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bstract

The aim of the present study was to experimentally examine whether poorly water-soluble drugs dispersed in a polymeric matrix exist as
morphous nanodispersions or molecularly dispersed compounds. Felodipine (Felo) dispersed in PVP matrix (solid dispersion) was used as a
odel drug in this study. Drug/polymer ratios have an impact on the drug average particle size, morphology and dissolution profile while solid

ispersions containing up to 50 wt% Felo are completely amorphous. SEM, TEM micrographs, and micro-Raman mapping reveal that Felo is
ispersed in the form of nanoparticles into the PVP matrix. Due to the high spatial resolution of TEM, it was established that these nanoparticles are
ot uniform particles, but rather agglomerates of individual particles with sizes smaller than 5–10 nm. Moreover, micro-Raman mapping allowed

s to observe the size and spatial distribution of domains where the drug existed as molecularly or nanodispersed. Experimental evidence presented
n this work contradicts the common belief that amorphous poorly water-soluble drugs exist only in the state of molecular dispersion inside a
olymer matrix by showing that both types of dispersions (molecular-level and nanodispersions) can coexist.

2007 Elsevier B.V. All rights reserved.
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. Introduction

In pharmaceutical technology there exist numerous drug sub-
tances, including new chemical entities, that in spite of their
igh therapeutic effectiveness, are characterized by poor water
olubility. The latter limits their potential uses in formulating
ioavailable pharmaceutical products. In all those cases, the
ate limiting factor for drug absorption becomes the dissolu-
ion rate of the active ingredient in the gastro-intestinal liquids
Hörter and Dressman, 2001). Therefore, the enhancement of
ral bioavailability of such poor water-soluble drugs and the

reparation of solid oral dosage forms is currently one of major
bjectives and greatest challenges in the area of new formula-
ions development. ‘Solid dispersion’ is one of the earlier, yet

∗ Corresponding author. Tel.: +30 2310 997812; fax: +30 2310 997667.
E-mail address: dbic@chem.auth.gr (D. Bikiaris).
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till favorable, approaches for overcoming this limitation. Owing
o its simplicity from the manufacturing and process scalabil-
ty standpoints, solid dispersion has become one of the most
ctive and promising research areas of great interest to phar-
aceutical companies. Furthermore, such formulations possess

onsiderable advantages over other commonly used techniques,
specially micronization. Hence it is expected that the popular-
ty of solid dispersions will grow rapidly (Serajuddin, 1999).
he term solid dispersion refers to solid state mixtures, pre-
ared through the dispersion, typically by solvent evaporation
r melt mixing, of one or more active ingredients in an inert car-
ier matrix (Chiou and Riegelmann, 1971). In these dispersions,
he drug can be present in a fully crystalline state (in the form
f coarse drug particles), in a semicrystalline state, and in fully

morphous state (in the form of a fine particle dispersion, or
olecularly distributed within the carrier). Such systems prove

o be very effective for enhancing the dissolution rate of low
olubility drugs.

mailto:dbic@chem.auth.gr
dx.doi.org/10.1016/j.ijpharm.2007.03.037
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Poly(ethylene glycol) (PEG) and polyvinylpyrrolidone
PVP) are the most used drug carriers for solid dispersion prepa-
ations (Tantishaiyakul et al., 1999; Van dem Mooter et al.,
001; Basit et al., 2001; Groves et al., 1984; Naima et al.,
001; Oaya et al., 2003) due to their strong hydrophilic proper-
ies and their capability to form molecular adducts with many
ompounds. The presence of hydroxyl or carbonyl groups in
he repeat units of these polymers tend to increase the water-
olubility (Trapani et al., 1999; Damian et al., 2002; Hideshi
nd Hisakazu, 1997) and stability (Damian et al., 2002; Gupta
t al., 2005) of the drug and also improve its bioavailability
Kushida et al., 2002). It is accepted nowadays that the glassy
tate of a drug compound dispersed in such polymer matrices is
he most desired state, since it improves its dissolution rate and
ence drug absorption (Kaushal et al., 2004). Despite the large
umber of published studies on solid dispersions (600–700), the
ature of the drug amorphous state has been less well investi-
ated, hence it is still not clear how the drug is dispersed within
he matrix in the majority of cases (Craig, 2002). In most of the
ublished technical reports on amorphous dispersions, it was
nly surmised by the authors that the drug is molecularly dis-
ersed in the matrix carrier, however, no clear evidence has been
rovided.

