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Kaolinite and methoxy-modified kaolinite were used as carriers for the loading of 5-fluorouracil (5FU) for the
first time. The kaolinite products were characterized using X-ray diffraction, transmission electron microscopy,
elemental analysis, diffuse reflectance infrared Fourier transform spectroscopy, thermogravimetric analysis,
and differential scanning calorimetry. The loading mechanism of 5FU on kaolinite was as follows: the 5FU mol-
ecules were initially anchored to the external surface of kaolinite through hydrogen bonding, and the added
5FU then formed hydrogen-bonded aggregates with the anchored 5FU on the external surface of kaolinite. The
surface-loaded 5FU was crystallite. The 5FU-loading content in the methoxy-modified kaolinite was
55.4 mass%, which was 147.3% greater than that in unmodified kaolinite. The high-capacity loading of 5FU on
methoxy-modified kaolinite resulted from two factors: (i) the interlayer space of the methoxy-modified kaolinite
acted as an additional loading site that was available for the intercalation of 5FU; (ii) the loading of 5FU on the
external surface of the methoxy-modified kaolinite was high because of the high affinity between 5FU and the
methoxy-modified kaolinite. The 5FU-loading content of the interlayer-loaded 5FU and the surface-loaded 5FU
in the methoxy-modified kaolinite was 14.6 mass% and 40.8 mass%, respectively. The interlayer-loaded 5FU
was in an amorphous state, and of higher thermal stability than the surface-loaded 5FU. Methoxy-modified
kaolinite is a promising drug carrier in pharmaceutical industry.
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1. Introduction

Naturally occurring clay minerals have been used widely as active
pharmaceutical ingredients and excipients in the pharmaceutical
industry because of their excellent rheological properties and inert
chemical properties, as well as their low or null toxicity (Carretero,
2002; Carretero and Pozo, 2009, 2010). Clay minerals have also
attracted great interest as drug carriers. Generally, the loading of
drugs onto the clay minerals is achieved via two routes: (i) intercalation
through ion exchange into the interlayer space of swelling clay minerals
with a large cation/anion exchange capacity, such as montmorillonite,
saponite, and layered double hydroxides (Akalin et al., 2007; Choy
et al,, 2007; Lin et al., 2002; Wang et al., 2005); and (ii) encapsulation
into the inner nanopores and/or adsorption onto the external surface
of clay minerals with a high specific surface area, such as halloysite
(Lvov et al., 2008; Price et al., 2001; Tan et al., 2013; Yuan et al., 2008,
2012).
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Kaolinite is a 1:1 clay mineral consisting of AlO,(OH), octahedral
sheet and SiO, tetrahedral sheet. The adjacent sheets are connected to-
gether by the plane of apical oxygen of tetrahedral SiO,4 sheet to form a
kaolinite layer with ideal chemical formula Al,Si;Os(OH)4. The kaolinite
layers are joined by hydrogen bonding. Kaolinite is often used as an active
pharmaceutical ingredient and excipient in pharmaceutics (Carretero and
Pozo, 2009, 2010). Due to the low cation exchange capacity (always
lower than 10 mmol/100 g) (Ma and Eggleton, 1999) and the low specific
surface area of kaolinite (approximately 10 to 20 m?/g) (Castellano et al.,
2010), the drugs only adsorbed onto the external surfaces (Bonina et al.,
2007; Mallick et al., 2008), and did not intercalate into the hydrogen-
bonded interlayer. This drawback of a low kaolinite loading capacity,
has severely limited the application of kaolinite as a drug carrier in
pharmaceutics.

The drug 5-fluorouracil (C4H3FN,0,; 5FU) has been used extensively
in cancer chemotherapy (including colon, rectum, and head and neck
cancers) for over 40 years. The toxicity of 5FU may bring some adverse
effects (including myelosuppression, mucositis, dermatitis, etc.) in
humans. Embedding 5FU in a proper nanoparticle carrier can improve
its anticancer activity and alleviate these adverse effects. The loading
of 5FU in polymeric nanoparticles (McCarron et al., 2000; Niwa et al.,
1993), zeolites (Datt et al., 2013), and some clay minerals, such as mont-
morillonite (Akalin et al., 2007; Lin et al.,, 2002), saponite (Akalin et al.,
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2007), and layered double hydroxides (Wang et al., 2005), has been
reported. However, the loading of 5FU on kaolinite has not yet been
reported.

