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Abstract

In an aqueous environment, polymorphic forms |-IIl of carbamazepine all convert to the dihydrate. This study investigated the conversion
of each polymorphic form individually and of a mixture of forms Ill and | to the dihydrate. Two batches of form | with different crystal
morphology were used. Samples were dispersed independently in watet 4*Z3and recovered at various timepoints varying from 10 to
210 min. Scanning electron microscopy, X-ray powder diffraction and Raman spectroscopy were used to characterize the initial polymorphic
forms and the recovered samples after 210 min. Raman spectroscopy combined with partial least squares analysis was used to generat
quantitative models of binary and ternary mixtures of the different polymorphic forms with the dihydrate. On the basis of these models the
conversion kinetics of the polymorphic forms I-Ill were characterized. First-order kinetics with an unconverted portion were used to model
the data g2 > 0.95). The unconverted portions ranged from 16 to 51% after dispersion for 210 min. The conversion kinetics were similar
between polymorphic forms with comparable crystal morphology, but differed significantly between batches of the same polymorph (form
1) with different crystal morphology. Furthermore, the conversion of forms Il and | in the aqueous suspension was not influenced by the
presence of the other polymorph when dispersed together.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction polymorphs—forms I-lll and the dihydrate (DH) have been
well characterisef—9]. CBZ form Il is the form used in the
Definitions and characteristics of polymorphism and pseu- marketed tablets and the most stable form at room tempera-
dopolymorphism in the pharmaceutical field have been well ture. However, a decreased bioavailability and other property
described by several authdfs2]. Polymorphism investiga-  changes such as hardening and disintegration of CBZ tablets
tions are particularly important in drug and product develop- after storage have been reported. These changes have been
ment in the pharmaceutical industry since the properties of attributed to the formation of the DIH0-14]} Therefore,
a formulated product such as bioavailability and stability are characterizing the conversion kinetics of CBZ form Ill to the
often directly related with the physicochemical properties of DH is of great importance.
the existing polymorphs in the formulation. Efforts have been focused on investigating the transfor-
Carbamazepine (CBZ) is an antiepileptic drug which has mation of CBZ form Il to the DH for almost 20 years. Early
been in routine use for over 20 yed®. Four polymorphs in 1984, Laine et al. found that the conversion from form
and a hydrate as well as other solvates of CBZ have beenlll to the DH was via a solution mediated mechanism where
reported in the literaturl—6]. Among them, three principal  the growth of DH whiskers on the surface of form Il could
be observed clearly using light microscdpp]. Quantifica-
* Corresponding author. Tel.: + 64 3 479 5410; fax: +64 34797034, 10N Of the relative amounts of CBZ form il and DH in a
E-mail address: thomas.rades@stonebow.otago.ac.nz (T. Rades). mixture by XRPD was carried out by Suryanarayaftsy,
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who subsequently reported a first-order kinetics of transfor- Grzesiak et al[4]. Two source materials were used for
mation from form 1l to the DH by quantifying the relative  form | preparation: form | (first batch) from Sigma Chem-
peak intensity changes of X-ray powder diffraction (XRPD) ical Company (St. Louis, MO) and form | (second batch)
during the conversiofiL7]. Recently, Brittain18] reported from Sigma—Aldrich Chemie (Munich, Germany). Form ||
a novel way of characterizing the transformation kinetics of was prepared by freeze-drying fresh DH. DH was prepared
form 11l to the DH by detecting the fluorescence changes from the CBZ as received from Sigma Chemical Company
during the conversion since the polymorph and the DH show (St. Louis, MO) by recrystallization from an ethanol-water
substantial fluorescence differences. mixture as reported by Krahn and Miel@id]. All forms were
However, with the exception of fluorescence detection, confirmed by X-ray powder diffraction as reported previously
techniques used for quantifying CBZ conversion to the [4,44].
