
Controlled drug delivery technology represents one of the
most rapidly advancing areas of biomedical science con-
tributed by chemists and chemical engineers to health care.
Controlled delivery systems offer significant advantages over
conventional dosage forms, in terms of enhanced efficiency
of medicine, and improved patient compliance and conven-
ience over as the efficiency of medicine. The method by
which a drug is delivered can have a significant effect on its
therapeutic efficacy. The controlled drug release process is
attractive and has been widely and intensively studied. Much
of this work involves polymers to enable the drug to be deliv-
ered at relative constant rate by diffusion control from poly-
mer or polymer composites over time.1—7) The drug is de-
posited by means of direct compression, coating, wet granu-
lation, or mechanical mixture of both matrix and drug. These
methods have in general the disadvantage of non-uniform
distribution, which can influence the release rate between dif-
ferent drug compositions. Therefore, much improvement in
this field would be expected if chemically homogeneous ma-
terials possessing uniformly arranged porosity to accept or-
ganic guest molecules are made available.

Novel ordered mesoporous silica materials with biocom-
patible amorphous pore walls fulfill these requirements and
have good potential for biomedical applications of drug de-
livery and tissue regeneration.8—10) The large pore volume al-
lows high drug loading into the ordered matrix. The large
surface area of the internal surface can be modified accord-
ing to specific purposes for different drugs association on the
surface of matrix. Since Vallet-Regi and co-workers11) re-
ported that MCM-41 loaded ibuprofen could be sustained-re-
lease in 80 h, mesoporous silica materials have attracted great
attention to be a potential controlled drug delivery system.
Organic modified MCM-41 with functional groups on the
surface could further decrease the delivery rate of ibupro-
fen.12—15)

Among mesoporous materials, SBA-15 possesses a hexag-
onal array of mesopores 6.0—20 nm in diameter, which is
much larger than the 3.0-nm pores characteristic of the

MCM-41 and MCM-48. Therefore, SBA-15 mesoporous ma-
terials could be modified with various surface functional
groups and still preserve the large pore channels and surface
areas for drug adsorption and desorption.16—19) It is expected
to provide greater versatility for the delivery of drug mole-
cules, whereupon the release rate depends to the large extent
on the surface properties of drug carrier. The most common
morphology of SBA-15 used is noodle-like fiber bundles of
several tens of micrometers in length.20) Particle size and
morphology are among the significant factors to affect the
uptake of formulated drugs through the intestine wall to body
fluids for controlled delivery. Thus, it is important to develop
mesoporous silica SBA-15 with submicron particle size and
having new possibilities for incorporating biological agents
within the silica host and for controlling their release kinetics
from the matrix.21) In this work, MgO-modified submicron
mesoporous silica SBA-15 was prepared by one-pot hy-
drothermal synthesis route.22) The functionalized surface of
the submicron particles with moderate basic properties was
used for the controlled release of drug substances using
ibuprofen as a model drug with acidic groups.

Experimental
Synthesis of Materials MgO modified submicron SBA-15 particles

were synthesized by one-pot hydrothermal treatment and in-situ coating
process. Typically, 4.0 g of Pluronic P123 (EO20PO70EO20, Aldrich) was dis-
solved in 150.0 g of 2 N HCl solution at 40 °C under vigorous stirring in 2 h.
A certain amount of Mg(NO3)3· 6H2O (Sigma-Aldrich) was introduced to
the solution under stirring to form a homogenous solution. Eight and one-
half grams of tetraethyl orthosilicate (TEOS, Sigma-Aldrich) was added and
stirred vigorously for 2 min. The mole ratio of components for the mixture is
SiO2 : P123 : MgO : HCl : H2O�1.0 : 0.016 : x(0—0.2) : 6.9 : 178.6 where x
varies in range of 0—0.2 corresponding to different loading level of MgO.
Then the mixture was kept under static conditions at 40 °C for 2 h, followed
by a hydrothermal treatment at 100 °C for 24 h. The resulting material was
directly evaporated at 100 °C for 24 h. The material was heated from room
temperature to 550 °C at a heating rate of 2°/min and followed by calcina-
tions in air for 6 h.