In this work, the performance of kaolinite as a drug carrier for the
loading of 5FU was studied for the first time. In particular, the effect of
methoxy modification of kaolinite on the loading of 5FU was investigat-
ed. In previous studies, the methoxy-modified kaolinite has been used
as a host to load some organic guests into the interlayer space through
an intercalation route. The intercalated organic guests include ¢-
caprolactam (Komori et al., 1999a), poly(vinylpyrrolidone) (Komori
et al., 1999b), alkylamines (Komori et al., 1999c), p-nitroaniline (Kuroda
et al.,, 1999; Takenawa et al., 2001), nylon-6 (Matsumura et al., 2001),
and some quaternary ammonium salts (Kuroda et al,, 2011). However,
the use of the interlayer space of the methoxy-modified kaolinite
for the loading of drugs has not yet been explored.

2. Experimental section
2.1. Materials and methods

A kaolinite sample with high purity, obtained from Maoming
Guangdong Province, China, was used as received without further puri-
fication. The chemical composition of kaolinite (SiO,, 46.75; Al,03,
39.15; Fe,03, 1.02; MgO, 0.10; Ca0, 0.21; K,0, 0.25; Na,0, 0.26; MnO,
0.01; TiO,, 0.32; P05, 0.04; and loss on ignition, 11.92) was determined
from the chemical analysis in percent by mass of the respective oxide
forms.

The methoxy-modified kaolinite was prepared as follows: dimethyl
sulfoxide (DMSO) was first intercalated into the interlayer space of the
kaolinite as previously reported (Yang et al., 2012). Then, 5.0 g of the
DMSO-intercalated kaolinite was added to 100 mL methanol (MeOH)
and stirred for 7 days. The solid in the mixture was separated using
centrifugation and stored in a wet state for further use. The methoxy-
modified kaolinite was labeled as Kaol-MeOH.

The loading of 5FU was achieved using soaking methods. A sample of
0.5 g of 5FU (99%, purchased from Meryer) was dissolved in 20 mL of
MeOH, and approximately 1.0 g of kaolinite (modified and unmodified)
was added under constant stirring for 24 h at room temperature.
The solid part of the dispersion was separated using centrifugation
and dried overnight at 80 °C. The 5FU-loaded kaolinite samples
were labeled as 5FU-Kaol-MeOH and 5FU-Kaol, corresponding to the
Kaol-MeOH and kaolinite precursors, respectively.

2.2. Characterization methods

The X-ray diffraction (XRD) patterns were obtained using a Bruker
D8 Advance diffractometer with a Ni filter and Cu Ko radiation
(A = 0.154 nm) generated at 40 kV and 40 mA. The scan rate
was 1° (26) min~ ' with a step size of 0.02°. The mean diameter of the
5FU crystallite loaded in kaolinite is evaluated using the Scherrer equa-
tion (D = kA/Bcos6), where k is the shape factor with a value 0f 0.89, B is
the integral breadth of the Bragg reflection, A is the radiation wave-
length applied and 6 is the Bragg angle (Burton et al., 2009).

Diffuse reflectance infrared Fourier transform (DRIFT) spectra were
obtained using a Bruker Vertex 70 Fourier transform infrared spectrom-
eter at room temperature. All spectra were collected over 64 scans in the
range of 4000 to 600 cm ™! at a resolution of 4 cm™ 1.

The CHN elemental analyses were performed with an Elementar
Vario EL Il Universal CHNOS Elemental Analyzer. The 5FU content
(Mspy, g 5FU g~ ! kaolinite) was calculated as Mspy = massn/Nspu,
where Nspy is the content of N in 5FU, and massy the mass percentage
of N in 5FU is determined from the CHN analysis.

Thermogravimetry (TG) and differential scanning calorimetry (DSC)
analyses were performed with a Netzsch STA 409PC instrument.
Approximately 10 mg of sample powder was heated in an Al,O3 crucible

from 30 °C to 1000 °C at a rate of 10 °C/min under a highly pure N,
atmosphere (60 cm?/min).

Transmission electron microscopy (TEM) observations were con-
ducted on a 200 kV JEOL JEM-2100 high-resolution transmission elec-
tron microscope. The specimens were prepared as follows: the 5FU
loaded kaolinite was ultrasonically dispersed in water for 5 min, and
then a drop of the dispersion was deposited onto a carbon-coated cop-
per grid, which was left to stand for 10 min before being transferred into
the microscope.

