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Luminescence functionalization of the ordered mesoporous SBA-15 silica was realized by depositing a YVO,.Eu®*
phosphor layer on its surface via the Pechini sol-gel process, resulting in the formation of the YVO,Eu**@SBA-15
composite material. This material, which combines the mesoporous structure of SBA-15 and the strong red
luminescence property of YVO4Eu®*, can be used as a novel functional drug delivery system. The structure,
morphology, porosity, and optical properties of the materials were well characterized by X-ray diffraction, Fourier
transform infrared spectroscopy, scanning electron microscopy, transmission electron microscopy, N, adsorption,
and photoluminescence spectra. As expected, the pore volume, surface area, and pore size of SBA-15 decrease
in sequence after deposition of the YVO4:Eu®* layer and the adsorption of ibuprofen (IBU, drug). The IBU-loaded
YVO,Eu**@SBA-15 system still shows the red emission of Eu* (617 nm, °Do—"F,) under UV irradiation and the
controlled drug release property. Additionally, the emission intensity of Eu®* increases with an increase in the
cumulative released amount of IBU in the system, making the extent of drug release easily identifiable, trackable,
and monitorable by the change of luminescence. The system has great potential in the drug delivery and disease
therapy fields.

1. Introduction but also maintain the optimum concentration and rational
h h decad ined/ led d toxicity of drugs in precise sites of the organs, which can
In the past three decades, sustained/controlled rugimprove therapeutic efficiency and reduce toxicit.large
delivery SVS“*”?S have attracted mych attention in the f|eIQS variety of polymer-based pharmaceutical carrier systems have
of mode.rn medwfe' and pharmaceuticals pe;cayse of the!r hlghoeen successfully employed as means of sustained/controlled
dr_ug dellvery_ efficiency a_m_d reduced '[OXI_CIty N companson drug delivery for their improved drug loading efficiency and
with conventionally administrated drugs in dosage fotrhs. degradable properfyRecently, ordered mesoporous silica
In general, controlled drug delivery systems can not only . . e : .
- ; : materials have gained considerable attention as carriers for
deliver the therapeutic drugs to the targeted cells or tissues drugs because g f their stable mesoporous structure, tunable
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surface properties, and good biocompatibifit§.So far, a
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materials can be used as excellent hosts for a variety of guest

large number of drug storage/release systems based omolecules. Reports on mesoporous silica materials function-

ordered mesoporous silicas have been repdfté&.!? Since
the discovery of triblock copolymer-templated SBA-15 in

alized with superparamagnetism have demonstrated feasible
applications in biomedical fields, including drug/gene de-

199813 the adsorption and surface properties of this meso- livery,'® magnetic resonance imagitftyioseparatior tissue
porous material have been adjusted by anchoring a varietyrepairing?! thermal tumor therap$? and stimuli-responsive
of functional groups onto the surface. This makes it have controlled-release delived.It is worth noting that meso-
many potential applications, such as selective adsorption ofporous materials functionalized with photoluminescence (PL)

noble metals' and immobilization of enzymée$:% Most

also have potential applications in the fields of drug delivery

recently, SBA-15 has been investigated as a host materialand disease diagnosis and ther&¥.This is because these

for drug storage and controlled release syste#is’
Additionally, surface-functionalized mesoporous silica
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controlled drug delivery systems not only have high pore
volumes for the storage and delivery of drugs but also possess
photoluminescence properties which can be tracked to
evaluate the efficiency of the drug release. Surface-func-
tionalized mesoporous silica may be employed for qualitative
and quantitative detection of disease position and drug release
efficiency. Therefore, the design of mesoporous materials
functionalized with photoluminescence properties and drug
storage capabilities plays a key role in achieving this
application. Although luminescence functionalization (using
Y,0::EW®, rare earth complexes, etc.) of inorganic porous
materials (including carbon nanotubes and mesoporous
silicas) was reported in several publicatiéh®,these materi-

als have never been really tested as drug storage/release
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systems to demonstrate their advantages in this area. Ad+errous Metals Limited), B3 (99.99%, Shanghai Yuelong Non-

ditionally, the organie-inorganic hybrid composites (lumi-
nescent lanthanide complex-grafted mesoporous, Siazh

as MCM-41 and SBA-15} might not be suitable for a drug-
release system because of their toxicity (large organic
molecule, containing a phenyl group) and inferior stability.
Moreover, in comparison with most of reported non-silica
luminescent material (such as5:Eu-modified carbon

