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Abstract

This study aimed to assess the suitability of two widely utilized solid state characterization techniques namely powder X-ray diffrac-
tion (XRPD) and Raman spectroscopy, in polymorph detection and quantification for carbamazepine anhydrate and dihydrate mix-
tures. The influences of particle size, particle morphology, mixing, and in particular, surface bias on quantitation were investigated.
Binary mixtures of carbamazepine anhydrate (form III) and dihydrate were prepared and analyzed using both XRPD and Raman spec-
troscopy in combination with partial least squares analysis. It was found that in principle both XRPD and Raman spectroscopy could be
used to build calibration models for quantitative analysis, and a satisfactory correlation between the two techniques could be achieved.
However, Raman spectroscopy appeared to be a more reliable quantification method because problems such as different particle size,
morphology, and special distribution of the two solid state forms of the drug seemed to have no significant influence on Raman scattering
in this study. The robust nature of Raman analysis greatly facilitates the whole quantification process from the preparation of calibration

models to the quantification of in situ CBZ-DH conversion.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The identification and quantitative characterization of
crystalline forms of pharmaceutical materials are recog-
nized as critical issues in the development of new drug
products. There is a growing awareness of the significant
influence of polymorphic and pseudopolymorphic transi-
tions on the physico-chemical properties and pharmaceuti-
cal performance of drug products [1,2]. Carbamazepine
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(CBZ) is a typical example demonstrating the importance
of polymorphism and pseudopolymorphism. CBZ has been
routinely used for the treatment of epilepsy for over 20
years, however, CBZ has a low therapeutic index [3]. Six
different CBZ polymorphs and pseudopolymorphs have
been identified each with different physico-chemical prop-
erties [4-7]. Consequently, CBZ is an ideal candidate for
attempting to establish relationships between polymorphic
structures and properties, such as solubility/bioavailability
characteristics or physical/chemical stability. The CBZ sys-
tem also serves as an excellent model to study how analyt-
ical techniques perform in solid-state analyses.

There are a number of solid-state characterization tech-
niques, classified by Brittain (1995) [8], based on the level at
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which they probe solid-state properties; ranging from
molecular to particulate and bulk techniques. Techniques
at the particulate level include X-ray powder diffraction
(XRPD), optical and electron microscopy, and thermal
methods such as differential scanning calorimetry (DSC).
Among these, XRPD is a widely employed analytical tech-
nique for both qualitative and quantitative characteriza-
tion purposes of crystalline drugs, and its use in this
context has been reported in many papers [9—-11]. However,
it has been pointed out that X-rays in a typical XRPD
experimental setup only have a small mean penetration
depth (~30 um for Cu Ka radiation) [12] which implies
that only a thin sample layer is analyzed in the Bragg-
Brentano 0/20 geometry which may lead to poor particle
statistics [13]. Also a range of sample properties such as
particle size, packing, and sample thickness are known to
affect the observed X-ray diffraction data [9,14,15].

Vibrational spectroscopies, such as Raman and IR spec-
troscopy probe solid-state properties at the molecular level.
These techniques have been applied in polymorphic inves-
tigations [16,17]. The information obtained using Raman
and IR spectroscopy may be complementary; however,
Raman spectroscopy can offer some unique advantages
over IR which facilitates its application in polymorphic
investigations [18,19]. For instance, Raman spectroscopy
only requires simple sample preparation, the scattering sig-
nal from water is low, and glass and plastic sample cells can
be used [20,21]. Raman spectroscopy might also be used to
identify compounds especially in complex mixtures, as the
Raman spectra often have fewer and sharper features com-
pared with the respective IR spectra [22]. The influence of
surface scattering on the Raman signal has been widely
reported and can significantly affect the outcome of the
analysis [23,24]. Also, sub-sampling has been reported to
be a problem with quantitative Raman spectroscopy [25-
27]. Although no defined solution of sub-sampling has been
established, it was found that several methods could greatly
improve the measurements for instance employing large
spot non-contact optics [28], moving the sample or excita-
tion beam during data acquisition, and also employing
multivariate analysis for data evaluation [29]. Further-
more, two commonly known limitations of Raman mea-
surements are sample fluorescence and sample
degradation, which however can be avoided in most cases
by shifting the excitation wavelength to the NIR spectral
region [30].