3. Results and discussion
3.1. XRD, TEM, and elemental analysis

Kaolinite shows a typical diffraction pattern with a characteristic
doo1 value of 0.71 nm (Fig. 1a). The wet Kaol-MeOH shows a (001) dif-
fraction at 1.11 nm (Fig. 1b), indicating a monolayer intercalation of
MeOH molecules in the interlayer space of kaolinite. The remaining re-
flection at 0.71 nm in Kaol-MeOH is due to the unintercalated kaolinite.
The intercalation ratio of Kaol-MeOH is approximately 96.0%, as calcu-
lated from the equation:

IR=1/(Ix + 1))

where Ix and I are the intensities of (001) diffractions of kaolinite and
Kaol-MeOH, respectively (Lagaly et al., 2006).

The dgo; value of 5FU-Kaol remains unchanged (Fig. 1c), indicating
that 5FU did not intercalate into the interlayer spaces of kaolinite. This
result is in agreement with that only small, polar organic compounds,
such as dimethyl sulfoxide, methyl formamide, hydrazine, and urea,
etc., can be directly intercalated into the interlayer space of kaolinite
by forming hydrogen bonds with the inner-surface hydroxyl groups
(Frost et al., 1997, 1998, 2000).

The 5FU-Kaol-MeOH shows a (001) diffraction with an increased d-
spacing of 1.27 nm (Fig. 1d), compared with the dyg; value of 1.11 nm
for Kaol-MeOH, indicating that the intercalation of 5FU in the interlayer
space of the methoxy-modified kaolinite is achieved. This result shows
that the methoxy modification makes the interlayer space of kaolinite
available for 5FU loading. The molecular dimensions of 5FU are approx-
imately 0.49 nm x 0.53 nm (Datt et al., 2013), and the dyg; value of dry
Kaol-MeOH is 0.82 nm (Komori et al., 2000; Tunney and Detellier,
1996), suggesting that 5FU might be arranged as a roughly vertical
monolayer in the interlayer space of kaolinite (Fig. 1e). In the XRD pat-
tern of 5FU-Kaol-MeOH, the broad and weak (001) reflection suggests a
low structural order of the 5FU-intercalated kaolinite, and also implies a
heterogeneous arrangement of 5FU in the interlayer space of kaolinite,
which means several monolayer arrangements of 5FU with different in-
clination angles existed in the interlayer space of kaolinite. By using the
stereochemical calculations based on molecular dynamics simulations,
Zeng et al. (2003) also proposed that the actual configuration of the in-
tercalated organic guests is much more complicated than the ideal
configuration.

The reflection in the XRD pattern of 5FU-loaded kaolinite that corre-
sponds to a d value of 0.31 nm can be assigned to 5FU according to
reference No. 42-1969 of the Joint Committee on Powder Diffraction
Standard in the International Centre for Diffraction Data database.
This reflection is used for the calculation of the mean diameter (D) of
5FU crystallites by the Scherrer equation. The calculated D values of
the 5FU crystallites in 5FU-Kaol and 5FU-Kaol-MeOH are 35.5 and
34.4 nm, respectively. Because the interlayer space of the methoxy-
modified kaolinite was not large enough for the crystallization of 5FU
(Sliwinska-Bartkowiak et al., 2001), the intercalated 5FU was in an
amorphous state. This situation is similar to the intercalation of 5FU
into the montmorillonite and layered double hydroxides (Lin et al.,
2002; Wang et al., 2005) where 5FU did not crystallize in the confined
interlayer space of the clay minerals and formed in the amorphous
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Fig. 1. XRD patterns of: (a) kaolinite, (b) Kaol-MeOH, (c) 5FU-Kaol, and (d) 5FU-Kaol-MeOH; and (e) the schematic illustration of 5FU intercalated kaolinite.

state. Therefore, the reflection at 0.31 nm represents the 5FU crystallites
loaded on the external surface of kaolinite. The intensity of the reflec-
tion at 0.31 nm in 5FU-Kaol-MeOH is higher than that in 5FU-Kaol, indi-
cating a greater surface loading of 5FU in 5FU-Kaol-MeOH. A possible
reason is that the AIOH groups, on the external basal surface, on the
exposed broken edges sites, and on the crystallographic defects sites
of kaolinite, were grafted by methoxy groups; and this methoxy-
modification enhancing the affinity between 5FU and the external
surface of kaolinite permitted more 5FU to be loaded on the surface of
the modified kaolinite.