DH thus far have only been XRPD, differential scanning The particle size of the different polymorphic forms was
calorimetry and Karl-Fischer titration, which are time con- controlled by sieving them to the range 180-250 (Test
suming, and most importantly, polymorphic changes can sieves, Endecotts Ltd., England).
potentially be induced during sample preparations such as
filtration, grinding and drying. 2.1. X-ray powder diffraction (XRPD)
Fourier transform (FT) Raman spectroscopy has attracted
a high interest in the pharmaceutical field recently. Charac- XRPD analysis was used to confirm the nature of prepared
terization of CBZ polymorphic forms and composition using CBZ polymorphs and also to characterize the recovered sam-
FT-Raman spectroscopy were carried out by a number of ples after dispersion in water for 210 min.
authorq7,19-23] and quantitative analysis of the solid state The XRPD measurements were performed using a Philips
polymorphic conversion from CBZ forms lll to | has also PW 1130/00 X-ray generator (Philips, Almelo, The Nether-
been reported recent[24]. There are several advantages of lands), and a Phililps PW 1050 goniometer (Philips, Almelo,
using FT Raman spectroscopy as an analytical tool. Firstly, The Netherlands). The X-ray generator was set to an acceler-
almost no sample preparation is required which facilitates ation voltage of 40 kV and a filament emission of 20 mA. The
quantitative analysis in polymorphic mixtures and formu- diffraction patterns were collected over the range of 8-40
lations since polymorphic changes or spectral variances(26) at a step size of 0.026) using an aluminium sample
due to sample preparation are limitg2b—28] Secondly, holder. The diffractograms were displayed using Mac Diff
slurry samples can be measured directly since water hasversion 4.0.5 software (A.J. Hall, Applied Geology, Univer-
a very weak Raman spectrum. This advantage of Ramansity of Strathclyde, England).
spectroscopy has been successfully employed in the inves-
tigations of emulsion and suspension formulati{?&-36] 2.2. Scanning electron microscopy (SEM)
Thirdly, the small sample size required combined with the
non-invasive measurements all contribute to its great poten- SEM micrographs were taken for the initial CBZ poly-
tial for application in pharmaceutical research and industry morphs and also the samples recovered after dispersion
[37-40} in water for 210 min. Samples were mounted onto a strip
To facilitate quantitative analysis, multivariate analysis of double-sided carbon tape and sputter coated with a
techniques such as principal component analysis (PCA) andthin layer of gold—palladium under argon vacuum prior to
partial least squares (PLS) have recently received consid-analysis.
erable attention in quantitative spectroscopy. The combi- SEM (Cambridge Instrument, Stereoscan 360) was per-
nation of multivariate analysis with Raman spectroscopy formed using a 15kV beam acceleration voltage. Micro-
has demonstrated a greatly increased ability in achieving graphs were recorded using a PGTE Mitsubishi video/copy
precise quantification of various pharmaceutical systems processor.
[19,22,23,34,36,41-43]
In this study, FT-Raman spectroscopy is employed 2.3. Raman spectroscopy
to investigate the conversion kinetics of three CBZ
polymorphs—forms I-lll separately, and also a mixture of The FT-Raman instrument consisted of a Bruker FRA
forms | and Il to the DH in agueous suspension. PLS anal- 106/S FT-Raman accessory (Bruker Optik, Ettlingen,
ysis is applied to the Raman spectra to obtain quantitative Germany) with a Coherent Compass 1064-500N laser
results. (Coherent Inc, Santa Clara, USA) attached to a Bruker IFS
55 FT-IR interferometer, and a D 425 Ge diode detector.
Analysis was carried out at room temperature utilizing a
2. Experimental laser wavelength of 1064 nm (Nd:YAG laser) and a laser
power of 105 mW. Back-scattered radiation was collected at
CBZ form lll (Alphapharm Pty Ltd., Glebe, Australia) an angle of 180 Samples were packed into an aluminum
was used as received. CBZ form | was prepared by heat-cup and a total of 16 scans was averaged for each sample
ing the source material at 15Q for 3h as described by at a resolution of 4cmt. Sulfur was used as reference
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standard to monitor the wavenumber accuracy. OPUS0 line differences. The calibration models were calculated