Drug Loading To load ibuprofen onto MgO modified SBA-15 materi-
als, 0.8 g of powder silica SBA-15 was added to 20 ml of ibuprofen–hexane
solution with initial concentration of 40 mg/ml and adsorption was con-
ducted for 48 h under stirring at room temperature. The powder was filtered
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and dried at 40 °C under air flow for 24 h. The amount adsorbed on the sam-
ples was measured by thermogravimetric analysis (TGA).

In Vitro Drug Release Studies One-half of drug-loaded material was
pressed into a tablet (13�5 mm) by a pressure of 7.5 MPa. The dissolution
profile was measured using the standard a USP dissolution tester (VK7010,
Varian Co, U.S.A.) operated at 37�0.1 °C and stirring rate of 50 rpm. Each
0.5 g tablet was introduced into in the vessel with 500 ml of simulated body
fluid (SBF) and drug release kinetic studies were performed. Simulated body
fluid (SBF) has a composition very similar to the human plasma (mixed so-
lution of: 136.8 mM of NaCl, 4.2 mM of NaHCO3, 3 mM of KCl, 1.0 mM of
K2HPO4·3H2O, 1.5 mM of MgCl2· 6H2O, 2.5 mM of CaCl2·H2O and 0.5 mM

of Na2SO4). The solution was buffered at pH 7.4 with 50 mM of tri(hydroxy-
methyl)aminometahane). A sample of the release medium (3.0 ml) was ex-
tracted for analysis at regular time intervals using a syringe, and replaced
with the same volume of fresh SBF. The drug concentration released into
SBF with time was measured by UV–vis spectrophotometer (UV3010
SHIMDZU) at a wavelength of 272 nm. Calculation of the corrected concen-
tration of replaced ibuprofen is based on the following equation:
Ctorr�Ct�v(C0�C1· · ·�Ct�1)/V, where Ctorr is the corrected concentration at
time t, Ct is the apparent concentration at time t, v is the volume of sample
taken and V is the total volume of the dissolution medium in vessel.23)

Characterization All solid samples were characterized by X-Ray Dif-
fraction (XRD), Scanning Electronic Microscopy (SEM), Fourier Transform
Infra Red (FTIR) spectroscopy, The transmission electron microscopic
(TEM), and N2 adsorption. X-ray diffraction measurements were performed
on a D8-ADVANCE (BRUKER, U.S.A.) X-ray diffractometer in steps of
0.02° using CuKa radiation as X-ray source. The unit cell parameter (a0)
was calculated using the formula a0�2d100/√3 , where d100 represented the d-
spacing value of the (100) diffraction peak in XRD patterns of the samples.
SEM images were taken with a field emission scanning electron microscope
(FESEM, JEOL JSM-6700F, JEOL Co., Japan). The framework vibration
FTIR spectra were recorded on TFS3000MX (BIO-RAD, Bio-rad Lab.,
U.S.A.) infrared spectrophotometer at a resolution of 2 cm�1. The samples
were thoroughly ground with KBr pellet before being pressed at 4 ton to
form a thin wafer and storage in a desiccator with silica gel desiccant under
vacuum for 24 h prior to measurement. TEM measurement was performed
on TECNAI F20 (G2) (FEI, Netherlands) electron microscope at 125 kV. Ni-
trogen adsorption/desorption isotherms were measured by using an Au-
tosorb-6B gas adsorption analyzer (Quantachrome, U.S.A.) at the tempera-
ture of �196 °C. Before nitrogen adsorption–desorption measurements,
each sample was heated at 300 °C under vacuum for 12 h. The specific sur-
face areas of the samples were determined from the linear portion of the
Brumauer–Emmett–Teller (BET) plots. The pore size (diameter DBET) distri-
bution was calculated from the adsorption branch of N2 adsorption–desorp-
tion isotherms using the conventional Barrett–Joyner–Halenda (BJH)
method.

