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Abstract: A magnetic, luminescent Eu-
doped Mg-Al layered double hydrox-
ide with ibuprofen (IBU) intercalated
in the gallery has been successfully pre-
pared by a simple coprecipitation
method. The physicochemical proper-

tometry. The results revealed that
Fe;O, nanoparticles are coated on the
surface of layered double hydroxides
and the obtained (Mg’AlyosEugos)r—
(IBU) sample exhibits both superpara-
magnetic and luminescent properties,

with a saturation magnetization value
of 1.86emug™' and a strong emission
band at 610 nm, respectively. Addition-
ally, it was found that the ibuprofen
loading amount is about 31% (w/w),
and the intercalated ibuprofen possess-

ties of the samples were well character-
ized by powder XRD, TEM, FTIR,
TGA, inductively coupled plasma MS
(ICP-MS), vibrating sample magneto-
metry (VSM), and fluorospectropho-
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Introduction

Layered double hydroxides (LDHs), or the so-called hydro-
talcite-like compounds (HTIc), are a family of layered solids
with structurally positively charged layers and interlayer bal-
ancing anions. The general formula of LDHs is
M",  M" (OH),]J(A""),,»mH,0, in which M are metal
ions and A" is the interlayer anion.! Organic or inorganic
molecules, such as hexacyanoferrate,”! sulforhodamine B,”!
porphyrins, oxacillin,™! and 5-fluorocytosine,® can be inter-
calated into the gallery of the LDHs as anionic forms. In
fact, the structure of LDHs looks like a brucite type with a

[a] Prof. J. Wang, J. Zhou, Prof. Z. Li, Y. Song, Q. Liu
College of Materials Science and Chemical Engineering
Harbin Engineering University
Harbin 150001 (P. R. China)

Fax: (+86)451-8253-3026
E-mail: zhqw1888@sohu.com

Prof. Z. Jiang

College of Chemical Engineering

Harbin Institute of Technology

Harbin 150001 (P. R. China)

Prof. M. Zhang

The Key Laboratory of Superlight Materials and
Surface Technology, Ministry of Education
Harbin 150001 (P.R. China)

[b

—

[c

—

@WILEY i

ONLINE LIBRARY

14404 ——

aluminum
luminescence
magnesium - magnetic properties

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

es sustained release behavior when the
magnetic, luminescent composite is im-
mersed in simulated body fluid (SBF).

2D distribution of coplanar octahedra [M(OH)4] which cor-
responds to the hydrolyzed layer M(OH), of the brucite.”

More recently, interest has been focused on using these
materials in the health industry as drug supports or matri-
ces.®! For example, Gordido et al. reported the immobiliza-
tion of ibuprofen (IBU) and copper—ibuprofen drugs on lay-
ered double hydroxides by different methods.”’ Drug mole-
cules, particularly negatively charged ones, are intercalated
between the positively charged layers and then released at
defined target cells of tissues to affect as few healthy cells as
possible.'"! In general, a magnetic substrate, such as mag-
nesium ferrite, should be chosen as the magnetic
medium,'>*!¥ then LDHs are directly coated on the mag-
netic medium to form a magnetic carrier system. Among the
magnetic substrates, Fe;O, nanoparticles, owing to their bio-
compatibility and excellent magnetic properties, have at-
tracted a great deal of attention in the biomedical field, in
which the magnetic properties are exploited in vitro to ma-
nipulate Fe;O, nanoparticles with an external magnetic
field."™! Li et al." reported a Fe;0,@SiO,@LDH nanocom-
posite intercalated W,0,,°~ anion and speculated its applica-
tions on a drug storage/release system.

