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Purpose. The aim of this study was to estimate the molecular state of
salicylamide on the surface of mesoporous silicas and to investigate
the dissolution behavior of salicylamide from the solid dispersion.
Methods. Folded sheets mesoporous material (FSM-16) were used
as a porous material. The molecular state of salicylamide was esti-
mated by powder X-ray diffractometry, infrared spectroscopy, and
fluorescence spectroscopy.
Results. The molecular state of salicylamide can be changed by
simple blending with FSM-16. When a physical mixture of 25% sali-
cylamide and 75% FSM-16 was heated at 120°C for 3 h, amorphiza-
tion of salicylamide was observed from the powder X-ray diffraction
pattern. The fluorescence emission peak of salicylamide at 433.5 nm
shifted to a longer wavelength of 447.5 nm after heating. Changes in
fluorescence decay curve suggested that salicylamide molecules were
dispersed into the hexagonal FSM-16 channels during the heating
process. Enhanced dissolution in the initial stage of salicylamide from
the sealed heated sample was observed in comparison with salicyl-
amide crystals.
Conclusions. Heat treatment of a physical mixture of salicylamide
with FSM-16 gave a solid dispersion in which the salicylamide mol-
ecules changed to an amorphous state by adsorption onto the FSM-16
channels. Amorphization of salicylamide contributed to the improve-
ment of dissolution.
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INTRODUCTION

Many medicines developed in recent years are poorly
water-soluble compounds. The enhancement of oral bioavail-
ability of poorly water-soluble compounds remains one of the
most challenging aspects of drug development. To improve
the dissolution profile of poorly water-soluble compounds, we
have investigated the use of porous materials as pharmaceu-
tical excipients (1,2). Porous materials have unique properties
of adsorptive ability for a variety of organic compounds due
to their huge specific surface area and porous texture. Acti-
vated carbon is widely known as a representative porous ma-
terial and has been applied for pharmaceutical use (3). When
organic compounds were adsorbed onto the surface of porous
material, the organic compounds changed their physicochem-
ical properties, such as stability and dissolution properties

(1,4). To control the stability or the dissolution behavior of a
medicine, regulation of the molecular state of the medicine is
indispensable in solid dispersion. For this reason, it is neces-
sary to understand the molecular state of medicines in solid
dispersion systems.

Folded sheets mesoporous material (FSM-16), meso-
porous silica having a uniform porous structure of well-
defined distribution, has newly been synthesized by using mi-
celle (5,6). FSM-16 is composed of ‘‘honeycomb-like’’ hex-
agonal channels and indicates extremely large specific surface
area. In industrial chemistry, the use of FSM-16 as a catalyst
has been reported (7,8). However, there was few or no report
with regard to its application for pharmaceutical use. When
porous materials are handled, the porous structure could be
changed or broken during grinding or tableting. However,
with regard to FSM-16, Ishikawa et al. reported that the me-
soporous structure was maintained after being pressed at
pressures below 780 kg cm−2 (9). Therefore, the focus of this
study is on the application of FSM-16 for pharmaceutical use.

Salicylamide, a medicine for analgesic use, was used as a
model compound. In our present study, molecular state
changes of salicylamide molecules in the presence of FSM-16
was estimated by using X-ray diffractometry, IR spectros-
copy, and fluorescence spectroscopy. The pharmaceutical ap-
plication of FSM-16 was evaluated by the dissolution study.

MATERIALS AND METHODS

Materials

Salicylamide (Nacalai Tesque, Kyoto, Japan) of reagent
grade was used without further purification. Mesoporous
silica FSM-16 (mean pore width of 2.1 nm, specific surface
area of 1,250 m2/g) was kindly supplied by Toyota Central
R&D Labs., Inc., Japan. FSM-16 was sieved using a 200-�m
aperture size sieve and was used after drying under a reduced
pressure at 110°C for 3 h. Physical mixtures were prepared by
blending of salicylamide and FSM-16 in a glass vial for 1 min.
A physical mixture (about 250 mg) was sealed in a glass am-
poule (2 mL) and then heated at 120°C for 3 h to prepare a
sealed-heated sample.

Powder X-Ray Diffractometry

Powder X-ray diffraction was performed using a Rigaku
Miniflex diffractometer (Tokyo, Japan). The measurement
conditions were as follows: target, Cu; filter, Ni; voltage, 30
kV; current, 15 mA; scanning speed, 2°/min.