Ferrous Metals Limited), and NNO3 (99%, analytical reagent
(AR), Tianjin Damao Chemical Instrument Company) were dis-
solved in dilute HNQ (AR grade) and then added to a water
ethanol solution (v/\= 1/7). Then citric acid (AR grade) with a
molar ratio of 2:1 to metal ions was added as a chelating agent.
Subsequently, polyethylene glycol (PBE@,, = 10 000) was added

as a cross-linking agent with a concentration of 0.04 gtnlChe
mixture was stirred fol h toform a stable sol. Then desired amount

naDOtUbGS% the mesoporous silica-based luminescent ma- of the template-free SBA-15 powder was added into the sol with
terials show stable porous structures, large pore volumes andtirring. The suspension was stirred for another 3 h, and then the
diameters, large specific surface areas with a large numberresulting material was separated by centrifugation. After it was

of Si—OH groups on the surface, which are suitable for

dried at 100°C for 1 h, the sample was heated from room

loading a high quantity of drug molecules and which possesstemperature to 500C with a heating rate of £C min-* and

high sustained-release properties.

Herein, we propose a novel design to fabricate drug
storage/release systems by incorporating YNED®*" nano-
phosphors onto the surface of mesoporous SBA-15 via
Pechini sot-gel procesd®?’ The obtained composite materi-
als were well characterized by XRD, FT-IR; Bdsorption/
desorption analysis, SEM, TEM and HRTEM, and lumines-

maintained at 500C for 2 h in air for thecrystallization of YVQ;:
EW. In this way, the luminescence-functionalized SBA-15 materi-
als were obtained (denoted as YY¥BW™@SBA-15).

2.1.3. Preparation of Drug Storage/Release Systefmhe drug
storage/release profile for YV EWT@SBA-15 system was pre-
pared according to the previous repBrbuprofen (IBU, purchased
from Nanjing Chemical Regent Company) was selected as the
model drug. Typically, 0.5 g of the YVEEWB*@SBA-15 sample

cence spectra. In addition, the luminescence-functionalizedwas added to 50 mL of a hexane solution of IBU with a
SBA-15 materials were used as drug-carriers to study theconcentration of 60 mg mi! at room temperature and soaked for
release properties in the release media of simulated body24 h with stirring in a vial which was sealed to prevent the

liquid based on its high pore volume, luminescence, and
nontoxic properties. It is shown that the emission intensity
of EW®" increases with the increasing cumulative released
amount of the drug (IBU) in the system, making the extent
of drug release be easily identified, tracked, and monitored
by the change of luminescence.

2. Experimental Section

2.1. Materials and Synthesis. 2.1.1. Synthesis of SBA-Tkhe
starting materials for the synthesis of SBA-15 included tetraethyl
orthosilicate (TEOS, 99%, Beijing Chemical Regent Company,
Beijing), hydrochloric acid (36:38%, Beijing Chemical Regent
Company, Beijing), and (EQYPO),o(EO), (P123,M,, = 5800,
Aldrich), all of which were used without further purification. SBA-

evaporation of hexane. The IBU-loaded YYBWwr@SBA-15
sample, denoted as IBUYVO . EWBT@SBA-15, was separated by
centrifugation, and then dried at 6C for 12 h.