(Bruker Optik, Ettlingen, Germany) was used for all spectral using the PLS algorithm and cross-validation (one sample

analysis. removed per cycle). The root-mean-squared errors of cross
validation (RMSECV) were determined for each number of

2.4. Mixture quantitation factors.

2.4.1. Binary model prepared from recovered slurries 2.5. Kinetics studies
Binary mixtures of CBZ form I (first batch) and DH, and _
form Il and DH were prepared separately in triplicate at 20%  Each pure polymorph—forms | (first and second batch), Ii
(w/w) intervals from 0 to 100% form I (form I1) in DH (20 mg and Il was weighed (40 mg per sample) into a2 ml glass tube.
per sample). Each powder mixture was transferred into a 2 m| For the mixture of forms | (second batch) and Ill, 20 mg of
glass tube and a small magnetic stirrer was added. Immedi-8ach form was poured together into a 2 ml glass tube (40 mg
ately after adding 1 ml distilled water, the tube was capped, P€r mixture). All samples were prepared in triplicate. After
shaken up and down once and putinto a water jacketed beaker@dding & small magnetic stirrer into each tube, water (2 ml)
Each sample was stirred for 10's, and then recovered by pour-¥as added and then the stoppered tube was placed into 100 ml
ing the dispersion onto two layers of filtration paper to remove Water jacketed beakers. The dispersion temperature was con-
excess water. The CBZ slurry was then transferred into threefrolled at 23 1°C. Independent samples were dispersed for
sample cups consecutively (about 1 mg sample per cup). The€ach of the time intervals of 10, 30, 60, 90, 120, 180 and
Raman spectra were recorded immediately after filling the 210 min, and recovered for measurement.
sample cups. The_ differences of the conversion kinetics bgtween poly—
As CBZ is only very slightly soluble in water at room morphic forms were testeq by one-way analysg of_v_arlance
temperature[45] it was assumed that the dissolution of (ANOVA) and Tukey's pairwise comparisons (significance
CBZ had no influence on its solid dispersion concentra- level was 0.05) using Minitab 12.1 software (Minitab Ltd.,
tion. Also, in order to confirm that there was no change in USA
the DH during dispersion, pure DH was dispersed in water

for 220 min and then recovered for analysis as described
above. 3. Results and discussion

2.4.2. Binary models prepared from dry powder 3.1. Characterization of the initial CBZ polymorphs

Using geometric mixing, CBZ polymorphs of forms I (first
batch), Il and 11l were blended separately with DH to form
binary physical mixtures at 20% (w/w) intervals from 0 to
100% CBZ anhydrate in DH (20 mg per sample). Each con-
centration was prepared in triplicate and measured by Rama
spectroscopy.

3.1.1. XRPD

The X-ray diffractograms of each CBZ polymorgHg. 1)
agreed well with those reported in the literat{#gt4]. How-
ever, the relative height of some peaks was different between
"the two batches of form I, which may be caused by differ-
ent crystal habits. As shown by SEMi§. 2), form | (first

2.4.3. Ternary model prepared from dry powder
Thirty-three ternary mixtures (100mg per mixture) of ! ’
form | (second batch), form Ill and DH were prepared as an Ll

/ From III
independent sample set for the ternary model, with randomly ARV o

& A

varying concentrations of each component. el ﬂ AL it
) ) . I |‘ {[i\ From 11
2.4.4. Multivariate analysis = | [
Multivariate analysis was performed using the Quant2 £ : Y b
package that accompanies OPUYS software (Bruker = || || 1
| ;" From I (2™ batch)

Optics, Germany). The selection of spectral regions for | H,‘" .

calibration was based on the wavenumber regions that TR v T

et oV VPV N | W
showed the largest differences between the components anc
therefore provided the greatest contribution to the linear J
A