Results and Discussion
Characterization of MgO Modified SBA-15 Submicron

Particles Figure 1 shows the low and high angle XRD pat-
terns of samples of pure silica SBA-15 and SBA-15 in-situ
modified with MgO. All samples exhibited typical XRD pat-
terns of SBA-15 mesoporous materials. An intensive diffrac-
tion peak observed at 2q�0.84—0.98° for all samples corre-
sponds to the (100) diffraction peak, accompanying with two
small peaks assigned to (110) and (200), is characteristics of
ordered structure of 2D hexagonal space group (p6mm).24,25)

As compared with pure silica SBA-15, the (100) diffraction
for the MgO modified SBA-15 was shifted to lower angle, re-
sulting in an increase in the corresponding unit cell parame-
ter a0. The unit cell parameter a0 was 104 Å for pure silica
SBA-15 and it was 118 Å for MgO/SBA-15 (Si/Mg�20).
When the content of MgO was increased to Si/Mg�5, the
diffraction peak of (100) shifted to 0.84° with a unit cell pa-
rameter of 121 Å. The high angle XRD patterns indicate that
the pore wall of all samples of pure silica SBA-15 and
MgO/SBA-15 was in an amorphous state. In addition, for the
in-situ modified SBA-15 with MgO (Si/Mg�20), the diffrac-

tion of MgO was not observed, indicating that that MgO was
highly dispersed onto the large internal pore surface or em-
bedded in the amorphous pore wall without formation of
crystalline MgO. When MgO/SBA-15 with MgO content in-
creased to Si/Mg�5, only a very small diffraction peak ap-
peared at 43°. As compared with MgO mechanically mixed
with pure silica SBA-15, the diffraction peak due to modified
MgO was extremely low although both samples possessed
same MgO content (Si/Mg�5). The results suggest that most
of the MgO was coated onto internal surfaces with high dis-
persion in the amorphous state even with the content as high
as Si/Mg�5.

Figure 2 displays FESEM images of submicron particles
of pure silica SBA-15 and MgO modified SBA-15 with dif-
ferent Si/Mg ratios. Uniform submicron particles were ob-
served for both samples synthesized by static hydrolysis of
TEOS for 2 h and followed by a hydrothermal treatment of
the gel mixture at 100 °C. The average particles size was
slightly increased with the presence of Mg2� in solution mix-
ture during synthesis. For pure silica SBA-15, particle size
was 0.5—0.8 mm and it was 0.7—0.9 mm for the two samples
of MgO-modified SBA-15. Nevertheless, the particle size of
resultant MgO modified SBA-15 was well-confined in sub-
micron range and the particles were well dispersed. The sur-
face morphology of submicron mesoporous silica particle
was not affected by the presence of Mg(NO3)3 in synthesis
media. Wei and co-workers22,26) have reported that MgO
could be in-situ coated on to SBA-15 mesoporous materials.
By stirring continuously during hydrolysis of TEOS in the
strong acidic P123 polymer solution, fiber-like MgO modi-
fied SBA-15 with particle size of 10—100 mm was obtained.
The stirring condition during the self-assembly process was
found to affect the morphology of SBA-15 materials signifi-
cantly.27) Rod-like particles with length of 1—2-mm formed
under static hydrolysis and self assembly conditions.21) The
monodispersed submicron SBA-15 particles were found to
be formed in first 2 h of static hydrolysis of TEOS and self-
assembly of silica species on P123 polymer micelles.28) The
subsequent hydrothermal treatment consolidated the pore
wall and helped to maintain the uniform mesoporous struc-
ture upon calcinations. Although it has been found that the
morphology of SBA-15 materials were greatly influenced by
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Fig. 1. Low Angle and High Angle (Inset) XRD Patterns of (a) Silica
SBA-15 and (b) MgO/SBA-15 (Si/Mg�20), (c) MgO/SBA-15 (Si/Mg�5),
(d) MgO Mixed with Pure Silica SBA-15 (Si/Mg�5)



the inorganic salt in reaction mixtures29,30) in this study,
Mg(NO3)3 was not found to influence the surface morphol-
ogy of resulting submicron SBA-15 particle. As the uptake
of drug carrier was found to significantly depend on the par-
ticle size,31) the highly dispersed submicron particle as drug
carriers would facilitate the uptake of active pharmaceutical
ingredient (API) through oral administration.