In the present study, the CBZ (form III) compacts were
exposed to water, which led to the formation of DH during
exposure predominantly at the surface of the compact as
found from an earlier study [31]. Calibration models
formed from binary mixtures of CBZ and DH (calibration
samples) were built to quantify the amount of DH forma-
tion on the compacts (compact samples) during exposure
to water. The aim of this study was to investigate the influ-
ence of properties of calibration samples and compact sam-
ples in polymorph quantification using XRPD and Raman
methods. Partial least square (PLS) modeling, known to be

more robust to experimental variations than traditional
univariate analysis [32], was used to compare XRPD and
Raman spectroscopy based CBZ polymorph quantifica-
tion. A specific purpose of this study was to investigate
whether there is a surface bias using these two techniques
and if so, whether this leads to significant impairment in
the performance of quantitative analyses.

2. Materials and methods
2.1. Materials

CBZ form III (Scientific Supplies Ltd., Auckland, NZ)
was ground in an oscillatory ball mill (Mixer Mill
MM301, Retsch GmbH & Co., Germany) for 5 min, and
this reduced the size of the examined particles to <5 um.
XRPD was used to confirm that the polymorphic form of
CBZ remained unchanged after ball milling and that no
significant amount of amorphous CBZ was formed.

Carbamazepine dihydrate (DH) was prepared from
CBZ by recrystallization from an ethanol-water mixture
as reported by Krahn and Mielck [6]. The yield DH was
sieved to the size range of 180-250 um (Test sieves, Ende-
cotts Ltd., England). DH in the size range of <5 um was
produced using the same method as described above.
XRPD was again used to confirm that DH remained
unchanged after ball milling.

2.2. Methods

2.2.1. Preparation of calibration samples

Binary mixtures of CBZ and DH were prepared at 20%
(w/w) intervals from 0 to 100% CBZ in DH (200 mg per
sample) using geometric mixing. Every mixture was pre-
pared in triplicate, and every sample was measured in
triplicate.

2.2.2. Preparation of compact samples

CBZ (200 mg) in the size range of <5 pum was weighed
and compressed into flat-faced compacts (12 mm in diam-
eter and 2 mm thickness) using a hydraulic press (Model
3392, Freds. Carver Inc., USA) at a pressure of 70 MPa.
Compacts were held at this pressure for 20 s. XPRD was
used to confirm that the polymorphic form of CBZ (form
III) remained unchanged after compression and that no
amorphous CBZ was formed.

2.2.3. Exposure of compact samples to water

A six-station dissolution apparatus (D800 dissolution
tester, Logan Instrument Corp.) with 200 ml distilled water
was used. The CBZ compacts were placed at the bottom of
the dissolution vessels without stirring at room tempera-
ture, and recovered after predetermined periods of 20, 40,
60, 1440, 2880, and 4320 min. CBZ compacts were exposed
to water in triplicate for each time interval. The excess
water on the compact samples was gently adsorbed using
a tissue and samples were then measured both intact and
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ground into a powder by XRPD and Raman immediately
after recovery. Morphology of the DH growing on the sur-
face of compact samples was examined using SEM (see
below). For quantitative measurements, it was assumed
that the dissolution of CBZ or the formed DH had a neg-
ligible influence on the proportion of the two solid-state
form of the drug in the compact samples since both CBZ
and the formed DH are only very slightly soluble in water
at room temperature [33]. All compact samples were
prepared in triplicate, and every sample was measured in
triplicate.

2.2.4. X-ray powder diffraction (XRPD)

XRPD was performed using a PANalytical X’Pert PRO
MPD system (PW3040/60) (PANalytical B.V., The Nether-
lands) with Cu Ko radiation (1 =1.542 A) and a diver-
gence slit of 1°. The X-ray generator was set to an
acceleration voltage of 30kV and a filament emission of
40 mA. Samples were scanned between 3° (20) and 40°
(20) using a step size of 0.008° (20) and a count time of
2 s. Data were collected using X’Pert Data Collector and
viewed using X’Pert Data Viewer (PANalytical B.V., The
Netherlands). The intact compact samples were placed
directly on a flat aluminum sample holder. The powdered
compact samples were packed into a standard aluminum
sample holder and measured in the same way as the cali-
bration samples.