In the present study two microscopic techniques, scan-
ing electron microscopy (SEM) and transmission electron
icroscopy (TEM) were used in a complementary fashion

in conjunction with XRD), in order to precisely and ade-
uately differentiate between drug molecular dispersions and
anodispersions in amorphous solid dispersions of poorly
ater-soluble drugs. Felodipine was used here as a model

ompound to represent a poorly water-soluble drug dispersed
n polyvinylpyrrolidone (PVP) matrix. Since SEM and TEM
an provide only optical evidence of the drug dispersion,
icro-Raman spectroscopy was also employed for the chemical

nalysis of dispersed Felo into the PVP matrix.

. Experimental

.1. Materials

Felodipine (Felo) with an assay of 99.9% and particle size
ange 20–100 �m was obtained from PCAS (Longjumeau,
rance). Felo has a melting point of 143–145 ◦C, solubility in
ater approximately equal to 0.5 mg/l, and it is freely soluble in

thanol. Polyvinylpyrrolidone (PVP), type Kollidon K30, was
btained from BASF (Ludwigshafen, Germany). The PVP used
ad molecular weight of 50,000–55,000, Tg = 167 ◦C (DSC),
oisture content 1.95% (TGA) and bulk density of 0.410 g/cm3.
ll other materials and reagents were of analytical grade of
urity.

.2. Preparation of solid dispersion systems
PVP/Felo solid dispersion systems of 90/10, 80/20, 70/30 and
0/50 (w/w) were prepared by dissolution of accurately weighed
ry substances in appropriate quantities of absolute ethanol. The
olutions were mixed, ultrasonicated for 20 min, and then the
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olvent was fully evaporated under vacuum in a rotary evaporator
t 60 ◦C for 1 h.

.3. In vitro release profile

Release of Felo from the solid dispersion systems was mea-
ured by a modified dissolution apparatus II (paddles) USP. The
est was performed in 37 ± 1 ◦C with a rotation speed of 100 rpm
sing 500 ml of 0.1 M phosphate buffer pH 6.5 containing 2%
olysorbate 20. The instrumentation used for the dissolution test
as an HPLC apparatus type DISTEK 2100B equipped with an

uto sampler.

.4. Solubility in water at 37 ◦C

A dissolution apparatus II of USP (paddles) type DISTEK
as used. Samples of each system equivalent to 50 mg FEL were
laced in the vessels into hard gelatin capsules under the follow-
ng conditions: 500 ml H2O, 50 rpm, 37 ◦C, 36 h. The capsules
ere placed into specific metallic nets in order to remain in the
ottom of the vessel so that the measurements are taken under
onstant hydrodynamic conditions. After 36 h 50 ml per sample
as removed, filtered through 0.2 �m, and the water was evap-
rated under vacuum on a rotary evaporator, BUCH Rotavapor
200 equipped with a vacuum controller model V-800 and a
eating bath model B-490. The residues were dissolved in 5 ml
bsolute ethanol and assayed with the HPLC method described
n European pharmacopoeia. The analysis was performed on a
ype Shimadzu instrument model LC-20-10A, at 237 nm using
C18 column. The disintegration time of the hard gelatin cap-

ules cannot affect the results of the experiment, as it was less
han 5 min. The experiment was performed in triplicate, while
he R.S.D. per sample was found to be less than 1.5%.

.5. X-ray diffraction (XRD)

XRD analysis were performed on randomly oriented sam-
les, scanned over the interval 5–55◦ 2θ, using a Philips PW1710
iffractometer, with Bragg-Brentano geometry (θ, 2θ) and Ni-
ltered Cu K� radiation.

.6. Scanning electron microscopy (SEM)

The morphology of the prepared solid dispersions was deter-
ined by a scanning electron microscope (SEM), type JEOL

JMS-840) equipped with an energy-dispersive X-ray (EDX)
xford ISIS 300 micro-analytical system. For this examination,

ractured samples of solid dispersions prepared by immersion
n liquid nitrogen were used.

.7. Transmission electron microscopy (TEM)

Electron diffraction (ED) and transmission electron

icroscopy (TEM) investigations were performed on ultra thin
lm samples of solid dispersions prepared by ultra-microtome
eposited on copper grids. TEM micrographs were obtained
sing a JEOL 120 CX microscope operating at 120 kV. To avoid
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he destruction of PVP films after exposure to electron irradia-
ion, an adequate sample preparation is required and thin films
ere carbon coated.