A small amount of lanthanide ions can also be doped into
LDHs as described in the literature.'” ! The methods are
divided into two categories: intercalation of lanthanide com-
plex into a LDH gallery and incorporation of lanthanide
ions in a LDH lattice. Upon excitation, lanthanide ions emit
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sharp and intense luminescence based on their f-f electronic
transitions in contrast to those from organic phosphors and
quantum dots.**! The combination of the luminescent
properties with LDHs will open a new perspective in lumi-
nescent materials. Gunawan and Xu®” synthesized Tb-
doped LDH intercalated with sensitizing anions and found
efficient energy transfer between guest and host layers. Mu-
sumeci et al.?"! fabricated LDH nanoparticles incorporating
Tb and reported their applicability as fluorescent probes
and morphology modifiers. Nevertheless, a few pieces of re-
search on lanthanide-doped LDH intercalated with drugs
have been reported. Actually, some authors®! have designed
an Eu-doped mesoporous core-shell-structured composite
material as a drug carrier, and reported that the emission in-
tensities of Eu’* in the drug system increased with the re-
leased amount of drug. So, the lanthanide-doped LDH, if in-
tercalated with drug molecules, may be used as a lumines-
cent label to track drug release by monitoring the lumines-
cent intensity.

In this work, we report the synthesis and characterization
of a magnetic, luminescent Mg—Al layered double hydrox-
ide, which combines Fe;O, nanoparticles, Eu** ions, and
ibuprofen. To study the relationship between Fe;O, and
LDH particles, we fabricated magnetic Mg-Al LDHs with
different amounts of Fe;O, nanoparticles. The ibuprofen
storage and release properties of the sample
(Mg?Aly4sEug5)r—(IBU) were also investigated.

Results and Discussion

Magnetic Mg-Al LDHs: XRD patterns of magnetic LDHs
with different Mg**/Fe atomic ratios are shown in Figure 1.
Figure 1A-H show characteristic XRD patterns of the LDH
structure,® but the intensity of (003) diffraction peaks de-
creases with the increase of the Fe/Mg’* molar ratio. It
should be noted that there are no XRD patterns for Fe;0,.
This is because of relatively weak diffraction for magnetite
and overlapping peaks at 26=35.5° ((009) plane for LDH
and (311) plane for Fe;0,). However, in Figure 11, when the
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Figure 1. XRD patterns of A) (Mg’Al)-(CO;>") (e) and magnetic
(Mg?Aly)—~(CO;*") with different Mg/Fe atomic ratios: B) 60, C) 45,
D) 30, E) 18, F) 9, G) 5, H) 1, and 1) 0.2. J) pure Fe;0, (8).
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Mg**/Fe molar ratio is 0.2, the characteristic diffraction
peaks of the LDH structure disappear and Fe;O, peaks are
observed. The XRD pattern in Figure 1J was obtained from
a dried Fe;O, sample, whereas the Fe;O, nanoparticles we
used were suspended in deionized water without a drying
process. In suspension, the Fe;O, nanoparticles are hydro-
philic and can be used for coating with LDH." During the
coprecipitation process, Fe;O, nanoparticles were coated on
the (Mg?Al,)-(CO;*") particles through hydrogen-bonding
interactions (Figure 5). To support this interpretation, we
prepared (Mg?Al,)—(CO;*") coprecipitated with dried Fe;0,
powder. The results in Figure 2 demonstrated that the dried

Figure 2. Photographs of (Mg?Al,)-(CO;*") coprecipitated with A) dried
Fe;0, powder and B) Fe;0, suspension.

Fe;O, powder could not be coated on the surface of LDH
particles. When a magnet approached the dispersion of mag-
netic LDH (Figure 2B), the red/brown nanohybrid particles
were attracted toward the magnet within 1 min and the dis-
persion became clear. However, in Figure 2A, the black
Fe;O, powder was separated from LDH and attracted
toward the magnet. A small amount of Fe;O, nanoparticles
coated on the LDH particle did not impede the growth of
LDH crystals, but this resulted in lower crystallinity, which
eventually decreased the number of the LDH gallery. Nev-
ertheless, when all the surfaces of LDH particles were
coated by Fe;O, nanoparticles, the Fe;O, nanoparticles
began to aggregate and the LDH phase could not form. The
average crystallite size of pure Fe;O, calculated by using
Scherrer formula®" is 16 nm. Considering that the Fe;O,
nanoparticles we used were highly dispersed in suspension,
it means that the average crystallite size of Fe;O, nanoparti-
cles coated on the LDH particles is less than 16 nm and the
synthesized magnetic LDH will be suitable for magnetic ap-
plications. To avoid the aggregation of Fe;O, and the de-
crease of gallery number, the Mg?*/Fe molar ratio used for
fabricating magnetic, luminescent LDH and intercalating
ibuprofen is 30.