2.2.5. Raman spectroscopy

The FT-Raman instrument consisted of a Bruker FRA
106/S FT-Raman accessory (Bruker Optik, Ettlingen,
Germany) with a Coherent Compass 1064-500N laser
(Coherent Inc, Santa Clara, USA) attached to a Bruker
IFS 55 FT-IR interferometer, and a D 418-T Ge diode
detector. Analysis was carried out at room temperature
with a laser wavelength of 1064 nm (Nd:YAG laser) and
a laser power of 120 mW. Back-scattered radiation was col-
lected at an angle of 180°. The diameter of the laser beam
at focus was approximately 300 um according to the instru-
ment manufacturer. Calibration samples were measured in
aluminum cups, and intact compact samples were mea-
sured by placing them directly facing the Raman laser.
The powdered compact samples were measured in the same
way as the calibration samples. A total of 64 scans was
averaged for each sample over a range from 3500 cm ™!
to (—1000) cm ! at a resolution of 4 cm™ . Sulfur was used
as reference standard to monitor the wavenumber
accuracy. OPUS™ 5.0 (Bruker Optik, Ettlingen, Germany)
was used for all spectral analyses.

2.2.6. Scanning electron microscopy (SEM)

For consistency, the surface of the compact samples fac-
ing the top of the dissolution pot was chosen for SEM
investigation. The excess liquid was removed from the
compacts as described above and samples were then imme-
diately mounted onto a strip of double-sided carbon tape
and sputter coated with a thin layer of gold—palladium

under argon vacuum prior to SEM analysis. SEM micro-
graphs were also taken of dry intact CBZ and DH com-
pacts, and CBZ and DH powder samples. SEM imaging
was performed using a Cambridge Instrument, Stereoscan
360, at 15kV acceleration voltage. Micrographs were
recorded using a PGTE Mitsubishi video/copy processor.

2.2.7. Thermogravimetric analysis (TGA)

The weight loss of the compact sample recovered after
exposure to water for 4320 min was measured using a
TGA - Q50 (TA instruments, New Castle, USA). The
excess liquid was removed from the test sample as
described above, and the sample (approximately 5 mg)
was then powdered and transferred onto the platinum sam-
ple pan. The sampling was carried out in triplicate. The
heating range used was from 25 to 210 °C at a heating rate
of 10 °C/min using dry nitrogen as a purge gas. The total
volatile yield was calculated from the mass loss in the
TGA - Q50.

2.2.8. Multivariate analysis

Multivariate analysis was performed using the Quant2
package that accompanies OPUS™ software (Bruker
Optics, Germany). The selection of spectral (or diffraction)
regions for calibration was based on the wavenumber (or
diffraction angle) regions that showed the largest differenc-
es between the components and therefore provided the
greatest contribution to the linear regression equation for
the analyte. All spectra (or diffractograms) were mean cen-
tered. The calibration models were calculated using the
PLS algorithm and cross-validation (one sample removed
per cycle). The root-mean-squared errors of cross-valida-
tion (RMSECV) were determined for each number of
factors.

2.2.9. Statistical tests

Differences in the quantified values from XRPD and
Raman were tested by one-way analysis of variance
(ANOVA) and Tukey’s pairwise comparisons (significance
level was 0.05) using Minitab 12.1 software (Minitab Ltd.,
USA).

3. Results and discussion
3.1. Particle size and morphology of calibration samples

Particle size and morphology can greatly influence the
exposed surface area of crystals and affect the mixing pro-
cess in the preparation of a calibration curve. This may
directly affect the linearity of the concentration-response
profile when building a calibration curve [34]. The pure
components of the calibration samples used (CBZ and
DH) were therefore examined by SEM. The micrographs
taken for the pure CBZ and DH samples having different
sizes are shown in Fig. 1.

Morphology differences between CBZ and DH were
clearly apparent in the micrographs of samples with a
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Fig. 1. SEM micrographs of CBZ and DH in two size ranges: 180-250 um (A and B); <5 pm (C and D).

particle size of 180-250 um (Fig. 1A and B). CBZ was pres-
ent as prism like crystals whereas DH was present as short
needle-like crystals. The particle size of CBZ and DH crys-
tals was dramatically reduced after grinding, and was most-
ly <5 pm (Fig. 1C and D), but differences in morphology
between the two solid-state forms of the drug remained.

3.2. Particle size and morphology of compact samples

The morphology of grown DH on the surface of com-
pacts is shown in Fig. 2.