Figure 3 shows the transmission electron microscopy
(TEM) images of MgO/SBA-15 (Si/Mg�5) submicron parti-
cles at different orientations. Figure 3A clearly indicates that
the hexagonal pores with diameter of ca. 8 nm are perfectly
stacked and Fig. 3B shows the parallel mesoporous channels

formed in submicron particle.
Figure 4 shows the N2 adsorption–desorption isotherms of

pure silica SBA-15 and MgO/SBA-15 submicron particles.
All samples exhibited typical type IV isotherms comprising
H1 type hysteresis with parallel adsorption and desorption
branches, reflecting the regular array of cylindrical pore
structure of SBA-15 materials.32) The amount of N2 adsorp-
tion slightly decreased for the MgO-modified submicron
SBA-15 (Si/Mg�20) compared to the pure silica SBA-15.
With the increase of MgO content, the amount of N2 adsorp-
tion decreased. The surface areas were decreased by in-situ
coating of MgO onto the surface of SBA-15 submicron parti-
cles. With Si/Mg�20, the surface areas was slight reduced
from 725 to 693 m2/g and total pore volume reduced from
1.03 to 1.02 cc/g as compared to pure silica SBA-15. When
the MgO content increased to Si/Mg�5, the surface area and
pore volume decreased to 596 m2/g and 0.87 cc/g, respec-
tively. However, the pore size was not decreased by in-situ
coating MgO onto SBA-15 materials, because the pore size
was determined by the size of surfactant micelles in the syn-
thesis media. With the presence of Mg(NO3)3 during the self-
assembly of silica-surfactant and followed by hydrothermal
treatment and direct drying, the resulting pore wall was
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Fig. 2. FESEM Images of (A) Pure Silica SBA-15 and (B) MgO/SBA-15
(Si/Mg�20) and (c) MgO/SBA-15 (Si/Mg�5) Submicron Particles

Fig. 4. N2 Adsorption–Desorption Isotherms and Pore Size Distribution of
Submicron Particles (a) Pure Silica SBA-15, (b) MgO/SBA-15 (Si/Mg�20),
and (c) MgO/SBA-15 (Si/Mg�5)

Fig. 3. TEM Images of MgO/SBA-15 (Si/Mg�5) Submicron Particles: (A) Taken along the Parallel Pore Channels and (B) Taken Vertical to the Parallel
Pore Channels



thicker with larger cell parameter. After removal of the soft
template surfactant by calcination, the pore size remained
constant as the size of the surfactant micelle was not affected
by Mg2� in the solution. Thus the thicker pore wall caused
by MgO-coating led to the decrease of surface area and total
pore volume of the resultant mesoporous materials.

Drug Loading on MgO-SBA-15 Submicron Particles
The drug loading of ibuprofen on SBA-15 and MgO-modi-
fied SBA-15 materials is tabulated in Table 1. It is found that
drug loading is increased on MgO-modified SBA-15 materi-
als, although the MgO modified SBA-15 submicron particles
have smaller surface area and pore volume. As indicated in
Table 1, the loading of ibuprofen on pure silica SBA-15 was
only 15.8 wt%; as a comparison, MgO/SBA-15 (Si/Mg�20)
submicron particles adsorbed 28.6 wt% of ibuprofen al-
though its surface area was lower than pure silica SBA-15.
With increase of MgO content to Si/Mg�5, the ibuprofen
loading was increased to 32.2% due to more adsorption sites
created. MgO is a basic material that is widely used as an al-
kaline adsorbent and as a catalyst.33—36) MgO modified SBA-
15 has been proven to create basic sites on the large surface
of SBA-15 materials and significantly improves its adsorp-
tion with acidic gases on mesoporous materials.22,26) When
ibuprofen was loaded on to mesoporous submicron particles
through adsorption from hexane solution, the MgO modified
SBA-15 has higher affinity with acidic drug molecules, thus
resulting in higher drug loading.