The in vitro delivery of IBU was performed by immersion of
0.3 g of the sample in the release media of simulated body fluid
(SBF) with stirring, and the immersion temperature was kept
at 37°C. The ionic composition of the as-prepared SBF solution
was similar to that of human body plasma with a molar composition
of 142.0:5.0:2.5:1.5:147.8:4.2:1.0:0.5 for M&*/Cat/Mg?*/CI~/
HCO; /HPO2 /SO (pH 7.4)1 The ratio of SBF to adsorbed
IBU was kept at 1 mL mg. The amount of IBU adsorbed onto
the mesoporous SBA-15 was monitored by thermogravimetry (TG)
and elemental analysis. As a comparison, the drug storage/release
profile for the SBA-15 system was also studied in the manner
described above.

15 was synthesized according to the reported procedure using P123 The experimental process for the luminescence functionalization

as a structure-directing agent and TEOS as a silicon sd@irce.
Typically, 4.0 g of P123 was dissolved in 30.0 g oftHand 120.0

g of dilute HCI solution (2.0 M) with stirring at 3%C. Then 8.5 g

of TEOS was added dropwise to the solution with stirring, and the
mixture was maintained at this temperature for 20 h. It was then
crystallized at 80C for 20 h without stirring. The obtained material
was filtered, washed, and dried in air at room temperature. The

of SBA-15 by YVO,;Eu3t, the subsequent loading and release of
the IBU drug, and the corresponding sample pellet photographs
under the irradiation of 365 nm UV lamp in the dark are
schematically shown in Scheme 1.

2.2. Characterization. X-ray power diffraction (XRD) was
performed on a Rigaku-Dmax 2500 diffractometer using Gu K
radiation ¢ = 0.15405 nm). Fourier-transform IR spectra were

as-synthesized material was calcined from room temperature torecorded on a Perkin-Elmer 580B IR spectrophotometer using KBr

500°C at a heating rate of 4C min~! and kept at 500C for 6 h
to remove the templates.

2.1.2. Functionalization of SBA-15 by YVQ:Eu3". Deposition
of the YVO4,EW** phosphor layer onto the surface of the template-
free SBA-15 was prepared by a Pechini-sgél procesd®2” The
doping concentration of Bt was 5 mol % of ¥+ in YVO,, which
had been optimized in our previous wdrkin a typical process,
stoichiometric weights of ¥O3 (99.99%, Shanghai Yuelong Non-

(26) (a) Pechini, M. P. U. S. Patent 3330697, 1967. (b) Kakihana, M;
Yoshimura, M.Bull. Chem. Soc. Jpr1999 72, 1427. (c) Kakihana,
M.; Domen, K.MRS Bull.200Q 25 (9), 27.

(27) (@) Yu, M.; Lin, J.; Fang, JChem. Mater2005 17, 1783. (b) Yu,
M.; Lin, J.; Wang, Z.; Fu, J.; Wang, S.; Zhang, H. J.; Han, Y. C.
Chem. Mater2002 14, 2224.

pellet technique. Nadsorption/desorption isotherms were obtained
on a Micromeritics 2020M apparatus. Pore size distribution was
calculated from the adsorption branch of &tlsorption/desorption
isotherm and the Barretloner-Halenda (BJH) method. The BET
surface areas were determined using the data between 0.05 and
0.35 just before the capillary condensation, and the pore volume
was obtained by the t-plot method. Thermogravimetry (TG) was
carried out on a Netzsch Thermoanalyzer STA 409 with a heating
rate of 5°C min~! in a N, atmosphere. The morphology and
composition of the samples were inspected using a field emission
scanning electron microscope (FESEM, XL30, Philips) equipped
with an energy-dispersive X-ray spectrum (EDS, JEOL JXA-840).
Transmission electron microscopy (TEM) and high-resolution
transmission electron microscopy (HRTEM) micrographs were
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Scheme 1. Schematic Diagram Showing the Experimental Process for 10 200
the Luminescence Functionalization of SBA-15 by YABWE" and the
Subsequent Loading and Release of the IBU Drug (Left Side), together ; (a)

with the Corresponding Sample Pellet Photographs for SBA-15
(Daylight) and YVQ:EWT@SBA-15, IBU-YVO4EWB*@SBA-15, and
IBU-Released IBU-YVO.EWT@SBA-15 under the Irradiation of a 365
nm UV Lamp in the Dark

@ SBA-15 (b)

Luminescence
functionalized
with YVOs:Eu® (c)

100
Intensity (a. u.)
E

w

14 16 18 20 22 24
20 (degree) (a)

110
200

Intensity (a. u.)