From I (1% batch)
regression equation for the analyte. All spectra were mean
centered. Although every effort was made to pack the sample
cups consistently, multiplicative scattering correction (MSC) 10 15 20 25 30 35 40
was applied to correct spectra intensity differences due to Diffraction Angle[°26]

packing differences. Other spectral preprocessing consisted

of first derivative calculation if necessary to remove base- Fig. 1. X-ray diffractograms of the initial CBZ polymorphs.
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DKy W= 39

Fig. 2. SEM micrographs of CBZ polymorphs: (A) form | (first batch); (B) form | (second batch); (C) form II; (D) form Ill (horizontal scale bars: 1.00 mm).

batch) consisted of needle-like crystals, therefore, preferredbetween these polymorphs (indicated by the arrows). Since

orientation was likely to be induced when it was packed in crystal shape has much less influence on the Raman spectrum

the XRPD sample holder. than on the X-ray diffractografd6], Raman spectra for the
two batches of form | were identical.

studies is shown ifig. 2 | |

|
As mentioned above, the characteristic peak positions in I \N | 't]:m ot |

the X-ray diffractograms of the two batches of form | agreed LY WL W ,\‘/_J'ﬂwh_ N TR

well with each other although some relative peak heights

differed. However, their morphology was obviously different.

Form | (first batch) consisted mainly of prism-like particles 1

(Fig. 2A), while form | (second batch) consisted of needle- J\/UM L,J\Jt | Form 1(2*| batch)

like aggregatesHig. 2B). Form Il also exhibited a needle-like . J Lo aa_n

morphology but the needles appeared more densely packed

than the form | needle$~{g. 2C). Form IIl showed a typical

prism-like shapeKig. 2D) [6].

3.1.2. SEM
The morphology of all CBZ polymorphs—form | (first !
and second batch), Il and Il which were used for the kinetics

Raman intensity

31003000 1600 1400 1200 1000 800 600 400 200

Wavenumber{cm']
3.1.3. Raman spectroscopy

Raman ?pe.Ctra for the initial CBZ ponmorphic forms  Fig. 3. Raman spectra of the initial CBZ polymorphs. (Arrows show area of
are shown irFig. 3. There were many spectral differences spectral differences between the samples.)
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‘ 3.3. Quantitative studies
| |
\ I Ao I I DH I N . .
e L 3.3.1. Quantitation of the binary mixtures
. ) LG Beofam il ] Table 1shows the parameters used for the quantitative
L ’?m' e e models of all binary mixtures. For all models, the RMSECV
= il _m : e Recform I was less than 8% suggesting a good predictive ability of the
I B e models. The lower RMSECYV for the slurry model is proba-
g ,"l n Rec form 11 bly due to better mixing. However, as described in the next
- A/ A
L/ Wi it el . . .
; section, slurry models are prone to polymorphic conversion
P e A Rec form 1 (2" batch) due to the presence of the water in their preparation, which
A AR ’"““"““Wf"”“‘“’“\l““ - can affect the model accuracy.
o furmnl (57 banch Furthermore, as particle size has been reported to influence
peak intensity and/or widtf85,48,49] form Il of different

1o 13 20 2 3 A3 . size ranges was measured by Raman spectroscopy. The spec-
Diffraction Angle [*26] tral variances became negligible after processing (MSC and
first derivative calculation) for PLS analysis. Furthermore,
the ability of applying PLS to correct particle size effects on
the relative peak intensities in Raman spectra for quantitative

Fig. 4. X-ray diffractograms of the recovered (rec) forms and the dihydrate
(DH). (Arrows show characteristic peaks of forms I-I1l.)