The adsorbed ibuprofen on SBA-15 materials was found
to be in the amorphous state. As shown in Fig. 5, ibuprofen
loaded on all SBA-15 submicron particles lacked X-ray dif-
fraction peaks, indicating that no crystallization occurred in-
side the nanopore channels. Due to the large surface area of
SBA-15, ibuprofen was highly dispersed or adsorbed on the
surface of SBA-15 when the drug was loaded by adsorption
from solution. According to a previous investigation of crys-
tallization processes in confined spaces, crystallization can

only occur in channels with diameter to molecular size ratios
above 20.37) The pore diameter in this study was about 8 nm
in this study, which is about 8 to 13 times of the dimension
of the ibuprofen molecule (estimated to be 1.0�0.6 nm).11)

As a comparison in Fig. 5, 30 wt% of ibuprofen mixed with
SBA-15 clearly exhibited the diffraction peaks characteristic
for crystals of ibuprofen. The adsorption state of ibuprofen
on MgO/SBA-15 is illustrated in Fig. 6. Ibuprofen molecules
were adsorbed on the highly dispersed MgO on internal sur-
face of modified SBA-15 particles. The affinity of acidic
molecules and modifier is believed to retard the drug release
from modified drug carrier. For pure silica SBA-15, ibupro-
fen molecules were weakly and directly attached with surface
of silica pore wall.

Figure 7 shows that the FESEM images of ibuprofen
loaded SBA-15 and MgO/SBA-15 (Si/Mg�5). The morphol-
ogy of the submicron particles of SBA-15 was well preserved
after drug loading. As the large surface area of SBA-15
mesoporous material is mostly contributed by internal sur-
face area, most of drug molecules adsorbed on the surface of
pore channel inside the submicron particles. The outer sur-
face morphology of the resultant ibuprofen loaded SBA-15
was not changed by drug adsorption even though the drug
loading was up to 30 wt%.

Drug Release Figure 8 exhibits the percentage of
ibuprofen released as a function of time for ibuprofen loaded
on pure silica SBA-15 and MgO-modified SBA-15 submi-
cron particles. It was observed that the release was very fast
for ibuprofen loaded on pure silica SBA-15 materials, reach-
ing 100% release in 1 h. This dissolution rate was found to be
even faster than that of bulk pure ibuprofen crystal in tablet
form, where it needed 5 h to reach 95% of dissolution under
same dissolution condition. It was also reported that more
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Table 1. Pore and Surface Properties and Drug Loadings of SBA-15 Submicron Particles Modified with MgO

Sample a0 (nm) DBET (nm) SBET (m2/g) VT (cc/g)
Ibuprofen 

loading (wt%)

SBA-15 10.4 7.9 725 1.03 15.8
MgO/SBA-15 (Si/Mg�20) 11.8 8.0 693 1.02 28.6
MgO/SBA-15 (Si/Mg�5) 12.1 8.0 569 0.87 32.2

Fig. 5. XRD Patterns of Ibuprofen Loaded on Submicron Particles of (a)
Pure Silica SBA-15, (b) MgO/SBA-15 (Si/Mg�20), (c) MgO/SBA-15
(Si/Mg�5) and (d) 30 wt% Ibuprofen Mixed with Pure Silica SBA-15