The detailed morphology of the (Mg?Al,)-(CO5>"), mag-
netic (Mg?Al))r—(CO;*"), and Fe;O, nanoparticles are
shown in Figure 3. The TEM image shown in Figure 3A in-
dicates that nanosized (Mg?Al,)-(CO,>") crystallites are
mostly in the 50-100 nm size range. Figure 3B shows the
electron diffraction pattern of the same sample, and the dif-
fraction rings can be indexed as from (Mg’Al,)—(CO;*"),
which agree with the XRD pattern shown in Figure 1A. Fig-
ure 3C-G show the morphology of magnetic (Mg*Al,)g—
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Figure 3. TEM image (A) and SAED pattern (B) of (Mg?Al,)-(CO;*"). TEM images of magnetic (Mg”Al,)—(CO5*") with different Mg/Fe atomic ratios:
C)30,D)9,E)5,F) 1, and G) 0.2. TEM (H) and HRTEM (I) images of Fe;O, nanoparticles.

(CO,*) with different Mg/Fe atomic ratios: 30, 9, 5, 1, and
0.2, respectively. The dark Fe;O, nanoparticles with a 5-
20 nm size range are coated on the surface of LDH, espe-
cially obviously in Figure 3C. With the increase of the Fe;O,
nanoparticle, it can be found that the Fe;O, nanoparticles
agglomerate (Figure 3E-G) more seriously, and in Figure 3E
and G, platelike LDH can not be observed, instead of amor-
phous rodlike LDH. These phenomena in turn, can prove
the weak and absent XRD patterns of LDH in Figure 1H
and I. The Fe;O, nanoparticles dispersed suspension was
also investigated by TEM and HRTEM, as shown in Fig-
ure 3H and I. Figure 3H displays the Fe;O, nonoparticle size
of 5-20 nm, which approximately agrees with the calculation
based on the XRD pattern (Figure 1J) and reported super-
paramagnetic ferrofluids (5.5-12 nm).”? Actually, it is hard
to use large-size Fe;O, particles to directly synthesize mag-
netic LDH, but the Fe;O, core of 500 nm can be coated
with a thin layer of silica, then further coated with LDH.!'
Figure 31 exhibits a HRTEM image at higher magnification
of Fe;O,. An interplanar distance of 0.492 nm can be deter-
mined for the (111) plane of cubic Fe;0,.

XRD analysis of magnetic and luminescent Mg-Al LDH in-
tercalated with ibuprofen: Figure 4 illustrates the XRD pat-
terns of the magnetic, luminescent (Mg?Aly4sEug s)r—(IBU)
and pristine (MgAl,)-(CO5*") sample. For the (Mg?Al,)-
(CO4*") sample, the sharp and symmetric peaks demonstrate
the formation of a well-crystallized LDH. It can be seen
from Figure B that (Mg*Al,)-(CO5*") has an interlayer dis-
tance value of 0.76 nm, which is similar to the value report-
ed previously.®! For the (Mg?AlysEuy5)r—(IBU) sample,
the (003) basal reflection pattern shifts to lower angle (3.6°)
and the interlayer distance value is 2.45 nm. These data indi-
cate that ibuprofen was successfully intercalated into the
gallery of (Mg?AlyosEuggs)pe—LDH. In the literature,™'* it
has been reported that ibuprofen can be easily intercalated
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Figure 4. XRD  patterns  for  A) (MgAlyysEugs)p—(IBU)  and

B) (Mg?Al,)-(CO;*"). C) High-resolution pattern of A from 5 to 75°.