3.2. Characterization of the samples recovered after analysis of polymorphic forms has been reported by Zhou et
210 min dispersion in aqueous suspension al. [50].
3.2.1. XRPD 3.3.2. Conversion kinetics of the pure CBZ polymorphic
The diffractograms for the recovered samples from the forms
210 min dispersions are shownkig. 4. The DH has char- As shown above, two methods were used for the model

acteristic peaks at 82912.1 and 18.7 (26) which could preparation of form |—recovered slurries and dry powder.
be found in the diffractograms of all the recovered samples. Therefore, conversion kinetics based on the two types of
Also, characteristic peaks for each polymorph remaining in binary models were plotted together for form Fid. 7)

the recovered samples could be seen (indicated by the arrowsn order to compare differences between these two mod-
in Fig. 4). The diffractogram of the recovered form | (second els. An assumption was made that each polymorphic form
batch) was very similar to that of the DH which indicated a converted directly to the DH and not via some other

high degree of conversion. form.
For each batch of form I, the slurry and powder models
3.2.2. SEM agreed very well with each other, confirming the applica-
The morphology of the recovered samples from the bility of both models when using them for kinetics studies.
210 min dispersions is shown Fig. 5. A distinct and com- However, for the model using the recovered slurries to be

mon feature seen ifig. 5A, C and D was some areas of accurate, it is necessary that no polymorph converts to the
closely packed, smooth surfaces. However, this feature wasDH during the dispersion of the polymorph in water, which
absent irFig. 5B, where almost all crystals were of needle- may not be the case for very fast converting samples, such as
like shape (typical DH morphologyjL5,21,47] This con- form II. Although the conversion trends of form Il predicted
firmed the finding from XRPD that form | (second batch) by the two models were similar, the actual values of the DH
converted mostly to the DH after 210 min dispersion, while formation predicted from the slurry model were about 20%
the other polymorphs — forms | (first batch), Il and Il —still less than those for the powder modeiy. 8). This difference

had a certain amount of original crystals remaining in the was due to conversion to the DH in the 10s dispersion

suspension. preparation. Since calibration models using dry powder
mixtures to quantify polymorphic conversion in aqueous
3.2.3. Raman spectroscopy suspension were found to be accurate by Ono 2] using

Raman spectra for all the recovered samples showed dif-both off-line and in situ measurements, quantitative models
ferent peak patterns to their initial polymorphs and also an using dry powder mixtures were prepared for the subsequent
increased similarity to that of the DH, especially forthe recov- studies.
ered form | (second batch). Although Raman spectra for the  As first-order kinetics have been reported for the conver-
two batches of form | were exactly the sankég( 3), differ- sion of CBZ form Ill to the DH in aqueous solution by a few
ences can be seen in the spectra (around 3050, 1000, 800 analuthord17,18], the same kinetics were evaluated for the con-
400 cnm1) of the recovered samples due to different extents version of all CBZ formsFig. 9shows conversion profiles for
of conversion. The spectrum of the slurry recovered from the all these forms using their corresponding binary quantitative
pure DH dispersion is also shown kig. 6, and is identical models, and first-order kinetics models with an unconverted
to the DH spectrum. portion were fitted.
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Fig. 5. SEM micrographs of the recovered forms: (A) form | (first batch); (B) form | (second batch); (C) form II; (D) form IlI (horizontal scale bgisnp0.0

As shown above, there was an unconverted portion after
210 min dispersion fitted for all CBZ forms, which indicated
conversion to the DH was not complete. This incomplete con-
version was also supported by the results from SEM, XRPD,
and might be caused by the DH needles forming at the surface

Table 2shows the calculated rate constaritsdnd the
unconverted portiongs) after 210 min dispersion in aqueous
suspension:E time):

y=B+AeX (1)

Table 1
Parameters used in the generation of the binary models and model assessment

Recovered slurries Dry powder

Form | (first batch)/Did Form 1I/DH? Form | (first batch)/DI Form II/DH2 Form 11l/DH?