Fig. 6. Illustration of Ibuprofen Molecules Adsorption States on
MgO/SBA-15 Material



than 2 h was needed for complete dissolution.38) The dissolu-
tion of amorphous ibuprofen loaded on pure silica SBA-15 is
facilitated as compared with pure ibuprofen crystal. This re-
sult is greatly different from that of ibuprofen loaded on pure
silica MCM-41,11) where it showed a slow controlled release
rate although both carriers have large surface areas. The dis-
crepancy could be due to difference in pore size and mor-
phology of drug carriers. In this study, the pore size of SBA-
15 (ca. 8 nm) was much larger than that of MCM-41 (2—
3 nm). In addition, the length of the submicron SBA-15 parti-
cles used in this study was much shorter than the MCM-41
used in the comparable case. As ibuprofen was finely dis-
persed on pure silica SBA-15 in the amorphous state and the
interaction with the substrate was weak, the large pore size
and short pore channel resulted in a faster dissolution rate
than pure ibuprofen crystal pellets. However, ibuprofen ad-
sorbed on MgO-modified SBA-15 submicron particles exhib-
ited a much slower release rate. It required more than 50 h to
reach 100% release of ibuprofen adsorbed. In the first 6 h,
63% of adsorbed ibuprofen was released from MgO/SBA-15
(Si/Mg�20). With increase of MgO content, the release rate
was further delayed. Only 52% of ibuprofen was released
from MgO/SBA-15 (Si/Mg�5) in the first 6 h. After 6 h, the
release rate of ibuprofen decreased noticeably, with a further
decrease in rate at around 25 h. The delayed release of
ibuprofen from MgO-modified SBA-15 is believed to be at-
tributed to the interaction between ibuprofen molecules and
alkaline functional surface. This suggests that the release rate
of ibuprofen can be tuned by varying the content of MgO in
MgO-modified SBA-15 submicron particles.

DSC Study on Ibuprofen Loaded Samples Figure 9
depicts the DSC-TGA profiles of ibuprofen loaded on differ-
ent carriers and as comparison with pure crystal ibuprofen.
For pure ibuprofen, an endothermic peak at 78 °C correspon-
ding to the melting point of crystal ibuprofen was observed.
This kind of endothermic peak due to melting of bulk
ibuprofen was not detected for ibuprofen adsorbed on the
SBA-15 submicron particles as ibuprofen molecules were ad-
sorbed on the large surface in a highly dispersed state. In the
temperature range of 300—550 °C, a strong exothermic peak
was found for ibuprofen loaded on MgO/SBA-15 (Si/Mg�5)
mesoporous material, due to the oxidation of ibuprofen mol-
ecules in air. This strong exothermic peak corresponded to
the weight loss of ibuprofen in TGA curves (Fig. 9B). As the
drug loading on pure silica SBA-15 submicron particle was
much lower, the exothermic peak caused by the oxidation of
adsorbed ibuprofen was smaller than that on MgO modified
SBA-15. For pure ibuprofen, only a small exothermic peak
was observed at the temperature region of 220—250 °C and
the strong exothermic peak at temperature of 300—550 °C
was not appeared. In the Fig. 9B, a quick weight loss at
150—250 °C for pure ibuprofen was observed, due to the
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Fig. 7. FESEM Images of Ibuprofen Loaded Submicron Particles of (A) Pure Silica SBA-15 and (B) MgO/SBA-15 (Si/Mg�5)

Fig. 8. Cumulative Release Profiles for Ibuprofen Loaded on Submicron
Particles of (a) Pure Silica SBA-15, (b) MgO/SBA-15 (Si/Mg�20), (c)
MgO/SBA-15 (Si/Mg�5); and (d) Pure Ibuprofen Tablet

Fig. 9. DSC (A) and TGA (B) Profiles of (a) Pure Ibuprofen Crystal, (b)
Ibuprofen Loaded on Pure Silica SBA-15 and (c) Ibuprofen Loaded on
MgO/SBA-15 (Si/Mg�5) Submicron Particles



evaporation of ibuprofen. As the melted pure ibuprofen va-
porized below the temperature for oxidation reaction, thus
exothermic effect was not as strong as that of ibuprofen 
adsorbed on SBA-15 materials at 300—550 °C. Ibuprofen
strongly adsorbed on MgO/SBA-15 did not evaporate above
the boiling point of ibuprofen, and it was oxidized on carriers
in the air at the higher temperature range depending on the
affinity of molecules and adsorption sites on the surface.