.8. Micro-Raman spectroscopy

Raman studies on felodipine formulations were performed by
sing a Jobin-Yvon/Horiba micro-Raman Spectrometer (Model:
abram), equipped with a 632 nm He/Ne laser source (30 mW),
800 1/nm grating and an Olympus BX41 microscope system.
pectra collection was performed at room temperature under

he following conditions: 100× microscope objective, 50 �m
inhole size, 200 �m slit width, and 5 s exposure time. Each
pectrum represents the average of two measurements. Sample
rofiling (2D mapping) was performed under the same condi-
ions at a step increment of 0.1 �m in both x- and y-directions.
he samples were first ground to powder with a mortar and pestle
nd then spread flat on a glass microscope slide.

. Results and discussion

Oral drug delivery continues to be the method of choice for
rug administration into the blood stream. Effective drug deliv-
ry, however, requires that the candidate therapeutic agent first
e dissolved in the gastrointestinal lumen. The wt% release of
elo from pure drug samples and PVP/Felo systems is presented

n Fig. 1, as measured after 15 min from the onset of the experi-
ents. For comparison, the solubility of Felo in these systems is

lso presented. The two parameters are expressed as a function
f PVP concentration in the system. An impressive enhancement
f dissolution and solubility is achieved for low concentrations
f the drug. This behaviour could be explained by many fac-
ors, such as the modification of the particle size, the solid state
roperties (amorphous or crystalline), and the existence of inter-
ctions between the two components in the systems (Karavas et
l., 2006a, in press). For PVP/Felo solid dispersion containing
0 wt% Felo, the dissolution profile and solubility are almost

dentical to that of pure Felo.

Fig. 2 illustrates the X-ray diffraction patterns of PVP, Felo
nd the prepared solid dispersions. Felo is a crystalline com-
ound with a very strong diffraction peak at 2θ of 23.38◦ while

ig. 1. Solubility and dissolution results of pure Felo and its solid dispersions
s a function of PVP concentration obtained 15 min after the initiation of the
xperiments.
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ig. 2. XRD patterns of pure PVP, Felo, and its solid dispersions within PVP.

thers presenting a lower intensity at 2θ of 10.32◦, 11.0◦, 16.32◦,
6.64◦, 20.6◦, 22◦, 24.6◦, 25.5◦ and 26.6◦. On the other hand,
RD patterns of PVP/Felo, showed the distinct broad peaks

hat observed in amorphous and high disorder materials that
orrespond to the diffraction pattern of pure PVP. Peaks that
orrespond to Felo were completely absent, confirming that the
VP matrix inhibited its crystallization.

Drugs in amorphous dispersions may be present in two forms:
olecularly dispersed, a more desirable form that yields the

ighest dissolution rates, or nanodispersed with particle sizes
referably lower than 500 nm (Kanaze et al., 2006). These forms
re difficult to be characterized or differentiated. Molecular
ispersions can be detected by means of differential scanning
alorimetry (DSC), where complete miscibility of the two com-
onents is characterized by a single glass transition temperature
Tg) that shifts between those of the pure drug and polymer
s a function of the drug/polymer ratio in the mixture (Shmeis
t al., 2004; Vasanthavada et al., 2005). However, in our stud-
ed PVP/Felo solid dispersions two well separated Tg’s were
ecorded in the DSC thermograms (Karavas et al., 2005). The
rst one appeared at temperatures close to 30–50 ◦C and was
ssigned to the drug amorphous phase, while the second one, at
emperatures between 160 and 170 ◦C, to the PVP phase. This
s an indication that our prepared dispersions behave as inhomo-
eneous binary systems, i.e., Felo is not completely dispersed
t a molecular level. Such systems, which are rather uncommon
n bibliography, arouse the curiosity of how the drug is actually
istributed into the polymer matrix.

