect Cr(Ill) in living organ-
isms, so in vivo detection was evaluated. Five-day-old zebrafish
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was incubated with SBA-RT (4 ppm) in PBS media for 0.5h at 28°C
and washed with saline to remove the remaining silica particles,
and then incubated with 0.2 mM Cr(III) for another 0.5h at 28°C.
After being washed with saline, the zebrafish was imaged by a
Nikon eclipse TE2000-5 inverted fluorescence microscopy (excited
with green light). As shown in Fig. 11, the functional material was
successfully taken up into various parts of the zebrafish and a
strong red fluorescence was emerged (Fig. 11, H4, A4, T4), indi-
cating that Cr(Ill) ions in zebrafish were fluorescently detected
by SBA-RT. However, a zebrafish treated with only SBA-RT in the
absence of external Cr(Ill) ions showed a very weak fluorescence
signal (Fig. 11, H2, A2, and T2). In particular, the head of the
zebrafish exhibited significant luminescent enhancement when
it was exposed to external Cr(Ill). The zebrafish remained alive
throughout the imaging experiments. To sum up together, above
results implied that the functionalized material should be poten-
tially useful for the study of the toxicity or bioactivity of Cr(Ill) in
living cells and organisms. To best of our knowledge, this is the
first fluorescent nanomaterial that can be used to monitor Cr(III)
in vivo.

4. Conclusions

In conclusion, we have successfully prepared a new functional-
ized mesoporous material SBA-RT. The hybrid material SBA-RT was
not only able to recognize Cr(Ill) with a highly selective and sensi-
tive by fluorimetric and colorimetric method, but also can remove
Cr(Ill) from water sample. It is stable enough in physiological pH
conditions and can be used to study biological processes involving
Cr(IIT) within living cells and living organisms.
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