3 4 5 6

T T
1 2
L]
VoLE 20 (degree)
.. Figure 1. Low-angle XRD patterns of calcined SBA-15 (a), Y¥O
YVO4«Eu” @SBA-15 EWt@SBA-15 (b), and IBY-YVO4EWBt@SBA-15 (c).

o N N
o) A ~
‘N A ™

HO
Introducing IBU IBU=
0 CH,CH(CH3)>

IBU-YVO4+Eu* @SBA-15

- 10 20 30 40 50 60 70

IBU-released 26 (degree)

IBU-YVO4:Eu* @SBA-15 i ) )
Figure 2. Wide-angle XRD patterns of calcined SBA-15 (a), Y¥O
EW*@SBA-15 (b), and IBU-YVOLEWRt@SBA-15 (c).

Intensity (a. u.)

obtained from a FEI Tecnai G2 S-Twin transmission electron
microscope with a field emission gun operating at 200 kV.

Inductively coupled plasma (ICP) measurement (ICP-PLASMA . . L .
1000) was performed on the YUEPF @SBA-15 sample to the intensity of these characteristic diffraction peaks decrease

determine the exact loading level of YW@ on the SBA-15  Slightly after deposition of YVQEL" and decrease further
sample. The UV-vis excitation and emission spectra were obtained after the adsorption of IBU with respect to the bare SBA-
on a Hitachi F-4500 spectrofluorimeter equipped with a 150 w 15. This may be caused by the deposition of YAEDF*
xenon lamp as the excitation source. All the measurements wereand the incorporation of IBU molecules onto the mesoporous
performed at room temperature. framework of SBA-15, which results in the decrease of
crystallinity of the mesoporous materials.

Figure 2 displays the wide-angle XRD patterns of the

3.1. Formation, Structure, Morphology, and Properties corresponding samples. In Figure 2a for SBA-15, the broad
of SBA-15, YVO,iEu**@SBA-15, and IBU-YVOy band centered att?= 22° can be assigned to the charac-
Eul*@SBA-15. 3.1.1. XRDFigure 1 shows the low-angle teristic reflection from amorphous SiQICPDS 29-0085).
XRD patterns of calcined SBA-15, YVLEUW*@SBA-15, While for YVO4LEW@t@SBA-15 (Figure 2b) and IBY
and IBU-YVO,EWT@SBA-15. All the samples exhibit YVO4EWT@SBA-15 (Figure 2c), the typical characteristic
three well-resolved diffraction peaks that can be indexed asdiffraction peaks of YVQ (JCPDS 1#0341) can be ob-
(100), (110), and (200) reflections associated with 2-D served at 2 = 25.0, 33.5, and 49°5respectively, suggesting
hexagonal symmetryPemm), confirming a well-ordered  the successful crystallization of YVEW" on the surface
mesoporous structure in these material systébke results of mesoporous SBA-15. The exact loading level of YA/O
indicate that the ordered hexagonal mesoporous structure oEW** on the SBA-15 sample was about 5.2 wt % (determined
SBA-15 remains intact after both the deposition of the VO by ICP). The XRD results also demonstrate that the

Eut phosphor layer and the adsorption of IBU. However,

3. Results and Discussion
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Figure 4 displays the representative TEM images of the
calcined SBA-15 and YVQEW'@SBA-15 samples, re-
spectively. The TEM images of SBA-15 (Figure 4a and b)
exhibits the highly ordered hexagonal arrays of mesoporous

o0 channels, confirming a hexagon&6mm) mesostructuré?