The kaolinite particles have a typical pseudo-hexagonal morphology
(Fig. 2a). The methoxy modification did not change the platy morphol-
ogy of the initial kaolinite (related microscopic images not shown). In
the TEM images of 5FU-Kaol (Fig. 2b) and 5FU-Kaol-MeOH (Fig. 2c),
the aggregation of 5FU crystallite particles on the external surface of
kaolinite particles was observed. The loading of 5FU aggregates
resulted in the blurring of the original pseudo-hexagonal morphology
of kaolinite, and the edges of kaolinite particles became poorly resolved
(as denoted by the dots in the boxes in Fig. 2b and c). The aggregation of
5FU on the external surface of kaolinite may be caused by hydrogen
bonds and/or van der Waals forces between the siloxane groups of
kaolinite and 5FU molecules.

The 5FU-loading content, calculated from the elemental analysis,
was 55.4 mass% for 5FU-Kaol-MeOH. This value is much higher than

5FU-Kaol (22.4 mass%), suggesting that the methoxy-modification sub-
stantially promoted the loading of 5FU on kaolinite in agreement with
the XRD result, which showed that methoxy modification of kaolinite
permitted the intercalation of 5FU into the interlayer space of kaolinite
and that more 5FU was loaded onto the external surface of kaolinite.

3.2. DRIFT spectroscopy and thermal analysis

In the DRIFT spectrum of kaolinite (Fig. 3a), the vibrations at 3696,
3669, and 3653 cm™ ! are ascribed to the O-H stretching of inner-
surface hydroxyl (AIOH) groups of kaolinite, and the vibration at
3621 cm™ ! is attributed to the O - H stretching of inner hydroxyl groups
(Madejova and Komadel, 2001). In the DRIFT spectrum of Kaol-MeOH
(Fig. 3b), the intensities of the three inner-surface hydroxyl groups
were weakened, which was due to the consumption of inner-surface
AIOH groups during methoxy modification that one MeOH molecule
condensed with one AIOH group to form Al-0-C bonding and one
H,0 molecule (Tunney and Detellier, 1996). The vibrations at 3022
and 2936 cm~ !, as well as 2848 cm~ !, which are ascribed to C-H
stretching, also confirmed the grafting of methoxy groups. The
3550 cm ™~ ! band is characteristic of hydrated kaolinite (Tunney
and Detellier, 1994), which indicates that hydrogen bonds between
AIOH groups and interlayer water molecules were present.

Fig. 2. TEM images of (a) kaolinite, (b) 5FU-Kaol, and (c) 5FU-Kaol-MeOH.
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Fig. 3. DRIFT spectra of (a) kaolinite, (b) Kaol-MeOH, (c) 5FU-Kaol, and (d) 5FU-Kaol-
MeOH.

In the spectra of 5FU-loaded kaolinite samples (Fig. 3c and d), sever-
al observed typical vibrations of 5FU, including 3075, 2936, 2832, 2729,
2680, and 2571 cm™ !, suggested the loading of 5FU on kaolinite. The
intensities of the 5FU vibrations were stronger in the DRIFT spectrum
of 5FU-Kaol-MeOH than 5FU-Kaol; this result was due to the higher
loading of 5FU in 5FU-Kaol-MeOH. The N—H stretching vibration in
pure 5FU is at 3122 cm ™! (Bayomi and Al-Badr, 1990). In the case of
5FU-loaded kaolinite, the N—H stretching vibration showed a redshift
to 3075 cm ™ '. This shift was due to the formation of hydrogen bonds
between 5FU molecules. The loading mechanism of 5FU on the external
surface of kaolinite was as follows: first, the 5FU molecules were
anchored by hydrogen bonding on the external siloxane groups of
kaolinite (Aguzzi et al., 2007); then, other 5FU molecules in solution
were further bound to the anchored 5FU by hydrogen bonding to
form hydrogen-bonded aggregates, such as dimers and trimers
(Hamad et al., 2006).

For 5FU-Kaol, the vibrations of the inner-surface hydroxyl groups
and the inner hydroxyl groups were almost unchanged during the
5FU loading (Fig. 3¢). This result occurred because 5FU did not interca-
late into the interlayer space of kaolinite. For 5FU-Kaol-MeOH, the
vibration band at 3555 cm™ ! is ascribed to the hydrogen bonds be-
tween the intercalated 5FU molecules and the inner-surface AIOH
groups. The vibration band at 3362 cm™ !, which only appeared in
5FU-Kaol-MeOH, is ascribed to the N-H stretching vibration of the
cyclic imide (CO-NH-CO). Rastogi et al. (2000) used density function-
al theory methods to calculate the N— H stretching vibration of the cyclic
imide (CO-NH- CO) at 3479 cm™ . The redshift in N- H stretching sug-
gests that hydrogen bonds were generated between the cyclic imide
(CO-NH-CO) of the intercalated 5FU and the AIOH groups of kaolinite.
It is noteworthy that in 5FU-Kaol-MeOH the original O—H stretching
bands at 3669 and 3653 cm™ ! overlapped and shifted to lower frequency
at 3643 cm™ . This shift is caused by the disturbance of the hydrogen
bonds between 5FU and the inner-surface AIOH groups.