into the LDH layered structure. Taking into account the
brucitelike layer thickness (0.48 nm) of an individual LDH
sheet,®3 the gallery height corresponding to the diffraction
patterns of dy;=2.45 nm is 1.97 nm. According to the gal-
lery height of (Mg?AlyesEugos)r—(IBU) and the length
(1.03 nm) of the ibuprofen,*” the observed dyy; value sug-
gested a bilayer arrangement of the intercalated ibuprofen-
ate anions (Figure 5). The ibuprofenate anions are perpen-
dicular to the LDH layers by means of the interaction be-
tween —COO~ and —OH groups,” Figure 4C is the enlarge-
ment of Figure 4B from 5 to 75°. The weak and broad peaks
at 10.6° reveal that a small amount of NO;~ ions still exists
in the gallery of magnetic, luminescent (Mg?AlggsEugos)pe—
(IBU). In our previous work,® we have confirmed that
Eu’" ions are incorporated in the LDH Ilattice (Figure 5).
So, the combination of Eu’* ions and Fe;O, nanoparticles
with LDH may offer a new perspective in drug delivery and

Chem. Eur. J. 2010, 16, 14404 - 14411
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Figure 5. Schematic structural model of magnetic, luminescent (Mg?AlyosEuggs)r—(IBU).

luminescence label systems. The AI*/Eu’* molar ratio de-
termined by ICP atomic emission spectroscopy is 23.

FTIR analysis: FTIR spectra of (Mg’Al)-(NO;"),
(Mg?Aly¢sEugo5)re—(IBU), and IBU samples are shown in
Figure 6. The strong band at 1720 cm™! in Figure 6C, which
is attributed to the v(C=0) stretching vibration for the IBU,
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Figure 6. FTIR spectra of A) (Mg?Al)-(NO;"), B) (Mg?AlyesEuggs)pe—
(IBU), and C) free IBU.
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disappears after intercalation,
confirming that the species in-
tercalated into the LDH layers
is the anionic form of IBU. The
weak bands at about 1512,
1462 cm™ in Figure 6B and
1508, 1462 cm™! in 6C are as-
signed to aromatic ring vibra-
tions of IBU. The asymmetric
and symmetric stretching vibra-
tions of the —COO™ group
appear at 1555 and 1400 cm !,
which is coherent with the re-
ported —COO~ stretching vibra-
tion (1552 and 1396 cm™!).’
Typical alkyl stretching vibra-
tions of IBU are observed at
2955, 2921, and 2868 cm™'. In
Figure 6A and B, the broad
bands centered at around
3464 cm™! are associated with
the stretching vibrations of the
—OH groups in the LDH layers
and interlayer water molecules.
The water deformation vibra-
tions are observed at 1637 cm ™.
The strong v; stretching vibra-
tions (1384 cm™') of interlayer
nitrate ions indicates the pres-
ence of ibuprofenate and ni-
trate ions in the LDH gallery.*!

Thermal analysis: The structural stability of the compounds
was examined by thermogravimetry as shown in Figure 7.
Thermal decomposition of the (Mg?Al)-(CO;*>") sample
generally proceeded through three typical steps:*!! desorp-
tion of the physically adsorbed water molecules and partial
interlayer water (27-150°C), dehydroxylation of the layers
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Figure 7.TG curves of A) (Mg?Al)—~(CO;*"), B) (Mg?AlyesEugos)pe—
(IBU), and C) IBU.
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(150-250°C), and decarbonylation of the interlayer carbon-
ate ions (250-550°C). Whereas for the (Mg*AlyosEugos)pe—
(IBU) sample, there is an additional and rapid mass loss
within 400-600°C; this is because the decomposition tem-
perature of intercalated ibuprofen shifted to higher value.
Compared with the decomposition temperature (around
200°C) of pure ibuprofen, it can be concluded that the ther-
mal stability of intercalated ibuprofen was significantly en-
hanced.">" From the TG curve, it is easily seen that the
mass loss in the region 400-600°C of the (Mg?AlyosEug s)re—
(IBU) sample is around 20 %, which is close to the UV-mea-
sured IBU loading (31% (w/w)). Ambrogi et al.*” reported
(Mg*Al,)-(IBU) with ibuprofen loading of 50% (w/w) and
Gordijo et al.”) obtained 30 % (w/w) of ibuprofen intercalat-
ed in (Mg’Al,)-LDH. The different IBU content may be
due to the following reasons: 1) (Mg?Al)-LDH exhibits
higher charge density relative to (Mg’Al,)-LDH and 2) the
Fe;O, nanoparticles covered on the LDH platelet decreased
the number of the LDH gallery.