The DH concentration on the surface of the compact
samples increased with increasing exposure time. However,
the morphology of DH grown on the surface of test sam-
ples is different from the DH morphology of the calibration
samples (shown in Fig. 1B and D). The DH formed during
exposure to water was initially present as highly elongated
thin needles that aggregated in the first 60 min (Fig. 2A-C),
and became more densely packed after a longer exposure
period of 1440 min (Fig. 2D-F).

3.3. Calibration models built using XRPD and Raman
spectroscopy

Following the International Conference on Harmoniza-
tion, accuracy is defined as the closeness of agreement
between the reference value and the value predicted from
the calibration model [35]. In order to achieve a high accu-
racy of the quantitative analysis, various calibration mod-
els were built such that the calibration samples had
properties that closely agreed with those of the compact
samples. Firstly, the grown DH needles in the compact
samples appeared to be highly exposed on the surface
(Fig. 2). This situation is obviously different from the situ-
ation in the calibration samples where DH needles were
well mixed with CBZ. Therefore, the compact samples were

Fig. 2. The morphology of DH growth on the surface of test samples
observed by SEM. The test samples were recovered after exposure to water
for 20 min (A), 40 min (B), 60 min (C), 1440 min (D), 2880 min (E), and
4320 min (f). All photographs were taken using the same magnification,
bars: 200 pm.

measured both intact (with DH on top of the surface) and
ground up (with DH mixed with CBZ). Secondly, the DH
on the surface of the compact samples was of large crystal
size. One calibration model was therefore built from
mixtures of fine form III (<5 um) and large size DH
(180-250 pum) particles.

The parameters used in generating the calibration mod-
els and also the linearity of the models are listed in Table 1.
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Table 1
Parameters used in the generation of the quantitative models

Calibration curve Form III (<5 pm)

Form IIT (<5 pm)

DH (180-250 pm) DH (<5 pm)

XRPD Raman XRPD Raman
Pre-processing Multiplicative scattering correction (MSC)
Regions used 5-30° (20) 3300-2900 cm ! 5-30° (20) 3300-2900 cm ™!

1800400 cm ™! 1800400 cm !

Factors used 2 2 2 2
RMSECV (%) 14.0 2.75 2.93 1.06
R? 0.832 0.994 0.993 0.999

The model prepared using 180-250 um DH crystals and
<5um CBZ showed very poor linearity when using XRPD
(RMSECV was 14.0 and R* was 0.832) (Table 1).

There are several potential problems with XRPD when
the large crystal size DH (180-250 um) was used, which
could have caused the poor performance of this calibration
model. Firstly, DH needles are elongated while the form III
powder consists of prism like crystals with relatively
smooth surfaces. Blending was therefore difficult as the
two solid-state forms of the drug differ in size and morphol-
ogy. Although efforts were made to uniformly blend the
DH and CBZ in the calibration samples, the mixtures
appeared to be inhomogeneous. The same problem was
also recently reported in a quantitative study carried out
by Kipouros et al. [34].

Secondly, the maximum acceptable particle sizes of CBZ
and DH in quantitative XRPD have been calculated
according to Brindley’s equation [36] and are 15.4 and
14.1 pm, respectively [9]. The X-ray absorption process
may be unsatisfactory when particles larger than the ideal
sizes are used.

Thirdly, some degree of preferred orientation has been
detected by comparing the XRPD obtained from the
sample when the sample was rotated by 90°. This can
hardly be avoided in these samples if the large needle-
like crystals of DH with size of 180-250 um are present.
It has also been reported that preferred orientation could
be completely overcome only if some comprehensive
treatment in both the experimental and the analytical
approaches were used for instance performing a three-
dimensional rotation of a capillary sample holder,
employing a two-dimensional detector [37,38]. This how-
ever is not a conventional diffraction geometry and was
unavailable in this study.

Fourthly, microabsorption can also be a potential prob-
lem. Microabsorption is known to stem from differences in
the interactions of each material with the X-ray radiation.
Microabsorption could be a serious problem when a pow-
der mixture has constituents with very different particle size
[39], as is the case in this calibration model. Lastly, in addi-
tion to the possible problems listed above, a large particle
size can also induce primary extinction, leading to an obvi-
ous decrease in the diffraction intensity when crystalline

samples used are large in size and/or have a high degree
of imperfection [9].