Spectral regions (cmt)

Factors used
RMSECV (%)
R2

1514.3-1473.8
1282.8-1234.6
1147.8-1082.2
1061.0-1008.2
818.0-760.1
630.9-609.5
596.2-528.6
596.2-528.6

1.70
0.998

3099.7-3003.3

1722.6-1390.8

1277.0-1080.3
906.7-733.1
661.7-603.9
351.2-308.8

3.12
0.991

1514.3-1473.8
1282.8-1234.6
1147.8-1082.2
1061.0-1008.2
818.0-760.1
630.9-609.5
596.2-528.6
596.2-528.6

4.56
0.982

3236.7-2849.0
1682.1-1469.9
1433.3-1388.9
1273.2-1234.6
1176.7-1093.8
899.0-862.3
740.8-519.0
499.7-430.3

1685.9-1473.8

1269.3-1099.6
740.8-706.1
640.5-557.6

405.2-349.3

347.3-308.8

2 2
5.39 7.71
0.975 0.952

a Mixture.
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Table 2

277

First-order rate constants and unconverted portions after 210 min dispersion in agueous suspension for each CBZ form

Crystal habit

Prism-like crystals

Needle-like crystals

Form I (first) Form 111 Form | (second) Form Il
Rate constant (mirt) 0.0196+ 0.0037 0.0529+ 0.0134 0.0982+ 0.0182 0.174+ 0.021
Unconverted portion (%) 34.6 3.8 51.1+ 1.4 16.5+ 1.9 27.9+ 0.4
100+
] DH \)”_
] | Rec DH 80
21 . ‘ , Rec forms [T and I = 707
=1 | | Rec form III g
H 1 ' =
g LM Rec form II = l}_ﬁ
& \ \ . S 40
] Iy W \ Aot N "
I , Rec form I (2™ batch) 8 30 ' i
MA gl .| il I M u
e e b kil | S T '\_’\,‘ \J’\L/\._ J ‘-\,, i T i AN oA A *
4 Rec form I (1% batch) 20
d 10
3100 3000 1600 1400 1200 1000 800 600 400 200 0 ——
Wavenumber [cm™] 020 40 60 80 100 120 140 160 180 200 220
Time [min]

Fig. 6. Raman spectra of DH and the recovered (rec) CBZ samples.

of the particles and then covering the surface of the remain-
ing anhydrate, thus slowing down or even stopping further
conversion.

Other possible kinetic models based on solid-state reaction
mechanisms were also considefgil-53](Table 3.

The best fitting and simplest model was a first-order kinet-
ics model (M1) with an unconverted portioR4> 0.949).

CBZ remainning [%]

T

— T T T T T T T T T T T T T T 1
20 40 60 80 100 120 140 160 180 200 220

Time [min]

Fig. 7. Conversion of form | based on the two types of binary calibration
models: form | (first batch) based on model frol)(dry powder and({])
recovered slurries; form | (second batch) based on model fsrdrfy pow-
der and ) recovered slurries. Values based on the model from dry powder

Fig. 8. Conversion of form Il based on the two types of binary calibration
models: from W) dry powder and({J) recovered slurries. Values based on
the model from dry powder are interpolated by the solid lines; values based
on the model from recovered slurries are interpolated by the dotted lines.

However, the form Il kinetics appeared to be best described by
a two phase model (M2) consisting of a very fast initial con-
version followed by a sustained slow conversiBf£ 0.999).
This fast initial conversion may be related to voids in the form
Il crystal structure, which greatly facilitated the penetration
of water into its crystal§5].

100+

90
80 {
— 701
EQ
!n__n 60
g [ i)
£ 50 o 1
g i | {
S 40 1 A 5
N . 1 I
8 301 ¢ s
T [ L4
20 T Y T
— ]
10 1 Y I I
0 T T T ‘ T . T T . T )
0 20 40 60 80 100 120 140 160 180 200 220

Time [min]

are interpolated by the solid lines; values based on the model from recoveredFig. 9. Conversion of CBZ polymorphs as predicted by the binary models:

slurries are interpolated by the dotted lines.