Morphology analysis: The morphological features of the
(Mg?Aly¢sEugg5)re—(IBU) observed by using TEM are dis-
played in Figure 8. Figure 8A indicates the loading of IBU

Figure 8. TEM images (A and B) and SAED pattern (C) of magnetic and luminescent (Mg?AlyosEuggs)pe—

(IBU).

on LDH induced the obvious aggregation. This aggregation
can be found in reported ibuprofen®™ and other molecule!*!
intercalated LDHs. In Figure 8B, it is clearly shown that
Fe;O, nanoparticles are dispersed in the magnetic and lumi-
nescent LDH hybrid. The corresponding SAED pattern is
shown in Figure 8C, the diffraction rings from the inner to
outer are indexed as from (220) Fe;O, (009) LDHs, and
(110) LDHs.

Drug-release properties: To study the ibuprofen-release
properties from (Mg?AlyosEugos)r—(IBU), the cumulative
drug-release profiles versus release time in simulated body
fluid (SBF) are shown in Figure 9. It can be seen that the
physical mixture (Figure 9B) releases ibuprofen quickly, and
the release is completed within 1.5 h. By comparison, the re-
lease rate of (Mg?AlyosEugos)r—(IBU) (Figure 9A) is obvi-
ously lower than that of physical mixture. In Figure 9A, a
rapid release within the initial 1.5 h is followed by a sus-
tained release of the remaining ibuprofen, which is similar
to the release results of other drugs**! from LDHs. The
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Figure 9. Cumulative drug-release curves of A) (Mg?AlysEuggs)pe—(IBU)
(@) and B) a physical mixture of IBU and (Mg?Al,)-(CO5>") (e).

difference is probably due to the ibuprofen release mecha-
nism. For the physical mixture, the mechanism is through
desorption, whereas for (Mg?AlyosEugps)re—(IBU) it is
through ion-exchange!**#" between interlayer ibuprofenate
and the Cl-, HCO;~, or HPO,* ions in SBF. However, the
release amount is only 78 % (w/w) and no release can be ob-
served beyond 10 h. Our results
differ from that reported by
Ambrogi et al.” who have ap-
plied phosphate buffer solution
(PBS) as the release medium.
So, we believe that the ion-ex-
change in SBF may reach an
equilibrium, which leads to the
suspension of IBU release after
10 h. These release profiles in-
dicate  the  possibility of
(Mg*AlyssEuy05)r—LDH  being
used as a drug carrier in a sus-
tained release system.

. T (220) FeaOs
(009) LDHs
{110) LDHs

Luminescent properties: The luminescent properties of the
sample (Mg?AlgosEuy05)r—(IBU) were characterized by exci-
tation and emission spectra, as shown in Figure 10. The exci-
tation spectrum was monitored by the Eu’*’D'F, transi-
tion at 610 nm. The broad band with a maximum at 269 nm
arises from excitation of the = electrons of the aromatic
ring""! in the ibuprofenate ion. The bands at short wave-
lengths (237 and 243 nm) could be partially contributed by
the LDH lattice.”! The weak peak at 398 nm corresponds to
the direct excitation of the Eu’* ground state into a higher
level of the 4f-manifold, which can be ascribed to "F,—°L.[*"!
The relatively lower intensity of Eu>* f—f transition lines in-
dicates that the excitation of Eu’* mainly results from the
energy transfer from the LDH lattice and ibuprofen to Eu’™.
The emission spectrum (Figure 10B) was obtained by the ex-
citation at 269nm. It can be seen that the sample
(Mg?Aly4sEugs)r—(IBU) exhibits four characteristic emis-
sion lines, which are ascribed to °D,~'F; (J=1, 2, 3, 4) transi-
tions of the Eu’" ion, respectively.*” Thus, the introduction

Chem. Eur. J. 2010, 16, 14404 - 14411
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Figure 10. Excitation (A, emission wavelength is 610 nm) and emission
spectra (B, excitation wavelength is 269 nm).