On the other hand, the calibration model built using the
same large DH/small CBZ particle samples showed reason-
ably good linearity when Raman spectroscopy was used
(RMSECV (%) was as small as 2.75 and R* was 0.994).
Although there have been some reports concerning the
influence of particle size on Raman calibration [40,41], it
has also been found that the effect can be suppressed under
certain conditions such as employing proper spectral cor-
rection procedures [42]. In this study, sample properties,
especially particle size, had no significant effect on the cal-
ibration model obtained from the Raman data, and this
was further confirmed by the quantitative studies on com-
pact samples presented below.

The calibration models improved greatly when samples
with very fine particle sizes (<5 um) were used, especially
for XRPD, where high linearity in the concentration-re-
sponse features was obtained as indicated by low values
of RMSECYV (<3.00) and high values of R*(>0.990) (Table
1). The calibration models were shown to be physically
meaningful by examination of the loading plots. For both
the XRPD and Raman calibration models the first factor
loading plots reflected the spectral differences between
CBZ and DH. Therefore, these two calibration curves were
used for quantitative analyses of compact samples present-
ed in the following section.

3.4. Characterization of the compact samples using XRPD
and Raman

3.4.1. XRPD

Fig. 3 shows the XRPD diffractograms for the initial
and also recovered intact compact samples after exposure
to water.

The characteristic DH peaks at 8.8° (20) and 12.2° (20)
appeared after 20 min, but were very small (Fig. 3B). With
increasing exposure time, the DH peaks became more
prominent (Fig. 3C-G). In contrast, the characteristic
peaks of CBZ became smaller with increasing exposure
time (Fig. 3B-D), and only a very small peak at 13.0°
(20) could be seen after 1440 min exposure (Fig. 3E). This
peak was not present at 2880 or 4320 min (Fig. 3F-G).



F. Tian et al. | European Journal of Pharmaceutics and Biopharmaceutics 66 (2007) 466—474 471

DH,  DH} (CBZ 'CBZ

DH CBZ

Intensity

5 10 15 20 25 30 35
Diffraction angle [°26]

Fig. 3. XPRD diffractogram of initial compact sample (A), and of
recovered intact compact samples after exposure to water for 20 min (B),
40 min (C), 60 min (D), 1440 min (E), 2880 min (F), and 4320 min (G).

3.4.2. Raman spectroscopy
Fig. 4 shows Raman spectra for the initial and also
recovered intact compact samples after exposure to water.
The Raman spectra of the recovered compacts also
showed an increasing trend of DH formation with increas-
ing exposure time to the water (Fig. 4). This agreed well
with the XRPD diffractograms.

3.5. Quantification of the compact samples

The formation of DH in the compact samples was
quantified for both intact and ground into powder sam-
ples using XRPD and Raman spectroscopy as shown in
Fig. 5.

Using Raman spectroscopy (Fig. 5), there was no signif-
icant difference in the quantifited DH amount between
intact and powdered compact samples at all time points
(P > 0.05). This showed that there was a good penetration
of the Raman laser into the sample. For XRPD, significant
differences between intact and powdered compact samples
were seen for the first two time points (20 and 40 min)
(P <0.05), but with increasing formation of DH on the test
sample, the predicted values became similar (P > 0.05).
One plausible explanation for this difference could be the
penetration problem of the X-ray beam as described in Sec-
tion 1. The higher predicted amount of DH from the intact
compact samples than from the powdered ones might be
due to its higher exposure to the X-ray beam when orien-
tated on the surface of the sample instead of being well
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Fig. 4. Raman spectra of initial compact sample (A) and recovered intact
compact samples after exposure to water for 20 min (B), 40 min (C),
60 min (D), 1440 min (E), 2880 min (F), and 4320 min (G). Areas showing
the most obvious differences between CBZ and DH are shaded.

mixed in a powdered one, which then leads to an over-rep-
resented signal in XRPD.

There was a significant difference in the predicted values
between Raman and XRPD methods (P < 0.05). The per-
cent weight loss of the compact sample recovered after
4320 min exposure was measured by TGA. The value
obtained was 13.52% =4 0.07 (w/w) (mean 4= SD, n=3).
This is in excellent agreement with the theoretical water
content in pure DH (13.2% (w/w)) [10]. Therefore, TGA
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Fig. 5. The formation of DH on compact samples during exposure to
water as a function of exposure time quantified by XRPD (in dashed lines;
intact compacts (@) and powdered compacts (O)) and Raman spectros-
copy (in solid lines; intact compacts (H) and powdered compacts ([J)).
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confirmed that the compact sample had totally converted
to the DH, and thus supported the value obtained from
Raman spectroscopy and indicated an under-prediction
in XRPD.