(A) form | (first batch); @) form I1l; (@) form II; (¥) form | (second batch).
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Table 3
Equations for common kinetic models
Equation Mechanism
M1 y=B+Ae X First-order mechanism with an unconverted portion
M2 y =B+ Ape -k 4 4, e (—10)k2 Exponential two phase decay
M3 y/yo = g kn? Two-dimensional growth of nuclei mechanism (Avrami equati®d)-53]
M4 y/yo = g kn® Three-dimensional growth of nuclei mechanism (Avrami equa{ioh)53]
M5 M3 = Mé/s — kt Dissolution of monodispersed powder under sink conditions (Hixon—Crowell equéfigin)

Further samples would have been desirable in the earlythus allow further conversion. The stirring system used in
phase for the rapidly converting forms. However, this was this study was of much lower force than that used by Yong
limited due to the off-line nature of the measurement where and Suryanarayanan and it was observed under SEM that
high variances were likely to be induced by sampling errors DH needles were attached to or covered the surface of the
in the fast converting phase. CBZ samples recovered after 210 min dispersion. However,

One-way ANOVA was used to test if there were significant as the particle size range and the morphology of the samples
differences in the conversion kinetics between the crystals of used by Yong and Suryanarayanan were not specified in their
similar shape but different polymorphic form. There was no paper, the different extents of conversion might also be due to
significant difference between form | (first batch) and form particle morphology and size differences between the initial
Il prisms. samples.

Also, for form | (second batch) and form Il needles, no
significant differences were detected at every conversiontime3.3.3. Quantitation of the ternary mixtures
point except 60 and 90 min. The similar conversionratesmay The quantitative ternary model was generated with a
be due to forms Il and | needles having very similar hydrogen RMSECV of 3% or less for all components which suggested
bonding in their crystal structurgd]. Also, form | (second  a very good predictive ability of the model.
batch) consisted of aggregated needkeg.(2), which might
be deaggregated, thus increasing the exposed surface arefs.4. Conversion kinetics of the mixture of forms I
which explains its highest conversion extent among all the (second batch) and III (50:50)
forms (almost 90% conversion at 210 min). The kinetics values of forms I and Il from the ternary

However, the conversion profiles of the two batches of model were plotted together with the halved values based on
form | with different crystal morphology were significantly  the binary modelsKig. 10, since the sample concentration
different. The needle-like form I (second batch) had a higher of forms I and Ill in the mixture was half that in their separate
conversion rate (about five times faster) and conversion extentdispersions. Eq(1) was fitted for forms | and 11 respectively
(about 30% more converted to the DH after 210 min disper- and their first-order rate constants and the unconverted por-
sion). tions based on the binary and ternary models are listed in

It can be concluded that for samples of the same sieve-Table 4
size fraction, crystal morphology has a greater effect than

the polymorphic form on the conversion kinetics of CBZ to 55
the DH in aqueous suspension. Since the conversion of CBZ 5o
anhydrates to the DH are solution medigit, surface area s

may be a critical parameter to explain the different conver- a0ty
sion profiles between these CBZ forms. The actual surface 35|
area for these samples was not determined due to the limitedz 30|
amounts of samples available in this study, however, from = 251\’ B e, S
SEM micrographs, the surface area could be estimated to be € 20 |}’
ranked as D <A/C < BFig. 2. E
The first-order rate constant calculated for form Ill con-
version agreed well with that reported by Yong and Surya-
narayanarj17], confirming the applicability of this method 0 i
for the kinetics studies. However, there was a difference in 5 1
the extent of conversion where form Ill reached a plateau of o +/——+—"—"—"—"7-"-"7"—""—"—"—"r—"—"r—""1—""—
49% conversion to the DH in this experiment but converted 0 2004060 80 100 120 140160 180 200 220
completely within 60 min in the study reported in the litera- Time [min]
ture. This may be explained by the available surface area for _. _ _ _
the continuing nucleation being limited by the attachment Flg.. 10. Conversion offormslllandlpr_edlcted by bl.nary and ternary mod-
. els: form Il based onl) ternary and({(J) binary models; form | based oa}
of the DH crystals to the unchanged anhydrate. Mechani- temary and &) binary models. Values from the ternary models are shown
cal agitation may facilitate the removal of these crystals and as solid lines; values from the binary models are shown as dotted lines.

CBZ rema
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