In the TG curve of kaolinite (Fig. 4a), the major mass loss at approx-
imately 400 to 600 °C is attributed to dehydroxylation of the structural
AIOH groups, which corresponds to the endothermic peaks at 507.8 °C
in the DSC curve. This result is in agreement with the observation that
the dehydroxylation of kaolinite occurs at approximately 400 to
600 °C (Kristof et al., 2002). Two mass losses are observed in the TG

curve of Kaol-MeOH (Fig. 4b). Because the methoxy groups are stable
up to 350 °C, the first slow loss at approximately 100 to 300 °C is attrib-
uted to the dehydration of the physically adsorbed water and the inter-
layer water generated by the condensation between MeOH molecules
and AIOH groups of kaolinite (Komori et al., 2000; Tunney and Detellier,
1996). The second substantial loss at approximately 300 to 600 °C
represents the decomposition of the grafted methoxy groups and the
dehydroxylation of kaolinite.

In the TG curve of 5FU-Kaol (Fig. 4c), two steps with noticeable mass
loss are clearly resolved. The first step in the range of 250 to 350 °Cis at-
tributed to the decomposition of 5FU loaded on the external surface of
kaolinite, corresponding to the endothermic peak at 320.4 °C in the
DSC curve. The second step from 400 to 600 °C is due to the dehydrox-
ylation of kaolinite, corresponding to the endothermic peak at 528.5 °C.
This value is higher than pure kaolinite (507.8 °C), which may be caused
by the incomplete thermal decomposition of 5FU. The endothermic
peak at 282.2 °C in the DSC curve is attributed to the melting of 5FU
crystallites.

In the TG curve of 5FU-Kaol-MeOH (Fig. 4d), the first rapid mass loss
from 250 to 420 °C is ascribed to two thermal episodes: (i) the loss of
methoxy groups, which only makes a minor contribution to the total
mass loss; (ii) the decomposition of the surface-loaded 5FU and the
interlayer-loaded 5FU, which makes the dominant contribution to the
mass loss. The two endothermic peaks at 285.3 and 338.3 °C in the
DSC curve are attributed to the melting of 5FU crystallites and the de-
composition of 5FU, respectively. The value of the decomposition tem-
perature of 5FU in the DSC curve of 5FU-Kaol-MeOH (338.3 °C) is
higher than that in 5FU-Kaol (320.4 °C), and the range of decomposition
of 5FU in 5FU-Kaol-MeOH (250-420 °C) is broader than that in 5FU-
Kaol (250-350 °C), indicating that the intercalated 5FU is more ther-
mally stable than the surface-loaded 5FU. This is in agreement with a
higher thermal stability of other intercalated organic guests which
decomposed at higher temperatures in the interlayer space of clay min-
erals, such as cationic surfactant in montmorillonite (He et al., 2005),
organosilane in silane-grafted kaolinite (Yang et al., 2012), and 5FU in
layered double hydroxides (Wang et al., 2005). The mass loss of AIOH
in the TG curve of 5FU-Kaol-MeOH, from 400 to 600 °C, was not as
clear as that in the three other kaolinite, Kaol-MeOH, and 5FU-Kaol sam-
ples. This difference may be caused by two factors: (i) the high loading
of 5FU (55.4 mass%) in 5FU-Kaol-MeOH, which creates a lower kaolinite
concentration than in the other three kaolinite samples; and (ii) the
overlap between the decomposition of the AIOH groups of kaolinite
and the decomposition of the residual intercalated and surface-loaded
5FU.