As described above, the morphology and particle size of
DH grown on the surface of the compact samples is differ-
ent from that of DH of the calibration samples, where also
problems such as preferred orientation are likely to be
induced in the X-ray diffractrogram of needle-like DH
samples. Therefore, for a deeper understanding of the
under-prediction in XRPD, the compact samples recovered
after a long exposure of 4320 min measured both intact and
powdered are plotted together with calibration DH sam-
ples of the two different particle size ranges (Fig. 6).

The diffractograms were almost identical for the com-
pact samples measured either intact or ground into a pow-
der (Fig. 6C and D). However, obvious peak pattern
differences in the diffractograms between DH grown from
the compact samples and the DH calibration samples could
be observed, especially in the shaded areas (19.2-19.9° (26)
and 23.9-25.0° (20)). Also, the X-ray patterns between the
calibration DH samples of two different particle sizes
(Fig. 6A and B) were different at 8.9° (20) and 12.4° (20)
and also in the shaded areas. Therefore, it should be noted
that crystal size itself in this study could influence the rela-
tive peak intensities in the XPRD measurements. Although
it is hard to determine the exact reasons for the differences

Intensity

(vy)

o
%% Yz 5557
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10 15 20 2
Diffraction angle [°26]

/M/J\/\,«xm/\_
f\'u\/v\,J\..J\_
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SAJ\JL Y

5

Fig. 6. XRPD diffractograms of pure DH calibration samples in size
range of 180-250 um (A) and <5um (B), and the compact samples
recovered after a long exposure of 4320 min (powdered (C) and intact
(D)). Areas showing particularly obvious differences in the diffractograms
between calibration and compact samples are shaded.

in the relative peak intensities between the DH samples
used in the calibration models and the compact samples,
particle size and morphology differences could both be pos-
sible explanations, where problems as preferred orientation
might contribute to the different relative peak intensities.

For a better comparison, Raman spectra of these sam-
ples were also checked. In contrast to the diffractograms
described above, the Raman spectra were very consistent
among all the DH samples (Fig. 7), regardless of calibra-
tion or compact samples.

To improve the accuracy of the calibration model for
the compact samples, the specific diffraction angles’ range
of 19.2-19.9° (20) and 23.9-25.0° (20) in the XRPD diffrac-
tograms was excluded from building the calibration curve,
and the parameters used in generating the new calibration
model are listed below in Table 2. The predicted values for
compact samples from this new calibration curve are plot-
ted together with those gained from Raman spectroscopy
for a clearer comparison (Fig. 8).

The values predicted from XRPD for the last three time
points (1440-4320 min) greatly increased and became not
significantly different from those obtained by Raman spec-
troscopy (P > 0.05). However, the values obtained in the
initial 60 min were still significantly different from those
determined by Raman spectroscopy (P < 0.05).

b M e
%MMMM&
e M ol
JM\ N S N

1 200 1000 800 600
Wavenumber [cm!]

Fig. 7. Raman spectra of pure DH calibration samples in size range of
180-250 pm (A) and <5 pm (B), the compact samples were recovered after
a long exposure time of 4320 min (powder (C) and intact (D)).

Table 2
Parameters used in the generation of the quantitative models
Calibration Pre- Regions Factors RMSECV R?
curve processing  used used (%)
Form IIT MSC 5.0-19.2° 2 3.04 0.990
(<5 pm) (20)

DH (<5 pm) 19.9-23.9°

(20)

25.5-30.0°

(20)
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Fig. 8. The formation of DH on the CBZ compacts during exposure to
water as a function of exposure time quantified by new calibration model
in XRPD (in dashed lines; intact compacts (@) and powdered compacts
(O)) and Raman spectroscopy (in solid lines; intact compacts (Jll) and
powdered compacts (0J)).

4. Conclusions

It is shown in the present study that both XRPD and
Raman spectroscopy combined with PLS could in principle
be used to evaluate the polymorphic conversion of CBZ
compacts to the DH. However, Raman spectroscopy
appeared to be a more reliable quantification method
because problems such as different particle size, morpholo-
gy, and spatial distribution of the two solid-state forms of
the drug seemed to have no significant influence on Raman
scattering in this study. The robust nature of Raman anal-
ysis greatly facilitates the whole quantification process
from the preparation of calibration models to the quantifi-
cation of in situ CBZ-DH conversion.
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