o After deposition of YVQ:Ew*, the TEM images for the
YVO . EWBt@SBA-15 sample (Figure 4c and d) also exhibit
a similar hexagonal array of ordered channels and the typical
honeycomb, resembling that of SBA-15, indicating that
mesostucture of SBA-15 is substantially conserved. The EDS
result (Figure 4e) confirms the presence of silicon (Si),
oxygen (O), yttrium (Y), and vanadium (V) in the YO
EWT@SBA-15 sample (the Au signal is from the Au
coating for measurement). The Eu element was not detected
clearly because of its low concentration (but it can be
detected by the emission spectra, see post section). From
the HRTEM image of YVQEWr@SBA-15 (Figure 4f),

we can see crystalline phase (YYOwith well-resolved
lattice fringes and some amorphous structure §SICEBA-

15). The distance (0.352 nm) between the adjacent lattice
fringes just corresponds to the interplanar distance of the
YVO, (200) planes, agreeing well with tl§200) spacing

of the literature value (0.355 nm) (JCPDS No. 17-0341).
These results further confirm the presence of crystalline
YVO,EW? on the surface of SBA-15, agreeing well with
the XRD results.

3.1.3. FFIR. The FT-IR spectra for IBU, SBA-15, YV
EWT@SBA-15, and IBU-YVO,LEW@SBA-15 are de-
picted in Figure 5A and B, respectively. In the case of SBA-
15 (Figure 5Aa), the obvious absorption bands from OH
(3450 cm?), H,0 (1630 cnY), Si—O—Si (v, 1100 cn?;
vas 807 cnml), Si—OH (vs, 950 cnTl), and SO (9, 471
cmY) (wherevs represents symmetric stretchings asym-
metric stretching, andd bending) are presefAt?® This
indicates that a large number of the OH groups an® H
present on the surface of SBA-15 play an important role in
the bonding of metal ions from the impregnating sol and
ibuprofen molecules from the ibuprofehexane solution.

In Figure 5Ab for YVQLEW @SBA-15, the obvious
absorption band at 833 crhcan be attributed to the vibration

of V—0 bond (in the V@~ group), suggesting the formation
of crystalline phase (YVg) on the surface of mesoporous

] ] ] silica during the heat treatment procé%t particular, this
incorporation of IBU molecules into the pores of the meso- ahsorption band can still be clearly observed in the case of
porous SBA-15 does not affect the crystalline structure of IBU-YVO4E@* @SBA-15 (Figure 5Ac), which makes it
YVOy, as shown in Figure 2¢ for IBUYVO,ELF @SBA- possible to track it during the release process of transport in
15. . body fluids. Figure 5B shows the expanded FT-IR spectra
~ 3.1.2. SEM and TEM. Figure 3a-c shows the SEM  hanyeen 1800 and 1300 cf It reveals that the intensity
images of calcined SBA-15, YVALEW@SBA-15 and 4 ,(COOH) at 1718 cmt decreases significantly compared
IBU—YVO,ELP* @SBA-15, respectively. It can be seenthat it that of ibuprofen (Figure 5Bd). Meanwhile, a new band
all samples consist of relatively uniform rodlike particles .gntered at 1558 cm is observed in Figure 5Bc, which
about 0.5um in diameter and lum in length, which 54 pe attributed to the asymmetric stretching vibration of
aggregate into wheatlike microstructures as reported previ-coo-, These results indicate the interaction between the
ously?® It seems that the introduction of YV/EW" and carboxylic group of ibuprofen and the-SDH groups in the

gBE:JA 225 little influence on the surface morphology of mesoporous silica. Furthermore, the absorption bands as-

D~ - VA
95 3 : { /
' el PR e

Figure 3. SEM images of the calcined SBA-15 (a), YVEW @SBA-
15 (b), and IBU-YVO4EWT@SBA-15 (c).