Fourier-Transformed Infrared (FT-IR) Spectroscopy

FT-IR spectra were measured by the KBr disc method at
a resolution of 2 cm−1 for 32 scans using a JASCO 230 FT-IR
spectrophotometer (Tokyo, Japan).

Fluorescence Spectroscopy

An FP-770F fluorescent spectrometer (Japan Spectros-
copy Co., Ltd., Tokyo, Japan) was used for stationary fluo-
rescence spectroscopy. Powder samples were filled into a
front-face reflectance cell (FP-1060).
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Determination of the Fluorescence Lifetime and Relative
Quantum Yield

Fluorescence decay profiles were measured by a nano-
second time-resolved single-photon counter with a pulse
width of 1.5 ns (Horiba NAES-770, Tokyo, Japan). The ex-
citing pulse and emission response functions were measured
simultaneously, and the decay parameters were calculated
from two or three exponential functions obtained by decon-
volution of the excitation pulse profile using a non-linear
least-squares fitting. The goodness of fit was assessed by
monitoring value of �2 and the distribution of residuals.

Differential Scanning Calorimetry

A differential scanning calorimeter (DSC, Model
DSC3100S, MAC Science, Japan) was used. The operating
conditions in the closed- aluminum pan system were as fol-
lows: sample weight, 3 mg; heating rate, 5°C/min; without
nitrogen gas flow.

Dissolution Study

Dissolution studies were performed according to the
Japanese Pharmacopoeia (JP) XIV paddle method. Distilled
water of 500 mL was used as a dissolution medium ther-
mostated at 37.0°C. The paddle revolution speed was adjusted
to 50 rpm. At definite intervals, 3 ml of the solution was
pipetted out and filtered through a membrane filter of 0.45
�m. The concentration of salicylamide was determined spec-
trophotometrically at 302.8 nm by using a UV-visible record-
ing spectrometer (UV-160, Shimadzu, Japan).

Results and Discussion

The powder X-ray diffraction patterns of salicylamide,
FSM-16, and mixtures of salicylamide and FSM-16 (salicyl-
amide content � 25%) are shown in Fig. 1. The diffractogram
of the physical mixture of 25% salicylamide and 75% FSM-16
was a superimposed pattern of salicylamide crystals and FSM-
16. By heating the physical mixture, the intensity of the dif-

fraction peaks of salicylamide gradually decreased with an
increase in heating time. When the physical mixture of 25%
salicylamide and 75% FSM-16 was heated at 120°C for 3 h (as
shown in Fig. 1d), powder X-ray diffraction peaks resulting
from crystalline salicylamide completely disappeared,
whereas the powder X-ray diffraction peaks resulting from
crystalline salicylamide clearly remained for the 50% and
75% salicylamide- FSM-16 systems. These results indicated
that salicylamide crystals changed to the amorphous state by
heating. For a clear understanding of the adsorption mode of
salicylamide, it is important to know the interaction mode
between salicylamide and FSM-16. Figure 2 shows the IR
spectra of salicylamide with FSM-16 systems (salicylamide
content � 25, 50, 75%). The absorption band observed at
1675 cm−1 at the spectrum of salicylamide crystals was as-
signed to the carbonyl stretching vibration (10,11). The trans-
mittance of this peak (indicated by a closed star) weakened
gradually as the salicylamide content decreased. The physical
mixture of 25% salicylamide and 75% FSM showed a new
peak at 1658 cm−1 (indicated by an arrow) with a shoulder
peak of carbonyl stretching vibration of salicylamide crystals.
This indicated that two kinds of molecular interaction mode
would exist even in the physical mixture. Simple blending
might cause a drastic change in the molecular state of salicyl-
amide. After sealed-heating the physical mixture of 25% sali-
cylamide and 75% FSM, only the new absorption peak at
1658 cm−1 was observed in the IR spectrum, while the peak at
1675 cm−1 disappeared. Salicylamide crystals have been re-
ported to show intermolecular hydrogen bond with the char-
acteristic peak at 1687 cm−1 (11). The hydrogen bond network
in the salicylamide crystal would break after the heating fol-
lowed by a new hydrogen bond between the silanol groups of
FSM-16 and the salicylamide molecules adsorbed.