In order to determine the morphology of PVP/Felo solid
ispersions, SEM analysis of the samples was performed. SEM
s a technique that can give information on the crystal shape and
article size of pure compounds, as well as their morphology
n the solid dispersions (Bikiaris et al., 2005; Karavas et al.,
006b). Furthermore, it provides knowledge on the surface
opography, without however being capable of revealing the
nderlying 3D structure, or helping us gain insight of the

ynamics of the sample. Since Felo is the minor component in
he PVP matrix, Felo particles well dispersed into PVP matrix
re expected. As illustrated in Fig. 3, SEM micrographs reveal
mall irregularities that dominate on the surface of the samples.
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Fig. 3. Scanning electron micrographs of PVP/Felo

n spite of the surface anomalies, nano-sized (spherical) particles
rotruding from the polymer matrix are still distinguishable.
hese nanoparticles can be better distinguished by using
econdary electrons (Fig. 4). Due to the existence of chloride in
he Felo molecule, nanoparticles are recorded with lighter hue
han that of the matrix. This is one more advantage of the SEM
echnique for the study of solid dispersions, since many drug

olecules have chlorides or other detectable heavy molecules.
High-resolution scanning electron micrographs, acquired by

sing backscattering or secondary electrons, indicate the pres-
nce of particles with dimensions as small as 25–50 nm. The
ollected SEM micrographs suggest that the size of these
anoparticles depends on the felodipine wt% into the mixture.
n the case of PVP/Felo 90/10 (w/w), the particle size of Felo
anges from 30 to 100 nm. These particles, however, are not eas-
ly discernible because of their fine dispersion in the PVP matrix
nd only by using the backscattering electrons we have some
vidences of their existence (Fig. 4a). In solid dispersions cor-
esponding to 80/20 (w/w) (PVP/Felo) mixing ratio, the particle
ize distribution appears to range between 50 and 130 nm, while

n 50/50 (w/w) solid dispersions, distinct nanoparticles having
iameters between 500 nm and larger than 1 �m (1–2 �m) can
e readily observed (Fig. 4b). The prepared systems are closer

p
c

Fig. 4. Scanning electron micrographs of PVP/Felo solid dispersions taken
dispersions: (a) 80/20 (w/w) and (b) 50/50 (w/w).

o those described by Savolainen et al. (2002) who assumed that
elo exists as partial solid solution.

Analysis of the SEM micrographs obtained from PVP/Felo
olid dispersions proves that Felo exists in the form of nanopar-
icles and does not attain molecular-level dispersion inside the
VP matrix. Despite the narrow distribution of Felo particle
izes, as measured from SEM micrographs obtained at various
rug concentrations, it is not unlikely that a certain fraction
f the dispersed Felo exists in the form of nanoparticles too
mall to be distinguished. Therefore, the main question does not
ease to exist, i.e., whether some of the drug amount exists in
olecular dispersion. Can these images exclude the presence

f molecular dispersion? In such amorphous solid dispersions,
he differentiation between molecular dispersion and nanodis-
ersion is difficult. For this purpose, TEM might be the most
seful technique to characterize the particle size distribution of
elo into PVP matrix. TEM has higher spatial resolution than
EM and is used extensively and successfully in the study of
olymer blends and biological samples. However, it has never
een used to study solid dispersions.
TEM photomicrographs obtained from PVP/Felo nanodis-
ersions are presented in Fig. 5. The contrast of the sample
an be enhanced by treatment with a heavy metal salt (negative

with backscattering electrons: (a) 90/10 (w/w) and (b) 50/50 (w/w).
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ig. 5. Transmission electron photomicrographs of PVP/Felo nanodispersions
t various drug concentrations.

tain). However, in the case of Felo this was not necessary by
irtue of the chloride atoms contained in the molecules, which
ontribute to the generation of satisfactorily resolved images.
elo nanoparticles, appearing as black spots in the image, can
e readily distinguished against the PVP matrix. The size dis-
ribution of these particles were directly affected by the drug

atio into the PVP matrix, as was already shown by SEM. In the
olid dispersion of 90/10 (w/w) (PVP/Felo), particles were dif-
cult detectable because of their fine dispersion and small size
20–130 nm). By increasing the Felo ratio in solid dispersions,

s
p
f
(

f Pharmaceutics 340 (2007) 76–83

article sizes became progressively larger: they ranged between
0 and 200 nm, and 500–1000 nm in solid dispersions contain-
ng 20 and 50 wt% Felo, respectively. In all cases it was noticed
hat these nanoparticles are not uniform particles, as appeared
n SEM micrographs, but rather aggregates of individual par-
icles ranging in sizes from 5 to 10 nm. It should be recalled
hat particles with high specific surface area tend to aggregate;
his trend becomes higher by increasing the drug concentration
n the solid dispersion. The small size of the primary individ-
al nanoparticles is possibly the main contributing factor to the
igh dissolution rate of Felo in nanodispersions with concen-
rations up to 20 wt% and mainly in 10 wt%. According to the
oyes–Whitney equation one of the most important factors to