.

(29) (a) Chen, Y.; Iroh, J. @Chem. Mater1999 11, 1218. (b) Kook Mah,
(28) Margolese, D.; Melero, J. A.; Christiansen, S. C.; Chmelka, B. F; S.; Chung, I. JJ. Non-Cryst. Solidd995 183 252. (c) Kioul, A.;
Stucky, G. D.Chem. Mater200Q 12, 2448. Mascia, L.J. Non-Cryst. Solid4994 175 169.
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Figure 4. TEM images of calcined SBA-15 [(a) perpendicular to the pore axis, (b) parallel to the pore axis] andEY®@ SBA-15 [(c) perpendicular
to the pore axis, (d) parallel to the pore axis], EDS of YMEF*@SBA-15 (e), and the HRTEM image of YMEW@SBA-15 (f).

signed to the quaternary carbon atom located at 1463 andYVOEW@SBA-15 (b), IBU-YVO4EW@T@SBA-15 (c),
1519 cnt?, the tertiary carbon atom at 1379 cinthe O-H and IBU-released IBBYVOEWT@SBA-15 (d), and the
bending vibration at 1421 cmh, and the G-Hybond at 2920  corresponding pore size distributions are shown in Figure
and 2961 cm!3° can be clearly observed in Figure 5Bc, 7. As shown in the Figure 6, all the samples show typical
which further confirms the successful incorporation of |V isotherms with H-hysteresis, together with narrow size
ibuprofen into the channels of the mesoporous silica. In djstributions (Figure 7), indicating a typical mesoporous
addition, Figure 5A also reveals that the intensity of the material with hexagonal cylindrical channéfsTherefore,
OH groups at 3430 cnt and Si-OH at 950 cm* decreases it can be deduced that the deposition of YVMEW" and
after deposition of YVQEW" and decreases further after |pading of IBU molecules have not greatly changed the pore
ibuprofen loading. This observation further demonstrates the srycture of mesoporous SBA-15, which coincides with the
strong interaction between OH groups and the introduced xrp resuits. It can also be seen from Figure 6 that the
components. _ . . marked uptake is located at a relative pressure close to 0.6.
3.1.4. N Adsorption/Desorption. Figure 6 shows the N = after deposition of YVQ:EW* and incorporation of IBU,
adsorption/desorption isotherms of calcined SBA-15 (a), he marked uptakes move toward lower relative pressure as
(30) Bellamy, L. J. InThe Infrared Spectra of Complex Molecyl&sd EXpeCted' located at about 0.5 and 0.4, respectlvely. The
ed.; Chapman and Hall: London, 1975; Vol. 2. textural characteristics of the above four kinds of materials
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Figure 5. (A) FT-IR spectra of calcined SBA-15 (a), Y\AEW™@SBA-
15 (b), IBU-YVO4EW*@SBA-15 (c), and IBU (d). (B) Expanded FT-IR
spectra of YVQ:EUB¥*@SBA-15 (b), IBU-YVO4EWB*@SBA-15 (c), and
IBU (d).
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Figure 6. Ny adsorption/desorption isotherms for calcined SBA-15 (a),
YVO4LEWT@SBA-15 (b), IBU-YVO4EW @SBA-15 (c), and IBU-
released IBU-YVO4EW@SBA-15 (d).

are summarized in Table 1. It is known from Table 1 that
calcined SBA-15 has a high BET surface area (683ym)
and a large pore volume (1.15 &gr') and pore size (7.37
nm), indicative of its potential application as a host in a drug-
release system. After the deposition of Y¥BW', the BET
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Figure 7. Pore size distribution for calcined SBA-15 (a), YY¥O

EBT@SBA-15 (b), IBU-YVO4LEWT@SBA-15 (c), and IBU-released
IBU-YVO4EW*@SBA-15 (d).
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Figure 8. Excitation (a and b) and emission (c and d) spectra for ¥VO
EBt@SBA-15 (a and c¢) and IBY YVO4EWT@SBA-15 (b and d).