Figure 3 shows the fluorescence emission spectra of sali-
cylamide with FSM-16 systems when the excitation wave-
length was fixed at 262.7 nm. The fluorescence emission peak
of salicylamide crystals was observed at 433.5 nm. When the
salicylamide crystals were sealed-heated with FSM-16 for 3 h,
the emission peak at 433.5 nm gradually shifted to longer

Fig. 1. Change in the powder X-ray diffraction patterns of salicylamide–FSM-16 systems. (a)
Salicylamide crystals; (b) FSM-16; (c) physical mixture of 25% salicylamide-75%FSM-16; (d)
sealed heated sample of 25% salicylamide--75% FSM-16.

Salicylamide in the Mesoporous Structure 927



wavelengths with the decrease in salicylamide content. In the
25% salicylamide–75% FSM-16 system, the emission peaks of
the physical mixture and of the sealed-heated sample were
observed at 441.5 and 447.5 nm, respectively. Because the
emission peak of the physical mixture was shifted to a longer
wavelength in comparison with salicylamide crystals, it
seemed likely that simple blending with FSM-16 caused the

molecular state change of salicylamide. In our previous article
(12), we reported that 2-naphthoic acid showed the emission
peak shift to longer wavelength when the 2-naphthoic acid
molecules were adsorbed monomolecularly onto porous crys-
talline cellulose. The emission peak observed at a longer
wavelength than that of the crystals would be caused by sali-
cylamide molecules adsorbed onto the FSM-16. The IR and
fluorescence emission spectra represented the remarkable
spectral changes in the physical mixture, although the X-ray
diffraction pattern of the physical mixture showed the diffrac-
tion peaks of salicylamide crystal as shown in Fig. 2. These
results indicated that salicylamide molecules partly adsorbed
on the surface of FSM and partly remained as the crystals
after the mixing with FSM-16 for 1 min. By means of molecu-
lar simulation studies based upon the grand canonical Monte
Carlo simulation method, Kaneko et al. showed that micro-
pores generally have stronger adsorption field (13–16). In mi-
cropores, an enhanced adsorption of vapor molecules such as
methanol and methane was observed even in a low relative
pressure range. Since the pore diameter of FSM-16 used was
approximately classified as micropores (2.1 nm), it was pre-
sumed that the rapid adsorption of salicylamide was respon-
sible for the peculiar adsorptive ability of FSM-16, though the
vapor pressure of salicylamide was considered to be compar-
atively low.

To investigate the molecular state change of salicylamide
in detail, fluorescence decay kinetics was performed. We at-
tempted to compare the lifetime data to advance our discus-
sion concerning the adsorption mode of salicylamide. Figure
4 exhibits the changes in fluorescence decay curves of salicyl-
amide in the systems with FSM-16. In the 25% salicylamide–
75% FSM system, the fluorescence decay curve from salicyl-
amide in the sealed-heated sample was different from that of

Fig. 2. Changes in the infrared spectra of salicylamide–FSM-16 sys-
tems. (a) Salicylamide crystals; (b) scaled-heated sample of 75% sali-
cylamide–25% FSM-16; (c) sealed-heated sample of 50% salicylam-
ide–50% FSM-16; (d) sealed-heated sample of 25% salicylamide–
75% FSM-16; (e) physical mixture of 25% salicylamide–75%
FSM-16.

Fig. 3. Solid-state fluorescence emission spectra of salicylamide–
FSM-16 systems after the sealed-heating at 12°C for 3 h; �ex � 262.7
nm. Salicylamide crystals (solid line); 75% salicylamide–25% FSM-16
(-··-··); 50% salicylamide–50% FSM-16 (-·-·); 25% salicylamide–75%
FSM-16 (---·); physical mixture of 25% salicylamide–75% FSM-16
(····).
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the physical mixture. Furthermore, the slopes of fluorescence
decay curves increased in the order of salicylamide crystals,
the physical mixture, and sealed-heated sample. The fluores-
cence decay curve of sealed-heated sample was well-fitted by
use of two exponential functions, whereas the fluorescence
decay curve of physical mixture did not give a good fitting
parameter if the deconvolution was performed using two ex-
ponential functions. By calculating from three exponential
functions, the physical mixture gave a good value for the
fitting parameter (�2 <1.3). The fluorescence lifetime and
relative quantum yield of salicylamide in the salicylamide–
FSM-16 system are listed in Table I. The component of short
lifetime (�1 <0.3 ns) of the salicylamide crystals could be due
to stray light (17). The long lifetime component of salicylam-
ide (�2: 6∼7 ns) represented the dominant component of the
salicylamide crystals. This result was indicative of the exis-
tence of two kinds of molecular species of salicylamide in the
physical mixture. Compared with the changes in fluorescence
spectra and IR spectra (Figs. 2 and 3), the short-lifetime com-
ponent (�3: 2∼3 ns) was caused by the salicylamide molecules
adsorbed in the hexagonal structure of FSM-16.