nhance the dissolution rate (DR) of a drug is to increase its
vailable surface for dissolution and this can be achieved by sev-
ral ways (Hörter and Dressman, 2001; Takeuchi et al., 2005;
ang et al., 2006). Thus, since the PVP/Felo solid dispersion

ontaining 10 wt% Felo has the highest dissolution rate, it can
e concluded that nanoparticle sizes lower than 150 nm are opti-
al towards achieving the highest dissolution rates for a poorly
ater-soluble drug.
The small individual nanoparticles observed with TEM con-

titute another basic morphological difference that could not be
ossibly distinguished with SEM. Furthermore, at high mag-
ifications it can be seen that Felo nanoparticles have circular
hape and consist of a dark core with a light shell. This may be
ither because of the shell being thinner than the core, or because
f the formation of a concentration gradient at the boundaries
interfaces) between the two components. This becomes more
bvious in the micrographs of PVP/Felo 90/10 and 80/20 (w/w)
olid dispersions. TEM analysis, therefore, shows that a signif-
cant amount of Felo exists as nanodispersed into PVP. Higher

agnification data from PVP thin film samples was not pos-
ible because of the instability of the specimens against the
lectron beam. Furthermore, irradiation raises the temperature
ocally, which causes drift of the specimen. These limitations
an be mentioned as the main disadvantages of TEM technique
o study the drug solid dispersions. Examining more carefully
ome of TEM micrographs it can be seen that the small nanopar-
icles, which normally prefer to aggregate in order to lower their
urface energy, are sterically inhibited against crystal growth
as shown from XRD patterns) by a layer of protective PVP
acromolecules. This is confirmed by photomicrographs taken

t lower resolutions, as seen in Fig. 6, and can explain why in
he particular solid dispersions Felo is dispersed in amorphous
tate.

From the above complementary study with SEM and TEM
echniques it was proved that Felo forms nanoparticles inside
he PVP matrix, each one of which constitutes an aggregate of
maller nanoparticles. However, it does not answered success-
ully the question of whether or not some drug content also
xists in the form of molecular-level dispersion. An indication
or this possibility was given in our previous DSC study which

howed that a small part of the drug must disperse into the PVP
hase, since the Tg’s of the two components were shifted to dif-
erent positions compared with those of the pure compounds
Karavas et al., 2005). For this reason the distribution of Felo
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of the two components appears to be relatively uniform (light
green areas), indicating that Felo exists in fine dispersion. This
data suggest that a certain amount of Felo is dispersed in molec-
ular level inside the PVP matrix, which is in agreement with a
ig. 6. (a) TEM photomicrograph of PVP/Felo nanodispersion from a sam-
le containing 50 wt% Felo. (b) Schematic representation of the component
istribution inside the observed aggregate.

nto the PVP matrix was also studied by means of 2D micro-
aman spectroscopic mapping, which proved to be a helpful

echnique in the chemical characterization of the drug solid dis-
ersions and mainly the drug polymorphism in such systems
Papageorgiou et al., 2006). The Raman spectra of pure Felo
nd PVP are shown in Fig. 7. Both spectra were obtained under
he same experimental conditions and gave the same peak inten-
ity (approximately 5500 a.u.) for the C–H stretching vibration
ode (2929–2938 cm−1). The Felo spectrum, however, shows a

ery strong characteristic peak at 1643 cm−1 (arrow in Fig. 7a),
hich is attributed to the free carbonyl group stretching mode.
VP also shows a similar band assignment, although signifi-
antly less intense (1100 a.u versus 46,600 a.u. for Felo) and
lightly shifted to higher frequencies (1660 cm−1). A character-
stic peak for PVP, ascribed to the ring breathing mode, appears
t 934 cm−1 (Lin-Vien et al., 1991). The latter, indicated by an
rrow in Fig. 7b, is totally absent from the Felo spectrum.