550

surface area, pore volume, and pore size drop to 456
0.86 cn? g%, and 6.72 nm, respectively. As expected, the
pore size and pore volume are reduced drastically after IBU
adsorption compared with YV EWT@SBA-15. These
results further prove that IBU has been successfully incor-
porated into the channels of mesoporous SBA-15, which is
consistent with above FT-IR results. Finally, it is worthwhile
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Table 1. Textural Parameters of Calcined SBA-15,
YVO4LEB*@SBA-15, and IBU-YVO.EWB*@SBA-15 and

—
—
(=]

IBU-Released IBY-YVOEL#*@SBA-15 Samples 100+ o °
Vp SBET D 90'
samples (cmig™) (m2g™) (nm) 80-
SBA-15 1.15 683 7.37 0
YVO EWRT@SBA-15 0.86 466 6.72 70+ !
IBU-YVO4EWB*@SBA-15 0.32 221 5.13 60- .".
IBU-released IBU-YVO £ EWPT@SBA-15 0.79 438 6.29

504 |
40-

to point out that the sample still exhibits a typical IV isotherm
after complete release of IBU, and the BET surface area,

Cumulative released IBU(%)

pore volume, and average pore diameter can almost be 30¢

recovered (see Table 1 and Figure 7), indicating the good 204+———F—+—"T—+—T——7——

stability of this drug-release system. 0 10 20 30 40 S0 60 70 80
3.1.5. Photoluminescence (PL) PropertiesThe photo- Time (hour)

graphs of SBA-15, YVQEW*@SBA-15, IBU-YVO,: Figure 9. Cumulative IBU release from IBU-SBA-15 (a) and IBYVO,:
EBT@SBA-15, and IBU-released IBUYVO EWBT @SBA- EW*@SBA-15 (b) systems in the release media of SBF.

15 under UV lamp irradiation (365 nm) are illustrated in
Scheme 1. As shown in the scheme, strong red luminescencéBU-SBA-15 may be attributed to the higher surface area,
can be observed from YVEEWr@SBA-15 (whereas no larger pore size, and more silanol {$)H) groups on the
emission can be observed from bare SBA-15), further surface of mesoporous silica, which is likely to form more
indicating the successful introduction of Y& on SBA- hydrogen bonding with the carboxyl group of IBU. The
15. After incorporation of IBU and complete release of IBU cumulative drug release profiles of IBYVO 2EWT@SBA-
in SBF, the red luminescence can still be observed clearly 15 and IBU-SBA-15 systems as a function of release time
(Scheme 1), demonstrating the good stability of this drug- in the release media of SBF are shown in Figure 9, where
storage/release system. all in vitro studies have been carried out under the same
The PL properties of the samples were further character- conditions. As shown in the figure, the release profiles are
ized by excitation and emission spectra, respectively. The similar and clearly prove that both systems exhibit sustained-
excitation spectra for YVQEW@SBA-15 and IBU- release properties. It can be observed in Figure 9a that the
YVO,EW*@SBA-15 are shown in Figure 8a and b, amount released from IBU-SBA-15 delivery system reaches
respectively. The strong excitation band observed at 279 nmabout 36% m 2 h and 85% in 12 h. While for the IBY
can be attributed to the V@ group?’3!No excitation peaks  YVO,EW@SBA-15 system (Figure 9b), about 46% of IBU
of EU*" resulting from its f— f transitions can be found  has been released within 2 h, and the released amount
because of their relatively low intensity with respect to that reaches about 95% in 12 h. Both systems complete the
of VO,°~ group. Therefore, it can be deduced that the release in 24 h. The slight difference in the release rate should
excitation of E@* is mainly caused by the energy transfer mainly be attributed to the interaction between IBU mol-
from VO,*~ to EW**, which is well consistent with our  ecyles and SiOH on the surface of mesoporous silica. As
previous reports! Upon excitation into the V@~ at 279 shown in the FT-IR spectra (Figure 5), the intensity of the
nm, the characteristic transition lines from the excitBg Si—OH bands on the surface of SBA-15 decreases after
level of El¥" can be observed in the emission spectra, as the deposition of YVQEW*. Hence, the interaction
shown Figure 8c and d (the locations of the emission lines petween the carboxylic group of ibuprofen and the
together with their assignments are labeled in the figure asgjjgnol groups on the surface of SBA-15 may be weakened,
well). In Flgure 8c, th_e two main characteristic peaks resulting in the acceleration of the release rate of ibuprofen
observed in the red region originate frdio — F; (593 molecules into the release media for the HBYVO,:
nm) and®Do — “F, (617 nm), respectively. It is worth noting EW@SBA-15 system. In comparison with the IBU-SBA-
Fhat the chgra_cteristic emission peaks are still clearly observed15 system, the IBYYVO,EW*@SBA-15 drug-release
in the emission spectrum of IBUYVOLEW @SBA-15 o s1em shows only slightly lower IBU storage capacity
(Figure 8d). This makes the drug loading system easily and IBU release rates in the release media, suggesting its