FTIR Investigation on the Interaction of Drug and
Carriers FTIR investigation provides the evidence of the
interaction of ibuprofen molecule with MgO-modified sur-
face. As shown in Fig. 10, the sample of pure ibuprofen ex-
hibits a strong band at 1720 cm�1, attributed to the n(C�O)
stretching vibration for free ibuprofen molecules.39) The
weak bands at 1508 and 1462 cm�1 could be assigned to ring
vibrations of the organic molecules.40) Typical n(CH) stretch-
ing vibrations of ibuprofen are observed at 2958, 2927, and
2871 cm�1 for pure ibuprofen as well as that loaded on dif-
ferent support.40) For ibuprofen loaded on pure silica SBA-15
submicron particles, the band around 1720 cm�1 still existed.
However, for ibuprofen loaded on MgO-modified SBA-15,
this characteristic band for carboxyl C�O stretching vibra-
tion of free ibuprofen was not observed. A new broad band at
1591 cm�1 was detected, which could be due to the partially
transfer of proton from the carboxylic acid of ibuprofen to
the basic sites of modified surface. It has been reported that,
when ibuprofen adsorbed on amino-functional silica meso-
porous materials, the band corresponding to n(C�O) stretch-
ing shifted from carboxylic values to the carboxylate
value.41,42) An absorbance band at 1558 cm�1 was found for
ibuprofen adsorbed on amino-group grafted SBA-15, and it
was assigned to the asymmetric stretching vibration of
COO�.43) In this study, the alkalinity of MgO modified SBA-
15 was not as strong as amino groups, the donation of proton
from COOH was not fully accepted as that of amino-func-
tioned surface. Thus, the IR band of C�O stretching shifts to
1591 cm�1 for ibuprofen adsorbed on MgO-modified SBA-
15 submicron particles. These results imply that the alkalin-
ity of pore wall surface play a significant role for adsorption
and delivery of acidic drug molecules. The MgO-modified
SBA-15 submicron particles apparently have stronger inter-
action with acidic drug molecules than pure silica SBA-15.
FTIR results also indicated the interaction of ibuprofen and

pure silica SBA-15 was very weak, thus the release rate of
amorphous ibuprofen from pure silica SBA-15 was very fast.
The chemical affinity of carboxylic group of ibuprofen with
surface basic sites of Mg/SBA-15 resulted in the controlled
release profiles. This application could be expanded to other
acidic drug molecules with carboxylic groups.

Conclusion
The drug carriers of MgO-modified SBA-15 submicron

particles synthesized by one-pot in-situ coating route demon-
strated a simple, effective approach for well-controlled re-
lease of acidic drug molecules. Due to the alkaline MgO
functional surface, the amount of ibuprofen adsorbed on
MgO-modified SBA-15 was higher than pure silica SBA-15
although the surface area was decreased by MgO-coating.
XRD results indicated that ibuprofen adsorbed on surface of
SBA-15 was amorphous. The morphology of SBA-15 submi-
cron particles was well preserved with drug loading up to
30 wt%. The results obtained from in-vitro test exhibited the
surface coating of MgO greatly delayed the ibuprofen release
rate, and the release rate was further decreased with increas-
ing the amount of MgO coated onto the internal surface of
SBA-15 submicron particles. Sustained release for time pe-
riod up to 55 h could be reached from MgO-modified SBA-
15, whereas 100% ibuprofen could be completed in less than
1 h from pure silica SBA-15 submicron particle under the
same release condition. The delayed release profile from
MgO-modified SBA-15 was attributed to the interaction of
ibuprofen molecules with drug carrier surface, which was in-
vestigated by DSC-TGA and FTIR. TGA-DSC results indi-
cated that adsorbed ibuprofen on SBA-15 desorbed greatly
different from the pure ibuprofen crystal. A new FTIR band
was observed on ibuprofen adsorbed on MgO-modified
SBA-15 due to the proton transfer of ibuprofen to the alka-
line functional surface, and the interaction was believed to be
contributing factor in the controlled release of ibuprofen
from carrier.
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