XY (2D) micro-Raman spectroscopic mapping was per-
ormed at random locations on samples having Felo
oncentration of 10, 30 and 50 wt%. To avoid the effect of surface

oughness that causes point-to-point variations in the spectrum
ntensity, the mapping results can be normalized if presented
n terms of peak intensity ratios. Here, the ratio I1643:I934 was
elected as being the intensity ratio of two characteristic peaks,

F
1

ig. 7. Raman spectra of pure (a) felodipine and (b) PVP. The arrows indicate
haracteristic peaks used in the XY mapping of the samples.

ach of which existing in only one of the components of the
ixture. This parameter was found to be suitable for probing the

patial distribution of Felo in the samples. Figs. 8 and 9 present
he results of XY mapping on samples at various Felo concen-
rations, expressed in terms of the I1643:I934 ratio. From these

apping plots, one can immediately realize the strong effect of
elo:PVP mixing ratio on the resulting drug distribution in the
ample. At concentration of 10 wt% Felo (Fig. 8), the mixing
ig. 8. XY micro-Raman mapping of Felo/PVP solid dispersion containing
0 wt% Felo. The scale bars indicate the intensity ratio I1643:I934.
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Craig, D.Q.M., 2002. The mechanisms of drug release from solid dispersions in
ig. 9. XY micro-Raman mapping of Felo/PVP solid dispersions at various Felo
oncentrations: (a) 30 wt% and (b) 50 wt%. The scale bars indicate the intensity
atio I1643:I934.

ecent study (Konno and Taylor, 2006). Spots of elevated Felo
oncentration, corresponding to a higher I1643:I934 ratio, can
lso be observed. These spots, which appear to have dimensions
n the order of 50–100 nm, is believed to represent Felo par-
icles that have not achieved molecular-level dispersion in the
olymer. The presence of Felo nanoparticles with dimensions
maller than, approximately, 50 nm should not be discounted;
owever, this level of resolution could not be attained by micro-
aman. Finally, pockets with submicron-level dimensions (dark
lue areas), where less-than-average Felo concentration exists,
re also visible. These observations agree with previous results
btained by SEM and TEM measurements, suggesting that a
ortion of the drug exists in the form of nanoparticles dispersed

n the polymer matrix.

The size of the spots that correspond to elevated Felo con-
entration shows a marked increase in samples of 30 wt%. Felo
Fig. 9a), ranging approximately between 0.5 and 1.5 �m. At

D

f Pharmaceutics 340 (2007) 76–83

his concentration, the particles are still seen to exist as indi-
idual particles. When the average concentration of Felo in the
ixture increases to 50 wt% (Fig. 9b), the particle size increases

orrespondingly. Moreover, it can be seen that the particle distri-
ution can no longer be considered uniform, as a large number
f these particles begin to fuse and form large domains, where
elo exists at higher-than-average concentrations. Additionally,
s can be seen from the light green areas, where PVP and Felo
oexist, the molecular dispersion of Felo decreases by increasing
ts content into solid dispersions.

. Conclusions

A combination of experimental techniques, namely powder-
RD technique, scanning and transmission electron micro-

copies (SEM and TEM), and micro-Raman mapping reveal
hat Felo forms amorphous nanodispersions into a PVP poly-

er matrix over a drug concentration of 50 wt%. The particle
izes of the dispersed drug are strongly affected by the drug
oncentration and were found to lie in the range of 20–130 nm
nd up to about 1500–2000 nm for Felo concentrations of 10 and
0 wt%, respectively. According to the dissolution kinetics data,
est performance was obtained by the dispersion system con-
aining 10 wt% Felo, suggesting that optimal drug dissolution
ates can be achieved when dispersions containing amorphous
rug particles with sizes lower than 150 nm are used. TEM,
aving higher spatial resolution than SEM, reveals that these
anoparticles are aggregates of individually dispersed particles
ith sizes 5–10 nm. Micro-Raman spectroscopic mapping of the

amples also confirms the existence of Felo-rich nano-domains,
hich increase in size with increasing drug concentration in

he dispersions. However, it was also found that a portion of
he drug exists in molecular level dispersion inside the PVP

atrix. The present study demonstrates that TEM and micro-
aman are valuable techniques that can be used successfully

or differentiating between the states of molecular dispersion
nd nanodispersion in amorphous solid dispersions of polymers.

hen combined with data on drug dissolution kinetics, parti-
le size measurements obtained with TEM and micro-Raman
pectroscopy can enhance our understanding of the effect of
anoparticle dispersion on drug release rates.
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