of Fe;O, may not affect the luminescent properties of the
resulting composite. In other words, the route of coating
Fe;O, nanoparticles on the surface of LDH particle, to some
extent, could avoid the quenching interaction” between the
Eu’* ions and Fe;0, nanoparticles. Such a phenomenon has
already been observed for Y,05/Tb nanorods on the surface
of iron oxide/silica core-shell nanostructures.”"! But the
quenching effect of intercalated ibuprofenate ions on Eu’*
still exits. As a result, the quenching effect is weakened with
the ibuprofen release amount and subsequently the lumines-
cent intensity of Eu’" ions is enhanced. It is the correlation
between the Iluminescence intensity and drug release
amount that make the composite possible as a probe for
monitoring the drug release.”

Magnetic properties: The magnetic hysteresis curves of
(Mg?Aly¢sEugg5)re—(IBU) and pure Fe;0, (insert) were mea-
sured at room temperature, as demonstrated in Figure 11.
The negligible coercivity or remanence indicates that both
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Figure 11. Magnetic hysteresis curves of (Mg?AlygsEuys)r—(IBU) and
Fe;O, (insert) at room temperature.
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of them exhibit superparamagnetic behavior. The saturation
magnetizations of sample (Mg?AlygsEuggs)pe—(IBU) is
1.86 emug™', which is lower than that of pure Fe;O,
(73 emug™), but enough for common bioseparation.” So,
the magnetic and luminescent LDH can quickly respond to
the external magnetic field and quickly redisperse once the
external magnetic field is removed.[*?

Conclusion

We have synthesized the magnetic, luminescent Eu-doped
Mg-Al LDH intercalated with ibuprofen, by a simple wet
chemical method. This inorganic/organic hybrid material
shows both superparamagnetic and luminescent properties
at room temperature. Detailed characterizations confirmed
that Fe;O, nanoparticles coated on the LDH particles and
the quenching effect between the Fe;O, nanoparticles and
Eu’" ions is very weak. The storage amount of ibuprofen
determined by UV/Vis spectrophotometry was 31% (w/w).
The results of in vitro drug release in SBF revealed that the
magnetic, luminescent LDHs have potential applications as
targeted drug delivery systems. Moreover, the incorporation
of rare-earth ions into the LDH structure may offer new
possibilities in tracing the intercalated drug amount by mon-
itoring its luminescent properties.

Experimental Section

Materials: Eu,0; was kindly provided to us by the Changchun Institute
of Applied Chemistry Chinese Academy of Sciences. Ibuprofen was pur-
chased from the General Pharmaceutical Factory of Harbin Pharmaceuti-
cal Group. Other inorganic reagents were purchased from Tianjin
Kermel Chemical Reagents Development Center. All chemicals were of
analytical grade and were used without further purification.

Preparation of Eu(NO;); solution: White Eu,0O; powder (0.88¢g,
2.5 mmol) was dissolved in excess concentrated nitric acid. After adding
a known volume of water to the formed solution, excessive levels of
nitric acid were removed by the distillation method. The concentration of
obtained Eu(NOs;), solution was 0.02 mol L.

Preparation of magnetic substrates: Magnetic Fe;O, nanoparticles were
prepared by the coprecipitation method. With stirring at 45°C, a mixed
salt solution containing Fe,(SO,); (4.00 g, 10.0 mmol), FeSO, (2.78 g,
10.0 mmol), and NH;-H,O (26 wt. %) were added dropwise together at a
constant pH value of 11. The formed suspension was isolated by a
magnet and washed several times with deionized water until the pH was
neutral. The obtained Fe;O, nanoparticles were preserved as a suspen-
sion and used as a well-shaken homogenous system. The concentration of
the element iron was 0.05 molL .

Synthesis of magnetic layered double hydroxides: Carbonate-containing
magnetic LDHs with a Mg?*/AP* molar ratio of 2 (hereafter
(Mg?Al)—~(CO5*")) were prepared by the coprecipitation method. An
aqueous solution (90 mL) containing Mg(NO;),-6H,0 (6.15¢g,
24.0 mmol) and AI(NO;);9H,0 (4.51 g, 12.0 mmol) was added dropwise
to an aqueous solution (90 mL) containing Na,CO; and magnetic sub-
strates, with an AP*/CO5*~ molar ratio equal to 1 and a Mg**/Fe molar
ratio equal to 30 with vigorous stirring. During the synthesis, an aqueous
solution of NaOH was added dropwise at 80°C with vigorous stirring to
adjust the pH to 10. The resulting solid products were separated by a
magnet, washed with deionized water, and dried at 80°C for 24 h. The
above procedure was repeated, altering the amount of magnetic sub-
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strates added while keeping other reaction conditions constant to give a
series of magnetic LDHs.