Because the amorphous 5FU in the interlayer space of kaolinite was
not endothermic during the melting phase, the endothermic peak at ap-
proximately 280 °C represents the melting of 5FU crystallites loaded on
the external surface of kaolinite. The area of this endothermic peak
corresponds to the heat of fusion of 5FU crystallites. The area is directly
proportional to the heat absorbed during the melting and to the mass of
the test sample (Coleman and Craig, 1996). The peak area (A) is related
to the enthalpy change by the following relationship:

A = k'm(—AH)

where k’ is a calorimetric sensitivity, m is the mass of the sample,
and — AH is the enthalpy change. According to this calculation,
the area of the endothermic peak of melting of 5FU is 28.1 J/g in
5FU-Kaol and 51.2 J/g in 5FU-Kaol-MeOH, respectively. Because of
the similar crystallization condition and crystallite sizes of 5FU in
modified and unmodified kaolinite, 5FU crystallites in 5FU-Kaol and
5FU-Kaol-MeOH theoretically had identical heat of fusion (A) and
enthalpy change (— AH) under the same temperature and pressure.
Therefore, the unequal values of A for 5FU-Kaol and 5FU-Kaol-MeOH
were directly related to the different mass of the 5FU crystallites (m).
As a result, the amount of the 5FU crystallites (the surface-loaded
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Fig. 4. TG, DTG, and DSC curves of (a) kaolinite, (b) Kaol-MeOH, (c) 5FU-Kaol, and (d) 5FU-Kaol-MeOH.

5FU) in 5FU-Kaol-MeOH was found to be 1.82 times larger than that
in 5FU-Kaol (22.4 mass%). Thus, the 5FU-loading content for the
interlayer-loaded 5FU and the surface-loaded 5FU was 14.6 mass%
and 40.8 mass%, respectively. The lower loading of interlayer-loaded
5FU may be because that the interlayer space of the kaolinite was
much more limited than the external surface space. It is noteworthy
that the accuracy of the calculated area of the endothermic peak of
melting was limited by the lack of definition of a true baseline across
the peak region (Coleman and Craig, 1996). The amount of 5FU for the
surface-loaded and interlayer-loaded 5FU may deviate from the actual
value.

The loading capacity of 5FU (55.4 mass%) on the methoxy-modified
kaolinite was larger than that on montmorillonite (approximately
45 mass%) (Lin et al., 2002), layered double hydroxides (approximately
40 mass%) (Wang et al., 2005), and zeolites (approximately 10 mass%)
(Datt et al., 2013). The high-capacity loading of 5FU on the methoxy-
modified kaolinite is attributed to the dual-functions of methoxy
modification: (i) methoxy modification causes 5FU intercalation into
the interlayer space of kaolinite, which is achieved by displacement of
the interlayer MeOH molecules; and (ii) methoxy modification in-
creases the loading of 5FU on the external surface of kaolinite, which
is achieved by enhancing the affinity between 5FU and the methoxy-
modified kaolinite.

In consideration of that many drugs and even some agrochemicals
have similar functional groups and molecular dimensions to 5FU, one
can anticipate that these guest molecules should intercalate into the
interlayer space and load onto the external surface of the methoxy-

modified kaolinite through a similar loading mechanism as 5FU on the
methoxy-modified kaolinite. Based on these results, the methoxy-
modified kaolinite should be a very promising carrier material in
pharmaceutics, particularly in the agrochemical industry, for three
reasons: (i) the guests had a high-capacity loading on the methoxy-
modified kaolinite, (ii) the intercalated guests in the interlayer space
of the methoxy-modified kaolinite showed a high thermal and/or
chemical stability because of the protection of the lamellar structure of
the kaolinite, and (iii) the intercalated guests may have the potential
for controlled release due to the diffusion of guest molecules from the
confined interlayer space of the methoxy-modified kaolinite.

4. Conclusions

Kaolinite was used as a drug carrier for the loading of 5FU. 5FU was
loaded in crystallite form on the external surface of kaolinite. The
surface-loaded 5FU aggregated through hydrogen bonding.

Methoxy modification of kaolinite substantially promoted the
loading of 5FU through both intercalation of 5FU in the interlayer
space and enhancement of the loading of 5FU on the external surface
of the methoxy-modified kaolinite. In the former case, 5FU was interca-
lated as a vertical monolayer into the interlayer space of the methoxy-
modified kaolinite, and the interlayer-loaded 5FU was of higher thermal
stability than the surface-loaded kaolinite. In the latter case, more 5FU,
approximately twice the loading capacity of the unmodified kaolinite,
was loaded on the external surface of the methoxy-modified kaolinite
because of the greater affinity between 5FU and the methoxy-
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modified kaolinite. This work demonstrates that methoxy-modified
kaolinite is a promising drug carrier and deserves more research atten-
tions in the field of pharmaceutics.
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