Figure 5 illustrates the DSC thermograms of salicylamide
of the 25% salicylamide–75% FSM-16 system at a heating
rate of 5°C/min. Salicylamide crystal exhibited only an endo-
thermic peak due to melting at 140°C. The physical mixture of
25% salicylamide and 75% FSM-16 showed a different ther-
mal behavior from the salicylamide crystals. The broad peak
around 25–60°C was attributed to dehydration from FSM-16,
two endothermic overlapping peaks were observed around

140°C: the first was broad and observed at a lower tempera-
ture compared to the melting point of salicylamide crystals
and the second was due to the melting of salicylamide crystals.
However, the second run of the physical mixture and the
sealed-heated sample showed no melting endothermic peak
of salicylamide crystals. Yonemochi et al. reported that three
different states of benzoic acid would exist in a mixture of
benzoic acid and controlled-pore glass having a pore diameter
of 12 nm (18). The three states were crystalline state (phase
1), the disordered crystalline state for which a broad endo-
thermic peak was observed at a lower temperature (phase 2),
and the amorphous state for which no peak on the DSC
curves was observed (phase 3). The DSC thermogram of the
physical mixture of 25% salicylamide and 75% FSM-16 indi-
cated the existence of phase 1 and phase 2 of salicylamide. For
the sample cooled from high temperature (>140°C) to room
temperature, e.g., the second run of the physical mixture or
the sealed-heated sample, the salicylamide molecules existed
in phase 3 and exhibited no melting peak in the DSC curve.
These results supported that the salicylamide crystals changed
to the amorphous state during the heating procedure.

Dissolution properties of salicylamide in distilled water
were studied according to the JP XIV paddle method and the
results are shown in Fig. 6. In the initial stage of dissolution,
the sealed-heated sample exhibited faster dissolution rate
than that of salicylamide crystals. With regard to the sealed-
heated sample, salicylamide were physically adsorbed in the
pores of FSM-16 and an activated state of salicylamide should

Fig. 4. Fluorescence decay curves, �ex � 262.7. Salicylamide crystals
(solid lines); physical mixture of 25% salicylamide–75% FSM-16 (····);
sealed-heated sample of 25% salicylamide-75% FSM-16 (---).

Table I. Fluorescence Lifetime (�) and Relative Quantum Yield (Q) of 25% Salicylamide–FSM-16 System, �ex � 262.7 nm

Sample �obs (nm) �1 (ns) Q1 (%) �2 (ns) Q2 (%) �3 (ns) Q3 (%) �2

Salicylamide crystals 433.5 0.292 23.7 6.36 76.3 1.30
Physical mixture 445.5 0.484 38.4 7.48 16.7 2.35 44.9 1.12
Sealed-heated sample 447.0 0.807 52.4 3.37 47.6 1.18

Fig. 5. Differential scanning calorimetry of 25% salicylamide–75%
FSM-16 system. (a) Salicylamide crystals; (b) physical mixture (first
run); (c) physical mixture (second run); (d) heated sample.
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contribute to the improvement of dissolution. Since the sur-
face properties of FSM-16 were sensitive to moisture (19), the
wettability of FSM-16 surface was higher than that of salicyl-
amide crystals. Moreover, water molecules affected the dis-
solution of salicylamide from the sealed heated sample
through the ability to adsorb on pores of FSM-16 and to
destroy the molecular interaction between FSM-16 and sali-
cylamide.

CONCLUSIONS

The physicochemical properties of salicylamide were
changed by simple blending and by heating with FSM-16. The
adsorptive ability of FSM-16 micropores might promote the
rapid adsorption of salicylamide. From the thermal analysis, it
was found that the salicylamide adsorbed could exist in an
amorphous state stably. It was revealed that the solid disper-
sion of salicylamide and FSM-16 was useful in achieving fast
dissolution of salicylamide.
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