identifiable, trackable, and monitorable using the lumines- o niia) anplications in the area of drug delivery and disease
cence. A detailed relationship between the emission intensity erapy

and extent of IBU drug release in IBUYVO EL* @SBA- L .
15 system will be shgwn in next section 4 @ The PL emission intensity of IBOYVO,EW"@SBA-

3.2. Drug Storage/Release PropertieéThe respective 15 samples has been investigated as a function of cumulative
IBU Ibading degrees of IBU for IBU-SBA-15 and 1BY released amount of IBU, as shown in Figure 10. It can be
YVO,EF* @SBA-15 are 34 and 29 wt % determined by seen that the PL intensity increases with increasing the
TG and elemental analysis (C loadings are 24.9 and 21.8%),cumulative released amount of IBU, reaching a maximum

respectively. The slightly higher degree of drug loading for When [BU is completely released from the drug storage
system. It is well-known that the emission of Ewvill be

(31) Hsu, C.; Powell, R. CJ. Lumin 1975 10, 273. guenched to some extent in the environments which contain
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30000 extent can be potentially used as a probe to monitor the drug-
oo release process and efficiency in the course of the disease
— 25000 e°/ therapy.
= &
. o®
© .
; 20000 / 4. Conclusions
- e/e
% 15000 / In summary, we have designed a novel drug-storage/
€ s release system functionalized with photoluminescence prop-
! 100004 / erties by deposition of a YVQEW" phosphor layer onto
o e/e the channel surface of mesoporous SBA-15 (L\ED** @ SBA-
5000 15). This system possesses sustained-release properties of
0 20 40 60 80 100 the drug in an in vitro assay. It exhibits strong red
Cumulative Released IBU (%) luminescence even after loading of the drug (IBU), and the
PL intensity increases with increasing the cumulative released

Figure 10. PL emission intensity of Ed in IBU-YVO4EW" @SBA- . - -
15 as a function of cumulative release amount of IBU. amount of IBU, reaching a maximum when IBU is com-

pletely released from the drug-storage system. The combina-
high phonon frequenc$.(For example, the emission of Eu tion of both the drug storage/release and photoluminescence
will be seriously quenched by OH groups with a vibrational properties for YVQ:EW3*@SBA-15 system makes it easy
frequency near 3450 cr). The organic groups in IBU with  to identify, track, and monitor in the drug delivery and
tremendous vibration frequencies from 1000 to 3250cm  disease therapy process.
will quench the emission of Bt to a great extent in the
IBU—-YVO,EW*@SBA-15 system. With the release of IBU,  Acknowledgment. This project is financially supported
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