Synthesis of magnetic, luminescent layered double hydroxides intercalat-
ed with ibuprofen: The ibuprofen intercalated magnetic, luminescent Eu-
doped Mg—Al LDH was synthesized by the following procedure: Under
a N, atmosphere, a mixed salt solution containing Mg(NO;),-6H,0O
(6.15 g, 24.0 mmol), AI(NO;);*9H,0 (4.28 g, 11.5 mmol), and Eu(NO;),
(0.5 mmol) was added dropwise to an aqueous solution (100 mL) contain-
ing ibuprofen (2.48 g, 12.0 mmol) and magnetic substrates (16 mL) with a
Mg?*/Fe molar ratio equal to 30 under vigorous stirring. The pH value of
the system was adjusted by a NaOH solution. The precipitate was aged
for 12 h in the mother solution at 80°C and then isolated by a magnet
and washed with deionized water. The resulting solid products were
dried at 80°C for 24h in a vacuum oven and abbreviated here as
(Mg’ Aly5Eu5)p~(IBU).

Calibration graph for ibuprofen determination: Calibration graph of ab-
sorbance versus concentration of the free ibuprofen was plotted by moni-
toring the ibuprofen typical UV absorption band at 264 nm" for a con-
centration range of 20-400 pygmL ™" of the drug in the mixture of 1:1 (v/v)
ethanol/HCI (1 molL™"). The amount of ibuprofen intercalated in the
LDH gallery was determined by comparing the absorbance of a sample
solution to the data from the calibration curve.

In vitro drug release: The release of ibuprofen in vitro experiment was
performed as follows: The sample (0.08g) was immersed in SBF
(200 mL) with mild shaking at 150 rpm and the immersing temperature
was kept at 37°C. The SBF solution had a similar composition and con-
centration (Na*t: 142, K*: 5.0, Mg**: 1.5, Ca**: 2.5, Cl": 147.8, HCO;:
42, HPO": 1.0, and SO,*": 0.5 mmol L™"; pH 7.4)?**! to that of human
plasma. At a given time, the sample was captured by using a magnet and
an aliquot of the solution (5 mL) was removed for measurement of re-
leased ibuprofen into the solution and immediately replaced by an equal
volume of SBF to keep the volume constant. The content of ibuprofen in
each aliquot was measured by the absorbance at 264 nm by using a UV/
Vis spectrophotometer.

Characterizations: Powder XRD patterns of the solid products were ob-
tained in the 26 range of 1-75° by using a Rigaku D/max-IIIB diffractom-
eter with Cuy, radiation (1=1.54178 A). Morphology was characterized
by using TEM (PHILIPS CM 200 FEG, 160 kV). FTIR spectra were re-
corded with an AVATAR 360 FTIR spectrophotometer by using a stan-
dard KBr pellet technique. TGA was carried out by heating the dry
powder samples at a rate of 10°Cmin~' in NEZSCH STA 409 PC. Mag-
netic hysteresis loops of samples were measured by a JDM-13 vibrating
sample magnetometer (VSM) at room temperature. The fluorescence
spectra of samples were characterized by using a PerkinElmer LS 55 flu-
orospectrophotometer under identical conditions with an excitation
wavelength of 610 nm and emission spectra in the range of 500-800 nm.
The width of the excitation and emission slit is 15 and 20 nm, respective-
ly. The emission spectra were measured by exciting the samples with a
150 W Xe lamp. Elemental analyses were performed by ICP atomic emis-
sion spectroscopy by using solutions prepared by dissolving the samples
in concentrated HNO;. The absorbance of ibuprofen was measured by
UV/Vis spectroscopy (UV-1601).
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